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EXECUTIVE SUMMARY

INTRODUCTION AND BACKGROUND

A Reserve Determination study for the Kromme and Seekoei Catchments in the Eastern Cape was
commissioned during 2003. The Kromme / Seekoei River catchments were identified as requiring
high confidence comprehensive Reserve assessments before licensing can proceed, due to the
apparent highly stressed nature of the catchments, over-utilisation of water resources and water
quality problems in the Kromme, Seekoei and Swart rivers. Other concerns included over-
abstraction of well-fields by coastal towns in summer, and the impact of many illegal farm dams in
the area. Detailed determinations of the requirements of the Ecological Reserve were therefore
required in order to confirm current perceptions and aid future planning. However, the level at
which a Reserve study can be conducted is dependent on the data available for the study. Due to
hydrological, water quality and biotic data constraints, the Kromme River system was assessed
using mainly Intermediate Ecological Reserve Methodology (IERM), while the Seekoei and Swart
River sites were evaluated following the requirements of Rapid Ecological Reserve Methodology 1l
(RERM). The additional study for the Diep River was also assessed using RERM lII.

IWR Source-to-Sea (IWR S2S) undertook the Ecological Water Requirements (EWR): Rivers -
guantity task 2 for the lead consultant, Coastal & Environmental Services (CES).

The study area has been defined as follows:

) The Kromme River from below the Palmiet Wetlands to the estuary, including the estuary.
o The Geelhoutboom River, a tributary of the Kromme River, below Churchill Dam.

o The Seekoei River, including the estuary.

. The Swart River, a tributary of the Seekoei River.

Six EWR sites were selected, as shown on the study area map:

o EWR 1: Melkhoutboskraal (Kromme River).

o EWR 2: Krommeriviers Poort (Kromme River).

o EWR 3: Dyke (Kromme River).

° EWR 4: Geelhoutboom River.

o EWR 5: Seekoei River.

o EWR 6: Swart River.

EWR site River Latitude Longitude Quaternary RU
EWR1 Kromme E 24°15.680 | S 33°55.905 | K90A A
EWR2 Kromme E 24°29.865 | S 34°00.822 | K9OD B
EWR3 Kromme E 24°43.6 S 34°06.3 K90E C
EWR4 Geelhoutboom | E 24°44.723 | S 34°05.411 | K9OE E
EWR5 Seekoei S$33°59.968 | E24°42.113 | K9OF F
EWR6 Swart S 34° 00.05 E 24°50.83 K90F H
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A subsequent study also included a rapid study on the Diep River (tributary on the Kromme). All
information pertaiing to the Diep River is included in Appendix K.
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This report serves to document a specialist meeting held from 20 to 23 September 2004; providing
the Ecoclassification and the EWR flow scenarios for different ecological categories (ECs).

METHOD FOLLOWED

The Intermediate Ecological Reserve Methodology (IERM) was followed at EWR sites 1, 2 and 4.
Data collection at EWR 5 and 6 were according to the Rapid Ecological Reserve Methodology
(RERM) Level lll, but the approach used to determine the scenarios followed the IERM.

ECOCLASSIFICATION
The approach used to determine the Ecoclassification is documented in a draft manual developed

by DWAF and IWR Source-to-Sea (IWRS2S, 2004). The approach consists broadly of the
following steps:

) Define the Present Ecological State (PES) for each component in terms of categories A to
F.

o Integrate the component PES into an overall state called the Ecostatus.

o Determine the Ecological Importance and Sensitivity (EIS) and Socio-cultural Importance
(sh.

o Based on the above, as well as considering the PES, derive the Recommended EC
(REC).

. Based on the REC, derive the realistic alternative ECs, to be addressed during scenario

development.

The results are summarised as follows:
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tes | pes | pES | Ecostmus | wend | B | o | mee |HEE
EWR 1 C C C Stable Moderate Low C D
EWR 2 D/E C/D D Stable Moderate Low D -
EWR 3 D/E E D/E Stable High Low D -
EWR 4 C/D D C/D Stable Moderate | Moderate C/D -
EWR 5 C D C Stable Moderate Low C
EWR 6 A/B B/C B Stable Moderate Low B C

The Kromme River upstream of the dams (Churchill and Impofu) is in a C state with most of the
problems centred around the presence of alien vegetation, alien fish and land use upstream.
However, this is the best section of the Kromme River, and should not be allowed to degrade
further. The section downstream of Churchill Dam is affected by decreased flows and an abnormal
flow regime, as well as the presence of alien vegetation and fish. The same is true for the section
downstream of Impofu Dam, although exacerbated by abstractions from the downstream pool. This
section of river, although short, is very important as it forms the only freshwater link between the
marine, estuarine and freshwater environments. During most of the year, no link is possible due to
lack of releases and the abstraction of the pool.

The PES categories for both EWR 5 (Seekoei River) and 6 (Swart River) are representative of the
upstream sections of the respective rivers. In both cases the downstream sections have been
severely modified and in some cases, there is no river left as the farm dams form a continuum.

The confidence in data used to determine the Ecoclassification is mostly low. Ecoclassification
assessments are therefore mostly of medium confidence because Ecoclassification is based on,
and derived from, available data. The lack of data, and the resulting lack of understanding of the
system, is primarily centred around the lack of confidence in the hydrology. The lack of
understanding in most cases revolves around whether the system is perennial or seasonal, and
whether the modelling is accurate. Reference conditions for biota are dependant on this
understanding, and this factor, combined with the lack of historical data and the minimal present
day surveys undertaken, results in a lack of confidence in reference conditions and therefore a lack
of confidence in the degree of change under present conditions. The lack of water quality data
further compounds the general uncertainty.

The comparative confidence in the evaluation of EWRs 1 and 4 are the lowest due to the
uncertainty around the perenniality of the system. The confidence increases for EWR 5 and 6 as
the sites are perennial due to their position upstream in the river system. No alternative ECs were
addressed at Site 2 as the PES is already in a D state and it was not deemed practical to assess a
higher category in this isolated stretch of river. At EWRs 4, 5 and 6 alternative ECs were not
evaluated (other than one category down at EWR 6) as the river represents isolated sections in
heavily modified stretches of river.

EWR FLOW SCENARIOS

The Habitat Flow Stressor Response method (HFSR) (IWRS2S, 2004) was used to set low flows,
and a method adjusted from the standard Building Block Methodology (BBM; King and Louw,
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1998) and Downstream Response to Imposed Flow Transformation (DRIFT; Brown and King,
2001) approach was followed to set high flows.

EWR assessments were not undertaken for EWR 3 as it was not possible to undertake a hydraulic
assessment at this site. The importance of this site is highlighted as it is the only stretch (3km) of
freshwater to link with the marine and estuarine environments. Flow requirements for this stretch
of river should consist of at least two flood releases followed by at least 10 days of continuous
base flow. The magnitude of the floods cannot be determined as no hydraulic rating at this site was
possible. The magnitude is however not important as this flood must only serve as a trigger for fish
migration.

The results of the other EWR sites are summarised in the following table as a percentage of the
virgin mean annual runoff (MAR). It should be noted that these percentages must be used with
caution due to the uncertainty around the naturalised hydrology. The hydrology for the study was
based on simulated hydrology. Pitman calibrations were used to generate natural and present day
flow sequences at specified riverine sites in the Kromme (AWRSA (1994) calibration) and the
Seekoei / Swart (WRSM90 calibration) rivers.

. Maintenance Drought low High flows Long term mean of
EWRsite [ REC | 0\ flows (%) fIOV\?s (%) ’ (%) gVMAR (%)
EWR 1 C 13.76 1.93 15.94 29.7
EWR 2 D 3.13 0.57 10.95 14.08
EWR 4 C/D 5.76 1.02 11.38 17.14
EWR 5 C 12.17 2.07 11.25 23.43
EWR 6 B 12.32 3.28 11.95 24.27

None of the results indicate any significantly different results from those expected as a percentage
of the virgin MAR. The high maintenance flows required at EWR sites 5 and 6 are high when
compared to the other sites, probably due to these sites being situated closer to the the sources of
the rivers, i.e. in the upper half of the quaternary catchment. It has long been suspected that the
smaller rivers usually situated on steep gradients or high in the system require a larger percentage
of base flows than the larger downstream rivers. This could be due to the fact that a small
decrease in flow can have a major impact on habitat in a small river, compared with a less
noticeable impact in a larger river.

The confidence evaluation for low flows ranges from medium to medium - high. This is mostly due
to the reasonable hydraulic confidence, as most hydraulic calibrations were obtained during low
flow conditions.

For four out of the five EWR sites, high flow assessments were of low confidence. This is purely
based on the lack of high flows experienced during the data collection phase and the resulting low
confidence in the conversion of water levels to flow.
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1 INTRODUCTION AND BACKGROUND

1.1 Background

This task forms part of the Kromme/Seekoei Catchments Reserve Determination Study. IWR
Source-to-Sea was requested by Coastal & Environmental Services to undertake an Ecological
Reserve study for the Quantity component of the Kromme/Seekoei Rivers systems. Due to
hydrological and biota data as well as budget constraints, the Intermediate Ecological Reserve
Methodology (IERM) was followed for most of the study area (as required by the Inception Report).

Figure 1-1 is a schematic representation of the 8-step Ecological Reserve process followed in this
study. This report summarizes steps 3 and 4 of the Ecological Reserve process.
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Figure 1-1  The 8-step Ecological Reserve procedure (DWAF, 2003)
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1.2 Study area

The study area has been defined as follows:

o The Kromme River from below the Palmiet Wetlands to the estuary, including the estuary.
. The Geelhoutboom River, tributary of the Kromme River.

. The Seekoei River, including the estuary.

o The Swart River, tributary of the Seekoei River.

Six EWR sites were selected, as shown on the study area map:

o EWR 1: Melkhoutboskraal (Kromme River).

o EWR 2: Krommeriviers Poort (Kromme River), below Churchill Dam.
o EWR 3: Dyke (Kromme River), below Impofu Dam.

o EWR 4: Geelhoutboom River.

o EWR 5: Seekoei River.

o EWR 6: Swart River.

Figure 1-2 illustrates the sites on the map.

L82G
L90A L90B

L82E

KROMME RIVER

CHURCHILL DAM

K80C
K80D

IMPOFU DAM

K80F

Figure 1-2  Study area, showing the location of the EWR sites
1.3 Purpose of this Report

This report serves to document the results of the specialist meeting held from 20 — 23 September
2004, and to recommend the Ecological Category (EC) and associated Ecological Water
Requirements (EWRs) scenarios. The assessment of Ecological Water Requirements includes
only the quantity component. Input from the quality specialist was provided to determine
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Recommended Ecological Categories (REC). The quality component will be addressed in a
separate study report.

The purpose of this report is to
. document the approach to determine the REC, the results and alternative ECs; and
o provide the EWR (quantity) results for each EWR site.

Chapters 2, 3 and 4 provide some background to the approach. The method and the interpretation
of results are provided in chapters 5 to 20. The chapters explaining ‘approaches’ used have the
same format and follows the same order in which the chapters containing the results are produced.
The ‘approaches' chapters are only a summarised guide for persons experienced in the
determination of flow requirements and must not be seen as a detailed explanation. This report is
a technical report and the main purpose is to provide results and a summarised rationale for the
results.

1.4 Outline of the Report

The report is outlined as follows:

Chapter 1: Introduction and Background
This chapter

Chapter 2: Approach: Ecological classification

This chapter covers the general approach to the sequential steps followed in the Ecological
Classification. The approach to defining the reference condition, PES, trend and Ecological
Category for each biological component is provided.

Chapter 3: Approach: Determination of stress indices
This chapter provides an explanation of the approach followed during the determination of stress
indices for all physical and biological components at the six EWR sites.

Chapter 4: Approach: Determination of EWR scenarios

This chapter provides the general approach to the determination of different EWR scenarios with
respect to low and high flows. Aspects covered in this chapter are component and
integrated/stress curves, generating stress requirements, general approach to high flows, final
results and confidence in the final results.

Chapters 5 — 20: EWR Ecoclassification
The results as described in chapters 2 to 4 are provided for each EWR site.

Chapter 21: Conclusions and Recommendations
The results are summarised and recommendations are made.

Chapter 22: References

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
November 2005 EWR Rivers Report: Final Page 1-3



2 APPROACH TO THE ECOLOGICAL CLASSIFICATION

2.1 General approach

The objective of the Ecological Classification process is to create an understanding of the PES and
ecological functioning of the river and estuary and, based on this, to set realistic ecological
aims/objectives. This is necessary as a scenario-based approach requires the ecological aims, or
ecological states, to be described. For each of these states, a flow scenario must be described.

Ecological Classification must not be confused with the Classification System used to determine
Water Resource Management Classes. It forms a component of the Classification System which
considers a much wider suite of components than only the ecological components.

The sequential steps followed in Ecological Classification are shown in Table 2-1. Questions and
associated actions are itemised.

Table 2-1 Sequence of actions required, to provide technical information for Ecological
Classification.

QUESTION ACTION

1. What was the river like before human | 1. DETERMINE NATURAL REFERENCE CONDITIONS.
impact?
2. Compared to how the river used to look, | 2. DETERMINE PES (Category A — F).
what does it look like now?
3. Is the river changing, and if so, how | 3. DETERMINE TREND OF CHANGE IF THE STATUS
severely QUO IS MAINTAINED.
and how fast?
4. What is the main cause for the change? | 4. DETERMINE CRITICAL CAUSE FOR THE PES

AND/OR
THE TREND OF CHANGE.
5. What is the source of the causes? 5. DETERMINE THE SOURCE OF THE CAUSE.
6. How ecologically and socially important | 6. DETERMINE ECOLOGICAL IMPORTANCE AND
is the river? SENSITIVITY CATEGORIES (low, moderate, high,
very high), AS WELL AS SOCIO-CULTURAL
IMPORTANCE.
7. What would the ecological aims be for [ 7. CONSIDERING THE IMPORTANCE AND THE
the river? PRESENT ECOLOGICAL STATE, SHOULD THE PES

BE IMPROVED (if so, by how much) OR MAINTAINED
(Category A - D)? (NOTE: Maintaining the PES could
still require restoration management depending on the
trend of change).

8. Can the main cause realistically (and [ 8a. DETERMINE WHAT MEASURES/ACTIONS WOULD
practically) be addressed to achieve the BE REQUIRED TO ADDRESS THE CAUSES.
ecological aims? 8b. DETERMINE HOW DIFFICULT (easy, reasonable,

difficult, very difficult) IT WOULD BE TO ADDRESS

THE SOURCE. (i.e. RESTORATION/REVERSIBILITY

POTENTIAL). PROVIDE REASONS.

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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QUESTION ACTION

9. What should the Ecological Category be | 9. CONSIDERING THE ECOLOGICAL OBJECTIVES
for the river? FOR THE RIVER, AND ASSESSING THE
DIFFICULTY OF ACHIEVING THESE, DETERMINE
THE RECOMMENDED ECOLOGICAL CATEGORY
(REC) AND THE RANGE OF ECs TO BE
ADDRESSED DURING THE SCENARIO PROCESS.

The PES results of the process, and subsequent EC, are provided as different river categories
ranging from A (near natural) to F (completely modified).

The range of ECs for which flow scenarios must be supplied is guided by the rules shown in Table
2-2. These must be seen as guidelines to determine a realistic range of ECs which can be

addressed during the scenario process.

Table 2-2 Guidelines for the range of ECs to be addressed

PES Range of ECs
A A

A/B A/B, B/C

B B, C

B/C B, B/C, C/D

C B,C,D

C/D B/C, C/D, D

D C,D

D/E, E, E/IF, F D

The process is described in detail in the Ecoclassification and Habitat Flow Stressor Response
(HFSR) manual (IWRS2S, 2004).

2.2 Reference conditions

Reference conditions refer to those conditions that occur under natural conditions prior to
significant anthropogenic impact. Reference conditions are derived from river reaches in
undisturbed conditions, aerial photographs, historical information, expert judgement etc.
Descriptions are provided for each EWR site in the results chapters. Note that the water quality
reference conditions are provided in a separate report (DWAF, in prep.).

2.3 Present Ecological State (PES)

Detailed information is available in Appendices A — E for all indices, with hydraulics information,
Socio-Cultural Importance and Ecological Importance and Sensitivity results outlined in appendices
F—-H.
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2.3.1 Habitat driver status

A rule-based model is used to provide a PES for the driver components (geomorphology, water
quality and hydrology), and an integrated PES for the driver, as well as information regarding the
source of the problem (catchment or river flow related, referred to as flow and non flow related).

The main drivers are rated as follows to provide the individual component categories:

o Rating: A rating is provided as a degree of change from reference conditions with 0 being
no change and 5 being the maximum change.
o Weighting: A weighting procedure is then followed using a MCDA (Multi Criteria Decision

Analysis) approach to determine how important or relevant the rating is for this specific
type of river.

2.3.2 Biological responses PES

This step evaluates the present state of the biological components, which would respond to the
driver status, and provides an integrated instream status.

2.3.2.1 Fish

The Fish Response Assessment Index (FRAI) has been developed by Dr CJ Kleynhans to
determine the fish PES category. A similar rating and weighting process is followed as described
for the drivers. The assessment addresses each of the following points and then integrates the
results into a fish PES category.

o Flow depth preferences;
. Flow modification;

. Cover preferences;

o Health; and

o Introduced species.

More detail is provided in the HFSR Manual (IWRS2S, 2004).

2.3.2.2 Agquatic Invertebrates

The Invertebrate Response Assessment Index (IRAI) has been developed by Ms C Thirion to
determine the invertebrate PES category. A similar rating and weighting process is followed as
described for the drivers. The assessment addresses each of the following points and then
integrates the results into an invertebrate PES category:

. Indicators of flow modification.
. Indicators of habitat modification.
) Indicators of water quality modification.

More detail is provided in the HFSR Manual (IWRS2S, 2004).
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2.3.2.3 Riparian vegetation

A vegetation model is available (developed by Mr NP Kemper and Dr CJ Kleynhans) but has not
been widely tested and is not documented in detail in any manual. The method used in this study
follows a similar approach to the other response models and evaluates different vegetation zones,
i.e. the marginal, upper and lower riparian zones. Each of the zones is described by the following
criteria:

o Vegetation abundance.

o Vegetation cover.

) Vegetation species richness/diversity.
J Species composition.

o Species diversity.

Each of the zones are then evaluated according to their importance relative to each other for this
specific type of river, and are then rated to determine a vegetation PES.

2.3.3 Trend

The trend provides an indication of whether at the time of the PES assessment, components such
as geomorphology, and in some cases water quality, fish, aguatic invertebrates and vegetation,
have already fully reacted to changes that HAVE taken place in the catchment.

The answers are provided in terms of stable or non-stable trends. Stable trends can be negative
and/or positive. For non-stable trends; an indication of the degree of change is provided in terms of
change in category and whether this will take place in the short (five years) term or long (twenty
years) term.

2.3.4 PES Ecostatus

A rule-based model has been developed to derive the Ecostatus, which represents the overall
condition/health of the river. Ecostatus (modified from Iversen et al., 2000) is the ecological status
of a river and is defined as the “totality of the features and characteristics of the river and its
riparian areas that bear upon its ability to support an appropriate natural flora and fauna.” This
ability relates directly to the capacity of the system to provide a variety of goods and services.

The Ecostatus model therefore integrates the driver and instream status (see Table 2-3), and is
designed to provide an indication of whether the driver, or the response state, is the most
representative of the overall state of the river., A MCDA weighting system is used again; by
evaluating a list of questions (see extract of model below in Table 2-3).
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Table 2-3 Summary of the Ecostatus for EWR 1

Separating out the proportions for Driver: Response

Rating (0O=low, 5=high)

Response | Score | Ave Weight
Instream Response questions
\What is the general level of sensitivity to modified water quality 3
Fish: What is the general level of trophic specialisation 2
\What is the general level of habitat specialisation 3
\What is the general level of flow intolerance 4 3 0.53
Habitat Driver Questions
How sensitive is channel type to change in geomorphological 3
drivers?
How sensitive are hydraulic habitats to flow change? 3
How sensitive is water quality to flow change? 2 2.67 0.47
Total 5.67 1
PES Category
INSTREAM CATEGORY| 63.47 C
DRIVER CATEGORY| 63.8 C
ECOSTATUS 63.61 C
&) This rating is applicable to low flows
(%): >89=A;80-89=B;60-79=C;40-59=D;20-39=E;<20=F

The relationship between all the different components is illustrated in Figure 2-1.
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Fish Habitat Integrity .| Fish
status "| status

A 4

INSTREAM

Aquatic invertebratd STATUS
status 7'y

Aquatic invertebrate
Habitat Integrity [
status

Figure 2-1  lllustration of the connections between the different component states, the
integrated driver and instream status and the overall integrated state, referred to as
the Ecostatus

The results of the PES of all the components and the Ecostatus are also illustrated in Figure 2-2.

2.3.5 Ecological Importance and Sensitivity (EIS)

The EIS model was developed by Dr CJ Kleynhans, DWAF Directorate, RQS. The EIS of a river is
an expression of its importance to the maintenance of ecological diversity and functioning on local
and wider scales. Ecological sensitivity (or fragility) refers to the system’s ability to resist
disturbance and its capability to recover from disturbance once it has occurred (resilience). Both
abiotic and biotic components of the system are taken into consideration for the natural as well as
present day EIS in the assessment. Reference in the report is to the present day EIS as this would
be the realistic assessment to consider.

The results of the EIS rule-based models are all attached as Appendix H. A summary of the
results appears in the ‘results’ chapters. A figure illustrating the model is also provided in the
appendix; as well as the explanations of each criterion.
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24 Range of ECs

The REC is determined by assessing the EIS and the PES. If the EIS is high, or very high, the
PES should be improved a full category unless the PES is a B category (stays a B category) or a
B/C category (improves to a B category). If the EIS is moderate or low, the PES should be
maintained unless the PES is below a D category (improves to a D category). Before the rule is
applied, the PES and the reasons for the PES, are also assessed and considered to determine a
realistic and attainable REC.

Pending the REC, the alternative ECs are derived according to the guidelines in Table 2-1. The

specialists discuss the alternative EC and describe the conditions of the drivers. The rule-based
models are then run in a predictive way to achieve the alternative EC and the resulting ECs are

summarised in a table such as Figure 2-2.

HYDROLOGY

GEOMORPHOLOGY

WATER QUALITY

AQUATIC INVERTEBRATES

RIPARIAN VEGETATION

Figure 2-2  Ecological Category table

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
November 2005 EWR Rivers Report: Final Page 2-7



3 APPROACH: DETERMINATION OF STRESS INDICES

This chapter, as well as Chapter 4, provides a summarised explanation of the overall approach
followed to produce the quantity component (Instream Flow Requirements (IFRs)) of the Ecological
Water Requirements scenarios (EWRs) for the Kromme/Seekoei. The Habitat Flow Stressor
Response method (HFSR; IWRS2S, 2004) was used to determine the low flows, and a method
adjusted from the standard Building Block Methodology (BBM; King and Louw, 1998) and
Downstream Response to Imposed Flow Transformation (DRIFT; Brown and King, 2001) approach
was followed to set high flows. In-depth, scientific rationales for these methods are available in the
referenced scientific journals. Only the step-by-step method followed to determine the final flow
recommendations for each EWR site is documented in this chapter. The results for each site are
then recorded on a chapter-by-chapter basis without accompanying explanations.

3.1 Introduction

A site-specific index of zero (no stress or optimum habitat) to 10 (maximum stress or no habitat)
was designed for fish and aquatic invertebrates. The approach for the instream biota is to scale
the habitats (type and abundance) according to a flow-depth scale (zero to 10). The biotic
response and associated stress level for these habitat conditions are then calculated.

The following tools are used to determine the stress indices:

o Hydraulics.

) Photos and videos of various flow conditions.

J Habitat modelling.

o Geomorphological information.

) Fish survey results and historical information.

o Aquatic invertebrate survey results and historical information.

3.2 Fish (Authored by Dr CJ Kleynhans)

The interpretation is based on the following assumptions and principles:

) Flow is directly related to the geomorphological processes that provide the habitat
required by fish during various stages of their life cycle (spawning, larvae, ova, sub-adults,
and adults). Broad categories of flow are interpreted in terms of flow velocities and depth:

o Slow (<0.3m/s), Deep (>0.5m) or SD
0 Slow (<0.3m/s), Shallow (<0.3m) or SS
o Fast (>0.3m/s), Deep (>0.5m) or FD
o0 Fast (>0.3m/s), Shallow (<0.3m) or FS

o Habitat also involves the cover that fish species require. Cover (shelter) is directly or
indirectly related to flow and includes overhanging vegetation, undercut banks and root
wads, substrate, water column and aquatic macrophytes.

Biological responses to flow-depth classes are illustrated in Table 3-1 and Table 3-2. The
explanations for the tables are provided in the descriptive blocks surrounding the tables.
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Table 3-1

FAST-DEEP: DEPTH >
0.3m; VELOCITY >0.3

[llustration of a completed Flow - Depth class table

FAST-SHALLOW:

DEPTH <0.3 m; VELOCITY

SLOW-DEEP: DEPTH
>0.5m; VELOCITY <0.3

SLOW-SHALLOW:

DEPTH <0.5 m; VELOCITY

0=Absent;

1=Rare (<5%);

2=Sparse (5-25%);
3=Moderate (25-75%);

4= Abundant (75-90%);
5=Very abundant (>90%)
(modified from Rankin 1995)

Depending on the size of the river, a site with a
low percentage of a particular depth-flow class
can still actually cover a substantial area at a
site. A low rating would be unrealistic in such a
situation. This is compensated for by judging
the qualitative value of depth-flow classes for
fish. Percentage of area covered was mainly
used, therefore, as a guideline in this estimation.

These features are considered to provide fish
with the necessary cover (e.g. refuge fromhigh
flow velocity, predators, high temperatures, etc.)
to utilise a particular flow and depth class.

m/s >0.3m/'s s <0.3m/'s
(1) Overhanging vegetation - thick
vegetation overhanging water by . f . .
e o Ean e et RIVER: Black Kei SITE: IFR 2 DATE: 19-08-03
0.1 mabove the water surface (Wang
et al. 1996).
FLOW hELATIVE FLOW-DEPTH
Undercut banks and 100t wads - M FASTDEEP |1 || FAST 1 ||SLOW DEEP |4 ||SLOW 3
banks overhanging water b
R e s (N COVER TYPES ASSOCIATED WITH EACH FLOW-DEPTH CLASS
0.1 mabove the water surface (Wang Overhangi 1 Overhanging 3 Owverhanging 3 Owerhanging 2
et al. 1996).
Undercut banks|1 Undercut banks|2 Undercut banks|2 Undercut banks|[2
Stream substrate - the degree to which Substrate: 3 Substrate: 3 Substrate: 1 Substrate: 3
various substrate components (rocks, N N N N
boulders, cobbles, gravel, sand, fine Water Column:|0 Water Column: |0 Water Column: |2 Water Column: |0
sediment and woody debris (“snags”))
provide cover for fish are judged - - - -
qualitatively. No detail assessment of Aquatit 1 Agquatic 3 Agquatic 1 Aguatic 3
the stream substrate and estimation of Crophyt macrophytes: macrophytes: macrophytes:
the contribution of individual 17
components are attempted. Rema/rlé: Remarks: Remarks: Remarks:
?p;(rox Width(3 Approx  Width3 Approx  Width[5 Approx  Width3
lasses: classes: classes: classes:
Related to the water depth and 1-2m=1; 1-2m=1; 1-2m=1; 1-2m=1;
d_ep;endantonthe species (and its 2-4m=2; 2-4m=2; 2-4m=2; 2-4m=2;
size).
4-8m=3; 4-8m=3; 4-8m=3; 4-8m=3;
Aquatic macrophytes - submerged 8-10m=4; 8-10m=4; 8-10m=4; 8-10m=4;
and emergent plants were included 10-15m=5; 10-15m=5; 10-15m=5; 10-15m=5;
and a qualitative estimate made of >15m=6 >15m=6 >15m=6 >15m=6
the cover value for fish.
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Table 3-2

Species requiring fast flow during all
phases of the life-cycle.

Fast flow will stimulate breeding activities i
suitable substrate. Slower flowing patches
within fast areas (also edges) important as
nursery areas for larvae.

Habitat suitability and the derived fish stress

Species requiring fast flow during certain phases of the life-cycle, I.e. to breed in
particular habitats and to make nursery areas with suitable cover available. Generally,|
increased habitat suitability and availability resulting from increased flow, can be
expected to benefit such species. Flow will stimulate breeding activities and stimulate
migration.

Fast flowing habitats with suitable cover
(often substrate related) is required for
survival and abundance. Connectivity
between fast flowing habitats is also
essential (e.g. sufficient depth, cover and
velocity).

Cover is often related to abundance of
suitable substrate in fast flowing habitat.
Increased flows will generally enhance
cover over suitable substrate.

EWR 2

SPE

SPONSES: HABITAT SUITABILITY FOR

19-08-03

With some species, breeding can take
place without any increase in flow. Somg]
species may regiure some increase in levg!
of SD or SS habitat to make overhanging;
vegetation/aquatic macrophytes effective
and available as breeding and nursery
areas.

IFFERENT LIFE-STAGE REQUIREN NT/

Suitability rating for different
requirements

None =0;

Poor=1;

Low=2;

Moderate=3;

High=4;

Very High=5

Rheophilic spp=

Semi-rheophilic spp B aeneus

Non-rheophilic spp - anoplus

Breeding and early life-

Breeding and early life

Breeding and early life-

With some species breeding can take place without any increase
in flow. Sme species may require some increase in level of SD or
SS habitat to make overhanging vegetation/aquatic macrophytes
effective and available as breeding and nursery areas.

stages= stages= 1 stages= 2
Survival /Abundance = Survival /Abundar}ée = '\ 2 Survival /Abundance = 3
Cover = Cover = Cover =

Health aryi/zﬁndition:

Health and cohdition= 1,

Health and condition= T\ 4

Slow flowing habitats with suitable cover (often overhanging
vegetation, aquatic macrophytes and water column) enhances
survival and abundance. Connectivity between slow flowing
habitats will enhance survival and abundance (e.g. escape
routes).

Wzgm/quality:

Water qualify= N 4

Water quality= R \4

{Habitat flow st

requiremehts

Habitat flgw stress
responsg with breeding

Habitat flow stress

requirements

Increased flows can be expected to
enhance feeding conditions and prevent
high population concentrations which will
have limited spreading of dieaes and
parasites. High base flows will generally
be associated with lowered physiological
stress conditions.

10 5.2 3)
Habitat floy stress Habitat flow stress Habitat flowkstress
response/without esponse without response without
requirements 10 breeding requirementd 4 breeding requirements 25

Cover is related to overhanging vegetation, undercut banks, water
column and macrophytes in slow flowing habitat. Increased flows
(and water levels) will generally enhance these cover types.

Increased flows can be expected to enhance feeding conditions
and prevent high population concentrations which will limited
spreading of diseases and parasites. High base flows will
generally be associated with lowered physiological stress
conditions.

Flow related water quality: mainly related t
flow-depth, temperature and oxygen
concentrations. Based on the premise that
lower base flows will tend to lead to
increased water temperatures and lowered
oxygen concentrations.

Fast flow will stimulate breeding
activities in suitable substrate.
Slower flowing habitats (also
patches and edges within fast
flowing areas) important as
nursery areas for larvae.

\
Flow related water quality: mainly
related to flow-depth, temperature and
oxygen concentrations. Based on the
premise that lower base flows will tend
to lead to increased water
temperatures and lowered oxygen
concentrations.

Increased flows can be expected to enhancq
feeding conditions and prevent high
population concentrations which will limited
spreading of diseases and parasites. High
base flows will generally be associated with
lowered physiological stress conditions.

Flow related water quality: mainly related to flow-depth, temperature
and oxygen concentrations. Based on the premise that lower base
flows will tend to lead to increased water temperatures and lowered
oxygen concentrations.

Fast flowing and slow flowing habitats with suitable cover (often
substrate or water column) is required for survival and abundance.
Connectivity between fast flowing and slow flowing habitats may als
be important (e.g. depending on the species, sufficient depth, cover
and velocity).

Depending on the species, cover is related to abundance of suitable
substrate in fast flowing habitat or overhanging vegetation, undercu
banks, water column and macrophytes in slow flowing habitat.

Increased flows (and water levels) will generally enhance these covg
types.
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The output of Table 3-1 is a rating of habitats and cover for a specific flow. The output of Table 3-2
is a suitability rating for different requirements and levels calculated. The stress is calculated using
the following approach:

Habitat suitabilities for a particular species were rated on the basis of expert knowledge, based on a
simplified Habitat Suitability Index (HSI) calculated as proposed by Stuber et al, 1982. This method
makes use of the suitability of various habitat characteristics to fulfil the life-stage requirements of the
“target” species. The suitability of the habitat (flow-depth class and cover) under various flow conditions
were scored for each of the following: Breeding (B), Survival / abundance (S), Cover (C), Health (H),
Water quality (only flow related aspects — temperature and oxygen concentration) (W).

Suitability scoring followed the following guidelines:
Very high = 5; High = 4; Moderate = 3; Low = 2; Poor =1; None =0

The Habitat Suitability Index for a particular flow was calculated as follows:
HSI = (B+S+C+H+W)/5

Where assessment needs to be done outside the breeding season (dry season), the HSI can be
calculated by excluding suitability for breeding requirements:
HSI =(S+C+H+W)/4

The average HSI score is expressed as a proportion of 10 and is then transformed to relate a high score
out of 10 to a low suitability, and vice versa, e.g. 0 would indicate completely suitable conditions while 10
would indicate completely unsuitable conditions.

The tables illustrated in Tables 3.1 and 3.2 are used in the following sequential way:

During every site visit the above tables are completed. Note that the completion of these
tables is only of any use if the flow is known during the site visit.

This then provides a habitat rating and associated fish stress at one or more flows which
provides a calibration for the rest of the information.

During the specialist meeting, these tables are completed for other flows. The first priority
would be to rate flows, which have been measured for hydraulic calibration purposes and
for which photographs, are available.

During the specialist meeting, the hydraulician verifies these flows and habitat scores. For
example, the habitat abundances are estimated by the fish specialists according to what
they visualise, and secondly by what they experience if they are undertaking a fish survey.
The hydraulician has more quantitative means at his disposal and can therefore check the
rating.

To complete the rest of the table, input from the hydraulician is required (see section
below). The hydraulics specialist provides flows which would result in the range of flow
depth classes required to complete the 0 - 10 flow depth scale. An interactive process
follows, and once agreement on the flow for a specific flow depth scale is reached, the
above tables are completed for those flows and the associated stresses derived.

The final stress index is provided in Table 3-3.
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Table 3-3 Fish stress index table

FLOW (CUMEC)

1.50] 1.000] 0.500] 0.130] 0.028] 0.010

0=NONE;1=RARE;2=SPARSE;3=MODERAT

RELATIVEABUNDANCEFLOW-DEPTH & COVER RATING

E;4=ABUNDANT;5=VERY ABUNDANT)

FAST DEEP

4 3.0 2.0]

0.0 0.0j 0.0]

Overhanging vegetation

4.9 3.0 1.0

0.0 0.0j 0.0]

Undercut banks & root wads: 4.9 4.0 2.0)

0.0 0.0j 0.0]

Substrate

4.9 3.0 3.0]

0.0 0.0j 0.0]

Aquatic macrophytes

2.0 1.0 0.0f

0.0 0.0j 0.0]

\Water column

2.0 2.0 1.0

0.0 0.0j 0.0]

Average velocity

Max velocity

Average depth

Max depth

\Wetted perimeter

\Width

FAST SHALLOW

Overhanging vegetation

2.0 1.0 0.0

Undercut banks & root wads: 5.0 5.0) 4.0

3.0 1.0 0.0]

Substrate

5.0 5.0 4.0

4.0 2.0] 1.0

Aquatic macrophytes

\Water column

0.0 0.0 0.0j

0.0 0.0j 0.0]

Average velocity

Max velocity

Average depth

Max depth

\Wetted perimeter

\Width

SLOW DEEP

Overhanging vegetation

5.0 5‘0 4.0

3.0 2.0 1‘0

Undercut banks & root wads: 5.0 5.0 4.0

Substrate

3.0 3.0 3.0]

3.0 2.0] 2.0]

Aquatic macrophytes

3.0 2.0| 1.0

1.0 0.0j 0.0]

\Water column

Average velocity

Max velocity

Average depth

Max depth

\Wetted perimeter

\Width

SLOW SHALLOW

Overhanging vegetation

5.0 4.0 3.0

2.0 1.0 1.0

Undercut banks & root wads: 5.0 4.0 3.0

1.0 1.0 1.0f

Substrate

4.9 4.0 4.0

4.0 3.0] 1.0

Aquatic macrophytes

4.9 4.0] 3.0

2.0 0.0j 0.0]

\Water column

0.0 0.0] 0.0f

Average velocity

Max velocity

Average depth

Max depth

\Wetted perimeter

\Width

FLOW

1.5 1.0 0.5 0.1. 0.0 0.0]

SUITABILITY FOR DIFFERENT FISH REQUIREMENTS PER HABITAT GUILD

SEMI-RHEOPHILIC SPECIES
P. afer
Breeding and early life-stages = 5.0 5 3.0 1.0 0.0] 0.0
Survival /Abundance = 5.0 5. 4.0 3.0 2.0 1.0
Summary of habitat stress of above table converted to habitat response out of ten.
SUITABILITY FOR DIFFERENT FISH REQUIREMENTS PER HABITAT
[ 150 [ 1.00 [ 050 | 013 J 0.03 J 0.01 [ 0.00 [ 0.00 SEMI-RHEOPHILIC SPECIES:

FLOW-DEPTH CONVERTED TO HABITAT RESPONSE (10=ALL FLOW-DEPTH CLASSES ABSENT
(RIVER DRY); 0=FLOW-DEPTH  CLASSES OPTIMUM FOR SITE ; 9=NO FLOW)

Fast deep 2.0 4.0 6.0 10.0 10.0 10.0 10.0 10.0 Breeding and early life-stages= 50| 50(40|30|20|20]|00]| O
Fast shallow 0.0 0.0 4.0 4.0 8.0 8.0 10.0 10.0 || —®[Survival /Abundance = 50[50]40]30|30|20f10] O
Slow deep 0.0 0.0 0.0 2.0 20 2.0 10.0 10.0 Cover = 50[50]40]30|30|20[10] O
Slow shallow 4.0 2.0 2.0 0.0 0.0 4.0 10.0 10.0 Health and condition= 50|50]40]30|30|20|10] O
[OVERALL HABITAT RESPONSE 15 15 3.0 4.0 5.0 6.0 10.0 10.0 (Water quality= 50)50(40[30)30[20]00] O
Semi-rheophilic stress -
(breeding requirements 00|00]|20]|40|44]|60]|88]|100
Included)
Derived species response from habitat response out of 10.
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3.3 Aquatic invertebrates (Authored by Ms C Thirion)

The basis of the process is to assess habitat abundance and suitability. The first step in the
process is to, during the site visit, rate the flow in terms of habitat conditions and related stress.
Table 3-4 was developed for use during the site visit to rate a specific condition (in this example a
flow of 0.17m?%/s).

Table 3-4 lllustration of a completed Flow-Habitat table

Habitat abundance and

Flow-Habitat suitability Modifier F";’W Habitat response
Response (m~/s)
SIC|SOOC |VIC|VOOC |GSM
Observation| 3 4 2 2 3
SIC habitat reduced by embeddedness.
Boulders . .
embedde SOOC habitat reduced due to algal covering
d over cobbles and some boulders. MV only
! roots and base of stems. SIC average
filamento
us algae depth 0.13m. If flow reduced by depth of 5-
3 2 3 2 1 3 9 1 0.17 |20cm, will alter SIC to SOOC. Flow
vegetatio
n stems removed from the exposed surfaces of
only (out boulders will remove SIC altogether. For
o y VIC: A reduction in depth of 15cm will
current) expose stems (in the VIC area). For VOOC,
' only root zone submerged at present.

The habitat rating and associated invertebrate stress observed during field visits are copied to the
invertebrate stress rating spreadsheet (Table 3-5). This provides a calibration for the rest of the
information. Those flows for which photographs are available are then rated and verified by the
hydraulician. For instance, the habitat abundances are estimated by the invertebrate specialist
according to what they visualise, and secondly by what they experience if they are undertaking an
invertebrate survey. The hydraulician has more quantitative means at his disposal and can
therefore check the rating. To complete the rest of the table, input from the hydraulician is required
(Section 3.4). The hydraulics specialist gives guidance on the flows which would result in the
range of flow habitat classes required to complete the O - 10 flow habitat scale. The tables are
completed for those flows and the stresses are derived.

The final stress index is provided in Table 3-5.
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Table 3-5 Completed invertebrate stress rating table for vegetation dwelling invertebrates

Flow Habltagi?tl;rgﬂﬁgce and Biotic response
Habitat Flow [Depth|Velocity | Habitat response Species
Response (m3/s) (m) (m/s) (specific to site) stress
Index SIC |SOOC |VIC VOOC |GSM MV Invertebrates
0 5 5 5 5 5 2 0.75 0.46 All hat_)ltats in excess,
very high quality.
All habitats plentiful, Abundant and
1 5 5 4 4 4 e 0.39 very high quality. diverse MVICs L
- Slight reduction in
2 4l a4 |a| 3 | 3 S{'Jg"";‘”i"\/'hcﬂs‘#gglﬁgt& MVIC diversity: High
q y sightly ‘| abundance
Reduction in MVIC
3 3| 4 |3| 3 | 3 |03]|051| 017 E:gﬁggg Slﬁnimd VIC, | species diversity: 4
d Y. Moderate abundance
4 3 4 3 2 3 SIC and VIC Ilmlted, of
moderate quality.
SIC and VIC very Sensitive MVIC
5 2 3 2 2 3 0.17 | 0.44 0.12 reduced, of moderate | species absent: 6
quality. Low abundance
6 2 3 1 1 2 SIC and VIC re_s,ldual
and of low quality
No VIC, Some VOOC,| All MVIC species:
! S e lttle SIC. Rare
Flowing water present,| Only pool dwellers
8 1 2 0 0 2 0.02 1 0.28 0.05 little SIC, no VIC. present 9
9 0 1 0 0 1 0 0.2 0.03 No surface flow.
10 0 0 0 0 0 0 No surface water. No MVIC species 10
present

3.3.1 Hydraulics input (Authored by Dr A L Birkhead)

The application of holistic methods for ecological flow determination (refer to Tharme, 1996)
require that water requirements be expressed as discharge rates (including its temporal
characteristics) through assessments of the presence of suitable habitat for certain biota at
different flows. The interface between the way in which flow requirements are assessed and
expressed is through the results of hydraulic measurements, analyses and modelling of sites along
rivers. The primary product of these hydraulic analyses are relationships between discharge and
the following determinants, which have been found over the course of numerous flow assessments
to be the most useful: depth (maximum and average), velocity (average), wetted perimeter, and
width of the water surface. The discharge-depth (or rating) relationship is fundamental to hydraulic
analysis, and is generally derived from a combination of measured and synthesized data (refer to
Rowlston et al (2000) and Birkhead (2002) for descriptions of procedures for deriving hydraulic
information for use in EWR studies (or Reserves) in South Africa). Once the rating relationship for
a river section has been developed, the relationships between discharge and the other hydraulic
parameters (listed above) may readily be computed using the cross-sectional geometry, and are
generally provided in tabular format using look-up tables.

The cross-sectional profile plots and look-up tables comprise the “standard hydraulic data” used in
Reserve determinations in South Africa at the Rapid Ill, Intermediate and Comprehensive levels.
Ecologists use these standard hydraulic data with the aid of site assessments, photographs and
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video exposure, to determine the quantity and quality of hydraulic habitat at different flows.
Substantial experience and interpretation are required to provide assessments of site-based and
reach-based biological habitats using cross-sectional surveys and the results of one-dimensional
hydraulic analyses (biological habitat refers to the integration of the different components defining
habitat e.g. hydraulic, substrate and cover attributes for fish). For this reason, a procedure has
been developed for using standard hydraulic information as the basis for quantifying hydraulic
habitat for fish (refer to Jordanova et al. (in press) for a detailed explanation of the method). The
method enables the assessment of abundance of different habitat types to be applied more
consistently in Reserve determinations.

3.3.2 Procedure for assessing the habitat flow response of fish

The procedure applies the concept of hydraulic habitat types (or classes) in the determination of
ecological flows for fish using the Flow-Stressor Response (F-SR) methodology. It differs from the
original F-SR method of O’Keeffe et al. (2002); and O’Keeffe and Hughes (2004) in that the
hydraulic habitat is interpreted in terms of biological habitat requirements (e.g. fish), and should
preferably be referred to the Habitat-Flow Stressor-Response (HFSR) method. It is a working
method, and will benefit from future development and refinement by applied research and future
Reserve assessments. There has been a need to further develop the role of hydraulics in flow
assessments for fish, which applies an integrated assessment of hydraulic habitat through the use
of different habitat types. These types have been defined using two basic hydraulic parameters,
i.e. depth (D) and depth-averaged velocity (V), as suggested by Kleynhans (1999). Water surface
width or perimeter is also incorporated as a scaling factor. Together with substrate and vegetation
cover information, these parameters are sufficient to broadly describe fish habitat. Kleynhans
further suggests that velocity and depth need only be specified coarsely, and has proposed the
following four velocity-depth classes (hydraulic habitat types), as adapted from Oswood and Barber
(1982):

o Slow (<0.3 m/s) and shallow (<0.5 m), i.e. SS: This includes shallow pools and
backwaters.

o Slow (<0.3 m/s) and deep (>0.5m), i.e. SD: This includes deep pools and backwaters.

o Fast (>0.3 m/s) and shallow (<0.3 m), i.e. FS: “Shallow” runs, rapids and riffles.

o Fast (>0.3 m/s) and deep (>0.3 m), i.e. FD: “Deep” runs, rapids and riffles.

A graphical representation of the velocity-depth domain and its division into four classes is
provided in Figure 3-1. (SS=slow and shallow, SD=slow and deep, FS=fast and shallow, FD=fast
and deep). The velocity and depth axes are truncated for plotting purposes at 0.8 and 1.0,
respectively (Kleynhans, 1999)
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Figure 3-1  Hydraulic habitat descriptions for fish

Although the procedure (described below) has been developed within the context of the HFSR
ecological flow assessment methodology, it is applicable for use in other holistic flow determination
methods (e.g. DRIFT) that require a quantitative assessment of habitat suitability and abundance
at different flows.

3.3.3 Rating observed habitat- type abundance

The first step in the method is the site scoring of the four habitat types defined for fish, taking
cognisance of the substrate, cover and water column features provided at the site. The presence
of these hydraulic habitat types is quantified using a relative abundance scale with associated
proportional percentage occurrence. An example is shown in Table 3-6.

Table 3-6 Abundance scorings of habitat types for fish

Descriptor Score Occurrence (%)
None 0 0
Rare 1 0-10
Sparse 2 10-30
Moderate 3 30-60
Abundant 4 60 — 80
Very abundant 5 80— 100

The on-site assessment is best undertaken; jointly by the hydraulician and fish ecologist, since it
provides an opportunity for the specialists to develop an appreciation and understanding of
relevant influences from the related disciplines. Secondly, the hydraulician is required to collect
hydraulic data during the course of flow assessment studies, and it would be valuable to provide
habitat type abundance scorings for each of these (since they are associated with a measured
discharge rate). Although this assessment is subjective, it provides valuable information to
complement the abundance scorings of hydraulic habitat type from more quantitative hydraulic
modelling.
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3.3.4 Modelling hydraulic habitat information

Riverine biota, including fish, macroinvertebrates and vegetation, display strong preferences for
certain water depths, velocities and bed shear stresses, or combinations of these hydraulic
variables (Lamouroux, 1998). Hydraulic descriptions used by ecologists differ from traditional
hydraulic applications: riverine biota respond to sets of point hydraulic variables, whereas
traditional hydraulic engineering has been concerned with larger spatial scales (e.g. flood
analyses). Modelling point hydraulic variables in river reaches at low flows with large resistance
elements using high resolution multi-dimensional hydraulic modelling, is imprecise and requires
accurate topographical information (Lamouroux, 1998). An alternative method for providing this
information is by modelling characteristic spatial-probability distributions of hydraulic parameters to
describe typical variability in hydraulic habitats. The standard hydraulic information synthesized for
a cross-section is used to represent average values for the morphological feature (e.g. rapid, riffle,
pool, etc.), and can therefore be used to estimate typical depth and velocity distributions. Methods
for predicting distributions of the two ecologically relevant hydraulic parameters of depth and
velocity are described in the following sections.

3.3.5 Predicting frequency-depth distributions

The frequency-occurrence of flow depth may be computed using surveyed cross-sectional profiles
and associated rating functions to provide measurement-based data. For a specified maximum
depth (and related discharge), the actual depths along a cross-section are computed at equal
distance increments. This is preferable to using actual surveyed ordinates across the riverbed,
since these are usually measured at changes in slope and with a higher density of bed elevations
in the low flow channel (i.e. not valid data for a statistical analysis). The range of depths (zero to
maximum) along cross-sections are divided into equal depth class increments, and the frequency
of occurrence of depths less than and greater than the threshold values determined (i.e. 0.3m and
0.5m used to distinguish between shallow and deep habitat for fast and slow velocities,
respectively). If a three-dimensional spatial model has been set-up, frequency distributions of
depth may be more accurately determined by calculating the proportion of inundated area that is
shallow or deep.

3.3.6  Predicting probability-velocity distributions

Of the available velocity distribution models in the literature, the model of Lamouroux et al., (1995)
appears to be the most robust and tested (Jordanova et al., in press). A drawback, however, is
that the model has been developed for pool-rifile sequences and not homogeneous
geomorphological features. The velocity distribution model of Lamouroux et al., (1995), requires
estimates of average depth, average velocity and dominant bed roughness. The first two
parameters are available from standard hydraulic (cross-sectional) information. The dominant bed
roughness is defined as the roughness element occupying the largest fraction of the bed, which
may be determined from a visual assessment of the bed, or preferably from measured sediment
size distributions (the size occupying the largest fraction of the bed is computed from the product of
the projected sediment area and its frequency of occurrence).
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3.3.7 Predicting habitat-type abundance as a function of discharge

An example of predicted frequency-depth and probability-velocity distributions for a riffle are given
in Table 3-7 (and related tables 3-8 and 3-9). The maximum and average depth, average velocity,
and perimeter are obtained from the standard hydraulic analysis. The analysis is undertaken for a
range of discharges (in the low flow range), including measured values for which site assessments
and/or photographs exist. Experience with measuring velocities in riffle and rapid morphologies
has indicated that the maximum value is generally two to three times the average, and this
information has been used by ecologists during previous flow assessments. The velocity
distribution model of Lamouroux and colleagues (1995) supports this field-based experience, with
maximum estimates approximately three times the average (refer to Table 3-7), and approximately
10% of the velocities are greater than twice the average value.

Using depth and velocity distributions (Table 3-10), the probability of occurrence for each habitat-
type category (expressed as a percentage) may be assessed by assuming that depth and velocity
are mutually exclusive parameters. Based on this assumption, the overall abundance of a habitat
type is calculated by the product of the individual frequencies or probabilities. At low flows, the
hydraulic habitat may be dominated by a particular habitat type (generally slow/shallow for riffles,
e.g. in Table 3-10), but the corresponding river size may represent only a small proportion of the
active channel size. To account for river scale, the habitat-type probabilities are proportioned
using the relative perimeter, which is defined as the ratio of the perimeter to the value where the
active channel bed becomes inundated. The active channel perimeter may be determined by an
inflection on the perimeter-discharge plot. The abundance of hydraulic habitat type is converted
from probability of occurrence to relative numeric values (or scores) in the range 0 to 5 using a
scoring system such as that given in Table 3-10.

Table 3-8 provides an example of site abundance assessments for measured discharges as well
as predictions based on the hydraulic modelling described above. It is necessary to reconcile the
observed site assessments with values determined from modelling to provide a final assessment.
Reasons for differences include the subjectivity inherent with site observations, the use of cross-
sectional specific data to represent characteristic hydraulic habitat, and the use of a reach-based
velocity distribution model. Agreement in the abundance scorings derived from the hydraulic
predictions and site evaluations needs to take cognisance of the above considerations. Measured
flows are generally accompanied by site photographs, which provide additional visual information
to verify the modelled predictions as well as the extent and suitability of cover. Hydraulic modelling
forms the basis for interpolating between assessments based on observation as well as extending
the discharge range. The assessments should consider the range of morphologies and hydraulic
conditions (i.e. both rapid/riffle and pool) to ensure that the habitat-types present are covered by
the analysis.

The abundances may also be expressed in terms of the amount of channel perimeter contributed
by each of the habitat-type classes (e.g. Table 3-8). This has been used in the DRIFT flow
determination method to present hydraulic information. Plots of the contribution to overall
perimeter of the different habitat types are useful for visualising changes in habitat with flow.

In the HFSR method, a simplified habitat suitability index for a particular “target” species or group
of species is used to represent the habitat stress response index (refer to Jordanova et al., in
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press). The suitability of the habitat (velocity-depth class, substrate and cover) under known
(observed) and modelled flow conditions, is scored for each of the following components: breeding,
survival and abundance, cover, health, and water quality.
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Table 3-7

Example of modelled habitat-type frequency distributions for a riffle

. Depth, D (m) Velocity, v (m/s) . Habitat abundance (HA) (%) Perimeter factored HA (%)
Discharge Perimeter SS SD FS FD SS SD FS FD
(m°/s) (m) V<0.3 | V<0.3 | V>0.3 | V>0.3 | v<0.3 | v<0.3 | V>0.3 | V>0.3
Max. | Ave. | %<0.5 | %>0.5 | %<0.3 | %>0.3 | Ave. Max. %<0.3 %>0.3 D<05 | D>05 | D<03 | D>0.3 | D<05 | D>05 | D<03 | D>0.3
0.05 0.36 | 0.16 100 0 94 6 0.02 <0.05 100 0 134 100 0 0 0 84 0 0 0
0.24 0.44 | 0.22 100 0 71 29 0.07 0.2 100 0 15.1 100 0 0 0 94 0 0 0
0.44 0.48 | 0.25 100 0 58 42 0.11 0.3 100 0 15.7 100 0 0 0 98 0 0 0
1.16 0.56 | 0.32 97 3 45 55 0.25 0.7 68 32 16.7 66 2 14 18 69 2 15 18
2.82 0.63 | 0.34 84 16 32 68 0.48 1.4 36 64 18.9 30 6 20 44 36 7 24 51
4.36 0.70 | 0.38 66 34 30 70 0.63 1.8 25 75 20.6 17 9 23 53 21 11 29 68
Table 3-8 Rated habitat-type abundances using the relative scale in Table 3-7
Discharge Ecologists site assessment Hydraulic prediction Final assessment
(m¥s) SS SD FS FD SS SD FS FD SS SD FS FD
V<0.3 | V<0.3 | V>0.3 | V>0.3 | V<0.3 | V<0.3 | V>0.3 | V>0.3 | V<0.3 | V<0.3 | V>0.3 | V>0.3
D<0.5 | D>0.5 | D<0.3 | D>0.3 | D<0.5 | D>0.5 | D<0.3 | D>0.3 | D<0.5 | D>0.5 | D<0.3 | D>0.3
0.05 5 5 0 0 3 5 0 0
0.24 4 5 2 0 5 5 0 0 4 5 1 0
0.44 3 5 3 1 5 5 0 0 4 5 2 1
1.16 3 5 4 2 4 5 2 2 3 5 3 2
2.82 2 5 3 3 3 5 2 3 3 5 3 3
4.36 2 5 1 4 2 5 2 4 2 5 2 4
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Table 3-9 Modelled habitat abundances
Perimeter (m)
Discharge SS SD FS FD
(m®s) [Vv<0.3| V<03 |V>0.3]|V>03
D<0.5 | D>0.5 | D<0.3 | D>0.3
0.05 134 0.0 0.0 0.0
0.24 15.1 0.0 0.0 0.0
0.44 15.7 0.0 0.0 0.0
1.16 11.0 0.3 2.4 2.9
2.82 5.7 1.1 3.9 8.2
4.36 34 1.8 4.6 10.8
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3.3.8

Providing velocity information for assessing the habitat flow response of aquatic
invertebrates

The probability-velocity distribution model of Lamouroux et al. (1995) is also applied to
provide velocity estimates for assessing habitat flow response of aquatic invertebrates.
Three velocity classes were used: 0 - 0.1m/s (very slow), 0.1 - 0.3m/s (slow), 0.3 - 0.6m/s
(fast) and >0.6m/s (very fast) (refer to Jordanova et al., in press). Table 3-10 provides an
example of the velocity class predictions for a riffle morphology (shaded rows represent
measured flows).

Table 3-10  Probability velocity class predictions

3.4

Discharge Velocity class (m/s)

(m°/s) 0-0.1 | 0.1-03 | 0306 | 0.6
0.01 100 0 0 0
0.04 85 15 0 0
0.2 65 35 0 0
0.5 47 44 9 0
1.0 35 37 25 3
2.0 26 29 35 10
5.0 14 18 31 37
11.8 6 10 19 65
22.8 3 5 12 80

Component Integrated / System stress

Once the stress indices (for low flows) have been identified for each component, the
stress figures are tabled and the unidentified flow stresses are interpolated. At any one
flow, the component with the highest stress point represents the integrated or system
stress curve. Figure 3-2 illustrates the interpolated individual component stresses as well
as the integrated curve. The black line represents the integrated curve and the other
lines the stress flow relationships for the various components. The integrated curve in
this case consists of the marginal aquatic invertebrates (purple line) for the stress range
10 to 2, and the riparian vegetation (yellow line) for the stress range 2 to 0.
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Figure 3-2  Component and integrated/stress curves

From this point on, all requirements are provided in terms of the integrated and not the component
stresses. Specialists refer back to their component stress index in order to convert any one critical
stress value to their corresponding component stress value. The critical stress and corresponding
component stresses are tabled in the spreadsheets (Appendix I).

The generation of an integrated stress curve is necessary as the problem is that the component
stress indices have different flow-stress relationships. For example, a fish stress of 2 implies a
flow of 0.08 m®/s, whereas the marginal invertebrate stress of 2 equates to 1.2 m%s. Component
stresses are therefore standardised to flow-stress relationships common to all components. When
the requirements are set, they are provided as certain stresses, occurring at a certain percentage
of the time for the different components and plotted on a duration graph (axes consisting of stress
and a % time) (Figure 3-3). The y-axis (stress) can only have one flow-stress relationship and the
integrated stress-flow relationships are therefore used.

The conversion from component stress to the integrated stress is illustrated in Figure 3-3.
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Figure 3-3  Conversion from component stress to integrated/stress

In Figure 3-3 the conversion is illustrated by the red arrows and described below from left to right:

. A fish stress of 4 equals a system stress of 6 (both implies a flow of 0.2m%s). The
explanation of this situation is that while the fish are not significantly stressed at 0.2m%s,
the aquatic invertebrates, which at that point represent the system stress, being the more
sensitive component, are stressed (stress of 6).

) A flow dependant invertebrate stress of 2 equals a system stress of 4.
o A fish stress of 2 equals a system stress of 2.5.
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4 APPROACH TO THE DETERMINATION OF EWR SCENARIOS

4.1 Low flow requirements

4.1.1 Generating stress requirements

The interpretation of stress durations is complex as the discharge values decrease up the y-axis,
as opposed to the standard flow-duration graphs, in which discharge values increase up the y-axis.
The relationship between flow-duration graphs (as used during the determination of flows in the
application of the BBM process) and the stress duration graph, is illustrated in Figure 4-1.
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Figure 4-1 A comparison between flow-duration and stress duration graphs

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component

November 2005

EWR Rivers Report: Final

Page 4-1



The stepwise procedure for recommending the low flow EWR is discussed using the fish stress
index for the illustration.

4.1.2 Generating stress requirements

The specialist must be able to interpret the stress-duration graph, as there must be no confusion
with flow-duration graphs. The differences are illustrated in Figure 4-1.

The process and sequence of events are the same for fish and aquatic invertebrates. Fish are
used below as an example.

o The fish specialist expresses the requirement as the percentage of time during which
stress would be equalled or exceeded (i.e. higher stress, less flow) for each different
season, i.e. stress-duration for a specific EC. This is in contrast to flow-duration, in which
the requirement would be expressed as % time during which flow would be equalled or
exceeded (i.e. more flow).

o The stress graph depicting natural and present flows is used to plot the fish stress
requirements.
o The process followed to determine the requirements for the REC is set out in the block

below and a case study/example is provided in Section 4.1.3.

DRY SEASON

Note: The hydrologist provides a general description of the system, an explanation of how often droughts
occur, and how to interpret the seasonal duration graphs.

Determine the months that comprise the dry and wet season and/or select single months to use.

Droughts

Droughts normally occur about 5 to 10% of the time. Drought conditions are dependent on the type of
hydrology. The stress requirement is relevant for drought conditions that occur over a reasonable period of
time (i.e. at least a month in a season - not just an odd day or two).

If drought conditions are set for the lowest that it should ever go, even for a day, a stress for 0 or 1% time
equalled or exceeded should be provided.

The questions that must then be answered are:
. What are the identified, stress conditions associated with drought conditions?
. Why is the stress specified critical?

Action: Plot the point/s you require (see example Figure 4-2). Document the requirement and reasoning
as in the example (Section 4.1.3).

REMEMBER, DROUGHTS ARE THE SAME FOR ALL ECOLOGICAL CATEGORIES.
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Maintenance flows for a specific EC

The % flows representing maintenance conditions, provided by the hydrologist, are representative of
conditions occurring on average (based on the natural hydrology representing the natural variation and
hydrological characteristics of the river).

In this case you therefore have a KNOWN percentage. The questions you then need to answer are:

. What are the habitat conditions you want to see on average for the species you are dealing with?
. What stress conditions does this habitat relate to?
. Why does it need this condition on average?

Action: Plot the point/s you require (see example Figure 4-2). Document the requirement and reasoning
as in the example (Section 4.1.3).

Check

Connect the drought and maintenance points on the graph. Spot-check any stress, or duration, in between
the two points and verify that this is the stress (habitat conditions) that is acceptable during dry periods
between maintenance and drought for the specific duration (Figure 4-2). If the habitat conditions are not
acceptable, then the drought and/or maintenance stresses must be re-evaluated.

Other durations for a specific EC

. Determine whether there are any other requirement for a habitat condition outside of the range
between drought and the maintenance flow, i.e. lower stress/more flows (wet periods) than
maintenance flows (Figure 4-2).

. What other significant habitat conditions and stress is required for a specific duration?

o Provide the duration and the motivation.

Action: Plot these points on the graph (see example Figure 4-2). Document the requirement and

reasoning as in the example (Section 4.1.5).

WET SEASON

Repeat the procedure for the wet season.

NOTE: Due to the breeding and life cycle issues during the wet season, more points than just those for
drought and maintenance conditions should be completed. However, do not provide points above
approximately 60% as this is in the range of flood conditions.

) Note: The motivations/reasons as described above are relevant for all the EWR sites you are dealing with IF the

indicator species/guilds are the same. In future these motivations will become generic for rivers in the same Level Il
Ecoregion and with the same indicator species/guilds
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. Determine drought
. If required, determine the worst instantaneous droughts

Determine maintenance stress at 40%
Connect line between points

. Verify duration and stress at a point between or set a point between o
. Provide additional points at a duration and stress which have ecological significance
. Repeat the checking procedure and connection of lines if necessary

Figure 4-2  Sequence of steps followed during the determination of stress requirements
(This graph is not related to any specific river and serves as an example only.)
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4.1.3 Provision of motivations for determining stress requirements

An example is provided below using the Elands River site and the fish species that occur there.
Note: It does not link to any of the graphic examples provided. The stresses provided are only
examples.

FISH: DURATIONS AND MOTIVATIONS TO BE USED FOR DETERMINING STRESS
REQUIREMENTS

Indicator:
Fish: The indicators are rheophilic species dependant on the perennial flow.

STRESS REQUIREMENTS FOR THE REC

DRY SEASON

DROUGHT: i.e. + 10%

Survival conditions = Minimal fast shallow habitat in patches (minimum depth of 15 cm - approximate 1 -
2 abundance) provides cover and trophic requirements (stress of 7).

0% of the time: Still need flowing water (trickle), but if these conditions occur for more than 1% of the
time, the species could be lost (stress of 8).

MAINTENANCE: 30%

Require good habitat for the dry season. Minimum patches of fast deep and fast shallow habitats
required, but need connectivity to ensure maintenance of population dynamics and abundances (stress
of 4).

WET SEASON

DROUGHT: i.e. £ 10%

Fish still spawn, but few situations with favourable habitat conditions exist. When favourable conditions
occur, it will not necessarily be optimum conditions. (Therefore, start with maintenance which will
describe the optimum conditions and then derive the 'less favourable conditions’).

Relatively limited — stress of 5: FD, FS, available but limited and fragmented (patchy).

0 duration: Summer, temperature, oxygen and water quality play a role and survival conditions therefore
different than dry season (stress of 7).

MAINTENANCE: 30% (Stress of 2)

Amphilius uranoscopus

Eggs: Margins of FS (>0.2 m, <0.2 m/s) gravel cobble substrate. October — January. >16°C. Duration 7
days of 3 - 30% exceedance.

Larva: Feeding and Growth: Nursery areas (>0.20m deep <0.2m/s), margins of FS, SS and overhanging
vegetation. Duration larval period: 2 months of 3 - 30% exceedance.

Juvenile: Feeding and Growth: Mostly FD, FS (>0.20m deep >0.1m/s). Cover: Cobbles and rocks
overhanging vegetation. Duration 3 - 6 months of 3 - 30% exceedance.

Adult: SS, FS (>0.25m), gravel, cobble substrate. Spawning season: October — January. Cue:
increased temperature, flow and changes in water quality (e.g. conductivity), 3 - 30% exceedance.
Other:

Population boost is required at 75% of the time. Close to natural conditions - limited risk. Stress of 1.
(Note: Should as standard use “50% of the time”, i.e. stress of 2 (could also derive this by connecting the
lines and checking.))

STRESS REQUIREMENTS FOR THE ALTERNATIVE EC

C conditions:

Same diversity of habitat conditions, but occurring less often. Durations of stress will be longer.
Increased risk as category below REC. Purely derived - more quantified methods will require modelling
approaches that are outside the scope of these studies.
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The stress (integrated values) for the wet and dry season at specific percentage points are
provided to the facilitator who plots them on a blank stress profile.

414

Fcalagical Stress

Low flow requirements

The determined integrated stress index is used to identify required stress levels at specific
durations for the wet and dry month or season. Drought flows are usually set at 95 to
100% assurance/duration/time equalled or exceeded. The equivalent stress assurance
would be 5 to 0%. Based on the characteristics of the hydrological regime, maintenance
flow assurance is determined and provided by the hydrologist. If for example the
maintenance flow assurance is 70%, the equivalent stress assurance would be 30%.

The points plotted for the components representing the lowest stress at any time guide the
shape of the recommended low flow. Outliers are investigated and if confidence
associated with these recommendations are very low; these points are not used to shape
the curves.

The curve is then drawn in by hand. This hand-drawn line represents a band of flow
Istress requirements (Figure 4-3).

Dry Season Wet Season
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Figure 4-3

The hand-drawn line representing a band of flow/stress requirements from the
individual specialists

The hydrologist then investigates which Desktop Reserve Model-generated curve most
closely represents the recommended curve and adjusts the hydrology to approximate the
hand-drawn curve.

This curve is presented to the specialists who indicate whether further manipulation is
required, or whether the curve represents their requirements adequately.

At this point the low flow recommendations for each Reserve scenario has been finalised
and high flow recommendations are now required to enable the final flow scenarios to be
provided (Figure 4-4. Note that ¢ and d in the graph legend refers to EC).
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Figure 4-4  The final curve
4.2 Approach to high flows

The approach used for high flows in this study has elements of both the BBM and the DRIFT
methodologies. Fish, invertebrate, riparian vegetation and geomorphologist specialists provide the
functions of floods and identify the size of the events using the hydraulic cross-sections, photos
and videos of known flows and specialist geomorphological knowledge.

The stepwise approach to determining the high flows is as follows:

) Each specialist identifies the range of high flows that will undertake similar functions.
Class | high flows are the smallest events (the freshes / freshettes), and from Class Il
events the floods increase in size. The larger the classes, the larger the size of the
events. The largest flood class will represent flows with a return period of 1:2 or more. An
example is provided in Table 4-1 of the component requirements and final size of flood
classes.

o Specialists provide their flood classes as the instantaneous peak which is required. The
hydrologist converts this to a daily average as this is the requirement for the data to be
captured into the Desktop Reserve Model.
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Table 4-1 A summary of the flood class ranges and the recommended high flow events for
each scenario
Flood classes (m®/s)
Component I Il i v \% VI
Fish 1.25-3 3-6 >6
Invertebrates 15-3 3-5
Vegetation 1.25-6 6-18 18 - 55 55 -84
Geomorphology 2-8 33-53 53-87 > 262
Integrated 15-3 3-8 6-18 33-55 55 -87 > 262
Daily average 2 4 6 10 60
Duration (days) 2 2 3 3 5
) Specialists document the functions and describe the critical hydraulic parameters

associated with each class of flood per component. This information is documented in the
spreadsheets (Appendix I).

The hydrologist checks the validity of these floods against naturalised daily hydrology, or
in the absence of this, against any observed hydrological data or monthly volumes (the
latter is used only as a last resort).

Where possible, the hydrologist provides the number of events, which would occur under
natural flow conditions for each of the flood classes. If daily hydrology is not available, an
upstream reach of similar area is used to provide some indication.

The specialists then identify which of that number of events should occur for each of the
Reserve scenarios (ECs). The number of events should not exceed natural conditions
and should only be similar to natural if the EC being considered is in a high category. The
objectives and criteria set for the recommended and alternative ECs must be kept in mind
when motivating the number of events per REC. Motivations linked to the number of
events recommened are supplied in the spreadsheets. The results are provided in Table
4-2.

The coordinator then assesses the number of events required. The integrated column is
populated with the highest number of events required (Table 4-2). It is then assessed
whether any of the flood requirements in certain flood classes will also cover requirements
of specialists in other flood classes. The final number of events required is completed in
the 'Final’ column.

An example would be the following. Four Class 1 floods are required for fish and two
Class 1 floods for invertebrates. Normally the final requirement would be four Class 1
floods. However, if the invertebrates for example require two Class 2 floods and the fish
no class 2 floods, the fish specialists would be conulsted to determine whether two Class
1 and two Class 2 floods would suffice rather than 4 Class 1 floods. If one did not follow
this approach, the fish would end up receiving 6 floods in total (four Class 1 and 2 Class
2) where they actually only require four events.
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Table 4-2 Recommended high flow events for each scenario

Flood NUMBER OF EVENTS: ECC
classes Invert Fish Veg Geom | INTEG FINAL
Class | 3 4 8 4 8 6 (May, June, July, Aug., Oct., Nov)
Class Il 1 2 2 1 (Oct)
Class lll 1 1 1 1 (Sept)
4.3 Final results

The low flows and high flows are incorporated into an integrated flow regime. The final output, i.e.
the IFR rules (presented as duration tables), is provided from either the Desktop Reserve Model or
the IFR Model. The IFR assurance rules are documented in the report. Results are also provided
as IFR tables (the tab tables) and are presented in the report per EWR site.

4.4 Confidence evaluations of the results

Each specialist provides a confidence evaluation on a scale of 0 (no confidence) to 5 (high
confidence) for their component, for various parameters, as well as the reasoning behind the
evaluation. The information regarding each confidence evaluation parameter is provided below.

EWR site: The ability of the site to provide reasonable cues to set the EWR requirements is
assessed.

Available data: The confidence in the available data, both historical and collected, and the
relevant specialist’s ability to interpret the data accurately to recommend flows is assessed.
Ecological classification: The confidence in all contributions provided towards the PES and EC
(reference conditions, PES, trajectory of change, EIS, EC) is assessed.

Output Low: The final output and the confidence that specialists have that the flow would achieve
the specified component objectives specified, must be evaluated. If, for example, the requirements
for a component were superseded by another component, the final flow represents more flows
than recommended and the confidence should therefore be high. If however the flow regime was
based on requirements, the confidence in the requirements set should be assessed.

Output High: Evaluate the final high flow regime that will provide size, frequency etc.
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5 EWR 1 - MELKHOUTBOSKRAAL: ECOCLASSIFICATION

5.1 Reference Condition
5.1.1 Geomorphology

The reference condition for this reach consists of a cobble bed river with a high width-depth ratio
and a propensity to braiding (main channel with secondary channels subject to channel switching).
Due to the unstable nature of the valley floor, there is limited woody riparian vegetation. This
condition is similar to that shown on the aerial photographs of 1942. A number of wetlands exist in
the valley floor above this site.

5.1.2 Riparian vegetation

An intact and connected riparian zone from the upper zone through to the marginal zone defines
the reference condition. The upper riparian zone comprises species more similar to that of valley
bushveld than the surrounding false Karoo (Acocks, 1989). Low and Rebello (1996) describe this
as south west coast Renosterveld. It comprises a closed thicket of shrubs and trees featuring
Podocarpus (Yellow wood), Carissa bispinosa, Scutia myrtina, Rhus lucida, Maytenus
heterophylla, Ehretia rigida, Acacia karroo, Euclea undulata, Cassine aethiopica and others. The
lower riparian zone features Diospyros lyciodes, Rhus dentata and palmiet. Palmiet forms large
clumps on the edges of pools. Palmiet also dominates the marginal zone, with smaller clumps of
Juncus and other sedges and Restionaceae featuring in other open areas.

No exotic species are present under the reference condition and cultivation is absent in the upper
riparian zone.

5.1.3 Water quality

There was no appropriate data that could be used for Reference Condition within this Water
Quality Sub-Unit (WQSU) and the default benchmark boundary tables were used for the
assessment. An additional monitoring site was instituted for the purposes of this study (WQ2 at
Melkhoutboskraal) in the lower section of the WQSU and was used to assess the Present
Ecological State. This data is of limited value as only four samples (February to May 2004) were
collected.

5.1.4 Fish

From historical records and general fish distribution data, a total of approximately 5 indigenous fish
species are expected to be present in the Kromme River at EWR 1.

o Pseudobarbus afer

o Sandelia capensis

) Anguilla mossambica

o Anguilla marmorata

o Anguilla bicolor bicolor
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5.1.5 Aquatic invertebrates

This site would be expected to have had similar habitat diversity under reference conditions to that
under the present conditions, but with more sustained inundation of marginal vegetation. There
would have been greater shading from riparian vegetation, which would have lead to higher leaf-
fall, heterotrophic conditions, and the presence of a greater diversity of leaf-shredders such as
stoneflies and mayflies. There would have been less mobile sediment in the stones habitats, no
algal growth, water temperature might have been lower, but water quality conditions similar to the
present state. These conditions favour a sensitive macroinvertebrate fauna with a greater number
of mayfly families (Tricorythidae), the possibility of stoneflies, Caddisflies (Philopotamidae and
Pisullidae) and an enhanced community of aquatic invertebrates with a preference for marginal
vegetation e.g. Odonata (Lestidae), Coleoptera (Belostomatidae, Nepidae and Pleidae), some
Corixidae (Naucoridae), and Gastropoda (Physidae and Lymnaeidae). Sponges (Porifera) would
have been present on rock surfaces.

5.2 Present Ecological State (PES)
5.2.1 Habitat Driver PES

The hydrology PES (C category) and geomorphology PES (D category) information is available in
Appendix A and Appendix B respectively. Water quality PES is a B/C category. The driverisa C
category and the composition of the driver category is provided in Table 5-1.

The reasoning for the geomorphology category (D) is provided below.

PES Causes Sources Flow/Non flow related
Channel incision. Alien vegetation encroachment. Non flow related.
D Bed armouring. Channel incision Igading to. increase in Flow related.
stream power plus increase in floods.
Table 5-1 Habitat Driver Category for EWR 1
Components Weighted driver score
GEOMORPHOLOGY 11.73 (D)
HYDROLOGY 33.67 (C)
WATER QUALITY 18.37 (B/C)
Weighted driver status (%) 63.78
HABITAT DRIVER CATEGORY C

5.2.2 Biological response PES

5.2.2.1 Riparian vegetation (D/E)

The PES is poor due to the removal of indigenous vegetation and cultivation in the upper riparian
zone. In addition, the infestation of the upper and middle riparian zones by Black Wattle is
extensive. This has led to the stabilisation of the riparian zone and the subsequent incision of the
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river and the marginal zone. The riparian zone has therefore become significantly disconnected

leaving the upper zone isolated from the middle and lower parts.

It is uncertain whether the

remaining vegetation of the upper riparian zone, in its present location, is still dependent on the
river for its supply of water.

PES Causes Sources Flow/Non flow related
General degeneration of the . . .
L ) . Invasion of exotic species and
riparian zone and isolation of L Non flow related.
L subsequent river incision.
upper riparian zone.
Invasion of exotic species and
. o P . Non flow related.
. . : exclusion of indigenous species.
Decreased species diversity. e —
Cultivation in upper riparian zone and
. Non flow related.
removal of vegetation.
. . Invasion of exotic species and
Changes in species . - P . Non flow related.
. exclusion of indigenous species.
composition. —
D/E Cattle grazing in riparian zone. Non flow related.

Changes in abundance of
vegetation.

Cultivation in upper riparian zone and
removal of vegetation.

Non flow related.

. . Invasion of exotic species and
Changes in vegetation cover. . . . Non flow related.
exclusion of indigenous species.
Invasion of exotic species and

Changes in vegetation structure.

exclusion of indigenous species.

Non flow related.

Reduced impact of flooding as a
consequence of exotic species
invasion.

Flow related.

5.2.2.2 Fish (C/D)

The presence at this site of large numbers of highly effective alien predatory largemouth bass,
Micopterus salmoides, has resulted in the local extermination of the indigenous fish species
Pseudobarbus afer and Sandelia capensis from the main channel of the Kromme River. These
native species, which should be present in large numbers, do not have effective predator-
avoidance behaviour and are very vulnerable to predation in clear, shallow streams.

The approach to assessing the PES for fish was to ignore the impact of alien fish and assess how
the original (expected) endemic fish would have responded to habitat changes. This approach is
followed at all the EWR site evaluations.

PES Causes Sources Flow/Non flow related
. . ! e Destruction of Palmiet wetlands. Non flow related.
Reduction in river flows, ) ) i
. e Direct abstraction and/or via farm | Flow related.
particularly low flows and .
D : ) dams for farming.
increased periods of extremely o
e Increased evapotranspiration due to | Non flow related.
low flows (or no flow). ) )
forestry and alien vegetation.
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PES

Causes

Sources

Flow/Non flow related

Increased  sediment load,
silting up of pools, embedding
rock substrate cover.

e Soil erosion due to bad farming

practices.

e Bank erosion and collapse due to

alien trees (e.g. Black Wattles).

Non flow related.

Non flow related.

Reduced water quality,
including increased nutrients,
increased temperatures, and
reduced dissolved oxygen
(DO) levels.

e Fertilizer input from farms.

e Increased silt load and turbidity at

high flows.
e Reduced DO and

summer.

increased
temperature during low flows in

Non flow related.
Non flow related.

Flow related.

Increased predation.

Presence of

predation.

highly effective alien
predator under favourable conditions for

Non flow related.

5.2.2.3 Aquatic invertebrates (C)

Instream habitat at this site was plentiful and in relatively good condition.

Stones were mobile,

allowing for invertebrate colonisation on the upper side and lower surfaces, which typically relates
to a healthy biodiversity of stone-dwelling fauna at a site. Only the root zones of the marginal
vegetation were inundated. The lack of a robust vegetation zone limits the number of aquatic
invertebrates with a preference for this biotope, and also results in a paucity of cover for juveniles
in early summer. SASS5 scores were approximately 70% of assumed reference conditions, and
the high Average Score per Taxon (ASPT) (>6) indicates that the fauna includes a healthy
proportion of sensitive taxa.

PES Causes Sources Flow/Non flow related
Loss of flow. Abstraction. Flow related
Sedimentation of stones . . .

. Agricultural practices. Bank clearing. Non flow related
C habitat.
Loss of riparian and vegetation L .
. P 9 Alien invasion. Non flow related
habitat.
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5.2.3 Instream PES (C)

The Instream PES is summarised in Table 5-2.

Table 5-2 Instream PES for EWR 1

Rating (O=low, 5=high)

Criteria -
Con
. Ave (Weight| PES [Categor
Rating v 'g gory

Availability of high confidence fish information 5
1 Diversity of fish species with different flow requirements 2
> Diversity of fish species with a preference for different cover 5

types
3 Diversity of fish species with a preference for different flow 1

depth classes

Di itv of fish . ith vari | ii
4 iversity o_ ish species with various tolerances to modified 25 | 188 | 036 |62.0

water quality
Availability of high confidence invertebrate information
5  Diversity of invertebrate biotopes 3
6 Diversity of invertebrate taxa with different velocity 4

requirements

Di ity of i tebrate t ith diff t tol t
5 |ve_r§| y of inverte _ra e taxa with different tolerances to 3 333 | 064 | 643

modified water quality

5.21 1 63.5
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5.2.4 PES Ecostatus (C)

The Ecostatus is summarised in Table 5-3.

Table 5-3 Summary of the Ecostatus for EWR 1

Separating out the proportions for Driver: Response Rating (0=low, 5=high) -
Response | Score | Ave |Weight
Instream Response questions
What is the general level of sensitivity to modified water quality? 3
Fish: What is the general level of trophic specialisation? 2
What is the general level of habitat specialisation? 3
What is the general level of flow intolerance? 4 3 0.53
Habitat Driver Questions
How sensitive is channel type to change in geomorphological 3
drivers?
How sensitive are hydraulic habitats to flow change?* 3
How sensitive is water quality to flow change? 2 2.67 | 0.47
Total 5.67 1
PES Category
INSTREAM CATEGORY| 63.47 C
DRIVER CATEGORY| 63.8 C
ECOSTATUS| 63.61 C
W This rating is applicable to low flows
(%): >89=A;80-89=B;60-79=C;40-59=D;20-39=E;<20=F

Note that the Ecostatus does not at this stage consider riparian vegetation. Riparian vegetation is
It was concluded that the
Ecostatus should not be lowered due to the riparian vegetation condition. The C category is
representative of the instream condition and the riparian vegetation condition is due to non flow

a much lower category (D/E) due to the presence of alien vegetation.

related issues.

Table 5-4 is a summary of the PES categories for EWR 1. Trends of change are shown in Section

5.2.5.
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Table 5-4 Summary of the PES categories for EWR 1

HYDROLOGY

GEOMORPHOLOGY

WATER QUALITY

C
Instream

AQUATIC INVERTEBRATES

RIPARIAN VEGETATION

@ The percentage was 60%; i.e. in a C-Category.

5.25 Trends

Geomorphology — Long term within category.
Vegetation — Negative.

Fish — Stable.

Aquatic Invertebrates — Stable.

5.3 Importance
5.3.1 Ecological Importance and Sensitivity (EIS)

The EIS was rated as moderate (present), as there are rare fish species (P. afer) and invertebrate
families (Teloganodidae and Notonemouridae) present. There are a low number of invertebrate
taxa present with a high preference for fast-flowing water all year round. Riparian and instream
habitats include pools, riffles, undercut banks, instream vegetation and backwaters. The
confidence is moderate.

5.3.2  Socio-cultural Importance (SI)

Land use for Resource Unit A (Segment 4 — 11, EWR 1: Segment 7) is almost exclusively
agricultural with the small town of Kareedouw also dependent on this sector. Formal rural
settlements have a limited dependence on the river with the exception of direct economic
exploitation, such as commercial agriculture. However, commerical agriculture is not a factor that
contributes to the determination of EIS.
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The Sl was rated as low and the confidence was moderate.

5.4 Range of Ecological Categories
5.4.1 Recommended Ecological Category (REC)

Due to the moderate EIS and low Socio-cultural Importance, the REC is to maintain the PES, apart
from riparian vegetation, that is presently in a D/E category and must be improved to a D category.
In reality any action taken to address the D/E category would probably significantly improve
vegetation conditions (i.e. more than a D category). If alien vegetation is not cleared effectively a
D category would result and a negative trend would prevail. If a C category is achieved and the
condition of the riparian vegetation is improved, a positive trend that could result in a B category in
the moderate to long term, would result.

Improvement of the riparian vegetation to a D category or better will only be possible if catchment,
and specifically alien vegetation, problems are addressed in the long-term. Improvement in flow
will then augment the improvement in the riparian vegetation.

The REC is therefore to maintain the C Ecostatus and all component categories, apart from
riparian vegetation, which must improve from a D/E to at least a D category.

5.4.2  Alternative Ecological Categories

Only one alternative category, a D Ecostatus, was considered. A/B Ecostatus will not be
considered, as it is highly unlikely that this can ever be achieved by improving flows. If non-flow
related problems are addressed such as the rehabilitation of the wetland and addressing alien
vegetation and fish, the river state will improve without improving flows.

The hypothetical D Ecostatus conditions represent a state where lower (than present) low flows
occur and water quality would decrease half a category, i.e. from a B/C to a C/D category.

The rule-based models for the individual components were run in a predictive manner and based
on the above hypothetical scenarios; the matrices that would be affected were changed. These
spreadsheets, with the changes indicated as different colours are included in the specialist
appendices.

The EC results for the components and the Ecostatus is provided in Table 5-5.

5.4.2.1 Fish

In the alternative EC for fish (D), the reduction in flows due to increased abstractions will mainly
affect the low flows, i.e. longer periods of low flows experienced, including periods of critically low
flows (possibly no flow periods). The fish stress will increase during these periods of reduced
water flow and river levels, as this will result in the following:
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° Result in fish, cover, such as undercut banks, root wads and marginal vegetation, not
being available to fish further resulting in the crowding of fish in exposed areas and to
increased predation.

° At low or NO flows the water quality will deteriorate (increased temperatures, lowered DO
levels and growth of iron bacteria on substrate surfaces), resulting in poor fish health and
increased mortalities due to disease.

The numbers of fish will drop and, although no species will be lost completely, they will become
even more rare and isolated in small pockets.

5.4.2.2 Aquatic invertebrates

The reduction in flows and the change in habitat abundances associated with a D Ecostatus are
likely to remove the most sensitive aquatic invertebrates in this community, e.g. Teloganonids and
Sericostomatids. Some of the aquatic invertebrates that are moderately sensitive to flow and water
guality changes may also be lost e.g. Helodid beetles and Heptageniid mayflies.

Table 5-5 Summary of the Alternative Ecological Category D for EWR 1

HYDROLOGY

GEOMORPHOLOGY

WATER QUALITY

AQUATIC INVERTEBRATES

RIPARIAN VEGETATION

The integrated rule-based model results are available in Appendix J for the alternative EC.
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6 EWR 1 - MELKHOUTBOSKRAAL: STRESS INDICES
6.1 Stress Index: Fish

The indicator species is Pseudobarbus afer, which is a semi-rheophilic species. This species
requires flowing water for spawning in riffle areas where it needs depths of over 10 - 15 cm and
velocities of >0.3 m/s. This species is sensitive to water quality and requires flow especially during
the wet season, but can tolerate short periods of no flows.

Availability of cover in the form of undercut banks and overhanging vegetation only become
available to the fish at higher flows. The lack of cover at low flows leads to higher stress due to
increased predation. Water quality is thought to deteriorate at low flows (higher temperatures,
lower DO, algal growth and iron bacterial growth) as well as a drop in food abundance.

Fast-shallow riffle habitats are thus required for spawning in summer, while critical preferred
habitats are slow deep and slow shallow with sufficient shelter from predation (substrate, undercut
banks and overhanging vegetation). Habitat suitability, from which species stress is derived, is
shown in Table 6-1.

6.2 Stress Index: Aquatic invertebrates

Hydropsychids and Simuliids are indicator groups for low stresses. These taxa occur in the Stones
in Current (SIC) biotope (preference for velocities > 0.6m/s). Leptophlebiids are indicators for high
stresses. This taxon will occur at low flows, but is likely to disappear at a stress of 9 when surface
flow disappears. EImid beetles have a preference for moderate flows (0.3 - 0.6 m/s) and were
used as an indicator for middle-level stress of 3 - 4. In general the stresses were, however, set
using the full community of aquatic invertebrates and their velocity and habitat preferences (IWR
S2S, 2004). Due to the lack of Marginal Vegetation (MV), the community displayed a stronger
preference for Stones in Current (SIC) and Stones out of Current (SOOC) biotopes. These are
considered the indicator habitats. The stress table is shown as Table 6-2.
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Table 6-1 Habitat suitability at EWR 1

Flow (m3/s)
1.50 1.000 | 0.500 | 0.130 | 0.028 0.010

RELATIVE ABUNDANCE FLOW-DEPTH & COVER RATING:
0=NONE; 1=RARE; 2=SPARSE; 3=MODERATE; 4=ABUNDANT; 5=VERY ABUNDANT

FAST DEEP 4.0 3.0 2.0 0.0 0.0 0.0
Overhanging vegetation 4.0 3.0 1.0 0.0 0.0 0.0
Undercut banks & root wads 4.0 4.0 2.0 0.0 0.0 0.0
Substrate 4.0 3.0 3.0 0.0 0.0 0.0
Aquatic macrophytes 2.0 1.0 0.0 0.0 0.0 0.0
Water column 2.0 2.0 1.0 0.0 0.0 0.0
FAST SHALLOW 5.0 5.0 3.0 3.0 1.0 1.0
Overhanging vegetation 5.0 4.0 3.0 2.0 1.0 0.0
Undercut banks & root wads 5.0 5.0 4.0 3.0 1.0 0.0
Substrate 5.0 5.0 4.0 4.0 2.0 1.0
Aquatic macrophytes 3.0 2.0 1.0 0.0 0.0 0.0
Water column 0.0 0.0 0.0 0.0 0.0 0.0
SLOW DEEP 5.0 5.0 5.0 4.0 4.0 4.0
Overhanging vegetation 5.0 5.0 4.0 3.0 2.0 1.0
Undercut banks & root wads 5.0 5.0 4.0 4.0 3.0 3.0
Substrate 3.0 3.0 3.0 3.0 2.0 2.0
Aquatic macrophytes 3.0 2.0 1.0 1.0 0.0 0.0
SLOW SHALLOW 3.0 4.0 4.0 5.0 5.0 3.0
Overhanging vegetation 5.0 4.0 3.0 2.0 1.0 1.0
Undercut banks & root wads 5.0 4.0 3.0 1.0 1.0 1.0
Substrate 4.0 4.0 4.0 4.0 3.0 1.0
Aquatic macrophytes 4.0 4.0 3.0 2.0 0.0 0.0
Water column 0.0 0.0 0.0 0.0 0.0 0.0
SUITABILITY FOR DIFFERENT FISH REQUIREMENTS PER HABITAT GUILD

SEMI-RHEOPHILIC P. afer

Breeding and early life-stages 5.0 5.0 3.0 1.0 0.0 0.0
Survival /Abundance 5.0 5.0 4.0 3.0 2.0 1.0
Cover 5.0 5.0 4.0 3.0 2.0 1.0
Health and condition 5.0 5.0 5.0 4.0 3.0 2.0
Water quality 5.0 5.0 4.0 3.0 2.0 1.0
EZ?SS:&I)IC stress - (breeding requirements 0.0 0.0 20 44 6.4 8.0
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dry); O=Flow-depth classes optimum for site;

9=No flow)

Fast deep 2.0 4.0 6.0 10.0 10.0 10.0
Fast shallow 0.0 0.0 4.0 4.0 8.0 8.0
Slow deep 0.0 0.0 0.0 2.0 2.0 2.0
Slow shallow 4.0 2.0 2.0 0.0 0.0 4.0
OVERALL HABITAT RESPONSE 15 1.5 3.0 4.0 5.0 6.0
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Table 6-2 Stress table — Flow dependant invertebrate at EWR 1
Habitat abundance and - HABITAT
Selfiet Sl Total[Modifier CHARACTERISTICS BIOTIC RESPONSE
Flow Flow HABITAT (Hydraulic Using the full Flow Community
Response L ) s . 5 RESPONSE parameters as g et ' stress
Index |SICT|SOOCTVICT|VOOC"|GSM measured by Dr community of aquatic
Birkhead) invertebrates present
Rating
(site at 1 > | 11 0.13
observed
flow)
All habitats in Max depth All very abundant. All
excess, very high 0.52 healthy, all species
quality: some very  |Av depth persist.
fast, most 0.31
moderately fast, Area
0 5 4 4 | 21 1.43 |deep, very wide - 4.64 1.08 0
wetted perimeter. Width
15.10
WP
17.12
Av velocity
0.31
All plentiful, high Max depth All  abundant. All
quality; fast and 0.48 healthy, all species
moderately fast, Av depth persist.
deep, very wide 0.27
1 5 2 3 18 1.08 |wetted perimeter. Area 1
4.04
Width
14.8
WP
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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Habitat abundance and - HABITAT
Selfiet Sl Total[Modifier CHARACTERISTICS BIOTIC RESPONSE
Flow HABITAT Hvdraulic Community
Response N ) 3 4 s Y RESPONSE pa(ra)r/neters as USing the full ) e stress
Index |SICT|SOOCTVICT|VOOC"|GSM measured by Dr (.:ommunlty of aquatic
Birkhead) invertebrates present
16.8
Av velocity
0.27
Critical habitats Max depth Slight reduction for
sufficient; quality 0.4 sensitive rheophilic
slightly reduced: slow|Av depth species. All healthy in
and moderately fast, {0.21 some areas, all species
deep, wide wetted  |Area persist.
perimeter slightly 291
2 2 2 3 16 0.56 reduced. Width 2
13.72
WP
15.57
Av velocity
0.19
Reduced critical Max depth Reduction for all
habitat, reduced 0.34 rheophilic species, all
critical quality; Av depth healthy in limited areas,
Moderate velocity, |0.16 all species persist.
fairly deep, wetted  |Area
perimeter 2.11
3 2 1 8 14 0.31 slightly/moderately  |Width 0.56 3
reduced. 12.81
WP
14,51
Av velocity
0.15
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Habitat abundance and . HABITAT
Selfiet Sl Total[Modifier CHARACTERISTICS BIOTIC RESPONSE
Flow HABITAT Hvdraulic Community
Response N ) 3 4 s Flow RESPONSE pa(ra)r/neters as USing the full ) Flow stress
Index |SICT|SOOCTVICT|VOOC"|GSM measured by Dr (.:ommunlty of aquatic
Birkhead) invertebrates present
SIC limited, of Max depth Further reduction for all
reasonable quality, |0.26 rheophilic species. All
VIC virtually absent. |Av depth viable in limited areas,
0.11 critical life stages of
Area some sensitive
4 4 1 0 10 0.13 1..17 rheophlllc sp.eC|es atl 031 4
Width risk, all species persist.
10.47
WP
11.8
Av velocity
0.1
Critical habitat very |Max depth Limited populations of
reduced, 0.22 all
moderate/low quality,|Av depth rheophilic species.
moderate/slow 0.09 Critical life-stages of
velocity, few deep  |Area sensitive rheophilic
5 4 1 0 9 0.07 arefs\s, wetted O..79 species .(Elmids.) at risk
perimeter Width or non-viable (disappear 5
moderately/very 8.64 at <0.3m/s); most
reduced. WP species persist.
9.69
Av velocity
0.08
Critical habitat (SIC |Max depth Sensitive rheophilic
6 4 1 0 8 0.028|and VIC) residual, 0.18 species rare, critical 0.13 6
low quality, slow Av depth stages of sensitive
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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Habitat abundance and - HABITAT
Selfiet Sl Total[Modifier CHARACTERISTICS BIOTIC RESPONSE
Flow HABITAT Hvdraulic Community
Response N ) 3 4 s Flow RESPONSE pa(ra)r/neters as USing the full ) Flow stress
Index |SICT|SOOCTVICT|VOOC"|GSM measured by Dr (.:ommunlty of aquatic
Birkhead) invertebrates present
velocity, limited deep [0.08 rheophilic species
areas, moderate Area (Elmids) non-viable, and
wetted perimeter. 0.48 at risk for some less
Width sensitive species. Most
6.35 species persist in the
WP short-term.
7.1
Av velocity
0.07
No critical habitat. Max depth Most rheophilic species
Other habitats 0.16 rare. All life-stages of
moderate quality; Av depth sensitive rheophilic
slow, shallow, narrow|0.07 species at risk or non-
wetted perimeter. Area viable. Most sensitive
7 3 0 0 5 0.02 O.:_%? rheophlllc species 7
Width disappear.
5.00
WP
5.64
Av velocity
0.06
Flowing water Max depth Remnant populations of
habitats residual, low |0.12 some rheophilic
3 ’ 0 0 4 0.01 quality: slow trickle, |Av depth species; most life 8
moderate wetted 0.05 stages of most
perimeter. Area rheophilic species at
0.19 risk or non-viable,
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Habitat abundance and - HABITAT
Selfiet Sl Total[Modifier CHARACTERISTICS BIOTIC RESPONSE
Flow HABITAT Hvdraulic Community
Response | A o Flow!  pEsPONSE p;ra):neters as Using the full  |FIOW) (i ose
Index |SICT|SOOCVIC'VOOC"|GSM measured by Dr community of aquatic
Birkhead) invertebrates present
Width Leptophlebiids
3.96 threatened.
WP
4.36
Av velocity
0.04
Standing water Max depth Mostly pool dwellers,
habitats only, very 0.1 most life stages of most
low quality, no flow. |Av depth rheophilic species non-
0.04 viable; Leptophlebiids
Area likely to disappear.
0.12
9 1 0 0 1 2 0 Width 0 9
3.16
WP
3.44
Av velocity
0.03
Only hyporheic Unlikely.
10 0 0 0 0 0 0 |refugia, no surface 0 10

water.

W S|IC: Partially submerged hard substrate in current >0.1m/s.

@vic: Submerged vegetation (at least 2-3cm submerged) in current >0.1m/s.

®) GSM: Small particles submerged.

¥ SOOC: Partially submerged hard substrate in current <0.1m/s.
@ vooc: Submerged vegetation (at least 2-3cm submerged) in current <0.1m/s.
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6.2.1 Integrated stress curve

The individual component stresses are illustrated as well as the integrated stress line (black line).
Note that the invertebrate line (purple line) falls under the integrated stress line and cannot be

seen.
—Fish  — 1Inverts — Integrate
10
4]
]
a
.
I
4]
Flow (mM3/s)
Figure 6-1  Component and integrated stress curve for EWR 1
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4
SCENARIOS

7.1 Low flow requirements

EWR 1 — MELKKHOUTBOSKRAAL: DETERMINATION OF EWR

The integrated stress index must now be used to identify required stress levels at specific
durations for the wet and dry month/season. Drought flows were set as 95 to 100% assurance (i.e.
stress durations of 5 to 0%) and, based on the hydrological characteristics, maintenance flows
were set as 55% assurance (i.e. stress durations of 45%). Stress duration curbes are shown in

figures 7-1 and 7-2.

Dry season (January C category)

Wet season (August C Category)

‘ — Reference — Present Day — c d ‘ — Reference —Present Day — C d
10- ; 10
N | Q Fish O Fish
9-|! @ Inverts . @ Inverts
R R
N ) |
n - @ :
(I T,
Ual - o |
o - o ]
[¢] i o g
— - — |
S . o
EE $a
o - - - - - - ‘ - ; : 0 E
6 10 20 3 40 50 60 70 80 90 100 0O 10 20 30 40 50 60 70 80 90 100
% Time Equalled or Exceeded % Time Equalled or Exceeded
Figure 7-1  EWR 1 — Stress duration curve for a C REC
Dry season (January D category) Wet season (August D category)
‘7 Reference — Present Day _ ¢ d ‘ ‘* Reference — Present Day — ¢ d
10 ‘ 10
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] i) ] ~
] ©w \\h
i - 4 — |
N © B
8
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] o
o
i — i
] o i
g .1
b .
0 ] 7 7 7 7 7 7 7 7 N 7 0 .
0 10 20 30 40 50 60 70 80 o0 100 0] 16 26 36 4b 56 66 7b Bb 96 160
% Time Equalled or Exceeded % Time Equalled or Exceeded
Figure 7-2  EWR 1 — Stress duration curve for an alternative scenario of a D EC
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7.1.1 Stress duration motivations: Fish

Note — this motivation is similar for all EWR sites due to use of the same indicator species, P. afer.

FISH: DURATIONS AND MOTIVATIONS TO BE USED FOR DETERMINING STRESS REQUIREMENTS

Indicator: Pseudobarbus afer

The indicator is a semi-rheophilic species that is dependant on the flow for breeding in riffles at suitable
velocities and depths. Note peak spawning activities take place in Spring (September to December) and
possibly some limited spawning in late summer, but main spawning requirements for species in terms of
stress requirements are included in the wet season.

FISH STRESS REQUIREMENTS

DRY SEASON (January)

DROUGHT: 5% of the time at stress level of 9
Fish confined totally to pool with limited cover available, poor water quality and limited food available.

MAINTENANCE (C): 45% of the time at stress level of 8.5
Provides more cover and improved water quality and food.

MAINTENANCE (D): 45% of the time at stress level of 8.9

Reduced cover in form of overhanging and emergent vegetation results in significantly high predation and
thus reduced population sizes, reduction in water quality during hot months (high temperatures and low
dissolved oxygen levels) increases stress on fish

WET SEASON (August)

DROUGHT: 5% at stress level of 9 and higher
There is very limited breeding capability as no shallow fast habitat remaining.

MAINTENANCE (C): 45% at stress at level 8.3 equalled or exceeded
Providing some habitat for spawning and habitat slow shallow for larval growth. Sufficient cover and
habitats, but limiting factor will be breeding habitat.

MAINTENANCE (C): 45% at stress at level 8.8 equalled or exceeded

Suitable spawning habitat during breeding season reduced to critical levels, and reduced cover in form of
overhanging and emergent vegetation results in increased predation

Indicator: Pseudobarbus afer

Breeding thought to start in Spring (September — December). Clean riffles plus suitable depths and
velocities are needed.

Juvenile: Feeding and growth: Mostly slow shallow habitat. Cover: Overhanging vegetation and emergent
vegetation. Duration 3 - 4 months.

Adult: Cue: Increased temperature and flow.
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7.1.2  Stress duration motivations: Aquatic invertebrates

AQUATIC INVERTEBRATES: DURATIONS AND MOTIVATIONS TO BE USED FOR DETERMINING
STRESS REQUIREMENTS

Indicator: Invertebrate community

Indicator taxa with a preference for moderate to fast flows are Hydropsychidae, Simuliidae and
Sericostomatidae. The majority of the taxa (approximately 60%) can survive low flow conditions and some are
capable of surviving zero flow conditions. Typically the more resilient taxa will relocate to SOOC and pool
areas as flow decreases.

INVERTEBRATE STRESS REQUIREMENTS

DRY SEASON (January)

DROUGHT: Stress of 9 or less for 5% of the time

At the higher stresses there will be no SIC habitat; however the majority of the community will endure for short
periods in SOOC and pool habitats. The more flow-sensitive taxa (e.g. Elmids, Sericostomatids, Simuliids) will
reduce in number and may disappear. As it is a summer month this could affect the age-structure of the
population, with significant losses of critical life stages of Simuliids, for example. At a stress of 9, although
there is zero flow, there is likely to be fair surface water connectivity at this site due to its relatively low
gradient. This will ensure survival of the more resilient elements of the fauna (at least 50% of observed
fauna).

MAINTENANCE (C): Stress of 7 or less for 45% of the time

During high-stress periods there is likely to be a loss or reduction of taxa; which are sensitive to loss of flow or
deterioration in water quality. For at least half the time, there is sufficient flow for sufficient periods to maintain
the majority of the community, although the community structure and age distributions may alter significantly if
flow ceases (Stress 9) for a continuous period of up to two weeks.

MAINTENANCE (D): Stress of 8 or less for 45% of the time

The river has enough flow for sufficient duration to ensure a healthy community of aquatic invertebrates,
although the indicator taxa with a preference for moderate and high flow conditions will disappear if the stress
is consistently high (5 - 7) continuously for periods of greater than 2 - 3 weeks, or higher (8 - 10) for periods of
a few days. As this is midsummer this could affect the structure (and particularly the age structure) of the
invertebrate community.

WET SEASON (August)

DROUGHT: Stress of 8 or less for 5% of the time

There is enough SOOC and pool habitat to maintain the majority of the late-winter invertebrate community
(about 70%), during short periods of high stress. If flow reduction is followed by no-flow conditions that persist
for longer than 2 - 3 days, the indicator taxa are likely to be eliminated or severely impacted. The effect of this
will be a change in community structure and a reduction in the diversity of the breeding community in early
summer, which relates to longer-term changes in the invertebrate biodiversity.

MAINTENANCE (C): Stress of 5 or less for 45% of the time

The river has enough flow to ensure a healthy population of the more sensitive and flow-dependent
components of the invertebrate community, and to ensure a viable breeding community. Availability and
quality of summer breeding habitat is threatened if there is continuous higher stress (>6 - 7) for longer than 2
weeks. The low stresses (4 and less) equate to flows that will maintain those taxa with preferences for
moderate flows.

MAINTENANCE (D): Stress of 8 or less for 45% of the time

A stress of 6 equates to a flow of 0.03m%s and an average velocity of 0.07m/s (max velocity approx. 0.15m/s).
If there is a duration of greater than 2 - 3 days of this and greater stresses (which persist for 45% of the time
during the wet season), sensitive flow-dependent species will be threatened and adult stages are likely to
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disappear. This will have consequences for the community structure in early summer, as a proportion of the
breeding community will be absent. The more resilient taxa are likely to relocate to pools and SOOC habitats
as flows decrease and at least 50% of the community should endure.

7.1.3  Stress duration motivations: Riparian vegetation

The two main vegetation components in the marginal zone are Palmiet and Cyperus spp. Their
distributions are sparse in the riffle area and patchy on the periphery of the lower pool. Palmiet is
relatively insensitive to reduced flows due to the fact that its roots are located in the lowest part of
the channel. It is therefore unlikely that the Palmiet will be stressed even during drought conditions.
The Cyperus is primarily located out of the main channel on the edges of the marginal zone. As its
roots are located in the main channel, it requires low flows to inundate roots. Their maintenance
also requires periodic elevated flows to saturate the rooting zone and provide sediment and
nutrient requirements.

Wet season flows

Drought flows recommendation of 0.04m%s would be sufficient to wet the rooting zone of Cyperus
to ensure its survival for short periods of time in the absence of elevated events. The duration of
these drought flows should ideally not exceed 6 months. This period is likely to be reduced if these
flows are accompanied with high air temperatures.

Recommended maintenance flows of 0.22m?s would be sufficient to maintain Cyperus given that
elevated events will most likely accompany these discharges.

Dry season flows

Marginal vegetation is largely dormant during the dry season (winter) and is therefore capable of
persisting drought conditions with flows of 0.001m%/s for several months. Maintenance flows of
0.087m°/s are also likely to ensure the maintenance of Cyperus. Plants will not be completely
dormant at such flows. Growth would be evident and plants would be green.

7.2 Final low flow requirements

To produce the final results, the Desktop Reserve Model estimates for the specific category are
used and are modified according to specialists’ requirements. There are a range of options one
can use to make these modifications, such as changing the total volume required for the year,
changing specific monthly volumes, changing durations of either drought or maintenance flows,
changing the seasonal distribution and changing the category rules and shape factors. These
changes are documented to ensure that the results could be regenerated if required.

The following adjustments to the Desktop Reserve Model C and D requirements were made to fit
the specialist requirements:

) Region 6 monthly Desktop Reserve Model distributions are not suitable for this catchment
and the shape factor had to be changed to 6, while the drought duration was changed to
5% (lower parameter at 95%).

o C category:
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o The Desktop Reserve Model provided 7.89 % of the virgin MAR for the Maintenance
Low Flow (MLF).
o The Desktop Reserve Model provided 2.99% of the virgin MAR for the droughts.
o The requirements resulted in the January MLF to be increased by 70% and the
August MLF by >70% which resulted in the MLF now being 13.8% of the virgin MAR
(compared to 7.89% of the Desktop Reserve Model)
o The requirements resulted in droughts being reduced to zero, in January as well as
being reduced in August, which resulted in the droughts now being 1.93% of the
MAR compared to the 2.99% of the droughts.
. D category:
The Desktop Reserve model provided 3% of the virgin MAR for the MLF
The Desktop Reserve Model provided 2.99% of the virgin MAR for the droughts.
Similar changes were made to the C category resulting in MLF now being 6.1% of
the virgin MAR and 2.99% of the droughts.

The final curves for EWR 1 are shown in Figure 7-3.

Dry season (January) Wet season (August)
| = FReference —Prezert Day —C d | — Reference —Present Day —c o
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% Time Ecudled ar Exceeded %% Time Ecuslled or Exceeded

Figure 7-3 EWR 1 — Final curve
7.3 High flow requirements

The functions for each Flood Class are described in spreadsheets (see Appendix I). A summary of
the flood class ranges and the recommended high flow events for EWR 1 is shown in Table 7-1.
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Table 7-1

Flood class ranges, and the recommended high flow events for each scenario at

EWR 1
Flood classes (m®/s)

Component I Il [l v \% VI
Fish 1.25-3 3-6 >6
Invertebrates 15-3 3-5
Vegetation 1.25-6 6-18 18 -55 55 -84
Geomorphology 2-8 33-53 53 -87 > 262
Integrated 15-3 3-8 6-18 33-55 55 -87 > 262
Daily average 2 4 6 10 60
Duration (days) 2 2 3 3 5

The number of high flow events required for each EC is provided in Table 7-2.

Table 7-2 The recommended number of high flow events required for each EC at EWR 1
Flood NUMBER OF EVENTS: EC C NUMBER OF EVENTS: EC D
classes | Invert | Fish | Veg | Geom | INTEG | FINAL | Invert \ Fish \ Veg \ Geom | INTEG \ FINAL
Class | 3 4 4 As th ati 4 hl |
e vegetation and geomorpholo eo
Class Il 2 2 6 5 6 6 S . V.g &l g P dy are only
dealing with one category, the flood
Class Il 1 1 1 1 .
requirements for a C and a D category are the
Class IV 1.3 1:3 1.3 1.3
same.
Class V 1.5 1.5 1.5 1.5

(0]

Integ = Integrated

These results were checked with the hydrology and were found to be acceptable.

7.4

Note:

Final results

component of EWR (the other being quality).

The model output refers to Instream Flow Requirements (IFRs), which reflect the flow
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The results are summarised as follows, and provides a comparison with the Desktop Reserve

Model.

74.1

Desktop Reserve Model

2004 requirements

MLF (C)

7.89% of virgin MAR

13.8% of virgin MAR

High Flows (C)

11.3

15.9

Droughts (C) 2.99% of virgin MAR 1.93
Long Term mean (C) | 18.5 27.5
MLF (D) 3 6.1

High Flows (D) 9.4 15.9
Droughts (D) 2.99 1.93
Long Term mean (D) | 13.7 23.2

IFR table for REC: C

Please note: The IFR table is generated from the Desktop Reserve Model and the IFR assurance
rule tables. The low flows in the table are therefore not specific values set, but are derived from
the stress requirements. The high flows are according to those specified and not those normally
associated with the Desktop Reserve Model IFR table where the high flows are presented as
monthly averages.

Desktop Version 2, printed on 2004/09/22
Virgin MAR (MCM): 34.26
BFI index: 0.25

Distribution Type: S. Karoo

High flows
Months MLF (m®/s) DLF (m®/s) FrEL o UGS _
range daily flows Duration (days)
(m®/s) (m®/s)
October 0.2 0.04 3-8 4 2
November 0.18 0.03 3-8 4 2
December 0.12 0.01
January 0.1 0.001
February 0.1 0.002
March 0.11 0.003
April 0.11 0.005
May 0.12 0.01
June 0.15 0.02 3-8 4 2
July 0.18 0.03 3-8 4 2
3-8 4; 2;
August 0.22 0.05 33-55 10 3
3-8 4, )
September 0.2 0.05 6-18 6 2;3
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7.4.2 IFR assurance rules for REC: C

Desktop Version 2, Printed on 2004/09/22

Summary of IFR rule curves for: kromme_1 Natural Monthly Flows
Determination based on defined BBM Table with site-specific assurance rules.
Regional Type: S.Karoo REC=C

Data are given in m3/s mean monthly flow

% Points

Month 10% 20% 30% 40% 50% 60% 70% 80% 90% 99%
Oct 0.646 0.581 0.521 0.460 0.356 0.294 0.216 0.136 0.078 0.061
Nov 0.459 0.451 0.436 0.409 0.363 0.297 0.215 0.131 0.069 0.051
Dec 0.161 0.158 0.153 0.142 0.126 0.102 0.071 0.040 0.018 0.011
Jan 0.134 0.132 0.127 0.118 0.103 0.082 0.055 0.028 0.008 0.002
Feb 0.134 0.132 0.127 0.118 0.103 0.082 0.055 0.029 0.009 0.003
Mar 0.147 0.145 0.139 0.130 0.114 0.091 0.062 0.032 0.010 0.004
Apr 0.147 0.145 0.140 0.130 0.114 0.091 0.063 0.034 0.012 0.006
May 0.161 0.158 0.153 0.142 0.126 0.102 0.071 0.040 0.018 0.011
Jun 0.591 0525 0.465 0.406 0.305 0.249 0.179 0.108 0.056 0.041
Jul 0.619 0554 0.495 0.435 0.333 0.273 0.199 0.123 0.067 0.050
Aug 1912 1646 1.416 1.060 0.843 0.692 0.505 0.315 0.175 0.133
Sep 1.438 1.245 1.077 0.922 0.655 0.540 0.396 0.250 0.142 0.111

Reserve flows without High Flows

Oct 0.269 0.264 0.256 0.241 0.215 0.179 0.133 0.086 0.052 0.041
Nov 0.242 0.238 0.230 0.216 0.192 0.158 0.116 0.073 0.041 0.031
Dec 0.161 0.158 0.153 0.142 0.126 0.102 0.071 0.040 0.018 0.011
Jan 0.134 0.132 0.127 0.118 0.103 0.082 0.055 0.028 0.008 0.002
Feb 0.134 0.132 0.127 0.118 0.103 0.082 0.055 0.029 0.009 0.003
Mar 0.147 0.145 0.139 0.130 0.114 0.091 0.062 0.032 0.010 0.004
Apr 0.147 0.145 0.140 0.130 0.114 0.091 0.063 0.034 0.012 0.006
May 0.161 0.158 0.153 0.142 0.126 0.102 0.071 0.040 0.018 0.011
Jun 0.201 0.198 0.191 0.179 0.159 0.130 0.093 0.056 0.029 0.021
Jul  0.242 0.238 0.230 0.216 0.192 0.158 0.116 0.073 0.041 0.031

Aug 0.296 0.291 0.282 0.266 0.238 0.199 0.149 0.099 0.062 0.052
Sep 0.269 0.265 0.257 0.242 0.218 0.183 0.139 0.094 0.061 0.051

Natural Duration curves

Oct 4.047 2.046 1.307 1.090 0.963 0.836 0.687 0.493 0.358 0.149
Nov 3.889 1.420 0.980 0.718 0.640 0.517 0.463 0.401 0.270 0.069
Dec 1.180 0.732 0.523 0.426 0.321 0.269 0.231 0.209 0.157 0.052
Jan 0.777 0.366 0.269 0.217 0.157 0.127 0.112 0.097 0.075 0.030
Feb 1.744 0.422 0.306 0.198 0.174 0.141 0.091 0.083 0.066 0.041
Mar 1.501 0.612 0.381 0.284 0.239 0.209 0.172 0.112 0.067 0.045
Apr 1.188 0.725 0.486 0.378 0.278 0.255 0.170 0.131 0.108 0.062
May 4.891 1.441 0.650 0.463 0.336 0.254 0.224 0.202 0.119 0.052
Jun 2.230 1.150 0.895 0.687 0.594 0.386 0.301 0.216 0.154 0.108
Jul 2322 1.389 1.187 0.896 0.739 0.620 0.538 0.336 0.239 0.097
Aug 7.490 2.300 1.508 1.060 0.933 0.732 0.582 0.493 0.381 0.142
Sep 4.182 1.844 1443 1.204 0.949 0.787 0.640 0.502 0.409 0.201
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7.4.3

IFR table for alternative EC: D

Desktop Version 2, printed on 2004/09/22
MAR (MCM): 34.26
BFI index: 0.25

Distribution Type: S. Karoo

High flows
Months MLF (m®/s) DLF (m?s) Prezle e Average ,
range daily (m¥s) Duration (days)
(m3/s)
October 0.1 0.04 3-8 4 2
November 0.09 0.03 3-8 4 2
December 0.045 0.01
January 0.035 0.001
February 0.035 0.002
March 0.035 0.003
April 0.04 0.005
May 0.05 0.01
June 0.06 0.02 3-8 4 2
July 0.08 0.03 3-8 4 2
3-8 4; 2;
August 0.11 0.05 33-55 10 3
3-8 4; 2;
September 0.11 0.05 6-18 5 3
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7.4.4 IFR assurance rules for alternative EC: D

Desktop Version 2, Printed on 2004/09/22

Summary of IFR rule curves for: kromme_1 Natural Monthly Flows
Determination based on defined BBM Table with site specific assurance rules.

Regional Type: S.Karoo EC=D
Data are given in m3/s mean monthly flow

% Points
Month 10% 20% 30% 40% 50%

60%

70%

80%

90%

Oct 0.561 0.497 0.441 0.386 0.291 0.242 0.181 0.119 0.073 0.060

Nov 0.429 0.422 0.408 0.382 0.340
Dec 0.083 0.081 0.079 0.074 0.066
Jan 0.064 0.063 0.061 0.056 0.049
Feb 0.064 0.063 0.061 0.057 0.050
Mar 0.064 0.063 0.061 0.057 0.050
Apr 0.073 0.072 0.070 0.065 0.057
May 0.092 0.090 0.087 0.082 0.073
Jun 0.500 0.435 0.379 0.326 0.235
Jul 0.524 0.461 0.405 0.352 0.261

Aug 1.819 1.555 1.328 1.060 0.771
Sep 1.372 1.180 1.014 0.864 0.604

Reserve flows without High Flows

Oct 0.184 0.181 0.176 0.166 0.150
Nov 0.165 0.163 0.158 0.149 0.134
Dec 0.083 0.081 0.079 0.074 0.066
Jan 0.064 0.063 0.061 0.056 0.049
Feb 0.064 0.063 0.061 0.057 0.050
Mar 0.064 0.063 0.061 0.057 0.050
Apr 0.073 0.072 0.070 0.065 0.057
May 0.092 0.090 0.087 0.082 0.073
Jun 0.110 0.109 0.105 0.099 0.089
Jul 0.147 0.145 0.141 0.133 0.120
Aug 0.202 0.200 0.194 0.184 0.167
Sep 0.202 0.200 0.194 0.184 0.167

Natural Duration curves

Oct 4.047 2.046 1.307 1.090 0.963
Nov 3.889 1.420 0.980 0.718 0.640
Dec 1.180 0.732 0.523 0.426 0.321
Jan 0.777 0.366 0.269 0.217 0.157
Feb 1.744 0.422 0.306 0.198 0.174
Mar 1.501 0.612 0.381 0.284 0.239
Apr 1.188 0.725 0.486 0.378 0.278

0.279
0.054
0.039
0.040
0.040
0.046
0.060
0.194
0.216
0.636
0.499

0.127
0.112
0.054
0.039
0.040
0.040
0.046
0.060
0.075
0.101
0.142
0.142

0.836
0.517
0.269
0.127
0.141
0.209
0.255

0.203
0.039
0.027
0.027
0.028
0.033
0.043
0.142
0.160
0.467
0.369

0.098
0.085
0.039
0.027
0.027
0.028
0.033
0.043
0.057
0.077
0.112
0.112

0.687
0.463
0.231
0.112
0.091
0.172
0.170

0.125
0.025
0.014
0.015
0.015
0.019
0.026
0.090
0.104
0.296
0.237

0.069
0.057
0.025
0.014
0.015
0.015
0.019
0.026
0.038
0.054
0.081
0.081

0.493
0.401
0.209
0.097
0.083
0.112
0.131

0.068
0.014
0.004
0.005
0.006
0.008
0.014
0.052
0.062
0.170
0.139

0.047
0.037
0.014
0.004
0.005
0.006
0.008

0.014

0.025

0.036
0.058
0.058

0.358
0.270
0.157
0.075
0.066
0.067
0.108

0.051
0.010
0.001
0.002
0.003
0.005
0.011
0.040
0.050
0.133
0.110

0.041
0.031
0.010
0.001
0.002
0.003
0.005
0.011
0.021
0.031
0.051
0.051

0.149
0.069
0.052
0.030
0.041
0.045
0.062

99%
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May 4.891 1.441 0.650 0.463 0.336 0.254 0.224 0.202 0.119 0.052
Jun 2.230 1.150 0.895 0.687 0.594 0.386 0.301 0.216 0.154 0.108
Jul 2.322 1.389 1.187 0.896 0.739 0.620 0.538 0.336 0.239 0.097

Aug 7.490 2.300 1.508 1.060 0.933 0.732 0.582 0.493 0.381 0.142
Sep 4.182 1.844 1.443 1.204 0.949 0.787 0.640 0.502 0.409 0.201

7.5 Confidence

The confidence is evaluated according to a score of 0 - 5 with zero reflecting ‘no confidence’ and 5
reflecting ‘very high’ confidence. The confidence scores are summarised as follows:

0 (no confidence) 1 (low confidence)
2 (low to medium confidence) 3 (medium confidence)
4 (medium to high confidence) 5 (high confidence)

Results per component are shown in Table 7-3.

Table 7-3 Confidence ratings for EWR 1

L Ecoclassification |Available data|Suitability of EWR site Flow requirements
Discipline High Low
Confidence Confidence Confidence Confidence| Confidence

Hydrology 2 1
Hydraulics 2 3 2 4
Geomorphology 4 3 3 3 N/a
Water quality 1 1
Riparian vegetation 4 2 3 4 2
Aquatic invertebrates 3 3 3 3 2
Fish 2 3 1 4 4

@ The shaded blocks indicate where confidence is not applicable

7.5.1 Explanations of confidence ratings

Hydraulics: Measured flows of 0.028 and 0.13m?%s. No measured moderate and high flow data is
available. Recommended low flows are in the range 0.001 to 0.22m%s and high flows are in the
range 2-18 (within year) to 50m®s. As the range of measured flows is close to the recommended
low flows, the low flow confidence is much higher than the high flows.

Geomorphology:

o The site is strongly impacted by aliens and human disturbance of the left bank has led to a
presence of modified morphological features.

) Aerial photographs were available and site visits were undertaken by both specialists.

o Good bed material data is available but no information is available on sediment transport.

o A moderately high confidence in flood classes is linked to morphological indicators, and the
medium confidence in the frequency of higher flood classes is based on available flood
information
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) The low confidence in the frequency of level Il flood classes is due to a lack of hydrological
information, resulting in a medium confidence in the EWR site.

Water quality: Confidence is low because the only available data was collected during the study
period (October to May 2004), resulting in a small sample size (n = 4).

Riparian vegetation: Confidence for high flows is high because good high flow cues were present;
despite the fact that exotic vegetation predominates at the site. Low flows described for fish and
invertebrates were checked for low flow vegetation cues at the site, however, not many good cues
were present; resulting in low confidence. Site data was confined to information collected at two
site visits only and therefore the site confidence was limited. The confidences for site suitability
and the ecoclassification confidences were medium to high, based on a good understanding of the
natural and present day conditions and the associated impacts.

Fish: There were no indigenous fish found at this site due to predation. During assessments the
impact of alien fish was ignored and the indigenous fish species that should be there; depending
on habitat availability; were used for assessments. As no indigenous fish were found during the
survey, it means that no field data on presence, population density and health of indigenous fish is
available. This resulted in a low to medium confidence in Ecoclassification and available data.

For the low and high flows, the recommended flows will also cater for fish; as the recommended
flows set for invertebrates require more flows than fish. The confidence is therefore medium to
high.

Aquatic invertebrates: No historic data is available. Only sampling data was available (two
sampling surveys), leading to a medium confidence.
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8 EWR 2 - KROMMERIVIERSPOORT: ECOCLASSIFICATION

8.1 Reference conditions
8.1.1 Geomorphology

The channel is likely to have been in transition between transport-limited and supply-limited. Flood
and sediment load characteristics will be similar to those described for EWR 1. The aerial
photograph taken in 1942 prior to the filling and operation of Churchill Dam suggests that this
reach should consist of a series of alternating pools and braided sections (300 to 600m in length),
both extending across the width of the valley bottom. The braiding may be associated with
underlying bedrock controls, but there is no available evidence to support this. There is local
evidence of lateral cobble bars.

8.1.2 Riparian vegetation

An intact and connected riparian zone, from the upper zone through to the marginal zone, defines
the reference condition. The upper riparian zone comprises species more similar to that of Valley
Bushveld than the surrounding false Karoo (Acocks, 1989). Low and Rebello (1996) describe this
as south west coast Renosterveld. It comprises a closed thicket of shrubs and trees featuring
Podocarpus latifolius, Carissa bispinosa, Scutia myrtina, Rhus lucida, Maytenus heterophylla,
Ehretia rigida, Acacia karroo, Euclea undulata, Cassine aethiopica and many others. The lower
riparian zone features Diospyros lyciodes, Rhus dentata, and palmiet. The palmiet forms large
clumps on the edges of pools. Palmiet also dominates the marginal zone with smaller clumps of
Juncus and other sedges and Restionaceae spp. featuring in other open areas.

No exotic species are present under the reference condition and cultivation is absent in the upper
riparian zone.

8.1.3  Water quality

Water quality data from Churchill Dam (K9R001QO01) was rejected for reference condition as these
data were patchy and may have yielded unreliable results. Similarly, data from K9H002Q01
(Kromme River: left pipe at Churchill Dam) were also rejected as reference condition data,
because the data record was considered too recent (sampling commenced in 1984) and was
intermittent. Therefore the default boundary tables were used for RC.

8.1.4  Fish

From historical records and general fish distribution data, a total of approximately 5 indigenous fish
species are expected to be present in the Kromme River at EWR 2:

o Pseudobarbus afer

) Sandelia capensis

. Anguilla mossambica

) Anguilla marmorata

) Anguilla bicolor bicolor.
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8.1.5 Aquatic invertebrates

Under natural conditions, base flows would have been higher and the causeway would not have
been present. This would have increased inundation of all habitats, particularly marginal
vegetation, and would have ensured flushing of sediments out of the (currently embedded) ‘stones’
habitats. Deeper pools would have been present. Water quality would have been similar to
present. This environment would have encouraged an invertebrate fauna with a greater number of
mayfly families (Heptageniidae, Leptophlebiidae and Tricorythidae), caddisfly families
(Leptoceridae, Ecnomidae and Hydroptilidae), beetles (Dytiscidae and Helodidae), Odonata
(Chlorolestidae, Lestidae and Corduliidae), Hemiptera (Corixidae, Hydrometridae, Naucoridae,
Nepidae and Pleidae), and Gastropoda (Physidae and Lymnaeidae).

8.2 Present Ecological State (PES)
8.2.1 Habitat Driver PES

The hydrology PES (E) and geomorphology PES (E) information is available in Appendix A and
Appendix B respectively. Water quality PES is a B/C category. The driver category is a D/E and
the composition of the driver category is provided in Table 8-1.

The reasoning for the geomorphology category (E) is provided below.

PES Causes Sources Flow/Non flow related

Change in morphology and

. Alteration to flow and sediment regimes.
therefore habitat type. 9 Flow related.

Change in stability of banks

. Encroachment by alien vegetation. Non flow related.
and bed material.

Table 8-1 Habitat driver category for EWR 2

Components Weighted driver score
GEOMORPHOLOGY 10.29 (E)
HYDROLOGY 17.20 (E)
WATER QUALITY 12.70 (B/C)
Weighted driver status (%) 40.18
HABITAT DRIVER CATEGORY D/E

8.2.2 Biological response PES
8.2.2.1 Riparian vegetation (D)
The PES is poor mainly due to the impact of the invasion of exotic species and the impact of flow

regulation (reductions in low flows and flood removals) imposed by Churchill Dam immediately
upstream of the site.
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PES Causes Sources Flow/Non flow related

General degeneration of the
riparian zone and isolation of
upper riparian zone.

Invasion of exotic species and

R Non flow related.
subsequent river incision.

Invasion of exotic species and

. . . Non flow related.
exclusion of indigenous species.

Decreased species diversity. — —
Cultivation in upper riparian zone and

. Non flow related.
removal of vegetation.

Invasion of exotic species and

. . . . o . Non flow related.
Changes in species composition. | exclusion of indigenous species.

D Cattle grazing in riparian zone. Non flow related.

Changes in abundance of Cultivation in upper riparian zone and

] . Non flow related.
vegetation. removal of vegetation.

Invasion of exotic species and

. - . Non flow related.
exclusion of indigenous species.

Changes in vegetation cover.

Invasion of exotic species and

. - . Non flow related.
exclusion of indigenous species.

Changes in vegetation structure. Reduced impact of flooding as a
consequence of exotic species Flow related.
invasion.

8.2.3  Fish (C)

Species found at the site included the alien predatory largemouth bass, Micopterus salmoides and
the non-endemic banded tilapia or vleikurper, Tilapia sparrmanii. Again no indigenous fish
species, Pseudobarbus afer and Sandelia capensis, were found. One eel species, Anguilla
mossambica, was seen.

PES Causes Sources Flow/Non flow related

e  Churchill Dam upstream

Flow Modification — reduced mtercgptmg all flows, apart from but | giow related.

. very high floods.

high flows, non-seasonal flows. Flow related.

e Un-seasonal flows released from
dam.
Reduced sediment and )
. o Capture by upstream Churchill Dam. Non flow related.
c nutrient, detritus input.
Encroachment of alien | « |nvasion by alien Black Wattle. Non flow related.
vegetation into channel. e Reduced scouring by floods. Flow related.

Presence of highly effective alien
predator under favourable conditions for
predation.

(Note: this factor ignored in evaluation)

Increased predation. Non flow related.

8.2.3.1 Aquatic invertebrates (D)

The faunal diversity at this site is approximately 50% of that expected under reference conditions.
The stones habitat was imbricated (packed), disallowing colonisation on the underside of stones by
taxa with a preference for this biotope (particularly caddisflies and certain mayflies). Only the root-
zones of the marginal and instream vegetation were inundated on both surveys, which represent
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reasonable loss of a significant habitat type at this level in the catchment. Overall, despite the lack
of diversity at the site, the taxa present were fairly sensitive as reflected in the relatively high ASPT
values (> 5.7). This indicates that the instream environment at this site is in a fair condition and
has likely adjusted to the altered hydrology (although it should be borne in mind that the baseflow
is provided here by a leak in the dam wall). The key issues affecting the aquatic invertebrates at
this site are the altered sediment and hydrological regimes.

PES Causes Sources Flow/Non flow related
Flow reduction. Upstream dam. Flow related.
D Loss of natural vegetation. Alien infestation. Non flow related.
Altered sediment regime. Upstream dam, causeway. Flow related.
Embedded stones habitats. Causeway, road. Flow related.

8.2.4 Instream PES (C/D)

The results of the assessment are shown in Table 8-2.

Table 8-2 Instream PES for EWR 2

Rating (0O=low, 5=high)

Criteria Rict’i?]fg Ave |Weight| PES | Category

Availability of high confidence fish information 2
1 Diversity of fish species with different flow requirements 2
b Diversity of fish species with a preference for different cover 5

types
s Diversity of fish species with a preference for different flow depth 1

classes
4 qDliJ\;elziEity of fish species with various tolerances to modified water o5 |188| 039 | 749 c

Availability of high confidence invertebrate information
5 Diversity of invertebrate biotopes 3
6 Diversity of invertebrate taxa with different velocity requirements 3
Diversity of invertebrate taxa with different tolerances to modified

. 3 3 | 062 |51.6 D
water quality

7

4.88 1 60.6 C/D

8.2.5 PES Ecostatus (D)

The Ecostatus is summarised in Table 8-3 and the PES summary shown in Table 8-4.
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Table 8-3 Summary of the Ecostatus for EWR 2

Separating out the proportions for Driver: Response Rating (0=low, 5=high) .
Response | Score |Ave| Weight
Instream Response questions
What is the general level of sensitivity to modified water quality? 3
Fish: What is the general level of trophic specialisation? 2
What is the general level of habitat specialisation? 3
What is the general level of flow intolerance? 3 2.75| 0.51
Habitat Driver Questions
How sensitive is channel type to change in geomorphological 5
drivers?
How sensitive are hydraulic habitats to flow change?" 3
How sensitive is water quality to flow change? 3 2.67| 0.49
Total 5.42 1
PES Category
INSTREAM CATEGORY| 60.56 C/D
DRIVER CATEGORY| 40.2 D/E
ECOSTATUS| 50.53 D
&) This rating is applicable to low flows
(%): >89=A;80-89=B;60-79=C;40-59=D;20-39=E;<20=F

Table 8-4 Summary of the PES categories for EWR 2

HYDROLOGY

E
GEOMORPHOLOGY E

WATER QUALITY

AQUATIC INVERTEBRATES

RIPARIAN VEGETATION

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
November 2005 EWR Rivers Report: Final

Page 8-5



8.2.6 Trends

Geomorphology — Negative due to non flow related issues.
Vegetation — Negative.

Fish — Stable.

Aquatic Invertebrates — Stable.

8.3 Importance
8.3.1 Ecological Importance and Sensitivity

The EIS was rated as moderate (present), as there are rare fish species (P. afer) and invertebrate
families (Teloganodidae and Notonemouridae) present. There are also invertebrate families
present that are sensitive to flow changes. Riparian and instream habitats include pools, riffles,
undercut banks, instream vegetation and backwaters.

8.3.2  Socio-cultural Importance

Land use for Resource Unit B (Segment 14 — 15, EWR 2: Segment 14) is almost exclusively
agricultural. Formal rural settlements with limited dependence on the river, with the exception of
direct economic exploitation, can be seen.

The Sl was rated as low and the confidence was moderate.

8.4 Range of Ecological Categories
8.4.1 Recommended Ecological Category (REC)

The PES Ecostatus is in a D category (Table 8-5). The geomorphology component is in an E
category and can only be improved to a D category if alien vegetation is removed i.e. a non flow
related issue.

The EIS and Sl are moderate and low respectively and therefore the aim is to maintain the PES of
a D category, apart from the geomorphology and hydrology; which must be improved. The
improvement in geomorphology relates to the clearing of alien vegetation. When flow
requirements are set, it will be assumed that these flows will be provided in conjunction with alien
clearing.
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Table 8-5 Summary of the Recommended Ecological categories for EWR 2

8.4.2

HYDROLOGY

GEOMORPHOLOGY

WATER QUALITY

AQUATIC INVERTEBRATES

RIPARIAN VEGETATION

Alternative Ecological Categories

As some of the components are at present in D and E categories, a lower alternative category
cannot be considered. An upper alternative category was not considered as improvements are
already recommended in the REC to improve the component categories, where relevant, from an E
to a D category.
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9 EWR 2 - KROMMERIVIERSPOORT: STRESS INDICES
9.1 Stress Index: Fish

The indicator species is Pseudobarbus afer, which is a semi-rheophilic species. This species
requires flowing water for spawning in riffle areas where it needs depths of over 10 — 15 cm and
velocities of >0.3 m/s. This species is sensitive to water quality and requires flows especially in the
wet season, but can tolerate short periods of no flows.

Availability of cover in the form of undercut banks and overhanging vegetation only became
available to the fish at higher flows. The lack of cover at low flows leads to higher stress due to
increased predation. Water quality is thought to deteriorate at low flows (higher temperatures,
lower DO, algal growth, iron bacterial growth) as well as abundance of food drops.

Fast-shallow riffle habitats are thus required for spawning in summer, while critical preferred
habitats are slow deep and slow shallow with sufficient shelter from predation (substrate, undercut
banks and overhanging vegetation). Habitat suitability, from which species stress is derived, is
shown in Table 9-1.

Table 9-1 Habitat suitability at EWR 2

FLOW (m¥/s)

2.000 | 1.000 | 0.500 | 0.200 | 0.054 | 0.042 0.01

RELATIVE ABUNDANCE FLOW-DEPTH & COVER RATING:
0=NONE; 1=RARE; 2=SPARSE,; 3=MODERATE; 4=ABUNDANT; 5=VERY ABUNDANT

FAST DEEP 3.0 2.0 1.0 0.0 0.0 0.0 0.00
Overhanging vegetation 5.0 4.0 3.0 0.0 0.0 0.0 0.00
Undercut banks & root wads 4.0 4.0 4.0 0.0 0.0 0.0 0.00
Substrate 4.0 4.0 3.0 0.0 0.0 0.0 0.00
Aquatic macrophytes 3.0 2.0 1.0 0.0 0.0 0.0 0.00
Water column 3.0 2.0 2.0 0.0 0.0 0.0 0.00
FAST SHALLOW 3.0 4.0 3.0 3.0 1.0 1.0 1.00
Overhanging vegetation 5.0 4.0 4.0 3.0 2.0 2.0 0.00
Undercut banks & root wads 5.0 5.0 5.0 4.0 2.0 2.0 0.00
Substrate 5.0 5.0 5.0 4.0 2.0 2.0 1.00
Aquatic macrophytes 5.0 4.0 3.0 2.0 1.0 1.0 0.00
Water column 0.0 0.0 0.0 0.0 0.0 0.0 0.00
SLOW DEEP 5.0 5.0 5.0 5.0 4.0 4.0 4.00
Overhanging vegetation 5.0 5.0 5.0 4.0 3.0 2.0 1.00
Undercut banks & root wads 5.0 5.0 5.0 4.0 4.0 3.0 3.00
Substrate 3.0 3.0 3.0 3.0 3.0 2.0 2.00
Aquatic macrophytes 4.0 3.0 2.0 1.0 1.0 0.0 0.00
SLOW SHALLOW 3.0 3.0 4.0 4.0 5.0 5.0 5.00
Overhanging vegetation 5.0 5.0 4.0 3.0 2.0 1.0 1.00
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FLOW (m¥/s)

2.000 | 1.000 | 0.500 | 0.200 | 0.054 | 0.042 0.01

RELATIVE ABUNDANCE FLOW-DEPTH & COVER RATING:
0=NONE; 1=RARE; 2=SPARSE,; 3=MODERATE; 4=ABUNDANT; 5=VERY ABUNDANT

Undercut banks & root wads 4.0 4.0 3.0 2.0 1.0 1.0 1.00
Substrate 5.0 4.0 3.0 3.0 2.0 2.0 0.00
Aquatic macrophytes 5.0 4.0 3.0 2.0 1.0 2.0 0.00
Water column 0.0 0.0 0.0 0.0 0.0 0.0 0.00
Flow 2.00 | 1.00 | 0.50 0.20 0.05 0.04
SUITABILITY FOR DIFFERENT FISH REQUIREMENTS PER HABITAT GUILD

SEMI-RHEOPHILIC P. afer

Breeding and early life-stages 5.0 5.0 5.0 3.0 1.0 1.0 0.00
Survival /Abundance 5.0 5.0 5.0 4.0 2.0 2.0 1.00
Cover 5.0 5.0 5.0 4.0 2.0 2.0 1.00
Health and condition 5.0 5.0 5.0 5.0 3.0 3.0 2.00
Water quality 5.0 5.0 5.0 4.0 2.0 2.0 1.00

Rheophilic stress - (breeding

. . 0.0 0.0 0.0 2.0 6.0 6.0 8.00
requirements included)

Flow-depth converted to habitat response
(10=All flow-depth classes absent (River
dry); O=Flow-depth classes optimum for
site; 9=No flow)

2.00 1.00 | 050 | 0.20 0.05 0.04 0.01

Fast deep 4.0 6.0 8.0 10.0 10.0 10.0 10.00
Fast shallow 4.0 2.0 4.0 4.0 8.0 8.0 8.00
Slow deep 0.0 0.0 0.0 0.0 2.0 2.0 2.00
Slow shallow 4.0 4.0 2.0 2.0 0.0 0.0 0.00
OVERALL HABITAT RESPONSE 3.0 3.0 3.5 4.0 5.0 5.0 5.00
9.2 Stress Index: Aquatic invertebrates

The indicators for the low stresses at this site are Philopotamids, Heptageniids, Hydropsychids and
Simuliids, all of which display a preference for higher velocities. Elmid beetles are indicators of
moderate stress, with a preference for flow classes between 0.3 - 0.6 m/s. The indicator taxa for
high stresses are Leptophlebiids, which distinguish between a stress of 8 and 9. The MV biotopes
are the first to disappear at this site when flows are reduced. The SIC and SOOC biotopes are
therefore the indicator biotopes, and the aquatic invertebrates which have a preference for these,
are considered the best indicator biota.

Table 9-2 summarises detailed invertebrate information.
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Table 9-2 Stress table —flow dependant invertebrate at EWR 2
Habitat abundance and - HABITAT
Selfiet STl Total|Modifier CHARACTERISTICS BIOTIC RESPONSE
Flow Flow HABITAT (Hydraulic Using the full Flow Community
Response L ) s . 5 RESPONSE parameters as g i ' stress
Index [SIC|SOOCVIC"VOOC"|GSM measured by Dr community of aquatic
Birkhead) invertebrates present
Rating All habitats in
(site at excess, very high
observed 0 quality, most very
flow) fast, deep, wide
wetted perimeter
(WP).
Most plentiful, VIC|Max depth All very abundant, all
reduced, mostly high|0.38 healthy, all species
quality: very fast and|Av depth persist.
fast, deep, wide WP. |0.19
Area
1.91
0 5 3 5 3 21 1.28 Width 0.64 0
10.04
WP
11.18
Av velocity
0.67
Critical stones|Max depth All abundant, all
habitats sufficient;|0.36 healthy, all species
marginal vegetation|Av depth persist.
1 5 2 5 2 18 1.07 |habitats slightly|0.18 1
reduced,; quality|Area
slightly reduced, fast|1.72
and very fast, deep,|Width
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Habitat abundance and - HABITAT
Selfiet STl Total|Modifier CHARACTERISTICS BIOTIC RESPONSE
Flow Flow HABITAT (Hydraulic Using the full Flow Community
Response L ) s . 5 RESPONSE parameters as g i ' stress
Index [SIC[SOOCVIC"VOOC"|GSM measured by Dr community of aquatic
Birkhead) invertebrates present
wide WP slightly[9.53
reduced. WP
10.62
Av velocity
0.62
Reduced critical SIC|Max depth Slight  reduction  for
and VIC habitat,|0.32 sensitive rheophilic
reduced critical|Av depth species. All healthy in
quality, moderate|0.16 some areas, all species
and fast velocity,|Area persist.
moderately deep,|1.36
2 4 2 4 2 16 0.64 WP Width 0.5 2
slightly/moderately  |8.53
reduced. WP
9.53
Av velocity
0.47
SIC reasonably|Max depth Reduction of all
abundant, of good|0.28 rheophilic species, all
quality, VIC virtually|Av depth healthy in limited areas,
absent, VOOC|0.15 all species persist.
3 3 1 4 5 14 0.33 reduced, moderate|Area 3
fast. 1.05
Width
7.02
WP
7.93
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Habitat abundance and HABITAT
: . Total|Modifier BIOTIC RESPONSE
Habitat suitability . CHARACTERISTICS
Flow HABITAT i Communit
Flow trerEle Using the full Flow g
Response RESPONSE parameters as 9 stress
Index |SIC'[SsooOC?|vIC®lvooc®|GsM® T community of aquatic
Birkhead) invertebrates present
Av velocity
0.31
Critical stones|Max depth Further reduction for all
habitat reduced, VIC|0.24 rheophilic species; all
absent, low quality;|Av depth viable in limited areas,
mix of velocity|0.12 critical life stages of
classes, some deep|Area some sensitive
areas, WP|0.78 rheophilic ecies at
4 3] 3 |1| 3 | 2 |12 0.15 [2€8° . Neophiic  species. 4
moderately/very Width risk, all species persist.
reduced. 6.27
WP
7.07
Av velocity
0.19
Critical habitat (SIC|Max depth Limited populations of
and SOOC) reduced.|0.2 all rheophilic species.
Reduced quality; low|Av depth Critical life-stages  of
velocity, limited deep|0.1 sensitive rheophilic
areas. Moderate|Area species (Elmids) at risk
WP. 0.55 or non-viable (disappear
5 2 3 0 2 1 8 0.06 . 0.1 5
Width at <0.3m/s); most
5.57 species persist.
WP
6.21
Av velocity
0.11
6 2 3 0 1 1 7 0.04 |Very reduced critical|Max depth Sensitive rheophilic 6
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Habitat abundance and - HABITAT
Selfiet STl Total|Modifier CHARACTERISTICS BIOTIC RESPONSE
Flow HABITAT Hvdraulic Community
Response N ) 3 4 s Ut RESPONSE pa(ra)r/'neters as USing the full ) alo stress
Index [SIC[SOOCVIC"VOOC"|GSM measured by Dr (.:ommunlty of aquatic
Birkhead) invertebrates present
habitat, Other|0.18 species rare, critical
habitats of  low|Av depth stages of sensitive
quality, Slow,|0.08 rheophilic species
shallow.  Moderate|Area (Elmids) non-viable, and
WP. 0.44 at risk for some less
Width sensitive species. Most
5.27 species persist in the
WP short-term.
5.83
Av velocity
0.08
Flowing water|Max depth Most rheophilic species
habitats residual. No|0.16 rare. All life-stages of
vegetation. Low|Av depth sensitive rheophilic
quality. Slow Trickle,|0.07 species at risk or non-
small WP. Area viable. Most sensitive
7 5 0 1 0 4 0.02 O.:_%4 rheophmc species 7
Width disappear.
4.66
WP
5.12
Av velocity
0.06
Standing water|Max depth Remnant populations of
8 1 0 0 0 5 0.01 habitats _ only, very|0.14 somg rheophl.llc 0.02 8
low quality, no flow.|Av depth species; most life
SOOC only available|0.06 stages of most
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Habitat abundance and HABITAT
: . Total|Modifier BIOTIC RESPONSE
Habitat suitability . CHARACTERISTICS
Flow HABITAT (Hydraulic Community
Fl i Fi
Response L ) s . 5 ow RESPONSE parameters as USIng the full ' ow stress
Index [SIC[SOOCVIC"VOOC"|GSM measured by Dr (.:ommunlty of aquatic
Birkhead) invertebrates present
habitat. Area rheophilic species at
0.25 risk or non-viable,
Width Leptophlebiids
4.07 threatened.
WP
4.43
Av velocity
0.04
Only hyporheic|Max depth Mostly pool dwellers,
refugia, no surface|0.12 most life stages of most
water. Av depth rheophilic species non-
0.05 viable; Leptophlebiids
Area likely to disappear.
0.18
9 0 1 0 0 0 1 0 . 0 9
Width
3.48
WP
3.76
Av velocity
0.03
All habitats in Unlikely.
excess, very high
10 |o| o [o| o | oo o |oX¢ess. vey hig o | 10
quality, most very
fast, deep, wide WP.
@ sIC: Partially submerged hard substrate in current >0.1m/s @ S00C: Partially submerged hard substrate in current <0.1m/s

@ vic: Submerged vegetation (at least 2-3cm submerged) in current >0.1m/s @ vooc: Submerged vegetation (at least 2-3cm submerged) in current<0.1m/s
®) GSM: Small particles submerged
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9.2.1 Integrated stress curve

The individual component stresses are illustrated in Figure 9-1 as well as the integrated stress line
(black line). Note that the invertebrate line (purple line) falls under the integrated stress line and
cannot be seen.

—Fish A — Inverts — Integrate

STress

0.1 0.2 0.3 0.4 0.5 0.6
Flow (m3/s)

Figure 9-1  Component and integrated stress curves for EWR 2
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10 EWR 2 — KROMMERIVIERSPOORT: DETERMINATION OF EWR
SCENARIOS

10.1 Low flow requirements

The integrated stress index must now be used to identify required stress levels at specific
durations for the wet and dry month/season. Drought flows were set as 95 to 100% assurance (i.e.
stress durations of 5 to 0%) and, based on the hydrological characteristics, maintenance flows
were set as 70% assurance (i.e. stress durations of 30 %).

Figure 10-1 illustrates the stress duration curve.

Dry season (January D category) Wet season (August D category)

‘—-Reference — Present Day — d ‘ ‘—-Reference — Present Day —d

O Fish
® Inverts

Lress

¢

1

/

xrnlogical Stross

beologlcal Slress
N
L

10 Fish
1@ Inverts

; ; ; ; ; ; ; ; ; ; T T T T T
o] 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
% Time Equalled or Exceeded % Time Equalled or Exceeded

Figure 10-1 EWR 2 — Stress duration curve for a D REC
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10.1.1 Stress duration motivations: Fish

Note — this motivation is similar for all EWR sites due to use of the same indicator species, B. afer.

FISH: DURATIONS AND MOTIVATIONS TO BE USED FOR DETERMINING STRESS REQUIREMENTS

Indicator: Pseudobarbus afer

The indicator is a semi-rheophilic species that is dependant on the flow for breeding in riffles at suitable
velocities and depths. Note peak spawning activities take place in Spring (September to December) and
possibly some limited spawning in late summer, but main spawning requirements for species in terms of
stress requirements included in wet season.

FISH STRESS REQUIREMENTS

DRY SEASON (January)

DROUGHT: 5% of the time at stress level of 9 equalled or exceeded
Fish confined totally to pool with limited cover available, poor water quality and limited food available.

MAINTENANCE (D): 45% of the time at stress level of 7
Provides more cover and improved water quality and food.

WET SEASON (August)

DROUGHT: Stress of 7.5 or less for 5% of the time
There is very limited breeding capability as in no shallow fast habitat remaining.

MAINTENANCE (D): 45% of the time at stress at level 5.5 equalled or exceeded
Providing some habitat for spawning and habitat slow shallow for larval growth. Sufficient cover and
habitats, but limiting factor will be breeding habitat.

Indicator: Pseudobarbus afer

Breeding thought to start in Spring (September to December) and require clean riffles plus suitable depths
and velocities.

Juvenile: Feeding and growth: Mostly slow shallow habitat. Cover: Overhanging vegetation and emergent
vegetation. Duration 3 - 4 months.

Adult: Cue: Increased temperature and flow.

10.1.2 Stress duration motivations: Aquatic invertebrates

AQUATIC INVERTEBRATES: URATIONS AND MOTIVATIONS TO BE USED FOR DETERMINING
STRESS REQUIREMENTS

Indicator: Invertebrate community
Indicator taxa with a preference for moderate to fast flows at this site are Philopotamid, Hydropsychid
caddisflies and Chlorocyphids.

INVERTEBRATE STRESS REQUIREMENTS

DRY SEASON (January)

DROUGHT: Stress of 9 or less for 5% of the time

At the higher stresses there will be no SIC habitat, however the majority of the community will endure for
short periods in SOOC and pool habitats. The more flow-sensitive taxa (e.g. Elmids, Sericostomatids,
SImuliids) will reduce in number and may disappear. As it is a summer month this could affect the age-
structure of the population, with significant losses of critical life stages of Simuliids, for example. At a
stress of 9, although there is zero flow, there is likely to be fair surface water connectivity at this site due to
its relatively low gradient. This will ensure survival of the more resilient elements of the fauna (at least 50%
of observed fauna).
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MAINTENANCE: (D): Stress of 8 or less for 55% of the time

During the high-stress periods there is likely to be a loss or reduction of taxa that are sensitive to loss of
flow or deterioration in water quality. For at least half the time, there is sufficient flow for sufficient periods
to maintain the majority of the community, although the community structure and age distributions may
alter significantly if flow ceases (Stress 9) for a continuous period of up to two weeks.

WET SEASON (August)

DROUGHT: Stress of 8 or less for 95% of the time

There is enough SOOC and pool habitat to maintain the majority of the late-winter invertebrate community
(about 70%), during short periods of high stress. If flow reduction is followed by no-flow conditions that
persist for longer than 2 - 3 days, the indicator taxa are likely to be eliminated or severely impacted. The
effect of this will be a change in community structure and a reduction in the diversity of the breeding
community in early summer, which relates to longer-term changes in the invertebrate biodiversity.

MAINTENANCE: (D): Stress of 6 or less for 55% of the time

The river has enough flow to ensure a healthy population of the more sensitive and flow-dependent
components of the invertebrate community, and to ensure a viable breeding community. Availability and
quality of summer breeding habitat is threatened if there is continual higher stress (>6 - 7) for longer than 2
weeks. The low stresses (4 and less) equate to flows that will maintain those taxa with preferences for
moderate flows.

10.1.3 Riparian vegetation

The recommended low flows were checked to determine whether the riparian vegetation,
specifically the marginal zones will be maintained. The two main vegetation components in the
marginal zone are various Restionaceae, sedges and Miscanthus. Their distributions are scattered
on the riffle area amongst rocks and small boulders. The Restionaceae and Miscanthus are
located in the main channel. Their roots are located in the main channel and water will inundate
the majority of the roots for all the recommended flows. This ensures that the majority of the
marginal vegetation will be maintained, for both drought and maintenance flows, for both dry and
wet years.

10.2 Final low flow requirements

The following adjustments to the Desktop Reserve Model D requirements had to be made to fit the
specialist requirements:

o Region 6 monthly Desktop Reserve Model distributions are not suitable for this catchment
and the shape factor had to be changed to 6, while the drought duration was changed to
5% (lower parameter at 95%).

o The Desktop Reserve Model provided 3 % of the virgin MAR for the Maintenance Low
Flow (MLF).

o The Dekstop Reserve Model provided 3% of the virgin MAR for the droughts.

o The requirements as set indicated that the Desktop Reserve Model MLF must be
increased to 3.1% of the virgin MAR.

o The requirements as set indicated that the Desktop Reserve Model drought flows can be

reduced from 3% to 0.6% of the virgin MAR.

The final curves for EWR 2 are shown in Figure 10-2.
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Dry season (January) Wet season (August)
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Figure 10-2 EWR 2 - Final curve
10.3 High flow requirements

The functions for each Flood Class are described in spreadsheets (Appendix I). A summary of the
flood class ranges and the recommended high flow events for EWR 2 is shown in Table 10-1.

Table 10-1  Flood class ranges, and the recommended high flow events for each scenario at

EWR 2
Flood classes (m°/s)

Component I Il 1] v \%
Fish 1-2 3-5 >5
Invertebrates 1.5-3 3-5
Vegetation 1.5-5.5 6-23 28-63 65-100
Geomorphology 90-150
Integrated 1-3 3-5 6-23 28-63 90-150
Daily average 4 7 15
Duration (days) 2 3 3

The number of high flow events required for each EC is provided in Table 10-2.
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Table 10-2  The recommended number of high flow events required for each EC at EWR 2

Flood NUMBER OF EVENTS: EC C
classes Invert Fish Veg Geom INTEG" FINAL
Class | 2 (Sept & Dec) 4 4 0
Class Il 1 (Oct) 2 6 6 6
Class IlI 1 1 1 1
Class IV 1:2 1.2 1:2
Class V 1:3 1:3 1:3

@ Integ = Integrated

These results were checked against the hydrology and were found to be acceptable.

10.4 Final results

The results are summarised as follows as well as providing a comparison with the Desktop
Reserve Model.

Desktop Reserve Model 2004 requirements
MLF (D) 3 3.1
High flows (D) 9.4 10.9
Droughts (D) 3 0.6
Long Term mean (D) | 13.7 145
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10.4.1 IFR table for REC: D

Please note: The low flows in the table are therefore not specific values set, but those derived from
the stress requirements. The high flows are according to those specified.

Desktop Version 2, printed on 2004/09/22
Virgin MAR (MCM): 58.39

BFI index: 0.25

Distribution Type: S. Karoo

High flows
Months MLF (m%/s) DLF (m®/s) Peak flow | Average Durations
range | daily (m¥s) (days)

October 0.07 0.018 3-8 4 2
November 0.06 0.016 3-8 4 2
December 0.05 0.005

January 0.045 0.001

February 0.045 0.002

March 0.05 0.003

April 0.05 0.005

May 0.05 0.008

June 0.055 0.012 4 2

July 0.06 0.016 4 2

August 0.08 0.02 4;15 2;3
September 0.08 0.02 4,7 2;3

10.4.2 IFR assurance rules for REC: D

Desktop Version 2, Printed on 2004/09/22
Summary of IFR rule curves for: kromme_2 Natural Monthly Flows
Determination based on defined BBM Table with site specific assurance rules.

Regional Type: S.Karoo EC=D
Data are given in m3/s mean monthly flow

% Points
Month 10% 20% 30% 40% 50% 60% 70% 80% 90% 99%

Oct 0.506 0.443 0.387 0.334 0.244 0.200 0.146 0.091 0.050 0.038

Nov 0.373 0.367 0.355 0.332 0.295 0.240 0.172 0.103 0.052 0.037
Dec 0.092 0.090 0.087 0.081 0.072 0.058 0.040 0.022 0.009 0.006
Jan 0.082 0.081 0.078 0.073 0.064 0.050 0.034 0.017 0.005 0.002
Feb 0.082 0.081 0.078 0.073 0.064 0.051 0.035 0.018 0.006 0.003
Mar 0.092 0.090 0.087 0.081 0.071 0.057 0.039 0.021 0.007 0.004
Apr 0.092 0.090 0.087 0.081 0.072 0.058 0.040 0.022 0.009 0.006
May 0.092 0.090 0.087 0.082 0.072 0.059 0.042 0.025 0.012 0.009
Jun 0.491 0.426 0.370 0.317 0.226 0.185 0.134 0.082 0.044 0.032
Jul 0.487 0.425 0.370 0.318 0.229 0.188 0.137 0.085 0.047 0.036

Aug 2.370 2.008 1.700 1.424 0.948 0.776 0.560 0.342 0.181 0.133
Sep 1.442 1.230 1.048 0.884 0.601 0.492 0.356 0.218 0.116 0.086
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Reserve flows without High Flows

Oct 0.129 0.127 0.122 0.115 0.103 0.085 0.063 0.040 0.024 0.019
Nov 0.110 0.108 0.105 0.099 0.088 0.073 0.054 0.035 0.021 0.017
Dec 0.092 0.090 0.087 0.081 0.072 0.058 0.040 0.022 0.009 0.006
Jan 0.082 0.081 0.078 0.073 0.064 0.050 0.034 0.017 0.005 0.002
Feb 0.082 0.081 0.078 0.073 0.064 0.051 0.035 0.018 0.006 0.003
Mar 0.092 0.090 0.087 0.081 0.071 0.057 0.039 0.021 0.007 0.004
Apr 0.092 0.090 0.087 0.081 0.072 0.058 0.040 0.022 0.009 0.006
May 0.092 0.090 0.087 0.082 0.072 0.059 0.042 0.025 0.012 0.009
Jun 0.101 0.099 0.096 0.090 0.080 0.066 0.048 0.030 0.017 0.013
Jul 0.110 0.108 0.105 0.099 0.088 0.073 0.054 0.035 0.021 0.017
Aug 0.147 0.145 0.140 0.131 0.117 0.097 0.071 0.046 0.026 0.021
Sep 0.147 0.145 0.140 0.131 0.117 0.097 0.071 0.046 0.026 0.021

Natural Duration curves

Oct 6.892 3.487 2.225 1.859 1.643 1.426 1.172 0.844 0.612 0.254
Nov 6.628 2.415 1.667 1.219 1.088 0.880 0.787 0.679 0.463 0.116
Dec 2.009 1.247 0.896 0.724 0.545 0.455 0.396 0.358 0.269 0.090
Jan 1.322 0.627 0.455 0.373 0.261 0.217 0.187 0.164 0.127 0.052
Feb 2.968 0.719 0.521 0.339 0.298 0.240 0.157 0.141 0.107 0.074
Mar 2.561 1.045 0.650 0.485 0.411 0.351 0.291 0.187 0.112 0.075
Apr 2.022 1.235 0.826 0.640 0.471 0.432 0.293 0.224 0.185 0.100
May 8.341 2.457 1.105 0.792 0.575 0.433 0.381 0.343 0.202 0.090
Jun 3.804 1.960 1.528 1.173 1.011 0.656 0.509 0.370 0.262 0.185
Jul 3.958 2.367 2.024 1531 1.262 1.060 0.918 0.575 0.403 0.164
Aug 12.761 3.920 2.569 1.807 1.591 1.247 0.993 0.844 0.650 0.239
Sep 7.130 3.148 2.461 2.052 1.613 1.343 1.088 0.856 0.694 0.347

10.5 Confidence

The confidence is evaluated according to a score of 0-5 with zero reflecting ‘no confidence’ and 5
reflecting ‘very high’ confidence. The confidence scores are summarised as follows:

0 (no confidence)

1 (low confidence)

2 (low to medium confidence)
3 (medium confidence)

4 (medium to high confidence)
5 (high confidence)

Results per component are shown in Table 10-3.
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Table 10-3  Confidence ratings for EWR 2

L Ecoclassification |Available data Suitabilit.y of EWR Flow requirements
Discipline site High Low
Confidence Confidence Confidence Confidence| Confidence

Hydrology 2 1
Hydraulics 3 35 3 4
Geomorphology 3 2 2 2 N/a
Water quality 1 1
Riparian vegetation 3 2 2 2 N/a
/Aquatic invertebrates 2 2 2 35 35
Fish 2 3 3 4 4

" Note: Shaded blocks indicate where confidence is not applicable

10.5.1 Confidence explanations

Hydraulics: Measured flows of 0.042 and 0.054m®%s. No measured moderate and high flow data is
available. Recommended low flows are in the range 0.001 to 0.082m%s and high flows in the
range 3 - 23 (within year) to 60m®/s. The low flow confidence will therefore be higher than the high
flow confidence.

Geomorphology: The site is highly disturbed and all fine material has been removed. There was a
lack of aerial photos and the specialist did not visit the site. The impact of high flows in the
sediment poor system was difficult to assess. There is low confidence in high flow hydraulics. All
of this resulted in a general low to medium confidence.

Water quality: Although there was available data for this site, no oxygen or temperature data was
available resulting in low confidence.

Riparian vegetation: Available data was confined to one site visit. Low flow output was in terms of
fish. The proximity of the upstream dam clearly had an impact on the high flow assessments, the
suitability of the site and the ecoclassification, which were limited to low and medium confidence
only.

Fish: There were no indigenous fish found at this site due to predation. The impact of alien fish
was ignored, which means that no field data on presence, population density and health of
indigenous fish is available. The impact of observed and anticipated changes in habitat was used
to derive the probable impact on fish, which are expected to be present.

Aquatic invertebrates: Poor understanding of hydrology confounds decision-making. Output low
and higher flows are set higher for fish requirements than that required for invertebrates; therefore
the confidence is medium to medium-high.
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11 EWR 3 - DYKE: ECOCLASSIFICATION

11.1 Reference conditions
11.1.1 Geomorphology

This reach is located in a confined valley with a narrow valley floor and good coupling between the
hill slope and the channel. The gradient of the site was estimated as between 0.003 and 0.0037
that places it in the lower foothills category. The mean annual discharge at this site is
approximately three times that of EWR 1. Therefore, one would expect the channel capacity to
increase accordingly. Flood frequency and sediment load characteristics would be similar to those
described for EWR 1.

Evidence from the 1942 aerial photograph would suggest that the Reference Condition for the
reach is a bedrock or mixed anabranching channel with narrow passageways passing through
dense Phragmites. Locally, pools form stretches of open water.

11.1.2 Riparian vegetation

The reference condition is defined by dense clumps of riparian vegetation on sandy bars between
the many pools and multiple small channels. Marginal vegetation is characterised by clumps of
Miscanthus, Cyperus textilis, Cliffortia and Palmiet on the water edges and on small islands.

The lower riparian zone is characterised by dense stands of Podocarpus latifolius, Ficus sur, Erica,
Rhus and Euclea species. The upper riparian zone is visibly different from the lower riparian zone
and is characterised by dense valley bushveld species that colonise the steep slopes of the deeply
incised river valley.

11.1.3 Water quality

The DWAF water quality monitoring point KBH005QO01, in the Tsitsikamma River (Ecoregion Level
I: Southern Coastal Belt), was assessed as a reference site for the lower Kromme River catchment
(WQSU 3 - 11, and incorporating EWR 2 - 6). Due to the unsuitability of this site as a proxy site for
the Kromme River system, default benchmark boundary tables were used for Reference Condition.

11.1.4 Fish

From historical records and general fish distribution data, a total of approximately 8 indigenous fish
species are expected to be present in the Kromme River at EWR 3. The relatively high species
number expected at this site is due to catadromous species migrating up from the nearby estuary.
The expected species are:

o Pseudobarbus afer

) Sandelia capensis

. Anguilla mossambica

o Anguilla marmorata

) Anguilla bicolor bicolor
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. Myxus capensis
o Monodactylus falciformi
) Glossogobius callidus.

11.1.5 Agquatic invertebrates

This site is reasonably close to the estuary and some marine influence may be expected under
natural conditions, for example the presence of small numbers of freshwater shrimps moving up
from the estuary (Macrobrachium sp and Palaeomon capensis). Overall there would be a greater
habitat diversity and abundance, with less pool environments and more flowing environments,
favouring a greater diversity and abundance of rheophilic groups, such as mayflies (Baetidae,
Leptophlebiidae and Heptageniidae), certain Dipterans (Simuliidae), caddisflies (greater number of
Hydropsychid species, Polycentropodidae and Philopotamidae), some Coleoptera (Elmidae).
There would be also be variability within the flow environments, favouring those taxa with a
preference for slower flowing water e.g. Caddisflies (Hydroptilidae and Pisullidae), Coleoptera
(Gyrinidae and Psephenidae), Odonata (Corduliidae and Chlorocyphidae). The increase in
available marginal vegetation habitat would likely favour an increase in certain Hemipterans
(Naucoridae, Pleidae and Corixidae), and certain Odonata (Calopterygidae and Chlorolestidae).

11.2 Present Ecological State (PES)
11.2.1 Habitat Driver PES

The hydrology PES (F) and geomorphology PES (D) information is available in Appendix A and
Appendix B respectively. Water quality PES is a C category. The driver category is a D/E and the
composition of the driver category is provided in Table 11-1.

The reasoning for the geomorphology category (D) is provided below.

Flow/Non flow

PES Causes Sources
related

Change in morphology and

. Alteration to flow and sediment regimes. | Flow related.
therefore habitat type.

Change in stability of bed

) Consolidation of Phragmites. Flow related.
material.

Table 11-1  Habitat driver category for EWR 3

Components \Weighted driver score
GEOMORPHOLOGY 9.97 (D)
HYDROLOGY 8.92 (F)
WATER QUALITY 20.86 (C)
Weighted driver status (%) 39.74
HABITAT DRIVER CATEGORY D/E
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11.2.2 Biological response PES
11.2.2.1 Riparian vegetation (D)
This is largely due to the invasion of exotic species and degeneration of the riparian zone due to

reduced and regulated flows imposed by Impofu Dam and the significant abstraction of water from
the river for farming purposes.

PES Causes Sources Flow/Non flow related

Invasion of exotic species and

. - . Non flow related.
exclusion of indigenous species.

Decreased species diversity.
Reduced and regulated low flows

Flow related.
due to Impofu Dam.

Invasion of exotic species and

. - _ Non flow related.
exclusion of indigenous species.

Changes in species composition.

Reduced and regulated low flows

Flow related.
due to Impofu Dam.

Invasion of exotic species and

. - _ Non flow related.
exclusion of indigenous species.

D | Changes in vegetation cover.

Invasion of exotic species and

. - _ Non flow related.
exclusion of indigenous species.

Reduced impact of flooding as a
consequence of exotic species

Changes in vegetation structure. ) . Flow related.
invasion and the presence of Impofu
Dam.
Reduced and regulated low flows
Flow related.

due to Impofu Dam.

11.2.2.2 Fish (D)

Only the alien predatory largemouth bass, Micopterus salmoides, was found at this site. Again no
indigenous fish species were seen at all. Apart from the serious impact of predation, flow related
impacts in this reach are particularly severe due to:

o No flow in river for long periods in normally perennial system. This will impact severely on
semi-rheophilic species (P. afer and A. mossambica).
) Upstream migration of catadromous species over the bedrock rapid will be prevented by

low and no flows (also reduce freshwater cue to attract fish into the estuary from marine
spawning grounds).

The determination of the PES using the Fish Response Assessment Index (FRAI) requires that the
responses of indigenous fish species found at the particular site to flow-related habitat changes,
are assessed. If no indigenous fish are sampled at a site, and if this is considered to be due to the
presence of alien predatory fish such as bass and not due to flow-related habitat changes, then the
FRAI should be applied using the expected natural species composition (from historical records,
similiar adjacent rivers).
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Thus, at the EWR sites in question, the PES was assessed by ignoring the impact of alien fish and
assessing how the original (expected) endemic fish would have responded to habitat changes
caused by alterations to the habitat drivers. Taking the impact of alien predatory fish into account
will reduce the PES to a category E or F due to the apparent total elimination of indigenous fish.

Flow/Non Flow

PES Causes Sources
related

e Upstream Impofu Dam intercepts all | Flow related.
flows, apart from very high floods.

e Un-seasonal flows released from | Flow related.
dam. Flow related.

e Farmer abstracting all flows and
reducing pool levels drastically.

Flow Modification — no flow for
long periods, reduced high
flows, non-seasonal flows.

Reduced sediment and | ¢ Capture by upstream Impofu Dam. | Flow related.

D nutrient, detritus input.
Encroachment of alien | ¢ Invasion by alien Black Wattle. Non Flow related.
vegetation into channel. e Reduced scouring by floods. Flow related.

Presence of highly effective alien
predator under favourable conditions for
predation.

(Note: this factor ignored in evaluation).

Increased predation. Non Flow related.

11.2.2.3 Aquatic invertebrates (D)

The invertebrate fauna at this site was severely impaired by the lack of flow and resulting poor
water quality. The SASS5 scores were less than 40% of those expected under reference
conditions, and the ASPT of <5 indicates a paucity of sensitive taxa. There was no satisfactory
flow habitat at the time of the site visit, and only areas in which there was a trickle over bedrock
could be sampled. The surface water at this site was restricted to a series of various-sized pools,
some of which were connected. Reeds had encroached into the smaller pools, and exotic woody
debris made access to many of the pools difficult. The fauna collected was hardy, with very low
abundances of the few flow-dependent taxa present and generally low diversity of taxa with a
preference for flowing water and for relatively unimpaired water quality. The migrating species
which would be expected in this lower section of the river; (such as freshwater prawn
Macrobrachium sp.) were not collected. The bedrock sill across the site represents a barrier to
migrating species, particularly with the current system hydrology.
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PES Causes Sources Flow/Non flow related
. Upstream dam, abstractions for
Flow reduction. . Flow related.
farming.

£ Altered flow variability. Upstream dam. Flow related.

Altered sediment regime. Upstream dam. Flow related.
. Flow and non flow
Altered temperature regime. Loss of surface water.
related.
11.2.3 Instream PES (E)

The Instream PES is summarised in Table 11-2.

Table 11-2  Instream PES for EWR 3
Rating (0O=low, 5=high)
Criteria Conf .
O Ave |Weight| PES |Category
Availability of high confidence fish information ’
1 Diversity of fish species with different flow requirements 2
b Diversity of fish species with a preference for different cover 3
types
s Diversity of fish species with a preference for different flow 3
depth classes
4 Diversity of fish species with various tolerances to modified o5 263 | 061 |436
water quality
Availability of high confidence invertebrate information
5 Diversity of invertebrate biotopes 1
5 Diversity of invertebrate taxa with different velocity ’
requirements
- Dlve_rslty of mverteprate taxa with different tolerances to ’ 167 | 039 |281
modified water quality
4.29 1 37.6

11.2.4 PES Ecostatus (D/E)

The Ecostatus is summarised in Table 11-3 and the overall PES shown in Table 11-4.
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Table 11-3  Summary of the Ecostatus for EWR 3

. . . Rating (0O=low, 5=high)
Separating out the proportions for Driver: Response -
Response | Score |[Ave | Weight
Instream Response questions
\What is the general level of sensitivity to modified water quality? 2
Fish: What is the general level of trophic specialisation? 3
What is the general level of habitat specialisation? 3
What is the general level of flow intolerance? 2 25| 0.48
Habitat Driver questions
How sensitive is channel type to change in geomorphological drivers? 2
How sensitive are hydraulic habitats to flow change?* 4
How sensitive is water quality to flow change? 2 2.67| 0.52
Total 5.17 1
PES Category
INSTREAM CATEGORY| 37.57 E
DRIVER CATEGORY| 39.7 D/E
ECOSTATUS| 38.69 D/E

W This rating is applicable to low flows:
(%): >89=A;80-89=B;60-79=C;40-59=D;20-39=E;<20=F
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Table 11-4  Summary of the PES categories for EWR 3

HYDROLOGY

GEOMORPHOLOGY

WATER QUALITY C

FISH

AQUATIC INVERTEBRATES

C
E

11.2.5 Trends

Geomorphology — Negative within the category.
Vegetation — Stable.

Fish — Stable.

Aquatic Invertebrates — Negative.

11.3 Importance
11.3.1 Socio-cultural Importance

Land use for Resource Unit D is the Kromme River Estuary. Recreational use of the estuary is an
important feature. The Sl was rated as high and the confidence was moderate.

11.4 Range of Ecological Categories
11.4.1 Recommended Ecological Category (REC)

The PES was maintained except where categories were below a D. In these cases the PES was
improved to a D as indicated in Table 11-5.
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Table 11-5 Summary of the Recommended Ecological Category for EWR 3

HYDROLOGY

GEOMORPHOLOGY

WATER QUALITY

AQUATIC INVERTEBRATES

RIPARIAN VEGETATION

11.5 Recommendations

Initial discussions during the delineation of the study area led to the decision that no EWR sites
would be situated in RU C. The overall objective of the RU where EWR 3 was located was
explored further during the EWR site visit and workshop. The RU consists of a very small section
of river that is not inundated by the downstream dam. Goods and services that can be provided in
this section are limited and it was suspected that the Ecological Importance and Sensitivity (EIS)
would be low. This RU and associated EWR site were selected as it was suspected that it could
provide important information regarding the operation of Impofu Dam, and acknowledging that the
section of river downstream of Impofu Dam and upstream of the estuary is short. Specialists
indicated during the EWR site selection that this section of river, even though short, plays a vital
role for fish species and aquatic invertebrates that move between the marine, estuarine and
freshwater systems. As no movement is possible beyond the Impofu Dam, this increases the
importance of the limited section of freshwater downstream of Impofu Dam. Acknowledging this
fact, the river downstream of Impofu Dam was investigated for a potential EWR site. No suitable
(from a hydraulics viewpoint) EWR site could however be found. In order to provide quantitative
information for this short section of river, the following approach was recommended:

o An EWR site was selected downstream of Impofu Dam (EWR site 3) at which the PES,
EIS and EC will be determined (see preceding sections).

. Qualitative guidelines to improve conditions at EWR 3 will be provided.
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11.6 Guidelines

The EWR 3 site consists of the riffle pool section immediately upstream of the dyke that separates
the estuary and the river.

Fish will migrate during a flood and the estuarine requirements will probably be adequate to
stimulate migration as well as for the flushing and maintenance of pools. Prawns (Macrobrachium)
also migrate and should be able to move in the slower areas. However, more than one flood will
be required, which could be more than the estuary requirements. One of the floods should be
followed by a base flow of about 10 days to ensure that the migration is taking place. Pool cover is
important with respect to refuge for indigenous fish against alien species. Pools should therefore
be kept full during this period. Furthermore, pools should not be allowed to be drawn down to such
a level that they cannot provide adequate cover for fish.

It is highly likely that these requirements would be superseded by the estuary requirements. During
the estuary assessment (results are outlined in DWAF Report Number
RDM/EWRO001/ERO005/CON/CES/1105), this will be checked and verified. If the estuary
requirements do not cater for the river section then the estuary requirements will be adjusted.
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12 EWR 4 - GEELHOUTBOOM RIVER: ECOCLASSIFICATION

12.1 Reference conditions
12.1.1 Hydrology

A major issue identified for this site was whether the river was perennial under natural conditions.
Although the modelled data indicated perenniality, the confidence is low as some of the biological
indicators indicated a seasonal ephemeral system.

12.1.2 Geomorphology

This site is located on an alluvial gravel bed reach with a narrow flood bench between high
terraces. The gradient of the site is approximately 0.003 which places it in the lower foothills
category. Flood frequency characteristics will be similar to those described for EWR 1, although
this is a much smaller river. Sediment delivered to the channel by tributaries would consist
primarily of gravel.

Evidence from a series of aerial photographs since 1942 suggests that the reference condition for
this site is a narrow, single thread channel (probably displaying pool-riffle morphology) with a
dense canopy of indigenous woody riparian vegetation.

12.1.3 Riparian vegetation

A dense thicket of shrubs and trees with a closed canopy defines the reference condition. Species
composition conforms to that of valley bushveld (Acocks, 1989) and is characterised by
Podocarpus latifolius, Carissa bispinosa, Maytenus heterophylla, Azima tetracantha, Scutia
myrtina, Ehretia rigida, Acacia karroo, Euclea undulata and others. Species diversity is high.
Marginal vegetation is abundant on the edges of pools and dominated by Miscanthus junceus,
Cyperus textilis and other sedges. Riparian vegetation significantly stabilises the banks. The
channel is incised, however, and the reason for this is uncertain. While exotic species are absent
at the site they do exist in small, localised patches within the reach.

12.1.4 Water quality

There were no appropriate data within this Water Quality Sub-Unit; which could be used for
determining Reference Condition and the default benchmark boundary tables were used. An
additional monitoring site was instituted for the purposes of this study (WQ9) and was used for the
present ecological state assessment. These data are of limited value as only three samples
(February to May) were collected.
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12.1.5 Fish

From general fish distribution data, up to 5 indigenous fish species are expected to be present in
the Kromme River at EWR 4. However, the small size of the system and relatively low river flows
would mean that freshwater eels would be very scarce, if present at all. Species expected are:

o Pseudobarbus afer

o Sandelia capensis

o Anguilla mossambica

o Anguilla marmorata

o Anguilla bicolor bicolor.

12.1.6 Aquatic invertebrates

It is difficult to assess what this stream would have looked like in a natural condition. Its size and
geographic locality suggests that it may have been a temporary system, in which case the fauna
would have been typical of such a river, and would have included largely resilient taxa suited to
shaded, sand bed pool-type environments with little predictable flow component, and little or no
stones and marginal vegetation environments. This fauna would include baetid and caenid
mayflies, Oligochaetae, certain Odonata (Gomphidae, Aeshnidae, Libellulidae, Chlorolestidae,
Coenagrionidae and Lestids), Dipterans (Ceratopogonids, Chironomidae, Culicidae, Dixidae,
Psychodidae, Tabanidae and Tipulidae), certain Coleoptera (Gyrinidae and Gerridae) and
Hemipterans (Hydrometridae, Notonectidae, Pleidae and Corixidae).

12.2 Present Ecological State (PES)
12.2.1 Habitat Driver PES

The hydrology PES (D) and geomorphology PES (C) information is available in Appendix A and
Appendix B respectively. Water quality PES is a C/D category. The driver category is a C/D and
the composition of the driver category is provided in Table 12-1.

The reasoning for the geomorphology category (C) is provided below.

PES Causes Sources Flow/Non flow related

Moderately altered | Changes to catchment land use; bridge with

. . Non-flow related.
C flow and sediment | side supports. W

regimes. Dam upstream. Flow related.

Table 12-1  Habitat driver category for EWR 4

Components \Weighted driver score
GEOMORPHOLOGY 18.88 (C)
HYDROLOGY 24.55 (D)
WATER QUALITY 17.83 (C/D)
Weighted driver status (%) 61.26
HABITAT DRIVER CATEGORY C/D
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12.2.2 Biological Response PES

12.2.2.1 Riparian vegetation (A/B)

The PES is close to natural due to the fact that little to no change is evident in the riparian
vegetation abundance, cover, species diversity and composition. The structure appears to be
subtly altered by the reduction, in abundance and cover, of marginal vegetation. This is due to the
low flows resulting from the impact of upstream impoundments. The riparian forest has a closed
canopy for most of the length of the river and it contains Podocarpus latifolius; which is a
threatened species.

PES Causes Sources Flow/Non flow related
Reduced and regulated low flows due
. Flow related
. . to upstream impoundments.
Changes in vegetation _ _
A/B Reduced impact of flooding as a
structure.
consequence of upstream | Flow related
impoundments.

12.2.2.2 Fish (D)

No indigenous fish species or alien fish species were seen at all. Flow related impacts in this
reach are particularly severe due to lack of flow in the river for long periods. This will impact
severely on semi-rheophilic species (Pseudobarbus afer and Anguilla mossambica).

PES Causes Sources Flow/Non Flow related

e  Upstream abstraction and | Flow related.
impoundments reducing low flows and

Flow modification — no flow for

long periods. levels drastically.
D Non Flow related.
. » e Cattle trampling (in past), poor
Increased sediment deposition. catchment management. Non Flow related.

12.2.2.3 Aquatic invertebrates (D)

The results at this site were difficult to interpret due to the uncertain hydrology of this river. At the
first site visit, only trickling flows were observed, and at the second visit, flow had ceased and
surface water continuity had been lost. Nonetheless, an unexpectedly diverse fauna was collected
in the restricted areas where sampling was possible. The SASS5 scores were over 75% of what
would have been expected under natural conditions at this site, assuming that it was not naturally a
perennial system. The ASPT values of > 5 were higher than expected, and reflect the presence of
a small number of pollution-sensitive taxa. The instream habitat was restricted to an earth/gravel
bed channel with few areas of small stones, and in the pools the substrate was overlain with
allochthonous matter, as one would expect in such a highly-shaded stream. The lack of marginal
vegetation at the site was a factor contributing to the low numbers of taxa present with a
preference for sheltered habitats and/or low flow conditions.
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PES Causes Sources

Flow/Non flow
related

D Altered flow.
and causeways.

Upstream abstraction; upstream roads

Flow related.

12.2.3 Instream PES (D)

The Instream PES is summarised in Table 12-2.

Table 12-2 Instream PES for EWR 4

Rating (O=low, 5=high)
Criteria Conf
. A Weight|PES| Cat
Rafing ve eig ategory
Availability of high confidence fish information 5
1 Diversity of fish species with different flow requirements 2
5 Diversity of fish species with a preference for different cover 5
types
s Diversity of fish species with a preference for different flow 1
depth classes
4 Diversity o_f fish species with various tolerances to modified 5 0512 505 | D
water quality
Availability of high confidence invertebrate information
5 Diversity of invertebrate biotopes 1
6 Diversity of invertebrate taxa with different velocity 5
requirements
- Dlve_r§|ty of mverteb_rate taxa with different tolerances to 5 0488 454 | D
modified water quality
2 1 480 | D
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12.3 PES Ecostatus (D)

The Ecostatus is summarised in Table 12-3 and the overall PES categories shown in Table 12-4.

Table 12-3  Summary of the Ecostatus for EWR 4

Separating out the proportions for Driver: Response Rating (0=low, 5=high) .
Response | Score |Ave |Weight
Instream Response questions
\What is the general level of sensitivity to modified water quality? 2
Fish: What is the general level of trophic specialisation? 1
What is the general level of habitat specialisation? 1
What is the general level of flow intolerance? 1 1.25| 0.32
Habitat Driver Questions
How sensitive is channel type to change in geomorphological 3
drivers?
How sensitive are hydraulic habitats to flow change?* 2
How sensitive is water quality to flow change? 3 2.67| 0.68
Total 3.92 1
PES Category,
INSTREAM CATEGORY| 47.97 D
DRIVER CATEGORY 61.3 C/D
ECOSTATUS| 57.02 D

&) This rating is applicable to low flows
(%): >89=A;80-89=B;60-79=C;40-59=D;20-39=E;<20=F
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Table 12-4  Summary of the PES categories for EWR 4

HYDROLOGY (4

GEOMORPHOLOGY C

WATER QUALITY

AQUATIC INVERTEBRATES

RIPARIAN VEGETATION

12.3.1 Trends

Geomorphology — Slow negative within category
Vegetation — Slow negative potentially from an A/Bto a B
Fish — Stable

Aquatic Invertebrates — Stable

12.4 Importance
12.4.1 Ecological Importance and Sensitivity

The EIS was rated as moderate (present). Podocarpus latifolius, a red data species, are
abundant. The whole length of the system is under a closed vegetation canopy and the vegetation
is species-rich and plays an important role with regard to refuge for birds.

12.5 Socio-cultural Importance (SI)

Land use for Resource Unit E (Segment 1 - 4, EWR 4: Segment 3) entails some estuarine
utilisation for recreation purposes.

The Sl was rated as moderate and the confidence was moderate.
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12.6 Range of Ecological Categories
12.6.1 Recommended Ecological Category

The Ecostatus without considering vegetation is a high D. Considering the very high category for
vegetation, the Recommended Ecological Category was raised to a C/D. No alternative state will
however be considered as the Ecostatus (without vegetation) is already a D and the knowledge of
this site and uncertainty around hydrology does not provide the resolution to address alternative
flows.
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13 EWR 4 - GEELHOUTBOOM RIVER: STRESS INDICES
13.1 Stress Index: Fish

The indicator species is Pseudobarbus afer, which is a semi-rheophilic species. This species
requires flowing water for spawning in riffle areas where it needs depths of over 10 — 15 cm and
velocities of >0.3 m/s. This species is sensitive to water quality and requires perennial flows, but
can tolerate short periods of low flows. Habitat suitability, from which species stress is derived, is
shown in Table 13.1.

Table 13-1  Habitat suitability at EWR 4

FLOW (m?3/s)

0.15 0.100 | 0.050 | 0.010 | 0.000
RELATIVE ABUNDANCE OF FLOW-DEPTH & COVER RATING:
0=NONE; 1=RARE; 2=SPARSE; 3=MODERATE; 4=ABUNDANT; 5=VERY ABUNDANT
FAST DEEP 2 1.0 0.0 0.0 0.0
Overhanging vegetation 2.0 2.0 1.0 1.0 0.0
Undercut banks & root wads 3.0 2.0 2.0 1.0 0.0
Substrate 0.0 0.0 0.0 0.0 0.0
Aquatic macrophytes 2.0 1.0 1.0 0.0 0.0
Water column 1.0 1.0 0.0 0.0 0.0
FAST SHALLOW 4.0 3.0 2.0 1.0 0.0
Overhanging vegetation 2.0 1.0 1.0 0.0 0.0
Undercut banks & root wads 2.0 1.0 1.0 1.0 0.0
Substrate 0.0 0.0 0.0 0.0 0.0
Aquatic macrophytes 1.0 1.0 0.0 0.0 0.0
Water column 0.0
SLOW DEEP 4.0 3.0 3.0 3.0 2.0
Overhanging vegetation 3.0 2.0 2.0 1.0 1.0
Undercut banks & root wads 4.0 3.0 3.0 2.0 2.0
Substrate 2.0 2.0 2.0 1.0 1.0
Aquatic macrophytes 2.0 2.0 1.0 1.0 1.0
Water column 2.0 2.0 1.0 1.0 1.0
SLOW SHALLOW 3.0 3.0 2.0 2.0 1.0
Overhanging vegetation 2.0 2.0 1.0 1.0 0.0
Undercut banks & root wads 2.0 1.0 1.0 1.0 0.0
Substrate 0.0 0.0 0.0 0.0 0.0
Aquatic macrophytes 2.0 2.0 1.0 0.0 0.0
Water column 0.0 0.0 0.0 0.0 0.0
FLOW 0.15 0.10 0.05 0.01 0.00
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SUITABILITY FOR DIFFERENT FISH REQUIREMENTS PER HABITAT GUILD

SEMI-RHEOPHILIC P. afer

Breeding and early life-stages 3.0 2.0 0.0 0.0 0.0
Survival /Abundance 4.0 3.0 1.0 1.0 0.0
Cover 3.0 3.0 2.0 1.0 1.0
Health and condition 4.0 3.0 2.0 1.0 0.0
Water quality 4.0 3.0 2.0 1.0 0.0
S:Iic;[;r;;llc stress - (breeding requirements 28 a4 79 8.4 9.6
Flow-depth converted to habitat response

((jlr?/);AO”=];?<;I:INfjdeep;?hCci?z:ssse:sa:pst?rr:u(ri I:‘loerr 0.15 0.10 0.05 0.01 0.00
site; 9=No flow)

Fast deep 6.0 8.0 10.0 10.0 10.0
Fast shallow 2.0 4.0 6.0 8.0 10.0
Slow deep 2.0 4.0 4.0 4.0 6.0
Slow shallow 4.0 4.0 6.0 6.0 8.0
OVERALL HABITAT RESPONSE 35 5.0 6.5 7.0 8.5

13.2 Stress Index: Aquatic invertebrates

There is very sparse marginal vegetation habitat present, and this is only likely to be inundated at
higher flows. As a result, the invertebrate fauna has a relatively low diversity, and the taxa are
largely resilient. Simuliids are the only indicator taxa for equalled or exceeded stress conditions.
Chlorolestidae and Helodids, which have a preference for slower flows, are good indicators of the
higher stress conditions. Stones out of Current (SOOC) and Gravel/Sand/Mud (GSM) are the

biotopes likely to be most persistent.

Table 13-2 summarises detailed invertebrate information.
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Table 13-2  Stress table — Flow dependant invertebrate at EWR 4
Habitat abundance and HABITAT
: . TotalModifier BIOTIC RESPONSE
Habitat suitability " CHARACTERISTICS
Flow Flow HABITAT (Hydraulic Using the full Flow Community
Response RESPONSE parameters as 9 stress
Index |SIC'[soOC?vIC®lvoocC*|GsM® e T B community of aquatic
Birkhead) invertebrates present
Rating
(site at
0 0.13
observed
flow)
All available habitatMax depth All very abundant. All
in  excess, high|0.18 healthy, all species
quality: most very|Av depth persist.
fast, deep, wide|0.1
wetted perimeter|Area
(WP). 0.27
0 5 5 0 1 5 16 0.13 . 0.1 0
Width
2.68
WP
2.7
Av velocity
0.47
Most plentiful, VIC|Max depth All  abundant. All
reduced, mostly high|0.16 healthy, all species
quality; very fast and|Av depth persist.
fast, deep, wide WP. |0.09
1 4 5 0 1 4 14 0.09 Area 1
0.22
Width
2.46
WP
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Habitat abundance and . HABITAT
Selfiet STl Total|Modifier CHARACTERISTICS BIOTIC RESPONSE
Flow Flow HABITAT (Hydraulic . Flow Community
Response L ) s . 5 RESPONSE parameters as USIng the full ' stress
Index |SIC|SOOCTVICT|VOOC"|GSM measured by Dr Fommunlty of aquatic
Birkhead) invertebrates present
25
Av velocity
0.39
Critical stones|Max depth Slight  reduction  for
habitats  sufficient;|0.14 sensitive rheophilic
quality slightly|Av depth species. All healthy in
reduced; fast 0.08 some areas, all species
very fast, deep, wide|Area persist.
WP slightly reduced. |0.18
2 3 0 4 12 0.06 Width 2
2.24
WP
2.31
Av velocity
0.32
Reduced critical SIC|Max depth Reduction of all
and VIC habitat,|0.12 rheophilic species, all
reduced critical|Av depth healthy in limited areas,
quality; moderate|0.07 all species persist.
and fast velocity,|Area
moderately deep,|0.13
3 3 4 0 0 3 10 0.03 WP Width 0.05 3
slightly/moderately |{1.93
reduced. WP
1.99
Av velocity
0.26
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Habitat abundance and . HABITAT
Selfiet STl Total|Modifier CHARACTERISTICS BIOTIC RESPONSE
Flow HABITAT Hvdraulic Community
Response N ) 3 4 s ol RESPONSE pa(ra)r/'neters as Using the full i e stress
Index |SIC|SOOCTVICT|VOOC"|GSM measured by Dr Fommunlty of aquatic
Birkhead) invertebrates present
SIC reasonably|Max depth Further reduction for all
abundant, of good|0.1 rheophilic species. All
quality, VIC virtually|Av depth viable in limited areas,
absent, VOOC|0.06 critical life stages of
reduced, moderately|Area some sensitive
fast. 0.1 rheophilic species at
4 3 0 0 3 9 0.02 . . ) . 4
Width risk, all species persist.
1.64
WP
1.68
Av velocity
0.2
Critical stones Limited populations of
habitat all
reduced,; VIC rheophilic species.
absent, low quality; Critical life-stages of
5 3 0 0 3 8 mix  of  velocity sensitive rheophilic 0.01 5
classes, some deep species at risk or non-
areas, WP viable (disappear at <
moderately/very 0.3m/s); most species
reduced. persist.
Critical habitat (SIC|Max depth Sensitive rheophilic
and SOOC) very|0.08 species rare, critical
6 5 0 0 3 7 0.01 redu.ced. Reduc.ed Av depth stages” of sensit?ve 5
quality; low velocity,|0.05 rheophilic species
limited deep areas,|Area (Elmids) non-viable,
moderate WP. 0.07 and at risk for some
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Habitat abundance and

HABITAT

Selfiet STl Total|Modifier CHARACTERISTICS BIOTIC RESPONSE
Flow HABITAT Hvdraulic Community
Response 1 2 3 4 . Flow RESPONSE pa(ra)r/'neters as Using the full Flow stress
Index [SIC’|SOOC|VICTVOOC"|GSM measured by Dr community of aquatic
Birkhead) invertebrates present
Width less sensitive species.
1.41 Most species persist in
WP the short-term.
1.44
Av velocity
0.14
Very reduced critical|Max depth Most rheophilic species
habitat, Other|0.06 rare. All life-stages of
habitats  of  low|Av depth sensitive rheophilic
quality; slow,|0.04 species at risk or non-
shallow, moderate|Area viable. Most sensitive
7 1 5 0 0 3 6 WP. 0.94 rheophilic species 0.0001 7
Width disappear.
1.19
WP
1.2
Av velocity
0.09
Flowing water|Max depth Remnant populations of
habitats residual. No|0.04 some rheophilic
vegetation. Low|Av depth species; most life
quality, slow trickle,|0.02 stages of most
8 1 1 0 0 3 5 small WP. Area rheophilic species at 8
0.02 risk or non-viable,
Width Leptophlebiids
0.96 threatened.
WP
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Habitat abundance and HABITAT
; o Total|Modifier BIOTIC RESPONSE
Habitat suitability CHARACTERISTICS
Flow HABITAT (Hydraulic Community
Flow : Flow
Response L ) s . 5 RESPONSE parameters as USIng the full ' stress
Index |SIC|SOOCTVICT|VOOC"|GSM measured by Dr Fommunlty of aquatic
Birkhead) invertebrates present
0.96
Av velocity
0.05
Standing water|Max depth Mostly pool dwellers,
habitats only, very|0.02 most life stages of most
low quality, no flow.|Av depth rheophilic species non-
SOOC only available|0.01 viable;  Leptophlebiids
habitat. Area likely to disappear.
0.01
9 1 1 0 0 3 5 0 0 9
Width
0.54
WP
0.55
Av velocity
0.02
Only hyporheic No invertebrates likely.
10 0 0 0 0 0 0 0 [refugia, no surface 0 10
water.
& SIC: Partially submerged hard substrate in current >0.1m/s
@ SOOC: Partially submerged hard substrate in current <0.1m/s
@ VIC: Submerged vegetation (at least 2-3cm submerged) in current >0.1m/s
@ VOOC: Submerged vegetation (at least 2-3cm submerged) in current<0.1m/s
® GSM: Small particles submerged
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13.2.1 Integrated Stress Curve

The individual component stresses are illustrated in Figure 13-1as well as the integrated stress line
(black line). Note that the invertebrate line (purple line) falls under the integrated stress line and
cannot be seen.

—Fish — Invertebrates - Integrated

Stress

0.02 0.04 0.06 0.08 0.1 0.12 0.14
Flow (m3/s)

Figure 13-1 Component and integrated stress curves for EWR 4
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14 EWR 4 — GEELHOUTBOOM RIVER: DETERMINATION OF EWR
SCENARIOS

14.1 Low flow requirements

The integrated stress index must now be used to identify required stress levels at specific
durations for the wet and dry month/season. Drought flows were set as 95 to 100% assurance (i.e.
stress durations of 5 to 0%) and, based on the hydrological characteristics, maintenance flows
were set as 70% assurance (i.e. stress durations of 30 %).

Dry season (January C/D category) Wet season (August C/D category)
‘ — Reference — Present Da% ‘ — Reference — Present Da%
10
] OFish : O Fish
o] F | ®Inverts ' ® Inverts
8- ]
27 87
o B P |
26 b6
mn | w |
T 5 5
i8] N e} l
al i g i
54 )
3 ) -
2 o
@ 3 2 3
2 ]
1 ]
0 : T T T T T T T T T T 0 : i i T i i i T T T T
0 10 20 30 40 50 60 70 80 90 100 0o 10 20 30 40 50 60 70 80 920 100
% Time Equalled or Exceeded % Time Equalled or Exceeded

Figure 14-1 EWR 4 — Stress duration curve for a C/D REC
14.1.1 Stress duration motivations: Fish

The indicator species is Pseudobarbus afer (refer to EWR 1 for explanation). The lack of optimum
spawning habitat (silt-free riffles with cobbles) means that the stress value never reaches zero in
spite of suitable flows. The lack of cover at low flows was the main factor taken into account in this
assessment and the lack of suitable substrate in pools was also taken into account.

14.1.2 Stress duration motivations: Aquatic invertebrates

AQUATIC INVERTEBRATES: DURATIONS AND MOTIVATIONS TO BE USED FOR DETERMINING
STRESS REQUIREMENTS

Indicator: Aquatic Invertebrate community
Indicator taxa with a preference for slow to moderate flows and moderately good water quality at this site
are Leptophlebiid mayflies. The invertebrate fauna collected at this site is resilient.

INVERTEBRATE STRESS REQUIREMENTS

DRY SEASON (January)

DROUGHT: Stress of 10 or less for 95% of the time
As this is a seasonal system, presently flowing only after rainfall, it is likely to be a dry channel with pools
(Stress 9) for at least half the time. During these conditions, indicator species are unlikely to survive,
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AQUATIC INVERTEBRATES: DURATIONS AND MOTIVATIONS TO BE USED FOR DETERMINING
STRESS REQUIREMENTS

however the rest of the taxa present may maintain. There will be no SIC or MV habitat, and if no-flow
conditions persist, water quality conditions will deteriorate in pools. Community structure will alter and food
resources will be limited for all taxa. Continuation of these conditions for 1 - 2 months is likely to result in a
significant loss of taxa. Breeding success is likely to be low.

MAINTENANCE (C/D): Stress of 8.6 or less for 45% of the time

During the high-stress periods there is likely to be a loss or reduction of indicator taxa. The majority of the
community will withstand a loss of surface flow and connectivity and will retreat to pools habitats. Breeding
success is likely to be limited. For at least half the time, there is a trickling flow that will maintain the
majority of the community, although the community structure and age distributions may alter significantly
during periods of sustained flow cessation.

WET SEASON (August)

DROUGHT: Stress of 8.6 and less for 95% of the time

There is sufficient pool habitat to maintain the majority of the late-winter invertebrate community (about
70%), during short periods of high stress. If flow reduction is followed by no-flow conditions that persist for
longer than 2 - 3 days, the indicator taxa are likely to be eliminated or severely impacted. The effect of this
will be a change in community structure and a reduction in the diversity of the breeding community in early
summer, which relates to longer-term changes in the invertebrate biodiversity.

MAINTENANCE (C/D): Stress of 8 and less for 55% of the time

The river has enough trickling flow to ensure maintenance of the population of the majority of the
invertebrate community, and to ensure a reasonable breeding community. Availability and quality of
summer breeding habitat is threatened if there is continual higher stress (>6 - 7) for longer than 2 weeks.
The low stresses (4 and less) equate to flows that will maintain those taxa with preferences for moderate
flows.

14.2 Final low flow requirements

The following adjustments to the Desktop Reserve Model D requirements had to be made to fit the
specialist requirements. The final curves for EWR 4 are shown in Figure 14-2.

o The Desktop Reserve Model provided 6.17 % of the virgin MAR for the Maintenance Low
Flow (MLF).

o The Desktop Reserve Model provided 3.51% of the virgin MAR for the droughts.

o The DLF was reduced to 1% MAR with no flow in the dry season and reducing the wet
season.

o The MLF was decreased from the Desktop Reserve Model to 5.76% (reduced dry season

and increased wet season).
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Dry season (January) Wet season (August)
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(4]
Ecological Stress

T LI LA B L LI e L T T T T T
0 0 20 30 40 5 L =0 = I (1] 0 m 2o 3 40 30 BO YO SO 90 100
% Time Ecuidled or Exceeded % Time Ecualed or Exceeded

Figure 14-2 EWR 4 - Final curve
14.3 High flow requirements

The functions for each Flood Class are described in spreadsheets (Appendix 1). A summary of the
flood class ranges and the recommended high flow events for EWR 2 is shown in Table 14-1.

Table 14-1  Flood class ranges, and the recommended high flow events for each scenario at

EWR 4
Flood classes (m°/s)

Component I Il [
Fish 0.1-0.3 0.3-0.5
Invertebrates 0.1-0.3 0.3-0.5
Vegetation 0.18-0.8 0.8-1.08
Geomorphology 08-1.4
Integrated 0.1-0.3 0.3-0.8 0.8-14
Daily average 0.3 1
Duration (days) 2 2

The number of high flow events required for each EC is provided in Table 14-2.

Table 14-2  The recommended number of high flow events required for each EC — EWR 4

Flood NUMBER OF EVENTS: EC C/D
classes Invert Fish Veg Geom INTEG" FINAL
Class | 5 5 5
Class Il 3 3 6-8 8 8
Class llI 1 1 1 1
Class IV
Class V

@ Integ = Integrated
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These results were checked with the hydrology and were found to be acceptable.

14.4 Final results

Note: The model output refers to IFRs, which reflect the flow component of EWR (the other being

quality).

C/D category:

The results are summarised as follows and provides a comparison with the Desktop Reserve

Model.
Desktop Reserve Model 2004 requirements
MLF (C/D) 6.17 5.76
High flows (C/D) 10 11.3
Droughts (C/D) 3.51 1
Long Term mean (C/D) | 16.9 17.1

14.4.1

IFR table for REC: C/D

Please note: The IFR table generated from the Desktop Reserve Model and the IFR assurance
rule tables. The low flows in the table are therefore not specific values set, but those derived from
the stress requirements. The high flows are according to those specified.

Desktop Version 2, printed on 2004/09/23

Virgin MAR (MCM): 3
BFI index: 0.27

.61

Distribution Type: S. Karoo

Months MLF (m%s) DLF (m%s) __ Highflows
Average daily (m“/s) Durations (days)
October 0.009 0.002 0.3 2
November 0.009 0.001 0.3 1
December 0.005 0.0
January 0.003 0.0
February 0.003 0.0
March 0.004 0.0
April 0.005 0.0
May 0.006 0.001
June 0.007 0.002 0.3 1
July 0.008 0.002 0.3 1
August 0.010 0.003 0.3 2
September 0.010 0.003 0.3;1 1,2
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14.4.2 IFR assurance rules for REC: C/D

Desktop Version 2, Printed on 2004/09/23

Summary of IFR rule curves for: Kromme_4 Natural Monthly Flows
Determination based on defined BBM Table with site specific assurance rules.

Regional Type: S.Karoo EC=C/D
Data are given in m3/s mean monthly flow

% Points
Month 10% 20% 30% 40% 50%

60%

70%

80%

90%

Oct 0.071 0.061 0.053 0.045 0.032 0.027 0.019 0.012 0.007 0.005

Nov 0.032 0.031 0.030 0.028 0.025
Dec 0.008 0.008 0.007 0.007 0.006
Jan 0.005 0.005 0.004 0.004 0.004
Feb 0.005 0.005 0.004 0.004 0.004
Mar 0.006 0.006 0.006 0.005 0.005
Apr 0.008 0.008 0.007 0.007 0.006
May 0.009 0.009 0.009 0.008 0.007
Jun 0.040 0.035 0.031 0.027 0.020
Jul 0.041 0.036 0.032 0.028 0.021

Aug 0.072 0.063 0.055 0.047 0.034
Sep 0.142 0.121 0.104 0.088 0.060

Reserve flows without High Flows

Oct 0.014 0.014 0.013 0.012 0.011
Nov 0.014 0.014 0.013 0.012 0.011
Dec 0.008 0.008 0.007 0.007 0.006
Jan 0.005 0.005 0.004 0.004 0.004
Feb 0.005 0.005 0.004 0.004 0.004
Mar 0.006 0.006 0.006 0.005 0.005
Apr 0.008 0.008 0.007 0.007 0.006
May 0.009 0.009 0.009 0.008 0.007
Jun 0.011 0.011 0.010 0.010 0.009
Jul 0.012 0.012 0.012 0.011 0.010
Aug 0.016 0.015 0.015 0.014 0.013
Sep 0.016 0.015 0.015 0.014 0.013

Natural Duration curves

Oct 0.419 0.248 0.165 0.121 0.102
Nov 0.334 0.171 0.131 0.105 0.079
Dec 0.152 0.108 0.083 0.063 0.044
Jan 0.089 0.063 0.044 0.038 0.032
Feb 0.134 0.070 0.042 0.035 0.021
Mar 0.159 0.089 0.057 0.038 0.025

0.020
0.005
0.003
0.003
0.004
0.005
0.006
0.016
0.017
0.028
0.049

0.009
0.009
0.005
0.003
0.003
0.004
0.005
0.006
0.007
0.008
0.011
0.011

0.083

0.072
0.044
0.025
0.014
0.019

0.014
0.003
0.002
0.002
0.003
0.003
0.004
0.012
0.012
0.021
0.036

0.007
0.006
0.003
0.002
0.002
0.003
0.003
0.004
0.006
0.006
0.008
0.008

0.070
0.066
0.038
0.019
0.014
0.019

0.008
0.002
0.001
0.001
0.001
0.002
0.003
0.008
0.008
0.013
0.022

0.004
0.004
0.002
0.001
0.001
0.001
0.002
0.003
0.004
0.004
0.006
0.006

0.063
0.052
0.032
0.019
0.014
0.013

0.004
0.000
0.000
0.000
0.000
0.000
0.001
0.004
0.004
0.008
0.012

0.003
0.002
0.000
0.000
0.000
0.000
0.000

0.001

0.002

0.003
0.004
0.004

0.051
0.039
0.025
0.013
0.007
0.013

0.003
0.000
0.000
0.000
0.000
0.000
0.001
0.004
0.003
0.006
0.009

0.002
0.001
0.000
0.000
0.000
0.000
0.000
0.001
0.002
0.002
0.003
0.003

0.025
0.020
0.019
0.006
0.007
0.006

99%
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Apr 0.171 0.072 0.059 0.046 0.033 0.026 0.020 0.020 0.013 0.007
May 0.241 0.127 0.063 0.044 0.038 0.032 0.025 0.019 0.013 0.006
Jun 0.289 0.144 0.092 0.066 0.046 0.039 0.033 0.026 0.013 0.007
Jul 0.197 0.127 0.089 0.076 0.070 0.057 0.044 0.038 0.025 0.006

Aug 0.394 0.159 0.127 0.095 0.083 0.070 0.057 0.044 0.032 0.019
Sep 0.531 0.230 0.171 0.118 0.105 0.079 0.066 0.052 0.039 0.026

14.5 Confidence

The confidence is evaluated according to a score of 0-5 with zero reflecting ‘no confidence’ and 5
reflecting ‘very high’ confidence. The confidence scores are summarised as follows:

0 (no confidence) 1 (low confidence)
2 (low to medium confidence) 3 (medium confidence)
4 (medium to high confidence) 5 (high confidence)

Results per component are shown in Table 14-3.

Table 14-3  Confidence ratings for EWR 4

o Ecoclassification |Available data| Suitability of IFR site |10 requirements
Discipline High Low
Confidence Confidence Confidence Confidence| Confidence

Hydrology 2 1
Hydraulics 1 5 3 2
Geomorphology 3 2 4 2 N/a
\Water quality 1 1
Riparian vegetation 3 1 3 2 N/a
IAquatic invertebrates 1 1 3 2
Fish 1 1 1 3 3

@ The shaded blocks indicate where confidence is not applicable.

Confidence explanations

Hydraulics: Measured flow of 0.000086m?/s (86ml/s). No measured low to moderate and high flow
data. Recommended low flows are in the range 0 to 0.01m%s and high flows in the range 0.3 -
1.4m%s (within year). The high flow confidence is higher than the low flows as high flows are
usually easier to model than the low flows if no flow data is available.

Geomorphology: This site was representative of the present system but bank erosion may have
removed morphological clues. The stream was too small to give sufficient detail on the aerial
photos and there was a lack of field evidence on the catchment condition. A low confidence in
hydraulics was applied to an incised and widened channel. The general confidence in data and
requirements was therefore low to moderate.

Water quality: Confidence is low due to the limited data (n = 3; monthly monitoring February — May
2003).
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Riparian vegetation: Available data was confined to one site visit. Low flow output was in terms of
fish and aquatic invertebrates therefore the confidence is in the low to medium range.

Fish: There were no suitable riffles present and fish habitat is very marginal. There is no historical
data on this site and fieldwork was limited and the confidence is in a general low to medium range.

Aquatic invertebrates: This site had low habitat diversity. It was not possible to sample with high
confidence due to lack of flow depth. The hydrology at this site is uncertain and therefore it is
difficult to derive a reference state with any confidence as well as flow requirements.
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15 EWR 5 — SEEKOEI RIVER: ECOCLASSIFICATION

15.1 Reference conditions
15.1.1 Geomorphology

This site is located on an alluvial gravel bed reach with a narrow flood bench with low gradient
valley side slopes. The gradient of the site could not be calculated due to discrepancies between
adjacent maps. This reach lies immediately downstream of a gorge. Flood frequency
characteristics would be similar to those described for EWR 1, although this is a much smaller
river. Strong coupling between tributaries and the main channel in the upper catchment would
deliver coarse sediment to the channel. Evidence from a series of aerial photographs since 1942
suggest that the reference condition for this site is a narrow, single thread channel (probably
displaying pool-riffle morphology) with an open canopy of indigenous woody riparian vegetation.

15.1.2 Riparian vegetation

The riparian vegetation reference condition for the river reach is characterised mainly by shrubs
such as Maytenus heterophylla, Diospyros sp., Azima tetracantha, and Carissa bispinosa. The
canopy is open and grasses are common in the open spaces between shrubs. Exotic species are
absent.

15.1.3 Water quality

The DWAF monitoring point K9H007QO1 (at the lower end of the WQSU around Kruisfontein /
Humansdorp) was used for the PES assessment in preference to the additional monitoring point
(WQ10 at Bergplaas) due to sample size and length of data record (although it is still limited). The
default boundary tables were used for Reference Condition.

15.1.4 Fish

From historical records and general fish distribution data, a total of approximately 5 indigenous fish
species are expected to be present in the Seekoei River at EWR 5, although eels are expected in
low numbers only:

) Pseudobarbus afer

J Sandelia capensis

) Anguilla mossambica
) Anguilla marmorata

. Anguilla bicolor bicolor

15.1.5 Agquatic invertebrates

A reasonable diversity of undisturbed physical and hydraulic habitats would be expected. These
would include a low diversity of stones habitats and a higher diversity of pools, marginal vegetation
and sand/gravel/mud environments. Bank stability would be high, and disturbance to the channel
morphology low. Shading would be approximately 30 - 50%, with some leaf-fall into the system.
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The expected fauna would include Turbellarians, Oligochaetae, Hydracarina, baetid and caenid
mayflies, Aeshnid, Gomphid and Libellulid Odonata, Belostomatid, Corixid, Gerrid and Pleid
Hemipterans, Hydropsychid caddis, Elmid, Gyrinid and Hydraenid Hemipterans, Ephydrid, Tipulid
and Tabanid Dipterans, and Ancylid, Lymnaeid and Physid Gastropods.

15.2 Present Ecological State (PES)

It must be noted that this site changed considerably during the study period. It was first visited
during a wet period and the marginal vegetation was abundant. Since then the site was accessed
by cattle and the cross-section and surrounding areas have been severely trampled. During the
last visit, dry conditions and anthropogenic impacts (fence maintenance) increased the pressure. It
was therefore difficult to assess the PES of the site, especially a PES representative of this site
and the reach considering these fluctuations.

15.2.1 Habitat Driver PES

The hydrology PES (B) and geomorphology PES (D) information is available in Appendix A and
Appendix B respectively. Water quality PES is a B/C category. The driver category is a C and the
composition of the driver category is provided in Table 15-1.

The reasoning for the geomorphology category (D) is provided below.

PES | Causes Sources Flow/Non flow
related
_Channel widening and Black Wattles. Non flow related.
D increased sand on bed.
Backing up water. Bridge. Non flow related.
Table 15-1  Habitat driver category for EWR 5
Components Weighted driver score
GEOMORPHOLOGY 15.24 (D)
HYDROLOGY 43.86 (B)
WATER QUALITY 17.35 (B/C)
Weighted driver status (%) 76.45
HABITAT DRIVER CATEGORY C

15.2.2 Biological response PES

15.2.2.1 Riparian vegetation (F)

The reach is dominated by Black Wattle, Bramble and Kikuyu. Marginal vegetation is largely
absent due to grazing. Cattle have trampled the riparian zone and riparian shrubs have been
browsed and removed. Species diversity, composition and structure have therefore been seriously
impacted. Vegetation cover and abundance have been less affected due to the fact that the cover
and abundance provided by exotic species is high.
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PES Causes Sources Flow/Non flow related

Invasion of exotic species and

. - . Non flow related.
exclusion of indigenous species.

Decreased species diversity.

Changes in species Invasion of exotic species and

. . - . Non flow related.
composition. exclusion of indigenous species.

. . Invasion of exotic species and
Changes in vegetation cover . .
exclusion and removal of indigenous | Non flow related.
and abundance.

F species.

Invasion of exotic species and
exclusion and removal of indigenous | Non flow related.

Changes in vegetation species.

structure. Invasion of exotic species and
exclusion and removal of indigenous | Flow related.
species.

15.2.2.2 Fish (C)

No Micopterus salmoides was found at this site, but are very likely to be present downstream.
Only Sandelia capensis was caught (n = 6), with the more sensitive P. afer absent. Serious habitat
destruction is apparent in the downstream section of this Resource Unit. Apart from the suspected
serious impact of predation by bass, mostly non flow related impacts in sections of this reach are
severe.

The PES was assessed, by ignoring the impact of alien fish and assessing how the original
(expected) endemic fish would have responded to habitat changes caused by alterations to the
habitat drivers. Taking the impact of alien predatory fish into account will reduce the PES to a
category E or F due to the apparent total elimination of indigenous fish.

PES Causes Sources Flow/Non Flow related
Flow Modification — reduced or | ¢  Farmer abstracting flows. Flow related.
no flows, low flows for lon . ) .
periods 9. Thirsty alien trees upstream of site. | Non flow related.

e Roads, cattle trampling, bad
Increased sediment input. agricultural practices, bank | Non flow related.
collapse, trees in riparian zone.

15.2.2.3 Aquatic invertebrates (D)

This site was difficult to interpret due to the uncertainty of its natural hydrology. It was sampled
only once, during low flow conditions. The channel and margins had been recently severely
trampled by cattle, and water quality was expected to be poor. The flow and marginal vegetation
habitats sampled upstream of the road-crossing yielded a low-diversity and a hardy fauna, with a
low ASPT of 4.3, indicating a hardy fauna, with the majority of taxa having some tolerance for
organically polluted water.
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PES Causes Sources Flow/Non flow related

Altered hydraulic habitat. Road bridge. Flow related.

Deterioration in channel bed | caitle
D | morphology, loss of instream
and riparian habitat.

trampling, clearing, bank

. . Non flow related.
instability.

Deterioration in water quality. Cattle, farming activities, sedimentation. | Non flow related.

15.2.3 Instream PES (D)

The Instream PES is summarised in Table 15-2.

Table 15-2 Instream PES for EWR 5

Rating (0O=low, 5=high)

Criteria
Rcact)ir:g Ave |Weight|PES|Category
Availability of high confidence fish information 2
1 Diversity of fish species with different flow requirements 2
> Diversity of fish species with a preference for different cover ’
types
3 Diversity of fish species with a preference for different flow ’

depth classes

Diversity of fish species with various tolerances to modified

4 . 2 2 0.50 |66.6 C
water quality

Availability of high confidence invertebrate information

5 Diversity of invertebrate biotopes 2
6 Diversity of invertebrate taxa with different velocity requirements 2
Diversity of invertebrate taxa with different tolerances to
7 DVersty ! 2 > | 050 492 D
modified water quality
4 1 57.9 D
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15.2.4 PES Ecostatus (C)

The Ecostatus is summarised in Table 15-3 and the PES categories shown in Table 15-4.

Table 15-3  Summary of the Ecostatus for EWR 5

Separating out the proportions for Driver: Response Rating (0=low, 5=high) -
Response | Score |Ave | Weight
Instream Response questions
\What is the general level of sensitivity to modified water quality? 2
Fish: What is the general level of trophic specialisation? 2
What is the general level of habitat specialisation? 2
What is the general level of flow intolerance? 2 2 0.46
Habitat Driver Questions
How sensitive is channel type to change in geomorphological 3
drivers?
How sensitive are hydraulic habitats to flow change?* 2
How sensitive is water quality to flow change? 2 2.33| 0.54
Total 4.33 1
PES Category
INSTREAM CATEGORY| 57.92 D
DRIVER CATEGORY 76.4 C
ECOSTATUS| 67.90 C
W This rating is applicable to low flows
(%): >89=A;80-89=B;60-79=C;40-59=D;20-39=E;<20=F

Table 15-4  Summary of the PES categories for EWR 5

HYDROLOGY

GEOMORPHOLOGY

WATER QUALITY

AQUATIC INVERTEBRATES

RIPARIAN VEGETATION

| .
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15.2.5 Trends

Geomorphology — Long term negative trend within the same class.
Vegetation — Long term negative within the same class.

Fish - Negative trend, half a category - possibly short-term.

Aquatic Invertebrates — Negative trend, half a category - possibly short-term.

15.3 Importance
15.3.1 Ecological Importance and Sensitivity

The EIS was rated as moderate (present), as there are rare fish species (P. afer) and vegetation
(Podocarpus latifolius) present in the RU. There are a number of invertebrate taxa and fish that
are intolerant to flow and flow related water quality triggers. There is a diversity of habitat types.

The confidence ranged from low to high for the different matrices.

15.3.2 Socio-cultural Importance

Land use for Resource Unit F (Segment 1 — 3 EWR 5: Segment 2) is of importance to irrigated
agriculture and to the town of Humansdorp but direct dependence as defined for the purposes of
socio-cultural importance is limited.

The S| was rated as low and the confidence was medium.

15.4 Range of Ecological Categories
15.4.1 Recommended Ecological Category (REC)

The EWR site was evaluated in relation to the rest of the RU. The EWR site is in worse condition
than the river upstream to its source. However, due to the steep gradient and bedrock nature of
the upstream river, a suitable site could not be found for hydraulics in the Resource Unit. The
EWR site selected had to be used to set flow requirements, but in determining the PES and the
flows, the upstream section should be considered. A further complication was that the EWR site
was damaged since selection by extreme cattle-trampling on the cross-section and further by
fencing activities immediately downstream of the cross-section.

The main purpose of the site so far upstream in the river would be to protect the upper river. The
lower river is severely degraded and consists mostly of back-to-back dams. Considering the
moderate EIS and low SI, the REC of a C is set to maintain the PES.

15.4.2 Alternative Ecological Categories

All response components apart from fish were in a D category. The geomorphology was also in a
D category. To set an alternative category of an Ecostatus of a D (PES Ecostatus is a C) would
mean that only fish must be changed. Taking into account the confidence in the resolution of these
extremely small flows, and the lack of ecological knowledge, it was decided that alternative
categories would not be recommended.
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15.4.2.1 Fish

In reduction of the EC from a C to a D, the reduction in flows will mainly affect the low flows i.e.
longer periods of low flows are experienced, including periods of critically low flows (possibly no
flow periods). The fish stress will increase during extended low flow periods due to:

o Increased predation on fish due to reduced cover in the form of undercut banks, root wads
and marginal vegetation. Fish crowded in shallow and open water and thus are
vulnerable to increased predation.

° At low or NO flows the water quality will deteriorate (increased temperatures, lowered DO
levels and growth of iron bacteria on substrate surfaces), resulting in a drop in available
food items, poor fish health and increased mortalities due to disease.

° Spawning success may be slightly impacted due to reduction in number and size of
optimum spawning sites — e.g. for P. afer areas of optimum water depths and current
velocities over riffle habitats.

Thus numbers of fish will drop and although no species will disappear, they will become even more
rare and isolated in small pockets. The component alternative categories are provided in Table 15-

5.

Table 15-5  Summary of the Alternative Ecological Category D for EWR 5

C I I

HYDROLOGY

GEOMORPHOLOGY

WATER QUALITY

AQUATIC INVERTEBRATES

RIPARIAN VEGETATION
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16 EWR 5 — SEEKOEI RIVER: STRESS INDICES
16.1 Stress Index: Fish

Pseudobarbus afer was used as the indicator species. The lack of optimum spawning habitat (silt-
free riffles with cobbles) means that the stress will be high in spite of suitable flows.

Lack of cover at low flows was the main factor taken into account in the assessment as well as the
lack of suitable substrate in pools. Habitat suitability, from which species stress is derived, is
shown in Table 16.1.

16.2 Stress Index: Aquatic invertebrates

The fauna at this site is affected by both flows and water quality. The fauna is resilient, with few
sensitive taxa to serve as indicators. Simuliids and Hydropsychiids are indicators of moderate to
fast flow conditions (>0.3 m/s). Leptophlebiids and Caenids have a preference for slower flow
conditions (<0.1 and 0.1 - 0.3 respectively), and are threatened by flow cessation and by water
quality impairment. The fauna is dominated by taxa which prefer low flow conditions, and which
can largely survive standing water (for a short period), as long as water quality is not seriously
impaired. As surface water and connectivity diminishes, this fauna will reach maximum stress.
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Table 16-1  Habitat suitability at EWR 5

FLOW (m3/s)

0.10 0.050 | 0.016 | 0.001
RELATIVE ABUNDANCE OF FLOW-DEPTH & COVER RATING:
0=NONE; 1=RARE; 2=SPARSE; 3=MODERATE; 4=ABUNDANT; 5=VERY
ABUNDANT
FAST DEEP 0 0.0 0.0 0.0
Overhanging vegetation 0.0 0.0 0.0 0.0
Undercut banks & root wads 0.0 0.0 0.0 0.0
Substrate 0.0 0.0 0.0 0.0
Aquatic macrophytes 0.0 0.0 0.0 0.0
Water column 0.0 0.0 0.0 0.0
FAST SHALLOW 3.0 2.0 2.0 1.0
Overhanging vegetation 4.0 4.0 3.0 2.0
Undercut banks & root wads 3.0 3.0 2.0 2.0
Substrate 4.0 3.0 3.0 2.0
Aquatic macrophytes 4.0 3.0 2.0 1.0
Water column 0.0 0.0 0.0 0.0
SLOW DEEP 2.0 2.0 1.0 1.0
Overhanging vegetation 3.0 3.0 2.0 1.0
Undercut banks & root wads 3.0 3.0 2.0 2.0
Substrate 3.0 3.0 2.0 2.0
Aquatic macrophytes 3.0 3.0 2.0 2.0
Water column 2.0 2.0 2.0 2.0
SLOW SHALLOW 5.0 5.0 4.0 2.0
Overhanging vegetation 5.0 4.0 3.0 2.0
Undercut banks & root wads 3.0 2.0 2.0 1.0
Substrate 4.0 3.0 3.0 2.0
Aquatic macrophytes 4.0 3.0 2.0 1.0
Water column 0.0 0.0 0.0 0.0
FLOW 0.10 0.05 0.02 0.00
SUITABILITY FOR DIFFERENT FISH REQUIREMENTS PER HABITAT GUILD
SEMI-RHEOPHILIC P. afer
Breeding and early life-stages 5.0 5.0 3.0 0.0
Survival /Abundance 5.0 5.0 3.0 2.0
Cover 5.0 4.0 3.0 2.0
Health and condition 5.0 5.0 5.0 2.0
Water quality 5.0 5.0 4.0 2.0
Ezic;pergl)lc stress - (breeding requirements 0.0 04 28 6.8
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Flow-depth converted to habitat response

flow)

Fast deep 10.0 10.0 10.0 10.0
Fast shallow 4.0 6.0 6.0 8.0
Slow deep 6.0 6.0 8.0 8.0
Slow shallow 0.0 0.0 2.0 6.0
OVERALL HABITAT RESPONSE 5.0 5.5 6.5 8.0
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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Table 16-2  Stress table — Flow dependant invertebrate at EWR 5

Habitat abundance and HABITAT
: . TotalModifier BIOTIC RESPONSE
Habitat suitability " CHARACTERISTICS
Flow Flow HABITAT (Hydraulic Using the full Flow Community
Response RESPONSE parameters as 9 stress
Index |SIC'[soOC?vIC®lvoocC*|GsM® measured by Dr | | COMmunity of aquatic
Birkhead) invertebrates present
Rating
(site at
3 2 2 1 5 13 0.13
observed
flow)
All available habitats|Max depth All very abundant. All
in excess, high|0.24 healthy, all species
quality: most very|Av depth persist.
fast, deep, wide|0.075
wetted perimeter|Area
(WP). 0.3
0 5 4 4 2 5 20 0.1 ) 0.1 0
Width
4.06
WP
4.93
Av velocity
0.306
Most plentiful, VIC All  abundant. All
reduced, mostly high healthy, all species
1 4| 3 |a| 2 | 5 |18 u yhig oy pec 1
quality; very fast and persist.
fast, deep, wide WP.
Critical stones|Max depth Slight reduction for
habitats sufficient;|0.22 sensitive rheophilic
2 4 3 3 2 4 16 0.05 |quality slightly|Av depth species. All healthy in 2
reduced; fast and|0.062 some areas, all species
very fast, deep, wide|Area persist.
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Habitat abundance and . HABITAT
Selfiet STl Total|Modifier CHARACTERISTICS BIOTIC RESPONSE
Flow Flow HABITAT (Hydraulic Using the full Flow Community
Response L ) s . 5 RESPONSE parameters as g i ' stress
Index |SIC|SOOCTVICT|VOOC"|GSM measured by Dr community of aquatic
Birkhead) invertebrates present
WP slightly reduced. |0.23
Width
3.67
WP
4.47
Av velocity
0.19
Reduced critical SIC Reduction of all
and VIC habitat, rheophilic species, all
reduced critical healthy in limited areas,
3 3 5 3 1 4 13 quality; moderate a_nd all species persist. 3
fast velocity,
moderately deep, WP
slightly/moderately
reduced.
SIC reasonably|Max depth Further reduction for
abundant, of good|0.2 rheophilic species
quality, VIC very|Av depth (Simuliidae); all viable
reduced, VOOC|0.065 in SIC areas, critical life
reduced, slow with|Area stages of some
4 3 5 5 1 4 12 0.016 rare moderately fast 0..16 sens!tlve rheophlllc 0.05 4
areas. Width species at risk, all
2.49 species persist.
WP
3.22
Av velocity
0.106
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Habitat abundance and . HABITAT
Selfiet STl Total|Modifier CHARACTERISTICS BIOTIC RESPONSE
Flow HABITAT Hvdraulic Community
Response N ) 3 4 s Flow RESPONSE pa(ra)[/neters as USing the full ) Flow stress
Index |SIC|SOOCTVICT|VOOC"|GSM measured by Dr (.:ommunlty of aquatic
Birkhead) invertebrates present
Critical stones habitat|Max depth Limited populations of
reduced; VIC absent,|0.18 all rheophilic species.
low quality; mix of|Av depth Critical life-stages of
velocity classes,|0.062 sensitive rheophilic
some deep areas,|Area species at risk or non-
WP moderately/very|0.12 viable (disappear at <
5 2 2 1 4 1 0.006 reduced. Width 0.3m/s); most species 5
1.92 persist.
WP
2.55
Av velocity
0.51
Critical habitat (SIC|Max depth Sensitive rheophilic
and SOOC) very|0.16 species rare, critical
reduced. Reduced|Av depth stages of sensitive
quality; low velocity,|0.067 species (Helodid
limited deep areas,|Area larvae) non-viable due
6 5 5 1 3 9 0.002 moderate WP. 0.99 t[O . water . quality 0.016 6
Width impairment, risk for
1.3 some less sensitive
WP species. Most species
1.81 persist in the short-
Av velocity term.
0.021
Very reduced critical|Max depth Rheophilic taxa rare; all
7 2 1 0 3 7 0.0005|habitat, Other|0.14 life-stages of sensitive|0.006 7
habitats of low|Av depth rheophilic species at
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Habitat abundance and . HABITAT
Selfiet STl Total|Modifier CHARACTERISTICS BIOTIC RESPONSE
Flow HABITAT Hvdraulic Community
Response N ) 3 4 s Flow RESPONSE pa(ra)[/neters as USing the full ) Flow stress
Index |SIC|SOOCTVICT|VOOC"|GSM measured by Dr (.:ommunlty of aquatic
Birkhead) invertebrates present
quality; slow, shallow,|0.063 risk or non-viable.
moderate WP. Area Sensitive rheophilic
0.06 species will disappear
Width with sufficient duration
1.01 of these conditions.
WP
1.42
Av velocity
0.008
Flowing water|Max depth Remnant populations of
habitats residual, no|0.12 some rheophilic
vegetation, low|Av depth species; most life
quality: slow trickle,|0.067 stages of most
small WP. Area rheophilic species at
0.05 risk or non-viable,
8 1 ! 0 2 ° 0.0001 Width Leptophlebiids 8
0.07 threatened.
WP
1.0
Av velocity
0.002
Standing water|Max depth Mostly pool dwellers,
habitats only, very|0.1 most life stages of most
9 1 0 0 1 ’ 0 low quality, no 'flow. Av depth rheophilic species nf)n— 0.001 9
SOOC only available|0.06 viable; Leptophlebiids
habitat. Area likely to disappear.
0.03
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Habitat abundance and HABITAT
; T Total|Modifier BIOTIC RESPONSE
Habitat suitability CHARACTERISTICS
Flow HABITAT i Communit
Flow {rbelienle Using the full  [Flow g
Response RESPONSE parameters as 9 stress
Index |SIC'[sO0OC?vIC®lvoocC*|GsM® measured by Dr | | COMmunity of aquatic
Birkhead) invertebrates present
Width
0.57
WP
0.79
Av velocity
0.0
Only hyporheic No invertebrates likely.
10 0 0 0 0 0 0 0 [refugia, no surface 10
water.
@ SIC: Partially submerged hard substrate in current >0.1m/s
@ SOOC: Partially submerged hard substrate in current <0.1m/s
@ VIC: Submerged vegetation (at least 2-3cm submerged) in current >0.1m/s
@ VOOC: Submerged vegetation (at least 2-3cm submerged) in current<0.1m/s
® GSM: Small particles submerged
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16.2.1 Integrated stress curve

The individual component stresses are illustrated in Figure 16-1, as well as the integrated stress
line (black line).

— Fish  — Inverts — Integrate

©0.010.020.030.040.050.060.070.080.09 0
Flow (m3/s)

Figure 16-1 Component and integrated stress curves for EWR 5
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17 EWR 5 - SEEKOElI RIVER: DETERMINATION OF EWR
SCENARIOS

17.1 Low flow requirements

The integrated stress index must now be used to identify required stress levels at specific
durations for the wet and dry month/season. Drought flows were set as 95 to 100% assurance (i.e.
stress durations of 5 to 0%) and, based on the hydrological characteristics, maintenance flows
were set as 70% assurance (i.e. stress durations of 30 %). Stress duration curves for the REC
are shown in Figure 17-1.

Dry season (January C category) Wet season (August C category)
‘— Reference - c ‘ ‘— Reference —c ‘
10
Sl O Fish 107 O Fish
9- . @ Inverts 9] F ® Inverts
;J\J; 77; 5 7€ \a_)
A 6’ JJ 6| F
75 7 5]
Y, O
2{ 2,:
1] ]
] 1
0! 1 ‘ 1 1 ‘ 1 ‘ 1 1 ‘ 1
0 10 20 30 40 50 60 70 80 90 100 0 T T T T T

T T T T T
0 10 20 30 40 50 60 70 80 90 100

% Time Equalled or Exceeded % Ti £ ed £ ded
b Time Equalled or Exceede

Figure 17-1 EWR 5 - Stress duration curve for a C REC

17.1.1 Stress duration motivations: Fish

FISH: DURATIONS AND MOTIVATIONS TO BE USED FOR DETERMINING STRESS REQUIREMENTS

Indicator: Pseudobarbus afer
The indicator is a semi-rheophilic species, which is dependant on the flow for breeding in riffles at suitable
velocities and depths. Note that peak spawning activities take place in Spring (September to December) and
possibly some limited spawning in late summer, but main spawning requirements for species in terms of
stress requirements are included in wet season.

FISH STRESS REQUIREMENTS FOR THE REC

DRY SEASON (January)

DROUGHT: Stress of 9 or less for 5% of the time
Fish confined totally to pool with limited cover available, poor water quality and limited food available.

MAINTENANCE (C): 45% of the time at stress level of 7.5
Provides more cover and improved water quality and food.

WET SEASON (August)

DROUGHT: Stress of 9 or less for 5% of the time

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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There is very limited breeding capability as no shallow fast habitat remaining.
5% at stress level 8.9 - there will be limited fast shallow habitat and very limited breeding.

MAINTENANCE (C): 45% of the time at stress of level 6.5 equalled or exceeded
Provides some habitat for spawning and habitat slow shallow for larval growth. Sufficient cover and habitats,
but limiting factor will be breeding habitat.

Indicator: Pseudobarbus afer

Breeding thought to start in Spring (September to December) and need clean riffles plus suitable depths and
velocities.

Juvenile: Feeding and growth: Mostly slow shallow. Cover: Overhanging vegetation and emergent
vegetation. Duration 3 - 4 months.

Adult: Cue: Increased temperature and flow.

17.1.2 Stress duration motivations: Aquatic invertebrates

AQUATIC INVERTEBRATES: DURATIONS AND MOTIVATIONS TO BE USED FOR DETERMINING
STRESS REQUIREMENTS

Indicator: Aquatic Invertebrate community

Indicator taxa with a preference for slow to moderate flows and moderately good water quality at this site are
Leptophlebiid mayflies and Simuliids. The invertebrate fauna collected at this site is of low diversity and
resilient.

INVERTEBRATE STRESS REQUIREMENTS

DRY SEASON (January)

DROUGHT: Stress of 9 or less for 5% of the time

At a stress of 9, the maximum depth is 18cm and the channel width 1.3 m. This results in low habitat
availability (no SIC or MV) and indicators are likely to disappear if this condition (and the likely preconditions)
persists for a few days. The balance of the taxa is likely to survive in pools and SOOC habitats. With
ongoing high stresses, water quality conditions will deteriorate in pools. Community structure will alter and
food resources will be limited for all taxa. Continuation of these conditions for sufficient time is likely to result
in a significant loss of taxa. Breeding success is likely to be low, and juvenile life stages may be threatened.

MAINTENANCE (C): Stress of 8 or less for 45% of the time

During the high-stress periods there is likely to be a loss or reduction of indicator taxa. The majority of the
community will withstand a loss of surface flow and connectivity and will retreat to pools and SOOC habitats.
At stresses over 8 breeding success is likely to be limited, and juvenile life stages will be threatened. For at
least half the time, there is a trickling flow that will maintain the majority of the community although the
community structure and age distributions may alter significantly during periods of sustained flow cessation.

WET SEASON (August)

DROUGHT: Stress of 8 and less for 5% of the time

There is sufficient pool habitat to maintain the majority of the late-winter invertebrate community (about 70%),
during short periods of high stress. If flow reduction is followed by no-flow conditions that persist for longer
than 2 - 3 days, the indicator taxa are likely to be eliminated or severely impacted. The effect of this will be a
change in community structure and a reduction in the diversity of the breeding community in early summer,
which relates to longer-term changes in the invertebrate biodiversity.

MAINTENANCE (C): Stress of 7 and less for 45% of the time

The river has enough trickling flow to ensure maintenance in the population of the majority of the invertebrate
community, and to ensure a reasonable breeding community. Availability and quality of summer breeding
habitat is threatened if there is continual higher stress (>6 - 7) for longer than 2 weeks. The low stresses (4
and less) equate to flows that will maintain those taxa with preferences for moderate flows.
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17.2 Final low flow requirements

The following adjustments to the Desktop Reserve Model C requirements had to be made to fit the
specialist requirements. Final curves are shown in Figure 17-2.

C category:

o The Desktop Reserve Model provided 22.5% of the virgin MAR (MFL and high flows).

o The Desktop Reserve Model provided 8.2% of the virgin MAR for the Maintenance Low
Flow (MLF).

) The Desktop Reserve Model provided 2.2% of the virgin MAR for the droughts.

o The DLF was reduced to 2.1% MAR with no flow in the dry season and reducing the wet
season.

) The MLF was increased from the Desktop Reserve Model to 12.2%.

Dry season (January) Wet season (August)

| = Reference =c | = Reference =c

Ecological Stress
Ecological Stress
(4]

T T
u] 10 il <1 40 a0 1] il an an 100
% Time Equsled or Exceeded % Time Equaled or Exceeded

Figure 17-2 EWR 5 — Final curve
17.3 High flow requirements

The functions for each Flood Class are described in spreadsheets (Appendix I). A summary of the
flood class ranges and the recommended high flow events for EWR 1 is shown in Table 17-1.
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Table 17-1  Flood class ranges, and the recommended high flow events for each scenario at

EWR 5

Component Flood classes (m®/s)
I Il I

Fish 0.1-0.3 03-1
Invertebrates 0.1-0.3 03-1
Vegetation 0.1-0.16 0.16-1.9
Geomorphology 0.15-0.3 1-19
Integrated 0.1-0.3 03-1 1-19
Daily average 0.1 0.3 0.7
Duration (days) 1 2 2

The number of high flow events required for each EC is provided in Table 17-2.

Table 17-2  The recommended number of high flow events required for each EC at EWR 5

Flood NUMBER OF EVENTS: EC C
classes Invert Fish Veg Geom | INTEG! FINAL
Class | 3 4 8 4 8 6 (May, Jun., Jul., Aug., Oct., Nov)
Class Il 1 2 2 1 (Oct)
Class lll 1 1 1 1 (Sept)
@) Integ = Integrated

These results were checked with the hydrology and were found to be acceptable.

17.4 Final results

Note: The model output refers to IFRs, which reflect the flow component of EWR (the other being
quality). C category: The results are summarised as follows as well as providing a comparison
with the DRM.

Desktop Reserve Model 2004 requirements
MLF (C) 8.2 12.2
High flows (C) 11.2 11.2
Droughts (C) 2.2 2.1
Long Term mean (C) | 18.8 22.5
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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17.4.1 |IFR table for REC: C

Please note: The IFR table generated from the Desktop Reserve Model and the IFR assurance
rule tables. The low flows in the table are therefore not specific values set, but those derived from
the stress requirements. The high flows are according to those specified.

Desktop Version 2, printed on 2004/09/23
Virgin MAR (MCM): 1.54

BFI index: 0.25

Distribution Type: S. Karoo

Months MLF (m%s) DLF (m%s) __ Highflows
Average daily (m*/s) Durations (days)

October 0.007 0.002 0.3 1
November 0.006 0.002 0.3 1
December 0.005 0.001
January 0.004 0.0
February 0.004 0.0
March 0.005 0.0
April 0.005 0.0
May 0.006 0.001 0.3 1
June 0.006 0.0 0.3 1
July 0.007 0.002 0.3 1
August 0.008 0.002 0.3;0.6 1;2
September 0.008 0.002 2 2

17.4.2 IFR assurance rules for REC: C

Desktop Version 2, Printed on 2004/09/23

Summary of IFR rule curves for : Kromme_5 Natural Monthly Flows
Determination based on defined BBM Table with site specific assurance rules.
Regional Type: S.Karoo REC=C

Data are given in m3/s mean monthly flow

% Points
Month 10% 20% 30% 40% 50% 60% 70% 80% 90% 99%
Oct 0.044 0.039 0.034 0.029 0.021 0.017 0.013 0.008 0.005 0.004
Nov 0.012 0.012 0.011 0.011 0.010 0.008 0.006 0.004 0.003 0.002
Dec 0.007 0.007 0.006 0.006 0.005 0.004 0.003 0.002 0.001 0.001
Jan 0.005 0.005 0.005 0.005 0.004 0.003 0.002 0.001 0.000 0.000
Feb 0.005 0.005 0.005 0.005 0.004 0.003 0.002 0.001 0.000 0.000
Mar 0.007 0.007 0.006 0.006 0.005 0.004 0.003 0.001 0.000 0.000
Apr 0.007 0.007 0.006 0.006 0.005 0.004 0.003 0.001 0.000 0.000
May 0.015 0.014 0.012 0.011 0.009 0.007 0.005 0.003 0.002 0.001
Jun 0.015 0.014 0.012 0.011 0.009 0.007 0.005 0.002 0.001 0.000
Jul 0.016 0.015 0.014 0.012 0.010 0.009 0.006 0.004 0.003 0.002
Aug 0.017 0.016 0.015 0.014 0.011 0.009 0.007 0.005 0.003 0.002
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Sep 0.079 0.068 0.058 0.049 0.034 0.028 0.021 0.013 0.007 0.006

Reserve flows without High Flows

Oct 0.009 0.009 0.009 0.009 0.008 0.006 0.005 0.003 0.002 0.002

Nov 0.008 0.008 0.008 0.007 0.007
Dec 0.007 0.007 0.006 0.006 0.005
Jan 0.005 0.005 0.005 0.005 0.004
Feb 0.005 0.005 0.005 0.005 0.004
Mar 0.007 0.007 0.006 0.006 0.005
Apr 0.007 0.007 0.006 0.006 0.005
May 0.008 0.008 0.008 0.007 0.006
Jun 0.008 0.008 0.008 0.007 0.006
Jul 0.009 0.009 0.009 0.009 0.008

Aug 0.011 0.011 0.010 0.010 0.009
Sep 0.011 0.011 0.010 0.010 0.009

Natural Duration curves

Oct 0.220 0.101 0.071 0.052 0.045
Nov 0.162 0.073 0.058 0.046 0.035
Dec 0.067 0.037 0.026 0.026 0.019
Jan 0.034 0.022 0.015 0.011 0.011
Feb 0.033 0.017 0.012 0.008 0.008
Mar 0.067 0.026 0.019 0.011 0.007
Apr 0.069 0.042 0.027 0.015 0.012
May 0.123 0.041 0.030 0.022 0.019
Jun 0.089 0.050 0.039 0.027 0.023
Jul 0.127 0.052 0.041 0.037 0.030
Aug 0.131 0.078 0.056 0.045 0.037
Sep 0.235 0.123 0.066 0.054 0.046

0.006 0.004
0.004 0.003
0.003 0.002
0.003 0.002
0.004 0.003
0.004 0.003
0.005 0.004
0.005 0.003
0.006 0.005

0.007 0.006
0.007 0.006

0.034 0.034
0.031 0.023
0.015 0.015
0.011 0.007
0.008 0.004
0.007 0.004
0.012 0.008
0.015 0.011
0.015 0.012
0.026 0.022
0.030 0.026
0.039 0.027

0.003
0.002
0.001
0.001
0.001
0.001
0.002
0.002
0.003
0.004
0.004

0.022
0.023
0.011
0.007
0.004
0.004
0.008
0.007
0.012
0.015
0.019
0.023

0.002
0.001
0.000
0.000
0.000
0.000
0.001
0.000
0.002
0.002
0.002

0.019
0.015
0.011
0.004
0.004
0.004
0.004
0.004
0.008
0.011
0.015
0.015

0.002
0.001
0.000
0.000
0.000
0.000
0.001
0.000
0.002
0.002
0.002

0.011
0.008
0.007
0.004
0.000
0.000
0.000
0.004
0.004

0.004
0.011
0.012
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17.5 Confidence

The confidence is evaluated according to a score of 0 - 5 with zero reflecting ‘no confidence’ and 5
reflecting ‘very high’ confidence. The confidence scores are summarised as follows:

0 (no confidence) 1 (low confidence)
2 (low to medium confidence) 3 (medium confidence)
4 (medium to high confidence) 5 (high confidence)

Results per component are shown in Table 17-3.

Table 17-3  Confidence ratings for EWR 5

L Ecoclassification |Available data Suitabilit.y of EWR Flow requirements
Discipline site High Low
Confidence Confidence Confidence Confidence|Confidence

Hydrology 2 1
Hydraulics 1 2 3
Geomorphology 4 2 1 2 N/a
Water quality 1 1
Riparian vegetation 3 2 2 2 N/a
IAquatic invertebrates 2 2 2 35 35
Fish 2 3 2 3 3

Confidence explanations:

Hydraulics: Measured flow of 0.016m%s. No measured moderate and high flow data.
Recommended low flows are in the range 0 to 0.008m%/s and high flows in the range 0.3 - 1.9m%s
(within year).

Geomorphology: The site is situated in a badly degraded reach of the Resource Unit, which is in a
better state upstream. The EWR site did not provide morphological clues to flows for the upper
reaches within the same resource and thus the confidence is low. The site has been modified from
natural conditions and the morphology is unlikely to represent the adjustment to present flows.
There is a low confidence in high flows as no daily hydrological data and low confidence hydraulic
data is available. The site is unrepresentative of the reach and is highly disturbed (further
disturbance due to trampling and grazing happended after site selection).

Water quality: Confidence is low due to the limited data (n = 3; monthly monitoring February to May
2003).

Riparian vegetation: Available data was confined to one site visit. The site was badly degraded
and consequently the confidences for the high flows and site value were low. A reasonable
understanding of the reference and present day conditions provided medium confidence for the
ecoclassification. Checking of the low flows against those established for fish was difficult due to
confusing low flow cues at the site resulting in low confidence.
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Fish: This site was an unsuitable habitat for fish, and a survey was undertaken 1km upstream of
the site. Good historical data was available but sampling was limited. Flood classes were based
on the upper, less disturbed reach. The confidence in the fish data and requirements was
therefore higher than the information linked to the IFR site, i.e. Ecoclassification and suitability of
EWR site.

Aquatic invertebrates: This site had a diversity of habitats. The reference condition was difficult to
assess as there is no historic data available and only one sampling was undertaken. The
confidence was therefore low to medium; apart from the flow requirements; which were higher.
Flows were set in terms of fish and requirements were therefore higher than that requested for
aquatic invertebrates.
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18 EWR 6 — SWART RIVER: ECOCLASSIFICATION

18.1 Reference conditions
18.1.1 Geomorphology

This site is located on an alluvial cobble/gravel bed reach with a flood bench extending across a
narrow valley floor between steep valley side slopes. Upstream the valley narrows and the
channel gradient steepens. The gradient of the site is approximately 0.0133 (important: This
includes the higher gradient section upstream) which places it in the upper foothills category.
Flood frequency characteristics would be similar to those described for EWR 1, although this is a
much smaller river. Sediment delivered to the channel by tributaries would consist primarily of
coarse gravel. Evidence from a series of aerial photographs, since 1942, suggest that the
reference condition for this site is a narrow, meandering, single thread channel (probably
displaying pool-riffle morphology) with secondary channels probably activated during floods. The
riparian vegetation in 1942 was probably mixed woody scrub and grass that would have stabilised
channel platform.

18.1.2 Riparian vegetation

The reference condition at the site is characterised by valley bushveld on the left bank.
Podocarpus, Maytenus, Diospyros spp., occur in the riparian zone. Palmiet, Miscanthus and
sedges are dominant in the marginal zone. Exotic species are absent.

18.1.3 Water quality

The default boundary tables were used for Reference Condition as no suitable data were available.
Note that the PES assessment for this stretch of the river was based on professional judgement
only as no data exists for this upper portion of the river.

18.1.4 Fish

From historical records and general fish distribution data, a total of approximately 5 indigenous fish
species are expected to be present in the Swart/Rondebos River at EWR 6, although eels are
expected in low numbers only:

o Pseudobarbus afer

o Sandelia capensis

o Anguilla mossambica
o Anguilla marmorata

o Anguilla bicolor bicolor

18.1.5 Agquatic invertebrates

This site is not considered to be significantly altered from natural. The expected reference fauna
and SASS5 scores are similar to those recorded on site. However, the low flows (reportedly due to
low summer rainfall) have led to a slight reduction in diversity and abundance of particular taxa.
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Taxa that would be expected at this site in a natural condition could include (at least) Heptageniid
and Tricorythid mayflies, a greater number of baetid mayfly species, Chlorocyphid dragonflies,
Veliild hemipterans, Pissulid caddisflies, Psephenid beetles, Dixid and Tipulid dipterans, and
Lymnaeid and Physid gastropods.

18.2

Present Ecological State (PES)

18.2.1 Habitat Driver PES

The hydrology PES (A) and geomorphology PES (C) information is available in Appendix A and
Appendix B respectively. Water quality PES was assessed to be in an A/B category and the
overall A/B category is given in Table 18-1 below.

The reasoning for the geomorphology category (C) is provided below.

PES

Causes

Sources

Flow/Non flow related H

C

Bank and flood zone instability.

Black Wattle.

Non flow related. H

Table 18-1

Habitat driver category for EWR 6
Components Weighted driver score
GEOMORPHOLOGY 18.42 (C)
HYDROLOGY 52.28 (A)
WATER QUALITY 19.10 (A/B)
Weighted driver status (%) 89.80
HABITAT DRIVER CATEGORY A/B

18.2.2 Biological response PES

18.2.2.1 Riparian vegetation (D)

The PES is largely due to the invasion of Black Wattle at the site and the associated exclusion of
indigenous vegetation.

PES Causes Sources Flow/Non flow related
. . . Invasion of exotic species and
Decreased species diversity. . . P . Non flow related.
exclusion of indigenous species.
Changes in species | Invasion of exotic species and
. . o . Non flow related.
D composition. exclusion of indigenous species.
Changes in vegetation cover | Invasion of exotic species and
. o . Non flow related.
and abundance. exclusion of indigenous species.
Changes in vegetation | Invasion of exotic species and
. o . Non flow related.
structure. exclusion of indigenous species.
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18.2.2.2 Fish (C)

Only Micopterus salmoides (n = 12) found at this site, and in surprisingly high densities in marginal
habitat in this small stream. Apart from the serious impact of predation by bass in this reach, flow
related and non-flow related impacts in sections of this Resource Unit will vary from low to
moderate in the upper reaches to critical in the lower reaches. The PES was assessed, by
ignoring the impact of alien fish and assessing how the original (expected) endemic fish would
have responded to habitat changes caused by alterations to the habitat drivers. Taking the impact
of alien predatory fish into account will reduce the PES to a category E or F due to the apparent
total elimination of indigenous fish.

PES Causes Sources Flow/Non flow related
Flow modification — smaller low | ¢  Farmer abstracting flows from river | Flow related.
flows for longer periods. mainly via catchment dams.

e Thirsty alien trees in riparian zone

Non flow related.
and upper catchment.

D
Increased sediment input, | ¢ Roads, cattle trampling, bad
reducing pool depths, silting u i i
' agp p g up agrlcultural_ practlce§, _bgnk Non flow related.
riffles. collapse, alien trees in riparian
zone.

18.2.2.3 Aquatic invertebrates (B)

The fauna at this site was considered to be close to a natural state. The habitat diversity was high,
with areas of stones in flow, marginal vegetation, runs and small pools. The high water quality,
close-to-natural hydrology, and plentiful, diverse habitat favours a community with a relatively high
sensitivity (ASPT > 5.5) and with the majority of expected invertebrate families present at low
abundances. The SASS scores of > 170 and number of taxa present (31) further illustrate its
‘good’ condition. In its present state, this site could be considered a reference site for the system.

PES Causes Sources Flow/Non flow related
. Small amount of pumping for farmin
Abstraction. o pumpIng 9 Flow related.
B activities.
Low disturbance to water . .
. Farming activities. Non flow related.

quality.
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18.2.3 Instream PES (B/C)

The Instream PES is summarised in Table 18-2.

Table 18-2  Instream PES for EWR 6

Rating (0O=low, 5=high)
Criteria Conf .
Rating Ave |Weight |PES| Category

Availability of high confidence fish information 3
1Diversity of fish species with different flow requirements 2

Diversity of fish species with a preference for different cover 5

types

Diversity of fish species with a preference for different flow depth 5

classes

Z:J\;Ti:j/lty of fish species with various tolerances to modified water 5 2 043 |77.9

Availability of high confidence invertebrate information
5Diversity of invertebrate biotopes 3
6 Diversity of invertebrate taxa with different velocity requirements 3

Diversity of invertebrate taxa with different tolerances to modified

. 2 2.67 0.57 |82.1
water quality

4.67 1 80.3
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18.2.4 PES Ecostatus (B)

The Ecostatus is summarised in Table 18-3.

Table 18-3  Summary of the Ecostatus for EWR 6

Separating out the proportions for Driver: Response Rating (0=low, 5=high) -
Response | Score |Ave |Weight
Instream Response questions
\What is the general level of sensitivity to modified water quality? 3
Fish: What is the general level of trophic specialisation? 2
'What is the general level of habitat specialisation? 3
'What is the general level of flow intolerance? 3 2.75| 0.49
Habitat Driver Questions
How sensitive is channel type to change in geomorphological 35
drivers? '
How sensitive are hydraulic habitats to flow change?* 3
How sensitive is water quality to flow change? 2 2.83| 0.51
Total 5.58 1
PES Category
INSTREAM CATEGORY| 80.32 B/C
DRIVER CATEGORY 89.8 A/B
ECOSTATUS| 85.13 B
T This rating is applicable to low flows
(%): >89=A;80-89=B;60-79=C;40-59=D;20-39=E;<20=F

Table 18-4  Summary of the PES categories for EWR 6

HYDROLOGY

GEOMORPHOLOGY

WATER QUALITY

AQUATIC INVERTEBRATES

RIPARIAN VEGETATION

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component

November 2005 EWR Rivers Report: Final

Page 18-5



18.2.5 Trends

Geomorphology — Negative within category.
Vegetation — Negative.

Fish — Stable.

Aquatic Invertebrates — Stable.

Note: Clearing of alien vegetation could have a stabilising (halt trend) effect at this site and
possibly improve the trend. The removal of alien fish could have the same effect as the clearing of
alien vegetation.

18.3 Importance
18.3.1 Ecological Importance and Sensitivity

The EIS was rated as moderate (present). There are rare fish species (P. afer) and invertebrate
families (Teloganodidae) present as well as good invertebrate taxon richness and the presence of
Notonemouridae (unique sp.). There are also invertebrate families present that are intolerant to
flow changes and flow related water quality changes. Habitat types include pools, riffles and
backwaters.

18.3.2 Socio-cultural Importance

Land use for Resource Unit H (Segment 1- 3, EWR 6: Segment 1) consists of formal rural
settlements with limited dependence on the river.

The S| was rated as low and the confidence was medium.

18.4 Range of Ecological Categories
18.4.1 Recommended Ecological Category (REC)

Due to the moderate EIS and low Sl and taking into account that the PES is in a B category, the
REC was set to maintain the PES.

18.4.2 Alternative Ecological Categories

Only one alternative category, a C is considered. The situation for a C category is described
below.

Riparian vegetation has a negative trajectory and the geomorphological response will be a
widening channel that has less depth and is incised. This will result in a decrease within the
geomorphology category. No foreseen decrease in the hydrology category is expected unless a
dam is built upstream, which would impact on the flood regime. The general assumption is that
water quality will drop a category, mainly the components oxygen, temperature and turbidity (which
is the most sensitive for the fish and invertebrates at this site).
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The rule-based models for the individual components were run in a predictive manner and based
on the above hypothetical scenarios; the matrices that would be affected were changed. These
spreadsheets with the changes indicated as different colours are included in the specialist
appendices.

The EC results for the components and the Ecostatus is provided in Table 18-5.

Table 18-5 Summary of the Alternative Ecological Category for EWR 6

HYDROLOGY

GEOMORPHOLOGY

WATER QUALITY

AQUATIC INVERTEBRATES

RIPARIAN VEGETATION

The integrated rule-based model results are available in Appendix J for the alternative EC.
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19 EWR 6 — SWART RIVER: STRESS INDICES
19.1 Stress index: Fish

The indicator species is Pseudobarbus afer, which is a semi-rheophllic species. This species
requires flowing water for spawning in riffle areas where it needs fast-shallow habitat (i.e. depths of
over 10 to 15 cm and velocities of >0.3 m/s). This species is sensitive to water quality and requires
flow especially during the wet season, but can tolerate short periods of no flow.

Availability of cover in the form of undercut banks and overhanging vegetation is available at fairly
low flows mainly in the pools, but aquatic macrophytes only become available to the fish at higher
flows.

The lack of cover at low flows led to higher stress, due to increased predation at low flows. Water
quality is thought to deteriorate in this stream at low flows (higher temperatures, lower DO, algal
growth, iron bacterial growth) as well as a decrease in food abundance. This is more serious in
this river at this site due to high organic matter (leaf-litter, organic benthic material) present in slow
flow areas as well as lack of deep pools (>1.0m). This will result in low DO levels and high
temperatures at low flows.

Fast-shallow riffle habitats thus required for spawning in summer, while critical preferred habitats
are slow deep and slow shallow with sufficient shelter from predation (substrate, undercut banks,
overhanging vegetation). Habitat suitability, from which species stress is derived, is shown in
Table 19.1.

Table 19-1  Habitat suitability at EWR 6

FLOW (m?3/s)

0.20 0.100 | 0.050 | 0.006 | 0.001
RELATIVE ABUNDANCE OF FLOW-DEPTH & COVER RATING:
0=NONE; 1=RARE; 2=SPARSE; 3=MODERATE; 4=ABUNDANT; 5=VERY ABUNDANT
FAST DEEP 1 0.0 0.0 0.0 0.0
Overhanging vegetation 1.0 0.0 0.0 0.0 0.0
Undercut banks & root wads 1.0 0.0 0.0 0.0 0.0
Substrate 0.0 0.0 0.0 0.0 0.0
Aquatic macrophytes 1.0 0.0 0.0 0.0 0.0
Water column 0.0 0.0 0.0 0.0 0.0
FAST SHALLOW 4.0 3.0 2.0 1.0 0.0
Overhanging vegetation 3.0 3.0 2.0 2.0 0.0
Undercut banks & root wads 4.0 3.0 3.0 2.0 0.0
Substrate 3.0 3.0 3.0 2.0 0.0
Aquatic macrophytes 4.0 3.0 3.0 2.0 0.0
Water column 0.0 0.0 0.0 0.0 0.0
SLOW DEEP 4.0 4.0 4.0 3.0 2.0
Overhanging vegetation 5.0 5.0 5.0 4.0 3.0
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Undercut banks & root wads 5.0 5.0 5.0 4.0 3.0
Substrate 1.0 1.0 1.0 1.0 1.0
Aquatic macrophytes 2.0 1.0 1.0
Water column 4.0 4.0 3.0 2.0 2.0
SLOW SHALLOW 3.0 4.0 4.0 5.0 4.0
Overhanging vegetation 5.0 5.0 4.0 4.0 3.0
Undercut banks & root wads 5.0 5.0 5.0 4.0 3.0
Substrate 2.0 2.0 2.0 2.0 1.0
Aquatic macrophytes 4.0 3.0 2.0 2.0 1.0
Water column 0.0 0.0 0.0 0.0 0.0
FLOW 0.20 0.10 0.05 0.01 0.00
SUITABILITY FOR DIFFERENT FISH REQUIREMENTS PER HABITAT GUILD
SEMI-RHEOPHILIC P. afer

Breeding and early life-stages 5.0 5.0 3.0 1.0 0.0
Survival /Abundance 5.0 5.0 4.0 2.0 1.0
Cover 5.0 4.0 3.0 2.0 1.0
Health and condition 5.0 5.0 4.0 2.0 1.0
Water quality 5.0 5.0 4.0 2.0 1.0
Ezic:jpergl)lc stress - (breeding requirements 0.0 04 28 6.4 8.4
Flow-depth converted to habitat response

flow)

Fast deep 8.0 10.0 10.0 10.0 10.0
Fast shallow 2.0 4.0 6.0 8.0 10.0
Slow deep 2.0 2.0 2.0 4.0 6.0
Slow shallow 4.0 2.0 2.0 0.0 2.0
OVERALL HABITAT RESPONSE 4.0 45 5.0 55 7.0

19.2 Stress index: Aquatic invertebrates

This site is in relatively good condition. Perlid stoneflies serve as indicators of very fast flow
conditions, good water quality and inundated cobble habitat with surface flows. As flow is reduced,
habitat depth reduces rapidly, and the SIC biotope will disappear, further impacting on the aquatic
invertebrates with even a marginal preference for swift or moderately fast flows (Hydropsychids,
Simuliids). Populations of Leptophlebiids and other mayflies will diminish in number at flows less
than 0.01m?s. Increases in flows will correspond to rapid increases in inundated areas of marginal
vegetation, and the likelihood of increased diversity in the invertebrate community, particularly
Coleopterans, Hemipterans and Odonata.
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Table 19-2  Stress table — Flow dependant invertebrate at EWR 6
Habitat abundance and HABITAT
: . TotalModifier BIOTIC RESPONSE
Habitat suitability ! CHARACTERISTICS
Flow Flow HABITAT (Hydraulic Using the full Flow Community
Response RESPONSE parameters as 9 stress
Index |SIC'[sOo0OC?vIC®lvoOoC*|GSM® measured by Dr | |COMMunity of aquatic
Birkhead) invertebrates present
Rating
it t
(site  a 1 4 | 11] 3 1
observed
flow)
All available habitatMax depth All very abundant, All
in  excess, high|0.28 healthy, all species
quality: mix of|Av depth persist
moderate, fast or(0.151
very fast, deep, wide|Area
wetted perimeter|0.39
0 4 5 19 0.2 ) 0.2 0
(WP). Width
2.56
WP
2.81
Av velocity
0.502
Most plentiful, VIC|Max depth All abundant, All
reduced, mostly high|0.24 healthy, all species
quality; very fast, fast|/Av depth persist
and moderate, mix of|0.126
1 3 4 16 0.1 |depth classes, wide|Area 0.1 1
WP. 0.29
Width
231
WP
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Habitat abundance and - HABITAT
Selfiet Sl Total|Modifier CHARACTERISTICS BIOTIC RESPONSE
Flow HABITAT Hvdraulic Community
Response N ) 3 4 s Flow RESPONSE pa(ra)r/'neters as USing the full ] Flow stress
Index [SIC |SOOCTVICT|VOOC"|GSM measured by Dr (_:0mmun|ty of aquatic
Birkhead) invertebrates present
2.54
Av velocity
0.379
Critical stones|Max depth Slight reduction for
habitats  sufficient;|0.2 sensitive rheophilic
quality slightly|Av depth species, All healthy in
reduced; fast and|0.099 some areas, all
very fast, deep, wide,|Area species persist
5 3 3 5 4 15 0.05 WP slightly reduced. 0.? 0.05 2
Width
2.05
WP
2.26
Av velocity
0.252
Reduced critical SIC{Max depth 0.16| |Reduction of all
and VIC habitat,|Av depth 0.074| |rheophilic species, all
reduced critical|Area 0.13| |healthy in limited
quality; moderate|Width 1.72| |areas, all species
3 2 2 2 3 12 0.016 land fast velocity,WP 1.92| |persist 3
moderately deep,|Av velocity
WP 0.126
slightly/moderately
reduced.
SIC reasonably|Max depth Further reduction for
4 3 1 2 3 11 0.0031|abundant, of good|0.12 rheophilic species 4
quality, VIC and|Av depth (Perlidae, Simuliidae);
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Habitat abundance and - HABITAT
Selfiet Sl Total|Modifier CHARACTERISTICS BIOTIC RESPONSE
Flow Flow HABITAT (Hydraulic Using the full Flow Community
Response L ) s . 5 RESPONSE parameters as g . stress
Index [SIC |SOOCTVICT|VOOC"|GSM measured by Dr community of aquatic
Birkhead) invertebrates present
VOOC reduced,|0.045 viable in SIC areas,
mostly slow  with|Area critical life stages of
some moderately|0.06 some sensitive
fast areas. Width rheophilic species at
1.44 risk, all species persist.
WP
1.63
Av velocity
0.049
Critical stones Limited populations of
habitat reduced; VIC all rheophilic species.
low quality; mix of Critical life-stages of
5 2 3 1 1 2 9 velocity classes, sensitive rheophilic|0.0055 5
some deep areas, taxa (Perlids, Simuliids,
WP moderately/very Hydropsychids) at risk;
reduced most species persist.
Critical habitat (SIC,|Max depth Sensitive rheophilic
SOOC, MV) very|0.1 species rare, critical
reduced. Reduced|Av depth stages of sensitive
quality; low velocity,|0.037 species (Perlidae)
limited deep areas.|Area becoming non-viable
6 2 2 1 1 2 8 0.0013|Moderate WP. 0.04 due to water quality 6
Width impairment, risk for
1.09 some less sensitive
WP species. Most species
1.25 persist in the short-
Av velocity term.
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Habitat abundance and HABITAT
: . Total|Modifier BIOTIC RESPONSE
Habitat suitability ! CHARACTERISTICS
Flow HABITAT i Communit
Flow trerEme Using the full Flow g
Response RESPONSE parameters as 9 stress
Index |SIC'|sOOC?vIC®lvoOC*|GSM® measured by Dr | |COMMunity of aquatic
Birkhead) invertebrates present
0.031
Very reduced criticalMax depth Rheophilic taxa rare;
habitat, Other|0.08 all life-stages of
habitats of low|Av depth sensitive rheophilic
quality; slow,|0.029 species at risk or non-
shallow, = moderate|Area viable. Sensitive
WP. 0.02 rheophilic species will
7 1 2 1 2 7 0.0004 ) . . 7
Width disappear with
0.75 sufficient duration of
WP these conditions.
0.87
Av velocity
0.019
Flowing water|Max depth Remnant populations
habitats residual.|0.06 of some rheophilic
Low quality: slow|Av depth species; most life
trickle, small WP. 0.027 stages of mayflies
Area diminishing in number,
0.01 Leptophlebiids
8 1 1 1 2 6 0.0001 ) 0.0004 8
Width threatened.
0.41
WP
0.47
Av velocity
0.009
9 0 1 0 1 3 0 Star.1ding water|Max depth Mostly pool dwellers, 0 9
habitats only, very|0.04 most life stages of
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Habitat abundance and - HABITAT
el s Total|Modifier CHARACTERISTICS BIOTIC RESPONSE
Flow HABITAT Hvdraulic Community
Response N ) 3 4 s Flow RESPONSE pa(ra)r/'neters as USing the full . Flow stress
Index [SIC |SOOCTVICT|VOOC"|GSM measured by Dr <_:0mmun|ty of aquatic
Birkhead) invertebrates present
low quality, no flow.|Av depth most rheophilic species
SOOC, GSM and|0.019 non-viable;
little MV are only|Area Leptophlebiids likely to
available habitat. 0.0 disappear.
Width
0.24
WP
0.27
Av velocity
0.003
Only hyporheic No invertebrates likely.
10 0 0 0 0 0 0 refugia, no surface 0 10
water.
W SIC: Partially submerged hard substrate in current >0.1m/s
@ SOOC: Partially submerged hard substrate in current <0.1m/s
@ VIC: Submerged vegetation (at least 2-3cm submerged) in current >0.1m/s
@ VOOC: Submerged vegetation (at least 2-3cm submerged) in current<0.1m/s
®  GSM: Small particles submerged
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19.2.1 Integrated stress curve

The individual component stresses are illustrated in Figure 19-1 as well as the integrated stress
line (black line).

— Fish A — JInverts — Integrate
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|1l ‘ | [ ‘ | 1| ‘ |\ ‘ | 1l ‘ 1l ‘ | || . | 1 ‘ | 1| ‘ | 1|

L B B e L A |
0.02 0.04 0.06 0.08 0.1 0.12 0.140.16 0.18 0.2
Flow (m3/s)

Figure 19-1 Component and Integrated Stress Curves for EWR 6

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
November 2005 EWR Rivers Report: Final Page 19-8



20

20.1 Low flow requirements

EWR 6 - SWART RIVER: DETERMINATION OF EWR SCENARIOS

The integrated stress index must now be used to identify required stress levels at specific
durations for the wet and dry month/season. Drought flows were set as 95 to 100% assurance (i.e.
stress durations of 5 to 0%) and, based on the hydrological characteristics, maintenance flows
were set as 70% assurance (i.e. stress durations of 30 %). Integrated stress curves are shown as

figures 20-1 and 20-2.

Dry season (January B category)

Wet season (August B category)

‘ — Reference — c d ‘ ‘ — Reference — c d ‘
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Figure 20-1 EWR 6 — Stress duration curve for a B REC
Dry season (January C category) Wet season (August C category)
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Figure 20-2 EWR 6 — Stress duration curve for an alternative scenario of a C EC
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20.1.1 Stress duration motivations: Fish

Note — this motivation is similar for all EWR sites due to use of the same indicator species, P. afer.

FISH: DURATIONS AND MOTIVATIONS TO BE USED FOR DETERMINING STRESS REQUIREMENTS

Indicator: Pseudobarbus afer

The indicator is a semi-rheophilic species, which is dependant on the flow for breeding in riffles at suitable
velocities and depths. Note that peak spawning activities take place in Spring (September to December)
and possibly some limited spawning in late summer, but that main spawning requirements for species in
terms of stress requirements are included in wet season.

FISH STRESS REQUIREMENTS

DRY SEASON (January)

DROUGHT: Stress of 9 or less for 5% of the time
Fish confined totally to pool with limited cover available, poor water quality and limited food available.

MAINTENANCE (C): 45% of the time at a stress level of 7
Provides more cover and improved water quality and food.

WET SEASON (August)

DROUGHT: Stress of 9 or less for 5% of the time
There is very limited breeding capability as in no shallow fast habitat remaining.

MAINTENANCE (C): 45% of the time at stress of 7.6 equalled or exceeded
Providing some habitat for spawning and habitat slow shallow for larval growth. Sufficient cover and
habitats, but limiting factor will be breeding habitat.

Indicator: Pseudobarbus afer

Breeding thought to start in Spring (September to December) and need clean riffles plus suitable depths
and velocities.

Juvenile: Feeding and growth: Mostly slow shallow habitat. Cover: Overhanging vegetation and emergent
vegetation. Duration 3 - 4 months.

Adult: Cue: Increased temperature and flow.

20.1.2 Stress duration motivations: Aquatic invertebrates

AQUATIC INVERTEBRATES: DURATIONS AND MOTIVATIONS TO BE USED FOR DETERMINING
STRESS REQUIREMENTS

Indicator: Aquatic Invertebrate community

Taxa with a preference for very fast flows at this site are Philopotamid caddisflies and Perlid stoneflies.
Indicators for moderate to fast flows are Hydropsychids, Elmids and Simuliids. The invertebrate fauna
collected at this site is of relatively high diversity and the majority of taxa show moderate sensitivity to
changes in habitat availability, flow and water quality.

INVERTEBRATE STRESS REQUIREMENTS

DRY SEASON (January)

DROUGHT: Stress of 8 or less for 45% of the time (critical stress 6.9)

At the higher stresses there will be no SIC habitat; however the majority of the community will endure for
short periods in SOOC and pool habitats. The more flow-sensitive taxa (particularly Perlids and
Philopotamids) may disappear. As it is a summer month, a high stress for duration of 2 - 3 days (together
with antecedent conditions) could affect the age-structure of the population, with significant losses of critical
life stages of flow-dependent taxa. At a stress of 9, although there is zero flow, however there is likely to
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be fair surface water connectivity at this site due to its relatively low gradient. This will ensure survival of
the more resilient elements of the fauna (at least 50% of observed fauna).

MAINTENANCE (B): Stress of 6.7 or less for 45% of the time (Critical stress 5.1)

During the high-stress periods there is likely to be a loss or reduction of taxa which are sensitive to loss of
flow or deterioration in water quality. For at least half the time, there is sufficient flow for sufficient periods
to maintain the majority of the community, although the community structure and age distributions may
alter significantly if flow ceases (Stress 9) for a continuous period of up to two weeks.

MAINTENANCE (C): Stress of 7 or less for 45% of the time (Critical stress 7)

The river has enough flow for sufficient duration to ensure a healthy community of aquatic invertebrates,
although the indicator taxa with a preference for moderate and high flow conditions will disappear if the
stress is consistently high (5 - 7) continuously for periods of greater than 2 - 3 weeks, or higher (8 - 10) for
periods of a few days. As this is midsummer this could affect the structure (and particularly the age
structure) of the invertebrate community.

WET SEASON (August)

DROUGHT: Stress of 7 or less for 5% of the time (critical stress 8)

There is enough SOOC and pool habitat to maintain the majority of the late-winter invertebrate community
(about 70%), during short periods of high stress. If flow reduction is followed by no-flow conditions which
persist for longer than 2 - 3 days, the indicator taxa are likely to be eliminated or severely impacted. The
effect of this will be a change in community structure and a reduction in the diversity of the breeding
community in early summer, which relates to longer-term changes in the invertebrate biodiversity.

MAINTENANCE (B): Stress of 5 or less for 45% of the time (Critical stress 6.9)

The river has enough flow to ensure a healthy population of the more sensitive and flow-dependent
components of the invertebrate community, and to ensure a viable breeding community. Availability and
quality of summer breeding habitat is threatened if there is continual higher stress (>6 - 7) for longer than 2
weeks. The low stresses (4 and less) equate to flows which will maintain those taxa with preferences for
moderate flows.

MAINTENANCE (C): Stress of 7 or less for 45% of the time (Critical stress 6.8)

The reductions in flow associated with higher stresses, although they are relatively small in this case, will
have consequences for the community composition in early summer. Indicator taxa are likely to be
excluded if stresses of 6 or more persist for longer than 3 - 5 days. A proportion of the breeding community
will be absent, and juveniles of even moderately sensitive taxa will be threatened as flows reduce further.
The more resilient taxa are likely to relocate to pools and SOOC habitats as flow decreases, and at least
50% of the community should endure.

20.2 Final low flow requirements

The following adjustments to the Desktop Reserve Model B requirements had to be made to fit the
specialist requirements. Figure 20-3 shows the final curve for this site.

o The Desktop Reserve Model provided 14.6 % of the virgin MAR for the Maintenance Low
Flow (MLF) for the B EC.

o The Desktop Reserve Model provided 3.2% of the virgin MAR for the droughts.

) The MLF was decreased from the Desktop Reserve Model to 12.3%

o The droughts were virtually the same.
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Dry season (January) Wet season (August)
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Figure 20-3 EWR 6 — Final curve
20.3 High flow requirements

The functions for each Flood Class are described in spreadsheets (Appendix ). A summary of the
flood class ranges and the recommended high flow events for EWR 6 is shown in Table 20-1.

Table 20-1  Flood class ranges, and the recommended high flow events for each scenario at
EWR 6
Flood classes (m?/s)
Component
I Il 1] v \%
Fish 0.1-0.2 0.4-0.6
Invertebrates 0.2-0.3 0.3-0.5
Vegetation 0.05-0.6 0.6-35 3.5-13
Geomorphology 0.15-0.4 3-75 7.5-27
Integrated 0.2-0.3 0.4-0.6 0.6-3.5 3.5-13 13- 27
Daily average 0.3 0.6 2
Duration (days) 1 2 2

The number of high flow events required for each EC is provided in Table 20-2.
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Table 20-2

The recommended number of high flow events required for each EC at EWR 6

Flood NUMBER OF EVENTS: EC B NUMBER OF EVENTS: EC C
classes [ Invert | Fish | Veg | Geom | INTEG" | FINAL | Invert | Fish | Veg | Geom | INTEG" | FINAL
Class | 3 4 4 2 2 2
Class Il 2 2 6 5 6 6 1 1 6 5 6 6
Class Il 1 1 1 1 1 1

CII?/SS 13| 1 1 1 13| 12 | 12 | 12
Class V 1:2.5 1:2.5 1:2.5

(@)

Integ = Integrated

These results were checked with the hydrology and were found to be acceptable.

20.4

Final results

Note: The model output refers to IFRs, which reflect the flow component of EWR (the other being

quality).
B category:
The results are summarised as follows as well as providing a comparison with the Desktop
Reserve Model.
Desktop Reserve Model 2004 requirements
MLF (B) 14.6 12.3
High flows (B) 14.4 12
Droughts (B) 3.2 3.3
Long Term mean (B) | 25.5 21.9
MLF (C) 8.2 5
High flows (C) 11.2 10.4
Droughts (C) 3.2 3.3
Long Term mean (C) | 18.7 155

204.1

IFR tab table for REC: B

Note: The IFR table generated from the Desktop Reserve Model and the IFR assurance rule
tables. The low flows in the table are therefore not specific values set, but those derived from the
stress requirements. The high flows are according to those specified.

Desktop Version 2, printed on 2004/09/23
Virgin MAR (MCM): 3.93
BFI index: 0.26
Distribution Type: S. Karoo
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Months MLF (m®/s) DLF (m?%s) _ H3|gh s :
Average daily (m~/s) Durations (days)

October 0.022 0.006 0.3 1
November 0.02 0.005 0.3 1
December 0.15 0.004

January 0.007 0.003

February 0.007 0.003

March 0.010 0.003

April 0.011 0.002

May 0.014 0.004 0.3 1

June 0.016 0.004 0.3 1

July 0.016 0.004 0.3 1
August 0.021 0.005 0.3; 0.6 1,2
September 0.025 0.006 2 2
20.4.2 IFR assurance rules for REC: B

Desktop Version 2, Printed on 2004/09/23

Summary of IFR rule curves for: Kromme_6 Natural Monthly Flows

Determination based on defined BBM Table with site specific assurance rules.

Regional Type: S.Karoo EC =B

Data are given in m3/s mean monthly flow

% Points
Month 10% 20% 30% 40% 50%

Nov 0.035 0.034 0.033 0.031 0.028
Dec 0.018 0.018 0.017 0.016 0.015
Jan 0.008 0.008 0.008 0.008 0.007
Feb 0.008 0.008 0.008 0.008 0.007
Mar 0.012 0.012 0.011 0.011 0.010
Apr 0.013 0.013 0.012 0.012 0.010
May 0.037 0.033 0.030 0.027 0.021
Jun 0.040 0.036 0.033 0.029 0.023
Jul 0.039 0.036 0.032 0.029 0.023

Aug 0.102 0.089 0.078 0.067 0.049
Sep 0.225 0.193 0.165 0.134 0.097

Reserve flows without High Flows

Oct 0.026 0.026 0.025 0.024 0.021
Nov 0.024 0.023 0.023 0.021 0.019
Dec 0.018 0.018 0.017 0.016 0.015
Jan 0.008 0.008 0.008 0.008 0.007
Feb 0.008 0.008 0.008 0.008 0.007
Mar 0.012 0.012 0.011 0.011 0.010
Apr 0.013 0.013 0.012 0.012 0.010
May 0.017 0.016 0.016 0.015 0.014
Jun 0.019 0.019 0.018 0.017 0.015
Jul 0.019 0.019 0.018 0.017 0.015
Aug 0.025 0.025 0.024 0.022 0.020
Sep 0.030 0.029 0.028 0.027 0.024

60%  70%

0.023
0.012
0.006
0.006
0.008
0.009
0.018
0.019
0.019
0.041
0.080

0.018
0.016
0.012
0.006
0.006
0.008
0.009
0.012
0.013
0.013
0.017
0.020

0.018
0.010
0.005
0.005
0.007
0.006
0.014
0.015
0.015
0.030
0.058

0.014
0.013
0.010
0.005
0.005
0.007
0.006
0.009
0.010
0.010
0.013
0.016

0.003

0.003

0.006
0.006

0.010 0.007
0.009
0.007
0.004
0.004
0.005
0.004
0.007
0.007

0.007
0.009
0.011

0.005

90%  99%
Oct 0.046 0.043 0.039 0.035 0.029 0.024 0.019 0.013 0.008 0.007

0.012
0.007
0.004
0.004
0.005
0.004
0.009
0.010
0.010
0.019
0.037

0.007
0.005

0.003
0.003

0.006

0.005
0.011
0.021

0.006
0.005
0.003
0.003
0.003
0.003
0.005
0.005

0.006
0.007

0.006
0.004
0.003
0.003
0.003
0.002
0.004
0.004

0.009
0.016

0.006
0.005
0.004
0.003
0.003
0.003
0.002
0.004
0.004

0.004
0.005
0.006

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component

November 2005

EWR Rivers Report: Final

Page 20-6



Natural Duration curves
Oct 0.563 0.256 0.180 0.134

Nov 0.414
Dec 0.173
Jan 0.087

Feb 0.079
Mar 0.171
Apr 0.177

May 0.312

0.192 0.154 0.119
0.095 0.071 0.065
0.054 0.037 0.032
0.048 0.031 0.026
0.069 0.045 0.030
0.105 0.072 0.045

0.110 0.089
0.085 0.074
0.045 0.043
0.028 0.026
0.019 0.017
0.024 0.017
0.034 0.027

0.108 0.080 0.058 0.045 0.039
Jun 0.224 0.132 0.103 0.074 0.060 0.045
Jul 0.325 0.139 0.102 0.093 0.071 0.065

0.082 0.061 0.045
0.063 0.056 0.043
0.039 0.030 0.026
0.022 0.017 0.013
0.014 0.012 0.012
0.015 0.011 0.009
0.022 0.016 0.011
0.028 0.022 0.011
0.034 0.029 0.020

0.030
0.022
0.015
0.006
0.005
0.004
0.004
0.004
0.004

0.054 0.043 0.028 0.009

Aug 0.338 0.206 0.145 0.117 0.097 0.080 0.065 0.050 0.039 0.026
Sep 0.609 0.316 0.172 0.134 0.116 0.096 0.074 0.056 0.040 0.027
20.4.3 IFR table for alternative EC: C
Desktop Version 2, printed on 2004/09/23
Virgin MAR (MCM): 3.93
BFI index: 0.26
Distribution Type: S. Karoo
Months MLF (m®/s) DLF (m?s) _ H3|gh s ,
Average daily (m~/s) Durations (days)
October 0.009 0.006 0.3 1
November 0.008 0.005 0.3 1
December 0.006 0.004
January 0.005 0.003
February 0.004 0.003
March 0.005 0.003
April 0.005 0.002
May 0.005 0.004 0.3 1
June 0.006 0.004 0.3 1
July 0.006 0.004 0.3 1
August 0.007 0.005 0.3;0.6 1;2
September 0.009 0.006 15 2
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20.4.4 |IFR assurance rules for alternative EC: C

Desktop Version 2, Printed on 2004/09/23

Summary of IFR rule curves for : Kromme_6 Natural Monthly Flows
Determination based on defined BBM Table with site specific assurance rules.
Regional Type: S.Karoo REC=C

Data are given in m3/s mean monthly flow

% Points
Month 10% 20% 30% 40% 50% 60% 70% 80% 90% 99%

Oct 0.032 0.029 0.026 0.023 0.018 0.016 0.013 0.010 0.008 0.007

Nov 0.022 0.022 0.022 0.020 0.019 0.016 0.013 0.009 0.007 0.006
Dec 0.008 0.008 0.008 0.008 0.007 0.006 0.006 0.005 0.004 0.004
Jan 0.007 0.007 0.007 0.006 0.006 0.005 0.005 0.004 0.003 0.003
Feb 0.005 0.005 0.005 0.005 0.005 0.004 0.004 0.003 0.003 0.003
Mar 0.007 0.007 0.007 0.006 0.006 0.005 0.005 0.004 0.003 0.003
Apr 0.007 0.007 0.006 0.006 0.006 0.005 0.004 0.003 0.002 0.002
May 0.027 0.024 0.021 0.018 0.014 0.012 0.010 0.007 0.006 0.004
Jun 0.029 0.026 0.023 0.020 0.015 0.013 0.010 0.008 0.006 0.004
Jul 0.028 0.025 0.022 0.019 0.015 0.013 0.010 0.008 0.006 0.005

Aug 0.086 0.074 0.063 0.054 0.037 0.031 0.024 0.016 0.011 0.009
Sep 0.158 0.135 0.114 0.096 0.065 0.054 0.041 0.027 0.016 0.013

Reserve flows without High Flows
Oct 0.012 0.012 0.012 0.011 0.011 0.010 0.008 0.007 0.006 0.006

Nov 0.011 0.011 0.010 0.010 0.009 0.009 0.007 0.006 0.005 0.005
Dec 0.008 0.008 0.008 0.008 0.007 0.006 0.006 0.005 0.004 0.004
Jan 0.007 0.007 0.007 0.006 0.006 0.005 0.005 0.004 0.003 0.003
Feb 0.005 0.005 0.005 0.005 0.005 0.004 0.004 0.003 0.003 0.003
Mar 0.007 0.007 0.007 0.006 0.006 0.005 0.005 0.004 0.003 0.003
Apr 0.007 0.007 0.006 0.006 0.006 0.005 0.004 0.003 0.002 0.002
May 0.007 0.007 0.007 0.006 0.006 0.006 0.005 0.005 0.004 0.004
Jun 0.008 0.008 0.008 0.008 0.007 0.006 0.006 0.005 0.004 0.004
Jul 0.008 0.008 0.008 0.008 0.007 0.006 0.006 0.005 0.004 0.004

Aug 0.009 0.009 0.009 0.009 0.008 0.008 0.007 0.006 0.005 0.005
Sep 0.012 0.012 0.012 0.011 0.011 0.010 0.008 0.007 0.006 0.006

Natural Duration curves
Oct 0.563 0.256 0.180 0.134 0.110 0.089 0.082 0.061 0.045 0.030

Nov 0.414 0.192 0.154 0.119 0.085 0.074 0.063 0.056 0.043 0.022
Dec 0.173 0.095 0.071 0.065 0.045 0.043 0.039 0.030 0.026 0.015
Jan 0.087 0.054 0.037 0.032 0.028 0.026 0.022 0.017 0.013 0.006
Feb 0.079 0.048 0.031 0.026 0.019 0.017 0.014 0.012 0.012 0.005
Mar 0.171 0.069 0.045 0.030 0.024 0.017 0.015 0.011 0.009 0.004
Apr 0.177 0.105 0.072 0.045 0.034 0.027 0.022 0.016 0.011 0.004
May 0.312 0.108 0.080 0.058 0.045 0.039 0.028 0.022 0.011 0.004
Jun 0.224 0.132 0.103 0.074 0.060 0.045 0.034 0.029 0.020 0.004
Jul 0.325 0.139 0.102 0.093 0.071 0.065 0.054 0.043 0.028 0.009

Aug 0.338 0.206 0.145 0.117 0.097 0.080 0.065 0.050 0.039 0.026
Sep 0.609 0.316 0.172 0.134 0.116 0.096 0.074 0.056 0.040 0.027
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20.5 Confidence

The confidence is evaluated according to a score of 0-5 with zero reflecting ‘no confidence’ and 5
reflecting ‘very high’ confidence. The confidence scores are summarised as follows:

0 (no confidence) 1 (low confidence)
2 (low to medium confidence) 3 (medium confidence)
4 (medium to high confidence) 5 (high confidence)

Results per component are shown in Table 20-3.

Table 20-3  Confidence ratings for EWR 6

o Ecoclassification |Available data| Suitability of IFR site |10 requirements
Discipline High Low
Confidence Confidence Confidence Confidence| Confidence

Hydrology 2 1
Hydraulics 1 3 1 3
Geomorphology 4 4 3 2 N/a
\Water quality 0.5 0.5
Riparian vegetation 4 2 3 3 N/a
IAquatic invertebrates 3 2 3 4 4
Fish 3 3 2 3 3
@ Note: Shaded blocks indicate where confidence is not applicable

20.5.1 Confidence explanations

Hydraulics: Measured flow of 0.0055m*s. No measured moderate and high flow data.
Recommended low flows are in the range 0.001 to 0.22m*s and high flows in the range 0.3-1.3
(within year) to 27m?/s.

Geomorphology: Good morphological indicators are present to represent local conditions, but the
confidence is reduced, because the site does not provide morphological clues to set flows for
upper reaches within the same Resource Unit. Local flood knowledge was obtained from the
farmer. Although there was good morphological data, there is low confidence in hydraulics and no
data is available for flood hydrology.

Water quality: Confidence is low as the site was visited by the invertebrate specialist and the water
guality assessment was based on her input. The water quality assessment was based in the lower
Swart River catchment as the upper site was not visited by the team. The assessment is therefore
based on expert judgement and biotic categories.

Fish: Critical habitats were represented at this site and were sampled; however this site is not
representative of the reach. There was good historical data available but the alien species have
predated on all the indigenous fish. Confidence is reasonable in the output as the invertebrate
requirements are driving the system.

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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Aquatic invertebrates: There was good diversity of habitat but this site was sampled only once and
therefore biotic data is limited. This site is close to reference condition and was easier to assess
as the hydrology was better understood.

Riparian vegetation: Available data was confined to one site visit. Low flow output was in terms of
fish. Checking of these flows against those established for fish and invertebrates was difficult due
to confusing low flow cues at the site; resulting in low confidence. A reasonable understanding of
the reference and present day conditions provided medium confidence for the ecoclassification.
While high flow cues were present these only provided medium confidence to the assessment.
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21 CONCLUSIONS AND RECOMMENDATIONS
21.1 Ecoclassification

21.1.1 Results

The results are summarised in the following table

EWR | Driver | Instream | Ecostatus | Ecostatus ElS S| REC Alternative

sites PES PES PES trend scenario
EWR 1 C C C Stable Moderate Low C D
EWR 2 D/E C/D D Stable Moderate Low D -
EWR 3 D/E E D/E Stable High? Low D -
EWR 4 C/D D C/D Stable Moderate | Moderate C/D -
EWR 5 C D C Stable Moderate Low C
EWR 6 A/B B/C B Stable Moderate Low B C

The Kromme River upstream of the dams (Churchill and Impofu) is in a C state with most of the
problems being associated with the presence of alien vegetation, alien fish and upstream land use.
This is however the best section of the Kromme River and should not be allowed to degrade
further.

The section downstream of the Churchill Dam is affected by severely decreased flow and an
abnormal flow regime as well as the presence of alien vegetation and fish. The same is true for
the section downstream of Impofu Dam. The lack of releases and abstractions from the
downstream pool, have exacerbated the situation. This section of river, although short, is very
important as it forms the only freshwater link between the marine, estuarine and freshwater
environments. During most of the year, no link is possible with the freshwater environment due to
the lack of releases and the abstraction from the pool.

The PES categories for both EWR 5 and 6 are representative of the upstream sections of the
Seekoei and Swart rivers. In both cases the downstream sections have been severely modified
and in some cases, there are no river left as the dams form a continuum. It must also be noted
that in the case of EWR 5, the river is in a better condition further upstream.

21.1.2 Confidence

The confidence in the ecoclassification is summarised as follows, and is shown on tables 21-1 and
21-2.

0 (no confidence)
2 (low to medium confidence)
4 (medium to high confidence)

1 (low confidence)
3 (medium confidence)
5 (high confidence)
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Table 21-1  Confidence — Availability of data
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Table 21-2  Confidence — Ecoclassification
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2 — 3: Low to medium confidence. Note that the drivers,
especially hydrology, will carry a higher weight than the
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responses.
2 — 3. Low to medium confidence. The geomorphology
2 2 3 1 3 2 2 | weighting increases the overall evaluation, as the drivers carry
a higher weight than the biological responses.
4 2 3 1 3 1 1 | 1-2:Low confidence.
2 — 3: Low to medium confidence. The confidence is higher
5 2 4 1 3 2 2 | than the average due to the higher weight that would be

allocated to geomorphology.

3 — 4: Medium to high confidence. The low water quality
confidence does not carry as much weight as water quality
problems can be derived through fish and invertebrate
responses.

From Table 21-1 it is clear that the data availability is poor. This will effect the confidence
evaluation of the Ecoclassification results, as Ecoclassification is based and derived on available
data. The lack of data and resulting lack of understanding of the system is centred around the
reduced confidence in the hydrology and the lack of understanding as to whether the system was
perennial or seasonal, and if it has been modelled as being much wetter than it would normally be.
Reference conditions for biota is dependent on this understanding, and this factor, combined with
the lack of historical data and the minimal present day surveys undertaken, results in a lack of
confidence in reference conditions and therefore a lack of confidence in the degree of change
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under present conditions. The dearth of water quality data further compounds the general
uncertainty.

EWR 1 and 4 have the lowest confidence evaluation due to the uncertainty around the perenniality
of the system. The confidence increases for EWR 5 and 6 as the perennial sites are far upstream
in the system.

21.1.3 Recommendations

No additional work will improve the hydrological modelling due to the lack of gauges in the system
and the dearth of historical hydrological data. It is therefore more important to implement a
monitoring programme targeted towards water quality, fish and aquatic invertebrates to ensure that
the presence/absence of biota is clearly understood. For example, in this case it is not so
important to know with accuracy whether fish is in a C or a D state, as long as the species present
is known so that the flow requirements for those species can be checked or refined if necessary.

21.2 EWR: Flow component
21.2.1 Results

EWRs represent the flow component of the Ecological Reserve. The results are summarised in
the following table as a percentage of the virgin MAR. It must be noted that these percentages
must be used with caution due to the uncertainty of the naturalised hydrology. If the hydrology is
re-assessed and the natural hydrology changes, then the EWR percentages may be different.

. Maintenance Drought low . Long term mean of
EWRsite [ REC | |0\ flows (%) fIOV\?s (%) | Highflows (%) gVMAR (%)
EWR 1 C 13.76 1.93 15.94 29.7
EWR 2 D 3.13 0.57 10.95 14.08
EWR 4 C/D 5.76 1.02 11.38 17.14
EWR 5 C 12.17 2.07 11.25 23.43
EWR 6 B 12.32 3.28 11.95 24.27

21.2.2 Confidence

Confidences for low and high flow assessments are shown in tables 21-3 and 21-4 respectively.
The confidence in the EWR is summarised as follows:

0 (no confidence) 1 (low confidence)

2 (low to medium confidence) 3 (medium confidence)

4 (medium to high confidence) 5 (high confidence)
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Table 21-3  Confidence - Low flows
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1 4 0 5 5 4 3: Medium confidence. Hydraulics carries the largest weight of all
the components.
3 - 4: Medium confidence to high. Hydraulics is evaluated as high.
Aquatic Invertebrates however are the primary motivator for the
2 4 0 4 3 4 . . . )
flows and the low confidence modifies the hydraulic confidence to an
overall of 3.
2 - 3: Low to medium confidence. Both fish and aquatic
4 2 0 0 2 3 | invertebrates are primary motivators for flow and evaluation is
therefore between 3 and 4; probably being closer to 4.
3: Medium confidence. The higher invertebrate confidence is
5 3 0 0 | 3.5 | 3.5 | discounted as the fish is the primary motivator and therefore carries
a higher weight.
3 — 4: Medium to high confidence. Invertebrate confidence is
6 3 0 0 4 3 | primary and the evaluation is therefore probably slightly higher than
3, but would be more towards 3 than 4.

The evaluation ranges from medium to medium - high. This is mostly due to the reasonable
hydraulic confidence as most hydraulic calibrations were obtained during low flow conditions.

Table 21-4  Confidence — High flows
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2: Low confidence. Lack of confidence in hydraulics overrides the
1 2 3 4 3 4 . . - .
higher confidence in fish and aquatic invertebrates.
2 - 3. Low to medium confidence. The higher confidences in
components other than hydraulics are linked to the confidence in the
2 3 2 2 3 4 | water levels/velocity etc required. As the hydraulics are of low
confidence and the conversion from hydraulic parameters is low, the
hydraulic confidence overrides the other higher confidences.
2: Low confidence. Both geomorphology and vegetation have been
evaluated as low and are therefore more important high flow
4 3 2 2 3 3 . . i -
components. The higher biota confidences are therefore modified
by the lower hydraulics and driver confidence.
5 2 2 2 3 3 | 2: Low confidence. Geomorphology, vegetation and hydraulics have
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a low evaluation. Linked to the low hydraulics motivation, the higher
biota evaluation is ignored.

2 - 3: Low to medium confidence. The low hydraulic confidence
6 1 2 3 4 3 | overrides all the other confidences that are linked to water levels etc.
and not to flow.

Four of the five high flow EWR site evaluations are of low confidence. This is purely based on the
lack of high flows experienced during the data collection phase and the resulting low confidence in
converting water levels to flow.

21.3 Recommendations

Low flows: No additional data collection is required apart from a Reserve monitoring programme.

High flows: Any additional work outside of a Reserve monitoring programme should be centred
around obtaining additional hydraulic calibrations during high flow conditions. High flows can then
be modified accordingly and new flow results can be generated. Further work regarding the
biophysical components can be undertaken as part of a Reserve monitoring programme.
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1 INTRODUCTION

There is very little observed hydrology for this catchment and the majority of the assessment
is based upon simulated hydrology provided by Ninham Shand Inc. The data that is
available is briefly discussed in this document, while additional analyses will be available
interactively at the workshops.

1.1 Available Data

There are only two available flow gauges in the Kromme River; K9H001, downstream of
Churchill Dam at the outlet of quaternary catchment K90B (records for 1992 to 2003) and
K9HO003, downstream of Impofu Dam at the outlet of quaternary catchment K9H003 (records
for 1983 to 2003). As Churchill Dam (capacity of about 36 10° m®) was constructed in 1943
and Impofu Dam (capacity of about 107 10° m®) in 1982, both of these records are severely
impacted by development.

The remaining data have been provided by Ninham Shand Inc. based on monthly rainfall-
runoff and systems model simulations. There are three simulated scenarios for EWR 2
(downstream of Churchill Dam), which represent year 2000 abstractions from the dam
(Scenario 1), 1967 - 2000 average abstractions (Scenario 2) and 1:50 year firm yield
abstractions (Scenario 3).

Figure A-1 illustrates the position of the EWRs and flow gauges, while Table A-1 summarises
the observed and simulated data. Comparisons between natural and present day annual
flow-duration curves based on monthly volumes are provided in Figures A-2 to A-5 for EWR
1, 2, 4 and 6. No hydrology data was provided for EWR 3, and for EWR 5 the natural and
present day conditions are considered to be the same. The location of EWR 6 is in the upper
reaches of the Swart River.

1.2 Hydrological characteristics and Impacts

It is clear that all the lower Kromme River EWRs (2, 3 and the estuary) are heavily impacted
by the influences of one or both of the two major dams. There are now extensive periods of
zero flow and many of the intermediate events have been completely removed. The
modifications that have occurred at EWR 4 and 6 are similar, largely due to the presence of
many quite substantial farm dams and extensive irrigation.

The impacts at EWR 1 are largely due to farm dams and some irrigation, while the impacts
on the main Kromme River further downstream are due to the operation of Churchill and
Impofu dams for irrigation and water supply. At the upstream EWR site, the main impact is
on the low flows and the fact that zero flow conditions now prevail for about 15% of the time.
Lower down, zero flow conditions can prevail for over 50% of the time and many intermediate
runoff events have been removed completely.

The situation is similar in the Geelhoutboom catchment (part of quaternary K90E), which is
dominated by the impact of many farm dams. Zero flows occur about 15% of the time and
the impacts on other flows extend to intermediate flow events.

In many respects the impact on the downstream part of the Swart River appears to be the
greatest (although Figure A-5 represents the conditions at the upper end of the Swart River,
where the impacts of farm dams is expected to be less). The impacts appear to extend to
almost the full range of flows suggesting that many of the farm dams are large relative to the
size of events that occur within this basin.
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Table A-1 Available flow data, mean annual runoff and impacts
EWR Site or . Catchment 3446
Gauge River Area (km?) Data Source | MAR (m™10°) Impacts
Kromme 1 Kromme 213 Natural 34.26 |Mainly low flows due to
P.Day 3226 irrigation and farm dams.
Kromme 2 Kromme 363 Natural 58.38
P.Day (1) 37.56 |Large reduction in low and
moderate flows due to
P.Day (2) 34.54 Churchill Dam, irrigation,
P.Day (3) 27.41 |farm dams and some forest.
K9HO001 357 K9HO001 23.97
K9HO003 Kromme 851 K9HO003 10.75 |As above.
Kromme 3 Kromme 870
Kromme Est. Kromme 1022 Natural 98.48
Same impacts as Kromme
P.Day (1) 54.41 2
P.Day (3) 44.57
Kromme 4 Geelhoutboom 65 Natural 3.61 |Major impacts on low to
P.Day 297 moderate flows.
Seekoei 5 Seekoei 23 Natural 1.54
Assumed natural.
P.Day 1.54
P.Day 3.94 |UPPer reaches.
P.Day 1127 |wettest months.
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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2 CONCLUSIONS

The dominant issue, from a hydrological point of view, would therefore appear to be the substantial
length of time that zero flow conditions occur within the present day hydrological regime, and the
fact that even quite substantial events are being stored within the existing main dams and farm
dams.

It should be recognised that while the Churchill and Impofu dam operations may be able to be
modified to allow for low-flow releases, it is unlikely to be a practical proposition to modify the many
farm dams that exist to allow for releases.
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Figure A-2 Annual flow-duration curve for natural and present day for EWR 1
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Annual flow-duration curve for natural and present day for EWR 4
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Annual flow-duration curve for natural and present day for the upper River (downstream of
EWR 6)
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3 HYDROLOGY PES INFO

3.1 EWR1: RECC

HYDROLOGY
COMPONENTS Rank | %wt [RatingWeight| Veighed
score
LOW FLOWS 2 90 3.00 | 0.21 0.64
ZERO FLOW DURATION 1 100 3.00 | 0.24 0.71
SEASONALITY 2 90 0.00 | 0.21 0.00
MODERATE EVENTS 3 70 2.00 | 0.17 0.33
EVENT HYDROLOGY (HIGH FLOWS-FLOODS) 3 70 1.00 | 0.17 0.17
TOTALS 420 9.00 | 1.00 1.86
Driver status:(%):>89=A;80-89=B;60-79=C;40-59=D;20-39=E;<20=F 62.86
HABITAT DRIVER CATEGORY C
3.2 EWR 1: Alternative REC D
HYDROLOGY
COMPONENTS Rank | %wt [RatingWeight| Veighed
score
LOW FLOWS 2 90 4.00 | 0.21 0.86
ZERO FLOW DURATION 1 100 3.00 | 0.24 0.71
SEASONALITY 2 90 1.00 | 0.21 0.21
MODERATE EVENTS 3 70 2.00 | 0.17 0.33
EVENT HYDROLOGY (HIGH FLOWS-FLOODS) 3 70 1.00 | 0.17 0.17
TOTALS 420 |11.00| 1.00 2.29
Driver status:(%):>89=A;80-89=B;60-79=C;40-59=D;20-39=E;<20=F 54.29
HABITAT DRIVER CATEGORY D
3.3 EWR 2: RECD
HYDROLOGY
COMPONENTS Rank | %wt [RatingWeight| Veighed
score
LOW FLOWS 2 90 5.00 | 0.21 1.07
ZERO FLOW DURATION 1 100 400 | 0.24 0.95
SEASONALITY 2 90 2.00 | 0.21 0.43
MODERATE EVENTS 3 70 4.00 | 0.17 0.67
EVENT HYDROLOGY (HIGH FLOWS-FLOODS) 3 70 200 | 0.17 0.33
TOTALS 420 [17.00| 1.00 3.45
Driver status:(%):>89=A;80-89=B;60-79=C;40-59=D;20-39=E;<20=F 30.95
HABITAT DRIVER CATEGORY E
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3.4 EWR 3: REC E

HYDROLOGY
COMPONENTS Rank | %wt [RatingWeight| Veighed
score
LOW FLOWS 2 9 |500] 021 | 1.07
ZERO FLOW DURATION 1 100 |500| 024 | 119
SEASONALITY 2 90 | 400 021 | o086
MODERATE EVENTS 3 70 |400]| 017 | o067
EVENT HYDROLOGY (HIGH FLOWS-FLOODS) g 70 | 200]| 017 | 033
TOTALS 420 |20.00| 1.00 | 4.12
Driver status:(%):>89=A;80-89=B;60-79=C;40-59=D;20-39=E;<20=F 17.62
HABITAT DRIVER CATEGORY F
3.5 EWR 4: REC D
HYDROLOGY
COMPONENTS Rank | %wt [RatingWeight| Veighed
score
LOW FLOWS 2 9 |300]| 021 | o064
ZERO FLOW DURATION 1 100 |300| 024 | o071
SEASONALITY 2 90 |000]| 021 | 0.00
MODERATE EVENTS 3 70 |300]| 017 | 050
EVENT HYDROLOGY (HIGH FLOWS-FLOODS) 8 70 | 200]| 017 | 033
TOTALS 420 |11.00| 100 | 219
Driver status:(%):>89=A;80-89=B;60-79=C;40-59=D;20-39=E;<20=F 56.19
HABITAT DRIVER CATEGORY D
3.6 EWR 5: REC C
HYDROLOGY
COMPONENTS Rank | %wt [RatingWeight| Veighed
score
LOW FLOWS 2 9 |200]| 021 | 043
ZERO FLOW DURATION 1 100 | 100 | 024 | 024
SEASONALITY 2 90 |000| 021 | 0.00
MODERATE EVENTS 3 70 |000| 017 | 0.00
EVENT HYDROLOGY (HIGH FLOWS-FLOODS) g 70 | 000]| 017 | 0.0
TOTALS 420 |300]| 100 | 067
Driver status:(%):>89=A;80-89=B;60-79=C;40-59=D;20-39=E;<20=F 86.67
HABITAT DRIVER CATEGORY B
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3.7 EWR 6: REC B

HYDROLOGY
COMPONENTS Rank | %wt [RatingWeight| Veighed
score
LOW FLOWS 2 90 1.00 | 0.21 0.21
ZERO FLOW DURATION 1 100 | 0.00 | 0.24 0.00
SEASONALITY 2 90 0.00 | 0.21 0.00
MODERATE EVENTS 3 70 0.00 | 0.17 0.00
EVENT HYDROLOGY (HIGH FLOWS-FLOODS) 3 70 0.00 | 0.17 0.00
TOTALS 420 1.00 | 1.00 0.21
Driver status:(%):>89=A;80-89=B;60-79=C;40-59=D;20-39=E;<20=F 95.71
HABITAT DRIVER CATEGORY A
3.8 EWR 6: Alternative REC C
HYDROLOGY
COMPONENTS Rank | %wt [RatingWeight| Veighed
score
LOW FLOWS 2 90 2.00 | 0.21 0.43
ZERO FLOW DURATION 1 100 | 0.00 | 0.24 0.00
SEASONALITY 2 90 0.50 | 0.21 0.11
MODERATE EVENTS 3 70 0.00 | 0.17 0.00
EVENT HYDROLOGY (HIGH FLOWS-FLOODS) 3 70 0.00 | 0.17 0.00
TOTALS 420 250 | 1.00 0.54
Driver status:(%):>89=A;80-89=B;60-79=C;40-59=D;20-39=E;<20=F 89.29
HABITAT DRIVER CATEGORY B
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4 EWR 1: MELKHOUTBOSKRAAL - KROMME RIVER

4.1 Data availability

Data used in the assessment of the geomorphology at this site was obtained in the field.
Standardized field forms were used to assess the geomorphological condition of the site.
Most of the data collected was qualitative in nature.

On a scale of 0 to 5, a confidence rating of 3 would be awarded. This is because some
geomorphological cues (e.g. terraces etc.) were present, and accessibility was good,
allowing easy observation of bed conditions; however at the same time, the data is
qualitative and thus stands to be somewhat subjective. In addition, reference was made to a
report by Haigh et al. (2004) entitled "Inventory of the Wetlands in Selected Eastern Cape
catchments" (report to DWAF), as well as aerial photographs of the area.

4.2 Reference condition

Within this reach, the river has a narrow valley bottom confined within a steep-sided valley.
The channel gradient at the site is 0.0034 which places it in the upper end of the lower
foothills category. This is a river subject to a flashy flood regime and a relatively high
bedload of coarse material. Haigh et al. (2004) records 17 major (destructive) floods
recorded since 1868 (an average of one major flood every 8 years). Strong coupling to
hillslopes provides a ready source of mixed bedload. The reference condition for this reach
would probably consist of a cobble bed river with a high width-depth ratio and a propensity to
braiding (main channel with secondary channels subject to channel switching). Due to the
unstable nature of the valley floor, there would be limited woody riparian vegetation. This
condition is similar to that shown on the aerial photographs of 1942. A number of wetland
basins exist in the valley floor above this site.

4.3 PES

Geomorphologically, this site has been awarded a D rating. Scores given to drivers in the
geomorphology spreadsheet are substantiated by Tables B-1 to B-4 below.

The site is located in an alluvial plane-bed reach with boulders and cobbles as dominant bed
materials (over 70% of bed material). A loss of gravels and sand is indicated. Bed material
is loosely packed and not embedded. Bank stability is moderate and has been influenced by
the invasion of alien plant species (Acacia mearnsii, Black Wattle). Banks have become
temporarily over-stabilised by the Black Wattle resulting in bank undercutting and collapse in
sections, as well as channel incision. Main sources of change noted along this reach include
gabion structures upstream of the site as part of a wetland rehabilitation project, alien
invasion (high impact) and recent alien vegetation clearance from the riparian zone. ltis also
thought that there are probably a few storage weirs on this reach. Marked channel incision is
linked to the stabilization of the valley floor by alien vegetation which has been well
established since 1983 (aerial photo evidence). Habitat diversity at this site is thought to be
reasonable.

Table B-1 Guidelines for rating changes to event hydrology
Rating of magnitude of
change rated from 1(small) Reason for change
to 5 (extreme)
Increased Decreased
Has there been a change in the frequency of Impaired wetlands upstream
event-flows that are contained within the active 2.5 results in reduction of flood
channel? storage.
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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Has there been a change in the frequency of 25 Channel incision

event-flow that fill or overtop the active channel? ' '

Has the channel been impacted recently by an Yes / No Date 1997, Description: extreme flood events.
extreme event? 2000

Table B-2

Guidelines for rating changes to sediment supply

Rating of magnitude of
change rated from 1(small)
to 5 (extreme)

Reason for change

Increased Decreased
Has there been a change in the amount of
sediment supplied from the catchment?
Has there been a change in sediment supplied .
from the upstream channel? 2 Wetland erosion.
Has there been a change in the size of sediment Fines from wetland deposits
. 2 Rt
supplied to the stream? contribute to washload.
Have chan_ges been due to a discrete event such ves / No Description.
as a landslide or dam burst?

Table B-3

Guidelines for rating changes to vegetation

Rating of magnitude of
change rated from
1(small) to 5 (extreme)

Reason for change

Increased Decreased
Have vegetation changes affected the 3 Alien vegetation
stability of the riverbank? :
Have vegetation changes affected the
sta_blllty of sediment _de_posns within the 3 Alien vegetation.
active channel or within secondary or
distributary channels?
Have vegetation changes affected the 3 Alien vegetation
stability of the flood plain? '
Combined rating 4

Table B-4

Guidelines for rating morphological changes due to instream engineered structures

Rating of magnitude of
change rated from
1(small) to 5 (extreme)

Reason for change

Increased Decreased
Has there been a change to the composition 1 Causeway
and/or mobility of the bed? )
Has there been a change to the composition 1 Bridge
and/or stability of the banks? '
Has there been a change to the size and/or 1 Causeway
shape of the channel? )
Has there been a change to the channel
sinuosity? (e.g. straightening)
Has there been a change in the reach long
profile? (e.g. due to a weir across the 1 Causeway.
channel)
PES Causes Sources Flow/Non flow related

Channel incision

Alien vegetation encroachment

Non flow related

Bed armouring

D Channel incision leading to increase in stream
power plus increase in floods.

Flow related
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44

Trend and reasons

The channel is probably still changing, though the rate of change has probably significantly
reduced over time. The main reason for this change is the invasion of alien vegetation which
has over-stabilized channel banks since at least 1983. Major trends are that the channel
depth has increased, channel width has decreased, there has been a loss of secondary
channels and mid-channel bars and islands, and average bed material size has increased.
Clearance of alien vegetation could lead to short-term instability but improvement over the

long term.
Resulting .
PES Trend PES Time Reasons
D Negative Low D Long term | System stabilizing (no rehabilitation).
D Positive C Long term | Rehabilitation following alien clearance.
4.5 Alternative ECs

No alternative categories were evaluated.

CES
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5 EWR 2: KROMMERIVIERS POORT - KROMME RIVER

51 Data availability
See EWR 1.
5.2 Reference condition

This reach of the river is contained in a v-shaped valley with moderately steep sides. The
site channel gradient is 0.01 which means that it is classified as a rejuvenated foothills river.
The channel is likely to have been in the transition between transport limited and supply
limited. Flood and sediment load characteristics would be similar to those described for
EWR 1. The aerial photograph taken in 1942 prior to the filling and operation of Churchill
Dam suggests that this reach should consist of a series of alternating pools and braided
sections (300 to 600m in length) both extending across the width of the valley bottom. The
braiding may be associated with underlying bedrock controls, but there is no available
evidence to support this. There is local evidence of lateral cobble bars.

5.3 PES

Geomorphologically, this site has been awarded an E rating. Scores allocated to drivers are
substantiated by Tables B-5 to B-8 below.

The site is located on an alluvial reach immediately below Churchill Dam. This situation will
have impacted both floods and sediment availability. There has been severe encroachment
of Black Wattle, which has caused both a loss of pools and a reduction of secondary
channels in the braided sections. This impact is already evident in the 1961 aerial
photograph. The site inspected for the geomorphological survey was dominated by cobble
with significant amounts of gravel and a small percentage of boulders. The bed material is
loosely packed with no evidence of embeddedness. Moderate erosion on the left hand bank
was attributed to dam releases.

Table B-5 Guidelines for rating changes to event hydrology
Rating of magnitude of
change rated from 1(small) Reason for change
to 5 (extreme)
Increased Decreased
Has there been a change in the frequency of
event-flows that are contained within the active 4 Churchill Dam.
channel?
Has there been a change in the frequency of .
event-flow that fill or overtop the active channel? 4 Churchill Dam.
Has the channel been impacted recently by an Date 1997, Description: extreme flood
Yes / No
extreme event? 2000 events.
Table B-6 Guidelines for rating changes to sediment supply
Rating of magnitude of
change rated from 1(small) Reason for change
to 5 (extreme)
Increased Decreased
Has there been a change in the amount of
sediment supplied from the catchment?
Has there been a change in sediment supplied 5 Churchill Dam.
from the upstream channel?
Has there been a change in the size of sediment Fines from wetland deposits
supplied to the stream? contribute to washload.
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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Rating of magnitude of

change rated from 1(small)

to 5 (extreme)

Reason for change

Have changes been due to a discrete event such
as a landslide or dam burst?

Yes/ No Date -

Description.

Table B-7

Guidelines for rating changes to vegetation

Rating of magnitude of

change rated from 1(small)

to 5 (extreme)

Reason for change

Increased Decreased

Have vegetation changes affected the stability of 3 Alien vegetation.
the riverbank?
Have vegetation changes affected the stability of
sediment deposits within the active channel or 3 Alien vegetation.
within secondary or distributary channels?
Have vegetation changes affected the stability of .

. No flood plain.
the flood plain?
Combined rating. 3

Table B-8

Guidelines for rating morphological changes due to instream engineered structures

Rating of magnitude of

change rated from 1(small)

to 5 (extreme)

Reason for change

Increased Decreased

Has there been a change to the composition
and/or mobility of the bed?

Has there been a change to the composition
and/or stability of the banks?

Has there been a change to the size and/or
shape of the channel?

Has there been a change to the channel
sinuosity? (e.g. straightening)

Has there been a change in the reach long
profile? (e.g. due to a weir across the channel)

Storage weirs in reach.

PES Causes

Sources

Change in morphology
and therefore habitat

£ |type.

Alteration to flow and sediment regimes.

Flow related.

Change in stability of
banks and bed
material.

Encroachment by alien vegetation.

Non flow related.

54 Trend and reasons

The channel has been adjusting since the dam was closed in 1943 and alien vegetation was
well established by 1961. The channel is therefore likely to have adjusted to these new

conditions.
PES Trend Resulting Time Reasons
PES
E Negative Low E Long term Continued effects of dam on flow and sediment
supply.
Positive High D Long term Rehabilitation following alien clearance.
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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5.5 Alternative ECs

No alternative categories were evaluated.
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6 EWR 3: DYKE - KROMME RIVER

6.1 Data availability
See EWR 1. Aerial photographs only available for 1942 and 1985.
6.2 Reference condition

This reach is located in a confined valley with a narrow valley floor and good coupling
between the hillslope and the channel. The gradient of the site was estimated as between
0.003 and 0.0037 which places it in the lower foothills category. The mean annual discharge
at this site is approximately three times that at EWR 1 and one would therefore expect the
channel capacity to increase accordingly. Flood frequency and sediment load characteristics
would be similar to those described for EWR 1.

Evidence from the 1942 aerial photograph would suggest that the reference condition for the
reach is a bedrock or mixed anabranching channel with narrow passageways passing
through dense Phragmites. Locally, pools form stretches of open water.

6.3 PES
Geomorphologically, this site has been awarded a D rating. Scores given to drivers are
substantiated by Tables B-9 to B-12 below.

The site is located downstream of Mpofu Dam and immediately upstream of the estuary.
The dam is thought to have a high impact on the channel at this point in terms of its alteration
to the natural flow and sediment regimes. The site is bedrock dominated and displays pool-
rapid morphology. There has been recent removal of alien vegetation from the riparian zone,
which may have a destabilizing effect in the short term. However, the site is thought to be
largely resistant to change due to the fact that the channel consists primarily of bedrock at
this point. Phragmites sections upstream of the site seem to have become consolidated over
time, causing a reduction in secondary channels in these sections. At the site, the river
forms a natural "weir" behind a sandstone dyke that extends across the width of the channel.
Water is abstracted from this "weir" which has most probably affected habitat availability.

Table B-9 Guidelines for rating changes to event hydrology
Rating of magnitude of
change rated from 1(small) Reason for change
to 5 (extreme)
Increased Decreased
Has there been a change in the frequency of
event-flows that are contained within the active 4 Impofu dam.
channel?
Has there been a change in the frequency of
event-flow that fill or overtop the active channel? 4 Impofu dam.
Has the channel been impacted recently by an Date 1997, Description: extreme flood
Yes / No
extreme event? 2000 events.
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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Table B-10

Guidelines for rating changes to sediment supply

Rating of magnitude of
change rated from 1(small)
to 5 (extreme)

Reason for change

Increased

Decreased

Has there been a change in the amount of
sediment supplied from the catchment?

Has there been a change in sediment supplied
from the upstream channel?

Impofu dam.

Has there been a change in the size of sediment
supplied to the stream?

Have changes been due to a discrete event such
as a landslide or dam burst?

Yes / No

Date -

Description.

Table B-11

Guidelines for rating changes to vegetation

Rating of magnitude of
change rated from 1(small)
to 5 (extreme)

Reason for change

Increased Decreased

Havg vegetation changes affected the stability of No clear banks.
the riverbank?
Have vegetation changes affected the stability of Consolidation of Phragmites has
sediment deposits within the active channel or 3 made them more homogenous
within secondary or distributary channels? across the channel floor.
Have vegetation changes affected the stability of .

. No clear floodplain.
the flood plain?
Combined rating. 3

Table B-12

Guidelines for rating morphological changes due to instream engineered structures

Rating of magnitude of
change rated from 1(small)
to 5 (extreme)

Reason for change

Increased Decreased

Has there been a change to the composition

and/or mobility of the bed?

Has there been a change to the composition

and/or stability of the banks?

Has there been a change to the size and/or

shape of the channel?

Has there been a change to the channel

sinuosity? (e.g. straightening)

Has there been a change in the reach long

profile? (e.g. due to a weir across the channel)

PES Causes Sources Flow/Non flow related
Change in morphology
and therefore habitat Alteration to flow and sediment regimes. Flow related.

D type.
Change n stability of Consolidation of Phragmites. Flow related.
bed material.
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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6.4

Trend and reasons

Channel is unlikely to change further due to its transformation into a bedrock channel.

Resulting n
PES Trend PES Time Reasons
D Negative Low D Long term | System stabilizing (no rehabilitation).
6.5 Alternative ECs

No alternative categories were evaluated.

CES

Kromme/Seekoei Catchments Reserve Determination Study — Technical Component

November 2005

EWR Rivers Report: Final

Page B-13







7 EWR 4: GEELHOUTBOOM RIVER

71 Data availability
See EWR 1.
7.2 Reference condition

This site is located on an alluvial gravel bed reach with a narrow flood bench between high terraces.
The gradient of the site is approximately 0.003 which places it in the lower foothills category. Flood
frequency characteristics would be similar to those described for EWR 1, although this is a much
smaller river. Sediment delivered to the channel by tributaries would consist primarily of gravel.
Evidence from a series of aerial photographs since 1942 suggest that the reference condition for
this site is a narrow, single thread channel (probably displaying pool-riffle morphology) with a dense
canopy of indigenous woody riparian vegetation.

7.3 PES
Geomorphologically, this site has been awarded a C rating.

The scores given for each of the drivers in the geomorphology spreadsheet are substantiated in
Tables B-13 to B-16 below.

This is an alluvial reach with gravel as the predominant substrate. Bed material is loosely packed
and moderately embedded. Exposure of tree roots on banks indicates moderate channel widening
and incision. Changes to catchment land use since 1975 will have reduced the catchment sediment
yield, while two upstream dams will have trapped sediment and reduced flood flows. The
indigenous woody riparian vegetation zone is still intact. There is a bridge upstream of the site,
within the reach.

Table B-13 Guidelines for rating changes to event hydrology
Rating of magnitude of
change rated from 1(small) Reason for change
to 5 (extreme)
Increased Decreased
Has there been a change in the frequency of
event-flows that are contained within the active 2 Dams upstream.
channel?
Has there been a change in the frequency of 1 Dams upstream
event-flow that fill or overtop the active channel? P )
Has the channel been impacted recently by an Date 1997, Description: extreme flood
Yes / No
extreme event? 2000 events.
Table B-14 Guidelines for rating changes to sediment supply
Rating of magnitude of
change rated from 1(small) Reason for change
to 5 (extreme)
Increased Decreased
Has there been a change in the amount of Slight gully erosion upstream,
sediment supplied from the catchment? 5 reduced since 1942, decreased
sediment yield following reduced
cultivation.
Has there been a change in sediment supplied 3 Dams upstream
from the upstream channel? p )
Has there been a change in the size of sediment
supplied to the stream?
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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Rating of magnitude of
change rated from 1(small)
to 5 (extreme)

Reason for change

Have changes been due to a discrete event such
as a landslide or dam burst?

Yes/ No

Date

Description.

Table B-15

Guidelines for rating changes to vegetation

Rating of magnitude of
change rated from 1(small)
to 5 (extreme)

Reason for change

Increased

Decreased

Have vegetation changes affected the stability of
the riverbank?

Have vegetation changes affected the stability of
sediment deposits within the active channel or
within secondary or distributary channels?

Have vegetation changes affected the stability of
the flood plain?

Combined rating.

Table B-16 Guidelines for rating morphological changes due to instream engineered structures
Rating of magnitude of
change rated from 1(small) Reason for change
to 5 (extreme)
Increased Decreased

Has there been a change to the composition
and/or mobility of the bed?
Has there been a change to the composition
and/or stability of the banks?
Has there been a change to the size and/or .
shape of the channel? 05 Upstream bridge.
Has there been a change to the channel
sinuosity? (e.g. straightening)
Has there been a change in the reach long
profile? (e.g. due to a weir across the channel)
PES Causes Sources Flow/Non flow related

Moderately a_ltered Changes to catchment land use; bridge with

flow and sediment : Non flow related.

C . side supports.
regimes.
Dam upstream. Flow related.
7.4 Trend and reasons

This site is not seen to be on any trajectory of change as a result of human activity.

Resulting .
PES Trend PES Time Reasons
C Negative Low C Long term Continued effects of dam.
7.5 Alternative ECs

No alternative categories were evaluated.
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8 EWR 5: SEEKOEI RIVER

8.1 Data availability
See EWR 1.
8.2 Reference condition

This site is located on an alluvial gravel bed reach with a narrow flood bench with low gradient
valley side slopes. The gradient of the site could not be calculated due to discrepancies between
adjacent maps. This reach lies immediately downstream of a gorge. Flood frequency
characteristics would be similar to those described for EWR 1, although this is a much smaller
river. Strong coupling between tributaries and main channel in the upper catchment would
deliver coarse sediment to the channel. Evidence from a series of aerial photographs since 1942
suggest that the reference condition for this site is a narrow, single thread channel (probably
displaying pool-riffle morphology) with an open canopy of indigenous woody riparian vegetation.

8.3 PES
Geomorphologically, this site has been awarded a D rating.

The scores given for each of the drivers in the geomorphology spreadsheet are substantiated in
Tables B-17 to B-20 below.

This is an alluvial reach with cobble and boulders as the predominant substrate in riffles (at the
site), but sand dominates large areas of the channel within the wattle-infested sections. Bed
material is loosely packed, but not embedded at the site. Exposure of tree roots (Black Wattle)
on banks indicates moderate channel widening and incision. There is a bridge with culverts
immediately upstream of the site. The biggest impact is due to invasion by alien vegetation.

Table B-17 Guidelines for rating changes to event hydrology

Rating of magnitude of
change rated from 1(small) Reason for change
to 5 (extreme)
Increased Decreased
Has there been a change in the frequency of
event-flows that are contained within the active
channel?
Has there been a change in the frequency of
event-flow that fill or overtop the active channel?
Has the channel been impacted recently by an Y Date 1997, Description: extreme flood
es / No
extreme event? 2000 events.

Table B-18 Guidelines for rating changes to sediment supply

Rating of magnitude of
change rated from 1(small) Reason for change
to 5 (extreme)

Increased Decreased
Has there been a change in the amount of
sediment supplied from the catchment?
Has there been a change in sediment supplied 2
from the upstream channel?
Has there been a change in the size of sediment

. 25
supplied to the stream?
Have chan_ges been due to a discrete event such Yes / No Date Description.
as a landslide or dam burst?
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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Table B-19

Guidelines for rating changes to vegetation

Rating of magnitude of
change rated from 1(small)
to 5 (extreme)

Reason for change

Increased Decreased
Havg vegetation changes affected the stability of 3 Black Wattle on banks.
the riverbank?
Have vegetation changes affected the stability of
sediment deposits within the active channel or 1 Kikuyu on in-channel bench.
within secondary or distributary channels?
Have vegetation changes affected the stability of 2 Black Wattle in flood zone.
the flood plain?
Combined rating.

Table B-20

Guidelines for rating morphological changes due to instream engineered structures

Rating of magnitude of
change rated from 1(small)
to 5 (extreme)

Reason for change

Increased Decreased
Has there been a change to the composition
and/or mobility of the bed?
Has there been a change to the composition
and/or stability of the banks?
Has there been a change to the size and/or
shape of the channel?
Has there been a change to the channel
sinuosity? (e.g. straightening)
Has there been a change in the reach long 1 Bridae with culverts
profile? (e.g. due to a weir across the channel) 9 )
PES Causes Sources Flow/Non flow related
Channel widening and
D increased sand on Black Wattles. Non flow related.
bed.
Backing up water. Bridge. Non flow related.
8.4 Trend and reasons

This site is not seen to be on any trajectory of change as a result of human activity.

Resulting .
PES Trend PES Time Reasons
D Negative Low D Long term Continued effects of wattles.
D Positive C Long term Rehabilitation after removing wattles.
8.5 Alternative ECs

No alternative categories were evaluated.
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9 EWR 6: SWART RIVER

9.1 Data availability
See EWR 1.
9.2 Reference condition

This site is located on an alluvial cobble/gravel bed reach with a flood bench extending
across a narrow valley floor between steep valley side slopes. Upstream the valley narrows
and the channel gradient steepens. The gradient of the site is approximately 0.0133
(Important: This includes the higher gradient section upstream), which places it in the upper
foothills category. Flood frequency characteristics would be similar to those described for
EWR 1, although this is a much smaller river. Sediment delivered to the channel by
tributaries would consist primarily of coarse gravel. Evidence from a series of aerial
photographs since 1942 suggest that the reference condition for this site is a narrow,
meandering, single thread channel (probably displaying pool-rifle morphology) with
secondary channels probably activated during floods. The riparian vegetation in 1942 was
probably mixed woody scrub and grass that would have stabilised channel planform.

9.3 PES
Geomorphologically, this site has been awarded a C rating.

The scores given for each of the drivers in the geomorphology spreadsheet are substantiated
in Tables B-21 to B-24 below.

This is an alluvial reach with coarse gravel and cobble as the predominant substrate. Bed
material in riffles is loosely packed. Fine gravels and sand dominate pool/run sections.
Aerial photographic evidence indicates that by 1962 the riparian zone had been affected by
fire, causing grass to replace clumped woody scrub. The riparian zone was still open in
1985. At the time of the site visit closed canopy mature Black Wattle occupied the riparian
zone. This condition has persisted for less than twenty years. The ground cover under the
wattles is low, allowing floods to scour channels through the riparian zone. Exposure of tree
roots on banks indicates localised channel widening and incision. The wattles have had the
general effect of destabilising both the channel and the flood zone.

Table B-21 Guidelines for rating changes to event hydrology

Rating of magnitude of
change rated from 1(small) Reason for change
to 5 (extreme)

Increased Decreased

Has there been a change in the frequency of
event-flows that are contained within the active
channel?

Has there been a change in the frequency of
event-flow that fill or overtop the active channel?

Has the channel been impacted recently by an Yes / No Date 1997, Description: Extreme flood
extreme event? 2000 events.
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Table B-22

Guidelines for rating changes to sediment supply

Rating of magnitude of
change rated from 1(small)
to 5 (extreme)

Reason for change

Increased Decreased

Has there been a change in the amount of
sediment supplied from the catchment?

Has there been a change in sediment supplied
from the upstream channel?

Wattle in flood zone.

Has there been a change in the size of sediment
supplied to the stream?

Wattle in flood zone.

Have changes been due to a discrete event such
as a landslide or dam burst?

Yes/No Date -

Table B-23

Guidelines for rating changes to vegetation

Rating of magnitude of
change rated from 1(small)
to 5 (extreme)

Reason for change

Increased Decreased

Have vegetation changes affected the stability of
the riverbank?

2

Black Wattle.

Have vegetation changes affected the stability of
sediment deposits within the active channel or
within secondary or distributary channels?

Have vegetation changes affected the stability of
the flood plain?

25

Black Wattle.

Combined rating.

Table B-24

Guidelines for rating morphological changes due to instream engineered structures

Rating of magnitude of
change rated from 1(small)
to 5 (extreme)

Reason for change

Increased Decreased

Has there been a change to the composition

and/or mobility of the bed?

Has there been a change to the composition

and/or stability of the banks?

Has there been a change to the size and/or

shape of the channel?

Has there been a change to the channel

sinuosity? (e.g. straightening)

Has there been a change in the reach long

profile? (e.g. due to a weir across the channel)

PES Causes Sources Flow/Non flow related

C _Bank g_nd flood zone Black Wattle. Non flow related.
instability
9.4 Trend and reasons
This site is not seen to be on any trajectory of change as a result of human activity.
PES | Trend Resulting Time Reasons
PES
c Negative Low C Long term Continued effects of Black Wattle.
Positive B Long term Alien clearance and rehabilitation.
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9.5

Alternative ECs

This driver template assumes a D category due to an increased impact of Acacia mearnsii
(Black Wattle) on channel stability and morphology.

GEOMORPHOLOGY DRIVERS

Flow related
o . (event
Components Rank {° RatingWeight, Relafed hydrology; | Confidence
Weight score high flows
floods)

EVENT HYDROLOGY & SEDIMENT
SUPPLY 1.00 | 100.00 | 2 0.43 2.61 0.00 4.00
||R|PARIAN VEGETATION 2.00 | 80.00 | 3.00 | 035 | 3.3 0.00 4.00
CHANNEL PATTERN & MORPHOLOGY| 3.00 | 50.00 | 0.00 | 0.22 0.00 0.00 5.00
TOTALS 230.00 | 3.00 | 1.00 | 5.74
Driver status:(%): >89=A; 80-89=B; 60-79=C; 40-59=D; 20-39=E; 61.00
<20=F '
[HABITAT DRIVER CATEGORY c
9.5.1 Rating for flood —sediment

A further increased sediment input is envisaged due to disturbance of riparian zone by
Black Wattle.

9.5.2 Rating for riparian vegetation
Closed canopy of mature Black Wattle, increased wattle on river banks and loss of ground
bank vegetation: limited ground cover on floodplain and increased bank instability leading to
channel widening and some incision.
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10 GEOMORPHOLOGY PES INFO
10.1 EWR 1: RECC
GEOMORPHOLOGY DRIVERS
Flow-related
% . . . [Weighed (event .
COMPONENTS Rank Weight Rating |Weight score |hydrology;high Confidence
flows, floods)
EVENT HYDROLOGY & SEDIMENT
SUPPLY 1.00 | 100.00 2 0.43 2.61 4.00 3.00
RIPARIAN VEGETATION 2.00 | 80.00 | 4.00 | 0.35 4.17 0.00 4.00
CHANNEL PATTERN & MORPHOLOGY| 3.00 | 50.00 | 1.00 | 0.22 0.65 0.00 4.00
TOTALS 230.00| 5.00 | 1.00 7.43
Driver status:(%): >89=A;80-89=B;60- 50.00
79=C; 40-59=D;20-39=E;<20=F ’
HABITAT DRIVER CATEGORY D
10.2 EWR 2: REC D
GEOMORPHOLOGY DRIVERS
Flow-related
% . . .. Weighed (event .
COMPONENTS Rank Weight Rating |Weight score |hydrology;high Confidence
flows, floods)
EVENT HYDROLOGY & SEDIMENT
SUPPLY 1.00 | 100.00 4 0.42 5.00 4.00 4.00
RIPARIAN VEGETATION 3.00 | 80.00 | 3.00 | 0.33 3.00 3.00 4.00
CHANNEL PATTERN & MORPHOLOGY| 2.00 | 60.00 | 2.00 | 0.25 1.50 0.00 4.00
TOTALS 240.00| 5.00 | 1.00 9.50
Driver status:(%): >89=A;80-89=B;60- 36.00
79=C; 40-59=D;20-39=E;<20=F )
HABITAT DRIVER CATEGORY E
10.3 EWR 3: REC E
GEOMORPHOLOGY DRIVERS
Flow-related
% . . . .Weighed (event .
COMPONENTS Rank Weight Rating (Weight score |hydrology;high Confidence
flows, floods)
EVENT HYDROLOGY & SEDIMENT
SUPPLY 1.00 | 100.00 4 0.45 5.45 4.00 4.00
RIPARIAN VEGETATION 2.00 | 60.00 | 3.00 | 0.27 2.45 3.00 4.00
CHANNEL PATTERN & MORPHOLOGY| 2.00 | 60.00 | 0.00 | 0.27 0.00 0.00 4.00
TOTALS 220.00| 3.00 | 1.00 7.91
Driver status:(%): >89=A;80-89=B;60- 47.00
79=C; 40-59=D;20-39=E;<20=F )
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[HABITAT DRIVER CATEGORY | | | | | b |

104 EWR 4: RECD

GEOMORPHOLOGY DRIVERS
Flow-related
% " . . [Weighed (event .
COMPONENTS Rank Weight Rating |Weight score |hydrology:high Confidence
flows, floods)
EVENT HYDROLOGY & SEDIMENT
SUPPLY 1.00 | 100.00 3 0.43 3.91 3.00 3.00
RIPARIAN VEGETATION 2.00 | 80.00 | 0.00 | 0.35 0.00 0.00 4.00
CHANNEL PATTERN & MORPHOLOGY| 3.00 | 50.00 | 0.50 | 0.22 0.33 0.00 3.00
TOTALS 230.00| 0.50 | 1.00 4.24
Driver status:(%): >89=A;80-89=B;60- 71.00
79=C; 40-59=D;20-39=E;<20=F ’
HABITAT DRIVER CATEGORY Cc
10.5 EWR 5: RECC
GEOMORPHOLOGY DRIVERS
Flow-related
% " . . [Weighed (event .
COMPONENTS Rank Weight Rating |Weight score |hydrology:high Confidence
flows, floods)
EVENT HYDROLOGY & SEDIMENT
SUPPLY 1.00 | 100.00 2 0.43 2.61 0.00 3.00
RIPARIAN VEGETATION 2.00 | 80.00 | 3.00 | 0.35 3.13 0.00 4.00
CHANNEL PATTERN & MORPHOLOGY| 3.00 | 50.00 | 1.50 | 0.22 0.98 0.00 4.00
TOTALS 230.00| 4.50 | 1.00 6.72
Driver status:(%): >89=A;80-89=B;60- 55.00
79=C; 40-59=D;20-39=E;<20=F )
HABITAT DRIVER CATEGORY D
10.6 EWR 6: REC B
GEOMORPHOLOGY DRIVERS
Flow-related
% . . . [Weighed (event .
COMPONENTS Rank Weight Rating |Weight score |hydrology;high Confidence
flows, floods)
EVENT HYDROLOGY & SEDIMENT
SUPPLY 1.00 | 100.00 1 0.43 1.30 0.00 4.00
RIPARIAN VEGETATION 2.00 | 80.00 | 2.00 | 0.35 2.09 0.00 4.00
CHANNEL PATTERN & MORPHOLOGY| 3.00 | 50.00 | 0.00 | 0.22 0.00 0.00 5.00
TOTALS 230.00| 2.00 | 1.00 3.39
Driver status:(%): >89=A;80-89=B;60- 77.00
79=C; 40-59=D;20-39=E;<20=F )
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[HABITAT DRIVER CATEGORY | | | | | c |

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
November 2005 EWR Rivers Report: Final Page B-24



APPENDIX C

RIPARIAN VEGETATION

Mr N.P. Kemper, Integrated Environmental Assessments cc
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1 EWR 1: MELKHOUTBOSKRAAL - KROMME RIVER

11 Data availability

Available data is confined to that observed and collected during the site selection trip
undertaken in November 2003.

1.2 Reference condition

An intact and connected riparian zone from the upper zone through to the marginal zone
defines the reference condition. The upper riparian zone comprises of species more similar
to that of valley bushveld than the surrounding false Karoo (Acocks, 1989). Low and Rebello
(1996) describe this as south west coast Renosterveld. It comprises a closed thicket of
shrubs and trees featuring Podocarpus (yellow wood), Carissa bispinosa, Scutia myrtina,
Rhus lucida, Maytenus heterophylla, Ehretia rigida, Acacia karroo, Euclea undulata, Cassine
aethiopica and many others. The lower riparian zone features Diospyros lyciodes, Rhus
dentata, and Palmiet. Palmiet forms large clumps on the edges of pools. Palmiet also
dominates the marginal zone, with smaller clumps of Juncus and other sedges and
Restionaceae featuring in other open areas.

No exotic species are present under the reference condition and cultivation is absent in the
upper riparian zone.

1.3 PES
PES: D

The PES is poor due to the removal of indigenous vegetation and cultivation in the upper
riparian zone. In addition, the infestation of the upper and middle riparian zones by Black
Wattle is extensive. This has led to extensive stabilisation of the riparian zone and the
subsequent incision of the river and the marginal zone. The riparian zone has therefore
become significantly disconnected leaving the upper zone isolated from the middle and lower
parts. It is uncertain whether the remaining vegetation of the upper riparian zone, in its
present location, is still dependent on the river for its supply of water.

PES Causes Sources 2 (07 A
related related
General degeneration of the Invasion of exotic species and
riparian zone and isolation of R P Yes No
L subsequent river incision.
upper riparian zone.
Invasion of exotic species and exclusion
. . . of indigenous species. Yes No
Decreased species diversity. = ——
Cultivation in upper riparian zone and
. Yes No
removal of vegetation.
Invasion of exotic species and exclusion Yes No
b | Changes in species composition. of indigenous species.
Cattle grazing in riparian zone. Yes No
Changes in abundance of | Cultivation in upper riparian zone and
. . Yes No
vegetation. removal of vegetation.
Chanaes in vegetation cover Invasion of exotic species and exclusion Yes No
9 9 ' of indigenous species.
Invasion of exotic species and exclusion
A ; Yes No
. . of indigenous species.
Changes in vegetation structure. - -
Reduced impact of flooding as a NoO Yes
consequence of exotic species invasion.
Data confidence: PES evaluation and data confidence is High.
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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1.4 Trend and reasons

PES | Trend Resulting PES Time Reasons
Further invasion of exotic species and removal of
E - F 10 years | indigenous vegetation for cultivation, fuels and
browsing.

Data confidence: The confidence in trend evaluation data is Medium since it is uncertain to
what extent further exotic invasion will take place and whether further cultivation in the
catchment will impact on the riparian zone and result in further decline in the PES.

1.5 Alternative ECs

The recommended EC is a D or higher. However, a D would be costly to maintain since the
vegetation would have a negative trend and would require the continuous removal of exotic
vegetation using effective eradication programmes. It would be more practical to
recommend a C (absence of exotics). Provided the Reserve is supplied, further
improvement of the riparian vegetation would result in a long term positive trend.

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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2 EWR 2: KROMMERIVIERS POORT - KROMME RIVER

21 Data availability

Available data is confined to that observed and collected during the site selection trip
undertaken in November 2003.

2.2 Reference condition

An intact and connected riparian zone, from the upper zone through to the marginal zone,
defines the reference condition. The upper riparian zone comprises species more similar to
that of valley bushveld than the surrounding false Karoo (Acocks, 1989). Low and Rebello
(1996) describe this as south west coast Renosterveld. It comprises a closed thicket of
shrubs and trees featuring Podocarpus latifolius, Carissa bispinosa, Scutia myrtina, Rhus
lucida, Maytenus heterophylla, Ehretia rigida, Acacia karroo, Euclea undulata, Cassine
aethiopica and many others. The lower riparian zone features Diospyros lyciodes, Rhus
dentata, and Palmiet. The Palmiet forms large clumps on the edges of pools. Palmiet also
dominates the marginal zone with smaller clumps of Juncus and other sedges and
Restionaceae spp. featuring in other open areas.

No exotic species are present under the reference condition and cultivation is absent in the
upper riparian zone.

23 PES
PES: D
The PES is poor mainly due to the impact of the invasion of exotic species and the impact of

flow regulation (reductions in low flows and flood removals) imposed by Churchill Dam
immediately upstream.

PES Causes Sources e (2 o
related related
Invasion of exotic species and exclusion of Yes No
Decreased species diversity. indigenous species.
Reduced low flows. No Yes
Invasion of exotic species and exclusion of Yes No
Changes in species composition. indigenous species.
Reduced low flows. No Yes
Changes in abundance of | Invasion of exotic species and exclusion of Yes No
D vegetation. indigenous species.
Changes in vegetation cover. Invasion of exotic species and exclusion of Yes No
indigenous species.
Invasion of exotic species and exclusion of
S . Yes No
indigenous species.
Changes in vegetation structure. Reduced impact of flooding as a No Yes
consequence of exotic species invasion.
Reduced low flows. No Yes
Data confidence: PES evaluation and data confidence is High.
24 Trend and reasons
PES Trend Resulting PES Time Reasons
10-15 . . . L
D - E years Further invasion of exotic species in riparian zone.
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Data confidence: The confidence in trend evaluation data is Low to Medium since it is
uncertain to what extent further exotic invasion will take place and bring about additional
reductions in the PES.

2.5 Alternative ECs

The recommended EC is a D. In addition to the provision of the Reserve for a Category D,
this will also require mainly non flow related management of the exotic species in the upper
riparian zone, along with regular follow-up management.

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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3 EWR 3: DYKE - KROMME RIVER

3.1 Data availability

Available data is confined to that observed and collected during the site selection trip
undertaken in November 2003. No vegetation surveys were undertaken since the site was
selected as an important access route for fish and invertebrates between the estuary and
Impofu Dam.

3.2 Reference condition

The reference condition is defined by dense clumps of riparian vegetation on sandy bars
between the many pools and multiple small channels. Marginal vegetation is characterised
by clumps of Miscanthus, Cyperus textilis, Cliffortia and Palmiet on the water edges and on
small islands.

The lower riparian zone is characterised by dense stands of Podocarpus latifolius, Ficus sur,
Erica, Rhus and Euclea species. The upper riparian zone is visibly different from the lower
riparian zone and is characterised by dense Valley Bushveld species that colonise the steep
slopes of the deeply incised river valley.

3.3 PES
PES: D
This is largely due to the invasion of exotic species and degeneration of the riparian zone

due to reduced and regulated flows imposed by Impofu Dam and the significant abstraction
of water from the river for farming purposes.

PES Causes Sources o il AL
related related
Invasion of exotic species and exclusion
Decreased species diversity of indigenous species. Yes o
' Reduced and regulated low flows due to
No Yes
Impofu Dam.
Invasion of exotic species and exclusion
. . S - Yes No
Changes in species | of indigenous species.
composition. Reduced and regulated low flows due to
No Yes
Impofu Dam.
D . : Invasion of exotic species and exclusion
Changes in vegetation cover. S - Yes No
of indigenous species.
Invasion of exotic species and exclusion
S X Yes No
of indigenous species.
Reduced impact of flooding as a
Changes in vegetation structure. | consequence of exotic species invasion No Yes
and the presence of Impofu Dam.
Reduced and regulated low flows due to
No Yes
Impofu Dam.
Data confidence: PES evaluation and data confidence is High.
34 Trend and reasons
PES Trend Resulting PES Time Reasons
Site seems to have reached an equilibrium which
D 0 D - is unlikely to change significantly under present
management conditions.
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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Data confidence: The confidence in trend evaluation data is Medium since it is uncertain
whether the vegetation has reached equilibrium and to what extent further exotic invasion
may take place.

3.5 Alternative ECs

No alternative ECs were considered.
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4 EWR 4: GEELHOUTBOOM RIVER

4.1 Data availability

Available data is confined to that observed and collected during the site selection trip
undertaken in November 2003.

4.2 Reference condition

The reference condition is defined by a dense thicket of shrubs and trees with a closed
canopy. Species composition conforms to that of Valley bushveld (Acocks, 1989) and is
characterised by Podocarpus latifolius, Carissa bispinosa, Maytenus heterophylla, Azima
tetracantha, Scutia myrtina, Ehretia rigida, Acacia karroo, Euclea undulata and many other.
Species diversity is high. Marginal vegetation is abundant on the edges of pools and
dominated by Miscanthus junceus, Cyperus textilis and other sedges. Riparian vegetation
significantly stabilises the banks. The channel is incised; however, the reason for this is
uncertain. Exotic species are absent at the site, but do exist in small, localised patches
within the reach.

4.3 PES
PES: A/B

The PES is close to natural due to the fact that little to no change is evident in the riparian
vegetation abundance, cover, species diversity and composition. Structure appears to be
subtly altered by the reduction in abundance and cover of marginal vegetation. This is due to
the regulation of low flows due to the impact of upstream impoundments. The riparian forest
has a closed canopy for most of the length of the river and contains Podocarpus latifolius that
is a threatened species.

PES Causes Sources e {10 o
related related
Changes in vegetation structure. Reduced an_d regulated low flows due No Yes
to upstream impoundments.
A/B Reduced impact of flooding as a
consequence of upstream No Yes
impoundments.
Data confidence: PES evaluation and data confidence is High.
4.4 Trend and reasons
PES Trend Resulting PES Time Reasons
Vegetation seems to have reached equilibrium;
A/B - B 10 years | however, continued incision may result in the
degradation of the vegetation.

Data confidence: Confidence is Medium to High. Uncertainties do exist regarding the nature
of the grazing by cattle and the impact on low flows and floods by the upstream
impoundments.

4.5 Alternative ECs

No alternative ECs were considered.
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5 EWR 5: SEEKOEI RIVER

51 Data availability

Available data is confined to that observed and collected during the site selection trip
undertaken in September 2004 on the day prior to the specialist meeting.

5.2 Reference condition

The riparian vegetation reference condition for the river reach is characterised mainly by
shrubs such as Maytenus heterophylla, Diospyros sp., Azima tetracantha, and Carissa
bispinosa. The canopy is open and grasses are common in the open spaces between
shrubs. Exotic species are absent.

5.3 PES

PES: F

The reach is dominated by Black Wattle, bramble and Kikuyu. Marginal vegetation is largely
absent due to grazing. The riparian zone is trampled by cattle and riparian shrubs have been
browsed and removed. Species diversity, composition and structure have therefore been
seriously impacted. Vegetation cover and abundance have been less affected due to the fact
that the cover and abundance provided by exotic species is high.

Non flow Flow
PES Causes Sources
related related
. . . Invasion of exotic species and
Decreased species diversity. X I Pe Yes No
exclusion of indigenous species.
Changes in species | Invasion of exotic species and Yes No
composition. exclusion of indigenous species.
. . Invasion of exotic species and
Changes in vegetation cover X S
exclusion and removal of indigenous Yes No
= and abundance. .
species.
Invasion of exotic species and
exclusion and removal of indigenous Yes No
. . species.
Changes in vegetation structure. PECIt - .
Invasion of exotic species and
exclusion and removal of indigenous Yes No
species.

Data confidence: PES evaluation and data confidence is High. Extent of exotic invasion is
highly significant.

5.4 Trend and reasons
PES Trend Resulting PES Time Reasons
Vegetation seems to have reached an equilibrium
state dominated by Black Wattle, however,
F - F 10 years | continued changes in channel structure (widening)
will eventually lead to further degradation in the
vegetation.

Data confidence: Confidence is Medium to High.

nature and extend of future channel widening.

5.5 Alternative ECs

Uncertainties do exist regarding the
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No alternative ECs were considered.
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6

6.1

EWR 6: SWART RIVER

Data availability

Available data is confined to that observed and collected during the site selection trip
undertaken in September 2004 on the day prior to the specialist meeting.

6.2

Reference condition

The reference condition at the site is characterised by Valley Bushveld on the left bank.
Podocarpus latifolius, Maytenus heterophylla, Diospyros sp., in the riparian zone. Palmiet,
Miscanthus and sedges are dominant in the marginal zone. Exotic species are absent.

6.3

PES: D

PES

The PES is largely due to the invasion of Black Wattle at the site and the associated
exclusion of indigenous vegetation

Non flow Flow
PES Causes Sources
related related
. . . Invasion of exotic species and
Decreased species diversity. X N Pe Yes No
exclusion of indigenous species.
Changes in species | Invasion of exotic species and Yes No
D composition. exclusion of indigenous species.
Changes in vegetation cover | Invasion of exotic species and Yes No
and abundance. exclusion of indigenous species.
. . Invasion of exotic species and
Changes in vegetation structure. . - . Yes No
9 9 exclusion of indigenous species.

Data confidence: PES evaluation and data confidence is High. Extent of exotic species
invasion is extensive.

6.4 Trend and reasons
PES Trend Resulting PES Time Reasons
Vegetation is on a long term decline due to the
D - E 10years | invasion of Black Wattle and exclusion of indigenous
vegetation.

Data confidence: Confidence is Medium to High.

6.5

Alternative ECs

No alternative ECs were considered.
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1 EWR 1: MELKHOUTBOSKRAAL - KROMME RIVER
1.1 Data Availability

Historical data

The Kromme River system has been relatively well-surveyed in the past and a total of 48
records are contained on the Albany Museum Fish Database for the period 1959 — 2001.
The Melkhoutboskraal site was last surveyed in 1983.

Project survey data

Two fish surveys were carried out at EWR 1 in the Kromme River in November 2003 and
March 2004. During these field surveys an electric fish shocker was used extensively, as
well as (where feasible) a 6m minnow seine net.

Confidence of data: A moderate confidence level (score = 3 out of 5), due to limited fishing
effort of about 90 minutes and about 130m of river surveyed (due to time constraints), and
extrapolation of catch data to RU. More extensive surveys could possibly reveal small
numbers of indigenous fish in selective habitats in this reach.

1.2 Reference condition
From historical records and general fish distribution data, a total of approximately 5

indigenous fish species are expected to be present in the Kromme River at EWR 1 — see
Table D-1 below.

Table D-1 Fish species expected at EWR 1 in the Kromme River
Species Expected Found Discussion
Pseudobarbus afer No High densities, readily seen and caught, if present.
Sandelia capensis No High densities, readily seen and caught, if present.
Anguilla mossambica No Moderate densities, adults not easily caught.
Anguilla marmorata No Low densities, not easily caught.
Anguilla bicolor bicolor No Low densities, not easily caught.

1.3 PES

It should be noted that the presence at this site of large numbers of highly effective alien
predatory largemouth bass, Micopterus salmoides, has resulted in the local extermination of
the indigenous fish species P. afer and S. capensis from the main channel of the Kromme
River. These native species, which should be present in large numbers (see above), do not
have effective predator-avoidance behavior and are very vulnerable to predation in clear,
shallow streams.

The PES was assessed using two approaches:

a) Ignoring the impact of alien fish and assessing how the original (expected) endemic
fish would have responded to habitat changes; and
b) taking into account the impact of alien fish.

The evaluation taking the impact of alien fish into account was undertaken for EWR 1 as an
example to illustrate the effect of this factor on the final assessment in the FRAI protocol.
The main aim of the fish assessment protocol is to evaluate the present condition of the
aquatic habitats available to the indigenous fish species, i.e. the fish habitat integrity. It was
thus decided that the impact of alien fish should not be taken into account (Dr Neels
Kleynhans, pers comm.). In some instances where no or few indigenous fish were caught,
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this meant that the response of the indigenous fish species expected to present at the site to
the existing fish habitat integrity, was evaluated in terms of the protocol.

a)

PES - Excluding the impact of alien fish
Fish PES: Based on weights of metric groups
e Weighted | Rank of | % Weight
Fish PES Metric group c group: Calct_llated score for | metric | for metric
alculated weight group group group
score
FLOW-DEPTH METRICS FD 51.76 0.28 14.56 2.00 90.00
FLOW MODIFICATION METRICS | FM 55.20 0.31 17.25 1.00 100.00
COVER METRICS CM 65.38 0.22 14.30 3.00 70.00
HEALTH/CONDITION METRICS HM 84.74 0.19 15.89 4.00 60.00
IMPACT OF INTRODUCED SPP
(NEGATIVE) IS 91.30 0.00 0.00 0.00 0.00
1.00 320.00
Fish PES 62.00
Fish PES Category C

b) PES - Including the impact of alien fish
Fish PES: Based on weights of metric groups
Histiic Weighted | Rank of | % Weight
. . group: Calculated . .
Fish PES Metric group " score for metric | for metric
Calculated weight rou rou rou
score group group group
FLOW-DEPTH METRICS FD 51.76 0.09 4.44 3.00 30.00
FLOW MODIFICATION METRICS FM 55.20 0.11 6.31 2.00 40.00
COVER METRICS CM 65.38 0.03 1.87 4.00 10.00
HEALTH/CONDITION METRICS HM 84.74 0.01 1.21 5.00 5.00
IMPACT OF INTRODUCED SPP
(NEGATIVE) IS 91.30 0.29 -26.09 1.00 100.00
1.00 350.00
Fish PES -12.26
IFish PES Category F
PES Causes Sources Flow/Non flow related | Confidence
Reduction in  river | i) Destruction of Palmiet wetlands. | Non flow related. 4
flows, particularly low | ii) Direct abstraction and/or via Flow related. 3
D flows and increased farm dams for farming.
periods of extremely | iii) Increased evapotranspiration Non flow related. 3
low flows (possibly no due to forestry and alien
flows at times). vegetation.
Increased sediment | 1) Soil erosion due to bad farming Non Flow related. 2
load, silting up of pools, | practices.
embedding rock | i) Bank erosion and collapse due Non flow related. 3
substrate cover. to alien trees (e.g. black
wattles).
Reduced water quality, | 1) Fertilizer input from farms. Non flow related. 2
including increased | ii) Increased silt load and turbidity | Non flow related. 2
nutrients,  increased | at high flows.
temperatures, and | i) Reduced DO and increased Flow related. 2
reduced DO levels. temperature during low flows in
summer.
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(Note: this factor ignored in evaluation)

PES Causes Sources Flow/Non flow related | Confidence
Presence of highly effective alien
predator under favourable conditions for
Increased predation. predation. Non flow related. 5

1.4 Trend and Reasons
PES Trend RO Time Reasons
PES
c Working for Water (WfW) programme clearing alien trees in
Stable C N/a catchment and riparian zones; but this impact considered
(low) e S .
secondary to flow modification which is unlikely to change.
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2 EWR 2: KROMMERIVIERS POORT - KROMME RIVER
21 Data Availability

Historical data

This section of the Kromme River system has been relatively well surveyed in the past and
good historical records are available in the Albany Museum Fish Database for the period
1959 — 2001.

Project survey data

Two fish surveys were carried out at EWR 2 in the Kromme River in November 2003 and
March 2004. During these field surveys an electric fish shocker was used extensively in the
range of habitats, apart from deep pools >1.5 m in depth.

Confidence of data: A moderate confidence level (score = 3 out of 5). This confidence level
is due to limited fishing effort and the possibility that more extensive surveys could produce
small numbers of indigenous fish in selective habitats in this reach.

2.2 Reference condition
From historical records and general fish distribution data, a total of approximately 5

indigenous fish species are expected to be present in the Kromme River at EWR 2 — see
Table D-2 below.

Table D-2 Fish species expected at EWR 2 in the Kromme River
Species Expected Found Discussion (Expected densities etc.)

Pseudobarbus afer No High densities, readily seen and caught, if present.
Sandelia capensis No High densities, readily seen and caught, if present.
Anguilla mossambica Yes Moderate densities, adults not easily caught.
Anguilla marmorata No Low densities, not easily caught.
Anguilla bicolor bicolor No Low densities, not easily caught.

23 PES

Species found at the site included the alien predatory largemouth bass, Micopterus
salmoides and the non-endemic banded tilapia or vleikurper, Tilapia sparrmanii. Again no
indigenous fish species, e.g. P. afer and S. capensis were found. One eel, Anguilla
mossambice, was seen.
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a) PES - Excluding the impact of alien fish

Fish PES: Based on weights of metric groups
LB Weighted | Rank of | % Weight
. . group: Calculated . .
Fish PES Metric group ) score for | metric | for metric
Calculated weight rou rou rou
score group group group
FLOW-DEPTH METRICS FD 84.83 0.36 30.30 1.00 100.00
FLOW MODIFICATION METRICS FM 53.46 0.32 17.18 2.00 90.00
COVER METRICS CM 85.65 0.25 21.41 3.00 70.00
HEALTH/CONDITION METRICS HM 84.44 0.07 6.03 4.00 20.00
IMPACT OF INTRODUCED SPP
(NEGATIVE) IS 89.57 0.00 0.00 0.00 0.00
1.00 280.00
Fish PES 74.92
IFish PES Category C

A summary of the causes and sources for the change from reference condition is given in the

table below.
PES Causes Sources Flow/Non flow related | Confidence
. Upstream Churchill Dam. Flow related. 4
Flow modification — Intercepting all flows, apart
reduced high flows, from but very high floods.
non-seasonal flows. . Un-seasonal flows released Flow related. 3
from dam.
Red_uced sed_lme_nt and | e Capture by upstream Churchill Non flow related. 3
C nutrient, detritus input. Dam.
Encroachment of alien . Invasion by alien Black Wattle. | Non flow related. 2
vegetation into channel. | o Reduced scouring by floods. Flow related. 2
. Presence of highly effective
alien predator under favourable
Increased predation. conditions for predation. Non flow related. 5
(Note: this factor ignored in evaluation)
24 Trend and reasons
PES Trend eI Time Reasons
PES
Situation has stabilised due to age of Churchill Dam. WfwW
C programme underway to clear alien trees in catchment and
Stable C N/a A ) ) .
(low) riparian zones; but this impact considered secondary to flow
modification which is unlikely to change.

2.5 Alternative ECs

No alternative ecological categories were considered.
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3 EWR 3: DYKE - KROMME RIVER
31 Data Availability

Historical data
Good historical records are available in the Albany Museum Fish Database for the period
1959 — 2001.

Project survey data

Only one fish survey was carried out at EWR 3 in the Kromme River in November 2003.
Only an electric fish shocker was used in the range of still water habitats, including pools
<1.5 m in depth. NO FLOW was seen during the survey and levels were further reduced by
extension pumping by farmer.

Confidence of data: A low to moderate confidence level (score = 2 out of 5). A reduced
confidence is due to limited fishing effort and the possibility that more extensive surveys
could produce small numbers of indigenous fish in selective habitats in this reach.

3.2 Reference condition

From historical records and general fish distribution data, a total of approximately 8
indigenous fish species are expected to be present in the Kromme River at EWR 3 — see
Table D-3 below. The relatively high species number expected at this site is due to
catadromous species migrating up from the nearby estuary.

Table D-3 Fish species expected at EWR 3 in the Kromme River
Species Expected Found Discussion (Expected densities etc.)
Pseudobarbus afer No High densities, readily seen and caught, if present.
Sandelia capensis No High densities, readily seen and caught, if present.
Anguilla mossambica No Moderate densities, adults not easily caught.
Anguilla marmorata No Low densities, not easily caught.
Anguilla bicolor bicolor No Low densities, not easily caught.

Catadromous species, usually very numerous in lower reach of

Myxus capensis No .
y P coastal rivers.
. . Catadromous species, usually very numerous in lower reach of
Monodactylus falciformis No . P y y
coastal rivers.
. . Catadromous species, usually very numerous in lower reach of
Glossogobius callidus No ; P y y
coastal rivers.
3.3 PES

Only the alien predatory largemouth bass, Micopterus salmoides, was found at this site.
Again no indigenous fish species at all were seen. Apart from the serious impact of
predation, flow related impacts in this reach are particularly severe due to:

o No flow in river for long periods in a normally perennial system will impact severely
on semi-rheophilic species (P. afer and A. mossambica).
o Upstream migration of catadromous species over the bedrock rapid will be

prevented by low and no flows (also reduce freshwater cue to attract fish into the
estuary from marine spawning grounds).

The PES was assessed by ignoring the impact of alien fish and assessing how the original
(expected) endemic fish would have responded to habitat changes caused by alterations to
the habitat drivers. Taking the impact of alien predatory fish into account will reduce the PES
to a category E or F due to the apparent total elimination of indigenous fish.

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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Fish PES: Based on weights of metric groups
Metric : ) i
Fish PES Metric group c group: Calcglated ‘ch:?g tf?)(: l?::tlf'izf f/oorvr\::?r?(t:
alculated weight group group group
score
FLOW-DEPTH METRICS FD 45.00 0.38 17.23 2.00 90.00
FLOW MODIFICATION METRICS FM 40.00 0.43 17.02 1.00 100.00
COVER METRICS CM 48.00 0.17 8.17 3.00 40.00
HEALTH/CONDITION METRICS HM 53.68 0.02 1.14 4.00 5.00
l(l\l\/llzéﬂwg INTRODUCED SPP |5 | g538 0.00 0.00 0.00 0.00
1.00 235.00
Fish PES 43.57
HFish PES Category D

A summary of the causes and sources for the change from reference condition is given in the

table below.
PES Causes Sources Flow/Non Flow related | Confidence
e Upstream Impofu dam intercepting | Flow related.
T all flows, apart from but very high
ﬁ(l)?,‘\;v f'\(;lfdgr?g“%ner;);: floods. Flow related. 5
reduced high flows. | ° éJ:r;]seasonaI flows released from | Flow related. 3
non-seasonal flows. ’ . 4
e Farmer abstracting all flows and
reducing pool levels drastically.
Reduced sediment and | ¢  Capture by upstream Impofu Dam. | Flow related. 3
D nutrient, detritus input.
Encroachment of alien | e Invasion by alien Black Wattle. Non Elow related. 3
vegetation into channel. | «  Reduced scouring by floods. Flow related. 3
Presence of highly effective alien
predator under favorable conditions for
Increased predation. predation. Non Flow related. 5
(Note: this factor ignored in evaluation).
34 Trend and reasons
PES Trend R sutie Time Reasons
PES
Flow modification which is unlikely to change in future
unless new release policy adopted and enforced (low
D I D 10 yr ; . .
Stable Oyrs confidence). Environmental flows should theoretically be
released — but not done in practice.
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4 EWR 4: GEELHOUTBOOM RIVER

4.1 Data Availability

Historical data

No historical data from the Geelhoutboom River wasavailable in the Albany Museum Fish
Database, but as a major tributary of the Kromme River, is expected to have similar species.

Project survey data

Only one fish survey was carried out at EWR 4 in the Kromme River in November 2003.
Shallow pools were Seine netted, but no fish were seen or caught. Water was very low, with
no flow at the time of sampling.

Confidence of data: A low confidence level (score = 1 out of 5 was recorded). A reduced
confidence is due to limited fishing effort and the possibility that more extensive surveys
could produce small numbers of indigenous fish in selective habitats in this reach.

4.2 Reference condition

From general fish distribution data, up to 5 indigenous fish species are expected to be
present in the Geelhoutboom River at EWR 4 — see Table D-4 below. However, the small
size of the system and relatively low river flows would mean that freshwater eels would be
very scarce, if present at all.

Table D-4 Fish species expected at EWR 4 in the Geelhoutboom tributary of the Kromme River
Species Expected Found Discussion (Expected densities etc.)
Pseudobarbus afer No High densities, readily seen and caught, if present.
Sandelia capensis No High densities, readily seen and caught, if present.
Anguilla mossambica No Moderate densities, adults not easily caught.
Anguilla marmorata No Low densities, not easily caught.
Anguilla bicolor bicolor No Low densities, not easily caught.

4.3 PES

No indigenous fish species or alien fish species at all were seen. Flow related impacts in this
reach are particularly severe due to lack of flow in river for long periods in (probably) a
normally perennial system and this will impact severely on semi-rheophillic species (P. afer
and A. mossambica).

Fish PES: Based on weights of metric groups
e Weighted | Rank of | % Weight
. . group: Calculated . .
Fish PES Metric group . score for | metric |for metric
Calculated weight rou rou rou
score group group group
FLOW-DEPTH METRICS FD 56.19 0.38 21.61 1.00 100.00
FLOW MODIFICATION METRICS FM 26.06 0.35 9.02 2.00 90.00
COVER METRICS CM 72.00 0.23 16.62 3.00 60.00
HEALTH/CONDITION METRICS HM 83.33 0.04 3.21 4.00 10.00
IMPACT OF INTRODUCED SPP
(NEGATIVE) IS 0.00 0.00 0.00 0.00 0.00
1.00 260.00
Fish PES 50.45
||Fish PES Category D
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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A summary of the causes and sources for the change from reference condition is given in the

table below.
PES Causes Sources Flow/Non flow related | Confidence
e Farmer abstracting relatively large | Flow related.
Flow modification — no volumes, thirsty alien trees 3
flow for long periods. upstream of site reducing low flows
D and reducing pool levels drastically.
e Invasion by alien Black Wattle, | Non flow related. 2
Increased sediment destabilising banks.
deposition. e Cattle trampling (in past), bad | Non flow related. 2
catchment management.
PES Trend eI Time Reasons
PES
Negative Poor catchment management, alien tree density and
D (Sﬁ ht) E/F 10 yrs | abstraction unlikely to improve in future with increased
9 human pressure in catchment.
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5 EWR 5: SEEKOEI RIVER
51 Data Availability

Historical data
Historical records are available from surveys done in 1976 and 1983 in the Albany Museum
Fish Database.

Project survey data

Only one fish survey was carried out at EWR 5 in the Seekoei River in March 2004. Only an
electric fish shocker was used in the range of still water habitats, including pools <1.5m in
depth. NOTE: Survey undertaken about 2km upstream of actual EWR 5 site, i.e. upstream of
barrier weir.

Confidence of data: A low confidence level (score = 2 out of 5 was ascribed to this site). A
reduced confidence is due to limited fishing effort and the possibility that more extensive
surveys could produce small numbers of indigenous fish in selective habitats in this reach.
5.2 Reference condition

From historical records and general fish distribution data, a total of approximately 5
indigenous fish species are expected to be present in the Seekoei River at EWR 5, although
eels are expected in low numbers only— see Table D-5 below.

Table D-5 Fish species expected at EWR 5 in the Seekoei River

Species Expected Found Discussion (Expected densities etc.)
Pseudobarbus afer No High densities, readily seen and caught, if present.
Sandelia capensis Yes High densities, readily seen and caught, if present (6 caught during
survey).
Anguilla mossambica No Moderate densities, adults not easily caught.
Anguilla marmorata No Low densities, not easily caught.
Anguilla bicolor bicolor No Low densities, not easily caught.
5.3 PES

No Micopterus salmoides was found at this site, but are very likely to be present
downstream. Only Sandelia capensis was caught (n = 6), with the more sensitive P. afer
absent. Serious habitat destruction is apparent in the downstream section of this Habitat
Unit. Apart from the suspected serious impact of predation by bass, flow related and non
flow related impacts in sections of this reach are severe.

The PES was assessed by ignoring the impact of alien fish and assessing how the original
(expected) endemic fish would have responded to habitat changes caused by alterations to
the habitat drivers. Taking the impact of alien predatory fish into account will reduce the PES
to a category E or F due to the apparent total elimination of indigenous fish.
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Fish PES: Based on weights of metric groups
_ _ Metric group: Calculated Weighted Rank.of % Weigr_It
Fish PES Metric group Calculated weight score for | metric | for metric
score group group group
FLOW-DEPTH METRICS FD 63.64 0.28 17.55 3.00 80.00
FLOW MODIFICATION METRICS [FM 75.86 0.34 26.16 1.00 100.00
COVER METRICS CM 54.81 0.31 17.01 2.00 90.00
HEALTH/CONDITION METRICS  HM 85.79 0.07 5.92 4.00 20.00
I(mgéiLV(é;: INTRODUCED SPPIS 39.05 0.00 0.00 0.00 0.00
1.00 290.00
Fish PES 66.64
||Fish PES Category C

A summary of the causes and sources for the change from reference condition is given in the

table below.
PES Causes Sources Flow/Non Flow related | Confidence
Flow modification — | e«  Farmer abstracting flows. Flow related. 2
reduced (or no) low . . .
flows for long periods. e Thirsty alien trees upstream of site. | Non flow related. 3
c !ncreased sediment | ¢ Roads, cattle trampling, bad
input. agricultural . practlceg, . ba}nk Non Flow related. >
collapse, alien trees in riparian
zone.
PES Trend eI Time Reasons
PES
Both flow related and non-flow related impacts likely to get
C Negative C/D 5yrs worse in the short-term, before (if) existing trend could be
improved.
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6 EWR 6: SWART RIVER
6.1 Data Availability

Historical data
Historical records are available in the Albany Museum Fish Database from surveys done in
1983 in the upper Swart/Rondebosch tributary of the Seekoei River.

Project survey data
Only one fish survey was carried out at EWR 6 in the Swart/Rondebosch River in March
2004. Only an electric fish shocker was used.

Confidence of data: A low confidence level (score = 2 out of 5 was ascribed to this site). A
reduced confidence is due to limited fishing effort and the possibility that more extensive
surveys could produce small numbers of indigenous fish in selective habitats in this reach.
6.2 Reference condition

From historical records and general fish distribution data, a total of approximately 5
indigenous fish species are expected to be present in the Swart/Rondebosch River at EWR
6, although eels are expected in low numbers only, see Table D-6 below.

Table D-6 Fish species expected at EWR 6 in the Swart/Rondebosch River

Species Expected Found Discussion (Expected densities etc.)
Pseudobarbus afer No High densities, readily seen and caught, if present.
Sandelia capensis No High densities, readily seen and caught, if present.
Anguilla mossambica No Moderate densities, adults not easily caught.

Anguilla marmorata No Low densities, not easily caught.
Anguilla bicolor bicolor No Low densities, not easily caught.
6.3 PES

Only Micopterus salmoides (n = 12) was found at this site, and in surprisingly high densities
in marginal habitat in this small stream. Apart from the serious impact of predation by bass
in this reach, flow related and no flow related impacts in sections of this Resource Unit will
vary from low to moderate in the upper reaches to critical in the lower reaches.

The PES was assessed by ignoring the impact of alien fish and assessing how the original
(expected) endemic fish would have responded to habitat changes caused by alterations to
the habitat drivers. Taking the impact of alien predatory fish into account will reduce the PES
to a category E or F due to the apparent total elimination of indigenous fish.
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Fish PES: Based on weights of metric groups
Fish PES Metric group Mg:.lfusl’;?el::lp. Ca‘:’c;?éitte g ‘QTCI)?: tfi‘: Rnigtl:izf Z:evt\{'?(i:gghrtof:;
score group group

FLOW-DEPTH METRICS FD 76.55 0.32 24.69 1.00 100.00
FLOW MODIFICATION METRICS FM 80.00 0.29 23.23 2.00 90.00
COVER METRICS CM 73.85 0.29 21.44 3.00 90.00
HEALTH/CONDITION METRICS HM 88.40 0.10 8.55 4.00 30.00
'('\N"Eéﬂlvé)ﬁ INTRODUCED  SPP g 93.04 0.00 0.00 0.00 0.00

1.00 310.00
Fish PES 77.91
Fish PES Category (o3

A summary of the causes and sources for the change from reference condition in the RU at

EWR 6 in the Swart/Rondebosch River, is given in the table below.

PES Causes Sources AT 150 Confidence
related
Flow modification — Farmer abstracting flows from river
smaller low flows for mainly via catchment dams. Flow related. 2
longer periods. . . L
Thirsty alien trees in riparian zone and | Non flow related.
D upper catchment. 2
Increased sediment Roads, cattle trampling, bad
input, reducing pool agricultural practices, bank collapse, | Non flow related. 2
depths, silting up riffles. alien trees in riparian zone.
PES | Trend | Resulting | 0 Reasons
PES
. Both flow related and non-flow related impacts likely to get
Negative : . o
D (slight) D 5yrs worse in the short-term, before (if) existing trend could be
9 improved.
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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71 EWR 1
7.1.1 Assemblage
FLOW-DEPTH PREFERENCE FLOW INTOLERANCE COVER PREFERENCE TOLERANCE: MODIFIED WQ
a : I_ gz T .. T T = ot = N
. £ 2 ? 7 ¢ |>8 |[>o | o |ed%|58 | &g | 3% |28 | T | »p2 | »%g| .2
w= %) (%) &) %) EX ,_'Em Eo [ Oz | X = = > <@ == z
& i -4 2 z Z zL | R2R | R23| 2o | 230 |Yx,| WG [ErXxors| o> | ke | 52| =2
o | B B | B | B | B3 |E25 |33 | 33 |S5I|24%| 3 [EuTouR| ug |Eug | F3m | @
o i i i i i w9 | JuUs | B8Gic| E8 |x<x |27 | £x [Gg?r |7 | oz | Ao |Axs | 2=
W r i ] i oC |odF|oad | T |YLE |¥z nE |[<ox |E=x Ez | oEL | odo | &
i o 4 o 4 E == =Q = do> %0 @ > o | g0 E) =20 | Eg= 8
o o a a a z z whA | oX =0 I |3 s S F s
PAFE FALSE | FALSE 4.0 3.5 FALSE 4.0 FALSE | FALSE 4.0 4.0 4.0 4.0 FALSE | FALSE 35 FALSE | FALSE
IAMOS 3.4 3.3 3.4 FALSE FALSE | FALSE 2.8 FALSE | FALSE 4.1 4.9 FALSE | FALSE | FALSE | FALSE 25 FALSE
IAMAR FALSE | FALSE 4.4 FALSE | FALSE | FALSE 2.8 FALSE | FALSE 3.9 4.2 FALSE | FALSE | FALSE | FALSE 25 FALSE
IABIC FALSE | FALSE | FALSE | FALSE | FALSE | FALSE | FALSE 0.0 FALSE | FALSE | FALSE | FALSE | FALSE | FALSE | FALSE | FALSE 0.0
SCAP FALSE | FALSE | FALSE 3.7 FALSE | FALSE | FALSE 2.0 FALSE | FALSE 35 4.5 FALSE | FALSE | FALSE | FALSE 2.0
IAVERAGE 3.4 3.3 3.9 3.6 #DIV/O! 4.0 2.8 1.0 4.0 4.0 4.2 43 #DIV/O! | #DIV/O! 35 25 1.0
MEDIAN 3.4 3.3 4.0 3.6 #NUM! 4.0 2.8 1.0 4.0 4.0 4.1 4.3 #NUM! | #NUM 35 25 1.0
"NUMBER 1.0 1.0 3.0 2.0 0.0 1.0 2.0 2.0 1.0 3.0 4.0 2.0 0.0 0.0 1.0 2.0 2.0
FLOW-DEPTH PREFERENCE FLOW INTOLERANCE COVER PREFERENCE TOLERANCE: MODIFIED WQ
[=) a » 2 I L —~ I .. T 5 T = ; Py :
& w i e ? 7 S >2 _|>2_| o |o;8 SR | .0 Bo (20 cd =22 [ >%g | T
Qo Wi i i ] -5 |deY | d%9 | 25 |28 T | W T |SI Zo |lgdzao AV |EQ
oz o o o o EX |EEeo | Hea | 22 |02 ST 2> BE> | 2> < H gL z=
& S = = = zL (22X | BER | Ec [ZERl2c0| S%s ETagloxs| 25 |25 | 282
0 m g o W 52 |x8s |3z | Iz |I2uR 33z | Ful SzuPoul| ug |zugs| xzf B
o i i i i W9 |Muz | WES| ES |28 |2z |87 [OR7 |E7 | ok |40k |A&E5 |ac
o o ] m ] mj o OO0F |93 | g Yoz '-"345 ST <<<.(>;|': BT Es |eEa ouwo |1
Z 3 & [ 3 = =L = F [0>8 z>| ?8 SQ | L9 £o0 |2%90 | =p= =
& o o a z Z I SA I I (3% s = [ =
MSAL FALSE | FALSE 45 FALSE | FALSE | FALSE | FALSE 1.1 3.1 FALSE 3.1 3.2 FALSE | FALSE | FALSE 2.3 FALSE
LMAC FALSE | FALSE 4.6 3.9 FALSE | FALSE | FALSE 1.1 4.0 FALSE | FALSE 4.2 FALSE | FALSE | FALSE 2.2 FALSE
IAVERAGE | #DIV/O! | #DIV/O! 4.6 3.9 #DIV/O! | #DIV/O! | #DIV/O! 1.1 3.6 #DIV/O! 3.1 3.7 #DIV/O! | #DIV/O! | #DIV/O! 2.3 #DIV/O!
MEDIAN #NUM! | #NUM! 4.6 3.9 #NUM! | #NUM! | #NUM! 1.1 3.6 #NUM! 3.1 3.7 #NUM! [ #NUME | #NUML 2.3 #NUM!
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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TOLERANCE: MODIFIED WQ
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7.1.2 Flow Depth

" o
U b
Flow-Depth class metrics with Flow-depth Weiaht of Flow-depth | £ g
reference to flow modifications preference scores ﬂg preferences: g E (@
a a ow, A D |0
and changes in sediment (observed or deoth weighted | & | ‘g |N
movement, what are the changes expected under refe?ence scoreper | | = [B 1
to the following observed or present P metric metric (out E X8
expected to be? conditions) of 5) £ s
x o

Frequency of occurrence of species
with very high and high preference [FFD -2.00 0.24 -1.41 2.00/40.00 [0.24]
for FAST-DEEP conditions
Frequency of occurrence of species
with very high and high preference |FFS -3.00 0.59 -5.29 1.00/100.00/0.59
for FAST-SHALLOW conditions
Frequency of occurrence of species
with very high and high preference [FSD -1.00 0.18 -0.53 3.00{30.000.18
for SLOW-DEEP conditions
Frequency of occurrence of species

with very high and high preference [FSS 1.00 0.00 0.00 0.00{ 0.00 |0.00
for SLOW-SHALLOW conditions
IAbsolute sum 1.00 7.24 3.00[170.00[1.00;

/Absolute overall % change in
flow-depth classes composition 48.24
of assemblage

7.1.3 Flow modification

0 [2)
L het
Flow s £
. . . Flow . dependance:| £ | £ |@
Flow modification metrics with reference to Weight - £ o | o
e dependance weighted | « S N
flow modifications, what are the changes to N of flow <) o |.E
. metric - scoreper | o | = |B !
the following observed or expected to be? metrics . c 5 |15
scores metric (out S X g
of 5) c =
< -
14 n
Frequency of occurrence of species intolerant FI 0.00 0.000 0.00 0.0 | 00 l0.000
of no-flow conditions
Frequency of occurrence of species : i
moderately intolerant of no-flow conditions FMi oY 0.400 6.00 el e 0400
Frequency of occurrence of species FMT| -2.00 0.280 -2.80 |20 [70.0(0.280
moderately tolerant of no flow conditions
Frequency of occurrence of species tolerant of FT 0.00 0.080 0.00 3.0 | 20.010.080
no flow conditions
Presence of catadromous spp. CAT| -2.00 0.120 -1.20 4.0 | 30.0 [0.120
Presence of migratory spp. MIG -2.00 0.120 -1.20 5.0 ( 30.0 0.120
1.00 11.20 5.0 [250.0| 1.0
/Absolute overall % change in flow
44.80
dependence of assemblage
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.1.4 Cover

£
. . 5 | = |@
Cover metrics: With reference to changes in fish CoverWelght peiahcs o8 & 8~
- .| of cover |S<=| g IS
cover features, what are the changes to the following metric T 2T
cover |preference|< | 2 |5 9
observed or expected to be? score . SEI T IB*
metric| score & X |2
©
»
Frequency of occurrence of species with a very high to : i
high preference for overhanging vegetation ov oy 027 11 Sl 027
Frequency of occurrence of species with a very high to uB | 110 | 031 12 > 1800031
high preference for undercut banks and root wads
F_requency of occurrence _ of species with a high to very suB| 30 | 038 46 1 1100.00.38
high preference for a particular substrate type
F_requency of occurrence: of species with a high to very amacl -10 | 0.00 0.0 4 |00 looo
high preference for aquatic macrophytes
F_requency of occurrence of species with a very high to we | 0o | 0.04 0.0 o 110.0l0.02
high preference for the water column
1.0 6.9 4.0 [260.0/1.0
/Absolute overall % change in habitat assemblages 34.62
7.1.5 Health condition
. - o e Y
S o< n|oo a
ZE|SE|I5E | £ 2
05/ 22c8 || - £
- L . . £83|<3|cS =
Health/condition of species (introduced and native): With e b3 s3|238¢ E ° | 7
reference to changes in water quality conditions, what are the Q59 g S5 g © g @
changes to the following observed or expected to be? SE|ISET S0 2 o 5
c 0| T |l L = e E
25/35[@% | & g
<®l<°ige |« s
n
Health of species intolerant of modified water quality ITH|-1.00| 0.53 | -1.05 {1.00{100.00/0.53
35;@ of species moderately intolerant of modified water miHl-050! 047 | -0.47 12.00/90.00 |0 47
Health of species moderately tolerant of modified water quality[MTH] 0.00 | 0.00 | 0.00 |0.00| 0.00 |0.00
Health of species tolerant of modified water quality HT | 0.00| 0.00 | 0.00 |0.00| 0.00 |0.00
Sum 1.00 | 1.53 [2.00|190.00/1.00
Overall % change to indicators of modified water quality 15.26
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.1.6 Introduced species
- (7] n 2
8 |a | § | 2 £ 8
Introduced species metrics, with reference to the £ g g = |5 §- ° g E ? g
types of introduced species, the characteristics of the T218 Sl E 5| % -% 8~ S
habitat and the native species, what is the following DN ps 'g % 8 o =) = T T:
observed or expected to be? 'g % o =3 5 P 3 5
- - 2 c -
E S| 2|8 a2 | 2
The potential impact of introduced predatory spp? IP| 50 [0.43| 8.70 1.0 [100.0| 0.435 | 0.0
How widespread (frequency of occurrence) are
introduced predatory spp? FP| 5.0 |0.39| 7.83 20 [90.0| 0.391 | 0.0
:gsfotential impact of introduced habitat modifying Hl 30 1009 104 30 1200 0087 | 00
;'0"‘.’ widespread (frequency of occurrence) are FH| 20 |009| 070 | 4.0 |20.0| 0.087 | 0.0
abitat modifying spp?
Sum 1.0 | 18.26 | 4.0 [230.0
Overall % potential impact of introduced spp 91.30
71.7 PES
Fish PES: Based on weights of metric groups
sl Weighted | Rank of | % Weight
. . group: Calculated . .
Fish PES Metric group - score for | metric |for metric
Calculated weight rou rou rou
score group group group
FLOW-DEPTH METRICS FD 51.76 0.28 14.56 2.00 90.00
FLOW MODIFICATION METRICS FM 55.20 0.31 17.25 1.00 100.00
COVER METRICS CM 65.38 0.22 14.30 3.00 70.00
HEALTH/CONDITION METRICS HM 84.74 0.19 15.89 4.00 60.00
IMPACT OF INTRODUCED SPP
(NEGATIVE) IS 91.30 0.00 0.00 0.00 0.00
1.00 320.00
Fish PES 62.00
Fish PES Category C
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.2 EWR 1: Alternative REC
7.21 Assemblage
FLOW-DEPTH PREFERENCE FLOW INTOLERANCE COVER PREFERENCE TOLERANCE: MODIFIED WQ
= = = — , st [a) [a) =
= . ® . T w w
a o n fa) 0 9 fo) (e} (e} (:5 = =AY I (LIPS o _ e i = E
[= w w 7] 7] s >z > = OER | 2=x o IR| TR a >0 g | £
ou A w i W o a0 g | 2L e ZT< | OO0 < e TR o ) T =)
wo w 3 WweE i | Wo o O—T X = .. T Own Z T = WS | WA o<
&G S z S S Z 2R | 225 | 25 | =230 | url g (EWG| So =¥ | k2& | Ega | =2
A i i ] i EY |z |ecd | =8 28| 2% 2T |SX | 2= ES | g5l 2| =%
W 4 4 74 4 ZzC LES | WA ZZ | TE é T o) ZQ WZg | WL le]
Wy L o L w oo | ow = WeE | x7 h% | <ok x | oxs | guo | ¥
o w w w w w =g S W w Z A w & w o w w w | 14
bt 4 [ 4 [ | =E =u o 00> < o> > w > | =4 =p0= w
o o o o o o = o ° w A oo 2 A O'A = A o o = |
& = > = 7 < < [ = o
Z = I = E 4 4 =
PAFE FALSE FALSE 4.0 3.5 FALSE 4.0 FALSE | FALSE 4.0 4.0 4.0 4.0 FALSE | FALSE 3.5 FALSE FALSE
AMOS 3.4 3.3 3.4 FALSE FALSE FALSE 2.8 FALSE | FALSE 4.1 49 FALSE | FALSE | FALSE FALSE 25 FALSE
IAMAR FALSE FALSE 4.4 FALSE FALSE FALSE 2.8 FALSE | FALSE 3.9 4.2 FALSE | FALSE | FALSE FALSE 2.5 FALSE
IABIC FALSE FALSE FALSE FALSE FALSE FALSE FALSE 0.0 FALSE | FALSE FALSE FALSE | FALSE | FALSE FALSE FALSE 0.0
SCAP FALSE FALSE FALSE 3.7 FALSE FALSE FALSE 2.0 FALSE | FALSE 35 4.5 FALSE | FALSE FALSE FALSE 2.0
AVERAGE 3.4 3.3 3.9 3.6 #DIV/O! 4.0 2.8 1.0 4.0 4.0 4.2 4.3 #DIV/O! | #DIV/O! 35 25 1.0
MEDIAN 3.4 3.3 4.0 3.6 #NUM! 4.0 2.8 1.0 4.0 4.0 4.1 4.3 #NUM! | #NUM! 35 25 1.0
NUMBER 1.0 1.0 3.0 2.0 0.0 1.0 2.0 2.0 1.0 3.0 4.0 2.0 0.0 0.0 1.0 2.0 2.0
FLOW-DEPTH PREFERENCE FLOW INTOLERANCE COVER PREFERENCE TOLERANCE: MODIFIED WQ
= , i [a) a)
3 z |z P O T |5 n w . | 8
y £ 2 ° a v e} 9 9 0ds | 52 | §a 25| £ | B L & m
? w - &3 € @ L 2| A i ZT A 81 2% A = A = »a g o)
Qo w L L L o |_|_||_‘r wo o = = n:g = o(,jv Z = OA mo? ml\; o~
o= B S g S Z_ |k2R | k25| 25 | 228 | WwT | g |EwWwg| 25 | =F | £2d | kg | =N
0 i w w w EY |dags|eed| ¥ | 222 | 22 5T | S| o ES | gl gzl | 2T
5w 4 x 4 x 2L ufis |wzAa| 2T | ZE o 2T o Zg WwZg | Wk | >g
O w w w w g aaJ0 o= < <> o |_>' cox o>‘ <2 o< ol A=} =
w ™ [T L [T 14 00 O§ o T4 Y > 14 <on: [+4 o oﬁ:; owo <
oy w w w w w e Sww > A D W gy o W w w = 14
7] ' 74 4 74 — = E =u w o0> <z o> > w > — = 1 =0= w
a o o o E = 6 6' wA oo a A 2 A E A o o) et 6I
z = = > I = = E E =
MSAL FALSE FALSE 4.5 FALSE FALSE FALSE FALSE 11 3.1 FALSE 3.1 3.2 FALSE | FALSE FALSE 2.3 FALSE
LMAC FALSE FALSE 4.6 3.9 FALSE FALSE FALSE 11 4.0 FALSE FALSE 4.2 FALSE | FALSE FALSE 2.2 FALSE
IAVERAGE #DIV/0! #DIV/0! 4.6 3.9 #DIV/0! | #DIV/0! | #DIV/O! 1.1 3.6 #DIV/0! 3.1 3.7 #DIV/0! | #DIV/O! | #DIV/O! 2.3 #DIV/0!
MEDIAN #NUM! #NUM! 4.6 3.9 #NUM! #NUM! #NUM! 1.1 3.6 #NUM! 3.1 3.7 #NUM! | #NUM! #NUM! 2.3 #NUM!
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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TOLERANCE: MODIFIED WQ
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7.2.2 Flow Depth
Flow-depth Weiaht of Flow-depth | _ o
Flow-Depth class metrics with reference to flow preference scores g preferences:® 4 £ [N ‘,T
o N . flow, ! o0 o (O
modifications and changes in sediment (observed or weighted =& 35 |§ ©
depth cs 2 8%
movement, what are the changes to the expected under reference| S€ore per £ @ = B¢g
following observed or expected to be? present P metric metric (out |3 = X &3
conditions) of 5) »
Frequency of occurrence of species with very high . i
and high preference for FAST-DEEP conditions FFD S 0.24 212 I Al e
Frequency of occurrence of species with very high . )
and high preference for FAST-SHALLOW conditions FFS e 0.59 529 e 59
Frequency of occurrence of species with very high ) i
and high preference for SLOW-DEEP conditions FSD s 018 0.53 EHely Sy S
Frequency of occurrence of species with very high
and high preference for SLOW-SHALLOW FSS 1.00 0.00 0.00 0.00| 0.00 [0.00
conditions
IAbsolute sum 1.00 7.94 3.00[170.00/1.00
/Absolute overall % change in flow-depth classes
. 52.94
composition of assemblage
7.2.3 Flow modification
Flow - ®
;| © £ |NT
Flow modification metrics with reference to flow L Weight depe_ndance. o8 & |z
e o dependance weighted || § |& ©
modifications, what are the changes to the - of flow ce 2 (J*°
. metric . score per o 2 |8 £
following observed or expected to be? metrics - SEl T |5
scores metric (out g X |23
of 5) &
Frequency of occurrence of species intolerant of no-
flow conditions Fl 0.00 0.000 0.00 0.0 | 0.0 [0.000
Frequency of occurrence of species moderately .
intolerant of no-flow conditions FMI = 0.400 8.00 Y
Frequency of occurrence of species moderately FMT  -2.00 0.280 280 20 | 70.0 bb.280
tolerant of no flow conditions
Frequenc_y_of occurrence of species tolerant of no FT 0.00 0.080 0.00 30 | 20.0 bb.080
flow conditions
Presence of catadromous spp. CAT -2.00 0.120 -1.20 4.0 { 30.0 |0.120
Presence of migratory spp. MIG -2.00 0.120 -1.20 5.0 | 30.0 [0.120
1.00 13.20 5.0 |250.0| 1.0
/Absolute overall % change in flow dependance of 52.80
assemblage ’
7.24 Cover
Weight Weighed |0 , Z | 5!
Cover metrics: With reference to changes in fish cover| Cover g 9 o8 » |28
. . of cover cgE|l 2 | ®
features, what are the changes to the following metric g+ L (CET
cover |preference| X @ 2 | € 5
observed or expected to be? score . SE ST | 8@
metric| score & X Ho
F_requency of occurrence of species Wlth_ a very high to ov | 30 | 027 32 3 (700! 027
high preference for overhanging vegetation
F_requency of occurrence of species with a very high to uB [ 30| 031 37 > 800! 031
high preference for undercut banks and root wads
Frequency of occurrence of species with a high to very ) )
high preference for a particular substrate type SUB iyl 0.38 46 ey OF
F_requency of occurrence _of species with a high to very amacl 1.0 | 0.00 0.0 2 100! 000
high preference for aquatic macrophytes
F_requency of occurrence of species with a very high to we | 0o | 0.04 0.0 o 100! 004
high preference for the water column
1.0 11.5 4.0 260.00 1.0
)Absolute overall % change in habitat assemblages 57.69
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.2.5 Health condition
6| .8 | ¢ £
$E |gE |586T9% = |®
Health/condition of species (introduced and native): With | < 22 = 2 g 2 < s 2 28| © 8-
reference to changes in water quality conditions, what are the |T© 83tlsc 8o 2T £ 0 5 @ !
: S .95 o@cEREEEe = 58
changes to the following observed or expected to be? 383323 S5 S E T 1S s
0 = Q = 0 o~
<% |<® CR s
() [} o b
= L= (2]
Health of species intolerant of modified water quality ITH| -2.00 | 0.53 -2.11 |1.00 |100.00(0.53
;‘fsllittg of species moderately intolerant of modified water MHE 200 047 189 |2.00190.00 047
Health of species moderately tolerant of modified water quality MTH| -1.00 | 0.00 0.00 |0.00| 0.00 [0.00
Health of species tolerant of modified water quality HT | 0.00 | 0.00 0.00 (0.00| 0.00 |0.00
Sum 1.00 4.00 |2.00|190.00(1.00
Overall % change to indicators of modified water quality 40.00
7.2.6 Introduced species
g 2 v
- Y =
Introduced species metrics, with reference to the § g o = ? 8l %4 | E N
. g g W ygoB el gl @0 o | B
types of introduced species, the characteristics of the|S «~ & @ 5| < 3 c = = &9
: . . q n rEE A - AR () -
habitat and the native species, what is the following [0 8 4 S ¢|-=0.2| X @ = = £
observed or expected to be? = 2 '8 = 2 £9| SE 3 S>3
P - cE (8 £8|x X | aa
1= (7]
The potential impact of introduced predaceous spp? |IP| 5.0 [ 0.43| 8.70 1.0 (100.0| 0.435
How widespread (frequency of occurrence) are
introduced predaceous spp? FP| 50 (0.39| 7.83 2.0 [90.0| 0.391
'Sl'gsopotentlal impact of introduced habitat modifying HIl 30 |009| 1.04 30 200! 0087
How_w!despread (frequency of occurrence) are habitat FH|l 20 009! 0.70 40 |200! 0.087
modifying spp?
Sum 1.0 | 18.26 | 4.0 |230.0
Overall % potential impact of introduced spp 91.30
7.2.7 PES
Fish PES: Based on weights of metric groups
sl Weighted | Rank of | % Weight
. . group: Calculated . .
Fish PES Metric group - score for | metric |for metric
Calculated weight rou rou rou
score group group group
FLOW-DEPTH METRICS FD 47.06 0.28 13.24 2.00 90.00
FLOW MODIFICATION METRICS FM 47.20 0.31 14.75 1.00 100.00
COVER METRICS CM 42.31 0.22 9.25 3.00 70.00
HEALTH/CONDITION METRICS HM 60.00 0.19 11.25 4.00 60.00
IMPACT OF INTRODUCED SPP
0.00 0.00 0.00 0.00
(NEGATIVE) IS 91.30
1.00 320.00
Fish PES 48.49
Fish PES Category D
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7.3

EWR 2

7.3.1 Assemblage
FLOW-DEPTH PREFERENCE FLOW INTOLERANCE COVER PREFERENCE TOLERANCE: MODIFIED WQ
. = = \ = , + T — a
[a] ' A o — < oo L
w [a] 7 o 17 o) o (o] T~ | L& I - O~ | == = ! = =
B L e @ ? S Ix=2_|>2 | & [¢98%| 3z | 8% | TR| TR | el | >R | %R0 | E
(SE) T i w w T =Yl & zTL | O0p IS o532 22 Eg JEL | odg _
ws ) 3] o o =T HE &S| WO o [ = Xz .. T OSwnr Sz < wZo | gL (¥~
< z % z z 22 |537 527 | 25 | 288 | B | bo |EEo| 38 | 2 | 322 | 5B | =L
ie | B | g | B | B | 88 |EBz|Ece| gl [S2I) 2 | 3 |35I| 3I |48 |Zug|E3:|ctg
qw w il i i 40 |2a289/ 237 | = gz | 2% | Ex |92% | ox | o | oPF | o8 | %32
o ] w w w ow OO0f| O 14 S W w A [, Ow o W o oE= o%o ¢
b x o 72 (72 E SE"| Su w do>| %z a s> > | 5> Z£Zo0 | 220 | Sg= | uw
o o o o o F4 r4 3 <_Dl w A oo =2 ONA = A s o = |
o 2 ot > = Z = ; = o
PAFE FALSE FALSE 4.0 35 FALSE 4.0 FALSE | FALSE 4.0 4.0 4.0 4.0 FALSE | FALSE 3.5 FALSE | FALSE
IAMOS 3.4 3.3 34 FALSE FALSE | FALSE 2.8 FALSE | FALSE 4.1 4.9 FALSE | FALSE | FALSE | FALSE 2.5 FALSE
JAMAR FALSE FALSE 4.4 FALSE FALSE | FALSE 2.8 FALSE | FALSE 3.9 4.2 FALSE | FALSE | FALSE | FALSE 25 FALSE
IABIC FALSE FALSE FALSE FALSE FALSE | FALSE | FALSE 0.0 FALSE | FALSE | FALSE | FALSE | FALSE | FALSE | FALSE FALSE 0.0
SCAP FALSE FALSE FALSE 3.7 FALSE | FALSE | FALSE 2.0 FALSE | FALSE 3.5 4.5 FALSE | FALSE | FALSE FALSE 2.0
MCAP FALSE FALSE 3.8 FALSE FALSE 35 FALSE | FALSE | FALSE | FALSE | FALSE | FALSE 3.8 FALSE | FALSE 3.0 FALSE
FLOW-DEPTH PREFERENCE FLOW INTOLERANCE [COVER PREFERENCE TOLERANCE: MODIFIED WQ
= . T
z | B R 5 | 8 2
9 S z T | 2 > T ~ T o
a (=) ()] > 5 S .| &5 = P > ~ N g ~ o
i} i 2 2 2 |2 e o | 2 |o=%| 38 | 2% | w¥| g7 | & Ll |8
a0 2 u ul - £ “E_| a2 Z ZZ2| €7 | LT ES| 32 | 22 | Zeg | 2kg | =
=z WZzg | o [ 00 > ZS | Wz | WS =
°2 & & i i I | £ESe | k2 Z ze 2| 20 | 28 8| 82 | S0 | ES0 | K20 | 2
(2] I o o o A | S2A | 2< < <gqI Z35 ST oa T | OF w gxw | L<w <5
w w w w w s | eus o TE> | 2% E> |EOS | x5 | W@ | ewr e | 23
O o i o o e J42 | WJdS | Wpj~| W oW s N <X W Jw T I T i
W ] w w w 05 |29 | 2a® Jo | wow z= 0 SOH | ES oo ooo | a¥a =
QW o © nc © EJ |QES | Qo | OF | >ms | <9 55 | g<g < EO | OEOC | 0p0 | B¢
oo o o o [ Zi |SZo (SpA| FT |O>SA 0T W <=2 237 Z= =SZS S¢E=S S
MSAL FALSE FALSE 4.5 FALSE FALSE | FALSE | FALSE 1.1 3.1 FALSE 3.1 3.2 FALSE | FALSE | FALSE 2.3 FALSE
IAMOS 3.4 3.3 3.4 FALSE FALSE | FALSE 2.8 FALSE | FALSE 4.1 4.9 FALSE | FALSE | FALSE | FALSE 2.5 FALSE
TSPA FALSE FALSE FALSE 4.3 FALSE | FALSE FALSE 0.9 4.5 FALSE | FALSE 3.6 FALSE | FALSE | FALSE FALSE 1.4
IAVERAGE 3.4 3.3 4.0 4.3 #DIV/0! | #DIV/0! 2.8 1.0 3.8 4.1 4.0 3.4 #DIV/O! | #DIV/Q! | #DIV/0! 2.4 1.4
MEDIAN 3.4 3.3 4.0 4.3 #NUM! | #NUM! 2.8 1.0 3.8 4.1 4.0 3.4 #NUM! | #NUM! | #NUM! 2.4 1.4
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TOLERANCE: MODIFIED WQ
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7.3.2 Flow Depth
3 Flow-depth | _ o
Flow-Depth class metrics with reference to flow AL A Weight of |preferences:(© , £ |87/
e - . preference scores - D0 o (B
modifications and changes in sediment (observed or flow, depth) weighted (€' g |5 9
movement, what are the changes to the preference| scoreper ¥ o = [B £
. expected under . - S £ =
following observed or expected to be? I metric metric (out | T X |82
present conditions) of 5) 14 n ¥
Frequency of occurrence of species with very high _ i
and high preference for FAST-DEEP conditions FFD 2 021 1.66 LY EULY e
Frequency of occurrence of species with very high _ )
and high preference for FAST-SHALLOW conditions FFS — 034 1.38 e e 034
Frequency of occurrence of species with very high
and high preference for SLOW-DEEP conditions FSD . 0.28 0.00 E e 28
Frequency of occurrence of species with very high
and high preference for SLOW-SHALLOW FSS 0.00 0.17 0.00 4.00| 50.00 [0.17
conditions
Absolute sum 1.00 3.03 4.00/290.00(1.00
IAbsolute overall % change in flow-depth classes 15.17
composition of assemblage )
7.3.3  Flow modification
Flow - ®
.| © e |NT
Flow modification metrics with reference to flow ey Weight of depe_ndance. o8| & [T
e - - dependance weighted c=| = e
modifications, what are the changes to the following N flow = = Q |J3*
metric . score per o| = e e
observed or expected to be? metrics ] S E =~
scores metric (out of n“g 3 & 2
5)
Freql_J_ency of occurrence of species intolerant of no-flow FI 0.00 0.000 0.00 0.000
conditions
Frequency of occurrence of species moderately intolerant : i
of no-flow conditions FMI 3.00 0.385 5.77 1.0 {100.0|0.385
Frequency of occurrence of species moderately tolerant EMT 200 0.231 231 20 | 60.0 0231
of no flow conditions
Freqt_Jc_ancy of occurrence of species tolerant of no flow FT 050 0.038 -0.10 50 | 10.0 |0038
conditions
Presence of catadromous spp. CAT, -2.00 0.192 -1.92 3.0 | 50.0 {0.192
Presence of migratory spp. MIG -2.00 0.154 -1.54 4.0 | 40.0 |0.154
1.00 11.63 5.0 [260.0| 1.0
/Absolute overall % change in flow dependance of
46.54
assemblage
7.3.4 Cover
- " e -c
Cover metrics: With reference to changes in fish cover Cover LGl el g 8l B 5 E -~
. : of cover Swt| © T2
features, what are the changes to the following observed or metric c O+ L |go
cover | preference [§ ~“ 2| =2 |§o O
expected to be? score - e E - |= N*
metric score X |-
Frequency of occurrence of species with a very high to high ov | 05 | 026 04 3 600 | 026
preference for overhanging vegetation
Frequency of occurrence of species with a very high to high uB | -05 | 0.30 05 > 700 | 0.30
preference for undercut banks and root wads
Frequency of occurrence of species with a high to very high
preference for a particular substrate type SUB [l 043 13 . 43
Frequency of occurrence of species with a high to very high amAcl 0.0 | 000 0.0 0 0.0 0.00
preference for aquatic macrophytes
Frequency of occurrence of species with a very high to high We 0.0 | 0.00 0.0 0 0.0 0.00
preference for the water column
1.0 2.2 3.0 |230.0]| 1.0
Absolute overall % change in habitat assemblages 14.35
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.3.5 Health condition
E,; c E,; = E,; S s = _&’ -
Health/condition of species (introduced and native): With reference | £ 2.2 _g’ £z € =z m_g = |B 'é
to changes in water quality conditions, what are the changestothe | 3555 | 2532 |T £ E s g S
following observed or expected to be? €59 | 3852|586 5¢ > |SE
Q o Q o Qo o N |w
< < © K= 14 ) ()
Health of species intolerant of modified water quality ITH -1.00 0.56 -2.22 | 1.00 {100.00|0.56
Health of species moderately intolerant of modified water quality MIH -0.50 0.44 -0.89 | 2.00 | 80.00 |0.44
Health of species moderately tolerant of modified water quality MTH 0.00 0.00 0.00 |3.00 [ 0.00 |0.00
Health of species tolerant of modified water quality HT 0.00 0.00 0.00 | 4.00 | 0.00 |0.00
Sum 1.00 3.11 | 4.00 |180.00|1.00
Overall % change to indicators of modified water quality 15.56
7.3.6 Introduced species
o &. E Y (4]
Introduced species metrics, with reference to the types of § = g o || & g S g " e -%‘ Y
introduced species, the characteristics of the habitat and the |3 « & @ 'E, £ = 3 £ % s 8
native species, what is the following observed or expected to (o o 2 3 g % o % = 'g = e
be? SE | |SEg|c R | £3
£ (2]
The potential impact of introduced predaceous spp? IP| 5.0 | 043 | 8.70 1.0 (100.0| 0.435
How widespread (frequency of occurrence) are introduced Pl 50 o35 6.96 50 | 800! 0348
predaceous spp?
The potential impact of introduced habitat modifying spp? IH] 3.0 | 0.13 157 4.0 | 30.0 | 0.130
How widespread (frequency of occurrence) are habitat
modifying spp? FH| 2.0 | 0.09| 0.70 3.0 | 20.0 | 0.087
Sum 1.0 | 17.91 4.0 |230.0
Overall % potential impact of introduced spp 89.57
7.3.7 PES
Fish PES: Based on weights of metric groups
“’:iﬁ"’_ Calculateq | Weighted | Rank of | % Weight
Fish PES Metric group group: : score for | metric | for metric
Calculated weight rou rou rou
score group group group
FLOW-DEPTH METRICS FD 84.83 0.36 30.30 1.00 100.00
FLOW MODIFICATION METRICS FM 53.46 0.32 17.18 2.00 90.00
COVER METRICS CM 85.65 0.25 21.41 3.00 70.00
HEALTH/CONDITION METRICS HM 84.44 0.07 6.03 4.00 20.00
IMPACT OF INTRODUCED SPP
(NEGATIVE) IS 89.57 0.00 0.00 0.00 0.00
1.00 280.00
Fish PES 74.92
HFish PES Category Cc
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7.4

EWR 3

741 Assemblage
FLOW-DEPTH PREFERENCE FLOW INTOLERANCE COVER PREFERENCE TOLERANCE: MODIFIED WQ
o g T o T T |z & : = =
w | 2| E @ & S |>2_|>o_| 2 |¢s8 |58 | 8% | #8 |20 | % >R |>%g| .2
w80 wi i L i e ey |@oa® ‘S |26 |87 I=- |oFT |5T Zc |@zo mas | Eg
wy= ) Q o ] EA FzP | EEQN | E< Q8> |W> g [Ex>_| 2> <= |[E<2 E-a | 23
ohi = z Z z S | <gi| <22 | 2T |ZRegloxks | EQ KTxg 0xs| <> _| Q| I
288 | B | B | ¥ | § | £5 |£8% g5z 5z |Ecuf|Sif) 3z 338fcoL® 45 |gige|gzi| &g
oo w w w w w o w2~ 5= > |O T ex T = = = =
o X 1 o L e T =4 85'9 8'119 i E‘-”é <2 b gE2 (wl <y 895 858 oL
w o w w w w o oy oL owx |>uw =z N w < = Z 0 =) | Fa
o o 2 (72 E SE =0 o 23>0 |20 o> o | <0 £Z5 |E20 Sg= 8
a a o a Z £ I |oX T I |=X = = F s
PAFE FALSE | FALSE 4.0 35 FALSE 4.0 FALSE | FALSE 4.0 4.0 4. 4.0 FALSE FALSE 35 FALSE FALSE
AMOS 3.4 3.3 3.4 FALSE FALSE FALSE 2.8 FALSE | FALSE 4.1 4.9 FALSE | FALSE FALSE FALSE 2.5 FALSE
AMAR FALSE | FALSE 4.4 FALSE FALSE FALSE 2.8 FALSE | FALSE 3.9 4.2 FALSE | FALSE FALSE FALSE 2.5 FALSE
SCAP FALSE | FALSE | FALSE 3.7 FALSE FALSE FALSE 2.0 FALSE | FALSE 3.5 4.5 FALSE FALSE FALSE FALSE 2.0
MCAP FALSE | FALSE 3.8 FALSE FALSE 3.5 FALSE | FALSE | FALSE | FALSE | FALSE | FALSE 3.8 FALSE FALSE 3.0 FALSE
MCEP FALSE | FALSE 3.8 FALSE FALSE FALSE 2.8 FALSE | FALSE | FALSE | FALSE | FALSE 3.8 FALSE FALSE 25 FALSE
MFAL FALSE | FALSE | FALSE 3.5 FALSE FALSE 3.0 FALSE | FALSE | FALSE | FALSE | FALSE | FALSE FALSE FALSE FALSE 2.0
IAVERAGE 3.4 3.3 3.9 3.6 #DIV/0! 3.8 29 2.0 4.0 4.0 4.2 4.3 3.8 #DIV/0! 3.5 2.6 2.0
MEDIAN 3.4 3.3 3.8 3.5 #NUM! 3.8 2.8 2.0 4.0 4.0 4.1 4.3 3.8 #NUM! 3.5 25 2.0
NUMBER 1.0 1.0 5.0 3.0 0.0 2.0 4.0 1.0 1.0 3.0 4.0 2.0 2.0 0.0 1.0 4.0 2.0
FLOW-DEPTH PREFERENCE FLOW INTOLERANCE COVER PREFERENCE TOLERANCE: MODIFIED WQ
= = C = . T & . =]
. T EAY = [P o5 &, g 29, w
o 2 2 @ 7 = > 2 > 2 2 o8& | 5 5% TP | Z S >---3 >Rg | &
@ w + o N i =z <= aL i ZT A o= = A & =% E= JEA | Dw [=)
29 w 3 b s E¥ |DEY | Do o sor | z2 IZ |losz| 3¢ zg nzg5 | @i3 | 85
o | 2| 2 | 2 2 | 2L |53%|5%%| 24 | 285 | 45 | @G |gEG| oI | 22 | 522 |se@ | =2
Q& & i i i 52 |zE3z|zeoq| 2 |$2z| 2% | kT [SET| of | ug |eug |22 | &5
w s 4 4 4 4 3 uEs | uea| B [ ZTE S & = T x % Juw w29 |wsk | B0
Oown i w i w W 020 | 0%~ | & <> E>x | Cazz | & o ool | g¥a | £
W o T w = g |ooZ|ow P bk x2 | K& [<g% | ER Eg OEL | guWo
o w w w w (o] B i S ww Z A m"” g i = Za g [1'4
) Y [1'4 (4 (4 = = e = H H o0> < > o > T =0 =33 o) = o) w
o o o o p4 Z a 3 w A oo =Y A 25 = = |
> = n < = = o
- - I s I [
MSAL FALSE | FALSE 4.5 FALSE FALSE FALSE FALSE 1.1 3.1 FALSE 3.1 3.2 FALSE FALSE FALSE 23 FALSE
IAVERAGE #DIV/0! | #DIV/0! 4.5 #DIV/0! #DIV/0! | #DIV/0! | #DIV/0! 1.1 31 #DIV/0! 31 3.2 #DIV/0! | #DIV/0! #DIV/0! 2.3 #DIV/0!
MEDIAN #NUM! | #NUM! 4.5 #NUM! #NUM! #NUM! | #NUM! 1.1 31 #NUM! 31 3.2 #NUM! | #NUM! #NUM! 23 #NUM!
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TOLERANCE: MODIFIED WQ
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7.4.2  Flow Depth
@ [
Flow-Depth class metrices with Flow-depth . Flow-depth | £ £
e Weight of lJ@| « |3
reference to flow modifications preference scores preferences: ¢ | £ |&
; : flow, - o |o
and changes in sediment (observed or deoth weighted S| 3 [NT
movement, what are the changes expected under P scoreper | ;| = f©o I
. preference . c S =
to the following observed or present metric metric (out g | X s
expected to be? conditions) of 5) £ S
2 o
Frequency of occurrence of species
with very high and high preference |FFD -2.00 0.29 -2.33 2.00/ 70.00(0.29
for FAST-DEEP conditions
Frequency of occurrence of species
with very high and high preference |FFS -3.00 0.42 -5.00 1.00/100.0000.42
for FAST-SHALLOW conditions
Frequency of occurrence of species
with very high and high preference |FSD -3.00 0.25 -3.00 3.00{60.00 |0.25
for SLOW-DEEP conditions
Frequency of occurrence of species
with very high and high preference |FSS -4.00 0.04 -0.67 4.00] 10.00 (0.04
for SLOW-SHALLOW conditions
IAbsolute sum 1.00 11.00  }4.00240.00[1.00
/Absolute overall % change in
flow-depth classes composition 55.00
of assemblage
7.4.3 Flow modification
0 [2)
) -
Flow ‘E g
Flow modification metrics with reference to LI Weight depepdance: € %, 3
e dependance weighted | s« 2 8-
flow modifications, what are the changes to . of flow <) o |=
. metric - scoreper | o | = (B
the following observed or expected to be? metrics . c s |5
scores metric (out | £ | = L
of 5) c c
3 S
14 7]
Frequency of occurrence of species intolerant FI 0.00 0.091 0.00 0.0 | 20.0 b.091
of no-flow conditions
Frequency of occurrence of species moderately : i
intolerant of no-flow conditions FMi 2t 0318 3.18 e 0318
Frequency of occurrence of species moderaterFMT -4.00 0.182 364 2.0 | 20.0 b 182
tolerant of no flow conditions
Frequency of occurrence of species tolerant of FT 0.00 0.000 0.00 50| 0.0 0.000
no flow conditions
Presence of catadromous spp. CAT) -4.00 0.045 -0.91 1.0 | 10.0 [0.045
Presence of migratory spp. MIG -4.00 0.364 -7.27 2.0 | 80.0 [0.364
1.00 15.00 5.0 [220.0| 1.0
/Absolute overall % change in flow
60.00
dependance of assemblage

CES
November 2005
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7.4.4 Cover

£
: . 5 | = |@
Cover metrics: With reference to changes in fish CoverWelght Rlansd o8 & 8«
. .| of cover (S|l 5 Isn
cover features, what are the changes to the following metric £ 2T
cover |preference o 2 |59
observed or expected to be? score - SE S IB*”
metric| score & X |2
3]
&
Frequency of occurrence of species with a very high to ) i
high preference for overhanging vegetation ov ey 028 4.2 el 0. 28
Frequency of occurrence of species with a very high to uB | 30| 031 46 1 11000031
high preference for undercut banks and root wads
F_requency of occurrence _ of species with a high to very suB | -05 | 015 04 4 50010015
high preference for a particular substrate type
F_requency of occurrence: of species with a high to very AamAcl 30 | 025 37 3 180.0l025
high preference for aquatic macrophytes
F_requency of occurrence of species with a very high to we |l 201 ooz 02 4 |50 002
high preference for the water column
1.0 13.0 5.0 [325.0/1.0
/Absolute overall % change in habitat assemblages 52.00
7.4.5 Health condition
£o£288 | 8 A
SESSES | E =
29232 B & | E
Health/condition of species (introduced and native): With | - 3 c328¢ E = =
reference to changes in water quality conditions, what are the Q5 9 g L5 g © é @
changes to the following observed or expected to be? SESET S 2 - 5
€2 cTics = s &
326/351@% S 2
<®lx°ge |« S
n
Health of species intolerant of modified water quality ITH|0.00|0.00| 0.00 |5.00( 0.00 (0.00
Health of species moderately intolerant of modified water - 0.53
quality MIH 3.00 0.53|-6.32|1.00(100.00
Health of species moderately tolerant of modified water quality[MTH 5 E)O 0.37|-2.95|2.00| 70.00 037
Health of species tolerant of modified water quality HT |0.00{/0.11| 0.00 {4.00|20.00[0.11
Sum 1.00| 9.26 {4.00{190.001.00
Overall % change to indicators of modified water quality 46.32
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.4.6 Introduced species
5 | 3 3 8
g |& S | % £
Introduced species metrics, with referencetothe | E S |2 _|T 2 g E ?
. . s O | T el o [=)) ©
types of introduced species, the characteristics of the T8 vs| % o Q-
habitat and the native species, what is the following Sald g % 8 2 o = T
observed or expected to be? B xle =3 E 2 &
5 |E £ | § §
—= £ 14 n
The potential impact of introduced predaceous spp? |IP| 5.0 [{0.38| 7.69 1.0 |100.0| 0.385
How widespread (frequency of occurrence) are
introduced predaceous spp? FP| 5.0 [0.35| 6.92 2.0 |90.0| 0.346
'Sl'gsopotentlal impact of introduced habitat modifying Hl 10 lo15! 062 30 | 400/ 0154
How widespread (frequency of occurrence) are habitat
modifying spp? FH| 4.0 [0.12| 1.85 3.0 |30.0 0.115
Sum 1.0 | 17.08 4.0 |260.0
Overall % potential impact of introduced spp 85.38

7.4.7

PES

Fish PES: Based on weights of metric groups

PEHTE Weighted | Rank of | % Weight
. . group: Calculated . .
Fish PES Metric group : score for | metric | for metric
Calculated weight rou rou rou
score group group group
FLOW-DEPTH METRICS FD 45.00 0.38 17.23 2.00 90.00
FLOW MODIFICATION METRICS | FM 40.00 0.43 17.02 1.00 100.00
COVER METRICS CM 48.00 0.17 8.17 3.00 40.00
HEALTH/CONDITION METRICS HM 53.68 0.02 1.14 4.00 5.00
IMPACT OF INTRODUCED SPP
(NEGATIVE) IS 85.38 0.00 0.00 0.00 0.00
1.00 235.00
Fish PES 43.57
IFish PES Category D
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.5 EWR 4
7.5.1 Assemblage
FLOW-DEPTH PREFERENCE FLOW INTOLERANCE COVER PREFERENCE TOLERANCE: MODIFIED WQ
.. = = \ = , + T — o
[a] ' A (Y] — < oa w
o ) a 0 fo) (e} (e} I =4 I O ~ == g y = =
E L L ® ® 2 >2_ |2 | @ |[28%| 3z | 8% TR IR | X | xeR | %0 &
Uo i i w i T dql- d ZTI < [SRT) T < o b = Eo dzv d‘;\‘; (=]
w= o o 3] o [ HEw |HO_ | © O I © = .. T Own=x £x < WZgo | wa o
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IAMAR FALSE FALSE 4.4 FALSE FALSE FALSE 2.8 FALSE | FALSE 3.9 4.2 FALSE | FALSE FALSE FALSE 2.5 FALSE
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TOLERANCE: MODIFIED WQ
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7.5.2 Flow Depth
@ 2
Flow-Depth class metrics with Flow-depth . Flow-depth | £ £
e Weight of J@o| « [3
reference to flow modifications preference scores preferences:) ¢ | £ |o
: ; flow, ; o |o
and changes in sediment (observed or deoth weighted S| T INT
movement, what are the changes expected under refeFr)ence scoreper | o = [G I
to the following observed or present P metric metric (out E X I8
expected to be? conditions) of 5) £ S
2 7
Frequency of occurrence of species
with very high and high preference |FFD| -1.00 0.19 -0.76 3.00/40.00 [0.19
for FAST-DEEP conditions
Frequency of occurrence of species
with very high and high preference |FFS -3.00 0.48 -5.71 1.00/100.000.48,
for FAST-SHALLOW conditions
Frequency of occurrence of species
with very high and high preference |[FSD -2.00 0.24 -1.90 2.00/50.00[0.24
for SLOW-DEEP conditions
Frequency of occurrence of species
with very high and high preference |FSS] -1.00 0.10 -0.38 4.00 20.00 0.10
for SLOW-SHALLOW conditions
IAbsolute sum 1.00 8.76 4.00/210.00/1.00
/Absolute overall % change in
flow-depth classes composition -1.00 0.19 -0.76 3.00/40.00 0.19
of assemblage
7.5.3 Flow modification
» [2)
0 het
Flow .3 g
Flow modification metrics with reference to A Weight depe_ndance: E -E, 2
g dependance weighted u =2 8-
flow modifications, what are the changes to . of flow o o |=
. metric - score per o 2z o
the following observed or expected to be? metrics . c s |5
scores metric (out | .= X |8
of 5) c =
() -
14 »n
Frequency of occurrence of species intolerant FI 050 0.061 015 50 | 20.0 |-0.50
of no-flow conditions
Frequency of occurrence of species moderately _ i i
intolerant of no-flow conditions FMi 2 0303 7.58 10| SO R
Frequency of occurrence of species moderately FMT  -3.00 0.212 318 30 | 700 3.00
tolerant of no flow conditions
Frequency of occurrence of species tolerant of FT 0.00 0.000 0.00 0.0 | 00 l0.00
no flow conditions
Presence of catadromous spp. CAT,| -4.00 0.242 -4.85 2.0 [ 80.0 [-4.00
Presence of migratory spp. MIG -3.00 0.182 -2.73 4.0 | 60.0 [-3.00
1.00 18.48 5.0 |330.0
/Absolute overall % change in flow
73.94
dependance of assemblage
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7.5.4 Cover

£
. . 5 ®
Cover metrics: With reference to changes in fish CoverWelght Weighed 28 5 (8~
. .| of cover (¢ 2 =,
cover features, what are the changes to the following metric| T © (B
cover |preference| £ ©| 2 |5 o
observed or expected to be? score : SEl 2 I8*
metric/ score |© > |2
1]
&
Frequency of occurrence of species with a very high to : i
high preference for overhanging vegetation ov Sy 0-32 13 e 032
Frequency of occurrence of species with a very high to uB | 1.0 | 028 11 3 170.0l0.28
high preference for undercut banks and root wads
F_requency of occurrence _ of species with a high to very suB | =20 | 040 32 1 1100.00.40
high preference for a particular substrate type
F_requency of occurrence: of species with a high to very amacl .10 | 0.00 0.0 4 100 looo
high preference for aquatic macrophytes
F_requency of occurrence of species with a very high to we | oo | 0.00 0.0 o |00 looo
high preference for the water column
1.0 5.6 4.0 [250.0/1.0
/Absolute overall % change in habitat assemblages 28.00
7.5.5 Health condition
= 1
S ol nloo e
EEZEIEE | £ e
Q5025 T ] - £
. L . . £ 3l<g|e S e
Health/condition of species (introduced and native): With s 3 c338¢ E ° |7
reference to changes in water quality conditions, what are the o5 9 g < 5 g ©° g @
changes to the following observed or expected to be? SESET S0 2 - S
€2 cT|lcE = s S
263825 | § K
<°lx°gg |« s
n
Health of species intolerant of modified water quality ITH|0.00| 0.00 | 0.00 {0.00| 0.00 [0.00
;:a;littt; of species moderately intolerant of modified water miH1.00l 067 | -1.33 | 1.00 [100.0010-67
Health of species moderately tolerant of modified water quality MTHJ-0.50| 0.33 | -0.33 | 2.00 | 50.00 [0.33
Health of species tolerant of modified water quality HT [0.00| 0.00 | 0.00 |0.00| 0.00 [0.00
Sum 1.00 | 1.67 |2.00{150.00/1.00
Overall % change to indicators of modified water quality 16.67
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7.5.6 Introduced species
- 0 0 ‘9
g |8 | 8 |z £
Introduced species metrics, with reference tothe | £ g g =82 o g E S
types of introduced species, the characteristics of the AR 'E-, o sl % % 8-
habitat and the native species, what is the following Seal3 g % 8 o o = T
observed or expected to be? B gl e =3 E 2 o
£ ||| |:
- - 14 n
The potential impact of introduced predaceous spp? |[IP| 0.0 |0.41| 0.00 1.0 | 70.0 | 0.412
How widespread (frequency of occurrence) are
introduced predaceous spp? FP| 0.0 |0.59| 0.00 1.0 |100.0| 0.588
'Sl'gsopotential impact of introduced habitat modifying H!l 00 000! 000 00 | 0.0 | 0.000
How widespread (frequency of occurrence) are habitat
modifying spp? FH| 0.0 |0.00| 0.00 0.0 | 0.0 | 0.000
Sum 1.0 | 0.00 2.0 |170.0
Overall % potential impact of introduced spp 0.00
75.7 PES
Fish PES: Based on weights of metric groups
LElE Weighted | Rank of | % Weight
. . group: Calculated . .
Fish PES Metric group : score for | metric |for metric
Calculated weight rou rou rou
score group group group
FLOW-DEPTH METRICS FD 56.19 0.38 21.61 1.00 100.00
FLOW MODIFICATION METRICS FM 26.06 0.35 9.02 2.00 90.00
COVER METRICS CM 72.00 0.23 16.62 3.00 60.00
HEALTH/CONDITION METRICS HM 83.33 0.04 3.21 4.00 10.00
IMPACT OF INTRODUCED SPP
(NEGATIVE) IS 0.00 0.00 0.00 0.00 0.00
1.00 260.00
Fish PES 50.45
IFish PES Category D
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.6 EWR 5

7.6.1 Assemblage

FLOW-DEPTH PREFERENCE FLOW INTOLERANCE COVER PREFERENCE TOLERANCE: MODIFIED WQ
.. = = . = + T — a
[=] ' - (O] — . w
o o o I AS I o~ S i = =
w o @ - 2 Q > 2 > a 0os | 57 | 8 o | I® X | > | s@g | &
ou A W Wi Wi = a7 aw L 2T | oo Tt L =L = a4 N o
w o w 3 o - WwEl | Wwo o O~ ¥ = T | Q0T Zr ZQ WZ~ | WA o<
4 o =] Z A EZR | Bz | =2~ 20 wI Lo | FWeg =05 <2 =< =) =
> W z Z Z = < g <D Lo 258 o > = | <E= 2= e <22 | <bn <
A w w w w 52 || ecd | 22 | $RT| 2% I | S| o2 wo | gug |28 | 2%
o i1 & i i i wd 4wy | Wzl 2= |Fg>| Su g> |3%x | 3% oL dow (825 | 28
85 | B | 5 | & | & | 32 |882|8% | & |£5E| 2% |RE | 93E| CE| gL |52: (&5 3
oK w w w w O 2 i t Swuw = A Ru oW o W =z 0 ZB5 a2
o o o o o = = o o w A oo 8 A 2 A = A s = |
n - et > T S < = E
=
PAFE FALSE FALSE 4.0 35 FALSE 4.0 FALSE | FALSE 4.0 4.0 4.0 4.0 FALSE FALSE 35 FALSE FALSE
AMOS 34 3.3 3.4 FALSE FALSE FALSE 2.8 FALSE | FALSE 4.1 49 FALSE | FALSE FALSE FALSE 2.5 FALSE
AMAR FALSE FALSE 4.4 FALSE FALSE FALSE 2.8 FALSE FALSE 3.9 4.2 FALSE | FALSE FALSE FALSE 2.5 FALSE
SCAP FALSE FALSE FALSE 3.7 FALSE FALSE FALSE 2.0 FALSE | FALSE 35 4.5 FALSE FALSE FALSE FALSE 2.0
AVERAGE 34 3.3 3.9 3.6 #DIV/0! 4.0 2.8 2.0 4.0 4.0 4.2 4.3 #DIV/O! | #DIV/O! 35 2.5 2.0
MEDIAN 34 3.3 4.0 3.6 #NUM! 4.0 2.8 2.0 4.0 4.0 4.1 4.3 #NUM! #NUM! 3.5 2.5 2.0
NUMBER 1.0 1.0 3.0 2.0 0.0 1.0 2.0 1.0 1.0 3.0 4.0 2.0 0.0 0.0 1.0 2.0 1.0
FLOW-DEPTH PREFERENCE FLOW INTOLERANCE COVER PREFERENCE TOLERANCE: MODIFIED WQ
= = 0 = \ T T = =]
a) » a ) . o o G) T __ | A | o o_| @ = ¥ 2 L
@ w L e @ € 2 >z _ :d = 297\’ o T o9 e T @ s :#7\’ ch’ E
Qo w w u L EY |mEY | Do o sT>| 29 Il |lont | Z1 Zg W25 | mMAS o~
95 g g g g z& |£E2R | 25| 25 | 225 | WuT | ug (Ewg| 55 | £3 | 229 | kfe | =¥
A ] i w w gz m§§ s | Y 22| 2% |k |35 | 2= fo | 252 |2z¥| =T
oy T & f & WO |Wwgzg|wWzd| =Z= | ZES | Sy | £> |[gE> | O oy |wgg |(WL=| =g
B | B | 8 | & | & | 32 882|183 | & |E5E| 2% |RE | ¥3E| CE | gL |g2: (k5| 3
o o w w w L o spit | 26 bt S ww = A Qu gu W =0 SZ5 SJd=s
7] 4 [v4 74 [v4 = = = T o0V> < > > w > =0 = o) w
o o o o F4 = o o w A oo DA <<.(> A = A = o] = -
= = > T @ s g = E
=
SCAP FALSE FALSE FALSE 3.7 FALSE FALSE FALSE 2.0 FALSE | FALSE 3.5 4.5 FALSE FALSE FALSE FALSE 2.0
AVERAGE | #DIV/0! | #DIV/O! | #DIV/O! 3.7 #DIV/0O! | #DIV/Q! | #DIV/O! 2.0 #DIV/0! | #DIV/0! 35 4.5 #DIV/0! | #DIV/0! #DIV/0! #DIV/0! 2.0
MEDIAN #NUM! #NUM! #NUM! 3.7 #NUM! #NUM! #NUM! 2.0 #NUM! | #NUM! 35 4.5 #NUM! #NUM! #NUM! #NUM! 2.0
NUMBER 0.0 0.0 0.0 1.0 0.0 0.0 0.0 1.0 0.0 0.0 1.0 1.0 0.0 0.0 0.0 0.0 1.0
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7.6.2 Flow Depth
9 S
Flow-Depth class metrices with Flow-depth . Flow-depth | 5 £
e Weight of J@| « [3
reference to flow modifications preference scores fl preferences: ¢ | £ |
a a ow, A D o
and changes in sediment (observed or deoth weighted S| @ [NT
movement, what are the changes expected under refe?ence scoreper | | = B
to the following observed or present P metric metric (out E X8
expected to be? conditions) of 5) £ S
2 )
Frequency of occurrence of species
with very high and high preference [FFD -1.00 0.18 -0.73 3.00/40.00(0.18
for FAST-DEEP conditions
Frequency of occurrence of species
with very high and high preference [FFS -2.00 0.45 -3.64 1.00/100.00/0.45)
for FAST-SHALLOW conditions
Frequency of occurrence of species
with very high and high preference [FSD| -2.00 0.27 -2.18 2.00{60.00(0.27|
for SLOW-DEEP conditions
Frequency of occurrence of species
with very high and high preference [FSS -2.00 0.09 -0.73 4.00] 20.00 (0.09
for SLOW-SHALLOW conditions
IAbsolute sum 1.00 7.27 4.00220.00/1.00
/Absolute overall % change in
low-depth classes composition of| 36.36
assemblage
7.6.3 Flow modification
» [
0 et
Flow .3 g
Flow modification metrics with reference to e Weight depe_ndance: E 5 3
e dependance weighted u 5 N~
flow modifications, what are the changes to - of flow o 9 |.E
. metric - scoreper | 5| = |o !
the following observed or expected to be? metrics . c - |5
scores metric (out - N3 .‘g
of 5) c =
() -
14 (7}
Frequency of occurrence of species intolerant FI 0.00 0.000 0.00 0.0 0.000
of no-flow conditions
Frequency of occurrence of species moderately ) i
intolerant of no-flow conditions FMI 2.00 0.345 3.45 1.0 |100.0/0.345
Frequency of occurrence of species moderately EMT -1.00 0.276 138 20 1 80.0 b.276
tolerant of no flow conditions
Frequency of occurrence of species tolerant of FT 0.00 0.069 0.00 5.0 | 20.0 0.069
no flow conditions
Presence of catadromous spp. CAT| -1.00 0.172 -0.86 3.0 [ 50.0 0.172
Presence of migratory spp. MIG -0.50 0.138 -0.34 4.0 | 40.0 |0.138
1.00 6.03 5.0 [290.0| 1.0
/Absolute overall % change in flow
24.14
dependance of assemblage
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7.6.4 Cover

£
. . 5 | = |®
Cover metrics: With reference to changes in fish CoverWelght Rlansd 28 B 8«
- .| of cover (Sl g =51
cover features, what are the changes to the following metric T 2T
cover |preference ol 2 (50
observed or expected to be? score . SEI S IB*
metric| score & X |2
o
&
Frequency of occurrence of species with a very high to _ i
high preference for overhanging vegetation Ov [-2.01 030 24 e 0.30
Frequency of occurrence of species with a very high to _ i
high preference for undercut banks and root wads UuB 3.0 037 44 RO 0.37
F_requency of occurrence _ of species with a high to very SUB | -2.0 | 0.22 18 3 160.0l022
high preference for a particular substrate type
F_requency of occurrence of species with a high to very AMAc| -1.0 | 0.11 04 4 300011
high preference for aquatic macrophytes
F_requency of occurrence of species with a very high to we | 00 | 0.00 0.0 o | 0.0 looo
high preference for the water column
1.0 9.0 4.0 [270.0/ 1.0
IAbsolute overall % change in habitat assemblages 45.19
7.6.5 Health condition
£oEs88 |8 5
© = ®© L © = s -~
05 22cT 1] - £
i L . . £ 3|l<0|e § £ ¥
Health/condition of species (introduced and native): With sol g3|238¢ = o |7
reference to changes in water quality conditions, what are the o5 9 g < 5 9 ©° é @
changes to the following observed or expected to be? SESER S0 2 - S
c Ol T |lc L = E a
252525 | 5 g
<®l2°ge |« 5
n
Health of species intolerant of modified water quality ITH|0.00| 0.00 | 0.00 |0.00| 0.00 [0.00
35;@ of species moderately intolerant of modified water miHl-1.00l 053 | -158 [1.00100.00l0 53
Health of species moderately tolerant of modified water quality MTH]0.50| 0.37 | 0.55 [2.00 | 70.00 |0.37
Health of species tolerant of modified water quality HT |0.00| 0.11 | 0.00 |3.00|20.00 |0.11
Sum 1.00 | 2.13 |3.00 |190.00|1.00
Overall % change to indicators of modified water quality 14.21
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.6.6 Introduced species
5| 8 8 2
3 |& E 5 E
Introduced species metrics, with referencetothe [E S| 2 (T3 2 g = ?
. . . . O (T eles o [=))
types of introduced species, the characteristics of the o8 vs| % = 8~
habitat and the native species, what is the following Sald g % 8 o o = T
observed or expected to be? B 5l e =3 E 2 i
TE R 5|
-_ - 14 n
The potential impact of introduced predaceous spp? |IP]| 3.0 [0.48| 5.71 1.0 |100.0| 0.476
How widespread (frequency of occurrence) are
introduced predaceous spp? FP| 1.0 (0.38| 1.52 2.0 (80.0| 0.381
l’é\;potennal impact of introduced habitat modifying Ml 10 l010] o038 30 1200/ 0095
How w!despread (frequency of occurrence) are habitat FHl 10 |oo0s!| o0.19 240 100! 0048
modifying spp?
Sum 1.0 7.81 4.0 |210.0
Overall % potential impact of introduced spp 39.05

7.6.7 PES

Fish PES: Based on weights of metric groups

. . Metric group: Calculated Weighted Rank_of % Weigl:lt
Fish PES Metric group Calculated weight score for | metric | for metric
score group group group
FLOW-DEPTH METRICS FD 63.64 0.28 17.55 3.00 80.00
FLOW MODIFICATION METRICS |FM 75.86 0.34 26.16 1.00 100.00
COVER METRICS CM 54.81 0.31 17.01 2.00 90.00
HEALTH/CONDITION METRICS HM 85.79 0.07 5.92 4.00 20.00
IMPACT OF INTRODUCED SPP
(NEGATIVE) IS 39.05 0.00 0.00 0.00 0.00
1.00 290.00
Fish PES 66.64
IFish PES Category c
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7.7

EWR 6

7.71 Assemblage

FLOW-DEPTH PREFERENCE FLOW INTOLERANCE COVER PREFERENCE TOLERANCE: MODIFIED WQ
. = = \ = + T — a
[=] ' . (O] — . w
[= o o I A I ~ o~ 8 I = =
" & 2 @ @ S |>=2_|>z | & |¢8%| 5z |23 | zTR| ZT | p¥ | neR | =%g| &
3 oc i i Wi = e L zx L oo Tl L =4 = aE4a TN a
wo w 5 o - WweE i | Wo o O-T ¥ = T | Q0T Zr Z0Q WZ~ | WA o<
8 | ¢ | 2 | 2 | 2 | 2L |52 |525| 25 228 | U \ud |SHE| 55 | £5 | 53¢ |5cg| 5B
- ] w w w 52 |eps | ecaq| g2 [£2T| 2% | < |S=T| 2T wo | guwp |28 | &%
o | & | B | B | & | 3 |&43|4=%| == 33> | SE |E> |3I;| 8z | o |43l |45E| 5¢
S | B | B | & | § | 82 (88283 | & |E5E| 2% |GE|93E| CE | 2% |g2&|gE3| 33
o w w w w o P S wuw Z A auw gu o w Zz 0 Z5 ==
o o o o o 4 = o ° w A oo 8 A S A :Z A s - et 6|
n = [ = T = = =
PAFE FALSE FALSE 4.0 3.5 FALSE 4.0 FALSE | FALSE 4.0 4.0 4.0 4.0 FALSE FALSE 3.5 FALSE | FALSE
AMOS 3.4 3.3 3.4 FALSE FALSE FALSE 2.8 FALSE | FALSE 4.1 49 FALSE | FALSE FALSE FALSE 2.5 FALSE
AMAR FALSE FALSE 44 FALSE FALSE FALSE 2.8 FALSE | FALSE 3.9 4.2 FALSE | FALSE FALSE FALSE 2.5 FALSE
SCAP FALSE FALSE FALSE 3.7 FALSE FALSE FALSE 2.0 FALSE | FALSE 35 45 FALSE FALSE FALSE FALSE 2.0
AVERAGE 3.4 3.3 3.9 3.6 #DIV/0! 4.0 2.8 2.0 4.0 4.0 4.2 4.3 #DIV/0! | #DIV/0! 3.5 2.5 2.0
MEDIAN 3.4 3.3 4.0 3.6 #NUM! 4.0 2.8 2.0 4.0 4.0 4.1 4.3 #NUM! #NUM! 3.5 2.5 2.0
NUMBER 1.0 1.0 3.0 2.0 0.0 1.0 2.0 1.0 1.0 3.0 4.0 2.0 0.0 0.0 1.0 2.0 1.0
FLOW-DEPTH PREFERENCE FLOW INTOLERANCE COVER PREFERENCE TOLERANCE: MODIFIED WQ
S = : s | . * z - a
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. w E 8 3 ] >_g >_9 3 0Om '5: O ® o I o n > .- O 2 g w
@Quw ¥ i o it = 2T | aw L ZTL2 | © E & || =& == JELA | Do o
Qo L LS ul Ll S wEe i [ Wo [e) O x Q2 II Own T Z T Zg wZ maAsS o=
oz o = 1 e S A EFZ2QR | Ez5| 2~ |S26| WT |ug |FUug| 26 <3 E<g | ESa | =W
i & & u i & S Sl |72 T§ |F02 | 2> |ES (k2| 32 | & Sx2 | gEQ | =&
w w x 3 [ PEQ | £ =T | Zzx I |S>T| I wa WA (25 =
G i & £ & & B9 | w3 |uwzld| 2= |2k | 5E |y |3Ir| 33 | ob |ugd |4ZE| 28
o & w bt = I _|d 86" 8§ é T4 xﬁ "/—,nﬂ <8n: O = 8|—E 8"”0 é;
o w w w w o P S ww Z A w gu o W z 0 Z5 |
7] o 4 © 4 E =t Su w o> | I | @®> > | w> £0 == S92 | W
a . o o = = © | © 4t ag | 3" 2| &" = 2| F |3
= = = I = = =
MSAL FALSE FALSE 45 FALSE FALSE FALSE | FALSE 1.1 3.1 FALSE 3.1 3.2 FALSE FALSE FALSE 23 FALSE
AVERAGE | #DIV/0! | #DIV/0! 45 #DIV/0! #DIV/0! #DIV/0! | #DIV/O! 1.1 3.1 #DIV/0! 3.1 3.2 #DIV/O! | #DIV/0! #DIV/0! 2.3 #DIV/0!
MEDIAN #NUM! #NUM! 45 #NUM! #NUM! #NUM! #NUM! 1.1 3.1 #NUM! 3.1 3.2 #NUM! #NUM! #NUM! 2.3 #NUM!
NUMBER 0.0 0.0 1.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 1.0 10 0.0 0.0 0.0 1.0 0.0
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7.7.2 Flow Depth
2 2
Flow-Depth class metrices with Flow-depth . Flow-depth | £ £
e Weight of J @] « [3
reference to flow modifications preference scores preferences:) ¢ | £ |o
; : flow, ; o |o
and changes in sediment (observed or deoth weighted S| T INT
movement, what are the changes expected under refeI:ence scoreper | | = [G I
to the following observed or present P metric metric (out E X I8
expected to be? conditions) of 5) £ S
2 »
Frequency of occurrence of species
with very high and high preference |FFD| -1.00 0.21 -0.83 3.00/60.00[0.21
for FAST-DEEP conditions
Frequency of occurrence of species
with very high and high preference |FFS -1.00 0.28 -1.10 2.00(80.00(0.28
for FAST-SHALLOW conditions
Frequency of occurrence of species
with very high and high preference |[FSD -2.00 0.34 -2.76 1.00/100.000.34
for SLOW-DEEP conditions
Frequency of occurrence of species
with very high and high preference |FSS| 0.00 0.17 0.00 4.0050.00 |0.17
for SLOW-SHALLOW conditions
IAbsolute sum 1.00 4.69 4.00[290.00/1.00
/Absolute overall % change in
low-depth classes composition of 23.45
assemblage
7.7.3 Flow modification
» [2)
0 pet
Flow .3 g
Flow modification metrics with reference to Al Weight depe_ndance: E S 2
g dependance weighted u S | N
flow modifications, what are the changes to - of flow o o |.E
- metric - score per o| = (B
the following observed or expected to be? metrics . c =
scores metric (out - X g
of 5) c =
() b
o (7]
Frequency of occurrence of species intolerant Fl 0.00 0.000 0.00 0.0 0.000
of no-flow conditions
Frequency of occurrence of species moderately ) )
intolerant of no-flow conditions FMI 1.00 0.345 1.38 1.0 |100.0(0.345
Frequency of occurrence of species moderately EMT -1.00 0.276 110 20 | 80.0 I0.276
tolerant of no flow conditions
Frequency of occurrence of species tolerant of ET 0.00 0.000 0.00 0.0 0.000
no flow conditions
Presence of catadromous spp. CAT| -1.00 0.207 -0.83 3.0 [ 60.0 |0.207|
Presence of migratory spp. MIG -1.00 0.172 -0.69 4.0 | 50.0 0.172
1.00 4.00 4.0 |1290.0| 1.0
/Absolute overall % change in flow
20.00
dependance of assemblage
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7.7.4 Cover

£
. . 5 ®
Cover metrics: With reference to changes in fish Coverwec:?ht W:;%zfd =] g S [N
cover features, what are the changes to the following metric _E s o B
cover |preference|£ @ 3 |5 ©
observed or expected to be? score " SE 2 |8*
metric/ score |3 s |2
1]
»
Frequency of occurrence of species with a very high to
high preference for overhanging vegetation OV [mem 0.27 0.0 R 0.27
Frequency of occurrence of species with a very high to uB | 05 | 031 06 3 180.0l0.31
high preference for undercut banks and root wads
F_requency of occurrence _ of species with a high to very suB | 30 | 038 46 1 100.0l0.38
high preference for a particular substrate type
F_requency of occurrence of species with a high to very amacl 0.0 | 000 0.0 o |00 looo
high preference for aquatic macrophytes
F_requency of occurrence of species with a very high to we | 00 | 0.04 0.0 4 (1001004
high preference for the water column
1.0 5.2 4.0 [260.0/ 1.0
IAbsolute overall % change in habitat assemblages 26.15
7.7.5 Health condition
- e g | i
s Ps g e ;3 £ k<)
353288 | B
£89 <c3g[2€< 2 = £
Health/condition of species (introduced and native): With J o ¢ 3|3 S E =] =
reference to changes in water quality conditions, what are the 95 8 g < 5 g ©° g 9
changes to the following observed or expected to be? SS|SET S0 2 - 5
2T|EBT 2 c = s ]
35 3§52% c ]
<0202 | & §
n
Health of species intolerant of modified water quality ITH|-1.00{ 0.40 | -1.60 |1.00 |100.00/0.40
35;@ of species moderately intolerant of modified water miHl0.50l 036 | -0.72 [ 2.00 | 90.00 °-36
Health of species moderately tolerant of modified water quality MTH] 0.00| 0.20 | 0.00 |3.00 | 50.00 [0.20
Health of species tolerant of modified water quality HT [0.00| 0.04 | 0.00 |4.00 | 10.00[0.04
Sum 1.00 | 2.32 |4.00|250.00[1.00
Overall % change to indicators of modified water quality 11.60
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7.7.6

Introduced species

- () 7] o
o : 9 o s
g8 | & S 5 E
Introduced species metrics, with referencetothe [E 2|2 [T 2 g = S
. . ps O | T el o [=)) ®
types of introduced species, the characteristics of the o8 v 5| % = 9 -
habitat and the native species, what is the following Sald g % 3 o o = T
observed or expected to be? g &l =3 E x| 8
E|E| £ |5 §
= |7 £ [\ &
- . 0.435
The potential impact of introduced predaceous spp? |IP| 5.0 |0.43| 6.52 1.0 |100.0
How widespread (frequency of occurrence) are 0.391
introduced predaceous spp? FP{5.0 1039 587 2l | P00
ial i i i ifyi 0.087,
l’é\;potennal impact of introduced habitat modifying HIl 30 | 009! 078 30 |20.0
i i 0.087,
How w!despread (frequency of occurrence) are habitat FH| 30 009! 078 00 |20.0
modifying spp?
Sum 1.0 | 13.96 | 3.0 |230.0
Overall % potential impact of introduced spp 93.04
7.7.7 PES
Fish PES: Based on weights of metric groups
Metric group: Weighted | Rank of | , .
Fish PES Metric group Calculated Calc1_1|ated score for metric . W?'ght o
weight metric group
score group group
FLOW-DEPTH METRICS FD 76.55 0.32 24.69 1.00 100.00
FLOW MODIFICATION METRICS FM 80.00 0.29 23.23 2.00 90.00
COVER METRICS CM 73.85 0.29 21.44 3.00 90.00
HEALTH/CONDITION METRICS HM 88.40 0.10 8.55 4.00 30.00
IMPACT OF INTRODUCED SPP
(NEGATIVE) IS 93.04 0.00 0.00 0.00 0.00
1.00 310.00
Fish PES 77.91
Fish PES Category C
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
November 2005 EWR Rivers Report: Final Page D-53







7.8

EWR 6: Alternative REC

7.8.1 Assemblage
FLOW-DEPTH PREFERENCE FLOW INTOLERANCE COVER PREFERENCE TOLERANCE: MODIFIED WQ
. = = . . + T — a
[a) ' A Y] = < oa 1T}
a (7] o n o o (e} I | 4 I~ 0O~ =~ S ] 29 e

E . i 2 @ 2 |x=z_|x@ | & [29%| 3z |88 | ER| TR | el | »eR %20 &

(SR T w i i = - | ZTI - [ERT) T < A = = B2 NES (=)

w g 3] o o EY |Weq | Wo o) O | E= | x|z T g | wZg | WA orS

&E = > > > z A EEA ';:z;:; z zgc) l‘l:JI Ly (EWy g(p §§ E§; ';:..B =Ry

W e w ul i u 52 |eps|eed| g2 [£2T| 2% | < |S>T| 2T W | pug [ e22P | &%

T 74 i o it wo W W=z A z< I:>_ S §>_ o> o> - w = W zZ0

W i w o i - 42 (229 |2g g e > | Fx | <% | Ok o | oOf | aka | <=3

oo ] L w w ouw oof | oc 14 S Ww ES N w O w W EB otk owo o

o o @ @ @ = =k =u m do>| 21 | o> > | 0> Z5 | =28 | S3= | u

a a e o o £ = o) o wr | oo | B" 2| r* = g F )

n - - T = = -
PAFE FALSE FALSE 4.0 35 FALSE 4.0 FALSE | FALSE 4.0 4.0 4.0 4.0 FALSE | FALSE 3.5 FALSE FALSE
IAMOS 34 3.3 34 FALSE FALSE FALSE 2.8 FALSE | FALSE 4.1 4.9 FALSE | FALSE | FALSE FALSE 2.5 FALSE
JAMAR FALSE FALSE 4.4 FALSE FALSE FALSE 2.8 FALSE | FALSE 3.9 4.2 FALSE | FALSE | FALSE FALSE 2.5 FALSE
SCAP FALSE FALSE FALSE 3.7 FALSE FALSE FALSE 2.0 FALSE | FALSE 3.5 4.5 FALSE | FALSE FALSE FALSE 2.0
IAVERAGE 3.4 3.3 3.9 3.6 #DIV/0! 4.0 2.8 2.0 4.0 4.0 4.2 4.3 #DIV/0! | #DIV/0! 3.5 2.5 2.0
MEDIAN 3.4 3.3 4.0 3.6 #NUM! 4.0 2.8 2.0 4.0 4.0 4.1 4.3 #NUM! #NUM! 3.5 2.5 2.0
NUMBER 1.0 1.0 3.0 2.0 0.0 1.0 2.0 1.0 1.0 3.0 4.0 2.0 0.0 0.0 1.0 2.0 1.0

FLOW-DEPTH PREFERENCE FLOW INTOLERANCE COVER PREFERENCE TOLERANCE: MODIFIED WQ
= = . . + T — a
o C ) o I | A | T o_| 8 = v 2 U

I y P 2 a 2 > 2 > | wds | 5T |88 o | I® B S D T I - I

mu A L W i = JTF | Ak L zT L v Tl L S = e L TN o

o8 g 3] o 3] EY |Weq | Wo o) Oz | = | |eax| Zx 29 | wZg | WA oFS

o & 2 z = z 2l |52R% | 525 | 25 | 230 | 4F |dg |Edo| 35 | 3 | kg3 |53 | =2

W w ul w u 52 |eas|eed| g2 [£2T | 22 I |S>T| 2 W | pug [ e22P | g%

o & w i Ti wo | yu Wwzd | == | g2> | Su £> |3T> | 0> JWw | wJh Wk | ZO

m 5 w o o o a4 (239 | ag < Ehe | > | Fx | <& | O O | a9y | oo | <2

o ] w T} ouw Qo oc 4 W W A | oW Ow | puw Ea oEL | oYo |

®x & 3 @ @ = sEX | Su mi g3o>| 2+ | o> & > > = =20 | 235 | u

& & o = = £ 3 = oR7 5 =Y ON = =9 e () |
4 = o = = -

o) () S 09 7 < < = (9]

= =4 T = = =
MSAL FALSE FALSE 4.5 FALSE FALSE FALSE FALSE 1.1 3.1 FALSE 3.1 3.2 FALSE | FALSE FALSE 2.3 FALSE
IAVERAGE #DIV/0! #DIV/0! 4.5 #DIV/0! #DIV/0! | #DIV/O! | #DIV/O! 1.1 3.1 #DIV/0! 3.1 3.2 #DIV/0! | #DIV/0! #DIV/0! 2.3 #DIV/0!
MEDIAN #NUM! #NUM! 4.5 #NUM! #NUM! #NUM! #NUM! 1.1 3.1 #NUM! 3.1 3.2 #NUM! #NUM! #NUM! 2.3 #NUM!
"NUMBER 0.0 0.0 1.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 1.0 1.0 0.0 0.0 0.0 1.0 0.0
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7.8.2 Flow Depth
» o
o b
Flow-Depth class metrices with Flow-depth Weiaht of Flow-depth | £ g
reference to flow modifications preference scores fltg)w preferences: GE, E |@
and changes in sediment (observed or de tl,1 weighted = % 8~
movement, what are the changes expected under P scoreper | | = fo Il
. preference . c o |&
to the following observed or present metric metric (out g | X3
expected to be? conditions) of 5) c s
2 o
Frequency of occurrence of species
with very high and high preference |FFD -4.00 0.21 -3.31 3.00/60.00(0.21
for FAST-DEEP conditions
Frequency of occurrence of species
with very high and high preference |FFS -2.00 0.28 -2.21 2.00/80.000.28
for FAST-SHALLOW conditions
Frequency of occurrence of species
with very high and high preference [FSD -4.00 0.34 -5.52 1.00100.000.34
for SLOW-DEEP conditions
Frequency of occurrence of species
with very high and high preference [FSS 0.00 0.17 0.00 4.00/50.00 0.17
for SLOW-SHALLOW conditions
)Absolute sum 1.00 11.03  |4.00290.00[1.00
IAbsolute overall % change in flow-
depth classes composition of 55.17
assemblage
7.8.3  Flow modification
o [2)
L het
Flow £ g
Flow modification metrics with reference to de ::::iv;nce Weight dex:rﬁ:ge: E %, 2
flow modifications, what are the changes to pende of flow g <) R
- > metric - score per o s [T
the following observed or expected to be? metrics . c s
scores metric (out | .= X |5
of 5) £ E
14 n
Frequency of occurrence of species intolerant Fl -1.00 0.000 0.00 0.0 0.000
of no-flow conditions
Frequency of occurrence of species moderately ) i
intolerant of no-flow conditions FMI vy 0.345 4.14 Lo [LOELY) g
Frequency of occurrence of species moderately FMT 200 0.276 2921 >0 18000276
tolerant of no flow conditions
Frequency of occurrence of species tolerant of FT 0.00 0.000 0.00 0.0 0.000
no flow conditions
Presence of catadromous spp. CAT| -1.00 0.207 -0.83 3.0 | 60.0 [0.207
Presence of migratory spp. MIG -1.00 0.172 -0.69 4.0 | 50.0 0.172
1.00 7.86 4.0 (290.0| 1.0
IAbsolute overall % change in flow
39.31
dependance of assemblage
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7.8.4 Cover

£
. : % ?
Cover metrics: With reference to changes in fish CoverWelght Weighed o8| § |8+~
. .| of cover |c-¢| 2 |5
cover features, what are the changes to the following metric| cE © P
cover |preference|¥ @ 2 |5 o
observed or expected to be? score . SE = |8*
metric/ score | > |2
o
&
Frequency of occurrence of species with a very high to . )
high preference for overhanging vegetation ov ey 027 32 Cl .27
Frequency of occurrence of species with a very high to uB |20 | 031 37 3 180.0l0.31
high preference for undercut banks and root wads
F_requency of occurrence _ of species with a high to very suB | 30 | 038 46 1 ho0.0l0 38
high preference for a particular substrate type
F_requency of occurrence: of species with a high to very amAcl 20 | 0.00 0.0 o |00 looo
high preference for aquatic macrophytes
F_requency of occurrence of species with a very high to we [ 10| 0.04 02 4 (1000004
high preference for the water column
1.0 11.7 4.0 260.0 1.0
IAbsolute overall % change in habitat assemblages 58.46
7.8.5 Health condition
. - |loe " Y
SPE222 | g 2
O =l o> T =
282828 | 8| 2 |E
Health/condition of species (introduced and native): With s ? c3|28¢ E ° |3
reference to changes in water quality conditions, what are the 95 9 g < 5 9l ©° 2 @
changes to the following observed or expected to be? SESER S0 2 o 5
c Ol T |c £ = = a
252525 | 5 2
<% | = 5
n
Health of species intolerant of modified water quality ITH |-3.00| 0.40 | -4.80 | 1.00 |100.00(0.40
qHE:IﬁC of species moderately intolerant of modified water miHl2.00| 0.36 | -5.76 | 2.00 | 90.00 0.36
Health of species moderately tolerant of modified water quality [MTH}-3.00| 0.20 | -2.40 | 3.00 | 50.00 [0.20
Health of species tolerant of modified water quality HT |0.00| 0.04 | 0.00 [4.00|10.00 0.04
Sum 1.00 | 12.96 | 4.00 |250.001.00
Overall % change to indicators of modified water quality 64.80
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7.8.6 Introduced species

- () 0 )
° : 2 o s
2 |5 S B E
Introduced species metrics, with referencetothe [E 2% _|T 2 g E ?
. . pE O | T el o [=)) o
types of introduced species, the characteristics of the T2I8D|ETS5| B o Q-
habitat and the native species, what is the following Sal3 g % 3 o o = T
observed or expected to be? B 5o =3 E 2 i
E|E| £ |5 §
s |7 £ 4 &»
'The potential impact of introduced predaceous spp? |IP| 5.0 [0.43| 6.52 1.0 (100.0| 0.435
How widespread (frequency of occurrence) are
introduced predaceous spp? FP| 50 (0.39| 5.87 2.0 |90.0| 0.391
;’Ss’)potentlal impact of introduced habitat modifying HIl 30 |009| 078 30 | 200! 0087
How.w.ldespread (frequency of occurrence) are habitat FH| 30 009! 078 00 |20.0]! 0087
modifying spp?
Sum 1.0 | 13.96 | 3.0 |230.0
Overall % potential impact of introduced spp 93.04
7.8.7 PES
Fish PES: Based on weights of metric groups
Metric group: Weighted | Rank of |, .
Fish PES Metric group Calculated Calct_llated score for metric L W?Ight s
weight metric group
score group group
FLOW-DEPTH METRICS FD 44.83 0.32 14.46 1.00 100.00
FLOW MODIFICATION METRICS FM 60.69 0.29 17.62 2.00 90.00
COVER METRICS CM 41.54 0.29 12.06 3.00 90.00
HEALTH/CONDITION METRICS HM 35.20 0.10 3.41 4.00 30.00
IMPACT OF INTRODUCED SPP
(NEGATIVE) IS 93.04 0.00 0.00 0.00 0.00
1.00 310.00
Fish PES 47.55
Fish PES Category D
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1 EWR 1: MELKHOUTBOSKRAAL - KROMME RIVER

1.1 Data availability

Historical data
The only data available for invertebrates of this site was one set of SASS5 data collected by Ms
Pumza Maseti (IWR, Rhodes), during the first water quality assessment (October 2003).

Project survey data
This site was sampled by invertebrate specialists twice, during November 2003 and March 2004.

Confidence in available data - 3
1.2 Reference condition

Under natural conditions, this site would be expected to have similar habitat diversity to that found
on the site visit, however with more sustained inundation of marginal vegetation. Greater shading
would be expected from riparian vegetation, which would lead to a higher leaf-fall, heterotrophic
conditions, and the presence of a greater diversity of leaf-shredders such as stoneflies and
mayflies. No alien vegetation would be present. There would be less mobile sediment in the stones
habitats, and no algal growth. Water temperature may be reduced, and water quality similar to
present. These conditions would favour a sensitive macroinvertebrate fauna with a greater number
of mayfly families (Tricorythidae), the possibility of stoneflies, caddisflies (Philopotamidae,
Pisullidae) and an enhanced community of invertebrates with a preference for marginal vegetation
e.g. Odonata (Lestidae), Coleoptera (Belostomatidae, Nepidae, Pleidae), some Corixidae
(Naucoridae), and Gastropoda (Physidae, Lymnaeidae). Sponges (Porifera) would likely be present
on rock surfaces.

Likely SASSS5 scores: 220+
Likely number of taxa: 45+
Likely ASPT: 5.9+

1.3 PES

Instream habitat at this site was plentiful and in relatively good condition. Stones were mobile,
allowing for invertebrate colonisation on upper side and lower surfaces, which typically relates to a
healthy biodiversity of stone-dwelling fauna at a site. Only the root zones of the marginal vegetation
were inundated. The lack of a robust vegetation zone limits the number of invertebrates with a
preference for this biotope, and also results in a paucity of cover for juveniles in early summer.
SASSS5 scores here were approximately 70% of assumed reference conditions, and the high ASPT
(>6) indicates that the fauna included a healthy proportion of sensitive taxa.

Expected
Estimated Weighted Natural Calc Std to | Weight
PES metrics indicator | Weight g Reference - READ |Rank|%Weight sum to | relative
score . weight
score Weighted 1 to1
Score
FLOW MODIFICATION 55.6 0.380 21.1 38.0 0.380 FT 1 100 0.476 1
HABITAT 72.5 0.264 19.1 26.4 0.264 | VTA 3 50 0.238 0.5
WATER QUALITY 67.5 0.356 24.0 35.6 0.356 | HQA 2 60 0.286 0.6
195.6 1 100 1.000 0.476
Invertebrate PES 64.3 210 1
Category 39.11 C
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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Taxa collected (2 site visits): Porifera, Turbellaria, Oligochaeta, Potamonautidae, Hydracarina,
Baetidae 2sp., Caenidae, Heptageniidae, Leptophlebiidae,Teloganonidae, Chlorocyphidae,
Chlorolestidae, Aeshnidae, Coenagrionidae, Platycnemidae, Aeshnidae, Gomphidae, Libellulidae,
Corixidae, Gerridae, Veliidae, Notonectidae, Pleidae, Veliidae, Ecnomidae, Hydropsychidae 1sp,
Hydroptilidae, Leptoceridae, Sericostomatidae, Dytiscidae, Elmidae, Gyrinidae, Helodidae,
Ceratopogonidae, Chironomidae, Culicidae, Simuliidae, Tabanidae, Tipulidae, Ancylidae.

PES Causes Sources Flow / Non flow related.
Loss of flow. Abstraction. Flow related.

c | Sedimentation of stones habitat. | Agricultural practices. Bank clearing. | Non flow related.
Loss of riparian and vegetation

habitat. Alien invasion. Non flow related.
Confidence: 3
1.4 Trend and reasons
PES | Trend Re;lélgng Time Reasons
c Stable c 1-2 years glr:/cjeir;e\:/t;;a}gen fg;r;ﬁe?]afsisﬁ?ljusted to alterations in hydrology

Confidence: 2
1.5 Alternative EC: D

The reduction in flows and the change in habitat abundances associated with a D category are likely
to remove the most sensitive invertebrates from this community, e.g. Teloganonids and
Sericostomatids. Some of the invertebrates that are moderately sensitive to flow and water quality
changes may also be lost e.g. Helodid beetles and Heptageniid mayflies.

Expected
Estimated Weighted Natural Calc Std to | Weight
PES metrics indicator | Weight g Reference - READ |Rank [%Weight sum to | relative
score N weight
score Weighted 1 to1
Score
FLOW MODIFICATION 46.8 0.380 17.8 38.0 0.380 FT 1 100 0.476 1
HABITAT 66.8 0.264 17.7 26.4 0.264 | VTA 3 50 0.238 0.5
WATER QUALITY 55.9 0.356 19.9 35.6 0.356 | HQA 2 60 0.286 0.6
169.6 1 100 1.000 0.476
Invertebrate PES 55.4 210 1
Category 33.92 D
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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2 EWR 2: KROMMERIVIERS POORT — KROMME RIVER

2.1 Data availability

Historical data
No data available.

Project survey data
This site was sampled once in November 2003 and once in March 2004 by the invertebrate
specialists.

Confidence in available data — 2
2.2 Reference condition

Under natural conditions, base flows would have been higher and the causeway would not have
been present. This would have increased inundation of all habitats, particularly marginal
vegetation and ensured flushing of sediments out of the (currently embedded) ‘stones’ habitats.
Deeper pools would have been present. Water quality would have been similar. This environment
would have encouraged an invertebrate fauna with a greater number of mayfly families
(Heptageniidae, Leptophlebiidae, Tricorythidae), caddisfly families (Leptoceridae, Ecnomidae,
Hydroptilidae), beetles (Dytiscidae, Helodidae), Odonata (Chlorolestidae, Lestidae, Corduliidae),
Hemiptera (Corixidae, Hydrometridae, Naucoridae, Nepidae, Pleidae), and Gastropoda (Physidae,
Lymnaeidae).

Likely SASSS5 scores: 230+
Likely number of taxa: 40+
Likely ASPT: 5.6+

2.3 PES

The faunal diversity at this site was approximately 50% of that expected under reference
conditions. The stones habitat was imbricated (packed), disallowing colonisation on the underside
of stones by taxa with a preference for this biotope (particularly caddisflies and certain mayflies).
Only the root-zones of the marginal and instream vegetation were inundated on both visits,
representing reasonable loss of a significant habitat type at this level in the catchment. Overall,
despite the lack of diversity at the site, the taxa present were fairly sensitive as reflected in the
relatively high ASPT values (> 5.7). This indicates that the instream environment at this site is in a
Fair condition and has likely adjusted to the altered hydrology (although it should be borne in mind
that the baseflow is provided here by a leak in the dam wall!). The key issues affecting the
invertebrates at this site are the altered sediment and hydrological regimes.

Expected
Estimated . Natural Weight
PES metrics indicator | Weight puiilet Reference C?IC READ |Rank |[%Weight Sl relative
score N weight sum to 1
score Weighted to1
Score
FLOW MODIFICATION| 47.4 0.401 19.0 40.1 0.401 FT 1 100 0.476 1
HABITAT 53.8 0.297 15.9 29.7 0.297 | VTA 3 50 0.238 0.5
WATER QUALITY 55.0 0.303 16.6 30.3 0.303 | HQA 2 60 0.286 0.6
156.2 1 100 1.000 0.476
Invertebrate PES 51.6 210 1
Category 31.23 D

Taxa collected: Turbellarians, Potamonautidae, Baetidae 2sp., Caenidae, Leptophlebiidae,
Chlorocyphidae, Coenagrionidae, Platycnemidae, Aeshnidae, Gomphidae, Libellulidae,

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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Notonectidae, Veliidae, Hydropsychidae,
Ceratopogonidae, Chironomidae, Culicidae, Simuliidae, Tabanidae.

Sericostomatidae,

Gyrinidae, Hydrophilidae,

PES Causes Sources Flow/Non flow related
Flow reduction. Upstream dam. Flow related.

D Loss of natural vegetation. Alien infestation. Non flow related.
Altered sediment regime. Upstream dam, causeway Flow related.
Embedded stones habitats. Causeway, road Flow related.

Confidence: 3
2.4 Trend and reasons
PES Trend Resulting PES Time Reasons
System has adjusted to upstream changes
D Stable Same Nia and SASSS still reasonably high.

Confidence: 2

2.5 Alternative ECs

No alternative ecological categories were considered.

CES
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3 EWR 3: DYKE - KROMME RIVER

3.1 Data availability

Historical data
No data available.

Project survey data
Invertebrate specialists sampled this site once during November 2003.

3.2 Reference condition

This site is reasonably close to the estuary and some marine influence may be expected under
natural conditions, for example the presence of small humbers of freshwater shrimps moving up
from the estuary (Macrobrachium sp., Palaeomon capensis). Overall there would be a greater
habitat diversity and abundance, with less pool environments and more flowing environments,
favouring a greater diversity and abundance of rheophilic groups, such as mayflies (Baetidae,
Leptophlebiidae, Heptageniidae), certain dipteran species (Simuliidae), caddisflies (greater
number of Hydropsychid species, Polycentropodidae, Philopotamidae), and some Coleoptera
(Elmidae). There would be also be variability within the flow environments, favouring those taxa
with a preference for slower-flowing water, e.g. caddisflies (Hydroptilidae, Pisullidae), Coleoptera
(Gyrinidae, Psephenidae), and Odonata (Corduliidae, Chlorocyphidae). The increase in available
marginal vegetation habitat would likely favour an increase in a nhumber of certain Hemipterans
(Naucoridae, Pleidae, Corixidae) and certain Odonata (Calopterygidae, Chlorolestidae).

Likely SASS5 scores: 210 +
Likely number of taxa: 40+
Likely ASPT: 5.4+

3.3 PES

The invertebrate fauna at this site was severely impaired by the lack of flow and resulting poor
water quality. The SASS5 scores were less than 40% of those expected under reference
conditions, and the ASPT of <5 indicates a paucity of sensitive taxa. There was no satisfactory
flow habitat at the time of the site visit, and only areas in which there was a trickle over bedrock
could be sampled. The surface water at this site was restricted to a series of various-sized pools,
some of which were connected. Reeds had encroached into the smaller pools, and exotic woody
debris made access to many of the pools difficult. The fauna collected was hardy, with very low
abundances of the few flow-dependent taxa present and generally low diversity of taxa with a
preference for flowing water and relatively unimpaired water quality. The migrating species which
would be expected in this lower section of the river (such as freshwater prawn Macrobrachium sp.)
were not collected. The bedrock sill across the site represents a barrier to migrating species,
particularly with the current system hydrology.

Expected
Estimated . Natural Weight
PES metrics indicator | Weight PG Reference C_alc READ [Rank%Weight 259 relative
score - weight sum to 1
score Weighted to 1
Score
FLOW MODIFICATION 30.6 0.412 12.6 41.2 0.412 FT 1 100 0.476 1
HABITAT 26.8 0.311 8.3 311 0.311 VTA 3 50 0.238 0.5
WATER QUALITY 26.0 0.277 7.2 27.7 0.277 HQA 2 60 0.286 0.6
83.4 1 100 1.000 0.476
Invertebrate PES 28.1 210 1
Category 16.67 E
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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Taxa collected: Oligochaeta, Hydracarina, Baetidae, Caenidae, Coenagrionidae, Lestidae,
Libellulidae, Corixidae, Notonectidae, Veliidae, Hydroptilidae, Leptoceridae, Dytiscidae, Gyrinidae,
Hydrophilidae, Chironomidae, Simuliidae, Tipulidae, Lymnaeidae.

PES Causes Sources Flow/Non flow related
Flow reduction. Upstlr eam dam, abstractions for Flow related.
farming.
£ Altered flow variability. Upstream dam. Flow related.
Altered sediment regime. Upstream dam. Flow related.
Altered temperature regime. Loss of surface water. Flow and non flow
related.
Confidence: 4
3.4 Trend and reasons
PES Trend Resulting PES Time Reasons
Ongoing and increased agricultural activities and
E Negative Half to one 5 vears abstraction increase in alien vegetation due to
9 category lower y disturbance, likelihood of encroachment of reeds
into channel areas, nutrient enrichment.

Confidence: 3
3.5 Alternative ECs

No alternative ecological categories were considered.

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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4 EWR 4: GEELHOUTBOOM RIVER

4.1 Data availability

Historical data
The only data available for invertebrates of this site was one set of SASS5 data collected by Ms
Pumza Maseti (IWR, Rhodes), during the first water quality assessment (October 2003).

Project survey data
This site was sampled in trickle flow conditions during November 2003. It was not possible to
sample it at the second site visit in March 2004.

Confidence in available data — 2
4.2 Reference condition

It is difficult to assess what this stream would have looked like in a natural condition. Its size and
geographic locality suggests that it may have been a temporary system, in which case the fauna
would have been typical of such a river, and would have included largely resilient taxa suited to
shaded, sandbed pool-type environments with little predictable flow component, and little or no
stones and marginal vegetation environments. This fauna would include baetid and caenid
mayflies, Oligochaetae, certain Odonata (Gomphidae, Aeshnidae, Libellulidae, Clorolestidae,
Coenagrionidae, Lestidae), Diptera (Ceratopogonidae, Chironomidae, Culicidae, Dixidae,
Psychodidae, Tabanidae, Tipulidae), certain Coleoptera (Gyrinidae, Gerridae), Hemipterans
(Hydrometridae, Notonectidae, Pleidae, Corixidae).

Likely SASS Scores: 114+
Likely number of Taxa: 24+
Likely ASPT: 4.8+

4.3 PES

The results at this site were difficult to interpret due to the uncertain hydrology of this river. At the
first site visit, only trickling flows were observed, and at the second visit, flow had ceased and
surface water continuity had been lost. Nonetheless, an unexpectedly diverse fauna was
collected in the restricted areas where sampling was possible. The SASS5 scores were over
75% of what would have been expected under natural conditions at this site, assuming that it was
not naturally a perennial system. The ASPT values of > 5 were higher than expected, and reflect
the presence of a small number of pollution-sensitive taxa. The instream habitat was restricted to
an earth/gravel bed channel with few areas of small stones, and in the pools the substrate was
overlain with allochthonous matter, as one would expect in such a highly shaded stream. The
lack of marginal vegetation at the site was a factor contributing to the low numbers of taxa
present with a preference for sheltered habitats and/or low-flow conditions.

Expected
Estimated . Natural Weight
PES metrics indicator | Weight PG Reference C_alc READ [Rank%Weight 259 relative
score . weight sum to 1
score Weighted to 1
Score
FLOW MODIFICATION 25.2 0.380 9.6 38.0 0.380 FT 1 100 0.435 1
HABITAT 56.4 0.353 19.9 35.3 0.353 VTA 2 70 0.304 0.7
WATER QUALITY 59.4 0.268 15.9 26.8 0.268 HQA 3 60 0.261 0.6
141.1 1 100 1.000 0.435
Invertebrate PES 45.4 230 1
Category 28.21 D
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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Taxa collected: Turbellaria, Oligochaeta, Leeches, Hydracarina, Baetidae 1 sp., Caenidae,
Chloroslestidae, Lestidae, Libellulidae, Veliidae, Dytiscidae, Gyrinidae, Helodidae,
Hydrophilidae, Ceratopogonidae, Chironomidae, Culicidae, Simuliidae, Ancylidae.

PES Causes Sources Flow/Non flow related
D Altered flow. Upstream  abstraction;  upstream Flow related.
roads and causeways.
Confidence: 2 (due to trickling flows)
4.4 Trend and reasons
PES Trend Resulting PES Time Reasons
Unlikely that upstream uses and land-use will
D Stable Same change dramatically, cannot get much worse in
terms of flow (but this may be part-natural).

Confidence: 1 (Difficult to ascertain reference conditions for this site)
4.5 Alternative ECs

No alternative ecological categories were considered.

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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5 EWR 5: SEEKOEI RIVER

5.1 Data availability

Historical data
The only data available for invertebrates of this site was one set of SASS5 data collected by Ms
Pumza Maseti (IWR, Rhodes), during the first water quality assessment (October 2003).

Project survey data
Invertebrate specialists sampled this site once in March 2003.

Confidence in Available Data — 3
5.2 Reference condition

A reasonable diversity of undisturbed physical and hydraulic habitats would be expected. These
would include a low diversity of stones habitats and a higher diversity of pools, marginal vegetation
and sand/gravel/mud environments. Bank stability would be high, and disturbance to the channel
morphology low. Shading would be approximately 30-50%, with some leaf-fall into the system.
The expected fauna would include Turbellaria, Oligochaetae, Hydracarina, baetid and caenid
mayflies, Aeshnidae, Gomphidae, Libellulidae Belostomatidae, Corixidae, Gerridae Pleidae,
Hydropsychid caddisflies, Elmidae, Gyrinidae Hydraenidae, Ephydridae, Tipulidae and Tabanidae,
and ancylid, lymnaeid and physid Gastropods.

Likely SASS5 Scores: 100+
Likely number of taxa: 22+
Likely ASPT: 4.7 +

5.3 PES

This site was again difficult to interpret due to the uncertainty of its natural hydrology. It was
sampled only once during low flow conditions. The channel and margins had been recently
severely trampled by cattle, and water quality was expected to be poor. The flow and marginal
vegetation habitats sampled just upstream of the road-crossing yielded a low diversity and a hardy
fauna, with a low ASPT of 4.3, indicating a hardy fauna, with the majority of taxa having some
tolerance for organically polluted water.

Expected
Estimated . Natural Weight
PES metrics indicator | Weight Eiohiod Reference C_alc READ [Rank%Weight DD relative
score - weight sum to 1
score Weighted to1
Score
FLOW MODIFICATION 37.8 0.419 15.8 41.9 0.419 FT 1 100 0.435 1
HABITAT 454 0.334 15.2 334 0.334 VTA 2 70 0.304 0.7
WATER QUALITY 73.8 0.247 18.2 24.7 0.247 HQA | 3 60 0.261 0.6
156.9 1 100 1.000 0.435
Invertebrate PES 49.2 230 1
Category 31.38 D

Taxa collected: Turbellaria, Potamonautidae, Baetidae 2sp., Caenidae, Leptophlebiidae,
Coenagrionidae, Aeshnidae, Gomphidae, Libellulidae, Corixidae, Pleidae, Veliidae, Leptoceridae,
Gyrinidae, Ceratopogonidae, Chironomidae, Culicidae, Psychodidae, Simuliidae, Tabanidae,
Lymnaeidae.

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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PES Causes Sources Flow/Non flow related
Altered hydraulic habitat. Road bridge. Flow related.
Deterioration in channel bed Cattle  tramplin clearin bank

D morphology, loss of instream instabilit ping, 9 Non flow related.
and riparian habitat. Y.
Deterioration in water quality. Ca‘?'e’ . farming activities, Non flow related.
sedimentation.
Confidence: 2
5.4 Trend (previously trajectory of change) and reasons
PES Trend Resulting PES Time Reasons
Ongoing agriculture, cattle, upstream abstraction,
D Negative D/E 5years | land clearing, nutrient enrichment and bacterial
contamination and abstraction.

Confidence: 2

5.5 Alternative ECs

No alternative ecological categories were considered.
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6 EWR 6: SWART RIVER

6.1 Data availability

Historical data
No data available.

Project survey data
This site was surveyed by invertebrate specialists once in March 2003.

6.2 Reference condition

This site is not considered dramatically altered from natural. The expected reference fauna
and SASS5 scores are similar to those recorded on site. However, the low flows (reportedly
due to low summer rainfall) have led to a slight reduction in diversity and abundance of
particular taxa. Taxa that would be expected at this site in a natural condition could include (at
least) Heptageniidae Tricorythidae, a greater number of baetid mayfly species, chlorocyphid
dragonflies, Veliidae, Pissulid caddisflies, Psephenidae, Dixidae and Tipulidae, Lymnaeidae
and Physidae.

6.3 PES

The fauna at this site was considered to be close to a natural state. The habitat diversity was
high, with areas of stones in flow, marginal vegetation, runs and small pools. The high water
quality, close-to-natural hydrology, and plentiful, diverse habitat favour a community with a
relatively high sensitivity (ASPT > 5.5) and with the majority of expected invertebrate families
present at low abundances. The SASS scores of 170+ and number of taxa present (31) further
illustrate its Good condition. In its present state, this site could be considered a reference site
for the system.

Expected
Estimated . Natural Weight
PES metrics indicator | Weight Eiohiod Reference C_alc READ [Rank%Weight DD relative
score - weight sum to 1
score Weighted to1
Score
FLOW MODIFICATION 80.0 0.343 27.4 34.3 0.343 FT 1 100 0.435 1
HABITAT 80.0 0.311 24.9 31.1 0.311 VTA 3 60 0.261 0.6
WATER QUALITY 86.2 0.347 29.9 34.7 0.347 HQA | 2 70 0.304 0.7
246.2 1 100 1.000 0.435
Invertebrate PES 82.1 230 1
Category 49.23 B

Taxa Collected: Turbellaria, Oligochaeta, Potamonautidae, Hydracarina, Perlidae, Baetidae
2sp., Caenidae, Leptophlebiidae, Chorocyphidae, Coenagrionidae, Aeshnidae, Gomphidae,
Libellulidae, Corixidae, Gerridae, Hydrometridae, Veliidae, Hydropsychidae, Philopotamidae,
Leptoceridae, Dytiscidae, Elmidea, Gyrinidae, Helodidae, Athericidae, Ceratopogonidae,
Chironomidae, Culicidae, Psychodidae, Simuliidae, Tabanidae, Ancylidae.

PES Causes Sources Flow/Non flow related
Abstraction. Sm_a!l_amount of pumping for farming Flow related.
B activities.
Low disturbance to water . L
. Farming activities. Non flow related.

quality.

Confidence: 3

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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6.4 Trend and reasons

PES Trend Resulting PES Time Reasons
Unless farming activities increase, or
B Stable Same abstrt_':lct_lon is mcrea_St_ad, thls_ site is Ilke_zly to
remain in good condition as it is fairly high in
the catchment and is inaccessible.

Confidence: 3

6.5 Alternative ECs

The reduction in flows and the change in habitat abundances associated with a C are likely to
affect the numbers (and possibly the presence) of the most flow-sensitive invertebrates in this
community, e.g. Plecopterans and Philopotamids.
moderately sensitive to flow and water quality changes (EImids, Hydropsychids, Simuliids) may
also be affected by losses of critical life stages.

Some of the

invertebrates that are

Expected
Estimated . Natural Weight
PES metrics indicator | Weight Reignted Reference C§Ic READ [Rank%Weight il relative
score . weight sum to 1
score Weighted to1
Score
FLOW MODIFICATION 67.1 0.343 23.0 34.3 0.343 FT 100 0.435 1
HABITAT 68.8 0.311 21.4 311 0.311 VTA 3 60 0.261 0.6
WATER QUALITY 80.3 0.347 27.8 34.7 0.347 HQA 2 70 0.304 0.7
216.2 1 100 1.000 0.435
Invertebrate PES 72.2 230 1
Category 43.25 C
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7 AQUATIC INVERTEBRATE PES INFORMATION
71 EWR 1

711 Flow modification

[} s - £
e8| £ |2e|x| 2| 3.
INDICATORS OF FLOW MODIFICATION 856 § |®8| 5| 2 | 2¢
298 | = 20| %) 3 | @
s B 7]
Presence of taxa with a preference for very fast flowing
\ater FT 2 0.20 0.39 3 80 0.20
Ql;l::rdance of taxa with a preference for very fast flowing FTA 3 0.17 051 4 70 0.17
Pres_ence of taxa with a preference for moderately fast MT 1 0.24 0.24 1 100 0.24
flowing water
Abu_ndance of taxa with a preference for moderately fast MTA 3 0.22 0.66 5 90 0.22
flowing water
Presence of taxa with a preference for slow flowing water| ST 2 0.10 0.20 5 40 0.10
)Abundance of taxa with a preference for slow flowing STA 3 0.07 0.22 6 30 0.07
water
Proportional change in average flow dependence of
the assemblage L Lot 410 1
7.1.2 Habitat preference
[} o - E
Ecs | £ | 29 |x| 5| 3.
INDICATORS OF HABITAT PREFERENCE % 50 % 'E; 9 S| © S o
IO a = 2 x| 2|3
S ° 7]
Has the proportion of invertebrates with a preference for bedrock BT 0.00 0.00 0.00
changed relative to expected? ) ) )
Has the abundance of any of the taxa with a preference for
bedrock/boulders changed? BTA 0.00 0.00 0.00
Has the proportion of invertebrates with a preference for mobile
cobbles changed relative to expected? cT & 0.18 0.18 ey 01
Has the abundance of any of the taxa with a preference for mobile CTA 1 0.11 011 5 | 60 | 011
cobbles changed?
Has the proportion of invertebrates with a preference for vegetation
changed relative to expected? VT z 0.17 0.33 Sk
Has the_ abundance of any of the taxa with a preference for VTA 1 0.11 0.11 5 | 60 | 011
\vegetation changed?
Has the proportion of invertebrates with a preference for sand, GT 1 0.15 015 3 |85 | 015
gravel or mud changed relative to expected? ) ) )
Has the abundance of any of the taxa with a preference for sand, GTA 1 0.09 0.09 6 | 50 | 0.09
gravel or mud changed relative to expected?
Has the proportion of invertebrates with a preference for the water
column or water surface changed relative to expected? wT 2 0.12 0.25 SRl '’
Has the abundance of any of the taxa with a preference for the WTA > 0.09 018 6 | 50 | 009
water column/water surface changed?
1 570 1.00
Overall change in habitat assemblages | 27.54 |
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7.1.3 Water quality

= .- £
c2ee| 2 | 80| x| | 3
L=00 o =3 c | = -
INDICATORS OF WATER QUALITY T ®.= 0 D o 9 [ o )
=332 2 |g» || 5| g~
o = =1 5
Are any taxa with a high requirement for unmodified water HQ 1 013 101250 2 80 0.13
quality absent?
Has the abundance of any of the taxa with a high requirement for|
unmodified water quality been decreased? HQA & 0.09 10.0938| 4 Y 0.09
Are any taxa with a moderate requirement for unmodified water MQ 5 016 |03125| 1 100! 016
quality absent?
Has _the abundance of any of the taxa _Wlth a moderate MQA 1 016 015631 1 100! 016
requirement for unmodified water quality been decreased?
S:gsir:]¥;axa with a low requirement for unmodified water quality LQ 5 012 | 0.2344| 3 75 0.12
Has thg_abundance of_any of the taxa with a low requirement for LQA 3 012 l03s516| 3 | 75 0.12
unmodified water quality been increased?
How does the total SASS score differ from expected? SASS 2 0.12 | 0.2344| 3 | 75 0.12
How does the total ASPT score differ from expected? ASPT 0.12 |0.1172| 3 75 0.12
1 640
Overall change to indicators of modified water quality | 32.50 |
714 PES
Expected
Estimated Weighted Natural Calc Std to | Weight
PES metrics indicator | Weight g Reference . READ [Rank|%Weight sum to | relative
score . weight
score Weighted 1 to 1
Score
FLOW MODIFICATION 55.6 0.380 211 38.0 0.380 FT 1 100 0.476
HABITAT 72.5 0.264 19.1 26.4 0.264 | VTA 3 50 0.238 0.5
WATER QUALITY 67.5 0.356 24.0 35.6 0.356 | HQA 2 60 0.286 0.6
195.6 1 100 1.000 0.476
Invertebrate PES 64.3 210 1
Category 39.11 C
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.2 EWR 1: Alternative Category

7.21 Flow modification

> 8 o o E E
£58 | 5 |Ee| 2| @ | a-
INDICATORS OF FLOW MODIFICATION 055 % © 8 s é’ Lo
s | = | 8% %) 5 |27
s s »
Presence of taxa with a preference for very fast flowing FT 3 0.20 0.59 3 80 0.20
water ) ) '
IAbundance of taxa with a preference for very fast flowing FTA 3 0.17 0.51 4 70 017
ater ) ) )
Presence of taxa with a preference for moderately fast
flowing water MT 2 0.24 0.49 1 100 0.24
IAbundance of taxa with a preference for moderately fast
Howing water MTA 3 0.22 0.66 2 90 0.22
Presence of taxa with a preference for slow flowing water| ST 2 0.10 0.20 5 40 0.10
IAbundance of taxa with a preference for slow flowing STA 3 0.07 0.22 6 30 0.07
water ) ) )
Proportional change in average flow dependence of 1 53.17 410 1
the assemblage )
7.2.2 Habitat preference
2 © ] £
888 | £ | 8¢ |x|5| 3.
INDICATORS OF HABITAT PREFERENCE 8569 3 53 || 2| ce
I o s 2 & % T
>} °© )
Has the proportion of invertebrates with a preference for bedrock
changed relative to expected? BT 0.00 0.00 0.00
Has the abundance of any of the taxa with a preference for
bedrock/boulders changed? BTA 0.00 0.00 0.00
Has the proportion of invertebrates with a preference for mobile cT 2 0.18 0.35 1 l100! 018
cobbles changed relative to expected? ' ) )
Has the abundance of any of the taxa with a preference for mobile CTA 2 011 0.21 5 | 60 | 011
cobbles changed?
Has the proportion of invertebrates with a preference for vegetation
changed relative to expected? vr 2 0.17 033 2 1%
Has the_ abundance of any of the taxa with a preference for VTA 1 011 0.11 5 | 60 | 011
\vegetation changed?
Has the proportion of invertebrates with a preference for sand,
gravel or mud changed relative to expected? GT L 0.15 0.15 kel ©'°
Have the abundance of any _of the taxa with a preference for sand, GTA 1 0.09 0.09 6 | 50 | 009
gravel or mud changed relative to expected?
Has the proportion of invertebrates Wlth a preference for the water WT > 012 0.25 4 |70 | o012
column or water surface changed relative to expected?
Has the abundance of any of the taxa with a preference for the WTA 5 0.09 0.18 6 | 50 | 0.09
water column/water surface changed?
1 570 1.00
Overall change in habitat assemblages | 33.16 |
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.2.3 Water quality
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=338 2 |ga || 5| 5"
o = = &
Are any taxa with a high requirement for unmodified water HQ 3 013 l03750! 2 | 80 0.13
quality absent?
Has the abundance of any of the taxa with a high requirement for|
unmodified water quality been decreased? HQA 2 0.09 01875 4 &Y 0.09
Are any taxa with a moderate requirement for unmodified water MQ > 016 |03125! 1 100! 016
quality absent?
Has _the abundance of any of the taxa Wlth a moderate MQA 1 016 1015631 1 100! 016
requirement for unmodified water quality been decreased?
Srfsirr?tl’?taxa with a low requirement for unmodified water quality LQ 5 012 |02344| 3 75 0.12
Has the abundance of any of the taxa with a low requirement for LQA 3 012 035161 3 | 758 | 012
unmodified water quality been increased?
How does the total SASS score differ from expected? SASS 3 0.12 |0.3516| 3 | 75 0.12
How does the total ASPT score differ from expected? ASPT 2 0.12 | 0.2344| 3 75 0.12
1 640
Overall change to indicators of modified water quality | 44.06 |
724 PES
Expected
Estimated Weighted Natural Calc Std to | Weight
PES metrics indicator | Weight g Reference . READ |Rank [%Weight sum to | relative
score N weight
score Weighted 1 to1
Score
FLOW MODIFICATION 46.8 0.380 17.8 38.0 0.380 FT 1 100 0.476
HABITAT 66.8 0.264 17.7 26.4 0.264 | VTA 3 50 0.238 0.5
WATER QUALITY 55.9 0.356 19.9 35.6 0.356 | HQA 2 60 0.286 0.6
169.6 1 100 1.000 0.476
Invertebrate PES 55.4 210 1
Category 33.92 D
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.3 EWR 2

7.3.1 Flow modification

> 8 o o E E
558 | 5 |Ee|lx| & | ac
INDICATORS OF FLOW MODIFICATION o055 % © 8 s é’ Lo
2ee | = | 8% %) 5 |27
s s »
\I;;etztrance of taxa with a preference for very fast flowing FT 2 0.19 0.37 1 100 0.19
@gﬁgrdance of taxa with a preference for very fast flowing FTA 3 0.17 0.50 2 9% 017
Presence of taxa with a preference for moderately fast MT 5 0.19 0.37 1 100 019
flowing water
Abu_ndance of taxa with a preference for moderately fast MTA 3 0.17 0.50 2 90 017
flowing water
Presence of taxa with a preference for slow flowing water| ST 3 0.15 0.44 3 80 0.15
Abundance of taxa with a preference for slow flowing STA 3 0.15 0.44 3 80 0.15
water
Proportional change in average flow dependence of 1 52 59 540 1
the assemblage )
7.3.2 Habitat preference
@ © - E
558 | £ | fo |x2|5|a.
INDICATORS OF HABITAT PREFERENCE % 50 % _'Ea 9 S| 29
IO a S 2 |23
S ° 0
Has the proportion of invertebrates with a preference for bedrock BT 1 011 0.11 2 | 90| 0.11
changed relative to expected? ' ) )
Has the abundance of any of the taxa with a preference for
bedrock/boulders changed? BTA & 0.10 030 SR °°
Has the proportion of invertebrates with a preference for mobile
cobbles changed relative to expected? cT 2 0.13 025 ey 012
Has the abundance of any of the taxa with a preference for mobile CTA 3 013 0.38 1 l100! 013
cobbles changed?
Has the proportion of invertebrates with a preference for vegetation
changed relative to expected? VT & 0.11 034 SR %
Has the_ abundance of any of the taxa with a preference for VTA 3 0.10 0.30 3 180 | 010
egetation changed?
Has the proportion of invertebrates with a preference for sand, GT > 0.09 0.18 a4 | 70 | 0.09
gravel or mud changed relative to expected? ' ) )
Has the abundance of any of the taxa with a preference for sand,
gravel or mud changed relative to expected? GTA S 0.08 023 SR °C
Has the proportion of invertebrates with a preference for the water
column or water surface changed relative to expected? wT & 0.09 0.09 s ¢ ©°
Has the abundance of any of the taxa with a preference for the WTA > 0.08 0.15 5 | 60 | 008
water column/water surface changed?
1 800 1.00
Overall change in habitat assemblages | 46.25 |
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.3.3 Water quality
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INDICATORS OF WATER QUALITY 529 % 9 S| o So
=332 2 |ga |2 |3 g7
o = = &
Are any taxa with a high requirement for unmodified water HQ > 015 lo2941| 1 l100| 015
quality absent?
Has the abundance of any of the taxa with a high requirement for|
unmodified water quality been decreased? HQA = 012 10.3529 |3 Y 0.12
Are any taxa with a moderate requirement for unmodified water MQ > 015 | 02041 | 1 100! 015
quality absent?
Has _the abundance of any of the taxa _Wlth a moderate MQA 3 013 103971 | 2 90 0.13
requirement for unmodified water quality been decreased?
S:gsir:]¥;axa with a low requirement for unmodified water quality LQ 3 012 |0.3529| 3 80 0.12
Has thg_abundance of_any of the taxa with a low requirement for LQA 1 012 lo1176| 3 | 80 0.12
unmodified water quality been increased?
How does the total SASS score differ from expected? SASS 0.11 {0.3309| 4 | 75 0.11
How does the total ASPT score differ from expected? ASPT 1 0.11 |[0.1103| 4 75 0.11
1 680
Overall change to indicators of modified water quality | 45.00 |
734 PES
Expected
Estimated Weighted Natural Calc Std to | Weight
PES metrics indicator | Weight g Reference . READ |Rank [%Weight sum to | relative
score N weight
score Weighted 1 to1
Score
FLOW MODIFICATION 47.4 0.401 19.0 40.1 0.401 FT 1 100 0.476
HABITAT 53.8 0.297 15.9 29.7 0.297 | VTA 3 50 0.238 0.5
WATER QUALITY 55.0 0.303 16.6 30.3 0.303 | HQA 2 60 0.286 0.6
156.2 1 100 1.000 0.476
Invertebrate PES 51.6 210 1
Category 31.23 D
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.4 EWR 3

7.4.1 Flow modification

[<}] o - E
e8| £ |2e|lx| B | 3.
INDICATORS OF FLOW MODIFICATION o055 % © 8 s é’ Lo
2ee | = | 8% %) 5 |27
s s »
\I;;etztrance of taxa with a preference for very fast flowing FT 3 0.18 0.55 2 90 0.18
@gﬁgrdance of taxa with a preference for very fast flowing FTA 4 0.16 0.65 3 80 0.16
Presence of taxa with a preference for moderately fast MT 3 0.20 0.61 1 100 0.20
flowing water
Abu_ndance of taxa with a preference for moderately fast MTA 4 0.16 0.65 3 80 0.16
flowing water
Presence of taxa with a preference for slow flowing water| ST 3 0.14 0.43 4 70 0.14
Abundance of taxa with a preference for slow flowing STA 4 0.14 0.57 4 70 014
water
Proportional change in average flow dependence of 1 69.39 490 1
the assemblage )
7.4.2 Habitat preference
o e} - E
588 | £ | 8¢ |x|5| 2.
INDICATORS OF HABITAT PREFERENCE 58569 3 58 | S CHER
T E 8 = é @ « q i)
o ° )
Has the proportion of invertebrates with a preference for bedrock
changed relative to expected? BT . 0.08 032 AR 0
Has the abundance of any of the taxa with a preference for BTA 4 0.08 0.32 6 | 60 | 008
bedrock/boulders changed?
Has the proportion of invertebrates with a preference for mobile cT 4 0.09 0.35 5 | 65 | 009
cobbles changed relative to expected? ' ) )
Has the abundance of any of the taxa with a preference for mobile CTA 4 0.09 0.35 5 | 65 | 0.09
cobbles changed?
Has the proportion of invertebrates with a preference for vegetation
changed relative to expected? VT & 0.12 049 R 01
Has thg abundance of any of the taxa with a preference for VTA 3 0.14 0.41 1 l100] 014
\vegetation changed?
Has the proportion of invertebrates with a preference for sand, GT 4 011 0.43 3 | 80| 011
gravel or mud changed relative to expected? ) ) )
Has the abundance of any o_f the taxa with a preference for sand, GTA 3 011 0.32 3 180 | 011
gravel or mud changed relative to expected?
Has the proportion of invertebrates Wlth a preference for the water WT 4 0.09 0.38 a4 | 70 | 0.09
column or water surface changed relative to expected?
Has the abundance of any of the taxa with a preference for the WTA 3 0.09 0.28 4 | 70 | 0.09
water column/water surface changed?
1 740 1.00
Overall change in habitat assemblages | 73.24 |
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.4.3 Water quality
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Are any taxa with a high requirement for unmodified water HQ 4 015 lossisl 2 | 80 0.15
quality absent?
Have the abundance of any of the taxa with a high requirement
for unmodified water quality been decreased? HQA & 0.13 10.5091 |3 79 0.13
Are any taxa with a moderate requirement for unmodified water MQ 4 018 107273 1 100! 018
quality absent?
Has _the abundance of any of the taxa _Wlth a moderate MQA 4 0.13 105091 | 3 70 0.13
requirement for unmodified water quality been decreased?
S:gsir:]¥;axa with a low requirement for unmodified water quality LQ 4 011 |04364| 4 60 0.11
Has thg_abundance of_any of the taxa with a low requirement for LQA 4 011 | 0.4364| 4 | 60 011
unmodified water quality been increased?
How does the total SASS score differ from expected? SASS 0.10 {0.3000| 5 | 55 0.10
How does the total ASPT score differ from expected? ASPT 2 0.10 {0.2000| 5 55 0.10
1 550
Overall change to indicators of modified water quality | 74.00 |
744 PES
Expected
Estimated Weighted Natural Calc Std to | Weight
PES metrics indicator | Weight g Reference . READ |Rank [%Weight sum to | relative
score N weight
score Weighted 1 to1
Score
FLOW MODIFICATION 30.6 0.412 12.6 41.2 0.412 FT 1 100 0.476
HABITAT 26.8 0.311 8.3 311 0.311 | VTA 3 50 0.238 0.5
WATER QUALITY 26.0 0.277 7.2 27.7 0.277 | HQA 2 60 0.286 0.6
834 1 100 1.000 0.476
Invertebrate PES 28.1 210 1
Category 16.67 E
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.5 EWR 4

7.5.1 Flow modification

[<}] o - E
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INDICATORS OF FLOW MODIFICATION o055 % © 8 s é’ Lo
2ee | = | 8% %) 5 |27
s s »
\I;;etztrance of taxa with a preference for very fast flowing FT 4 0.17 0.70 3 80 017
@gﬁgrdance of taxa with a preference for very fast flowing FTA 4 0.15 0.61 4 70 0.15
Presence of taxa with a preference for moderately fast MT 4 0.22 0.87 1 100 0.22
flowing water
Abu_ndance of taxa with a preference for moderately fast MTA 4 0.20 0.78 2 90 0.20
flowing water
Presence of taxa with a preference for slow flowing water| ST 3 0.13 0.39 5 60 0.13
Abundance of taxa with a preference for slow flowing STA 3 0.13 0.39 5 60 013
water
Proportional change in average flow dependence of 1 74.78 460 1
the assemblage )
7.5.2 Habitat preference
o e} - E
588 | £ | 8¢ |x|5| 2.
INDICATORS OF HABITAT PREFERENCE 58569 3 58 | S CHER
T E 8 = é @ « q i)
o ° )
Has the proportion of invertebrates with a preference for bedrock
changed relative to expected? BT 0.00 0.00 0.00
Has the abundance of any of the taxa with a preference for
bedrock/boulders changed? BTA 0.00 0.00 0.00
Has the proportion of invertebrates with a preference for mobile cT > 0.10 0.20 5 | 60 | 010
cobbles changed relative to expected? ' ) )
Has the abundance of any of the taxa with a preference for mobile CTA 5 0.10 0.20 5 | 60 | 0.10
cobbles changed?
Has the proportion of invertebrates with a preference for vegetation
changed relative to expected? VT & 0.15 0.15 R 015
Has thg abundance of any of the taxa with a preference for VTA 1 0.16 0.16 1 l100! 016
\vegetation changed?
Has the proportion of invertebrates with a preference for sand,
gravel or mud changed relative to expected? GT S 0.13 039 Rk
Has the abundance of any o_f the taxa with a preference for sand, GTA 3 0.13 0.39 3 180 | 013
gravel or mud changed relative to expected?
Has the proportion of invertebrates Wlth a preference for the water WT 3 011 0.34 2 |70 o11
column or water surface changed relative to expected?
Has the abundance of any of the taxa with a preference for the WTA 3 011 0.34 4 | 70| 011
water column/water surface changed?
1 610 1.00
Overall change in habitat assemblages | 43.61 |
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.5.3 Water quality
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Are any taxa with a high requirement for unmodified water HQ 1 017 lo16671 2 | 90 0.17
quality absent?
Have the abundance of any of the taxa with a high requirement
for unmodified water quality been decreased? HQA = 0.1510.4444 |73 Y 0.15
Are any taxa with a moderate requirement for unmodified water MQ 1 019 |o18s2| 1 100! 019
quality absent?
Have the abundance of any of the taxa with a moderate MQA 3 014 |0a167| 4 75 0.14
requirement for unmodified water quality been decreased?
S:gsir:]¥;axa with a low requirement for unmodified water quality LQ 5 010 |0.2037| 5 55 0.10
Have the a_lbundance of any of the_taxa with a low requirement LQA 3 009 |02778| & | 50 0.09
for unmodified water quality been increased?
How does the total SASS score differ from expected? SASS 0.08 | 0.2500 45 0.08
How does the total ASPT score differ from expected? ASPT 1 0.08 |0.0833 45 0.08
1 540
Overall change to indicators of modified water quality | 40.56 |
754 PES
Expected
Estimated Weighted Natural Calc Std to | Weight
PES metrics indicator | Weight g Reference . READ |Rank [%Weight sum to | relative
score N weight
score Weighted 1 to1
Score
FLOW MODIFICATION 25.2 0.380 9.6 38.0 0.380 FT 1 100 0.435
HABITAT 56.4 0.353 19.9 35.3 0.353 | VTA 2 70 0.304 0.7
WATER QUALITY 59.4 0.268 15.9 26.8 0.268 | HQA 3 60 0.261 0.6
1411 1 100 1.000 0.435
Invertebrate PES 45.4 230 1
Category 28.21 D
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.6 EWR 5

7.6.1 Flow modification

[} s - £
228 | £ |22 x| 5 | 3.
INDICATORS OF FLOW MODIFICATION o055 % © 8 s é’ Lo
2sa | 3 (&80 | ® ) T | =7
s s »
\I;;etztrance of taxa with a preference for very fast flowing FT 2 0.19 0.37 1 100 0.19
@gﬁgrdance of taxa with a preference for very fast flowing FTA 4 0.17 0.67 2 9% 017
Presence of taxa with a preference for moderately fast MT 5 0.19 0.37 1 100 019
flowing water
Abu_ndance of taxa with a preference for moderately fast MTA 4 0.17 0.67 2 90 017
flowing water
Presence of taxa with a preference for slow flowing water| ST 3 0.15 0.44 3 80 0.15
Abundance of taxa with a preference for slow flowing STA 4 0.15 0.59 3 80 0.15
water
Proportional change in average flow dependence of 1 62.22 540 1
the assemblage )
7.6.2 Habitat preference
2 © -~ £
588 | £ | 8¢ |x|5| 2.
INDICATORS OF HABITAT PREFERENCE 58569 3 58 | S CHER
T E 8 = é @ « q i)
o ° )
Has the proportion of invertebrates with a preference for bedrock
changed relative to expected? BT 0.00 0.00 0.00
Has the abundance of any of the taxa with a preference for
bedrock/boulders changed? BTA 0.00 0.00 0.00
Has the proportion of invertebrates with a preference for mobile cT > 011 0.21 5 | 65 | 011
cobbles changed relative to expected? ' ) )
Has the abundance of any of the taxa with a preference for mobile CTA 4 0.10 0.39 6 | 60 | 0.10
cobbles changed?
Has the proportion of invertebrates with a preference for vegetation
changed relative to expected? VT 2 0.15 029 R 015
Has thg abundance of any of the taxa with a preference for VTA 4 0.16 0.65 1 l100! 016
\vegetation changed?
Has the proportion of invertebrates with a preference for sand, GT 1 013 0.13 3 | 80| 013
gravel or mud changed relative to expected? ) ) )
Has the abundance of any o_f the taxa with a preference for sand, GTA > 0.13 0.26 3 180 | 013
gravel or mud changed relative to expected?
Has the proportion of invertebrates Wlth a preference for the water WT 3 011 0.34 2 |70 o11
column or water surface changed relative to expected?
Has the abundance of any of the taxa with a preference for the WTA 4 011 0.46 4 | 70| 011
water column/water surface changed?
1 615 1.00
Overall change in habitat assemblages | 54.63 |
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.6.3 Water quality
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INDICATORS OF WATER QUALITY 529 % 9 S| o So
53382| 2 |2 || 3| 5°
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Are any taxa with a high requirement for unmodified water HQ 0 0.17 0 > | 90 0.17
quality absent?
Has the abundance of any of the taxa with a high requirement for|
unmodified water quality been decreased? HQA v 0.19 0 i ©1°
Are any taxa with a moderate requirement for unmodified water MQ 1 013 |o01321| 4 | 70 013
quality absent?
Has _the abundance of any of the taxa _Wlth a moderate MQA 1 014 |0.1415| 3 75 0.14
requirement for unmodified water quality been decreased?
S:gsir:]¥;axa with a low requirement for unmodified water quality LQ 3 009 |0.2830| & 50 0.09
Has thg_abundance of_any of the taxa with a low requirement for LQA 4 010 |0.4151| 5 | 55 0.10
unmodified water quality been increased?
How does the total SASS score differ from expected? SASS 0.08 | 0.2547 45 0.08
How does the total ASPT score differ from expected? ASPT 1 0.08 |0.0849 45 0.08
1 530
Overall change to indicators of modified water quality | 26.23 |
764 PES
Expected
Estimated Weighted Natural Calc Std to | Weight
PES metrics indicator | Weight g Reference . READ |Rank [%Weight sum to | relative
score N weight
score Weighted 1 to1
Score
FLOW MODIFICATION 37.8 0.419 15.8 41.9 0.419 FT 1 100 0.435
HABITAT 45.4 0.334 15.2 334 0.334 | VTA 2 70 0.304 0.7
WATER QUALITY 73.8 0.247 18.2 24.7 0.247 | HQA 3 60 0.261 0.6
156.9 1 100 1.000 0.435
Invertebrate PES 49.2 230 1
Category 31.38 D
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.7 EWR 6

7.71 Flow modification

[<}] o - E
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INDICATORS OF FLOW MODIFICATION o055 % © 8 s é’ Lo
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\I;;etztrance of taxa with a preference for very fast flowing FT 1 0.18 0.18 3 80 0.18
@gﬁgrdance of taxa with a preference for very fast flowing FTA 1 0.16 0.16 4 70 0.16
Presence of taxa with a preference for moderately fast MT 1 0.22 0.22 1 100 0.22
flowing water
Abu_ndance of taxa with a preference for moderately fast MTA 1 0.20 0.20 2 90 0.20
flowing water
Presence of taxa with a preference for slow flowing water| ST 1 0.13 0.13 5 60 0.13
Abundance of taxa with a preference for slow flowing STA 1 0.11 0.11 6 50 011
water
Proportional change in average flow dependence of 1 20.00 450 1
the assemblage )
7.7.2 Habitat preference
2 © -~ £
588 | £ | 8¢ |x|5| 2.
INDICATORS OF HABITAT PREFERENCE 58569 3 58 | S CHER
T E 8 = é @ « q i)
o ° )
Has the proportion of invertebrates with a preference for bedrock
changed relative to expected? BT 0.00 0.00 0.00
Has the abundance of any of the taxa with a preference for
bedrock/boulders changed? BTA 0.00 0.00 0.00
Has the proportion of invertebrates with a preference for mobile cT 1 0.15 0.15 1 l100! 015
cobbles changed relative to expected? ' ) )
Has the abundance of any of the taxa with a preference for mobile CTA 1 013 0.13 2 | 90 | 013
cobbles changed?
Has the proportion of invertebrates with a preference for vegetation
changed relative to expected? VT & 0.15 0.15 ey 01
Has thg abundance of any of the taxa with a preference for VTA 1 013 0.13 > |90 | 013
\vegetation changed?
Has the proportion of invertebrates with a preference for sand, GT 1 012 0.12 3 | 80| 012
gravel or mud changed relative to expected? ) ) )
Has the abundance of any o_f the taxa with a preference for sand, GTA 1 0.10 0.10 a4 | 70 | 0.10
gravel or mud changed relative to expected?
Has the proportion of invertebrates Wlth a preference for the water WT 1 012 0.12 3 180 012
column or water surface changed relative to expected?
Has the abundance of any of the taxa with a preference for the WTA 1 0.10 0.10 4 | 70| 0.10
water column/water surface changed?
1 680 1.00
Overall change in habitat assemblages | 20.00 |
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.7.3 Water quality

= - £
= > g [} = g o v < =]
LE3 0 o | £ | €| 2| 9«
INDICATORS OF WATER QUALITY T © .= O D o 9 < g Lo
=338 =2 |ga || 5| 5"
o = = &
Are any taxa with a high requirement for unmodified water HQ 1 015 1015381 1 100! 0.15
quality absent?
Have the abundance of any of the taxa with a high requirement
for unmodified water quality been decreased? HQA . 0.14 10.1385 |72 =Y 0.14
Are any taxa with a moderate requirement for unmodified water MQ 1 015 |0.1538| 1 | 100! 015
quality absent?
Has _the abundance of any of the taxa _Wlth a moderate MQA 1 014 |0.1385| 2 90 0.14
requirement for unmodified water quality been decreased?
S:gsir:]¥;axa with a low requirement for unmodified water quality LQ 0 012 |0.0000| 3 80 0.12
Has thg_abundance of_any of the taxa with a low requirement for LQA 1 011 |o0.1077| 4 | 70 011
unmodified water quality been increased?
How does the total SASS score differ from expected? SASS 0 0.09 | 0.0000| 5 | 60 0.09
How does the total ASPT score differ from expected? ASPT 0 0.09 [0.0000| 5 60 0.09
1 650
Overall change to indicators of modified water quality | 13.85 |
774 PES
Expected
Estimated Weighted Natural Calc Std to | Weight
PES metrics indicator | Weight g Reference . READ |Rank [%Weight sum to | relative
score N weight
score Weighted 1 to1
Score
FLOW MODIFICATION 80.0 0.343 27.4 34.3 0.343 FT 1 100 0.435
HABITAT 80.0 0.311 24.9 311 0.311 | VTA 3 60 0.261 0.6
WATER QUALITY 86.2 0.347 29.9 34.7 0.347 | HQA 2 70 0.304 0.7
246.2 1 100 1.000 0.435
Invertebrate PES 82.1 230 1
Category 49.23 B
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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7.8 EWR 6: Alternative Category

7.8.1 Flow modification
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INDICATORS OF FLOW MODIFICATION o055 % © 8 s é’ Lo
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\I;;etztrance of taxa with a preference for very fast flowing FT 2 0.18 0.36 3 80 0.18
@gﬁgrdance of taxa with a preference for very fast flowing FTA 2 0.16 0.31 4 70 0.16
Presence of taxa with a preference for moderately fast MT 1 0.22 0.22 1 100 0.22
flowing water
Abu_ndance of taxa with a preference for moderately fast MTA 2 0.20 0.40 2 90 0.20
flowing water
Presence of taxa with a preference for slow flowing water| ST 1 0.13 0.13 5 60 0.13
Abundance of taxa with a preference for slow flowing STA 2 0.11 0.22 6 50 011
water
Proportional change in average flow dependence of 1 3289 450 1
the assemblage )
7.8.2 Habitat preference
o e} - E
588 | £ | 8¢ |x|5| 2.
INDICATORS OF HABITAT PREFERENCE 58569 3 58 | S CHER
T E 8 = é @ « q i)
o ° )
Has the proportion of invertebrates with a preference for bedrock
changed relative to expected? BT 0.00 0.00 0.00
Has the abundance of any of the taxa with a preference for
bedrock/boulders changed? BTA 0.00 0.00 0.00
Has the proportion of invertebrates with a preference for mobile cT 3 0.15 0.44 1 l100! 015
cobbles changed relative to expected? ' ) )
Has the abundance of any of the taxa with a preference for mobile CTA 3 013 0.40 2 | 90 | 013
cobbles changed?
Has the proportion of invertebrates with a preference for vegetation
changed relative to expected? VT & 0.15 0.15 ey 01
Has thg abundance of any of the taxa with a preference for VTA 1 013 0.13 > |90 | 013
\vegetation changed?
Has the proportion of invertebrates with a preference for sand, GT 1 012 0.12 3 | 80| 012
gravel or mud changed relative to expected? ) ) )
Has the abundance of any o_f the taxa with a preference for sand, GTA 1 0.10 0.10 a4 | 70 | 0.10
gravel or mud changed relative to expected?
Has the proportion of invertebrates Wlth a preference for the water WT 1 012 0.12 3 180 012
column or water surface changed relative to expected?
Has the abundance of any of the taxa with a preference for the WTA 1 0.10 0.10 4 | 70| 0.10
water column/water surface changed?
1 680 1.00
Overall change in habitat assemblages | 31.18 |
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7.8.3 Water quality

c
() T -~ €
5ZEL| E (8o | x |5 2.
INDICATORS OF WATER QUALITY 529 % 9 S| o So
=338 =2 |ga || 5| 5"
o = = &
Are any taxa with a high requirement for unmodified water HQ 2 015 1030771 1 100! 0.15
quality absent?
Has the abundance of any of the taxa with a high requirement for|
unmodified water quality been decreased? HQA & 0.14 10.2769 |72 =Y 0.14
Are any taxa with a moderate requirement for unmodified water MQ 1 015 |0.1538| 1 | 100! 015
quality absent?
Has _the abundance of any of the taxa _Wlth a moderate MQA 1 014 |0.1385| 2 90 0.14
requirement for unmodified water quality been decreased?
S:gsir:]¥;axa with a low requirement for unmodified water quality LQ 0 012 |0.0000| 3 80 0.12
Has thg_abundance of_any of the taxa with a low requirement for LQA 1 011 |o0.1077| 4 | 70 011
unmodified water quality been increased?
How does the total SASS score differ from expected? SASS 1 0.09 {0.0923| 5 | 60 0.09
How does the total ASPT score differ from expected? ASPT 1 0.09 {0.0923| 5 60 0.09
1 650
Overall change to indicators of modified water quality | 19.69 |
784 PES
Expected
Estimated Weighted Natural Calc Std to | Weight
PES metrics indicator | Weight g Reference . READ |Rank [%Weight sum to | relative
score N weight
score Weighted 1 to1
Score
FLOW MODIFICATION 67.1 0.343 23.0 34.3 0.343 FT 1 100 0.435
HABITAT 68.8 0.311 214 311 0.311 | VTA 3 60 0.261 0.6
WATER QUALITY 80.3 0.347 27.8 34.7 0.347 | HQA 2 70 0.304 0.7
216.2 1 100 1.000 0.435
Invertebrate PES 72.2 230 1
Category 43.25 C
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1 DATA COLLECTION

The coordinates (Cape datum LO 25°) and elevation (above mean sea level) of the fixed
stations at the EWR sites are given in Table F-1.

Table F-1 Coordinates of fixed survey stations at the EWR sites
River Site no. Station Y-Coord (m) X-Coord (m) Eamsl (m)
1 IPC1.1 68131.22 3756083.86 222.45
IPC1.2 68260.96 3756064.69 223.80
Kromme
5 MRK2.1 46352.10 3765005.60 105.01
MRK2.2 46345.18 3765013.46 104.66
IPC4.1 23716.72 3773717.05 16.62
Geelhoutboom 4
IPC4.2 23719.87 3773715.08 17.16
: IPC5.1 27531.81 3763274.56 207.21
Seekoei 5
IPC5.2 27522.74 3763248.83 207.82
Eamsl: elevation above mean sea level
IPC: Iron Peg in Concrete
MRK:  Mark (Painted)

The measured discharges and flow depths are provided in Table F-2, together with the dates
when the data were collected.

Table F-2 Hydraulic data collected at EWR Sites
Disch Max. flow
River Site no. Date IScharge | depth, y (m)
Q (m°/s) ; :
A B
1 11/11/2003 0.13 0.27 |1.30
Kromme 29/03/2004 0.028 0.16 |1.13
5 11/11/2003 0.054 0.52 |0.21
31/03/2004 0.042 0.52 |0.18
Geelhoutboom |4 12/11/2003 0.000086 0.014
Seekoei 5 14/11/2003 0.016 0.20
Swart 6 30/03/2004 0.0055 0.13
tcross-section number
11 Modelling

The observed rating data at the EWR sites have been extended using Manning=s resistance
relationship. The surveyed water surface and regional (1:50 000 topographical) channel
slopes are given in Tables F-2 and F-4, respectively, and these have been used in
conjunction with estimates of Manning=s resistance coefficient (Table F-5) to synthesize
rating data for discharges higher than those measured. Continuous rating functions of the
form given by equation F.1 have been fitted to the measured and modelled data, and these
are plotted in Figures F-8 - 10.

Q=ay’+c equation F.1

Where y is the flow depth (m), Q is the discharge (m%s), and a, b and c are regression
coefficients, listed in Table F-6.
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Table F-3

Regional 1:50k channel slope

River Site no. | Channel slope
1 0.0050
Kromme
2 0.0085
Geelhoutboom |4 0.0045
Seekoei 5 0.0133
Swart 6 0.0083
Table F-4 Surveyed water surface slopes
River Site no. | Discharge (m®/s) | Water surface slope
1A 0.13 0.0079
Kromme 0.028 0.011
2B 0.042, 0.054 0.044
Geelhoutboom 4 0.000086 0.030
Seekoei 5 0.016 0.040
Swart 6 0.0055 0.030
Table F-5 Hydraulic data used to extend the measured rating data
. . Discharge Manning’s Max. flow Energy Ave. velocity
RSk S 0e, (m3/s) resistance, n | depth,y (m) | slope, S v (m/s)
0.028 0.23 0.16 0.011 0.08
1A 0.13 0.19 0.27 0.0079 0.11
11.7 0.06 1.00 0.006 0.91
83 0.04 2.50 0.003 1.72
Kromme
0.042 0.50 0.18 0.044 0.09
B 0.054 0.39 0.21 0.044 0.10
9.1 0.06 0.75 0.020 1.3
47.9 0.04 1.50 0.010 2.2
0.000086 0.21 0.014 0.03 0.03
0.19 0.04 0.20 0.0100 0.60
Geelhoutboom 4 1.4 0.04 0.50|  0.0070 1.0
10.5 0.035 1.50 0.0045 1.7
0.016 0.28 0.20 0.040 0.1
Seekoei 5 2.0 0.06 0.50 0.030 11
15.7 0.04 1.20 0.015 2.0
0.0055 0.32 0.13 0.030 0.07
Swart 6 1.2 0.06 0.50 0.025 1.3
21.0 0.04 1.50 0.016 1.8
Italic — modelled
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Table F-6

Regression coefficients in equation F.1

. . Discharge Rating coefficients

River Site no. Q (m%s) 3 b S
1A Q <3.00 0.470 0.280 0.000
Q >3.00 0.150 0.600 0.350
1B Q <3.50 0.580 0.300 0.963
Kromme Q > 3.50 0.145 0.600 1.500
oA Q<0.35 0.280 0.200 0.370
Q>0.35 0.213 0.490 0.470
B Q<0.90 0.350 0.200 0.000
Q >0.90 0.213 0.480 0.140
<0.17 0.340 0.310 0.000
Geelhoutboom 4 8 >0.17 0.350 0.600|  0.075
Seekoei 5 Q<0.05 0.300 0.100 0.000
Q >0.05 0.370 0.550 0.179
Swart 6 Q <0.008 0.380 0.200 0.000
Q >0.008 0.370 0.440 0.100
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2 RESULTS

21 Cross-sectional profiles
Cross-sectional profiles are shown in Figures F-1 to F-7.
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Figure F-1 Cross-sectional profile for EWR site 1A (Riffle) on the Kromme River. The vegetation
markers are indicated by the green filled circles, and the water level (0.27 m, 0.13
m3/s) at the date of survey (11/11/2003) is indicated by the blue line
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Figure F-2 Cross-sectional profile for EWR Site 1B (Pool) on the Kromme River. The water level
(1.123 m, 0.028 m3/s) at the date of survey (29/03/2004) is indicated by the blue line
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Figure F-3 Cross-sectional profile for EWR site 2A (Pool) on the Kromme River. The water level
(0.52 m, 0.042 m¥s) at the date of survey (31/03/2004) is indicated by the blue line
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Figure F-4 Cross-sectional profile for EWR site 2B (Pool) on the Kromme River. The vegetation
markers are indicated by the green filled circles, and the water level (0.21 m, 0.054
m?/s) at the date of survey (11/11/2003) is indicated by the blue line
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Figure F-5 Cross-sectional profile for EWR site 4 (Run) on the Geelhoutboom River
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Figure F-6 Cross-sectional profile for EWR site 5 (Riffle) on the Seekoei River. The water level
(0.20 m, 0.016 m®/s) at the date of survey (14/11/2003) is indicated by the blue line
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rofile for EWR site 6 (Riffle) on the Swart River.
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Figure F-7

3

(0.13 m, 0.0055 m

Rating data and functions
Results are shown in figures F-8 to F-10.
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Measured and modelled rating data and functions for the cross-sectional profiles at

Figure F-8

Cross-section A (upper curve) lies through the
upstream riffle and cross-section B (lower curve) through the downstream pool

EWR Site 1 on the Kromme River.

Kromme/Seekoei Catchments Reserve Determination Study — Technical Component

CES

Page F-10

EWR Rivers Report: Final

November 2005



S Iy R B
R
I A W

| | | | | | |
F— 4 — = -4 — == — 4 — —— — + — I
| | | | | | | |
| | | | | | | |
| | | | | | | |

F— 4 — - — - - — L = L -
r—4—-——-—rF—4—-———-—+4—-—l-—+t - —-1——
L L L
L L A i E R
L L e e A
| | | | | | | |

[ o [ A D B
e = =

1035 - - -

I

I

I

|

I
0
<
o
=

105.5
105.0 - -

—
(w) z ‘abers

102.5

1 100
Discharge (m3/s)

0.01

Measured and modelled rating data and function for the cross-sectional profiles at
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Figure F-9

Cross-section A (upper curve) lies through the

upstream pool and cross-section B (lower curve) through the downstream rapid
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Figure F-10

EWR site 4 on the Geelhoutboom River (black), EWR site 5 on the Seekoei River

(blue)

and EWR site 6 on the Swart River (red)
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23 Tabulated modelled hydraulic data
Results are shown in tables F-7 to F-13

Table F-7 Tabulated hydraulic data for EWR site 1A on the Kromme River
Flow depth | Discharge | Av. flow depth Area Width Perimeter | Av. velocity
(m) (m’/s) (m) (m?) (m) (m) (mls)
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.02 0.00 0.01 0.00 0.41 0.41 0.00
0.04 0.00 0.02 0.01 0.55 0.58 0.01
0.06 0.00 0.03 0.03 1.13 1.22 0.02
0.08 0.00 0.03 0.07 2.33 2.51 0.03
0.10 0.00 0.04 0.12 3.16 3.44 0.03
0.12 0.01 0.05 0.19 3.96 4.36 0.04
0.14 0.01 0.06 0.28 4.49 5.00 0.05
0.16 0.02 0.07 0.37 5.01 5.64 0.06
0.18 0.03 0.08 0.48 6.35 7.10 0.07
0.20 0.05 0.08 0.62 7.58 8.48 0.08
0.22 0.07 0.09 0.79 8.64 9.69 0.08
0.24 0.09 0.10 0.97 9.66 10.87 0.09
0.26 0.12 0.11 1.17 10.47 11.80 0.10
0.28 0.16 0.12 1.39 11.20 12.64 0.11
0.30 0.20 0.14 1.62 11.75 13.30 0.12
0.32 0.25 0.15 1.86 12.24 13.87 0.14
0.34 0.31 0.16 2.11 12.81 14.51 0.15
0.36 0.39 0.18 2.37 13.26 15.02 0.16
0.38 0.47 0.19 2.64 13.57 15.39 0.18
0.40 0.56 0.21 2.91 13.72 15.57 0.19
0.42 0.67 0.23 3.19 13.83 15.71 0.21
0.44 0.79 0.25 3.46 14.07 15.98 0.23
0.46 0.93 0.26 3.75 14.60 16.55 0.25
0.48 1.08 0.27 4.04 14.83 16.80 0.27
0.50 1.25 0.29 4.34 14.97 16.97 0.29
0.52 1.43 0.31 4.64 15.10 17.12 0.31
0.54 1.64 0.33 4.95 15.20 17.23 0.33
0.56 1.87 0.34 5.25 15.30 17.34 0.36
0.58 2.12 0.36 5.56 15.40 17.44 0.38
0.60 2.39 0.38 5.87 15.50 17.55 0.41
0.62 2.69 0.39 6.18 15.75 17.81 0.44
0.64 3.00 0.41 6.50 16.01 18.07 0.46
0.66 3.35 0.42 6.82 16.27 18.34 0.49
0.68 3.72 0.43 7.15 16.57 18.64 0.52
0.70 4.10 0.44 7.48 16.88 18.96 0.55
0.72 4.50 0.46 7.82 17.08 19.17 0.58
0.74 4.92 0.48 8.17 17.18 19.27 0.60
0.76 5.34 0.49 8.51 17.27 19.37 0.63
0.78 5.78 0.51 8.86 17.36 19.47 0.65
0.80 6.24 0.53 9.21 17.46 19.58 0.68
0.82 6.71 0.54 9.56 17.55 19.68 0.70
0.84 7.19 0.56 9.91 17.65 19.78 0.73
0.86 7.69 0.58 10.26 17.82 19.96 0.75
0.88 8.20 0.58 10.62 18.19 20.34 0.77
0.90 8.72 0.59 10.99 18.55 20.72 0.79
0.92 9.25 0.60 11.36 18.92 21.10 0.81
0.94 9.80 0.61 11.75 19.29 21.47 0.83
0.96 10.36 0.62 12.13 19.54 21.73 0.85
0.98 10.93 0.64 12.53 19.69 21.89 0.87
1.00 11.52 0.65 12.92 19.84 22.05 0.89
1.02 12.11 0.67 13.32 20.00 22.21 0.91
1.04 12.72 0.68 13.72 20.13 22.35 0.93
1.06 13.34 0.70 14.13 20.21 22.44 0.94
1.08 13.98 0.71 14.53 20.32 22.56 0.96
1.10 14.62 0.73 14.94 20.43 22.68 0.98
1.12 15.28 0.75 15.35 20.54 22.80 1.00
1.14 15.94 0.76 15.76 20.66 22.92 1.01
1.16 16.62 0.78 16.17 20.77 23.04 1.03
1.18 17.31 0.79 16.59 20.88 23.16 1.04
1.20 18.01 0.81 17.01 20.98 23.28 1.06
1.22 18.72 0.83 17.43 21.02 23.34 1.07
1.24 19.45 0.85 17.85 21.07 23.40 1.09
1.26 20.18 0.87 18.27 21.11 23.46 1.10
1.28 20.92 0.88 18.69 21.16 23.52 1.12
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Flow depth | Discharge | Av. flow depth Area Width Perimeter | Av. velocity
(m) (m’/s) (m) (m?) (m) (m) (m/s)
1.30 21.68 0.90 19.12 21.20 23.58 1.13
1.32 22.45 0.92 19.54 21.25 23.64 1.15
1.34 23.22 0.94 19.97 21.29 23.70 1.16
1.36 24.01 0.96 20.39 21.34 23.76 1.18
1.38 24.81 0.97 20.82 21.38 23.82 1.19
1.40 25.62 0.99 21.25 21.43 23.88 1.21
1.42 26.43 1.01 21.68 21.47 23.94 1.22
1.44 27.26 1.03 22.11 21.51 24.00 1.23
1.46 28.10 1.05 22.54 21.56 24.06 1.25
1.48 28.95 1.06 22.97 21.60 24.12 1.26
1.50 29.81 1.08 23.40 21.65 24.18 1.27
1.52 30.68 1.10 23.84 21.69 24.24 1.29
1.54 31.56 1.12 24.27 21.74 24.30 1.30
1.56 32.45 1.13 24.71 21.78 24.36 1.31
1.58 33.34 1.15 25.14 21.83 24.42 1.33
1.60 34.25 1.17 25.58 21.87 24.48 1.34
1.62 35.17 1.19 26.02 21.91 24.54 1.35
1.64 36.10 1.20 26.46 21.98 24.61 1.36
1.66 37.04 1.22 26.90 22.08 24.72 1.38
1.68 37.98 1.23 27.34 22.18 24.83 1.39
1.70 38.94 1.25 27.78 22.28 24.94 1.40
1.72 39.91 1.26 28.23 22.37 25.05 141
1.74 40.88 1.28 28.68 22.47 25.15 1.43
1.76 41.87 1.29 29.13 22.57 25.26 1.44
1.78 42.86 1.30 29.58 22.67 25.37 1.45
1.80 43.87 1.32 30.04 22.77 25.48 1.46
1.82 44.88 1.33 30.49 22.88 25.60 1.47
1.84 45.90 1.35 30.95 22.99 25.72 1.48
1.86 46.93 1.36 31.41 23.11 25.84 1.49
1.88 47.97 1.37 31.88 23.22 25.97 1.51
1.90 49.02 1.39 32.34 23.34 26.09 1.52
1.92 50.08 1.40 32.81 23.45 26.21 1.53
1.94 51.15 1.41 33.28 23.57 26.34 1.54
1.96 52.23 1.42 33.75 23.69 26.46 1.55
1.98 53.31 1.44 34.23 23.80 26.58 1.56
2.00 54.41 1.45 34.70 23.92 26.71 1.57
2.02 55.51 1.46 35.18 24.04 26.83 1.58
2.04 56.62 1.48 35.67 24.15 26.96 1.59
2.06 57.74 1.43 36.16 25.26 28.07 1.60
2.08 58.87 1.44 36.67 25.54 28.36 1.61
2.10 60.01 1.44 37.18 25.73 28.56 1.61
2.12 61.16 1.45 37.70 25.92 28.75 1.62
2.14 62.32 1.46 38.22 26.11 28.95 1.63
2.16 63.48 1.47 38.74 26.30 29.14 1.64
2.18 64.65 1.48 39.27 26.49 29.34 1.65
2.20 65.84 1.49 39.80 26.68 29.54 1.65
2.22 67.03 1.50 40.34 26.86 29.73 1.66
2.24 68.23 151 40.88 27.09 29.96 1.67
2.26 69.43 1.52 41.42 27.34 30.22 1.68
2.28 70.65 1.52 41.97 27.59 30.47 1.68
2.30 71.87 1.53 42.52 27.84 30.73 1.69
2.32 73.11 1.53 43.08 28.09 30.99 1.70
2.34 74.35 1.54 43.65 28.34 31.25 1.70
2.36 75.60 1.55 44.22 28.59 31.50 1.71
2.38 76.86 1.55 44.79 28.84 31.76 1.72
2.40 78.12 1.56 45.37 29.09 32.02 1.72
2.42 79.40 1.56 45.96 29.38 32.31 1.73
2.44 80.68 1.57 46.55 29.68 32.61 1.73
2.46 81.97 1.57 47.14 29.98 32.92 1.74
2.48 83.27 1.58 47.75 30.27 33.22 1.74
2.50 84.58 1.54 48.36 31.32 34.28 1.75
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Table F-8

Tabulated hydraulic data for EWR site 1B on the Kromme River

Flow depth | Discharge | Av. flow depth Area Width Perimeter | Av. velocity
(m) (m’ls) (m) (m?) (m) (m) (m's)
0.96 0.00 0.56 9.25 16.65 17.82 0.00
0.98 0.00 0.57 9.58 16.75 17.93 0.00
1.00 0.00 0.59 9.92 16.85 18.04 0.00
1.02 0.00 0.61 10.26 16.95 18.14 0.00
1.04 0.00 0.62 10.60 17.05 18.25 0.00
1.06 0.00 0.64 10.94 17.15 18.36 0.00
1.08 0.01 0.65 11.28 17.25 18.47 0.00
1.10 0.01 0.67 11.63 17.35 18.57 0.00
1.12 0.01 0.69 11.98 17.45 18.68 0.00
1.14 0.02 0.68 12.33 18.04 19.28 0.00
1.16 0.03 0.70 12.70 18.20 19.44 0.00
1.18 0.04 0.71 13.06 18.35 19.60 0.00
1.20 0.05 0.73 13.43 18.50 19.76 0.00
1.22 0.07 0.74 13.80 18.62 19.88 0.00
1.24 0.09 0.76 14.18 18.69 19.97 0.01
1.26 0.11 0.78 14.55 18.77 20.06 0.01
1.28 0.14 0.79 14.93 18.85 20.14 0.01
1.30 0.17 0.81 15.30 18.92 20.23 0.01
1.32 0.20 0.83 15.68 18.98 20.30 0.01
1.34 0.24 0.85 16.06 19.01 20.35 0.02
1.36 0.29 0.86 16.44 19.04 20.40 0.02
1.38 0.34 0.88 16.82 19.07 20.46 0.02
1.40 0.40 0.90 17.21 19.10 20.51 0.02
1.42 0.46 0.92 17.59 19.13 20.56 0.03
1.44 0.53 0.94 17.97 19.16 20.61 0.03
1.46 0.61 0.96 18.35 19.19 20.66 0.03
1.48 0.69 0.97 18.74 19.22 20.71 0.04
1.50 0.79 0.99 19.12 19.26 20.76 0.04
1.52 0.89 1.01 19.51 19.29 20.82 0.05
1.54 1.00 1.03 19.90 19.32 20.87 0.05
1.56 1.12 1.05 20.28 19.37 20.93 0.06
1.58 1.25 1.06 20.67 19.42 21.00 0.06
1.60 1.39 1.08 21.06 19.47 21.07 0.07
1.62 1.54 1.10 21.45 19.52 21.14 0.07
1.64 1.70 1.12 21.84 19.57 21.21 0.08
1.66 1.87 1.13 22.23 19.62 21.27 0.08
1.68 2.06 1.15 22.62 19.67 21.34 0.09
1.70 2.25 1.17 23.02 19.72 21.41 0.10
1.72 2.46 1.18 23.41 19.78 21.49 0.11
1.74 2.68 1.20 23.81 19.84 21.56 0.11
1.76 2.92 1.22 24.21 19.89 21.63 0.12
1.78 3.17 1.23 24.61 19.95 21.71 0.13
1.80 3.44 1.17 25.02 21.42 23.19 0.14
1.82 3.80 1.02 25.47 25.03 26.82 0.15
1.84 4.20 1.02 25.98 25.49 27.30 0.16
1.86 4.62 1.02 26.49 25.95 27.78 0.17
1.88 5.05 1.02 27.02 26.41 28.26 0.19
1.90 5.49 1.03 27.55 26.86 28.74 0.20
1.92 5.96 1.03 28.09 27.37 29.26 0.21
1.94 6.43 1.03 28.64 27.72 29.63 0.22
1.96 6.92 1.04 29.20 28.08 29.99 0.24
1.98 7.43 1.05 29.77 28.44 30.36 0.25
2.00 7.95 1.05 30.34 28.80 30.73 0.26
2.02 8.48 1.06 30.92 29.15 31.10 0.27
2.04 9.03 1.07 31.50 290.51 31.47 0.29
2.06 9.59 1.07 32.10 29.92 31.88 0.30
2.08 10.17 1.08 32.70 30.33 32.31 0.31
2.10 10.75 1.08 33.31 30.75 32.74 0.32
2.12 11.36 1.09 33.93 31.16 33.16 0.33
2.14 11.97 1.09 34.56 31.58 33.59 0.35
2.16 12.60 1.10 35.19 31.99 34.01 0.36
2.18 13.24 1.11 35.84 32.38 34.41 0.37
2.20 13.89 1.11 36.49 32.76 34.81 0.38
2.22 14.55 1.12 37.15 33.15 35.21 0.39
2.24 15.23 1.13 37.82 33.54 35.60 0.40
2.26 15.92 1.14 38.49 33.91 35.99 0.41
2.28 16.62 1.14 39.17 34.29 36.39 0.42
2.30 17.33 1.14 39.86 34.85 36.97 0.43
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Flow depth | Discharge | Av. flow depth Area Width Perimeter | Av. velocity
(m) (m’/s) (m) (m’) (m) (m) (m/s)
2.32 18.06 1.15 40.57 35.41 37.54 0.45
2.34 18.80 1.15 41.28 35.97 38.12 0.46
2.36 19.55 1.15 42.00 36.53 38.69 0.47
2.38 20.31 1.15 42.74 37.04 39.21 0.48
2.40 21.08 1.16 43.49 37.50 39.69 0.48
2.42 21.86 1.17 44.24 37.96 40.17 0.49
2.44 22.66 1.17 45.00 38.43 40.65 0.50
2.46 23.47 1.18 45.78 38.89 41.13 0.51
2.48 24.28 1.18 46.56 39.35 41.60 0.52
Table F-9 Tabulated hydraulic data for EWR site 2A on the Kromme River
Flow depth | Discharge | Av. flow depth Area Width Perimeter | Av. velocity
(m) (m’ls) (m) (m?) (m) (m) (m's)
0.37 0.00 0.21 1.70 7.96 8.50 0.00
0.39 0.00 0.23 1.86 8.20 8.78 0.00
0.41 0.00 0.24 2.03 8.44 9.06 0.00
0.43 0.00 0.25 2.20 8.72 9.38 0.00
0.45 0.00 0.26 2.38 9.02 9.72 0.00
0.47 0.01 0.28 2.56 9.30 10.04 0.00
0.49 0.01 0.29 2.75 9.57 10.35 0.01
0.51 0.03 0.29 2.95 10.01 10.82 0.01
0.53 0.06 0.30 3.15 10.60 11.45 0.02
0.55 0.11 0.30 3.37 11.17 12.06 0.03
0.57 0.19 0.31 3.60 11.73 12.64 0.05
0.59 0.30 0.31 3.84 12.29 13.23 0.08
0.61 0.42 0.32 4.09 12.74 13.71 0.10
0.63 0.56 0.33 4.35 13.09 14.09 0.13
0.65 0.71 0.33 4.62 14.11 15.12 0.15
0.67 0.88 0.32 4.92 15.29 16.31 0.18
0.69 1.07 0.32 5.24 16.53 17.56 0.20
0.71 1.28 0.33 5.57 16.98 18.01 0.23
0.73 1.50 0.34 5.91 17.17 18.20 0.25
0.75 1.75 0.36 6.26 17.33 18.37 0.28
0.77 2.01 0.38 6.61 17.44 18.49 0.30
0.79 2.29 0.40 6.96 17.55 18.61 0.33
0.81 2.60 0.41 7.31 17.66 18.72 0.36
0.83 2.92 0.43 7.66 17.77 18.84 0.38
0.85 3.26 0.45 8.02 17.88 18.96 0.41
0.87 3.62 0.47 8.38 18.00 19.08 0.43
0.89 4.00 0.48 8.74 18.11 19.19 0.46
0.91 4.40 0.50 9.10 18.22 19.31 0.48
0.93 4.81 0.52 9.47 18.33 19.43 0.51
0.95 5.25 0.53 9.84 18.44 19.55 0.53
0.97 5.71 0.55 10.21 18.55 19.67 0.56
0.99 6.18 0.57 10.58 18.66 19.78 0.58
1.01 6.68 0.58 10.95 18.77 19.90 0.61
1.03 7.19 0.60 11.33 18.88 20.02 0.63
1.05 7.72 0.62 11.71 18.99 20.14 0.66
1.07 8.28 0.63 12.09 19.10 20.26 0.68
1.09 8.85 0.65 12.47 19.21 20.37 0.71
1.11 9.44 0.67 12.86 19.32 20.49 0.73
1.13 10.05 0.68 13.24 19.43 20.61 0.76
1.15 10.69 0.70 13.63 19.54 20.73 0.78
1.17 11.34 0.71 14.03 19.65 20.84 0.81
1.19 12.01 0.73 14.42 19.76 20.96 0.83
1.21 12.70 0.75 14.82 19.87 21.08 0.86
1.23 13.41 0.76 15.21 19.95 21.17 0.88
1.25 14.14 0.78 15.61 20.03 21.26 0.91
1.27 14.89 0.80 16.02 20.11 21.35 0.93
1.29 15.66 0.81 16.42 20.20 21.44 0.95
131 16.45 0.83 16.82 20.28 21.53 0.98
1.33 17.26 0.81 17.24 21.41 22.67 1.00
1.35 18.09 0.82 17.67 21.62 22.88 1.02
1.37 18.94 0.83 18.11 21.83 23.10 1.05
1.39 19.80 0.84 18.54 22.04 23.31 1.07
1.41 20.69 0.85 18.99 22.25 23.53 1.09
1.43 21.60 0.87 19.43 22.46 23.75 1.11
145 22.53 0.88 19.89 22.67 23.96 1.13
1.47 23.48 0.89 20.34 22.87 24.18 1.15
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Table F-10 Tabulated hydraulic data for EWR site 2B on the Kromme River
Flow depth| Discharge | Av. flow depth Area Width Perimeter | Av. velocity
(m) (m’/s) (m) (m?) (m) (m) (mls)
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.02 0.00 0.01 0.01 0.43 0.44 0.00
0.04 0.00 0.03 0.02 0.60 0.61 0.00
0.06 0.00 0.03 0.03 1.24 1.29 0.00
0.08 0.00 0.03 0.07 2.01 2.13 0.01
0.10 0.00 0.04 0.11 2.77 2.97 0.02
0.12 0.00 0.05 0.18 3.48 3.76 0.03
0.14 0.01 0.06 0.25 4.07 4.43 0.04
0.16 0.02 0.07 0.34 4.66 5.12 0.06
0.18 0.04 0.08 0.44 5.27 5.83 0.08
0.20 0.06 0.10 0.55 5.57 6.21 0.11
0.22 0.10 0.11 0.66 5.76 6.48 0.15
0.24 0.15 0.12 0.78 6.27 7.07 0.19
0.26 0.23 0.14 0.91 6.72 7.57 0.25
0.28 0.33 0.15 1.05 7.02 7.93 0.31
0.30 0.46 0.15 1.19 8.06 9.01 0.39
0.32 0.64 0.16 1.36 8.53 9.53 0.47
0.34 0.87 0.17 1.53 9.03 10.07 0.56
0.36 1.07 0.18 1.72 9.53 10.62 0.62
0.38 1.28 0.19 191 10.04 11.18 0.67
0.40 1.51 0.20 2.12 10.65 11.85 0.71
0.42 1.77 0.20 2.35 11.71 12.97 0.75
0.44 2.04 0.21 2.58 12.19 13.49 0.79
0.46 2.33 0.22 2.83 12.70 14.05 0.82
0.48 2.65 0.23 3.09 13.17 14.57 0.86
0.50 2.98 0.25 3.36 13.59 15.01 0.89
0.52 3.34 0.26 3.63 13.94 15.40 0.92
0.54 3.72 0.28 3.92 14.22 15.71 0.95
0.56 411 0.29 4.20 14.51 16.03 0.98
0.58 4.53 0.30 4.50 14.79 16.34 1.01
0.60 4.97 0.32 4.80 15.07 16.65 1.04
0.62 5.43 0.33 5.10 15.36 16.97 1.07
0.64 5.92 0.35 5.41 15.63 17.27 1.09
0.66 6.42 0.36 5.72 15.88 17.55 1.12
0.68 6.95 0.37 6.04 16.12 17.83 1.15
0.70 7.49 0.39 6.37 16.30 18.03 1.18
0.72 8.06 0.41 6.70 16.37 18.12 1.20
0.74 8.65 0.43 7.02 16.45 18.20 1.23
0.76 9.26 0.45 7.35 16.52 18.29 1.26
0.78 9.90 0.46 7.69 16.60 18.38 1.29
0.80 10.55 0.48 8.02 16.68 18.47 1.32
0.82 11.23 0.50 8.35 16.75 18.56 1.34
0.84 11.93 0.52 8.69 16.83 18.64 1.37
0.86 12.65 0.53 9.03 16.91 18.74 1.40
0.88 13.39 0.55 9.36 17.02 18.85 1.43
0.90 14.15 0.57 9.71 17.12 18.97 1.46
0.92 14.94 0.58 10.05 17.23 19.08 1.49
0.94 15.75 0.60 10.40 17.33 19.20 1.52
0.96 16.58 0.62 10.74 17.43 19.31 1.54
0.98 17.44 0.63 11.09 17.54 19.42 1.57
1.00 18.31 0.65 11.44 17.64 19.54 1.60
1.02 19.21 0.66 11.80 17.80 19.70 1.63
1.04 20.13 0.68 12.16 18.00 19.91 1.66
1.06 21.07 0.69 12.52 18.19 20.11 1.68
1.08 22.04 0.70 12.88 18.39 20.31 1.71
1.10 23.03 0.71 13.25 18.59 20.51 1.74
1.12 24.04 0.73 13.63 18.79 20.71 1.76
1.14 25.07 0.72 14.01 19.40 21.35 1.79
1.16 26.13 0.72 14.40 20.02 21.98 1.81
1.18 27.21 0.72 14.81 20.58 22.56 1.84
1.20 28.31 0.73 15.22 20.82 22.81 1.86
1.22 29.43 0.74 15.64 21.07 23.07 1.88
1.24 30.58 0.75 16.07 21.31 23.33 1.90
1.26 31.75 0.77 16.50 21.53 23.57 1.92
1.28 32.94 0.78 16.93 21.73 23.78 1.95
1.30 34.16 0.79 17.36 21.93 23.99 1.97
1.32 35.40 0.80 17.81 22.12 24.20 1.99
1.34 36.66 0.82 18.25 22.33 24.42 2.01
1.36 37.94 0.82 18.70 22.78 24.87 2.03
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Flow depth | Discharge | Av. flow depth Area Width Perimeter | Av. velocity
(m) (m’/s) (m) (m?) (m) (m) (m/s)
1.38 39.25 0.82 19.16 23.23 25.32 2.05
1.40 40.58 0.83 19.63 23.68 25.77 2.07
1.42 41.93 0.84 20.11 24.06 26.16 2.09
1.44 43.31 0.85 20.59 24.35 26.46 2.10
1.46 44.71 0.86 21.08 24.64 26.75 2.12
1.48 46.13 0.87 21.58 24.93 27.05 2.14
1.50 47.58 0.88 22.08 25.22 27.35 2.15
1.52 49.05 0.89 22.59 25.51 27.64 2.17
1.54 50.54 0.90 23.10 25.80 27.94 2.19
1.56 52.06 0.91 23.62 26.09 28.24 2.20
1.58 53.60 0.91 24.14 26.52 28.67 2.22
1.60 55.16 0.91 24.68 27.05 29.21 2.23
1.62 56.74 0.91 25.23 27.58 29.74 2.25
1.64 58.35 0.92 25.78 28.11 30.27 2.26
1.66 59.99 0.92 26.35 28.59 30.75 2.28
1.68 61.64 0.93 26.92 28.87 31.04 2.29
1.70 63.32 0.95 27.50 290.04 31.23 2.30
1.72 65.02 0.96 28.09 29.11 31.32 2.32
1.74 66.75 0.98 28.67 20.18 31.40 2.33
1.76 68.50 1.00 29.25 29.25 31.48 2.34
1.78 70.27 1.02 29.84 29.31 31.57 2.36
1.80 72.07 1.04 30.43 29.38 31.65 2.37
1.82 73.89 1.05 31.01 29.45 31.74 2.38
1.84 75.74 1.07 31.60 29.52 31.82 2.40
1.86 77.61 1.09 32.19 29.59 31.91 2.41
1.88 79.50 1.11 32.79 29.65 31.99 2.42
1.90 81.41 1.12 33.38 290.72 32.07 2.44
1.92 83.35 1.14 33.98 29.79 32.16 2.45
1.94 85.32 1.16 34.57 29.86 32.24 2.47
1.96 87.30 1.18 35.17 29.93 32.33 2.48
1.98 89.31 1.19 35.77 29.99 32.41 2.50
2.00 91.35 1.21 36.37 30.06 32.50 2.51
2.02 93.41 1.23 36.97 30.13 32.58 2.53
2.04 95.49 1.24 37.58 30.20 32.66 2.54
2.06 97.59 1.26 38.18 30.27 32.75 2.56
2.08 99.72 1.28 38.79 30.33 32.83 2.57
2.10 101.88 1.30 39.39 30.40 32.92 2.59
2.12 104.05 1.31 40.00 30.47 33.00 2.60
2.14 106.26 1.33 40.61 30.54 33.09 2.62
2.16 108.48 1.34 41.22 30.76 33.32 2.63
2.18 110.73 1.35 41.84 30.99 33.57 2.65
2.20 113.01 1.36 42.46 31.23 33.82 2.66
2.22 115.30 1.66 43.11 25.93 36.55 2.67
2.24 117.62 1.38 43.72 31.69 34.31 2.69
2.26 119.97 1.39 44.35 31.92 34.56 2.70
2.28 122.34 1.40 44.99 32.15 34.81 2.72
2.30 124.73 1.41 45.63 32.27 34.96 2.73
2.32 127.15 1.52 42.70 28.09 31.36 2.98
2.34 129.60 1.52 43.26 28.46 31.76 3.00
2.36 132.06 1.52 43.83 28.83 32.15 3.01
2.38 134.55 1.52 44.41 20.21 32.55 3.03
2.40 137.07 1.52 45.00 29.58 32.95 3.05
2.42 139.61 1.52 45.60 30.01 33.40 3.06
2.44 142.17 1.52 46.20 30.43 33.85 3.08
2.46 144.76 1.52 46.81 30.85 34.29 3.09
2.48 147.37 1.52 47.44 31.27 34.74 3.11
2.50 150.01 1.52 48.06 31.69 35.18 3.12
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Table F-11

Tabulated hydraulic data for EWR site 4 on the Geelhoutboom River

Flow depth | Discharge | Av. flow depth Area Width Perimeter | Av. velocity
(m) (m’ls) (m) (m?) (m) (m) (m's)
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.02 0.00 0.01 0.01 0.54 0.55 0.02
0.04 0.00 0.02 0.02 0.96 0.96 0.05
0.06 0.00 0.04 0.04 1.19 1.20 0.09
0.08 0.01 0.05 0.07 1.41 1.44 0.14
0.10 0.02 0.06 0.10 1.64 1.68 0.20
0.12 0.03 0.07 0.13 1.93 1.99 0.26
0.14 0.06 0.08 0.18 2.24 2.31 0.32
0.16 0.09 0.09 0.22 2.46 2.55 0.39
0.18 0.13 0.10 0.27 2.68 2.79 0.47
0.20 0.18 0.11 0.33 2.90 3.02 0.54
0.22 0.23 0.13 0.39 3.07 3.20 0.59
0.24 0.29 0.14 0.45 3.18 3.33 0.63
0.26 0.35 0.16 0.52 3.29 3.46 0.67
0.28 0.41 0.17 0.58 3.40 3.58 0.70
0.30 0.48 0.19 0.65 3.46 3.67 0.73
0.32 0.55 0.21 0.72 3.48 3.71 0.76
0.34 0.63 0.23 0.79 3.50 3.76 0.79
0.36 0.71 0.24 0.86 3.54 3.81 0.82
0.38 0.80 0.26 0.93 3.57 3.87 0.85
0.40 0.88 0.28 1.01 3.61 3.93 0.88
0.42 0.98 0.30 1.08 3.65 3.98 0.91
0.44 1.07 0.31 1.15 3.69 4.04 0.93
0.46 1.17 0.33 1.23 3.73 4.10 0.96
0.48 1.28 0.35 1.30 3.76 4.15 0.98
0.50 1.38 0.36 1.38 3.80 4.21 1.00
0.52 1.49 0.38 1.45 3.84 4.27 1.03
0.54 1.61 0.39 1.53 3.88 4.32 1.05
0.56 1.72 0.41 1.61 3.91 4.38 1.07
0.58 1.84 0.43 1.69 3.95 4.43 1.09
0.60 1.97 0.44 1.77 3.98 4.48 1.11
0.62 2.09 0.46 1.85 4.01 4.53 1.13
0.64 2.22 0.48 1.93 4.05 4.59 1.15
0.66 2.35 0.49 2.01 4.08 4.64 1.17
0.68 2.49 0.51 2.09 4.11 4.69 1.19
0.70 2.63 0.52 2.17 4.15 4.75 1.21
0.72 2.77 0.54 2.26 4.18 4.80 1.23
0.74 2.91 0.56 2.34 4.21 4.85 1.25
0.76 3.06 0.57 2.42 4.25 4.90 1.26
0.78 3.21 0.59 251 4.28 4.96 1.28
0.80 3.37 0.60 2.59 4.31 5.01 1.30
0.82 3.52 0.62 2.68 4.34 5.06 131
0.84 3.68 0.63 2.77 4.38 5.12 1.33
0.86 3.84 0.65 2.86 4.41 5.17 1.35
0.88 4.01 0.66 2.95 4.44 5.22 1.36
0.90 4.17 0.68 3.03 4.48 5.27 1.38
0.92 4.34 0.69 3.12 4.51 5.33 1.39
0.94 4.52 0.71 3.21 4.55 5.39 1.41
0.96 4.69 0.72 3.31 4.61 5.46 1.42
0.98 4.87 0.73 3.40 4.66 5.52 1.43
1.00 5.05 0.74 3.49 4.71 5.59 1.45
1.02 5.24 0.75 3.59 4.77 5.67 1.46
1.04 5.42 0.76 3.68 4.83 5.74 1.47
1.06 5.61 0.77 3.78 4.89 5.81 1.48
1.08 5.80 0.78 3.88 4.95 5.88 1.50
1.10 5.99 0.79 3.98 5.01 5.96 151
1.12 6.19 0.81 4.08 5.07 6.03 1.52
1.14 6.39 0.82 4.18 5.13 6.10 1.53
1.16 6.59 0.83 4.28 5.19 6.17 1.54
1.18 6.79 0.84 4.39 5.25 6.25 1.55
1.20 7.00 0.84 4.49 5.32 6.34 1.56
1.22 7.21 0.85 4.60 5.40 6.42 1.57
1.24 7.42 0.86 4.71 5.47 6.51 1.58
1.26 7.63 0.87 4.82 5.55 6.60 1.58
1.28 7.85 0.88 4.93 5.62 6.68 1.59
1.30 8.07 0.89 5.05 5.69 6.77 1.60
1.32 8.29 0.89 5.16 5.77 6.85 1.61
1.34 8.51 0.90 5.28 5.84 6.94 1.61
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Flow depth | Discharge | Av. flow depth Area Width Perimeter | Av. velocity
(m) (m’/s) (m) (m?) (m) (m) (m/s)
1.36 8.74 0.91 5.39 5.92 7.03 1.62
1.38 8.97 0.92 5.51 5.99 7.11 1.63
1.40 9.20 0.93 5.63 6.06 7.20 1.63
1.42 9.43 0.94 5.76 6.14 7.28 1.64
1.44 9.66 0.95 5.88 6.21 7.37 1.64
1.46 9.90 0.95 6.00 6.29 7.46 1.65
1.48 10.14 0.96 6.13 6.36 7.54 1.65
1.50 10.38 0.97 6.26 6.44 7.63 1.66
1.52 10.63 0.98 6.39 6.51 7.72 1.66
1.54 10.87 0.98 6.52 6.63 7.84 1.67
1.56 11.12 0.98 6.65 6.77 7.99 1.67
1.58 11.37 0.98 6.79 6.90 8.13 1.67
1.60 11.62 0.98 6.93 7.04 8.27 1.68
1.62 11.88 0.98 7.07 7.18 8.42 1.68
1.64 12.14 0.99 7.22 7.32 8.56 1.68
1.66 12.40 0.99 7.36 7.46 8.70 1.68
1.68 12.66 0.99 7.51 7.59 8.85 1.68
1.70 12.92 0.99 7.67 7.72 8.98 1.69
1.72 13.19 1.00 7.82 7.85 9.12 1.69
1.74 13.46 1.00 7.98 7.98 9.25 1.69
1.76 13.73 1.00 8.14 8.11 9.39 1.69
1.78 14.00 1.02 8.30 8.15 9.44 1.69
1.80 14.27 1.03 8.45 8.20 9.50 1.69
1.82 14.55 1.04 8.60 8.24 9.55 1.69
1.84 14.83 1.06 8.76 8.29 9.61 1.69
1.86 15.11 1.07 8.92 8.33 9.66 1.69
1.88 15.39 1.08 9.07 8.38 9.72 1.70
1.90 15.68 1.10 9.23 8.42 9.77 1.70
1.92 15.97 1.11 9.39 8.47 9.83 1.70
1.94 16.26 1.12 9.55 8.51 9.89 1.70
1.96 16.55 1.13 9.71 8.56 9.95 1.70
1.98 16.84 1.15 9.87 8.60 10.00 1.71
2.00 17.14 1.16 10.04 8.65 10.06 1.71
2.02 17.43 1.17 10.20 8.69 10.12 1.71
2.04 17.73 1.19 10.37 8.74 10.18 1.71
2.06 18.04 1.20 10.53 8.78 10.24 1.71
2.08 18.34 1.21 10.70 8.83 10.30 1.71
2.10 18.65 1.22 10.87 8.87 10.36 1.72
2.12 18.95 1.24 11.03 8.90 10.40 1.72
2.14 19.26 1.25 11.20 8.93 10.45 1.72
2.16 19.58 1.27 11.37 8.96 10.50 1.72
2.18 19.89 1.28 11.54 8.99 10.54 1.72
2.20 20.21 1.30 11.71 9.03 10.59 1.73
2.22 20.52 1.31 11.88 9.06 10.64 1.73
2.24 20.84 1.33 12.06 9.09 10.69 1.73
2.26 21.17 1.34 12.23 9.12 10.74 1.73
2.28 21.49 1.36 12.40 9.15 10.78 1.73
2.30 21.82 1.37 12.57 9.18 10.83 1.73
2.32 22.14 1.38 12.75 9.21 10.88 1.74
2.34 22.47 1.40 12.92 9.24 10.93 1.74
2.36 22.80 141 13.10 9.27 10.98 1.74
2.38 23.14 1.43 13.28 9.30 11.03 1.74
2.40 23.47 1.44 13.45 9.33 11.08 1.75
2.42 23.81 1.46 13.63 9.36 11.13 1.75
2.44 24.15 1.47 13.81 9.39 11.18 1.75
2.46 24.49 1.48 13.99 9.42 11.23 1.75
2.48 24.84 1.50 14.16 9.45 11.28 1.75
2.50 25.18 1.51 14.34 9.48 11.33 1.76
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Table F-12

Tabulated hydraulic data for EWR site 5 on the Seekoei River

Flow depth | Discharge | Av. flow depth Area Width Perimeter | Av. velocity
(m) (m’ls) (m) (m?) (m) (m) (m's)
0.00 0.000 0.00 0.00 0.00 0.00 0.00
0.02 0.000 0.01 0.00 0.18 0.21 0.00
0.04 0.000 0.02 0.01 0.35 0.41 0.00
0.06 0.000 0.04 0.01 0.41 0.51 0.00
0.08 0.000 0.05 0.02 0.47 0.62 0.00
0.10 0.000 0.06 0.03 0.57 0.79 0.00
0.12 0.000 0.07 0.05 0.70 1.00 0.00
0.14 0.001 0.06 0.06 1.01 1.42 0.01
0.16 0.002 0.07 0.09 1.30 1.81 0.02
0.18 0.006 0.06 0.12 1.92 2.55 0.05
0.20 0.017 0.07 0.16 2.49 3.22 0.11
0.22 0.045 0.06 0.23 3.67 4.47 0.20
0.24 0.093 0.08 0.30 4.06 4.93 0.31
0.26 0.156 0.08 0.39 4.75 5.66 0.40
0.28 0.23 0.10 0.49 5.08 6.01 0.48
0.30 0.32 0.11 0.59 5.33 6.26 0.54
0.32 0.43 0.13 0.70 5.54 6.48 0.61
0.34 0.54 0.14 0.82 5.71 6.65 0.67
0.36 0.67 0.16 0.93 5.88 6.83 0.72
0.38 0.81 0.17 1.05 6.04 6.99 0.78
0.40 0.97 0.19 1.17 6.17 7.13 0.83
0.42 1.13 0.21 1.30 6.29 7.25 0.87
0.44 1.31 0.22 1.42 6.37 7.35 0.92
0.46 1.50 0.24 1.55 6.46 7.45 0.97
0.48 1.70 0.26 1.68 6.55 7.55 1.01
0.50 1.91 0.27 1.81 6.64 7.64 1.05
0.52 2.13 0.29 1.95 6.72 7.73 1.09
0.54 2.36 0.31 2.08 6.78 7.81 1.13
0.56 2.61 0.33 2.22 6.83 7.88 1.17
0.58 2.86 0.34 2.36 6.89 7.95 1.21
0.60 3.12 0.36 2.50 6.95 8.03 1.25
0.62 3.40 0.38 2.64 7.01 8.10 1.29
0.64 3.68 0.39 2.78 7.07 8.18 1.33
0.66 3.98 0.41 2.92 7.15 8.27 1.36
0.68 4.29 0.42 3.06 7.24 8.37 1.40
0.70 4.60 0.44 3.21 7.32 8.48 1.44
0.72 4.93 0.45 3.35 7.41 8.58 1.47
0.74 5.27 0.47 3.50 7.49 8.68 1.50
0.76 5.61 0.48 3.65 7.58 8.78 1.54
0.78 5.97 0.50 3.81 7.67 8.88 1.57
0.80 6.33 0.51 3.96 7.75 8.98 1.60
0.82 6.71 0.53 4.12 7.84 9.08 1.63
0.84 7.09 0.54 4.28 7.97 9.22 1.66
0.86 7.49 0.55 4.44 8.09 9.36 1.69
0.88 7.89 0.56 4.60 8.22 9.50 1.72
0.90 8.31 0.57 4.76 8.35 9.64 1.74
0.92 8.73 0.58 4.93 8.48 9.78 1.77
0.94 9.17 0.59 5.10 8.63 9.95 1.80
0.96 9.61 0.58 5.28 9.04 10.37 1.82
0.98 10.06 0.58 5.47 9.45 10.80 1.84
1.00 10.52 0.59 5.66 9.66 11.02 1.86
1.02 10.99 0.60 5.85 9.81 11.18 1.88
1.04 11.47 0.61 6.05 9.96 11.34 1.90
1.06 11.96 0.62 6.25 10.11 11.50 1.91
1.08 12.46 0.63 6.45 10.25 11.67 1.93
1.10 12.97 0.64 6.66 10.40 11.83 1.95
1.12 13.48 0.64 6.87 10.67 12.10 1.96
1.14 14.01 0.65 7.09 10.94 12.37 1.98
1.16 14.54 0.65 7.31 11.21 12.65 1.99
1.18 15.09 0.66 7.54 11.49 12.92 2.00
1.20 15.64 0.59 7.78 13.12 14.56 2.01
1.22 16.20 0.58 8.05 13.84 15.29 2.01
1.24 16.77 0.58 8.33 14.37 15.82 2.01
1.26 17.35 0.58 8.63 14.90 16.35 2.01
1.28 17.94 0.58 8.93 15.43 16.88 2.01
1.30 18.54 0.58 9.24 15.96 17.41 2.01
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Table F-13 Tabulated hydraulic data for EWR site 6 on the Swart River

Flow depth | Discharge | Av. flow depth Area Width Perimeter | Av. velocity
(m) (m’ls) (m) (m?) (m) (m) (m's)
0.00 0.000 0.000 0.00 0.00 0.00 0.00
0.02 0.000 0.010 0.00 0.11 0.13 0.00
0.04 0.000 0.019 0.00 0.24 0.27 0.00
0.06 0.000 0.027 0.01 0.41 0.47 0.01
0.08 0.000 0.029 0.02 0.75 0.87 0.02
0.10 0.001 0.037 0.04 1.09 1.25 0.03
0.12 0.003 0.045 0.06 1.44 1.63 0.05
0.14 0.007 0.060 0.09 1.56 1.76 0.07
0.16 0.016 0.074 0.13 1.72 1.92 0.13
0.18 0.031 0.087 0.16 1.89 2.09 0.19
0.20 0.051 0.099 0.20 2.05 2.26 0.25
0.22 0.077 0.112 0.25 2.18 2.40 0.32
0.24 0.11 0.13 0.29 2.31 2.54 0.38
0.26 0.15 0.14 0.34 2.44 2.67 0.44
0.28 0.19 0.15 0.39 2.56 2.81 0.50
0.30 0.25 0.16 0.44 2.70 2.95 0.56
0.32 0.31 0.17 0.50 2.85 3.11 0.62
0.34 0.37 0.19 0.55 2.99 3.26 0.68
0.36 0.45 0.20 0.62 3.11 3.38 0.73
0.38 0.53 0.21 0.68 3.18 3.47 0.78
0.40 0.62 0.23 0.74 3.26 3.55 0.84
0.42 0.72 0.24 0.81 3.34 3.64 0.89
0.44 0.83 0.26 0.88 3.42 3.73 0.94
0.46 0.94 0.27 0.95 3.49 3.82 0.99
0.48 1.06 0.28 1.02 3.57 3.90 1.05
0.50 1.19 0.30 1.09 3.65 3.99 1.10
0.52 1.33 0.31 1.16 3.75 4.10 1.15
0.54 1.48 0.32 1.24 3.86 4.21 1.20
0.56 1.64 0.33 1.32 3.96 4.33 1.25
0.58 1.81 0.34 1.40 4.07 4.44 1.29
0.60 1.98 0.35 1.48 4.18 4.56 1.34
0.62 2.17 0.37 1.56 4.28 4.67 1.39
0.64 2.36 0.38 1.65 4.41 4.80 1.43
0.66 2.56 0.38 1.74 4.56 4.96 1.47
0.68 2.78 0.39 1.83 4.73 5.13 1.52
0.70 3.00 0.40 1.93 4.89 5.30 1.56
0.72 3.23 0.40 2.03 5.05 5.46 1.59
0.74 3.47 0.41 2.13 5.21 5.63 1.63
0.76 3.73 0.42 2.24 5.37 5.80 1.67
0.78 3.99 0.42 2.35 5.53 5.96 1.70
0.80 4.26 0.43 2.46 5.77 6.20 1.73
0.82 4.54 0.43 2.58 6.03 6.47 1.76
0.84 4.83 0.43 2.70 6.30 6.73 1.79
0.86 5.13 0.38 2.84 7.54 7.98 1.81
0.88 5.45 0.39 2.99 7.77 8.22 1.82
0.90 5.77 0.39 3.15 8.01 8.46 1.83
0.92 6.10 0.40 3.31 8.24 8.70 1.84
0.94 6.45 0.41 3.48 8.47 8.93 1.85
0.96 6.80 0.42 3.65 8.70 9.17 1.86
0.98 7.16 0.43 3.83 8.93 9.40 1.87
1.00 7.54 0.44 4.01 9.16 9.64 1.88
1.02 7.93 0.45 4.19 9.39 9.87 1.89
1.04 8.32 0.46 4.38 9.60 10.08 1.90
1.06 8.73 0.47 4.58 9.78 10.27 1.91
1.08 9.15 0.48 4.77 9.97 10.46 1.92
1.10 9.58 0.49 4.97 10.15 10.65 1.93
1.12 10.02 0.50 5.18 10.34 10.84 1.94
1.14 10.47 0.51 5.39 10.52 11.03 1.94
1.16 10.94 0.52 5.60 10.71 11.22 1.95
1.18 11.41 0.53 5.82 10.89 11.41 1.96
1.20 11.90 0.55 6.04 11.06 11.58 1.97
1.22 12.39 0.54 6.26 11.55 12.08 1.98
1.24 12.90 0.53 6.50 12.37 12.91 1.99
1.26 13.42 0.51 6.75 13.19 13.74 1.99
1.28 13.95 0.47 7.03 14.86 15.42 1.99
1.30 14.50 0.43 7.35 17.22 17.79 1.97
1.32 15.05 0.41 7.72 18.91 19.48 1.95
1.34 15.62 0.41 8.10 19.69 20.28 1.93
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Flow depth | Discharge | Av. flow depth Area Width Perimeter | Av. velocity
(m) (m’/s) (m) (m?) (m) (m) (m/s)
1.36 16.20 0.42 8.50 20.13 20.72 1.90
1.38 16.79 0.44 8.91 20.31 20.91 1.88
1.40 17.39 0.45 9.32 20.63 21.23 1.87
1.42 18.00 0.45 9.74 21.67 22.28 1.85
1.44 18.63 0.45 10.18 22.72 23.34 1.83
1.46 19.27 0.45 10.65 23.51 24.13 1.81
1.48 19.92 0.46 11.12 24.24 24.88 1.79
1.50 20.58 0.43 11.63 27.07 27.71 1.77
1.52 21.26 0.39 12.21 31.18 31.82 1.74
1.54 21.94 0.36 12.88 35.79 36.44 1.70
1.56 22.64 0.36 13.63 38.08 38.73 1.66
1.58 23.35 0.37 14.40 38.90 39.55 1.62
1.60 24.08 0.38 15.19 39.71 40.37 1.59
1.62 24.81 0.39 15.99 40.49 41.16 1.55
1.64 25.56 0.41 16.80 41.06 41.73 1.52
1.66 26.32 0.42 17.63 41.62 42.30 1.49
1.68 27.09 0.44 18.47 42.19 42.87 1.47
1.70 27.88 0.45 19.32 42.56 43.25 1.44
1.72 28.68 0.47 20.17 42.83 43.52 1.42
1.74 29.49 0.49 21.03 43.10 43.80 1.40
1.76 30.31 0.50 21.89 43.36 44.06 1.38
1.78 31.15 0.52 22.76 43.57 44.28 1.37
1.80 32.00 0.54 23.64 43.78 44.50 1.35
1.82 32.86 0.56 24.51 43.94 44.66 1.34
1.84 33.73 0.58 25.39 44.08 44.80 1.33
1.86 34.62 0.59 26.28 44.22 44.95 1.32
1.88 35.52 0.61 27.16 44.36 45.10 1.31
1.90 36.44 0.63 28.05 44.50 45.24 1.30
1.92 37.36 0.65 28.94 44.63 45.39 1.29
1.94 38.30 0.67 29.84 44.77 45.54 1.28
1.96 39.25 0.68 30.73 44.91 45.68 1.28
1.98 40.22 0.70 31.63 45.05 45.83 1.27
2.00 41.20 0.72 32.54 45.19 45,98 1.27
2.02 42.19 0.74 33.44 45.33 46.12 1.26
2.04 43.20 0.76 34.35 45.47 46.27 1.26
2.06 44.22 0.77 35.26 45.61 46.42 1.25
2.08 45.25 0.79 36.17 45.75 46.56 1.25
2.10 46.29 0.81 37.09 45.86 46.69 1.25
2.12 47.35 0.83 38.01 45.97 46.82 1.25
2.14 48.42 0.84 38.93 46.08 46.95 1.24
2.16 49.51 0.86 39.85 46.22 47.10 1.24
2.18 50.61 0.88 40.78 46.36 47.26 1.24
2.20 51.72 0.90 41.71 46.50 47.41 1.24
2.22 52.85 0.91 42.64 46.64 47.57 1.24
2.24 53.99 0.93 4357 46.77 47.72 1.24
2.26 55.14 0.95 44.51 46.91 47.88 1.24
2.28 56.31 0.97 45.45 47.05 48.03 1.24
2.30 57.49 0.98 46.39 47.19 48.19 1.24
2.32 58.68 1.00 47.34 47.33 48.34 1.24
2.34 59.89 1.02 48.28 47.47 48.50 1.24
2.36 61.12 1.03 49.23 47.61 48.66 1.24
2.38 62.35 1.05 50.19 47.75 48.81 1.24
2.40 63.60 1.07 51.14 47.89 48.97 1.24
2.42 64.87 1.08 52.10 48.03 49.12 1.24
2.44 66.14 1.10 53.07 48.17 49.28 1.25
2.46 67.44 1.12 54.03 48.30 49.43 1.25
2.48 68.74 1.14 55.00 48.44 49.59 1.25
2.50 70.06 1.15 55.97 48.58 49.74 1.25

24 Habitat type abundance assessments and velocity distribution information

A method for using standard hydraulic information as the basis for quantifying habitat types
for fish is described in the methodology (Section 3.3), and the results are provided in tables
F-14 to F-18. The shaded rows denote ratings corresponding to measured flows. Velocity
distribution information using the distribution model of Lamouroux et al., (1995) is provided in
Tables F-19 to F-23.
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Table F-14 Ratings of habitat type abundance for EWR site 1 on the Kromme River
Discharge e oty " catculated) Final rating
SS | sbDb | FS | FD | ss | sb | FS | FD | ss | sD | FS | FD
0.01 5 5 0 0 3 3 0 0
0.028 5 4 0 0 5 4 1 0
0.13 5 4 0 0 5 4 2 0
0.5 5 5 2 2 45 5 3 2
1.0 4 5 2 3 4 5 5 3
15 3 5 2 3 3 5 5 4
Table F-15 Ratings of habitat type abundance for EWR site 2 on the Kromme River
Discharge S ontte) " catculated) Final rating
SS | sD | FS | FD | ss | sD | FS | FD | ss | sD | FS | FD
0.01 5 4 1 0 5 4 1 0
0.042) 5 2 3 0 5 4 1 0 5 4 1 0
0.054] 4 4 2 0 5 4 1 0 5 4 1 0
0.2 4 5 3 0 4 5 3 0
0.5 4 5 3 1 4 5 3 1
1.0 4 5 4 2 3 5 4 2
Table F-16 Ratings of habitat type abundance for EWR site 4 on the Geelhoutboom River
el I Rl I
SS | sD | FS | FD | ss | sD | FS | FD | ss | sD | FS | FD
0.000086] 1 1 0 0 1 0 0 1 2 0 0
0.01 2 1 0 2 3 1 1
0.05 2 3 0 2 3 2 1
0.10 2 4 0 3 4 3 2
0.15 2 5 0 3 4 4 2
Table F-17 Ratings of habitat type abundance for EWR site 5 on the Seekoei River
ossarge | ECCBamITent | e
SS | sSD | FS | FD | ss | sD | FS | FD | ss | sD | FS | FD
0.001 2 1 0 2 1 1 0
0.016] 4 1 2 0 4 2 0 4 1 2 0
0.05 5 2 0 5 2 2 0
0.10 4 3 0 5 2 3 0
Table F-18 Ratings of habitat type abundance for EWR site 6 on the Swart River
oischarge | Eooose R | e
SS | SD | FS | FD | sS | sD | FS | FD | ss | sD | FS | FD
0.001 5 1 0 4 2 0 0
0.0055| 5 3 2 0 5 1 0 5 3 1 0
0.05 4 3 0 4 4 2 0
0.10 3 4 0 4 4 3 0
0.20 2 5 0 3 4 4 1
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Table F-19

Velocity distributions for EWR site 1A (Riffle)

Lamouroux et al. (1995)

Discharge | Average velocity . Frequency (%) of
(m?Is) (m/s) I T velocity (mls)
o <0.1 <0.3 <0.6
0.01 0.05 0.15 75 100 100
0.028 0.07 0.15 75 100 100
0.13 0.10 0.25 59 100 100
0.5 0.18 0.55 41 84 100
1.0 0.31 0.8 31 64 94
15 0.31 0.9 27 56 91
Table F-20 Velocity distributions for EWR site 2B (Rapid)
Lamouroux et al. (1995)
Discharge | Average velocity . Frequency (%) of
(m’s) (m/s) Max. vcleloclty velocity (m/s)
(mis) <0.1 <0.3 <0.6
0.01 0.04 100 100 100
0.04 0.08 0.25 57 100 100
0.05 0.11 0.35 61 100 100
0.2 0.25 39 70 96
0.5 0.39 26 49 80
1.0 0.62 14 30 53
2.0 0.79 9 20 39
Table F-21 Velocity distributions for EWR site 4 (Run)
Lamouroux et al. (1995)
Discharge | Average velocity i Frequency (%) of
(m’s) (m/s) Max. V7|°°'ty velocity (m/s)
(mis) <0.1 <0.3 <0.6
0.000086 0.02 0.05 100 100 100
0.01 0.14 0.4 34 96 100
0.05 0.30 0.8 10 48 95
0.10 0.47 1.2 2 21 65
0.15 0.54 13 1 15 53
Table F-22 Velocity distributions for EWR site 5 (Riffle)
Lamouroux et al. (1995)
Discharge | Average velocity . Frequency (%) of
(m?/s) (m/s) Max. "‘7'°°'ty velocity (m/s)
o <0.1 <0.3 <0.6
0.001 0.008 100 100 100
0.016 0.11 0.33 77 97 100
0.050 0.20 0.6 65 81 100
0.100 0.31 0.9 42 65 89
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Table F-23 Velocity distributions for EWR site 6 (Riffle)

Lamouroux et al. (1995)
Discharge | Average velocity . Frequency (%) of
(m’ls) (m/s) Max. velocity velocity (m/s)
(m/s)
<01 | <0.3 | <06
0.001 0.031 0.1 100| 100 100
0.0055 0.07 0.2 75| 100 100
0.05 0.25 0.75 28 66 97
0.10 0.38 1.1 15 40 82
0.20 0.50 1.4 9 27 63
25 Confidence in the hydraulic characterisations
The confidence in the characterisations of the hydraulic relationships is provided in Table F-
24.
Table F-24 Confidence in the hydraulic characterisations
Site no. Site character Available data BeferenceltolRE SlerliecemmentadiEE
Low flows High flows
1 3 2 4 2

Measured flows of 0.028 and 0.13 m%s. No measured medium and high flow data. Recommended low-flows are in the
range 0.001 to 0.22 m®/s and high flows in the range 2-18 (within year) to 50 m¥/s.

2

| 35

3 |

4

3

Measured flows of 0.042 and 0.054 m*s. No measured medium and high flow data. Recommended low-flows are in the
range 0.001 to 0.082 m*/s and high flows in the range 3-23 (within year) to 60 m*/s.

4

| 5

L |

2

3

Measured flow of 0.000086 m*/s (86 ml/s). No measured low to medium and high flow data.. Recommended low-flows
are in the range 0 to 0.01 m%s and high flows in the range 0.3-1.4 m*/s (within year).
5 | 4 | 1 | 3 | 2
Measured flow of 0.016 m%s. Low-flow drought and maintenance flows in range of 0 to 0.01 m%s. No measured
medium and high flow data. Recommended low-flows are in the range 0 to 0.008 m*/s and high flows in the range 0.3-
1.9 m¥s (within year).
6 | 3 | 1 | 3 | 1
Measured flow of 0.0055 m%s. No measured medium and high flow data. Recommended low-flows are in the range
0.001 to 0.22 m%s and high flows in the range 0.3-1.3 (within year) to 27 m%s.
Confidence rating: 0=none, 1=low, 2=low/medium, 3=medium, 4=medium/high, 5=high
PES: Present Ecological State
Ecological Category

EC:
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APPENDIX G

SOCIO-CULTURAL IMPORTANCE OF THE KROMME AND SEEKOEI
RIVERS

Mr G. Huggins, IWR Catchment Consultants
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1 OVERVIEW

Specific methods to determine the social importance have not yet been determined.
However the basic assumption followed in this case is to assess the river with regard to the
dependence of people on its healthy functioning. Also included is a consideration of the
cultural and tourism potential. Specifically the methodology employed for the study
incorporated:

) A desktop analysis of existing literature (Obtained from: Stats SA: Census Data
2001 Ward Profiles for the Kouga, Kou Kamma and Humansdorp Municipalities).
o An overview of the catchment from existing data sources.

The Kromme and Seekoei rivers flow through the largely rural areas of the Kouga and Kou
Kamma municipalities. The major urban settlements within the catchments are Humansdorp,
Jeffrey’s Bay and allied coastal settlement as well as Kareedouw. More specifically, the
upper parts of the Kromme River flows through Ward 2 of the Kou Kamma Municipality
(including Kareedouw), while the lower parts flow through Ward 1 of the Kouga Municipality.
The Seekoei River is located mostly within Ward 1 of the Kouga Municipality, although
Humansdorp (Ward 8 of the Kouga Municipality) is also within the catchment. Total
population figures drawn from the 2001 National Census, and as provided by Statistics SA,
are provided in Figures G-1 to G-3. Figures in the purple columns represent the situation as
it was in the 1996 Census, while the figures in the white columns represent the situation as it
was for the 2001 Census.

Populstion group
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Figure G-1 Population of Ward 1 of the Kouga Municipality (Lower Kromme and Seekoei)
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Figure G-2 Population of Ward 2 of the Kou Kamma Municipality (Upper Kromme)
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Figure G-3 Population of Humansdorp

The figures above indicate that there is a population mix typical of many of the rural areas of
South Africa. For the most part people in Ward 2 of the Kou Kamma Municipality are
engaged in agriculture and associated activities, while the larger “white” population indicated
in Ward 1 of the Kouga Municipality are resident in the towns of St Francis Bay and other
coastal nodes. Humansdorp has a population typical of a second order service town. Of
importance to this study are Figures G-1 to G-6 that illustrate the sources of water supply for
the people of the catchments.
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Water supply for the households of Humansdorp

Figure G-6

Figures G-4 to G-6 indicate that the water supply situation in terms of delivery of potable

water to households has improved over the past few years.

While the 1996 situation

indicated that there were some households’ dependant on the river for their water, by 2001
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this situation had been eradicated and the vast majority of the population has access to
water either in their dwelling or in their yard. Unlike many other areas of South Africa where
rural areas are characterized by high levels of dependence on riverine systems for provision
of goods and services, this does not appear to be the case in the Kromme and Seekoeli
catchments. The only exceptions to this appear to be the dependence of many of the
households on the irrigated agricultural sector (excluded from consideration of socio-cultural
importance) and the role that the estuaries play in providing a recreational resource.
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2 ASSESSMENT

Confidence in

Unit Importance Reason
assessment
Resource Unit A: Segment 4 - 11 Formal Rural Settlements
(Kromme River above Churchill Dam): with limited dependence on
Land use is almost exclusively L the river with exception of .
: . ow . . e Medium
agricultural with the small town of direct economic exploitation.
Kareedouw also dependent on this
sector for its existence.
Resource Unit B: Segment 14 - 15 Formal Rural Settlements
(Between Churchill and Impofu dams): with limited dependence on .
: : Low . : . Medium
Land use is almost exclusively the river with exception of
agricultural. direct economic exploitation.
Resource Unit C: Segment 18 (Below Formal Rural Settlements
Impofu Dam): Low with limited dependence on Medium
Mostly dry land commercial farming. the river with exception of
Some irrigation. direct economic exploitation.
Resource Unit D: Estuary (Kromme Recreational use of the
River): estuary is an important
Town of St Francis Bay and relatively High feature. Medium
large population who use the estuary for
recreation.
Resource Unit E: Segment 1 to 4 (at M Some estuarine utilisation for .
. oderate : Medium
estuary) (Geelhoutboom River) recreation purposes.
Resource Unit F: Segment 1 to 3 of River is of importance to
the Seekoei River: irrigated agriculture and to the
Town of Humansdorp and irrigated town of Humansdorp but .
) Low . ' Medium
agricultural lands. direct dependence as defined
for the purposes of socio-
cultural importance is limited.
Resource Unit G: Estuary (Seekoei Recreational use of the
River): High estuary is an important Medium
Town of Paradys Strand. feature.
Resource Unit H: Segment 1 to 3 Formal Rural Settlements
(Swart River) Low with limited dependence on Medium
the river.
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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APPENDIX H

ECOLOGICAL IMPORTANCE AND SENSITIVITY
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Figure H-1

Very high Quaternaries/deineations that are considered to be unique on a national or even
rtermational level based on nique biodiversity (habitat diversity, species diversity, Uniqus spedies,
rare and endangered species). These rivers (in terms of biota and habitat) are usually very sensitive
o flow modifications and have no or orly a small capadity for use.

High Quaternaries/delinsations that are considered to be uniqus on a national scale due to
biodiversity (habitat diversity, species diversity, unique species, rare and endangered species).
These rivers (in terms of biota and habitat) may be sensitive to flow modifications but in some cases,
may have a substantial capacity for use.

Moderate Quaternaries/delineations that are considered to be unigue on a provindial or local scale
due to biodiversity thabitat diversity, species diversity, unique species, rare and endangered
species). These rivers (in terms of biota and habitat) are usually not very sensitive to flow
modifications and often have a substantial capacity for use.

Low,/marginal Quaternaries/deleinations that are not unique at any scale, These rivers (in terms of
biota and hahitat) are generaly nok very sensitive ko Flow modifications and usually have a

substantial capacky for use.

Unique biota
Endemic or uniquely isolated species populations (or taxa, i.e. in the case of invertebrates) that
are not rare or endangered should be included here. This assessment should also consider local,
Provincial and National scales and should be treated separately from rare and endangsred species
(i.c. the same species should not be considered)

Fynbos biome: Within this biame all the biota would be urique. The rivers were therefore
assessed vithin the context of the biome for the Western Cape (Luger 1999a), Yery High -
rating=4; One or more population {or taxon) unique on a National scale. For the Western Cape —
rated on a biome stale.

High - rating=3; Cne or more poplation {or taxon) judged to be uniqus on a Provincialjregional
scale. For the Western Cape - rated on & sub-regional scale (i.e. narthern, western, southern and
karraid).

Moderate — rating
Marginal - ratin
None - rating =

Jore: than one population (or taxon) judged to be unique on a local scale,
+ One population (or taxon) judged to be unique at & local scale.
o population {or taxon) judged ko be unique at any scale.

Rare and endangered biota

Bioka can be rare or endangered on a local, Provincial and National scale, Useful sources For this information includs
the South African Red Data Books that are suitable for assessment on a Mational scale. However, species (or taxa in
the case of invertebrates) can be rare or endangered on & Prowincial or local scale but not on 2 National scale,
Professional judgement needs to be utiised in such cases.

y High - rating=4; Gne or more species/taxon judged as rare or endangered on 5 National scale (i.e. 54 Red
Data Eooks)
High - rating=3; One or more speciesftason judged to be rare or endangered on & Provindialiregional scale,
Moderate - rating=2; Mar:

Marginal - rating=:
None - rating=0; No rare or endangered species/taxon at any scals

SPECIAL CONSIDERATIONS FOR NATURAL ¥S PRESENT
IT IS POSSIELE THAT UNDER NATURAL CONDITIONS THERE MAY HAVE BEEM NO RARE & ENDANGERED
THE DELINEATION,

FLOW, ETC.), IN SOME SPECIAL CASES RARE AND ENDANGERED SPECIES MAY EVEN HAWE BEEN INRODUCED AND
ESTABLISHED THEMSELVES PARMANENTLY , ALTHOUGH THIS MAY HAYE A DETRIMENTAL EFFECT
ECOLOGICAL IMTEGRITY, THE DECISION TO INCLUDE CONSIDERATION OF SUCH SPECIES SHOLY
\LHE LOGRCE OF THE CNANGERLDHEDS,

& than one species(taxon judged to be rare or endangered on a local scale.
+ One speciesitaxon judged as rare or endangered at 4 local scale,

Species/taron richness

Species/taxon richness can be assessed on a comparative basis according to a local, Pravincial or National scale, Strictly, this kind of assessment
should be based on the grouping of ecclogically similar rivers. However, such s systemis stil under development and sssessment will again to have
to be based on professional judgement

Yery High - rating:

Moderate - rating
Marginal/low - rating=
(a rating of none is not apprapriate in this context)

SPECIAL CONSIDERATIONS FOR NATURAL ¥S PRESENT

TAXOM RICHVESS MAY HAVE BEEN HGHER UNDER MATURAL CONDITIONS THAM PRESEMTLY.
CONVERSELY PRESENT TAXON FICHNESS MAY BE HIBHER DUE TO MATURAL INVASIONS OF INDISENOUS BIOTA, DECISION MUST BE MADE IF THIS

Rated on a Mational scale. For the Western Cape - rated on a biome scale,
ted on a Provincialjregional scale, For the Western Cape - rated on a sub-regional scale (.2, northern, western, southern and

ated on a local scale.
5 Not significant at any scale

N THE
BE RELATED TO

The scological Importance
and sensitivity under
natural as well as present
condtions is assessed

The expected natura)situation (i.e.,
a best passible estiation of what

RIVER: interference and fhodification),
RU/IFR site/

ECOLOGICAL IMPORTANCE AMD SENSITIVITY CLASS (EISC)

The scological ar

NATURAI

Diversity of aquatic habitat types or features

Diversity of habitat bypes in a river delineation should be assessed according to local, Provincial and National scales (rifles, rapids,
runs, pocls and backusters and the associated marginal areas and substrate bypes, lotic wetlands (source sponges, Aoodplain habitat
types) and the riparian zone), Assessment should again be based on professional judgsmert.

very High - rating=4; Rated on a National scale.
High - rating=3; Rated on a Provincialfregional scale.
Mnd:rate rating=2; Rated on a local scale

al/low — rati Nat significant at any scale,

ga rating of none is not aEEmEnate in this context)

Refuge value of habitat types
The functionality of the habitat kypes present shauld be assessed in terms of their abilty to provide refugia ta biota
during periods of enviranmental stress on 2 lacal, Provincial and National scale. Assessment < based on avalable
nformation and expert. judgemert.
Very High — rating=4; Rated on a National scale.
High - rating=3; Rated on s Provincialjregional scele.

- rating=2; Rated on a local scale

score
DETERMINANTS @A)

NF

Intolerant biota
Intalerant biota ncludes those species {or taxa in the case of nvertebrates) that are known (ar derived or
suspected) to be intolerank to decreased or Increased flow conditions as well as changed physical habitat

BIOTA (RIPARIAN & INSTR [COMMENTS|

Rare & enddnge

Unique (endemic, isalated, efe) H

- rating=1; Not significant at any scale,
(a rating of none is nok appropriate in this context)

SPECIAL CONSIDERATIONS FOR NATURAL ¥S PRESENT

IT18 POSSIBLE THAT UMDER MATURAL CONDITIONS THE DELINEATION \AS ONE OF SEVERAL REFUGIA IN THE AREA AND THAT
THE RATING WOULD MOT BE PARTICULARLY HIGH.

UNMDER FRESENT CONDITIONS THERE 1A' NOW BE MUCH LESS REFUGIA IN THE GEMERAL AREA AND WHAT IS STILLIN
EXISTEMCE MAY NOW BE OF ELEVATED IMPORTANCE.

and alkered water quality conditions relsted to decreased o increased Flows. As little experimental
information is avalable on the intolerance of indigenous biota, assessment should be based on

Tntolerant (Flaw & Flow related water quality) 4

jndgement

=
FN P PR S

NENN

Specistaxan richness

RIPARIAN & INSTREAM HAB.

kevazulujhlatal: There is no quaternary without flow and that there is flow an
conmurity dependent on Flow develops, This would mean that every quaternary should be rated highly with
respect to this criterion. The solution to the preblem vas to use only fish (Chutter 1999),

Wery High - rating=4; & very high proportion of the biota is expected to be dependent on permanently
Flowing water during al phases of their [Fe cycle,

High - rating=3;  high proportion of the biota is expected ko be dependent on

water during all phases of their life cycle,
Moderate - rating=2; A smal proportion of the biok is expect=d to be dependent on

flowing water during some phases of their ife cycle.

Marginal - rating=L; A very low propartion of the biota s expected to be only temporariy dependent on
flowing water For the completion of their e cycle, Sporadic and seasonal flow events expected to be
sufficiert.

None - rating=0; Rarely if any biota sxpected with any dependence on Flowing water,

SPECIAL CONSIDERATIONS FOR NATURAL VS PRESENT

INTOLERANT BIOTA MAY HAVE ABSENT OF: LOW UNDER: NATURAL CONDITIONS,

MATURAL INYASION (FOR WHATEVER REASON) MY HAYE UNCREASED THE PRESENCE OF INTOLERANT
INDIGEMOUS BIOT A DECISION MUST BE MACE IF THIS CONTRIBUTES TO ECOLOGICAL IMPORTANCE.

Diversity of fypes T a2 | 2
Refugia : |z | =
Sersitivity fo flow changes : [ 5] 2z | =
Sersitivity fo flow related water quality changes ENEENEE
fiovan Wigration raufe/carridor 5 2 B
Inportance of conservation & natural areas 0 T e | 4

WEDTAN OF DETERMINANTS 3

HIGH

ECOLOGICAL IMPORTANCE AND SENSITIVITY

MODERATE.]

National parks, Wilderness areas, Nature reserves Natural Heritage sites Natural areas

The presence of conservation {j.e. Mational Parks, Widerness areas and Nature Ressrves) and natural
areas {i.e. unprodaimed, relatively unmodified/undisturbed areas) within a stream delineation willlogically
pliace an addtional emphasis on the ecological mportance and sensitivity of & streann, The importance of
such areas for the conservation of the aguatic ecological diversity on diferent scales must be judged, i.s.
the presence of a quaternary or other deinzation in a conservation or natural area does not automatically
indicates a high score.

Very high - score=4; The stream delineation is present within an area very important for the
conservation of ecological diversity on a Nationl and even intetnational scale.

High - score=3; The stream delineation is present within an area impartant For the conservation of
ecclogical diversity on a National scale.

Moderate - score=2; The stream delineation is present within an area important for the conservation of
ecological diversity on a provincial fregional scale:

Marginal,/Low - score=1; The stream delineation is present within an area important For the conservation
of ercological diversity on a local scale.

Very low - score=0; The stream delineation is not present within an area important For the conservation
of ecological diversity on any scale.

SPECIAL CONSIDERATIONS FOR NATURAL ¥S PRESENT
RULE: UNDER MATURAL CONDITIONS THERE WERE NO:

Mational parks,
THEREFO I
present situation.

tc are nlyrated for the

of habitat to flow changes

This assessment should essentially take into accounk the size of the stream as wel as the habitat types available. The presumption is that
oy & limited decrease or increase in the Aow (and the related depth and width) of certain rivers (often "smalles” streams) wil result in
particular physical habitat types i.e. riffles), becoming unsuitable for bioka as compared to "larger” streams, Assessment is based on
available information and expert judgement.

wery High - rating=4; Streams of 2 particular size and with sbundant habitat types highly sensitive to flow decreases of increases at al
times

High - rating=3; Streams of a particular size and with some habitat types being highly sensitive to Flow decreases or decreases at al
times.

Moderate - rating=2; Streams of a particular size and with some habitat types being susceptible to flow decreases or increases during
certain seasans.

Marginal/low - rating=1; Streams of a particular size and with habitat types rarely sensitive to flow decreases or increases.

{3 rating of none is not appropriate in this context)

SPECIAL CONSIDERATIONS FOR NATURAL ¥S PRESENT

UNDER NATURAL COMDITIONS THE DELINEATION MAY HAYE HAD & PARTICULAR CHANNEL AND SUESTRATE THAT RESULTED IN A PARTICULAR
FRATE OF LOSE OF DEFTH ANDHOR VELOCITY AMD/OR WETTED PERIMETER [LE. HABITAT IN GEMERAL) WITH A NATURAL DECREASE INFLOW.
PRESENTLY THE ARDOUNT OF FLOW THAT IS ABSTRACTED MAY RESULT IN 2, DIFFEREMT RATING OF THE SEMSITIVITY OF HABITAT TO FLOW.
MODIFICATION: THE ARMOUNT OF FLOW LEFT MAY BE 50 L0W THAT THE CURRENT SENSITIMITY 5 MOW RATED AS HIGHER THAM UNDER MATURAL
CONDITIONS.

Ztion route/corridor for instream and riparian biota

e Importance of a spedfic stream delneation in terms of the Ik It provides For the upstream and downstream bioloical
functioning of other sections of the stream, is indicated here (i, conmectivity). In essence the biological connectivity
provided by a particular stream defineation can influence its ecological importance and result in an adapted (i.e. higher)
rating than it would have had F was assessed only on its o, Assessments should be based on the resuls of ratings for
individual stream network delineations, professional judgement and avallable information, The sensitivity of the migration
rautefcarridor to modfications and disruptions Form part of the assessment.

\Within this context, headwater quaternariesjdelineations could have a low importance as a migration route [corridor (at 2
sUb-quaternary or other smaler delineation, migration routefcorridor may be more impartank)

Very high - rating=4; The stream delineation s 4 critical link in terms of connectivity for the survival of bioka upstream
and donnstream and is very sensitive to modification,

High - rating=3; The stream delineation is an important link in kerms of connectivity for the survival of bioka upstream and
dovnstream and is sensitive to modiication.

Moderate - rating=2; The stream delineation is a moderately impartark link in berms of connectiviey For the survival of
biota upstream and downstream and is moderately sensitive to modfication.

Marginal/Low - rating=1; The stream delineation is a marginally/lovs impartant link.in terms of connectivity For the
survival of bioka upstream and downstream and has a marginal sensitivity to modification

None — rating=0; The stream delineation is not of any mportance in kerms of connectivity for the survival of biota
upstream and downstream.

SPECIAL CONSIDERATIONS FOR NATURAL ¥S PRESENT
NORMALLY IT CAN BE EXPECTED THAT THE MIGRATION CORRIDOFYROUTE WILL TEND TO DECREASE I IMPORTAMCE WHEN
ADYING AW AT FROM THE NATURAL SITUATION.

EIS rule-based model and explanation

HOWEVER, WHERE THE MIGRATION ROUTE/CORAIDOR FUNCTION OF THE DELINEATION S ONE OF & FE\ LEF T UNDER PRESENT

Sensitivity to flow related water quality changes

This assessment should also consider the size and Flow of the stream in terms of its sensitivity o water quality changes, A decrease in
the natural fow volume may, For example, result in a diminished assimilative capadty (in the situation where effluent Forms part of the
total flow volume) or may cause natural water quaity wariables (i.e, water temperature and oxygen) ta reach levels detrimental far
biota (also applicable to increases in Aow). The assumption regarding the sensitivity of "smaller” streams is also applicable here. In
terms of organic pollution load, it has been pointed out that slow flowing deep rivers would be impacted over greater distances than
Fast Aowing shallow rivers where re-areation rates would be high (Chutter 1999). Assessment is based on avalable information and
expert judgement

Very High - rating=4; Streams of 2 particular size (usually "smal and with sbundant habitat types highly sensitive to water quality
changes related to Flow decreases or increases at all times.

High - rating=3; Streams of & particular size (usually "small’) and with some habitat bypes being highly sensitive to water quality
related changes related to Flow decreases or increases at all times,

Moderate - rating=2; Streams of a particular size (often "arger’) and with some habitat types heing sensitive ko waker qualiy
related Flov decreases or increases during certain seasons,

Marginal/low - rating=1; Streams of a particular size (often "larger”) and with habitat types rarely sensitive to water qualty
change related to flow decreases or increases,

(a rating of none is not appropriate in this conkext)

SPECIAL CONSIDERATIONS

UNDEF: NATURAL CONDITIONS THE DELINEATION MAY HAYE HAD A FARTICULAR CHANKEL AND SUBSTRATE THAT RESULTEDIN A
PARTICULAR RATE OF LOSS OF DEPTH ANDOR YELOCITY (1. HABITAT IN GENERAL), AND £ CONSEQUENT INFLUENCE DN WATER QUALITY
CHARACTERISTICS SUCH AS ORVGEN AND TEMPERATURE WITH A MATURAL DECREASE IN FLOW. THIS SENSITIVITY WILL ALSOIBE
IMFLUENCED B THE NATURAL CLIMATIC ATTRIBUTES OF THE AREA WITHIN WHICH THE DELIMEATION LIES.

PRESENTLY THE AMOUMT OF FLOW THAT IS ABSTRACTED MAY RESULT IM A DIFFERERT RATING OF THE SEMSITIVITY OF HABITAT TOFLOW
MODIFICATION: THE AMOUNT OF FLOW LEFT MAY BE S0L0W THAT THE CURRENT SEMSITIVITY 1S WOW RATED AS HIGHER THAN UMDER
HATURAL CONDITIONS, THIS Y RESULT IN THE DELEINATION MO BEING MORE SENSITIVE TO FLOW RELATED WATER QUALITY CHANGES
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1 EWR 1: UPPER KROMME RIVER

NATURAL PRESENT
DETERMINANTS SCORE | CONF | SCORE ‘ CONF
(0-4) (0-4)
BIOTA (RIPARIAN & INSTREAM) COMMENTS
Rare & endangered (range: 4=very high - 0= none) 2 2 1 2 |Presence of Pseudobarbus afer and Teloganodidae.
Unique (endemic, isolated, etc.) (range: 4=very high - 0= none) 1 1 0 3  |Notonemouridae
Intolerant (flow & flow related water quality) (range: 4=very high - 0= none) 2 3 2 3 5 species (4 present) dependant on flow the whole year.
Species/taxon richness (range: 4=very high - 1=low/marginal) 3 3 2 2 |invertebrates
RIPARIAN & INSTREAM HABITATS
Diversity of types (4=Very high - 1=marginal/low) 3 2 2 3 E:((;)E/\’/atéirzl_es’ undercut banks, instream vegetation,
Refugia (4=Very high - 1=marginal/low) 3 > > > Ir_no:rzigfals\?é:ggt(;%rgnlchannels under present conditions and
Sensitivity to flow changes (4=Very high - 1=marginal/low) 2 2 2 2
Sensitivity to flow related water quality changes (4=Very high - 1=marginal/low) 2 2 2 2
Migration route/corridor (instream & riparian, range: 4=very high - 0= none) 1 3 0 3
Importance of conservation & natural areas (range, 4=very high - O=very low) 0 4
MEDIAN OF DETERMINANTS 2 2
ECOLOGICAL IMPORTANCE AND SENSITIVITY CLASS (EISC) MODERATE MODERATE
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2 EWR 2: MIDDLE KROMME RIVER

NATURAL PRESENT
DETERMINANTS SCORE ‘ CONF | SCORE ‘ CONF
(0-4) (0-4)
BIOTA (RIPARIAN & INSTREAM) COMMENTS
Rare & endangered (range: 4=very high - 0= none) 2 2 1 2 Presence of Psudobarbus afer and Teloganodidae.
Unique (endemic, isolated, etc.) (range: 4=very high - 0= none) 1 1 0 3 Notonemouridae
Intolerant (flow & flow related water quality) (range: 4=very high - 0= none) 2 3 2 3 Simullids, abundant Hydrosychids, Ceratopogonids
Species/taxon richness (range: 4=very high - 1=low/marginal) 3 3 2 2 Invertebrates
RIPARIAN & INSTREAM HABITATS
Diversity of types (4=Very high - 1=marginal/low) 3 2 2 3 Egglljvgélris undercut banks, instream vegetation and
Refugia (4=Very high - 1=marginal/low) 3 2 3 2 |Large deep pools.
Sensitivity to flow changes (4=Very high - 1=marginal/low) 2 2 3 2
Sensitivity to flow related water quality changes (4=Very high - 1=marginal/low) 2 2 2 2
Migration route/corridor (instream & riparian, range: 4=very high - 0= none) 2 3 0 3
Importance of conservation & natural areas (range, 4=very high - O=very low) 1 4
MEDIAN OF DETERMINANTS 2 2
ECOLOGICAL IMPORTANCE AND SENSITIVITY CLASS (EISC) MODERATE MODERATE
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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3 EWR 4: GEELHOUTBOOM RIVER

NATURAL PRESENT
DETERMINANTS SCORE ‘ CONF | SCORE ‘ CONF
(0-4) (0-4)
BIOTA (RIPARIAN & INSTREAM) COMMENTS
Rare & endangered (range: 4=very high - 0= none) 4 4 4 4  |Presence of Podocarpus latifolius.
Unigue (endemic, isolated, etc.) (range: 4=very high - 0= none) 0 1 2 3 [Closed canopy across the whole length of system.
Intolerant (flow & flow related water quality) (range: 4=very high - 0= none) 1 1 1 1
Species/taxon richness (range: 4=very high - 1=low/marginal) 3 3 3 2 |Vegetation.
RIPARIAN & INSTREAM HABITATS
Diversity of types (4=Very high - 1=marginal/low) 1 2 1 3
Refugia (4=Very high - 1=marginal/low) 2 1 2 1 Birds.
Sensitivity to flow changes (4=Very high - 1=marginal/low) 2 1 1 1
Sensitivity to flow related water quality changes (4=Very high - 1=marginal/low) 2 2 2 2  [Shaded habitats.
Migration route/corridor (instream & riparian, range: 4=very high - 0= none) 2 2 1 1
Importance of conservation & natural areas (range, 4=very high - O=very low) 1 4
MEDIAN OF DETERMINANTS 2 1.5
“ECOLOGICAL IMPORTANCE AND SENSITIVITY CLASS (EISC) MODERATE MODERATE
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component

November 2005

EWR Rivers Report: Final

Page H-9







4 EWR 5: SEEKOEI RIVER

NATURAL PRESENT
DETERMINANTS SCORE | CONF | SCORE | CONF
(0-4) (0-4)
BIOTA (RIPARIAN & INSTREAM) COMMENTS
Rare & endangered (range: 4=very high - 0= none) 3 3 2 4 I|Presence of Pseudobarbus afer and Podocarpus latifolius.
Unigue (endemic, isolated, etc.) (range: 4=very high - 0= none) 0 3 0 3
Intolerant (flow & flow related water quality) (range: 4=very high - 0= none) 3 2 2 2 Fish and invertebrates.
Species/taxon richness (range: 4=very high - 1=low/marginal) 3 3 2 2
RIPARIAN & INSTREAM HABITATS
Diversity of types (4=Very high - 1=marginal/low) 3 2 2 3 Egggﬁéng?gg?/t:éetéﬁgirﬂ& riffles, marginal  vegetation,
Refugia (4=Very high - 1=marginal/low) 3 1 > 1 tl:))aerflfs. pools - filled up in present conditions, undercut
Sensitivity to flow changes (4=Very high - 1=marginal/low) 2 1 2 1
Sensitivity to flow related water quality changes (4=Very high - 1=marginal/low) 2 2 2 2
Migration route/corridor (instream & riparian, range: 4=very high - 0= none) 1 2 1 1
Importance of conservation & natural areas (range, 4=very high - O=very low) 1 4 |Upstream mountain stream.
MEDIAN OF DETERMINANTS 3 2
HECOLOGICAL IMPORTANCE AND SENSITIVITY CLASS (EISC) MODERATE MODERATE
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5 EWR 6: SWART RIVER

NATURAL PRESENT
DETERMINANTS SCORE ‘ CONF | SCORE ‘ CONF
(0-4) (0-4)
BIOTA (RIPARIAN & INSTREAM) COMMENTS
Rare & endangered (range: 4=very high - 0= none) 2 2 1 2 Presence of Pseudobarbus afer and Teloganodidae.
Unique (endemic, isolated, etc.) (range: 4=very high - 0= none) 1 1 0 3 Notonemouridae.
Intolerant (flow & flow related water quality) (range: 4=very high - 0= none) 2 3 2 3 Simullids, abundant Hydrosychids, Ceratopogonids.
Species/taxon richness (range: 4=very high - 1=low/marginal) 3 3 2 2 Invertebrates.
RIPARIAN & INSTREAM HABITATS
Diversity of types (4=Very high - 1=marginal/low) 3 2 2 3 Egglljvgélris undercut banks, instream vegetation and
Refugia (4=Very high - 1=marginal/low) 3 2 3 2 |Large deep pools.
Sensitivity to flow changes (4=Very high - 1=marginal/low) 2 2 3 2
Sensitivity to flow related water quality changes (4=Very high - 1=marginal/low) 2 2 2 2
Migration route/corridor (instream & riparian, range: 4=very high - 0= none) 2 3 0 3
Importance of conservation & natural areas (range, 4=very high - O=very low) 1 4
MEDIAN OF DETERMINANTS 2 2
ECOLOGICAL IMPORTANCE AND SENSITIVITY CLASS (EISC) MODERATE MODERATE
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1 EWR 1: MELKHOUTBOSKRAAL
1.1 Class |
RECOMMENDED EC C SCENARIO EVALUATION ALTERNIEUXEEET?O?“CENARIO
FLOOD CLASS I: 1 - 3 m°/s
Fish C; Invertebrates C; Riparian vegetation E; Fish D; Invertebrates D; Riparian vegetation
Geomorph D D; Geomorph D
Description (what is
Component ATEES L0 (Ee Season ADE] Frequency Reasoning NOE] Frequency Reasoning
(What does it have to do) characteristic that events events
does that)
Flush out fines, create suitable . .
> e Allow incubation of eggs
habitat for spawning in terms of I incubati f d d hof |
clean cobbles, depths and Spring Allow incubation of eggs an and growth of larvae
Fish velocities Also, for miaration of | Depth and velocit and 4 Every 1 - 2 |growth of larvae before next 2 Every 2 - 3| before next high flow and
. : 9 - P y months high flow and prevent flushing months prevent flushing out
fish to suitable spawning habitat summer . : : ; ! . .
; out incubating eggs in crevices. incubating eggs in
and allow eels (if present) to .
. crevices.
migrate.
Early 1 Yearly To prowdg bregdlng habitat and 1 Yearly
. summer cover for juveniles.
Invertebrates | Inundate vegetation. Depth -
Mid
2 Yearly 1 Yearly
summer
Deposition of sediments and
Riparian Spring nutrients on marginal zone.
Vegetation Flood marginal zone. Depth (0.5 to 0.8 m) and 6 |Yearly Inundation of marginal zone to
summer supply and maintain marginal
vegetation.
Geo- Inundates low in-channel bench Spring To achieve sufficient variability
allowing sediment deposition in|{0.5-0.8 m to 5 5 peryear |within a year to maintain
morphology . . -
this area. autumn sediment accretion processes.
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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1.2 Class I
ALTERNATIVE EC D SCENARIO
\ RECOMMENDED EC C SCENARIO EVALUATION EVALUATION
FLOOD CLASS II: 3-8 m’/s
Fish C; Invertebrates C; Riparian vegetation E; Fish D; Invertebrates D; Riparian
Geomorph D vegetation D; Geomorph D
Description (what is
Component PO IR (Pl GRES e e e Season b & Frequency Reasoning Loe Frequency Reasoning
to do) characteristic that events events
does that)
Same as for class |, but better
flushing of riffles, creating more Soring and Every 2-3 In earl
Fish and improved spawning habitat, | Depth and velocity pring 2.0 y See class I. Y |seeclass .
. ; summer months summer
easier passage for migrants
over shallow riffles.
To clear SIC habitat and
Earl particularly upper and back
Scour mobile beds and clear ) summyer 1.0 |Yearly sides of stones for sensitive Yearly
Invertebrates algae. Velocity rheophilic  species  requiring
cover.
Midsummer| 1.0 |Yearly
Provides sediments and
Rlparlar_1 Inundate the lower riparian zone | Depth (0.8 to 1.2 m) Summer 1.0 |Yearly nutrients to the lower riparian
Vegetation zone. Inundates and provides
water to maintain vegetation.
Frequent enough to maintain
Geo- Effective flood for sediment Water level between Spring to Return open substrate conditions but
1.6 m and 2 m (within pring N/A | period of 3 |sufficient  soaking  between
morphology |transport. . autumn .
active channel). years events to allow vegetation to
stabilise low bench.
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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1.3 Class Il
ALTERNATIVE EC D SCENARIO
, RECOMMENDED EC C SCENARIO EVALUATION EVALUATION
FLOOD CLASS Ill: 6 — 18 m/s
Fish C; Invertebrates C; Riparian vegetation E; Fish D; Invertebrates D; Riparian
Geomorph D vegetation D; Geomorph D
Description (what is
Component PUREEEIS (LurEl H3Es dise e Season oo Frequency Reasoning 2D Frequency Reasoning
have to do) characteristic that events events
does that)
Will  move sediment and Allow incubation of eggs and
cobbles in riffle areas and ggs a
. . . ) . growth of larvae before next high
Fish improve  habitat for fish|Velocity Summer :
. flow and prevent flushing out
spawning as well as egg . ) . ;
; . incubating eggs in crevices.
incubation.
Riparian Inundates the lower areas of Every Deposits nutrients and
Vegetation the upper riparian zone. Depth (1.2 to 2 m) Summer 1 three years sediments anc_l facilitates the
recovery of habitat.
Sediment accretion on upper . Return
Geomorphology | flood bench to repair damage Water level to 2.6 m to | Spring to N/A | period of 5
) 3.0m autumn
due to major events. years
1.4 Class IV
RECOMMENDED EC C SCENARIO EVALUATION D
2 EVALUATION
FLOOD CLASS IV: 33 — 55 m/s
Fish C; Invertebrates C; Riparian vegetation E; Fish D; Invertebrates D; Riparian
Geomorph D vegetation D; Geomorph D
Description (what is
Component PGS (i e e Season i i Frequency Reasoning LB Eij Frequency Reasoning
does it have to do) characteristic that events events
does that)
Geo- Negatively reset Water level _ Ret_urn
system through Any time period
morphology - exceeds 4 m .
sediment exceeding
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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redistribution. 1: 12 years
(1:20)
2 EWR 2: KROMMERIVIERS POORT
2.1 Class |
L) ELAGE T 5 RECOMMENDED EC D SCENARIO EVALUATION
:1-3m’/s
Fish C; Invertebrates D; Riparian vegetation D; Geomorph D
. . Description (what is the
Component Functltr)]r;/vse(\tlxhda;)does L flood characteristic that Season er‘\l/:r?tfs Frequency Reasoning
does that)

Create suitable habitat for

spawning in terms of clean

cobbles, depths of 10 -

15cm and velocities of 0.3 -

0.05m/s. Also for migration Spring and Every 1 to 2 Allow incubation of eggs and growth of larvae before next
Fish of fish to move upstream to | Depth and velocity. sum?nergmonths 4 mont¥1s high flow and prevent flushing out incubating eggs in

suitable spawning habitat crevices.

and allow eels (if present)

to migrate. Also flush out

fines (not much present) in

rifles.

- . Early summer 1 Yearly Marginal vegetation is a key biotope at this site. Need to
Invertebrates m;?gdi?taﬁ velge(t:ggcr)]r?el and E(eer[:i)rtrtlét;:lcrease of wetted provide breeding habitat for adults and shelter for
' ' Midsummer 1 Yearly juveniles.

Flood marainal zone Depth (0.4 to 0.66 m) Spring and 6 vearl Deposition of sediments and nutrients (if present) on
Riparian 9 ) P ' ' summer y marginal zone.
Vegetation Inundation of marginal zone to supply and maintain

marginal vegetation.

Geomorphology ﬁﬁi;egﬁgng; fggﬁs sediment 0 0 Lack of sediment limits accretion potential.
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2.2 Class I
a RECOMMENDED EC D SCENARIO EVALUATION
FLOOD CLASS II: 3-5m’/s
Fish C; Invertebrates D; Riparian vegetation D; Geomorph D
. . Description (what is the
Component FUTREHTIE (0EL GEEE flood characteristic that Season Loe Frequency Reasoning
have to do) events
does that)
Same as for Class I, but Suitable clea_n e quse
) ; cobbles on sides of active
better flushing of riffles, h | be inundated
creating more and | channe to be Inundated - . .
. . |this would be optimum . Allow incubation of eggs and growth of larvae before
. improved spawning . ; Spring and . 4 . ;
Fish : . habitat for spawning 2 Every 2-3 months | next high flow and prevent flushing out incubating eggs
habitat, easier passage for X . summer . ;
. provided that suitable depths in crevices.
migrants  over  shallow "
. . and velocities present. Also
riffles abundance on sides : .
in marginal vegetation shallow slow hab!tat will be
’ created for larval fish.
Large cobbles and boulders in the SIC area at lower
flows are imbricated (packed). This means there is no
Clear loose cobbles on surface area beneath rocks, which is a preferred habitat
Invertebrates channel edge and clear|Flow width (up to 15 m). Early summer 1 Yearly for many invertebrates. This flood will clear fines and
matrix of fines and detritus. detritus from between the loose cobbles, thus clearing
undersides of the cobbles and providing habitat for these
invertebrates.
L o Provides sediments and nutrients (if present) to the
Rlparlar_1 Inundate the lower riparian Depth (0.66 to 1.1 m). Summer 1 Yearly lower riparian zone.
Vegetation zone.
Inundates and provides water to maintain vegetation.
. . Water level between 2 m . . o . .
Geomorphology Effective flood for sediment and 25 m (within active Spring to N/A Return period of | Frequent enough to destabilise bed and limit vegetation
transport. autumn 2.5 years encroachment.

channel) 90 - 150 m3/s.
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23 Class Il
3 RECOMMENDED EC D SCENARIO EVALUATION
FLOOD CLASS 1Il: 6 -23 m’/s
Fish C; Invertebrates D; Riparian vegetation D; Geomorph D
. . Description (what is the
Component ARG ST L AlEL GEEE flood characteristic that Season Lo Frequency Reasoning
have to do) events
does that)

Will move sediment and|As for Class Il - and new

cobbles in riffle areas and |spawning  habitat made Allow incubation of eggs and growth of larvae before
Fish improve habitat for fish|available as clean cobbles 1 next high flow and prevent flushing out incubating eggs

spawning as well as egg|on edge inundated by high in crevices.

incubation. water level.

L Deposits nutrients and sediments and facilitates the
Rlparlalj Inundates thg onver areas Depth (1.2 to 1.7 m). Summer 1 Every three recovery of habitat.
Vegetation of the upper riparian zone years
Provision of water to vegetation to maintain growth.

Sediment accretion on
Geomorphology upper flood bench to repair Spring to N/A 0 requirement No sediment available.

damage due to major autumn

events.

24 Class IV
. RECOMMENDED EC D SCENARIO EVALUATION
FLOOD CLASS IV: 28 - 63 m’/s
Fish C; Invertebrates D; Riparian vegetation D; Geomorph D
. .. | Description (what is the

Component PRI (iR CEs (i flood characteristic that Season b il Frequency Reasoning

have to do) events

does that)

cociment redisibution and Retum period

Geomorphology Discharge 200 to 450 m3/s Any time exceeding 1: 12

disturb vegetation to allow
new recruitment

years (1:20)
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3 EWR 4: GEELHOUTBOOM RIVER
3.1 Class |
3 RECOMMENDED EC C/D SCENARIO EVALUATION
FLOOD CLASS I: 0.1 -0.3 m’/s
Fish D; Invertebrates D; Riparian vegetation A/B; Geomorph C
. : Description (what is the
Component AR (el 86 1 flood characteristic that Season o e Frequency Reasoning
have to do) events
does that)
Very little suitable spawning
habitat but riffle habitat may
be marginally suitable. Also .
Fish for migration of fish to|Velocity Spring and 5 Every 1102 Flushing out of system, migration facilitated.
. h . summer months
suitable spawning habitat
and allow eels (if present)
to migrate.
Improve water quality, clear organic detritus and
Early summer 1 sediments from channel and pools, ensure invertebrate
drift.
Invertebrates | Establish connectivity. Flow and depth
Mid summer 2 Improve water quality.
Late summer 1
Deposition of sediments and nutrients (if present) on
ipari i marginal zone.
s:epa:ert:trilon Flood marginal zone. Depth (0.2 to 0.38 m) Ssplrjlrr:]gr]naerrld 6 Yearly g
g Inundation of marginal zone to supply and maintain
marginal vegetation.
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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3.2 Class I
s RECOMMENDED EC C/D SCENARIO EVALUATION
FLOOD CLASS 1I: 0.3 - 0.8 m’/s
Fish D; Invertebrates D; Riparian vegetation A/B; Geomorph C
. . Description (what is the
Component FIIE R (et Gee (1 flood characteristic that Season D i Frequency Reasoning
have to do) events
does that)
Same as for class |, easier Spring and
Fish passage for migrants over|Velocity gumgrlner 3 Every 2-3 months | Flushing out of system, migration facilitated.
shallow riffles.
Width. Early summer 1 Yearly Provide breeding habitat for adults and cover for juveniles.
Invertebrates Inundate marginal i ]
vegetation. Flow Mid summer 1 Yearly Improve water quality.
Late summer 1 Yearly
o Depth (0.2 to 0.45 m) . Depo_smon of sediments and nutrients (if present) on
Riparian lood inal Spring and | marginal zone.
Vegetation Flood marginal zone. summer 6 Yearly v o o . T ——
Depth (0.38 to 0.44 m) ove debris (small branches and leaves) within the
system.
3.3 Class Il
s RECOMMENDED EC C/D SCENARIO EVALUATION
FLOOD CLASS Ill: 0.8 -1.4 m’/s
Fish D; Invertebrates D; Riparian vegetation A/B; Geomorph C
. . Description (what is the
Comp TGO (e CEs (1 flood characteristic that Season 5 @7 Frequency Reasoning
have to do) events
does that)
Depth range 0.4 to 0.5m, . . .
Geom Sediment sorting. velocity range 0.8 to 1m/s. Wet season 1 1 per year Effective discharge for sediment transport assumed to be
_ annual flood.
Flow = 0.8 - 1.4 m3/s
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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4 EWR 5: SEEKOEI RIVER

4.1 Class |
L6 ELACS [k (14 B RECOMMENDED EC C SCENARIO EVALUATION
:01-03m’/s
Fish C; Invertebrates D; Riparian vegetation D; Geomorph D
- . Description (what is the
Component Functu:\r;/:e(\tlt\)lhda;)does s flood characteristic that Season e’:‘;{ﬁ‘; Frequency Reasoning
does that)

Create suitable depths|Create depths over riffles

over riffle to allow fish|and flood into vegetation to Spring into Allow egg incubation and growth of larvae before next
Fish movement over riffle and|allow Sandelia capensis to earFI) sgmmer 4 Every 1-2 months flood 99 9

allow spawning to take |breed in vegetated y '

place. backwaters.
Invertebrates | 'Nundate Marginal Flow depth, Wetted | Early summer 1 Yearly Provide breeding habitat for adults and shelter for

vegetation. Perimeter juvenile taxa.

Late summer 1 Yearly
Rioari Sori d Deposition of sediments and nutrients on marginal zone.
V'pa"a’.' Flood marginal zone. Depth (0.02 to 0.16) pring an 6t08 |Yearly : _ —
egetation summer Inundation of marginal zone to supply and maintain
marginal vegetation.
.. . . Depth between 0.25 -3 m; . - R - o

Geomorphology Deposition of fine sediment Flow = 0.15 - 0.3 m3/s: Wet season 4 4 per year To achieve sufficient variability within a year to maintain

on in-channel bench.

Velocity = 0.4 - 0.54m3/s

sediment accretion processes.
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4.2 Class I
FLOOD CLASS I: 0.3 - 0.8 m®/s RECOMMENDED EC C SCENARIO EVALUATION
Fish C; Invertebrates D; Riparian vegetation D; Geomorph D
. . Description (what is the
Component FUME L (U B i flood characteristic that Season o e Frequency Reasoning
have to do) events
does that)

Same reasons as Class |

but more so- l.e. create|Create depths over riffles

suitable depths over riffle |and flood into vegetation to Allow incubation of eggs and growth of larvae before
Fish to allow fish movement|allow Sandelia capensis to Spring 2 Every 2-3 months |next high flow and prevent flushing out incubating eggs

over riffle and allow|breed in vegetated in crevices.

spawning to take place and | backwaters

flush out pools.

Clear fines from areas of . Clear the interstices between cobbles and general
Invertebrates . Velocity Early summer 1 Yearly

mobile cobbles. surface area of cobbles.

L o Provides sediments and nutrients to the lower riparian
Rlparlar_1 Inundate the lower riparian Depth (0.26 to 0.5 m) Summer 1 Yearly zone.
Vegetation zone.
Inundates and provides water to maintain vegetation.
Depth between 0.4 - 0.5 m; . . .

Geomorphology | Sorting of bed material. Flow=1-1.9 m3/s; Wet season 1 Yearly Effective discharge for sediment transport assumed to

Velocity = 0.8 - 1.04 m/s

be annual flood.
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5

EWR 6: SWART RIVER

5.1 Class |
RECOMMENDED EC B SCENARIO EVALUATION ALTERNATIVE EC C SCENARIO EVALUATION
FLOOD CLASS I: 0.2 - 0.3 m%/s
Fish C; Invertebrates B; Riparian vegetation D; Fish D; Invertebrates C; Riparian vegetation D;
Geomorph C Geomorph D
. . Description (what is the
Component FUE S (el EEEs L e LD flood characteristic that Season Ml Frequency Reasoning Sl Frequency Reasoning
do) events events
does that)
Create depths over riffles
Will need to create depth and|and flood into vegetation . B . . Allow egg incubation and
Fish velocity for spawning and migration | to allow Sandelia Spring/early Every 1-2 Allow egg incubation and growth of 2.0 Every 2 growth of larvae before next
) - . summer months larvae before next flood. months
for fish and eels. capensis to breed in flood.
vegetated backwaters.
Early summer 1.0
. . . . . . . Improve quality of breeding
Flushing and inundation of marginal ] Improve quality of breeding habitat for .
Invertebrates vegetation. Depth Mid summer Yearly adults and shelter for juveniles. 1.0 habitat fc_)r a_dults and
shelter for juveniles.
Early summer
Deposition of sediments and nutrients
ipari i if present) on marginal zone.
Rlpar|a|_1 Flood marginal zone. Depth (0.2 to 0.4 m). Spring and Yearly (e ) 9
vegetation summer . .
Inundation of marginal zone to supply
and maintain marginal vegetation.
. ) . . | Depth .26 - .35 m . A ) )
Geomorphology Accretion of fine sediment on in- Velocity .44 - 7 mis Wet season Within year variability of intermediate
channel bench Flow = 15 - .4 mé/s flows.
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5.2 Class i

RECOMMENDED EC B SCENARIO EVALUATION AR o (ENARIO
FLOOD CLASS Il: 0.4 - 0.6 m®/s
Fish C; Invertebrates B; Riparian vegetation D; Fish D; Invertebrates C; Riparian vegetation
Geomorph C D; Geomorph D
Description (what is
Component A EUC s [l LD EEE Season ADE Frequency Reasoning ADE Frequency Reasoning
to do) characteristic that events events
does that)
Create depths over
Same as for Class | but more riffles _and flood into Allow incubation of eggs and growth
Fish optimum _conditions.  Also flush vegetat_lon to _aIIow Spring 5 Every 2-3 | of larvae bef_ore nex_t high flow and
sediment out pools a.md tiffles Sandella_ capensis to months _preven_t flushing out incubating eggs
' breed in  vegetated in crevices.
backwaters.
] ) Early 1 Clear SIC and SOC habitat for
Invertebrates Flush fines and organics from Velocity summer adults, juveniles and eggs.
channel.
Mid summer 1
Provides sediments and nutrients (if
Riparian inund he l . h (O s | present) to the lower riparian zone.
vegetation nundate the lower riparian zone. | Depth (0.4 to 0.75m) ummer 1 Yearly :
Inundates and provides water to
maintain vegetation.
Geomorphology Effective discharge for sediment 355;2& gzsé 219 Wet season 1 1:2 Frequency of effective 'discharge
transport. _ reduced to prevent excessive scour.
Flow =3 - 7.5 m3/s
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5.3 Class lll

FLOOD CLASS III: 0.6 - 3.5 m%/s

RECOMMENDED EC B SCENARIO EVALUATION

ALTERNATIVE EC C SCENARIO EVALUATION

Fish C; Invertebrates B; Riparian vegetation D;

Fish D; Invertebrates C; Riparian vegetation D;

Geomorph C Geomorph D
. . Description (what is the
Component FURGLIES (iUEL e 1 flood characteristic that Season SDE Frequency Reasoning SDE Frequency Reasoning
have to do) events events
does that)
Deposits nutrients and sediments
L and facilitates the recovery of
Rlparlar_l Inundates t'he I_ower areas of Depth (0.75 to 1.25 m) Summer 1 Every three habitat.
vegetation the upper riparian zone. years

Provision of water to vegetation to
maintain growth.

Geomorphology

Sediment accretion on flood
zone.

Depth1-1.7m
Velocity 1.9 -1.45 m/s
Flow = 7.5 - 27.4 m3/s

1:2.5

Local knowledge of frequency of
overbank flooding.

These floods will become
destructive in a degraded

system.

CES

November 2005

Kromme/Seekoei Catchments Reserve Determination Study — Technical Component

EWR Rivers Report: Final

Page H-17




APPENDIX J

ALTERNATIVE ECs: RESULTS OF INTEGRATED MODELS

Ms S. Koekemoer, IWR Source-to-Sea
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1 EWR 1: MELKHOUTBOSKRAAL

1.1 Alternative EC: D

Only one alternative category, a D category was considered. A B category will not be
considered, as it is highly unlikely that this can ever be achieved by improving flows. If non-
flow related problems are addressed such as the rehabilitation of the wetland and addressing

alien vegetation and fish, the river state will improve.

The rule-based models for the individual components were run in a predictive manner and
based on the above hypothetical scenarios, the matrices that would be affected were
changed. These spreadsheets with the changes indicated as different colours are included

in the specialist appendices.

1.2 Habitat Driver PES

Table J-1 Habitat Driver Category for EWR 1
Components Weighted driver score
GEOMORPHOLOGY 10.11 (D)
HYDROLOGY 25.05 (D)
WATER QUALITY 22.19 (C)
Weighted driver status (%) 57.36
HABITAT DRIVER CATEGORY D

1.3 Instream PES (D)

Table J-2 Instream Present Ecological conditions for EWR 1
Criteria Rating (0=low, 5=high)
Conf | Rating | Ave |Weight|PES|Category|
Availability of high confidence fish information
1 Diversity of fish species with different flow requirements 2
2 Diversity of fish species with a preference for different cover types 2
3 Diversity of fish species with a preference for different flow depth classes 1
4 Diversity of fish species with various tolerances to modified water quality 2.5 1.875 | 0.413 |48.5 D
Availability of high confidence invertebrate information
5 Diversity of invertebrate biotopes
6 Diversity of invertebrate taxa with different velocity requirements
qDLlj\gTirslty of invertebrate taxa with different tolerances to modified water 2 2 66667| 0587 |55.4 D
4.54167| 1 |52.5 D
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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1.4 PES Ecostatus (D)

Table J-3 Summary of the Ecostatus for EWR 1

Separating out the proportions for Driver: Response

Rating (0=low, 5=high)

Response Score | Ave Weight
Instream Response questions o
\What is the general level of sensitivity to modified water quality 3
Fish: What is the general level of trophic specialisation 2
\What is the general level of habitat specialisation 3
\What is the general level of flow intolerance 4 3 0.53
Habitat Driver Questions
How sensitive is channel type to change in geomorphological drivers? 3
How sensitive are hydraulic habitats to flow change? 3
How sensitive is water quality to flow change? 2 2.67 0.47
Total 5.67 1
PES Category
INSTREAM CATEGORY|  52.52 D
DRIVER CATEGORY] 57.4 D
ECOSTATUS|  54.80 D

g%): >89=A;80-89=B;60-79=C;40-59=D;20-39=E;<20=F

This rating is applicable to low flows
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2 EWR 6 - SWART RIVER:

2.1 Alternative EC: C

Only one alternative category, a C category was considered. The situation for a C category
is described below.

Riparian vegetation has a negative trajectory and the geomorphological response will be a
widening channel that has less depth and is incised. This will result in a decrease within the
geomorphology category. No foreseen decrease in the hydrology category is expected
unless a dam is built upstream, which would impact on the flood regime. The general
assumption is that water quality will drop a category, mainly the components oxygen,
temperature and turbidity (which is the most sensitive for the fish and invertebrates at this
site).

2.2 Habitat Driver PES

Table J-4 Habitat Driver Category for EWR 6
Components Weighted driver score
GEOMORPHOLOGY 14.48 (C)
HYDROLOGY 48.39 (B)
WATER QUALITY 17.87 (A/B)
Weighted driver status (%) 80.74
HABITAT DRIVER CATEGORY B

2.3 Instream PES (C/D)

Table J-5 Instream Present Ecological conditions for EWR 1

. Rating (0=low, 5=high)
Criteria

Conf | Rating | Ave |Weight/PES|Category|

Availability of high confidence fish information 3
1 Diversity of fish species with different flow requirements 2
2 Diversity of fish species with a preference for different cover types 1
3 Diversity of fish species with a preference for different flow depth classes 2
4 Diversity of fish species with various tolerances to modified water quality 1 15 0.429 |47.5 D

Availability of high confidence invertebrate information

5 Diversity of invertebrate biotopes 2
6 Diversity of invertebrate taxa with different velocity requirements 2
D|ve_r5|ty of invertebrate taxa with different tolerances to modified water 2 2 0571 |72.2 c
quality
3.5 1 1|61.6 (o
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2.4 PES Ecostatus (C)

Table J-6 Summary of the Ecostatus for EWR 6

Separating out the proportions for Driver: Response

Rating (0=low, 5=high)

Response Score | Ave Weight

Instream Response questions )
\What is the general level of sensitivity to modified water quality?
Fish: What is the general level of trophic specialisation?
\What is the general level of habitat specialisation?
\What is the general level of flow intolerance? 2.5 2.13 0.43
Habitat Driver Questions
How sensitive is channel type to change in geomorphological drivers? 3.5
How sensitive are hydraulic habitats to flow change? 3
How sensitive is water quality to flow change? 2 2.83 0.57

Total 4.96 1

PES Category

INSTREAM CATEGORY] 61.64 C/D
DRIVER CATEGORY| 80.7 B
ECOSTATUS 72.56 (o3

g%): >89=A;80-89=B;60-79=C;40-59=D;20-39=E;<20=F

This rating is applicable to low flows
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RAPID ECOLOGICAL RESERVE METHODOLOGY (RERM) I
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EXECUTIVE SUMMARY
INTRODUCTION

IWR Source-to-Sea was requested to undertake a Rapid determination of the Ecological Water
Requirements (quantity) at level 1l (Rapid Ill Ecological Reserve Methodology (RERM l11)) for the
Diep River, quaternary catchment K90D. A site (EWR 7) was selected approximately 2 km from the
confluence with the Kromme River. This study was conducted to complement the Kromme / Seekoei
Reserve Determination study.

BACKGROUND
Rapid Ecological Reserve Methodology (RERM)
Broadly the RERM Il comprises the following steps:

e Undertaking a site visit to determine the Present Ecological State (PES), assessing the
Ecological importance and Sensitivity (EIS) and deriving the Ecological Category (EC).

e Estimating the Ecological Reserve using the Desktop Reserve Method (DWAF, 1999) (referred
to as the DRM) for the Ecological Category (EC) set during the site visit.

o Verifying whether the DRM estimates are acceptable during the site visit.

¢ Adjusting the DRM estimate if required.

e Reporting on the site visit and the results generated during the site visit. Note that the duration
for the whole RERM for one river stretch is limited to approximately two days. A detailed report
providing explanations of methodologies and rationale for the answers is therefore not provided.
The report consists of a set of tables that are completed on site and serves only to provide
results.

This RERM included a hydraulic component and is therefore a RERM at level lI.
ECOLOGICAL CATEGORIES

The categories provided for EWR 7 are summarised below.

EWR H | RHZ | Aquatic Fish Rlpangn Ecostatus EIS REC Alternat!ve
site invertebrates vegetation PES scenario
EWR 7 C E C C E C/D Moderate | C/D D

Instream Habitat Integrity
Riparian Habitat Integrity

(1)
)

SUMMARY OF RESULTS

The results for EWR 7 sites are summarised in the following table as a percentage of the virgin
Mean Annual Runoff (MAR).

. Maintenance Drought low High flows Long term mean
ShiR e EC | low flows (%) | flows (%) (%) of VMAR (%)
EWR 7 C/D 9.32 1.88 13.9 23.09
D 5.91 1.88 15.44 22.36
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Eald
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FD

FS
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IPC
MAR
MCM
MRK
MV
MVIC
NMMM
PES
RDM
REC
RERM
RQS
SASS
SD

Sl

SIC
SO0C
SPATSIM
SS

Average Score Per Taxon

Building Block Methodology

Desktop Reserve Method or Model
Department of Water Affairs and Forestry
Elevation above local datum
Ecological Importance and Sensitivity
Ecological Category

Ecological Water Requirement

Fast Deep

Fast Shallow

Instream Flow Requirement
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1 INTRODUCTION

1.1 Background

IWR Source-to-Sea was requested to undertake a Rapid determination of the Ecological Water
Requirements (EWR) (quantity) at level Il (Rapid 11l Ecological Reserve Methodology (RERM 111))
for the Diep River.

The Rapid Il study forms part of the Kromme/Seekoei Catchments Reserve Determination Study,
and was undertaken as a variation order to the current contract.

1.2 Study area and level of Reserve required

The study area focussed on the K90D Kromme catchment. The river traverses two quaternary
catchments (K90C, upstream; and K90D downstream). The level of Ecological Reserve required is
not applicable as this investigation is not in reaction to a license. A decision was made that the
most cost-effective investigation will be to follow the Rapid Ecological Reserve Method (RERM)
(Level 1ll) and the study supplemented the Reserve determination studies on the Kromme and
Seekoei rivers.

1.3 Scope of the report

This report deals with the Ecological Reserve (Quantity) only. All reference to EWRs are relevant
to quantity only. Methods and approaches are not described; as they are available in various RDM
documents (e.g. DWAF, 1999). Due to the time constraints associated with the RERM methods,
the report only provides the results of a site visit and workshop (9 March 2005) during which EWRs
for different Ecological Categories were quantified. The report associated with a Rapid
determination is therefore a summary report concentrating on results only. The results are
presented in a standard format.

1.4 Study objectives

The objective of this study was to recommend an Ecological Category (EC) for the river reach
under investigation and an associated EWR that will achieve the recommended category using the
Rapid 11l Ecological Reserve Methodology (RERM l11). If accepted, this will become the quantity
component of the Ecological Reserve.

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
November 2005 Diep River RERM Il Report: Final Page K-1



2 K90D: DIEP RIVER

2.1 River reach

The river reach that was investigated to select an EWR site was in the Diep River in quaternary
catchment K90D. The area falls in the Level | Ecoregion South Eastern Coastal belt (Figure K-1),
and in 20.03 Level II.

oy

SQURHERN FOLDED MOUNTAIN 4

Figure K—-1 Study area: Ecoregion South Eastern Coastal belt
2.2 EWR site

Mr Flip de Wet of Eastern Cape DWAF assessed various potential EWR sites on 8 March 2005.
He accompanied the team on 9 March and the best option was selected for the purpose of
hydraulic analysis and field verification. EWR 7 is located in the Diep River in the K90D quaternary
catchment. The site is located downstream of a road bridge, approximately 2 km upstream of the
confluence with the Kromme River. The co-ordinates of the site are:

S 34° 01.322
E 24° 35.557

The site is characterised by a short (7.5 m long) riffle composed predominantly of large cobbles
and small boulders. Pools occur upstream and downstream of the riffle, with the depth in the
upstream pool in excess of 1 m at the time of the site visit. A mid-channel bar vegetated with
Palmiet exists immediately upstream of the riffle, with divided flows at medium to high discharges.

The site is illustrated in Figure K-2.
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Figure K—-2  Diep River (0.061 m®s, 9/03/05)

The suitability of the EWR site to provide the physical clues to verify or adjust the DRM output was
evaluated according to the criteria listed in Table K-1. The evaluation (0 - 5 with 0 = no confidence
and 5 = high confidence) reflects the different specialists’ confidence in the EWR site to provide
sufficient indicators to verify the Desktop Reserve Model (DRM).

Table K-1 EWR site evaluation table

Component | Evaluation Advantages Disadvantages

Wide range of habitats (all No Fast Deep habitats.

Fish 4 except for Fast Deep) present. Insufflc[ent overhanging and marginal
vegetation.
Infestation of the Wattle (changes
. . substrate availability).
. Plentiful SOOC and SIC habitat . -
Aquatic . . Gravel, sand, mud habitat difficult to
invertebrates 3 present with adequate marginal sample.

vegetation. SIC and SOOC large, embedded and

difficult to sample.

Non-uniform flow over short riffle ‘step’
feature.

Riffle will drown-out at medium to high
flows (approximately 0.3 m%/s).

Difficult to determine reduction in flow
Hydraulics 2 resistance from site calibrated value as
influence of control becomes drowned
out at higher discharges.

Influence of channel blockages, channel
form, and pool/riffle/rapid sequences on
flow resistance.

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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2.3 Ecoclassification

2.3.1 Available information

Fish

The national data base for fish per quaternary catchment as set up for the Ecological Importance
and Sensitivity (EIS) for Kromme and other tributaries was available. Only one record from the
Diep River itself exists. A specific survey was undertaken by Dr Bok on 9 March 2005.

Confidence: 2

Aquatic Invertebrates
Information from one survey, collected on 9 March 2005 during flood conditions is available.

Confidence: 2

Hydraulics
Only one data set collected during low flow conditions was available.

Confidence: 2

Hydrology

The hydrology as provided as part of the Kromme/Seekoei Catchments Reserve Determination
Study study was compared to WRSM90. The hydrology was sufficiently similar to run the Desktop
Reserve Model (DRM) with WRSM90 data. The confidence is low due to the general lack of any
gauges in the system to calibrate data.

Confidence: 2

2.3.2 Reference conditions

Fish

The following indigenous fish species are expected under reference conditions:
Pseudobarbus afer Sandelia capensis

Gilchristella aestuaria Anguilla mossambica

Anguilla marmorata Anguilla bicolor bicolor

Aquatic Invertebrates
The following taxa are expected under reference conditions.

Porifera, Turbellaria, Oligochaeta, Hirudinea, Potamonautidae, Hydracarina, Baetidae, Caenidae,
Heptageniidae, Leptophlebiidae, Chlorocyphidae, Coenagriidae, Aeshnidae, Gomphidae,
Libellulidae, Belastomatidae, Corixidae, Gerridae, Hydrtometridae, Naucoridae, Nepidae,
Notonectidae, Pleidae, Hydropsychidae, Philopotamidade, Hydroptilidae, Leptoceridae, Dytiscidae,
Elmidae, Gyrinidae, Hydraenidae, Hydrophilidae, Ceratopogonidae, Chironomidae,
Ceratopogonidae, Culicidae, Dixidae, Ephydridae, Muscidae, Psychodidae, Simuliidae, Tabanidae,
Tipulidae, Ancylidae, Lymnaeidae, Physidae, Corbiculidae.

SASSS5 score: 200
ASPT: 6

Hydrology

The Virgin (WRSM90) Mean Annual Runoff (MAR) at the EWR site is 17.67 MCM. This was
determined as follows: The MAR at K90C is 13.58 MCM. The site in K90D represents 24% of the
MAR of the quaternary catchment (calculated using the sub-quaternary MAR scaling from
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SPATSIM), which equates to 4.095 MCM. The MAR at the site is therefore the sum of the K90C
MAR and 24% of K90D, i.e. 17.67 MCM.

233 PES

The following water quality information listed in Table K-2 was considered when assessing the
habitat integrity (provided by the water quality team of the Kromme-Seekoei Reserve study).

Table K-2 Water quality information

RIVER Diep River Water Quality Monitoring Points
wQsu 6 RC Default boundary tables
EWR SITE 7 PES WQ6 (n=4)
Water Quality Constituents Value Category / Comment
MgSO4 -
Na;SO4 - An assessment of inorganic salts could
Inorganic salts MgCl, - not be undertaken as the data from the
(mg/L) caCl, - NMMM laboratories were not compatible
NaCl i with the salt model.
CaSO0, -
Nutrients SRP 0.245 E/F (Poor)
(mglL) TIN 0.01 A (Natural)
pH (5"-95"0%) 6.8-7.2 | A (Natural)
Temperature - No data available, but not considered a
problem water quality variable as the site
Phvsical . is not downstream of a dam, and thermal
y Dissolved oxygen - and dissolved oxygen impacts are not
variables
expected.
Turbidity (NTU) - No data
Electrical conductivity
(mS/m) 40.7 A/B (Upper Good)
Chl-a: periphyton 184.3 E/F (Poor)
Chl-a: phytoplankton 0.913 A (Natural)
Response Biotic community
variable compqsmon: 6.13 B (Good)
macroinvertebrate (ASPT) (Oct 03)
score
Fish community score - No data
Toxics Fluoride (mg/L) 0.07 A (Natural)
OVERALL SITE CLASSIFICATION FOR B/C
WATER QUALITY

2.3.4  Habitat integrity

Instream Habitat Integrity: Category C (Attachment D)

e The score for the Instream Habitat Integrity is 70.6% (Category C: 60 - 80%).

e The major modifying determinants for the Instream Habitat Integrity are water abstraction, flow
and channel modification.

Riparian Habitat Integrity: Category E (Attachment D)

e The score for the Riparian Habitat Integrity is 30.2% (Category E: 20 - 40%).

e The major modifying determinants for the Riparian Habitat Integrity are linked to the presence
of extensive black Wattle infestation and the effects associated with their presence.
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2.3.5

Fish (C) (Attachmen

t B)

Species found during the survey were:

Micropterus dolomieu/salmoides Lepomis macrochirus

Tilapia sparrmanii

Glossogobius callidus (indigenous)

PES Causes Sources Flow/Non flow related
Alien species - Non flow related
Lack of migration Downstream barriers Non flow related
c Reduced marginal vegetation Black Wattle Non flow related
Increased sedimentation Black Wattle Non flow related
Reduced low flows Upstream abstraction Flow related
2.3.6  Aquatic Invertebrates (C) (Attachment C)
SASSS score: 146
ASPT: 5.6
PES Causes Sources Flow/Non Flow related

Reduced low flows.

Upstream abstraction

Non Flow Related

Reduced marginal veget

ation. Black Wattle

Non Flow Related

C
Increased sedimentation. Black Wattle Non Flow Related
Reduced water quality. Upstream dairy farming Non Flow Related
2.3.7 Ecostatus (C/D)

The Ecoclassification as part of the Rapid 11l process requires the Ecostatus to be calculated as an
average between the Habitat Integrity, fish and aquatic invertebrate scores. The average indicated
an Ecostatus of a D category. Although the Instream Habitat Integrity category was a C Ecostatus
was scored a D due to the E category assigned to riparian vegetation status due to the presence of
alien vegetation, i.e. not flow related causes. Specialists indicated that the instream C category
was more representative of the river. The Ecostatus model was therefore adjusted to add a
weighting to the instream category resulting in an overall C/D category for Ecostatus (Table K-3).
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Table K-3 Summary of the PES categories for EWR 7

HABITAT INTEGRITY

RIPARIAN INTEGRITY

AQUATIC INVERTEBRATES

INSTREAM (o

RIPARIAN VEGETATION E

ECOSTATUS

2.3.8  Ecological Importance and Sensitivity (EIS)

The evaluation for EIS is Moderate due to the possible presence of Red Data fish species. A
summary of the EIS is available in Attachment E. Note that EIS is assessed for present state only,
as required by RERM.

2.3.9 Range of Ecological Categories

Recommended Ecological Category (REC)

The REC is to maintain the PES, i.e. a C/D Ecostatus. The riparian vegetation of an E category
should be addressed, but this can only be done by eradicating the alien vegetation and not by
manipulating flows (i.e. implement a Working for Water programme). Note that the Diep River has
no effect on the Kromme River as it runs directly into Impofu Dam. Impact is therefore on the yield
of the dam rather than the estuary below the dam.

Alternative Ecological Categories

Improving the Ecostatus was not considered as it was considered unrealistic at the resolution of
this study and information available at a Rapid level of determination. It must be noted that
addressing the riparian vegetation issue, i.e. the eradication of black Wattle, should improve the
Ecostatus without any manipulation of flows.
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One category down from the Ecostatus was considered, i.e. a D Ecostatus. Under these
conditions the fish and aquatic invertebrates Ecological Categories will decrease from a C to a D
category.

The hypothetical conditions for the D Ecostatus were set as follows:

o Lower low flows due to increased abstractions.
) Increased water quality issues associated with nutrient levels (particularly peryphyton and
the decreased flows.

2.4 Flow requirement results

The proportional differences between the Desktop Reserve Model results and that generated at
EWR 1 in the Kromme River must be used to provide a Desktop estimate for the Diep River site.
EWR 1 in the Kromme River was set for a C REC and the Diep River at a C/D REC. To be able to
use the Kromme River C category results, the C REC at EWR 1 first had to be modified to be
applicable for a C/D EC at EWR 1. Then the Desktop C/D results at EWR 1 could be compared to
the extrapolated (higher confidence) C/D results at EWR 1 and these proportions used to provide a
Desktop flow result for the Diep River site with a C/D REC. The step by step procedure was as
follows:

) Desktop % of VMAR at EWR 1 for a C category

o Desktop % of VMAR at EWR 1 for a C/D category

o Determine ratio between the Desktop % of a C and C/D category

o Obtain the % of VMAR at EWR 1 for at a C category as determined during the Kromme
Intermediate study.

o Adjust the % of VMAR for the C category with the ratio to extrapolate the Kromme
Intermediate C results to a C/D results.

o Determine the scaling factor required to establish the VMAR at the Diep River site (The
Diep River site comprised 50% of the VMAR at EWR 1)

o Run the Desktop model and adjust the VMAR to 50% of the EWR 1 VMAR.

o Adjust the volumes of the Maintenance Low flows, Drought flow and High flows to represent
the % of the MAR as for the EWR 1 C/D results.

) Those results are provided to speciealists to check their adequacy. The process is
summarised in the table below.

EWR site EC Comment MLF DLF HF

EWR 1 C Desktop 7.89% 2.99% 11.3%

EWR 1 C/D | Desktop 5.55% 2.99% 10.1%

RATIO Desktop 0.7 1 0.89

EWR 1 C Set requirements 13.76% | 1.93% 16%

EWR 1 C/D | Extrapolated from  requirements | 9.6% 1.9% 14.2%

(using Desktop ratio)
EWR Diep C/D | Extrapolated from Kromme study 9.6% 1.9% 14%
EWR Diep C/D | Final % after adjusting Desktop 9.3% 1.9% 14%

WMLF: Maintenance Low Flows
@ DLF: Drought Low Flows

@ HF: High flows

%: % of VMAR

The D Desktop category was determined following the same approach.

A Desktop Reserve Model C/D category was generated using trends determined during the
Comprehensive study at EWR 1 in the Kromme River as follows:

The Desktop C percentages of the virgin MAR at EWR 1 was as follows:
Drought low flows: 2.99% Maintenance low flows: 7.89% High flows: 11.3%

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
November 2005 Diep River RERM Il Report: Final Page K-8



The Desktop C/D percentages of the virgin MAR at EWR 1 was as follows:
Drought low flows: 2.99% Maintenance low flows: 5.55% High flows: 10.1%

The ratio between the Desktop Reserve Model C and C/D category at EWR 1 was as follows:
Drought low flows: 1 Maintenance low flows: 0.7 High flows: 0.89

This ratio was adjusted by 50% as the MAR at EWR 1 is double that of the Diep River EWR 7 site:
Drought low flows: 0.5  Maintenance low flows: 0.35 High flows: 0.45

The C percentages of the virgin MAR as set by specialists at EWR 1 during the Comprehensive
study was as follows:

Drought low flows: 1.93% Maintenance low flows: 13.76% High flows: 16%

The EWR 1 data was then adjusted using the applicable ratio to represent a Diep River C/D
category adjusted from Comprehensive data. The D Desktop category was determined following
the same approach.

These results were then tested by the ecologists and both the C/D and D categories results were
accepted. The following motivations were supplied:

24.1 Fish

C/D category motivation

The indigenous fish present (P. afer) only use shallow riffle areas for spawning, while all other
indigenous species, including G. callidus and S. capenis, need sufficient depths over riffles for
movement between habitats. All indigenous species were small, less than 12 cm in length. The
indigenous fish in this reach normally frequent shallow slow (SS) and shallow deep (SD) areas
found in pools under cover among marginal and aquatic vegetation and under rocks and cobbles.
These habitats will be marginally impacted by reduced low flows.

Maximum depths of 10 cm are suitable for migration through riffles for small indigenous fish
species, P. afer and S. capensis. These depths will be provided by the flows envisaged.
Migrations as well as spawning events usually take place at or after high flows after rains, when
sediment in riffles is flushed out. Thus the given depths at various flows will be adequate for fish
movement.

Maintenance flows in the wet season provide sufficient depths (25 cm) for spawning and in dry
season for movements over riffles (20 cm). Drought flows will provide enough depth (a mean of 6
cm) for movement of small fish through riffles.

No movement or breeding normally takes place during drought situations. More critical is the
maintenance of water quality in pools and keeping pools topped up — 1 I/s will probably achieve
this.

It is apparent that depths in riffle areas are not that sensitive in terms on impacts on fish in this
reach.

D category motivation

Maintenance flows in the wet season provide sufficient depths (a maximum of 23.2 cm, mean 7.5
cm) for spawning and movement through riffles and in the dry season, for movements over riffles
(maximum of 16.5 cm, mean 6.3 cm). Drought flows will provide enough depth (mean of 5.9 cm)
for movement of small fish through riffles.
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2.4.2  Aquatic Invertebrates

C/D category motivation

Maintenance wet season flow of 0.077 m®/s

Discharge 0.077
Max Depth Up to 0.28
Ave Depth Upto 0.1
Ave velocity Up to 0.19 m/s
Max velocity Up to 55 m/s
% Slow shallow 82

% Fast Shallow 18

At these flows the riffle will provide similar habitat to the present conditions (0.061 m*/s). Maximum
flow depth increases by only 4 cm from current conditions, which will increase inundation of
marginal vegetation, providing for additional surface area for colonisation. Marginal vegetation in
current (MVIC) habitat will increase slightly. The average velocity is in the region of 0.19 m/s which
is only marginally different from present conditions (0.18 m/s); the distribution of flow types
therefore varies only marginally from present conditions. The aquatic invertebrate community is
unlikely to alter.

Maintenance dry season flow of 0.035 m?/s

Discharge 0.034
Max Depth 0.2
Ave Depth 0.07
Ave velocity 0.17
Max velocity 0.5
% Slow shallow 87
% Fast Shallow 13

At these flows, the maximum depth is decreased from 24 cm to 20 cm. A loss of 4 — 7 cm depth
will result in a loss of flow over the top and forward face of boulders in the riffle, i.e. under these
conditions; flow over the upper surface of many of the rocks in the riffle will be lost. The sides and
undersides of riffles will however still be inundated, with average velocities of 0.17m/s, which are
only marginally reduced from the present. The only taxa likely to be lost under these conditions
are simuliids, which have a preference for the surface of rocks in flow areas. There will only be
marginal effects on the aquatic invertebrate community.

Drought flows of 0.025 m®/s

Discharge 0.025
Max Depth >0.16
Ave Depth > 0.06
Ave velocity >0.15
Max velocity > 0.45
% Slow shallow Approx 92
% Fast Shallow Approx 8

At present, the Diep River ceases to flow on occasion (Flip de Wet, DWAF Cradock pers.comm.),
which suggests there must be a slow reduction in flow and flow depth to result in this condition.
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The aquatic invertebrate community collected on site must be sufficiently resilient to withstand
these conditions, and it is thus assumed that the majority of less sensitive taxa present will survive
depth and flow reductions represented by this drought flow scenario. However, it is likely that as
flows reduce to this value, taxa with a preference for moderate and high flows will relocate or
disappear (Simuliidae, Philopotamidae, Gyrinidae). Water temperatures are likely to rise and water
quality deteriorate, resulting in a loss of taxa with a requirement for high quality water
(Heptageniidae, Dixidae, Veliidae, Gerridae).

Drought flows of 0.001 m?s

Discharge 0.001

Trickle flow through
riffle.

Conditions

Pool and Stones-out-of-current (SOOC) habitats will endure during these conditions, while
marginal vegetation (MV) and stones-in-current (SIC) habitats are likely to be lost. The aquatic
invertebrate fauna will be reduced significantly. As a no-flow situation apparently occurs
sporadically under present conditions, the present aquatic invertebrate community is sufficiently
resilient to endure a trickling flow situation. It is likely that the presence of more sensitive taxa
during higher flows is related to the life-cycle adaptations (e.g. locality and resilience of eggs).

D motivation:

Maintenance flow of 0.055 m3/s

Discharge 0.055
Max Depth 0.22
Ave Depth 0.07
Ave velocity 0.17
Max velocity 0.52
% Slow shallow 90

% Fast Shallow 10

At these flows, the maximum depth is decreased from 24 cm to 22 cm, with an average depth of 7
cm. This represents a maximum loss of 2 cm depth over the riffle. On average however, a larger
amount of depth will be lost over the top and forward face of boulders. The sides and undersides
of riffles will however still be inundated, with average velocities of 0.17 m/s, which are only
marginally reduced from the present. The only taxa likely to be lost under these conditions are
simuliids, which have a preference for the surface of rocks in flow areas. There is still 10% of Fast
Shallow water in this area. There will only be marginal effects on the aquatic invertebrate
community.

Maintenance flow of 0.018 m®/s

Discharge 0.018
Max Depth 0.16
Ave Depth 0.06
Ave velocity 0.15
Max velocity 0.45
% Slow shallow 92

% Fast Shallow 8

At present, the Diep River ceases to flow on occasion (Flip de Wet, DWAF Cradock pers.comm.).
There is a slow reduction in flow and flow depth to result in this condition. The aquatic invertebrate
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community collected on site must be sufficiently resilient to withstand these conditions, and it is
thus assumed that the majority of less sensitive taxa present will survive depth and flow reductions
represented by this drought flow scenario. However, it is likely that as flows reduce to this state,
taxa with a preference for moderate and high flows will relocate or disappear (Simuliidae,
Philopotamidae, Gyrinidae). Water temperatures are likely to rise and water quality deteriorate,
resulting in a loss of taxa with a requirement for high quality water (Heptageniidae, Dixidae,
Veliidae, Gerridae).

243 IFR table and assurance rules for a C/D REC

The results represent a long term mean of 23.09% of the virgin MAR.
Desktop Version 2, Printed on 2005/03/10

Summary of IFR estimate for: Diep WRSM90 Flows

Determination based on defined BBM Table with site specific assurance rules.

Annual Flows (Mill. cu. m or index values):

MAR = 17.684

S.Dev. = 15.661

CVv = 0.886

Q75 = 0.312

Q75/MMF = 0.212

BFI Index = 0.255
CV(JJA+IFM) Index = 4537

REC =C/D

Maint. Lowflow 1.648 (9.32 %MAR)

Maint. Highflow
Total Maint. IFR
Drought Lowflow

2.457 (13.90 %MAR)
4.105 (23.22 %MAR)
0.333 (1.88 %MAR)

Monthly Distributions (cu.m./s)
Distribution Type : S.Karoo
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Month Natural Flows Modified Flows (IFR)
Low flows High Flows Total Flows

Mean SD CV Maint. Drought Maint. Maint.
Oct 0.791 0.997 0.471 0.070 0.020 0.081 0.151
Nov 0.664 0.685 0.398 0.063 0.015 0.084 0.147
Dec 0.353 0.332 0.351 0.042 0.005 0.000 0.042
Jan 0.286 0.806 1.051 0.035 0.001 0.000 0.035
Feb 0.250 0.580 0.962 0.035 0.001 0.000 0.035
Mar 0.412 1.255 1.136 0.038 0.002 0.000 0.038
Apr 0.360 0.664 0.713 0.038 0.002 0.000 0.038
May 0.616 1.556 0.943 0.042 0.005 0.000 0.042
Jun 0.519 0.943 0.700 0.053 0.010 0.084 0.137
Jul 0.570 1.032 0.676 0.063 0.015 0.081 0.144
Aug 0.856 1.543 0.673 0.077 0.025 0.348 0.425
Sep 1.032 2.084 0.779 0.070 0.025 0.252 0.322

Desktop Version 2, Printed on 2005/03/10

Summary of IFR rule curves for: Diep WRSM90 Flows

Determination based on defined BBM Table with site specific assurance rules.
REC = C/D

Data are given in m%/s mean monthly flow

% Points
Month 10% 20% 30% 40% 50% 60% 70% 80% 90% 99%
Oct 0.278 0.249 0.223 0.196 0.151 0.126 0.093 0.060 0.036 0.029
Nov 0.204 0.201 0.194 0.182 0.162 0.133 0.097 0.060 0.033 0.025
Dec 0.065 0.064 0.062 0.058 0.051 0.041 0.029 0.017 0.008 0.005
Jan 0.054 0.053 0.051 0.048 0.042 0.033 0.023 0.012 0.004 o0.001
Feb 0.054 0.053 0.051 0.048 0.042 0.033 0.023 0.012 0.004 0.001
Mar 0.059 0.058 0.056 0.052 0.046 0.036 0.025 0.013 0.005 0.002
Apr 0.059 0.058 0.056 0.052 0.046 0.036 0.025 0.013 0.005 0.002
May 0.065 0.064 0.062 0.058 0.051 0.041 0.029 0.017 0.008 0.005
Jun 0.258 0.228 0.201 0.175 0.131 0.107 0.078 0.048 0.026 0.019
Jul 0.267 0.238 0.212 0.186 0.142 0.117 0.086 0.054 0.031 0.024
Aug 0.847 0.728 0.564 0.486 0.369 0.304 0.223 0.141 0.080 0.062
Sep 0.635 0.548 0.473 0.404 0.286 0.236 0.175 0.112 0.066 0.052

Reserve flows without High Flows

Oct 0.109 0.107 0.104 0.098 0.088 0.074 0.056 0.038 0.024 0.021
Nov 0.098 0.096 0.093 0.088 0.078 0.065 0.048 0.032 0.019 0.016
Dec 0.065 0.064 0.062 0.058 0.051 0.041 0.029 0.017 0.008 0.005
Jan 0.054 0.053 0.051 0.048 0.042 0.033 0.023 0.012 0.004 0.001
Feb 0.054 0.053 0.051 0.048 0.042 0.033 0.023 0.012 0.004 0.001
Mar 0.059 0.058 0.056 0.052 0.046 0.036 0.025 0.013 0.005 0.002
Apr 0.059 0.058 0.056 0.052 0.046 0.036 0.025 0.013 0.005 0.002
May 0.065 0.064 0.062 0.058 0.051 0.041 0.029 0.017 0.008 0.005
Jun 0.082 0.081 0.078 0.073 0.065 0.054 0.039 0.025 0.014 0.010
Jul 0.098 0.096 0.093 0.088 0.078 0.065 0.048 0.032 0.019 0.016
Aug 0.119 0.118 0.114 0.108 0.097 0.082 0.063 0.044 0.030 0.026
Sep 0.109 0.107 0.104 0.098 0.089 0.076 0.059 0.042 0.029 0.026
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Natural Duration curves

Oct 1.613 0.870 0.695 0.598 0.505 0.452 0.374 0.287 0.233 0.141
Nov 1.632 0.934 0.552 0.457 0.427 0.351 0.316 0.266 0.206 0.131
Dec 0.952 0.583 0.360 0.262 0.228 0.199 0.160 0.126 0.102 0.058
Jan 0.369 0.262 0.194 0.141 0.107 0.092 0.073 0.068 0.053 0.024
Feb 0.436 0.194 0.145 0.129 0.097 0.075 0.054 0.043 0.032 0.022
Mar 0.627 0.287 0.209 0.190 0.107 0.087 0.068 0.044 0.034 0.015
Apr 0.793 0.351 0.236 0.181 0.146 0.121 0.085 0.065 0.040 0.020
May 1.380 0.656 0.374 0.233 0.165 0.121 0.102 0.068 0.058 0.019
Jun 1.014 0.598 0.437 0.286 0.246 0.186 0.141 0.110 0.065 0.045
Jul 1.050 0.651 0.428 0.384 0.326 0.272 0.243 0.185 0.155 0.053
Aug 2.206 0.899 0.564 0.486 0.394 0.340 0.282 0.243 0.199 0.136
Sep 1.662 1.165 0.713 0.608 0.482 0.387 0.311 0.256 0.216 0.146

244 IFRtable and assurance rules for a D REC

The results represent a long term mean of 22.36% of the virgin MAR.
Desktop Version 2, Printed on 2005/03/10

Summary of IFR estimate for: Diep WRSM90 Flows

Determination based on defined BBM Table with site specific assurance rules.

Annual Flows (Mill. cu. m or index values):

MAR = 17.684

S.Dev. = 15.661

CVv = 0.886

Q75 = 0.312

Q75/MMF = 0.212

BFI Index = 0.255
CV(JJA+JFM) Index = 4.537

ERC =D

Maint. Lowflow 1.046 (5.91 %MAR)

Maint. Highflow
Drought Lowflow
Total Maint. IFR

2.730 (15.44 %MAR)
0.333 (1.88 %MAR)
3.776 (21.35 %MAR)

Monthly Distributions (cu.m./s)
Distribution Type : S.Karoo

Month Natural Flows Modified Flows (IFR)
Low flows High Flows Total Flows
Mean SD CV Maint. Drought Maint. Maint.

Oct 0.791 0.997 0.471 0.050 0.020 0.090 0.140
Nov 0.664 0.685 0.398 0.045 0.015 0.093 0.138
Dec 0.353 0.332 0.351 0.023 0.005 0.000 0.023
Jan 0.286 0.806 1.051 0.018 0.001 0.000 0.018
Feb 0.250 0.580 0.962 0.018 0.001 0.000 0.018
Mar 0.412 1.255 1.136 0.018 0.002 0.000 0.018
Apr 0.360 0.664 0.713 0.020 0.002 0.000 0.020
May 0.616 1.556 0.943 0.025 0.005 0.000 0.025
Jun 0.519 0.943 0.700 0.030 0.010 0.093 0.123
Jul 0.570 1.032 0.676 0.040 0.015 0.090 0.130
Aug 0.856 1.543 0.673 0.055 0.025 0.387 0.442
Sep 1.032 2.084 0.779 0.055 0.025 0.280 0.335
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Desktop Version 2, Printed on 2005/03/10
Summary of IFR rule curves for : diep WRSM90 Flows
Determination based on defined BBM Table with site specific assurance rules.
ERC=D

Regional Type : S.Karoo

Data are given in m%s mean monthly flow

% Points
Month 10% 20% 30% 40% 50% 60% 70% 80% 90% 99%
Oct 0.281 0.249 0.220 0.193 0.146 0.121 0.091 0.060 0.037 0.030
Nov 0.214 0.211 0.204 0.191 0.170 0.140 0.101 0.063 0.034 0.026
Dec 0.042 0.042 0.040 0.038 0.034 0.028 0.020 0.012 0.007 0.005
Jan 0.033 0.032 0.031 0.029 0.026 0.020 0.014 0.007 0.003 0.001
Feb 0.033 0.032 0.031 0.029 0.026 0.020 0.014 0.007 0.003 0.001
Mar 0.033 0.032 0.031 0.029 0.026 0.021 0.015 0.008 0.004 0.002
Apr 0.037 0.036 0.035 0.032 0.029 0.023 0.016 0.009 0.004 0.002
May 0.046 0.045 0.044 0.041 0.036 0.030 0.022 0.013 0.007 0.005
Jun 0.250 0.218 0.189 0.163 0.117 0.097 0.071 0.045 0.026 0.020
Jul 0.262 0.231 0.203 0.176 0.130 0.108 0.080 0.052 0.031 0.025
Aug 0.910 0.777 0.564 0.486 0.386 0.318 0.234 0.148 0.085 0.066
Sep 0.686 0.590 0.507 0.432 0.302 0.250 0.184 0.118 0.069 0.055
Reserve flows without High Flows
Oct 0.092 0.091 0.088 0.083 0.075 0.064 0.049 0.034 0.024 0.020
Nov 0.083 0.081 0.079 0.074 0.067 0.056 0.042 0.029 0.018 0.015
Dec 0.042 0.042 0.040 0.038 0.034 0.028 0.020 0.012 0.007 0.005
Jan 0.033 0.032 0.031 0.029 0.026 0.020 0.014 0.007 0.003 o0.001
Feb 0.033 0.032 0.031 0.029 0.026 0.020 0.014 0.007 0.003 0.001
Mar 0.033 0.032 0.031 0.029 0.026 0.021 0.015 0.008 0.004 0.002
Apr 0.037 0.036 0.035 0.032 0.029 0.023 0.016 0.009 0.004 0.002
May 0.046 0.045 0.044 0.041 0.036 0.030 0.022 0.013 0.007 0.005
Jun 0.055 0.054 0.053 0.050 0.045 0.037 0.028 0.019 0.012 0.010
Jul 0.074 0.072 0.070 0.066 0.060 0.050 0.039 0.027 0.018 0.015
Aug 0.101 0.100 0.097 0.092 0.083 0.071 0.056 0.040 0.029 0.025
Sep 0.101 0.100 0.097 0.092 0.083 0.071 0.056 0.040 0.029 0.025
Natural Duration curves
Oct 1.613 0.870 0.695 0.598 0.505 0.452 0.374 0.287 0.233 0.141
Nov 1.632 0.934 0.552 0.457 0.427 0.351 0.316 0.266 0.206 0.131
Dec 0.952 0.583 0.360 0.262 0.228 0.199 0.160 0.126 0.102 0.058
Jan 0.369 0.262 0.194 0.141 0.107 0.092 0.073 0.068 0.053 0.024
Feb 0.436 0.194 0.145 0.129 0.097 0.075 0.054 0.043 0.032 0.022
Mar 0.627 0.287 0.209 0.190 0.107 0.087 0.068 0.044 0.034 0.015
Apr 0.793 0.351 0.236 0.181 0.146 0.121 0.085 0.065 0.040 0.020
May 1.380 0.656 0.374 0.233 0.165 0.121 0.102 0.068 0.058 0.019
Jun 1.014 0.598 0.437 0.286 0.246 0.186 0.141 0.110 0.065 0.045
Jul 1.050 0.651 0.428 0.384 0.326 0.272 0.243 0.185 0.155 0.053
Aug 2.206 0.899 0.564 0.486 0.394 0.340 0.282 0.243 0.199 0.136
Sep 1.662 1.165 0.713 0.608 0.482 0.387 0.311 0.256 0.216 0.146
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1 INTRODUCTION AND AIMS OF THIS REPORT

The role of hydraulics and procedure for generating hydraulic information for Ecological Reserve
studies have been documented for the Comprehensive and Intermediate levels of determination
(DWAF, 1999), with subsequent periodic updates (Birkhead, 2002; Jordanova et al., in press).
This report provides the hydraulic information (data collection, modelling and results) for a site on
the Diep River (tributary of the Kromme River) for a Rapid level Il determination.

1.1 Methodology

The application of holistic methods for ecological flow determination (refer to Tharme, 1996)
requires water requirements to be expressed as discharge rates (including its temporal
characteristics) through assessments of the presence of suitable habitat for certain biota at
different flows. The interface between the way in which flow requirements are assessed and
expressed is through the results of hydraulic measurements, analyses and modelling of sites along
rivers. The primary product of these hydraulic analyses are relationships between discharge and
the following determinants (which have been found over the course of numerous flow
assessments, to be the most useful): depth (maximum and average), velocity (average), wetted
perimeter, and width of the water surface. The discharge-depth (or rating) relationship is
fundamental to hydraulic analysis, and is generally derived from a combination of measured and
synthesized data (refer to Rowlston et al., 2000; Birkhead, 2002 for descriptions of procedures for
deriving hydraulic information for use in ecological flow requirements (or Reserves). Once the
rating relationship for a river section has been developed, the relationships between discharge and
the other hydraulic parameters may readily be computed using the cross-sectional geometry, and
are generally provided in tabular format using look-up tables (see Section A4.3).

The cross-sectional profile plots and look-up tables comprise the “standard hydraulic data” used in
Reserve determinations in South Africa at the Rapid Ill, Intermediate and Comprehensive levels.
Ecologists use these standard hydraulic data with the aid of site assessments, photographs and
video exposure, to determine the quantity and quality of hydraulic habitat at different flows.
Substantial experience and interpretation are required to provide assessments of site-based and
reach-based biological habitats using cross-sectional surveys and the results of one-dimensional
hydraulic analyses (biological habitat refers to the integration of the different components defining
habitat (eg. hydraulic, substrate and cover attributes for fish)). For this reason, a procedure has
been developed for using standard hydraulic information as the basis for quantifying hydraulic
habitat for fish (refer to Jordanova et al. (in press) for an explanation of the method). The method
allows the assessment of abundance of different habitat types to be applied more consistently in
Ecological Reserve determinations, and has been applied in the Rapid Level Ill determinations in
this study.

1.2 Data collection

Fixed stations were installed at the EWR site using a local datum (Table 1).
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Table 1 Fixed survey stations at EWR site 7 on the Diep River

River Site no. Station -z (eleeimEl degrees)orel. Eald (m)
to cross-section (0°)
7.1 (IPC) Setup 100.00
Diep 7 7.2 (MRK) 303.41 98.44

7.3 (MRK) 0.80 98.02

(1) Eald:  Elevation above local datum

@) IPC: Iron Peg in Concrete

3) MRK:  Mark (painted)

The measured discharge and flow depth are provided in Table A 2, together with the date when the
data were collected.

Table 2 Hydraulic data collected at EWR Site 7 on the Diep River

Disch Stage amsl |Max. flow depth
River Site no. Date (lgszzmglrsg)e z (m) y (m)
Cross-section A
Diep 7 09/03/2005 0.061 97.65 0.24

1.3 Modelling

The observed rating data at the EWR sites have been extended using Manning’'s resistance
relationship. The surveyed water surface and regional (1:50 000 topographical) channel slopes
are given in Tables 3 and 4, and these have been used in conjunction with estimates of Manning’s
resistance coefficient (Table 5) to synthesize rating data for discharges higher than those
measured. Continuous rating functions of the form given by equation 1 have been fitted to the
measured and modelled data, and these are plotted in Figure 1 for the EWR site.

Q=ayb+c equation1

where y is the flow depth (m), Q is the discharge (m®/s), and a, b and c are regression coefficients,
listed in Table A 6.

Table 3 Regional 1:50 000 channel slope

River Site no. Channel slope

Diep 7 0.0063

Table 4 Surveyed water surface slopes

River Site no. D|scr;arge Water surface slope
(m7/s)
Diep 7 0.061 0.024 (7.5), 0.0075 (29)
(x) Distance over which slope surveyed (m)
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Table 5 Hydraulic data used to extend the measured rating data

Discharge Manning’s | Max. flow Stage Ener Ave.
River Site no. Q(mslsg)J resistance, | depth, amsl, slo egé velocity
n y (m)! z (m) be, v (m/s)
Diep 7 6.5 0.06 1.00 98.41 0.008 0.99
Italic modelled
Table 6 Regression coefficients in equation Al
Rating coefficients
River e fa, || DEETEE Cross- c relative to
Q (m°/s) section a b local
bed
datum
Diep 7 All A 0.564 | 0.306 0.000 97.41
14 Results

The results of the hydraulic survey are shown in Figures 1 and 2, and Tables 7, 8 and 9.

1.4.1 Cross-sectional profile

1.0
EOB . 0.061m3/s (9/3/05)
N i
k=] :
8 0.6 Maint. Aug 77l/s
o
> i
'c% Maint. Jan 35l/s
c 0.4
R Dr. Aug 25l/s
© T -9
> .
w Dr. Feb 1l/s

OO T T T T T

-12 -10 -8 -6 -4 -2 0
Distance across river, x (m)

Figure 1 Cross-sectional profile for the Diep River EWR Site 7 (riffle), showing the water level
surveyed on 09/03/2005 and the maintenance and drought flows generated using
the desktop model for a C/D category.
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Rating functions

1.4.2

0.001

Discharge (m3/s)

Measured and modelled rating data points and function for the cross-sectional
profile at EWR Site 7 on the Diep River. The cross-section lies through a riffle.

Figure 2

Tabulated modelled hydraulic data

Page A“-6

Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
Diep River RERM Il Report: Final

November 2005

CES



Table 7 Tabulated hydraulic data for EWR Site 7 on the Diep River

FIOV\Encqi)epth Di?:r;]f;/a;r)ge Ave;ae%?hflow ?r:qez? V\éﬁ;h Perém)eter C(\allec:?i?;

(m) (m/s)

0.00 0.000 0.00 0.00 0.00 0.00 0.00
0.02 0.000 0.01 0.00 0.02 0.05 0.09
0.04 0.000 0.01 0.00 0.17 0.23 0.09
0.06 0.001 0.02 0.01 0.40 0.52 0.08
0.08 0.002 0.03 0.02 0.60 0.78 0.09
0.10 0.004 0.04 0.03 0.84 1.11 0.11
0.12 0.006 0.05 0.05 1.11 1.46 0.12
0.14 0.011 0.05 0.08 1.43 1.87 0.14
0.16 0.016 0.06 0.11 1.81 2.34 0.15
0.18 0.024 0.07 0.15 2.16 2.79 0.16
0.20 0.034 0.07 0.20 2.64 3.38 0.17
0.22 0.046 0.07 0.26 3.78 4.61 0.18
0.24 0.061 0.08 0.34 4.23 5.15 0.18
0.26 0.080 0.09 0.43 452 5.52 0.19
0.28 0.10 0.10 0.52 4.98 6.06 0.19
0.30 0.13 0.12 0.63 5.37 6.54 0.20
0.32 0.16 0.13 0.74 5.70 6.96 0.21
0.34 0.19 0.14 0.85 5.94 7.26 0.22
0.36 0.23 0.16 0.97 6.25 7.63 0.24
0.38 0.28 0.17 1.10 6.47 7.90 0.25
0.40 0.33 0.19 1.23 6.62 8.10 0.26
0.42 0.38 0.20 1.37 6.73 8.24 0.28
0.44 0.44 0.22 1.50 6.86 8.40 0.30
0.46 0.51 0.24 1.64 6.98 8.56 0.31
0.48 0.59 0.25 1.78 7.10 8.71 0.33
0.50 0.68 0.27 1.93 7.23 8.87 0.35
0.52 0.77 0.27 2.07 7.67 9.35 0.37
0.54 0.87 0.26 2.23 8.51 10.23 0.39
0.56 0.98 0.28 241 8.71 10.47 0.41
0.58 1.10 0.29 2.58 8.85 10.63 0.42
0.60 1.22 0.31 2.76 8.98 10.80 0.44
0.62 1.36 0.33 2.94 9.03 10.87 0.46
0.64 151 0.34 3.12 9.08 10.94 0.48
0.66 1.67 0.36 3.30 9.13 11.01 0.51
0.68 1.84 0.38 3.49 9.18 11.08 0.53
0.70 2.03 0.40 3.67 9.23 11.15 0.55
0.72 2.22 0.42 3.86 9.28 11.22 0.58
0.74 2.43 0.43 4.04 9.33 11.29 0.60
0.76 2.65 0.45 4.23 9.38 11.36 0.63
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Flow depth Discharge AIEIEE 3 Area Width Perimeter Avera_ge

(m) (ms) depth m?) (m) (m) velocity
(m) (m/s)
0.78 2.89 0.47 4.42 9.43 11.43 0.65
0.80 3.13 0.49 4.61 9.48 11.50 0.68
0.82 3.40 0.50 4.80 9.53 11.57 0.71
0.84 3.68 0.52 4.99 9.58 11.64 0.74
0.86 3.97 0.54 5.18 9.63 11.71 0.77
0.88 4.28 0.56 5.37 9.68 11.78 0.80
0.90 461 0.57 5.57 9.73 11.85 0.83
0.92 4.95 0.59 5.76 9.78 11.92 0.86
0.94 5.31 0.61 5.96 9.83 11.99 0.89
0.96 5.69 0.62 6.16 9.87 12.05 0.92
0.98 6.08 0.64 6.35 9.89 12.10 0.96
1.00 6.50 0.66 6.55 9.91 12.15 0.99

1.4.3 Habitat type abundance and velocity distribution analyses

Kleynhans (1999) suggested that the hydraulic information necessary to characterize habitat for
fish is depth-averaged velocity (V) and flow depth (D). Together with substrate and vegetation
cover information, these are sufficient to broadly describe fish habitat. Further, he suggests that
velocity and depth need only be specified coarsely, and has proposed the following four velocity-
depth classes (hydraulic habitat types), as adapted from Oswood and Barber (1982):

Slow (<0.3 m/s) and shallow (<0.5m) (SS): This includes shallow pools and backwaters.
Slow (<0.3 m/s) and deep (>0.5m) (SD): This includes deep pools and backwaters.

Fast (>0.3 m/s) and shallow (<0.3m) (FS): Shallow runs, rapids and riffles fall in this class
Fast (>0.3 m/s) and deep (>0.3m) (FD): Deep runs, rapids and riffles fall under this class.

The results of the habitat-type abundance assessments (fish) are provided in Table 8 for the riffle
feature. The rows of data in bold font denote scorings corresponding to measured flows observed
at the site on 9 March 2005. Velocity distribution information using the distribution model of
Lamouroux et al., (1995) is provided in Table 9.

Table 8 Ratings of habitat type abundance for EWR Site 7 (Diep River)

. Ecological assessment Hydraulic assessment (calculated)
D|Zfr:]2/asr)ge (on-site)’ Rating (0-5) Metres of perimeter
SS|SD|FS |FD | SS | SD | FS | FD | SS | SD | FS | FD
0.016 3 0 1 0 22 | 00| 02] 00
0.034 3 0 1 0 29 | 0.0 | 04 | 0.0
0.061 4 4 1 0 4 0 2 0 43 | 0.0 | 0.8 | 0.0
0.10 5 0 2 0 50| 00| 11| 0.0

Rating for site, whereas hydraulic assessment is for riffle:
O=none, 1=rare, 2=sparse, 3=moderate, 4=abundant, 5=very abundant

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
November 2005 Diep River RERM Il Report: Final Page AX-8



Table 9 Velocity distributions for EWR Site 7 (Diep River)

Lamouroux et al., 1995

Discharge Average
(m3s) V€|0/City Maximum | Frequency (%) of velocity (m/s)
(Mfs) | velocity (m/s) [ 0.0 [0.1-0.3]03-0.6] >0.6
0.016 0.15 0.45 41 51 8 0
0.034 0.17 0.50 38 49 13 0
0.061 0.18 0.55(0.85) 36 48 16 0
0.10 0.19 0.55 36 46 18 0

(x) = measured value
15 Confidence in the hydraulic characterisations

The confidence in the characterisations of the hydraulic relationships are provided in Table 10.
“Site character” refers to the suitability of the site for hydraulic modelling, “available data” refers to
the range of measured rating data, and the final column refers to the confidence in the hydraulic
characterisations with reference to the ecological low and high flow recommendations.
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Table 10 Confidence in the hydraulic characterisations

Site no. Site character Available data Reference to PES or recommended FC
Low flows High flows
7 (Diep) 2 2 3 N/a

Site characterised by a short (7.5m long) riffle composed predominantly of large cobbles and small
boulders. Pools occur upstream and downstream of the riffle, with the depth in the upstream pool in
excess of 1m at the time of the site visit. A mid-channel bar vegetated with Palmiet exists immediately
upstream of the riffle, with divided flows at medium to high discharges.

“Site character” rating =2

Advantages
Measurement of discharge using manual gauging.

Disadvantages
Non-uniform flow over short riffle ‘step’ feature. Riffle will drown-out at medium to high flows

(approximately 0.3 m®/s), but additional riffle-type hydraulic habitat on bed (chainages between -4 to -8m)
may become active. Difficult to determine reduction in flow resistance from site calibrated value as
influence of control becomes drowned out at higher discharges. Influence of channel blockages, channel
form, and pool/riffle/rapid sequences on flow resistance.

Single measured discharge of 0.061 m%s.
"Available data” rating = 2.

The measured discharge is within the range (0.035 to 0.077 m*/s) of desktop-generated maintenance flows
(CID category), and drought flows are in the range 0 to 0.025 m®/s.

Confidence ratings: 0=none, 1=low, 2=low/medium, 3=medium, 4=medium/high, 5=high
@ Not Applicable since high flows are not considered as part of Rapid Level Il assessment.
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1 FISH EC
1.1 Diep River (K90D): Fish PES (C)
1.1.1  Flow depth
FLOW-DEPTH CLASS METRICS:. With Flow-depth ~ |\yaignt of | FlOW-depth L1 o
e~ preference scores preferences:|© ¢ < |=
reference to flow modifications and (observed or flow, weighted 129 2 [B 4
changes in sediment movement, what depth 9 E H 2 |8=
; expected under scoreper £ 9 = [B¢
are the changes to the following preference ; Ssg % |85
observed or expected to be? gl metric MEAE (@t @ik = N ®
' conditions) 5)
Frequency of occurrence of species with
\very high and high preference for FAST-FFD 0.00 0.00 0.00 3.00| 0.00 |0.00
DEEP conditions
Frequency of occurrence of species with
very high and high preference for FAST-FFS 0.00 0.00 0.00 3.00 0.00 |0.00
SHALLOW conditions
Frequency of occurrence of species with
very high and high preference for SLOW-FSD -1.00 0.53 -2.11 1.00(100.00/0.53
DEEP conditions
Frequency of occurrence of species with
\very high and high preference for SLOW-FSS -1.00 0.47 -1.89 2.00 90.00(0.47
SHALLOW conditions
Absolute sum 1.00 4.00 4.00(190.00/1.00
Absolute overall % change in flow-depth 20.00
classes composition of assemblage '
1.1.2 Flow modification
Flow - o
FLOW MODIFICATION METRICS: With Flow Weiaht dependence: cO» w|l = % T
reference to flow modifications, what are dependence of fI%w weighted | -2 -g g o
the changes to the following observed or metric metrics| SCOre per = o =2 |T =
expected to be? scores metric (out 5:5 = X |8 =
n
of 5)
E}[?%‘fﬁg\fvycgg(;gg‘r‘]gence of species intolerang o | g g 0.00 0.00 4.0 | 0.00 | 0.00
Frequency of occurrence of species ) i
moderately intolerant of no-flow conditions FMI e 0.50 4.00 S 0-50
Frequency of occurrence of species ) i
moderately tolerant of no flow conditions FMT 2L 0.40 320 EeaEey 040
Egeﬁgvinctg/ngifﬂgzgurrence of species tolerant off ET -1.00 0.10 -0.40 3.0 | 20.0 | 0.10
1.00 7.6 4.0 |200.0| 1.0
IAbsolute overall % change in flow dependence 38.00
of assemblage ]
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1.1.3 Migration

=
Flow Flow ‘S - |
depende|Weight dev[\;ginc:]izgge. 28| & | §«
MIGRATION METRICS nce |of flow 9 E sl o |[ol!
. X score per o = |50
metric |metrics . SeEl T |S*-
metric (out | § 5 =
scores S
of 5) &
N
Frequency of occurrence of spp with catchment CAT| -4.00 0.50 -10.00 10 1100.0! 0.50

scale movements

Frequency of occurrence of spp with
requirement for movement between reaches ol BR | -2.00 | 0.250 -2.50 2.0 | 50.0
fish habitat segments

Frequency of occurrence of spp with
requirement for movement within reach or fish] IR -2.00 | 0.250 -2.50 2.0 | 50.0 | 0.25
habitat segment

o
(V)
ol

1.00 15.0 5.0 {200.0| 1.0

/Absolute overall % change in population

longitudinal continuity 60.00

1.1.4 Cover
q q q = — o —
COVER METRICS: With reference to C Weight| Weighed | © | = |27,
T over o0| o | B
changes in fish cover features, what are the - of cover =Ex| = 5 O
X metric = s =
changes to the following observed or cover |preference | £ | = |B ¢
score . = > | 5
expected to be? metric score & X |22
n
Frequency of occurrence of species with a very
high to high preference for overhanging] OV -2.0 0.27 -2.7 2 |80.0|0.27
\vegetation
Frequency of occurrence of species with a very
high to high preference for undercut banks and| UB -2.0 0.10 -1.0 3 |30.0]|0.10
root wads
Frequency of occurrence of species with af
high to very high preference for a particular] SUB -3.0 0.33 -5.0 1 |100.0| 0.33
substrate type
Frequency of occurrence of species with & AMA
high to very high preference for aquatic C -2.0 0.27 -2.7 2 |80.0|0.27
macrophytes
F'requen(':y of occurrence of species with a very e 0.0 0.03 0.0 4 1100003
high to high preference for the water column
1.0 11.3 5.0 |300.0| 1.0
Absolute overall % change in habitat
45.33
assemblages
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1.1.5 Health condition

So|sa| £ 3 2
HEE R R
HEALTH/CONDITION OF SPECIES (Introduced and native):| = 3 | £ T [ € = o g z |a
With reference to changes in water quality conditions, what g 2 g E = e 5 . -qi'; R
are the changes to the following observed or expected to So|S9omg S 9 o 2 [o
be? cZ|Tc=EE2TT = L |8
c2|¢c 'g c c X 'g
> S S5 ®© =
9@ |ao©° Q o] I
<° /< @ 14 n
Health of species intolerant of modified water quality ITH | 0.00 | 0.00| 0.00 | 0.00 | 0.00 |0.00
;if:lllittg of species moderately intolerant of modified water| MIH 200 059 -353 |1.00 100.000.59
;ﬁ:lllittg of species moderately tolerant of modified water MTHI 1001 035! -106 |200!6000l035
Health of species tolerant of modified water quality HT | 0.00 | 0.06| 0.00 | 3.00 |10.00(0.06
Sum 1.00| 4.59 |4.00 [170.00/1.00
Overall % change to indicators of modified water quality 30.59

1.1.6 Introduced species

2la S
° 8 = ° 2 = =
INTRODUCED SPECIES METRICS: With reference to the o o g =3 o S g @ E 2 o
types of introduced species, the characteristics of the = 2|9 f_m < = 3 £ -g -_g I
habutat and the native species, what is the following ° 2|3 GEJ -qi'; oClEB| = T O
observed or expected to be? EQ|e7|IZEQ gE| 8| 2
S s
2\|= n
The potential impact of introduced predaceous spp? P 5.0 |0.43| 857 | 1.0 [90.0| 0.429

How widespread (frequency of occurrence) are

introduced predaceous spp? FP | 5.0 |0.48| 9.52 | 2.0 [100.0] 0.476

The potential impact of introduced habitat modifying

IH -1.0 |0.05| -0.19 | 3.0 [10.0| 0.048
spp?

How widespread (frequency of occurrence) are habitat

modifying spp? FH | -1.0 {0.05| -0.19 | 3.0 |10.0| 0.048

Sum 1.0|17.71| 4.0 [210.0
Overall % potential impact of introduced spp 88.57
1.2 PES: C
Metric Fish PES: Based on weights of metric groups
Fish PES Metric group 470U |calculated| Weighted | Rank of 1o, o0 for
Calculated weight ST metric metricg rou
score 9 group group group
FLOW-DEPTH METRICS FD 80.00 0.34 27.12 1.00 100.00
FLOW MODIFICATION
METRICS FM 62.00 0.27 16.81 2.00 80.00
MIGRATION METRICES CM 40.00 0.03 1.36 3.00 10.00
COVER METRICS HM 54.67 0.34 18.53 1.00 100.00
HEALTH/CONDITION
METRICS IS 69.41 0.02 1.18 4.00 5.00
IMPACT OF INTRODUCED,
SPP (NEGATIVE) 88.57 0.00 0.00 5.00 0.00
Fish PES 65.00
Fish PES Category C
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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1.3 Diep River (K90D): Fish Alternative EC (D)
1.3.1 Flow depth
FLOW-DEPTH CLASS METRICS:. With Flow-depth |y eignt of | Flow-depth | - | Q-
e preference scores preferences: |l € |=
reference to flow modifications and (observed or flow, weighted 1 22| @ |8 o
changes in sediment movement, what depth 9 E 5 2 |8=
; expected under score per o| =2 |B¢
are the changes to the following resent preferencemetriC (out of S e o |85
observed or expected to be? copnditions) metric 5) o °© n v
Frequency of occurrence of species with
very high and high preference for FAST-FFD 0.00 0.00 0.00 3.00 | 0.00 | 0.00
DEEP conditions
Frequency of occurrence of species with
very high and high preference for FAST-FFS 0.00 0.00 0.00 3.00 | 0.00 | 0.00
SHALLOW conditions
Frequency of occurrence of species with
\very high and high preference for SLOW-FSD -1.00 0.53 -2.11 1.00 (100.00| 0.53
DEEP conditions
Frequency of occurrence of species with
very high and high preference for SLOW-FSS -2.00 0.47 -3.79 2.00 |{90.00| 0.47
SHALLOW conditions
Absolute sum 1.00 5.89 4.00 [190.00 1.00
Absolute overall % change in flow-depth
" 29.47
classes composition of assemblage
1.3.2 Flow modification
Flow - o
FLOW MODIFICATION METRICS: With Flow Weight dependence: g ” = -% ‘ﬁ'
reference to flow modifications, what are dependence of fl?)w weighted | 2 -g )
the changes to the following observed or metric . scoreper | X ®© = s =
metrics - S e - T
expected to be? scores metric (out Y S s 2
n
of 5)
Frequency of occurrence of species intolerant = 0.00 0.00 0.00 40 | 000 0.00
of no-flow conditions
Frequency of occurrence  of = species p, [ 3 g 0.50 -6.00 1.0 | 100.0 | 0.50
moderately intolerant of no-flow conditions
Frequency ~of occurrence of species oyr| g gg 0.40 -4.80 20 | 80.0 | 0.40
moderately tolerant of no flow conditions
Frequency of occurrence of species tolerant] FT -1.00 0.10 -0.40 30 | 200 0.10
of no flow conditions
1.00 11.2 4.0 | 200.0 1.0
Absolute overall % change in flow
56.00
dependence of assemblage
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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1.3.3 Migration

IS
Flow - >
.| o -

de g:wodvénceweightdevsgin%?re]ccie. g’_g E’ -g -
MIGRATION METRICS PENASNCE of flow g S5 @ |
metric ; scoreper (£ o = )
metrics . SEl 2 |8~

scores metric (out | £ R | e

of 5) =

n
Frequency of occurrence of spp Witheoarl 409 | 050 | -10.00 | 1.0 [100.0| 0.50

catchment scale movements

Frequency of occurrence of spp with
requirement for movement between reaches| BR -2.00 0.250 -2.50 2.0 | 50.0
or fish habitat segments

o
V)
al

Frequency of occurrence of spp with
requirement for movement within reach or fish| IR -2.00 0.250 -2.50 2.0 | 50.0 | 0.25
habitat segment

1.00 15.0 5.0 ({200.0| 1.0
60.00

/Absolute overall % change in population
longitudinal continuity

1.34 Cover
q q q = — o —
COVER METRICS: With reference to C Weight| Weighed | © | = |27,
T over o0| o | B
changes in fish cover features, what are the - of cover =Ex| = 5 O
X metric = s =
changes to the following observed or cover |preference | £ | = |B ¢
score . = > | 5
expected to be? metric score & X |22
n
Frequency of occurrence of species with a very|
high to high preference for overhanging OV -2.0 0.27 -2.7 2 |80.0|0.27
\vegetation
Frequency of occurrence of species with a very|
high to high preference for undercut banks and| UB -2.0 0.10 -1.0 3 |30.0]|0.10
root wads
Frequency of occurrence of species with a
high to very high preference for a particularl SUB -3.0 0.33 -5.0 1 |100.0| 0.33
substrate type
Frequency of occurrence of species with a AMA
high to very high preference for aquatic C -3.0 0.27 -4.0 2 |80.0|0.27
macrophytes
F'requen(':y of occurrence of species with a very, e 0.0 0.03 0.0 4 1100003
high to high preference for the water column
1.0 12.7 5.0 |300.0| 1.0
Absolute overall % change in habitat
50.67
assemblages
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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1.3.5 Health condition
_C“ (@) _C— 7)) = 8 8
Ec |l == = =
S = | <= © < = =
HEALTH/CONDITION OF SPECIES (Introduced and native): | € g | < @ = o E c |
With reference to changes in water quality conditions, what| ¢ 2 g i < 9 25 % -% 9=
are the changes to the following observed or expectedto | S 0 | £ 0|3 § S8 o = -
be? cZ|cE2To £ L |©
c c O c c X ©
28|23l 3° | § 5
<°l<°| ® x n
Health of species intolerant of modified water quality ITH | 0.00 |0.00| 0.00 |0.00| 0.00 |0.00
gfglllittl; of species moderately intolerant of modified water MIH 13001 059! 529 |1.00 l100.00059
;f;lllitts of species moderately tolerant of modified water MTHI2001035| 212 |2.00 |60.0000 35
Health of species tolerant of modified water quality HT | 0.00 | 0.06 | 0.00 | 3.00 |10.00/|0.06
Sum 1.00| 7.41 | 3.00|170.00/1.00
Overall % change to indicators of modified water quality 49.41

14 Alternative EC: D
Metric Fish PES: Based on weights of metric groups
Fish PES Metric group e |Calculatea| Weighted | Rank of 1o i for
Calculated weight | 3¢°'€ o || e metricg rou
score 9 group group group
FLOW-DEPTH METRICS FD 70.53 0.34 23.91 1.00 100.00
FLOW MODIFICATION
METRICS FM 44.00 0.27 11.93 2.00 80.00
MIGRATION METRICES CM 40.00 0.03 1.36 3.00 10.00
COVER METRICS HM 49.33 0.34 16.72 1.00 100.00
HEALTH/CONDITION
METRICS IS 50.59 0.02 0.86 4.00 5.00
IMPACT OF INTRODUCED
SPP (NEGATIVE) 88.57 0.00 0.00 5.00 0.00
Fish PES 54.78
Fish PES Category D
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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1 AQUATIC INVERTEBRATES EC

1.1 Diep River (K90D): Aquatic Invertebrate PES (C)

1.1.0 Flow modification

e —
(=} [©]
. o 2 = ht
Velocity = @ x =) S
INDICATORS OF FLOW MODIFICATION preference % B g g 2
scores 2 < | x| 2| e
o >
o =
= &
Pr;zsnce of taxa with a preference for very fast flowing ET 1 026 | 0.26 1 1100 | 0.26
VAvt;;J;rdance of taxa with a preference for very fast flowing ETA 2 011 | 021 3 20 | 011
Presence of taxa with a preference for moderately fast MT 1 026 | 026 1 1100|026
flowing water
Abu_ndance of taxa with a preference for moderately fast MTA 2 011 | 021 3 20 | 011
flowing water
Presence of taxa with a preference for slow flowing water| ST 2 0.16 | 0.32 2 60 | 0.16
)IAbundance of taxa with a preference for slow flowing STA 2 011 | 021 3 20 | 011
water
Proportional change in average flow dependence of 1 29.47 380 1
the assemblage
1.1.0 Habitat preference
8 —
(=} o
. — o = b
Habitat c o < | 5 £
INDICATORS OF HABITAT PREFERENCE preference % ch) g g 2
scores = < o 2 o
2 5
= N
Has the proportion of invertebrates with a preference for|
bedrock changed relative to expected? BT 0.00 0.00 0.00
Has the abundance of any of the taxa with a preference
for bedrock/boulders changed? BTA 0.00 0.00 0.00
Has the proportion of invertebrates with a preference for|
mobile cobbles changed relative to expected? cT Y 0.17 0.00 el 017
Has the_ abundance of any of the taxa with a preference CTA 5 0.13 025 | 3 | 75 | 0.13
for mobile cobbles changed?
Has the_ proportion of |nv_ertebrates with a preference for VT 3 0.15 046 | 2 | 90 | 0.15
vegetation changed relative to expected?
Has the apundance of any of the taxa with a preference) VTA 3 0.13 038 | 3|75 | 013
for vegetation changed?
Has the proportion of |nvertebrate_s with a preference for cT 5 0.11 022 | 4 | 65 | 0.11
sand, gravel or mud changed relative to expected?
Have the abundance of any of the taxa with a preference GTA 2 0.10 020 | 5 | 60 | 0.10
for sand, gravel or mud changed relative to expected?
Has the proportion of invertebrates with a preference for|
the water column or water surface changed relative to] WT 2 0.11 022 | 4 | 65| 0.11
expected?
Has the abundance of any of the taxa with a preference WTA 3 0.10 031 | 5 | 60 | 0.10
for the water column/water surface changed?
1 590 1.00
Overall change in habitat assemblages | 40.85 |
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component KSCIR-RR-0004
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1.1.0 Water quality

&) —
Wat S =
ater = 2 = =
quality ) o = |2 £
INDICATORS OF WATER QUALITY A (S o} G J] 7
requirement 2 = o = i
score = X =
o S
= n
Are any tha with a high requirement for unmodified HO 0 015 l0o0oool 1 l100! 015
water quality absent?
Have the abundance of any of the taxa with a high
requirement for unmodified water quality been| HQA 2 0.10 {0.2090| 4 70 | 0.10
decreased?
Are any taxa with a moderate requirement for MQ 5 015 |0.2985| 1 | 100! 0.15
unmodified water quality absent?
Have the abundance of any of the taxa with &
moderate requirement for unmodified water quality) MQA 3 0.12 {0.3582| 3 80 | 0.12
been decreased?
Are any tgxa with a low requirement for unmodified LO 3 010 103134 | 4 20 | 0.10
ater quality present?
Have the abundance of any of the taxa with a low
requirement for unmodified water quality been| LQA 0 0.10 [0.0000| 4 70 | 0.10
increased?
How does the total SASS score differ from expected? | SASS 0.13 | 0.2687 90 | 0.13
How does the total ASPT score differ from expected? | ASPT 0.13 | 0.2687 90 | 0.13
1 670
Overall change to indicators of modified water
. 34.33
guality
1.1.0 PES:C
Expected o € o
Estimated . Natural veE |l |l x| 5| 24 Ew
PES metrics indicator | Weight W:l:gol;’;ed Reference S 2 = G o o : 22
score Weighted z | x| & % " B
Score ° 0 =
FLOW MODIFICATION 70.5 0.263 18.5 26.3 0.263 | FT 1 | 100 | 0.370 1
HABITAT 59.2 0.367 21.7 36.7 0.367 | CT 2 90 | 0.333 | 0.9
WATER QUALITY 65.7 0.370 24.3 37.0 0.370 | HQ 3 80 | 0.296 | 0.8
195.4 1 100 1.000 0.370
Invertebrate PES 64.6 270 1
Category 39.07 C
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component KSCIR-RR-0004
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1.1 Diep River (K90D): Aquatic Invertebrates Alternative EC (D)

1.1.0 Flow modification

e —
o [©]
. o 2 = st
Velocity = @ x =) £
INDICATORS OF FLOW MODIFICATION preference % B g g 2
scores 2 < | x| 2| e
o >
2 =
= &
P;etzcrence of taxa with a preference for very fast flowing ET 2 026 | 053 1 | 100 0.26
VAvt;ltJenrdance of taxa with a preference for very fast flowing ETA 5 011 | 021 3 20 | 011
Presence of taxa with a preference for moderately fast MT 2 026 | 053 1 1100|026
flowing water
Abupdance of taxa with a preference for moderately fast MTA 2 011 | 021 3 20 | 011
flowing water
Presence of taxa with a preference for slow flowing water| ST 2 0.16 | 0.32 2 60 | 0.16
)IAbundance of taxa with a preference for slow flowing STA 2 011 | 021 3 20 | 011
water
Proportional change in average flow dependence of 1 40.00 380 1
the assemblage
1.1.0 Habitat preference
8 —
(=} o
. 4— o = b
Habitat £ o < | 5 £
INDICATORS OF HABITAT PREFERENCE preference -% Tu':) | O 2
scores = < o c% e
2 5
= %)
Has the proportion of invertebrates with a preference for|
bedrock changed relative to expected? BT 0.00 0.00 0.00
Has the abundance of any of the taxa with a preference
for bedrock/boulders changed? BTA 0.00 0.00 0.00
Has .the proportion of |nverteprates with a preference for cT 2 0.17 034 | 1 100! 017
mobile cobbles changed relative to expected?
Has the_ abundance of any of the taxa with a preference CTA 5 0.13 025 | 3 | 75 | 0.13
for mobile cobbles changed?
Has the_ proportion of |nv_ertebrates with a preference for VT 3 0.15 046 | 2 | 90 | 0.15
\vegetation changed relative to expected?
Has the apundance of any of the taxa with a preference) VTA 3 0.13 038 | 3 | 75 | 013
for vegetation changed?
Has the proportion of |nvertebrate_s with a preference for cT 5 0.11 022 | 4 | 65 | 0.11
sand, gravel or mud changed relative to expected?
Have the abundance of any of the taxa with a preference| GTA 2 0.10 020 | 5 | 60 | 0.10
for sand, gravel or mud changed relative to expected?
Has the proportion of invertebrates with a preference for|
the water column or water surface changed relative to] WT 2 0.11 022 | 4 | 65| 0.11
expected?
Has the abundance of any of the taxa with a preference WTA 3 0.10 031 | 5 | 60 | 0.10
for the water column/water surface changed?
1 590 1.00
Overall change in habitat assemblages | 40.85 |
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component KSCIR-RR-0004
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1.1.0 Water quality

&) —
Wat S =
ater - < p
quality ) g = -E” g
INDICATORS OF WATER QUALITY : (S o} G J] 7
requirement 2 = o = i
score = X =
o S
= n
Are any tha with a high requirement for unmodified HO > 015 lo2985| 1 |100| 015
water quality absent?
Have the abundance of any of the taxa with a high
requirement for unmodified water quality been| HQA 2 0.10 {0.2090| 4 70 | 0.10
decreased?
Are any taxa with a moderate requirement for MQ 3 015 |0.4478| 1 | 100! 0.15
unmodified water quality absent?
Have the abundance of any of the taxa with &
moderate requirement for unmodified water quality) MQA 3 0.12 {0.3582| 3 80 | 0.12
been decreased?
Are any tgxa with a low requirement for unmodified LO 3 010 103134 | 4 20 | 0.10
ater quality present?
Have the abundance of any of the taxa with a low
requirement for unmodified water quality been| LQA 1 0.10 {0.1045| 4 70 | 0.10
increased?
How does the total SASS score differ from expected? | SASS 3 0.13 {0.4030 90 | 0.13
How does the total ASPT score differ from expected? | ASPT 3 0.13 {0.4030 90 | 0.13
1 670
Overall change to indicators of modified water
. 50.75
guality
1.1.0 Alternative EC: D
Expected o € o
Estimated . Natural veE |l |l x| 5| 24 Ew
PES metrics indicator | Weight W:l:gol;’;ed Reference S 2 = G o o : 22
score Weighted z | x| & % " B
Score ° 0 =
FLOW MODIFICATION 60.0 0.263 15.8 26.3 0.263 | FT 1 | 100 | 0.370 1
HABITAT 52.4 0.367 19.2 36.7 0.367 | CT 2 90 | 0.333 | 0.9
WATER QUALITY 49.3 0.370 18.2 37.0 0.370 | HQ 3 80 | 0.296 | 0.8
161.6 1 100 1.000 0.370
Invertebrate PES 53.2 270 1
Category 32.33 D
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component KSCIR-RR-0004
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1 INSTREAM HABITAT INTEGRITY EVALUATION

Instream Habitat Integrity Evaluation None Small Moderate Large Serious
0) (1-5) (6-10) (11-15) (16-20)
Delineation Diep River
PRIMARY
\Water abstraction 10
Flow modification 10
Bed modification 8
Channel modification 11
Water quality 6
Inundation 4
SECONDARY
Exotic macrophytes 0
Exotic fauna 0
Solid waste disposal 0
INSTREAM HABITAT INTEGRITY SCORE 70.6
CATEGORY C
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
November 2005 Diep River RERM Il Report: Final Page DX-3




2 RIPARIAN HABITAT INTEGRITY EVALUATION

Riparian zone Habitat Integrity Evaluation None Small | Moderate Large Serious
(0) (1-5) (6-10) (11-15) (16-20)
Delineation Diep River
Vegetation decrease 13.0
Exotic vegetation 21.0
Bank erosion 14.0
Channel modification 11.0
\Water abstraction 2.0
Inundation 2.0
Flow modification 2.0
Water quality 0.0
Total (Out of 200) 65.0
Riparian zone Habitat Integrity score 30.2
CATEGORY E
RIPARIAN VEGETATION INTEGRITY SCORE 37.4
RIPARIAN VEGETATION INTEGRITY CLASS E

3 ECOSTATUS

The table below shows the Ecological Categories per component, and the integrated Ecostatus for
this river site.

Components Diep River
FRAI 65.0
BRAI 64.6
INSTREAM BIOTIC INTEGRITY 64.8
INSTREAM HABITAT INTEGRITY 70.6
RIPARIAN ZONE INTEGRITY 30.2

RIPARIAN VEGETATION INTEGRITY

(Derived from Riparian Zone Integrity) 314

ECOSTATUS (RIVER HEALTH) 50.8

(Instream = 50% of weight, Riparian zone = 50% of weight) )
D

Due to the importance of the instream component in this section of the Diep River, the instream
weighting was changed to 80% and the Ecostatus reassessed. The Ecostatus category (see table
below) shows an improvement to a C/D category.

ECOSTATUS (RIVER HEALTH) 57.9
(Instream = 80% of weight, Riparian zone = 20% of weight) )
C/D
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component

November 2005 Diep River RERM Il Report: Final Page DX-4



ATTACHMENT EX

Ecological Importance and Sensitivity

CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
November 2005 Diep River RERM Il Report: Final Page EX1



TABLE OF CONTENTS

1

ECOLOGICAL IMPORTANCE AND SENSITIVITY ..ooiiiiiiiiiiiiieeeeeiieee e E-3

CES

Kromme/Seekoei Catchments Reserve Determination Study — Technical Component

November 2005 Diep River RERM Il Report: Final Page EX-2



1 ECOLOGICAL IMPORTANCE AND SENSITIVITY

. . Diep River
Delineation IFR 7 Comments
PRESENT
DETERMINANTS SCORE
BIOTA (RIPARIAN & INSTREAM) (0-4)
Rare & endangered (range: 4 = very high - 0 = none) 4 g/lf)gus capensis, Pseudobarbus
Unique (endemic, isolated, etc.) (range: 4 = very high - 0 = 1 Possbly some caddis flies and

none)

ghost or sand frogs?

Intolerant (flow & flow related water quality) (range: 4 = very

. = 2 Invertebrates
high - 0 = none)
Species/taxon richness (range: 4 = very high — 1 = 25
low/marginal) '
RIPARIAN & INSTREAM HABITATS (0-4)
Diversity of types (4=Very high — 1 = marginal/low) 0
Refugia (4 = Very high — 1 = marginal/low) 2 Local Refuge
Sensitivity to flow changes (4 = Very high — 1 = 25
marginal/low) '
Sensitivity to flow related water quality changes (4 = Very, 1
high — 1 = marginal/low)
Migration route/corridor (instream & riparian, range: 4 = very| 1
high - 0 = none)
Importance of conservation & natural areas (range, 4 = very 0
high — 0 = very low)
MEDIAN OF DETERMINANTS 2
ECOLOGICAL IMPORTANCE AND  SENSITIVITY
CATEGORY (EIS) MODERATE
CES Kromme/Seekoei Catchments Reserve Determination Study — Technical Component
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