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EXECUTIVE SUMMARY

BACKGROUND

The National Water Act (NWA, Act No. 36 of 1998, Section 3) requires that the quantity, quality
and reliability of water needed to sustain both human use and aquatic ecosystems (the Reserve)
be determined so as to meet the requirements for economic development without seriously
impacting on the long-term integrity of ecosystems.

The Chief Directorate Resource Directed Measures (CD: RDM) identified the Inkomati Water
Management Area (WMA) as requiring a comprehensive Reserve assessment in light of the
initiation of the Compulsory Licensing Process in the WMA and the proposed construction of the
Montrose and Mountain View Dams. These studies require higher levels of confidence in the
Reserve determination results as is currently available in certain catchments, such as the Sabie-
Sand and Crocodile River catchments. The results of a Comprehensive Reserve study in these
catchments would thus assist the Department of Water Affairs (DWA) to make informed decisions
regarding the authorisation of future water use and the magnitude of the impacts of the present
and proposed developments.

STUDY AREA

The Inkomati Water management Area (WMA) is largely located within the Mpumalanga Province.
It can be considered to consist of three largely independent catchments, the Komati, Crocodile
(East) and Sabie-Sand River catchments. All these rivers drain the WMA and confluence to form
the Incomati River in Mozambique which flows into the Indian Ocean.

The focus of this study is on the determination of the Crocodile (X2) and Sabie-Sand (X3) River
systems. Fifteen Ecological Water Requirement (EWR) sites were chosen to represent these
catchments, the locality and characteristics of which are provided in the table below. Information
on site selection and the Management Resource Units (MRUs) in which they fall are provided in
RDM Report 26/8/3/10/12/006 (DWAF, 2008a).

EWR EWR o Coordinates EcoRegion | Geomorphic
site no site name fver Latitude | Longitude (Level 2) Zone L
CROCODILE SYSTEM
EWR 1 Valeyspruit Crocodile River S25 29.647 E30 08.656 9.02 Upper Foothills | X21A
EWR2 | Goedenhoop Crocodile River S2524.555 | E30 18.955 9.04 Upper Foothills | X21B
EWR 3 Poplar Creek Crocodile River S25 27.127 E30 40.865 10.02 Lower Foothills | X21E
EWR 4 | KaNyamazane Crocodile River $2530.146 | E3110.919 4.04 Lower Foothills | X22K
EWR 5 Malelane Crocodile River S25 28.972 E31 30.464 3.07 Lower Foothills | X24D
EWR6 | Nkongoma Crocodile River S2523.430 | E3158.467 12.01 Lower Foothills | X24H
EWR 7 Honeybird Kaap River S25 38.968 E31 14.572 4.04 Upper Foothills | X23H
SABIE SYSTEM
EWR 1 Upper Sabie Sabie River S25 04.424 E30 50.924 4.04 Upper Foothills | X31B
EWR 2 Aan de Vliet Sabie River S25 01.675 E31 03.099 4.04 Lower Foothills | X31D
EWR 3 Kidney Sabie River S24 59.256 E3117.572 3.07 Lower Foothills | X31K
EWR 4 MacMac Mac Mac River S25 00.800 E31 00.243 4.04 Upper Foothills | X31C
EWR 5 Marite Marite River S2501.077 E31 07.997 4.04 Upper Foothills | X31G
EWR 6 Mutlumuvi Mutlumuvi River S24 45.352 E31 07.923 3.07 Upper Foothills | X32F
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Coordinates . A
I_EWR ) EWR River EcoRegion Geomorphic Quat
site no site name Latitude Longitude (Level 2) Zone
EWR 7 Tlulandziteka Tlulandziteka River S24 40.829 E31 05.188 3.07 Lower Foothills | X32C
EWR 8 Sand Sand River S24 58.045 E31 37.641 3.07 Lower Foothills | X32J
THIS REPORT

The purpose of this report is to present the Ecological Specifications (EcoSpecs) and Thresholds
of Potential Concern (TPCs) for each of the EWR sites on the Crocodile, Sabie-Sand River
Systems. These EcoSpecs define the conditions that would occur under the Present Ecological
State (PES). TPCs are provided to indicate worsening conditions. Where relevant, the conditions
that describe the REC (when different than the PES) are also provided. This information forms the
key inputs into an Ecological Water Resource Monitoring (EWRM) Program for these catchments.
Further information on EcoSpecs and TPCs and their use in Ecological Water Resources
Monitoring can be obtained from DWA (2009), and Kleynhans et al. (2009).

APPROACH

The NWA requires the establishment of a national monitoring system that must provide for the
collection of appropriate data and information necessary to assess water resources. Such a
system must collect relevant information that contributes to the management of the resource in a
desirable ecological condition

Initially the aim was to develop an Ecological Reserve Monitoring programme. This would have
run separately to the River Health Programme (RHP). However, the implications of simultaneously
operating two separate ecological monitoring programmes have serious resource implications. To
mitigate this and still maintain an operational ecological monitoring programme that provides useful
management information, integration of the ERM and RHP within an adaptive management
approach is proposed (Kleynhans et al, 2009). This forms the basis of the integrated
Ecological Water Resource Monitoring (EWRM) approach.

During Reserve determination studies, EcoSpecs are developed and specified in terms of the
Resource Quality Objectives (RQOs) as per the Resource Directed Measures and
EcoClassification process (Kleynhans and Louw 2007). This encompasses biological
specifications or biocriteria (in the form of numerical values or narrative statements) that define a
desired biological condition for a waterbody (Burton and Gerritsen, 2003). EcoSpecs then
indicates the ecological detail that characterizes the EC.

TPCs indicate the values around the EcoSpecs that, if being approached would initiate more
detailed investigation or even management action. TPCs are based on the acceptance that there
is uncertainty as to accuracy or validity of EcoSpecs i.e. is deviation from EcoSpecs due to natural
variation, sampling error, etc. In the context of EWRM, TPCs are regarded as early warning
indicators of potential change from a particular Ecological Category (EC) to another (lower) EC.

EWRM operates within the following concepts (based on Elzinga et al., 1998):

o The reference condition is the natural or unimpaired condition of the system.

o The monitoring baseline is a series of measurements taken before the initiation of the
impact or management activity and is used for comparison with the series of
measurements taken after the management activity. If the Present Ecological State (PES)
of the resource is unimpaired (natural), the reference will also be the baseline.
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o It is important to assess whether there is a trend in the baseline, i.e. is it stationary or
changing in a particular direction at the time when it is determined.
o This is the standard (“benchmark”) against which future deviations can be compared.

Therefore the Present Ecological State (PES) of the system must be determined prior to
management interventions. The PES will then serve as the baseline ecological state from which all
changes can be measured and evaluated. i.e.:

PES = BASELINE = BASELINE ECOLOGICAL CATEGORY (BEC)

Management actions are designed to maintain, or attain (if different from the PES) the REC.
These management actions relate to the management objectives which are described in terms of
the flow and quality (physico-chemical) EcoSpecs. Additional land use objectives may also be
described if there are non-flow related impacts that are contributing to the PES of the system and
which will need to be improved in order to achieve the REC.

Therefore one must clearly distinguish between setting management objectives to
achieve/maintain certain Ecological Categories in terms of the drivers (flow and water
quality), and defining EcoSpecs for the biophysical response, that describes, in a different
level of detail, the Ecological Categories.

In essence, during an EWR study, flow requirements (main driver) are defined that could result in a
certain ecological state defined through an Ecological Category. These flow requirements (main
driver) inform the management objectives supported by the other driver components. Note
that the word ‘could’ is used as the biological responses to driver conditions are all predicted and
must be tested through monitoring. Monitoring the ecological responses will test the predictions
made during an EWR study. It furthermore will test whether adjustments to the EcoSpecs and
TPCs are required and whether the overall management objective in terms of the REC (or class) is
being achieved. It is therefore crucial that monitoring be driven by objectives as it forms the
foundation of a monitoring project (cf. Elzinga et al., 1998).

The condition and response of the resource is therefore monitored to determine if the REC has
been attained or maintained.

What is required at this stage is to provide detailed EcoSpecs and TPCs for the baseline, i.e.
the BEC for the biological responses, physico-chemical variables and geomorphology.

The focus on this study is thus to provide the detailed EcoSpecs and to define the TPCs for
(the BEC, i.e. the current or initial PES) at each EWR site on the Crocodile, Sabie and Sand
River Systems. Note that TPCs are set within the PES to indicate the probability or relative
risk of the BEC changing to a lower EC. The purpose of this is to implement management
actions to prevent this degradation, unless the Classification system has resulted in a state worse
than the PES (BASELINE EC) being selected as the CLASS.

Note that the same level (qualitative/narrative to quantitative) of detail for the EcoSpecs is thus not
set for the REC or any other EC as the focus is on the BEC. The level of EcoSpecs defined during
the EcoClassification process will be sufficient during the initiation of monitoring. The EcoSpecs
for ECs other than the PES are predictions and dependant on many driver variables. It, represents
only one combination of driver conditions out of many that could result in this EC.
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RESULTS

EcoSpecs and TPCs are listed in detail in the main text for each EWR site for:
o Physico-chemical variables

o Geomorphology

. Riparian vegetation

. Fish

o Macroinvertebrates

These are highly detailed and quantified data that must be refined during an Adaptive Management
process within EWRM. A summary of the EcoSpecs and TPCs in tabular form per site will be
provided in the main report as the EcoSpecs chapter.

CONCLUSIONS AND RECOMMENDATIONS

To date formal implementation of the monitoring step of the Reserve has not taken place (CJ
Kleynhans, C Thirion, pers. comm). Furthermore, there has been minimal (only informally on the
Palmiet River and on a private dam in the Western Cape) implementation (with reference to the
supply of the flows and management of other drivers to achieve the required EC) of the Ecological
Reserve. This is of major concern as all EWRs, EcoSpecs; TPCs etc. are hypotheses until tested.
With increased development and pressure on the water resources in this country there are no
structures in place to monitor the further deterioration of our rivers. All methods related to
monitoring and the identification of EcoSpecs and TPCs therefore require testing and refinement.

The Crocodile River system has high demands imposed on it by the irrigation sector, international
requirements (IncoMaputo Water Use Agreement) as well as industrial and domestic sectors. The
Sabie-Sand River system supplies the bulk of the irrigation requirements in this sub-catchment as
well as international water requirements. These river systems are also of national importance with
respect to the Kruger National Park (KNP) and monitoring is of vital importance.

No specific Ecological Reserve Monitoring has been initiated in the Crocodile and Sabie Sand
River systems. Limited monitoring has taken place outside the KNP as part of provincial initiatives
to report on the ‘State of the Rivers’. More detailed biomonitoring has taken place in the KNP;
however the focus was not on Ecological Reserve Monitoring.

Immediate monitoring is necessary as the surveys undertaken during the Reserve study represent
the baseline against which change is measured. These surveys were undertaken during 2007 and
it can already (pending changes in the catchments), not be applicable. The longer monitoring is
delayed, the bigger the chance is that the baseline surveys will have to be repeated because of
outdated data.

The Rapid Habitat Assessment Method (RHAM) was developed during 2007 — 2009. A RHAM
survey was undertaken during 2009 and this data is available as part of the electronic information
and data of this study (RDM Report 26/8/3/10/14/016) (DWA, 2010) and from D:RQS (Dr CJ
Kleynhans). The D:RQS is currently analysing the data to further streamline the monitoring
techniques and process to determine EcoSpecs and TPCs. As a low intensity method aimed to
minimise the dependence on specialist resources, it is important that the methods are included in
the monitoring.
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Comprehensive Reserve Determination study for the Inkomati River System (WMAD5)

1 BACKGROUND AND INTRODUCTION

1.1 BACKGROUND

The Chief Directorate Resource Directed Measures (CD: RDM) identified the Inkomati Water
Management Area (WMA) as requiring a comprehensive Reserve assessment in light of the
initiation of the Compulsory Licensing Process in the WMA and the proposed construction of the
Montrose and Mountain View Dams. These studies require higher levels of confidence in the
Reserve determination results as is currently available in certain catchments, such as the Sabie-
Sand and Crocodile River systems. The results of a Comprehensive Reserve study in these
catchments would thus assist the Department of Water Affairs (DWA) to make informed decisions
regarding the authorisation of future water use and the magnitude of the impacts of the present
and proposed developments.

The Comprehensive Ecological Reserve Methodology was followed within the 8 - step Ecological
Reserve process (Figure 1-1). This report summarizes step 7 of the Ecological Reserve process.

1. INITIATE RDM STUDY 2. DEFINE RESOURCE UNITS
Study area, Study team, RDM level & « | EcoRegions, Geozones, Landuse,
components, Desktop PES-EIS “| EWR sites, Site suitability
assessment
v
REQUIREMENT SCENARIOS Collate biological information at EWR
for all relevant Ecological Categories) |« | Sites
(for all relevant Ecological Categories) PES EIS
REC AEC
5. CONSEQUENCES OF
OPERATIONAL SCENARIOS 6. DWAF MANAGEMENT CLASS
Ecological > DECISION MAKING PROCESS
Goods and Services; Economics (Classification system)

v

7. RESERVE SPECIFICATION
Ecological specification

8. IMPLEMENTATION STRATEGY
Strategy for implementing Resource
Quality Objectives.

Strategy for monitoring programme

N

> IMPLEMENT AND MONITOR

Figure 1-1  The 8-step Ecological Reserve procedure (adapted from DWAF, 1999)
1.2 STUDY AREA

The focus of this study is on the determination of the Crocodile (X2) and Sabie-Sand (X3) River
systems. Fifteen Ecological Water Requirement (EWR) sites were chosen to represent these
catchments, the locality and characteristics of which are provided in the table below. The locality
and characteristics of the EWR sites are provided in Table 1.1 and Figure 1-2 and 1-3 for the
Sabie-Sand and Crocodile River systems respectively. Information on site selection and the
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Management Resource Units (MRUSs)

26/8/3/10/12/006 (DWAF, 2008a).

in which they fall are provided

in RDM Report

Table 1.1 Locality of EWR sites for the Inkomati River System
EWR EWR - Coordinates EcoRegion' | Geomorphic 2
site no site name ver Latitude ‘ Longitude (Level 2) Zone L
CROCODILE SYSTEM
EWR 1 Valeyspruit Crocodile River S25 29.647 E30 08.656 9.02 Upper Foothills | X21A
EWR2 | Goedenhoop Crocodile River S$2524.555 | E30 18.955 9.04 Upper Foothills | X21B
EWR 3 Poplar Creek Crocodile River S25 27.127 E30 40.865 10.02 Lower Foothills | X21E
EWR 4 | KaNyamazane Crocodile River $2530.146 | E3110.919 4.04 Lower Foothills | X22K
EWR5 | Malelane Crocodile River S2528.972 | E3130.464 3.07 Lower Foothills | X24D
EWR 6 Nkongoma Crocodile River S25 23.430 E31 58.467 12.01 Lower Foothills | X24H
EWR 7 Honeybird Kaap River S25 38.968 E31 14.572 4.04 Upper Foothills | X23H
SABIE SYSTEM

EWR 1 Upper Sabie Sabie River S25 04.424 E30 50.924 4.04 Upper Foothills | X31B
EWR 2 Aan de Vliet Sabie River S25 01.675 E31 03.099 4.04 Lower Foothills | X31D
EWR 3 Kidney Sabie River S24 59.256 E3117.572 3.07 Lower Foothills | X31K
EWR 4 MacMac Mac Mac River S25 00.800 E31 00.243 4.04 Upper Foothills | X31C
EWR 5 Marite Marite River S2501.077 E31 07.997 4.04 Upper Foothills | X31G
EWR 6 Mutlumuvi Mutlumuvi River S24 45.352 E31 07.923 3.07 Upper Foothills | X32F
EWR 7 Tlulandziteka Tlulandziteka River S24 40.829 E31 05.188 3.07 Lower Foothills | X32C
EWR 8 Sand Sand River S24 58.045 E31 37.641 3.07 Lower Foothills | X32J

1 Refer to Kleynhans et al. (2007) for EcoRegion description
2 Quaternary catchment
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Comprehensive Reserve Determination study for the Inkomati River System (WMADS)

1.1 PURPOSE OF THE REPORT

The purpose of this report is to present the Ecological Specifications (EcoSpecs) and Thresholds
of Potential Concern (TPCs) for each of the EWR sites on the Crocodile, Sabie-Sand River
Systems. These EcoSpecs define the conditions that would occur under the Present Ecological
State (PES). TPCs are provided to indicate worsening conditions. Where relevant, the conditions
that describe the REC (when different than the PES) are also provided. This information forms the
key inputs into an Ecological Water Resource Monitoring (EWRM) Program for these catchments.
Further information on EcoSpecs and TPCs and their use in Ecological Water Resources
Monitoring can be obtained from DWA (2009), and Kleynhans et al. (2009).

1.2 OUTLINE OF THE REPORT

The contents and structure of this report is outlined below. All electronic information is available
from RDM Report 26/8/3/10/12/016 - Electronic information and data (DWA, 2010).

Chapter 1: Introduction
This chapter.

Chapter 2: Approach

This chapter provides general background to the development and refinement of Ecological Water
Resource Monitoring within the Ecological Reserve and RHP framework. Information is provided
on ecological monitoring, EcoSpecs and TPCs, levels of monitoring, relevant terminology and
interpretation of data. The approach and application of this monitoring to the Crocodile, Sabie and
Sand catchment is also discussed.

Chapter 3: Methodology
This section describes the methods and data that were used to identify metrics and TPCs to
determine the EcoSpecs and TPCs for the different Reserve components.

Chapter 4 — 8: Determination of EcoSpecs and TPCs

These chapters provide results of different EWR scenarios with respect to low and high flows for
the respective EWR sites. Aspects covered in these chapters are component and integrated/stress
curves, generating stress requirements, general approach to high flows, final results and
confidence in the final results.

Chapter 9: Recommendations
Recommendations are made in terms of the current tools available for monitoring and the

application thereof.

Chapter 16: References
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2 APPROACH

The EWRM (referred to previously as the Ecological Reserve Monitoring Programme), was first
developed as an initial protocol during the Kromme River Reserve study in 2006 (DWAF, 2006).
Further development was undertaken during the Operationalisation of the Reserve study where the
Rapid Habitat Assessment Method (RHAM) was developed and the initial concepts of the
Monitoring Decision Support System deliberated. The intention with the development of RHAM
was to address the capacity and funding shortages by simplifying monitoring techniques as much
as possible. Specialist input in the setting of the baseline and identifying EcoSpecs and TPCs is
however required.

2.1 BACKGROUND TO ECOLOGICAL WATER RESOURCES MONITORING
(SUMMARISED FROM DWAF, 2009a)

The National Water Act (NWA, Act No. 36 of 1998) requires the establishment of a national
monitoring system that must provide for the collection of appropriate data and information
necessary to assess water resources. Such a system must collect relevant information that
contributes to the management of the resource in a desirable ecological condition by providing
information on:

. Compliance with Resource Quality Objectives (RQOs). This relates to Ecological Reserve
Monitoring following on from the specification of Ecological Water Requirements (EWRs).
The EWR process, results in an extensive amount of data at a relatively limited number of
sites that can be used for ERM to determine if the Recommended Ecological Category
(REC) following from the EWR is achieved.

o The health of aquatic ecosystems. This relates to the National Aquatic Ecosystem Health
Monitoring Programme (NAEHMP) and in this particular situation, to the River Health
Programme (RHP) part of the NAEHMP. The RHP is primarily aimed at providing
information on the health or integrity of rivers for national state of the rivers reporting and
as input to resource management at a large number of sites based on biological
responses.

Initially the aim was to develop an Ecological Reserve Monitoring programme. This would have
run separately to the River Health Programme (RHP). However, the implications of simultaneously
operating two separate ecological monitoring programmes have serious resource implications. To
mitigate this and still maintain an operational ecological monitoring programme that provides useful
management information, integration of the ERM and RHP within an adaptive management
approach is proposed (Kleynhans et al, 2009). This forms the basis of the integrated
Ecological Water Resource Monitoring (EWRM) approach.

2.1.1  Ecological monitoring

Ecological monitoring is the collection and analysis of repeated observations or measurements to
evaluate changes in the condition of the resource and the progress towards meeting the
management objective (Elzinga et al., 1998). In terms of EWRM, it is the measurement of
EcoSpecs (ecological specifications) to determine if the Ecological Category is attained (Kleynhans
et al., 2009). EWRM operates within the following concepts (based on Elzinga et al., 1998):

o The reference condition which is the natural or unimpaired condition of the system.
o The monitoring baseline which is a series of measurements taken before the initiation of
Rivers for Africa EcoSpecs Report Report no 26/8/3/10/12/011
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the impact or management activity and used for comparison with the series of
measurements taken afterward.

o Response monitoring occurs at a particular detail, frequency and intensity as guided by
the Ecological Importance and Sensitivity (EIS) of the resource. In the case of Ecological
Reserve implementation, the scale and potential impact of the development also plays a
role in the frequency and detail included. Response monitoring results are evaluated by
analysis within a management objective framework. This allows measurement of how the
resource is changing over time, i.e. to measure the trend.

o Implementation monitoring assesses whether the activities are carried out as designed.
Implementation monitoring can also identify which variables are most likely to be causing
a change in the resource, and help eliminate from consideration some potential causes of
change (Kershner, 1997; Elzinga et al., 1998). In terms of the Ecological Reserve this
would, inter alia, refer to whether flows are released as was specified for the attainment of
a particular Ecological Category (EC).

. Effectiveness monitoring measures whether RQOs (the Ecological Category in terms of
EcoSpecs) are attained by following the particular management scenario (Kershner,
1997).

If the EC decreases over a period of time and the cause is unknown, more intensive monitoring or
research may be initiated to determine the cause of the decrease. If a cause for decrease is
suspected, appropriate management intervention may be indicated (Elzinga et al., 1998).

2.1.2 EcoSpecs and Thresholds of Potential Concern

EWRM must be undertaken within a structured Decision Support System (DSS) framework
following the principles of Adaptive Management. The purpose of the DSS system is to provide a
decision framework within which monitoring results can be interpreted in terms of the attainment of
objectives set for the condition and integrity of the resource. This relates directly to EcoSpecs and
Thresholds of Potential Concern (TPCs) (Bestbier and Rogers, 1997) formulated to assess
attainment of an Ecological Category. Conclusions emanating from the DSS will provide guidance
on the management of the resource (Cormier and Suter, 2008).

2.1.3 Different levels of monitoring

Due to capacity and resource limitations, all EWRM sites cannot always be monitored at the same
and highest intensity that may be desirable. These restrictions necessitate different levels of
monitoring and require the setting of TPCs for the different levels of monitoring. It follows that a
relatively low intensity monitoring survey will provide TPCs with a larger margin of error than
surveys done at a more intensive level. However, the results of TPC assessment from a lower to a
higher level of monitoring must be linked. These concepts form the basis of the DSS system.

Within the Resource Directed Measures (RDM) “Operationalisation of the Reserve” project (DWA,
2009a), it was recognised that to ensure the effective implementation of EWRM, all efforts must be
made to design a programme and methods that are as cost-effective as possible. The hierarchical
approach within the DSS system supports this. The need for pragmatic and easy to apply methods
to monitor instream habitat led to the development of the Rapid Habitat Assessment Method
(RHAM). This method aims to provide a rapid approach to assess instream habitat conditions in
wadeable and to a more limited degree, non-wadeable streams. RHAM data collected during the
setting of the baseline (and the determination of the PES) is used to assess habitat suitability for
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indicator instream biota (fish and macroinvertebrates) under the conditions prevailing during the
survey and is fundamental to the development of EcoSpecs and in the setting of the accompanying
TPCs that indicate the suitability of the habitat to sustain such biota. The premise of the RHAM is
that suitable habitat conditions will indicate the likely presence, abundance and frequency of
occurrence of particular biota. Baseline conditions are used to assess the possible future change in
habitat conditions and the derived impact on the indicator biota. Available data and expert
knowledge is used to associate particular habitat conditions with different indicator biota and the
relevant ECs.

The RHAM is also supported with the development of a rapid approach to use diatoms as TPCs for
physico-chemical changes. The diatom process is still in its infancy and must be tested. This
approach was designed for a non-specialist and a manual is available.

The DSS system proposed for ecological water resource monitoring and management is based on
monitoring and interpreting resource quality at five levels of detail. This framework is used to
construct a DSS system based on baseline specification, EcoSpecs and TPCs. A prototype DSS
is illustrated below (Figure 2-1).

[ Level 1: Visual (qualitative) assessment of instream habitat ]<—|
v
YesJ«——|  Habitat TPCs exceeded?  |——>(No)
[ Level 2: Quantitative habitat measurements per macro-habitat unit ]

Yes <—[ Habitat TPCs exceeded? } > No

Level 3: Assess biological responses. Surveys: fish and macro-invertebrates.
Calculate indices and assess EcoSpecs. Assess if REC is attained.

v
[Yes]<——[ Biological TPCs exceeded? ]——>

[ Level 4: Cause determination. Initiate more intensive surveys, ]<—

[Yes]<—[Has a probable cause been determined?]—>[ No ]

l_l

[ Continue intensive monitoring. ]—

Apply appropriate management: Adapt}J
RQOs, EcoSpecs, TPCs

Figure 2-1  Elements of a prototype DSS

The following work is in development by DWA, Directorate: Resource Quality Services (D:RQS),
and will be available later this year:

o DSS system.
o Using habitat information from the RHAM to determine fish EcoSpecs.
o Using habitat information from the RHAM to determine macroinvertebrate EcoSpecs.

Sufficient information on the baseline and the collection of data during monitoring is
however available and it is strongly recommended that monitoring is implemented as soon
as possible. It must also be pointed out that the information generated during an EWR
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study should serve as the baseline. This means that monitoring must be initiated
immediately after such a study ends, or else a nhew baseline will have to be collected at a

later date.

2.2

ECOSPECS AND TPCs (SUMMARISED FROM DWA, 2009a)

EcoSpecs and TPCs are described in the Table 2.1 below.

Table 2.1

Purposes and principles of EcoSpecs and TPCs (from DWA, 2009a)

ECOSPECS

| TPCs

PURPOSES

During EWR studies, EcoSpecs are developed and specified in
terms of the RQOs as per the Resource Directed Measures and
the EcoClassification process (Kleynhans and Louw, 2007).
This encompasses biological specifications or Biocriteria that are
numerical values or narrative statements that define a desired
biological condition for a waterbody (Burton and Gerritsen,
2003). A certain level of habitat integrity (specified as Habitat
criteria) is required to attain a particular biological condition for a
water body. EcoSpecs then indicates the ecological detail that
characterizes the EC.

To establish clear goals relating to the ecological quality of the
relevant water resources.

Where resources, for instance, need a high level of protection, a
strict set of objectives that will represent a low risk of damage,
will be set.

Once the management class of a water resource has been
decided, the objectives for protection of basic human needs and
ecological integrity take precedence in cases where the
objectives for other uses, or for impacts, may conflict with the
requirements for protection.

TPCs indicate the values around the EcoSpecs that, if being
approached would initiate more detailed investigation or even
management action. TPCs are based on the acceptance that
there is uncertainty as to accuracy or validity of EcoSpecs i.e. is
deviation from EcoSpecs due to natural variation, sampling
error, etc.

In the context of EWRM, TPCs are regarded as early warning
indicators of potential change from a particular EC to another,
(lower) EC.

PRINCIPLES

EcoSpecs must

be quantifiable, measurable, verifiable and

enforceable and ensure protection of all components of the

resource, which make up ecological

integrity. The critical

components of the EcoSpecs include:

Requirements for water quantity. Flow requirements for a river
reach, estuary, and/or water level requirements for standing
water or ground water are included. Groundwater level
requirements to maintain spring and base flow in rivers and
other ecological features are also considered.

Biocriteria and Habitat criteria that are derived from RQOs and
are clear and measurable specifications of ecological attributes
(flow, physico-chemical attributes and biological integrity that
reflect the health, community structure and distribution of aquatic
biota). EcoSpecs define the EC and serve as an input to RQOs.
EcoSpecs refer only to ecological information whereas RQOs
include economic and social objectives

TPCs are upper and lower levels along a continuum of change
in selected environmental indicators and are used and
interpreted according to the following guidelines (Rogers and
Bestbier, 1997):

When a TPC level is reached (or when modelling predicts it
will be reached), it prompts an assessment of the causes of
the extent of the change.

Assessment of the causes provides the basis for deciding
whether management action is needed or if the TPC needs
to be recalibrated. @ TPCs provide management with
strategic goals or endpoints within which to manage the
system.

TPCs form the basis of an inductive approach to adaptive
management, and are invariably hypotheses of limits of
acceptable change in ecosystem structure, function and
composition.

The validity and appropriateness of TPCs are always open
to challenge and they must be adaptively modified as
understanding and experience of the system being
managed increases.

It follows that more detailed monitoring surveys would increase
the confidence in the validity of a TPC (i.e. narrow the
uncertainty). This principle is built into the DSS by considering

different levels of monitoring surveys.

2.3 APPROACH FOR APPLYING THE

TPCs WITHIN THIS STUDY

PRINCIPLES OF EWRM, ECOSPECS AND

The principles and conceptual approaches to EWRM have been under development since 2006
(DWAF, 2006). However, very few monitoring approaches have been tested and an appropriate
DSS is still being developed. Proper testing within an adaptive management framework can only

be done if EWRM for Reserves is implemented.

Within this study, and with the guidance of the
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developers of the methods in D:RQS, these conceptual approaches needed to be translated into a
practical approach for defining DETAILED EcoSpecs that can be used in the monitoring process.

Ecological monitoring is the collection and analysis of repeated observations or measurements to
evaluate changes in the condition of the resource and the progress towards meeting the
management objective (Elzinga et al, 1998). In terms of EWRM it is the measurement of
EcoSpecs (ecological specifications) to determine if the REC is attained (Kleynhans et al., 2009).

EWRM operates within the following concepts (based on Elzinga et al., 1998):

o The reference condition is the natural or unimpaired condition of the system.

o The monitoring baseline is a series of measurements taken before the initiation of the
impact or management activity and is used for comparison with the series of
measurements taken after the management activity. If the PES of the resource is
unimpaired (natural), the reference will also be the baseline.

o It is important to assess whether there is a trend in the baseline, i.e. is it stationary or
changing in a particular direction at the time when it is determined.
o This is the standard (“benchmark”) against which future deviations can be compared.

Therefore the Present Ecological State (PES) of the system must be determined prior to
management interventions. The PES will then serve as the baseline ecological state from which all
changes can be measured and evaluated. i.e.:

PES = BASELINE = BASELINE ECOLOGICAL CATEGORY (BEC)

Management actions are designed to maintain, or attain (if different from the PES) the REC.
These management actions relate to the management objectives which are described in terms of
the flow and quality (physico-chemical) EcoSpecs. Additional land use objectives may also be
described if these non-flow related aspects are contributing to the PES of the system.

During the EWR Scenario phase, different flow regimes are identified for a range of ECs. These
serve as the flow RQOs or flow EcoSpecs for different ECs. Physico-chemical EcoSpecs for
different ECs are also broadly defined during EcoClassification, but are quantified as far as
possible during the EcoSpec phase of the study. During and after the testing of various
operational and future development scenarios, as well as the Classification process or any
surrogates of this, a final scenario will be signed off as the Reserve. If this scenario is to maintain
or improve the EC in the system, the EcoSpecs associated with this scenario are used to describe
the management objectives for the system.

Therefore one must clearly distinguish between setting management objectives in terms of
the drivers to achieve/maintain certain Ecological Categories, and defining EcoSpecs for
the biophysical response, that describes, in different level of detail, the Ecological
Categories.

In essence, during an EWR study, flow requirements (main driver) are defined that could result in a
certain ecological state defined through an Ecological Category. These flow requirements (main
driver) inform the management objectives supported by the other driver components. Note
that the word ‘could’ is used as the biological responses to driver conditions are all predicted and
must be tested through monitoring.
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Monitoring the ecological responses will test the predictions made during an EWR study. It
furthermore will test whether adjustments to the EcoSpecs and TPCs are required and whether the
overall management objective in terms of the REC (or class) is being achieved. It is therefore
crucial that monitoring be driven by objectives as it forms the foundation of a monitoring project (cf.
Elzinga et al., 1998).

The condition and response of the resource is therefore monitored to determine if the REC has
been attained or maintained.

2.4 ECOLOGICAL CATEGORIES: TERMINOLOGY RELEVANT TO EWRM
(provided by CJ Kleynhans)

Present Ecological State (PES): The PES is based on the determination and integration of the
condition of system drivers and the biological responses. This represents the ecological condition
at the time of the survey. Logically there can only be one PES and that is the most recent
determination.

Baseline Ecological Category (BEC): The baseline functions as a standard or benchmark
against which future changes of the Ecological Category can be measured. The baseline is
determined using the PES survey information that is collected during the EcoStatus determination
for the EWR or RHP (EWRM). The PES used for this purpose is supplemented by historical data
but the primary data source is the surveys and data collation for EcoClassification. The PES data
collected and analyzed for this purpose is used to set or establish the baseline. The baseline is
fixed as the Baseline Ecological Category (BEC).

Recommended Ecological Category (REC): This is the EC that is recommended based on the
EIS and the attainability of the EIS.

Ecological Category (EC): The Ecological Category is a generic term that refers to the BEC or
the REC. It should preferably only be used to refer to the process of Ecological Category
determination.

2.5 ECOLOGICAL CATEGORIES: MONITORING DATA INTERPRETATION
(provided by CJ Kleynhans)

The relationships described in 2.5.1 and 2.5.2 (between the BEC and the REC in terms of defining
and quantifying EcoSpecs and TPCs) is illustrated in Figure 2-2 (provided by CJ Kleynhans).

2.5.1 Steps to follow when the REC is the same as the BEC (BEC (PES) = REC)

The EcoSpecs that represent the REC are directly derived from the BEC, e.g. both the biological
indicator metrics and the particular associated physico-chemical metrics. EcoStatus models are
run to indicate likely change points, e.g. where the REC may start to degrade to a lower category.
This is done during the EcoClassification phase. These changes are linked with shifts in the
numerical or index value of indicator metrics and are Thresholds of Potential Concern (TPCs).
TPCs refers to upper and/or lower values around a metric that will preferably provide an early
indication that the metric that represent an EcoSpec, may be deteriorating which may result in a
degradation of the EC. The statement regarding the upper value must not be confused with the
upper percentage value of an Ecological Category. The lower and upper value of a metric can
refer to e.g. temperature where the increase in temperature can result in a lower EC.
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2.5.2 Steps to follow when the REC is higher than the BEC (BEC (PES) <REC)

The BEC is used as the basis to derive the indicator metrics for EcoSpecs and TPCs by following

the EcoClassification and running the relevant EcoStatus models for the REC. The relevant

metrics are determined during the EcoClassification workshop.

a) BEC improvement and attainment of REC: Define and quantify EcoSpecs and metric
values that would indicate attainment of the REC or a trend in the improvement of the BEC
(not TPCs) as determined during the EcoClassification workshop.

b) BEC degradation: Define and quantify EcoSpecs and metric values that would indicate a
decrease in the BEC. Define and quantify TPC maximum and/or minimum values that
would indicate a decline in EcoSpec metrics and possible decline in the BEC.

BIOLOGIGAL PHYSICO-CHEMICAL EIS
INDICATOR- INDICATOR-METRICS
METRICS

BASELINE EC ATTAINABLE REC

Define and quantify EcoSpecs and metric value levels needed to maintain REC. Define and quantify TPC maximum
and/or minimum metric values that would indicate a decline in EcoSpec metrics and possible decline in the EC.

BEC<REC
«_BEC improvement & attainment of REC: Define and quantify EcoSpecs and metric values that would indicate attainment

of the REC or a trend in the improvement of the BEC (not TPCs).

«_BEC degradation: Define and quantify EcoSpecs and metric values that would indicate a decrease in the BEC. Define
and quantify TPC maximum and/or minimum values that would indicate a decline in EcoSpec metrics and a possible
decline in the BEC.

Figure 2-2 Relationship between BEC and the REC in terms of defining and quantifying
EcoSpecs and TPCs

2.5.3 Implications of the Classification system and the Class on steps for setting
EcoSpecs and TPCs

The ultimate Class determined through the application of the Classification System could be the
BEC (PES), REC or a different EC. This Class is referred to as the Classification Ecological
Category (CEC). The following scenarios could be relevant:

o BEC = CEC = REC
o BEC = CEC < REC
o BEC = REC > CEC

During EcoClassification an Alternative EC (AEC) is set and described and this caters for the
situations where the CEC is a lower EC than the PES or BEC.
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2.6 ECOSPEC DETERMINATION AS APPLIED IN THIS STUDY (written by D
Louw)

Reference conditions, the Present Ecological State (PES), the Recommended Ecological Category
(REC) and Alternative Ecological Categories (AECs) have been determined (DWA, 2009b) during
the EcoClassification process. This provides the broad level of EcoSpecs for the biophysical
components for each EC addressed during EcoClassification. It also provides the
information on the biological indicator metrics (see sections above). During the EWR
scenario workshop, the flow EcoSpecs for each EC (the scenario refers to different ECs) is
defined.

What is required at this stage is to provide detailed EcoSpecs and TPCs for the baseline, i.e.
the BEC for the biological responses, physico-chemical variables and geomorphology. As
further clarification, the EcoStatus EC and component ECs that represent the BEC must be
quantified to provide detail EcoSpecs to be used in the EWRM process. Irrespective of what the
REC or the EC that will result from the implementation of the classification process is, what is
being monitored is the baseline, i.e. the BEC. Therefore, to determine whether the BEC is
changing, one needs to provide the detailed EcoSpecs and to define the TPC that will, within an
EWRM DSS, indicate whether the BEC is being maintained, improved, or degrading.

The focus on this study is thus to provide the detailed EcoSpecs and to define the TPCs for
(the BEC, i.e. the current or initial PES) at each EWR site on the Crocodile, Sabie and Sand
River Systems. Note that TPCs are set within the PES to indicate the probability or relative
risk of the BEC changing to a lower EC. The purpose of this is to implement management
actions to prevent this degradation, unless the Classification system has resulted in a state worse
than the PES (BASELINE EC) being selected as the CLASS.

The same level (qualitative/narrative to quantitative) of EcoSpecs is not set for the REC or any
other EC as the focus is on the BEC. The level of EcoSpecs defined during the EcoClassification
process will be sufficient during the initiation of monitoring. The EcoSpecs for ECs other than the
PES are predictions and dependant on many driver variables and in essence, represents only one
combination of driver conditions out of many that could result in this EC. (Note that during the
EcoClassification process, only the most LIKELY hypothetical qualitative scenario is described in
terms of changes in drivers). To define these EcoSpecs in more detail than the BEC would
therefore be impractical, as these other ECs must be achieved first, before the detailed level of
EcoSpecs can be defined. In the hypothetical case where the REC is an improvement of the BEC,
the detailed EcoSpecs and a new TPC for this EC must be defined at that stage. Real conditions,
data and specifications will then be available of how the biota has responded to the implementation
of management objectives and this will allow for detailed EcoSpecs and a TPC to be set.

The concepts of the EcoSpecs and TPCs are described in a hypothetical example (Figure 2-3)
where the PES (BEC) is a C and the REC a B.
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REC EcoSpecs defined as predicted
using EcoClassification models

REC

PEG — =

D EcoSpecs defined as predicted
using EcoClassification models

Figure 2-3 Example showing how the relationship between the EcoSpecs, TPCs and ECs
2.7 CONSTRAINTS

The RHAM provides information at the flow during the time of survey during the dry season. This
flow could however be higher than the flows required to maintain the PES. The RHAM data
represents a point within the PES range. It will not be possible (without a predictive hydraulic
habitat model) to determine what the habitat conditions will be at the recommended flow if not
similar to that which has been measured. It must therefore be acknowledged that the TPCs could
often require adjustments within the adaptive management process. Once the RHAM has been
monitored at a sufficient range of flows, the TPCs should be more stable.
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3 METHODOLOGY

This section describes the methods and data that were used to identify metrics and TPCs to
determine the EcoSpecs and TPCs for the different Reserve components.

3.1 GEOMORPHOLOGY

Authored by MW Rountree

At each EWR site there is usually a broad conceptual understanding of the Reference condition
morphology and likely rates and ranges of changes of that state derived from expert knowledge of
the area, the river reach (channel) type sensitivity and the historical aerial photographic record of
the site. However the large spatial and long-term temporal scale of this understanding is difficult to
scale down to the much more short-term, small (site specific) spatial scale understanding that is
required setting and assessing EcoSpecs. The metrics identified for the EcoSpecs and TPCs are
thus based on specialist interpretation of the expected rates and ranges of change of the baseline
conditions at a site, these being inferred from expert judgement of site-specific susceptibility to
change. Extensive historical aerial photographic analysis for numerous river reach types and their
respective demonstrated rates and ranges of change (Parsons et al., 2006; Rountree et al., 2004;
Rountree et al., 2001) has been used to guide the estimates for EcoSpecs (both those derived
from baselines RHAM and Geomorphology Assessment Index (GAI) metrics). Thus EcoSpecs for
geomorphology, described for each of the EWR sites, are based on expert assumptions of the
likely acceptable range of change for a variety of metrics for a specific site.

The metrics identified for the generation of EcoSpecs and TPCs were selected based on the

following criteria:

1) The expected critical, relatively rapid responding metrics that are
a.relevant for assessing and monitoring the condition of the river geomorphology; and/or
b.represent critical habitats for instream biota.

2) Variables that are being assessed as part of, or can be derived from, the RHAM data
collection, or that were part of the EWR data collection (e.g. sediment size distributions).

This approach has been followed to minimise monitoring costs, since the RHAM monitoring will be
conducted more frequently than detailed studies. If TPCs are exceeded, this could (pending the
design of the Monitoring DSS) trigger more detailed biotic assessments. Only if these
assessments confirm an undesirable change in the BEC will further assessments, which could
include a geomorphological (GAI) study be undertaken to identify the extent and causes of the
BEC change.

Two tiers of geomorphological TPCs are thus provided. The first relate to the data collected as
part of the RHAM monitoring. This set of TPCs have been automated into the Comp-RHAM excel
data sheets for each EWR site. This enables the monitoring data to be entered into the data sheet,
Comp-RHAM to be run and the relevant geomorphology metrics calculated (on a new TPC sheet)
and compared against the TPCs set for the site. The sampling design, from a geomorphology
perspective, of the RHAM is such that to enable meaningful comparisons between RHAM
monitoring intervals, the RHAM monitoring must be undertaken during the low flow season,
ideally at a similar discharge to the baseline data collection period.

The second set of TPCs is provided for the situation where subsequent GAl assessments are
initiated as part of the monitoring follow-up surveys.
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The EcoSpecs and TPCs usually describe or specify a range of acceptable values or conditions for
a given metric. This is because, under Reference or natural conditions, the geomorphological
condition of a specific metric would incorporate some degree of a natural range and rate of change
over time. The ability to define the range and rate of change of expected natural condition
depends heavily on the available baseline information which usually only consists of information
collated during the EWR survey and historical aerial photo analysis.

Where the EcoSpecs relate to metrics being assessed as part of RHAM assessments, confidence
of the EcoSpecs and TPCs is low to moderate as the RHAM is not a geomorphological-focussed
assessment. Confidence in the GAIl related TPCs is higher as it is a dedicated geomorphological
assessment and survey conducted by a fluvial geomorphology expert.

Confidence in the EcoSpecs and TPCs derived from RHAM data is:

o MODERATE for the Active channel substrate change EcoSpecs as the sampling site is
variable according to the flow conditions (sediment is only assessed in the wetted channel
and this is obviously variable over time).

o VERY LOW for the In-channel habitat diversity EcoSpecs as the sampling site is variable
according to the flow conditions, and the confidence in the expected range of change
under natural conditions is low; and

o LOW for the Active channel geometry EcoSpecs as the sampling site is variable according
to the flow conditions.

Confidence in the EcoSpecs and TPCs derived from GAI data is:

o HIGH for the In-channel sediment distribution EcoSpecs because the sampling approach
is more consistent across different flow conditions, and the field data collection is being
conducted by an expert fluvial geomorphologist;

. MODERATE for the Channel Morphology because although a geomorphology expert is
involved, the analysis is relatively subjective; and
. HIGH for the GAI Level IV EcoSpec because a geomorphology expert is involved and the

analysis is more reliable and objective.

It must be noted that ideally, the EWR geomorphological survey and RHAM survey will take place
during site selection, i.e. the dry season. As the baseline data would be collated at the same time
and for the same conditions, the confidence of both sets of TPCs should be high. However, in this
case, the RHAM was developed after the EWR surveys and the RHAM baseline collated at a later
stage, and therefore at mostly different flow conditions and not always at the exact EWR site.
Therefore, TPCs set for the RHAM will be of lower confidence than those set for the GAL.

When describing sediment size distributions for the Active channel substrate change (RHAM
EcoSpec) and In-channel sediment distribution (GAI EcoSpec), the following sediment diameter
size ranges are implied:

Sediment Class Diameter size range (mm)
Fines 0.0-0.2

Sand 0.2-6

Gravel 6 - 60

Cobble 60 - 250

Boulder >250

Bedrock N/A
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3.2 PHYSICO-CHEMICAL VARIABLES

Authored by P-A Scherman

EcoSpecs and TPCs have been prepared for various levels of a monitoring (DSS). RHAM (or
visual) water quality indicators are used at Level 1 of the DSS, with in situ physico-chemical
parameters included at Level Il, i.e. pH, Electrical Conductivity (EC), oxygen and temperature.
Level Ill of the DSS includes the use of diatoms as biotic response indicators, using the Rapid
Diatom Riverine Assessment Method (R-DRAM). Other biotic response indicators included at this
level are fish and aquatic macroinvertebrates. Level IV and V of the DSS include more detailed
physico-chemical analyses and detailed diatom analyses, involving the collection of data from
relevant gauging weirs. The R-DRAM therefore serves as a water quality screening tool and
indicates which physico-chemical variable(s) require further monitoring and more detailed data
analyses.

Note that the broader terminology ‘water quality’ has been used to encompass not only physico-
chemical data, but also visual and biotic responses to changing water quality conditions as used in

the RHAM. Level descriptions are linked to documentation (December 2009).

This document assumes that the monitoring baseline has been set for the sites and that all
evaluations are therefore relative to knowledge of the natural state of the catchment.

The approach followed for each site is therefore as follows:

o Data collected per site during the RHAM monitoring surveys (August 2009, i.e. at low
flows) represents the first monitoring data.
. RHAM water quality indicator TPCs are then set for the following RHAM water quality

indicators, i.e. monitoring a deterioration from present state:
o Water odour.
o Water colour.
o Turbidity/clarity. Due to data limitations for this parameter, the TPC is set in terms
of a RHAM water quality indicator only.
Water surface indicators
Algal cover on hard surfaces
Filamentous algae present in the water column.

Visible biotic response is not assessed as it should be covered during other strategic monitoring or
management activities.

RHAM water quality indicator TPCs have been set for the following sites only, as these were the
site assessed during the RHAM surveys: Crocodile River EWR Sites 1, 2, 3 and 6; Sabie River
EWR Sites 1, 3, and 8. Any exceedences are shown as bold red text.

o TPCs are also set for physico-chemical parameters for the site i.e. to monitor deterioration
from present state. TPCs are presented as 95" percentiles, i.e. values not to be
exceeded more than 5% of the time, for inorganic salts, physical variables and toxics; and
50" percentiles for nutrients, i.e. Total Inorganic Nitrogen (TIN), Soluble Reactive
Phosphorous (SRP) or ortho-phosphate and chlorophyll-a (chl-a). The TPC ranges are
defined by the upper boundary of the PES category and 80% thereof for the lower
boundary, e.g. if a B category for a PES EcoSpec is < 15 mg/L, the associated TPC would
be 12 — 15 mg/L.
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Note: Percentiles should be calculated within the framework of the current assessment
method (DWAF, 2008b), i.e. using the PES monitoring point as shown on the table for the
relevant EWR site, and the most recent 3 to 5 years of data, equivalent to a minimum of 60
data points. Data used from the DWA gauging weir must be requested from DWA’s Water
Management System’s (WMS) database.

o EcoSpecs, i.e. water quality specifications or objectives for the Recommended Ecological
Category (REC), are set for physico-chemical parameters only, i.e. quantifiable
measurable parameters.

o EcoSpecs, i.e. water quality specifications or objectives for the Present Ecological State
(PES), are set for physico-chemical parameters only, i.e. quantifiable measurable
parameters.

NB: Quality EcoSpecs are therefore related to attaining the water quality category of the overall
REC or PES, and are presented as the range that each variable should be in to maintain the
required category for that variable. The category specified per variable, and the composition of
categories for all variables, will depend on the drivers of water quality per site.

3.3 DIATOMS

Authored by S Koekemoer. Method developed by S Koekemoer.

A Rapid Diatom Riverine Assessment Method (R-DRAM) was developed as part of the EWRM at a
Level 3 assessment approach within the DSS framework (DWA, 2009a, c). At this level diatoms
are used as a WATER QUALITY SCREENING TOOL to indicate if:

o A particular physico-chemical metric needs further monitoring to assess the cause of the
extent of the change.

o Management action is needed.

o The TPC for the particular metric needs recalibration.

For the R-DRAM to function as an effective water quality screening tool the results generated
should:

o Provide information on diatoms as an additional response variable to compliment the
physico-chemical driver component of the monitoring programme.

o Provide additional information and interpretive results, especially at sites were physico-
chemical data availability was poor or of low confidence.

o Give an indication of the current pollution levels at a monitoring site according to the

defined water quality class limits of the Specific Pollution sensitivity Index (SPI).

Note: The R-DRAM is still under development and has not been tested. It is also important to
note that the EcoSpecs and TPCs within the current R-DRAM are based on moderate water quality
(C EC). Therefore the approach the defined EcoSpecs and TPCs for the Crocodile and Sabie-
Sand River system is based purely on specialist opinion and would therefore need verification at
some stage.
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3.3.1 Approach

During comprehensive diatom assessments the diatom scoring (EC) is based on the SPI score
generated by OMNIDIA (Lecointe et al, 1993). Selected physico-chemical metrics are also
assigned class values for certain physico-chemical metrics (according to different water quality
conditions), based on the Van Dam index (Van Dam et al., 1994) to derive an overall ecological
classification of the site. The physico-chemical metrics include pH, nutrients, organics, oxygen
saturation and salinity.

The EcoSpecs derived for the R-DRAM was based on these ecological values and were specified
for biological water quality that falls within a C EC.

The R-DRAM TPC for each metric essentially has three tiers of indicator species occurrence
(counts) that are linked to a specific action/result. This includes:

o Tier 1: A diatom count that falls between specified limits that indicates that there is no
threat/impact to the current biological water quality.

o Tier 2: A diatom count that falls between specified limits that indicates a possible impact to
the current biological water quality.

o Tier 3: A diatom count that falls between specified limits that detects a definite impact to

the current biological water quality.
3.3.2 EcoSpecs and TPCs derived for this study

RHAM water quality indicator TPCs were set for the following site, as these were the site assessed
during the RHAM surveys:

. Crocodile River EWR 1, 2, 3 and 6.

o Sabie River EWR 1, 3, and 8.

A summary of the diatom results as well as the physico-chemical EC for these sites are provided
below in Table 3.1.

Table 3.1 Diatom and physico-chemical results
Eﬂ: Site name River SPI score Class Category chzwisci:;) I-EC

CROCODILE RIVER SYSTEM

EWR 1 Valeyspruit Crocodile 16.5 Good quality B A

EWR 2 Goedenhoop Crocodile 15.3 Good quality B B

EWR 3 Poplar Creek Crocodile 14.6 Good quality B C

EWR 6 Nkongoma Crocodile 13.1 Moderate quality B/C C
SABIE-SAND RIVER SYTEM

EWR 1 Upper Sabie Sabie 13.1 Moderate quality B/C A/B

EWR 3 Kidney Sabie 14.5 Good quality B B

EWR 8 Upper Sand Sand 131 Moderate quality B/C B

As diatoms are used as a water quality screening tool for the physico-chemical component the
EcoSpecs and TPC developed for diatoms were based on the physico-chemical EC. Based on the
diatom and physico-chemical ECs at the sites, EcoSpecs and TPCs were set for a C BEC, based
on professional judgement was set for EWR 3 and 6 in the Crocodile River and a B BEC were set
for the rest of the sites. This included an analysis of the diatom communities of the different
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samples taken at the sites and determining the present occurrence of the twenty indicator species
used in the R-DRAM. As expected some of the indicator species were present in the diatom
samples however at very low abundances (1 — 3% of the total diatom count per sample) at sites
were the biological water quality was good. Therefore the TPCs were derived from adjusting the
first tier of diatom counts of each metric used in the R-DRAM.

3.4 RIPARIAN VEGETATION

Authored by J Mackenzie. Method developed by J Mackenzie.
The following vegetation components, when assessed together, satisfactorily describe the overall
state of any riparian site:

. Exotic invasion.
. Terrestrialisation.
o General vegetation structure as shown by proportions of riparian woody species, reeds

and non-woody species (grasses, sedges and dicotyledonous forbs).

Please note the hypotheses on which EcoSpecs (and hence TPCs) are based (described in
Section 3.4.1 — 3.4.5) and that these need to be refined within the DSS once triggered.

EWR 3 (Poplar Creek) was used as an example to illustrate the generic approach.
3.4.1 Exotic invasion

Ecological specifications were set for the proportion of exotic species invading the riparian zone
(Table 3.2). Values were tested by assessing a number of existing sites where exotic aerial cover
data were available.

Table 3.2 Hypothesis on which EcoSpecs for exotic species occurrence in the riparian
zone is based

Category % Cover (Perennial Exotics)
A 0

A/B 1-5

B 5-10
B/C 10-15
C 15-20
C/D 20-30
D 30-50
D/E 50 - 60
E 60 - 70
E/F 70-80
F >80

The Vegetation Response Assessment Index (VEGRAI) assessment indicated that the PES was
77.3% (C) and the REC was set at B. Based on the EcoSpecs for exotic invasion (Table 3.2),
exotic species cover of 15 - 20% is associated with a C EC. Measured data verified these
proportions. The TPC would therefore be set at the lower level of the PES i.e. an increase in
perennial exotic species cover of 20% or more, but since the assessment showed that this applied
to the lower and upper zones specifically and that the marginal zone had less exotic invasion, a
separate TPC was set for the marginal zone; an increase in perennial exotic species cover of 10%
or more (Section 6.4.1). The specific EcoSpec associated with this site would therefore be
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determined from Table 3.1 in order to describe an improved state and taking the REC into account
i.e. to maintain cover (%) of perennial exotic species at 20% or lower within the riparian zone,
which refers to an ecological category of a C or better.

3.4.2 Terrestrialisation

Based on EcoSpecs for terrestrialisation (Table 3.3), terrestrial species cover of 5 - 10 and 20 -
30% is associated with a C in the lower and upper zones respectively. The TPC was therefore set
at the lower level of the PES i.e. an increase in woody terrestrial species cover of 20% or more
(Section 6.4.1). The specific EcoSpec associated with this site would therefore be determined
from Table 3.2 in order to describe an improved state and taking the REC into account i.e. to
maintain cover (%) of woody terrestrial species at 15% or lower within the riparian zone, which

refers to an ecological category of a B or better.

Table 3.3 Hypothesis for EcoSpecs concerning terrestrialisation of the riparian zone
Class Marginal Zone Lower Zone Upper Zone Note
A 0 0 0-5
A/B 0 0 5-10
5 0 0 19-15  Irhis hypothesis is based on the ph
is hypothesis is based on the phenomenon
B/C 0 1-5 15-20 that terrestrial species occur naturally in the
C 0 5-10 20-30 riparian zone, but are reduced in cover and
c/D 0 10-15 30 - 40 abundance by increased flooding disturbance.
Data of terrestrial:riparian plant ratios (on the
D 1-5 15-20 40 - 50 Sabie River) showed a distinct reduction in
D/E 5-10 20 - 130 50 - 60 terrestrial individuals with increasing exposure
to flooding disturbance.
E 10-15 30-40 60 - 70
E/F 15-20 40 - 50 70-80
F >20 > 50 >80
3.4.3 Indigenous Riparian woody cover

This site occurs in a section of river where the climax community of the macro-channel bank and
alluvial-dominated bars will be indigenous woody riparian species (notably, Combretum
erythrophyllum), with some Gomphostigma virgatum in the rocky or cobble areas of the marginal
and lower portions of the lower zones. In the absence of unnatural disturbance the proportion (%
cover) will tend to increase to values as high as 70 or 100% of suitable habitat. An increase
beyond this range will reduce the ecological category of the site since it is then assumed that
prevailing conditions favour woody species at the expense of non-woody species where the latter
are expected to occur. RHAM data show an average of 48%, for indigenous woody cover while
VEGRAI data show an average of 40% for PES. Woody vegetation removal for firewood is an
impact at this site and a decrease in riparian woody cover below 20% would reduce the EC by a
category. Similarly an increase above 70% cover may indicate loss of flooding disturbance, which
would also reduce the EC.

Based on the EcoSpecs for this site (Table 3.4), the TPC was set to maintain the site at a C (PES)
at least i.e. a decrease in riparian woody species cover below 20% or an increase in riparian
woody species cover above 70% in the lower and upper zones. The specific EcoSpec for this site
would refer to cover values for classes A, B, or C i.e. to maintain cover (%) of riparian woody
species between 20 and 50% within the riparian zone.
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Table 3.4 Hypotheses for EcoSpecs concerning indigenous riparian woody cover

Lowveld bushveld rivers
Class | Marginal Zone Lower Zone Upper Zone Note

A 10-20 20 - 40 40 - 50 This hypothesis for Lowveld Bushveld rivers (on
granites) is based on a dynamic whereby riparian
B 20 - 60; 10 - 20; 30 - 40; vegetation in the lower and upper zones will always
5-10 40 - 50 50 - 60 tend towards increased woody cover with
c 60 - 80; -10; 20 - 30; diminishing non-woody cover (including reeds), this|
1-5 50 - 60 60 -70 being "reset" by large flood events. "Reset" here
> 80: <5 10 - 20 refers to the removal of woody plants by floods, the|
D <1 60 - 70 70 - 80 resulting open space being available for quick
- colonizing non-woody species (including reeds).
E 70 - 80 - 10; The hypothesis assumes that if woody cover
80-90 increases beyond a given value and remains high,
. that the flooding regime has been changed so that

F >80 <5>90 large floods are smaller or less frequent.

3.4.4 Non-woody indigenous cover (grasses, sedges and dicotyledonous forbs)

The above interaction between woody and non-woody vegetation does not apply to this
assessment of non-woody indigenous cover. The reason for this is the format in which data are
collected in RHAM. When assessing woody vegetation, non-woody vegetation is an assessed
class as part of the data whereas woody vegetation is ignored when non-woody vegetation classes
are assessed. This is because there is usually an understory to woody vegetation which form part
of the non-woody assessment. Thus it is possible to have 50% woody riparian cover in the lower
zone, as well as 80% non-woody indigenous cover. This would be a class B river at EWR 3. Data
collected during RHAM assessments showed an average of 31%, while those collected for the
VEGRAI range from 20 - 60%. This is linked, mostly to woody cover (indigenous and exotic) by
way of shading i.e. too much shading reduces cover and none allows for a situation where 100%
cover is possible. This site occurs where a mix of woody and non-woody is always expected.
Based on the PES of a C at this site, the EcoSpec is to maintain grass, sedge and dicotyledonous
forb cover between 30% and 90% (Table 3.5). The associated TPC is a decrease in sedge, grass
and dicotyledonous forb cover below 30% or an increase above 90%.

Table 3.5 Hypotheses for EcoSpecs concerning indigenous hon-woody cover

Non-woody indigenous cover (grasses, sedges and
dicotyledonous forb)
A 70 -80
50 - 70; 80 - 90
30 - 50; >90
20- 30
10 - 20
<10

Category

M mOO|w

3.4.5 Ahrggmiies (reeds) cover

In both VEGRAI and RHAM, reeds are classified as non-woody, and although they are a grass,
their importance in riparian structure and function warrants their separate assessment in terms of
EcoSpecs and TPCs. The EcoSpecs for reed cover would ordinarily be determined by a genera
hypothesis as set out in Table 3.6. However, reeds did not occur in RHAM data and cover was low
(< 10%) in VEGRAI data at this site, probably due to the gorge characteristics of the stream. The
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EcoSpec was set to maintain reed cover below 10% with the TPC being an increase in reed cover
above 10%.

Table 3.6 Hypotheses for EcoSpecs concerning F~/rggrm/fes (reed) cover

Lowveld bushveld rivers

Class | Marginal Zone | Lower Zone | Upper Zone Note
A 40 - 80 40-70 20-30 This hypothesis for Lowveld Bushveld rivers (on granites)
20 — 40 20 - 40 < 20: is a corollary to the riparian woody cover hypothesis i.e. it
B > 80 ’ 70 - 80! 30 - 4’0 is based on a dynamic whereby riparian vegetation will
always tend towards increased woody cover with
C 10 - 20 10 - 20; 40 - 50 diminishing reed cover, this being "reset" by large flood
80 - 90 events. "Reset" here refers to the removal of woody
D <10 <10; 50 - 60 plants. by flood§,_the resulting open space being available|
> 90 for quick colonizing reeds. The hypothesis assumes that|
E 60 - 70 reeds will colonize open alluvium (similar to the pioneer

species concept) created by floods, and will increase in
cover until slowly replaced by woody vegetation as
shading occurs. A natural flow regime will create a patch
mosaic of woody vs. reeded areas, thus a mix is always
F >70 expected (in the absence of very infrequent extreme)
events): an increase in reed cover beyond a specified
value is seen to be a loss of riverine diversity and as
such will begin to reduce the EC.

3.5 FISH

Authored: P Kotze and A Deacon

EcoSpec and TPC results are provided in an MS Excel format (Fish EcoSpec & TPCs) for the
relevant site, which includes methodology and supporting data and information for future reference,
especially during application of TPCs after monitoring. This data will be provided electronically
(RDM Report 26/8/3/10/12/016) (DWA, 2010).

The approach for determining EcoSpecs and TPCs is described in sheet 1 of the Excel
spreadsheet in a step-wise manner. These steps are listed below (Bold typeface) and further
explained below.

1. Import information from FRAI model (PES and REC) into relevant sheets (sheet 5 to
10) and follow the instructions at the top of each spreadsheet.

2. Select indicator taxa for each metric using sheets 7 to 10 and referring to sheet 5
determine whether a species was previously sampled at the relevant EWR site (only
use species known to occur at the site). Use one or two of the highest ranked
species (present at site) and list them in Column C (2-EcosSpecs&TPC' worksheet).

The selection of indicator taxa for each metric is done using the ‘monitoring indicator’ sheet in the
Fish Response Assessment Index (FRAI) model for each EWR site/reach. This sheet calculates
an indicator value for each species in different variables (such as fast shallow habitats, cover type,
etc.) based on the reference Frequency Of Occurrence (FROC) and relative intolerance rating of
the species. Based on the indicator value determined by the model, species are ranked in order of
importance to serve as indicator for a specific variable. The two highest ranked species that are
known to occur at the EWR site was generally used as the indicator taxa for the specific metric. If
there were uncertainty about the presence of an optimal indicator species (ranked 1 and 2) at a
site, or if the species occurred in too low abundance and sampling may therefore be coincidental,
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these species were excluded and replaced by lower ranked indicator taxa at the site. The two
highest ranked indicator species for each metric was used as indicators for reach (automated in
Excel spreadsheet) by default.

3. Describe PES EcoSpecs and TPCs for each metric per site and reach (columns D -
G), and EcoSpec for the REC (reach only) (column H). This should be done using
the spatial and temporal' FROC as well as relative abundance information in the
worksheet labeled 5-FROC.

Site versus reach EcoSpec assessment

Fish EcoSpecs and TPCs are described for each fish metric, differentiating between reach and
EWR site where applicable. This was done due to the fact that the PES is determined for an entire
reach within which the EWR site falls, while fish sampling is however often conducted only at the
EWR site, and therefore merits site-specific EcoSpecs and TPCs. EcoSpecs were therefore
described for the site to reflect the PES (baseline), while broad EcoSpecs were also given for the
reach should detailed monitoring be performed where more than one site is sampled in the reach.
EcoSpecs were also described for the reach in terms of the REC (if different from PES), providing
a broad description of the expected change in FROC of selected species that would result in the
attainment of (improvement towards) the REC.

Once site-specific EcoSpecs were described, TPCs were then derived for each of the selected
metrics for the EWR site, giving measurable biotic TPCs for fish as well as conceptual habitat TPC.
The habitat TPCs could be quantified using the RHAM once more information becomes available.
The biotic (fish) TPCs described for the site should enable the detection of deterioration at the site
that may result in a deterioration of the PES towards a lower category (deterioration). The
EcoSpecs described for the reach should provide an indication of conditions when the PES is
reaching the REC.

Spatial and temporal FROC of species, as well as their relative abundance (catch per unit effort)
were used as units for the different variables or metrics. The calculation of the FROC and relative
abundance is based on the results gained during the baseline (generally EWR) surveys, and
sometimes also on other available data (important to note that EcoSpecs and TPCs should reflect
the PES) and therefore historic data should be used with care in cases where changes could have
occurred since the surveys were conducted. The use of data from other sites in a reach must also
be applied with circumspection as it may not reflect the species composition and relative
abundances of the specific EWR site. It is imperative to note that the recommended values given
as TPCs should be tested and refined over time as more information becomes available. This is
however the best available information at present and should serve as a good starting point. As
the RHAM protocol is developed and applied further, these variables should be used to provide
specific habitat TPCs in terms of the different fish metrics. Ideally a range of RHAM surveys at
different base low flows should be conducted, and fish surveys should be done during these
surveys. This would be the best applicable way to link the species composition and relative
abundances directly to RHAM results, and allow for quantification of habitat TPCs based on
RHAM. Ideally fish data should be gathered separately for each RHAM unit at the EWR site.

' Spatial FROC: presence of fish species at different sites within a reach or in different units/areas at a site (as used in FRAI).

Temporal FROC: Presence of species over time at a specific site (such as EWR site).

Relative abundance/Catch Per Unit Effort (CPUE): Calculated only for electro-fishing in number of individuals/minute (can be done for
per site and per species) (if available for many surveys, use lowest observed CPUE to set TPCs).
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4, In the "EcoSpecs & TPCs" worksheet rank the metrics in order of most sensitive
(rated 1) to less sensitive to detect change (using sheet 6-metric group weights and
professional judgement)

Various metrics were selected that would allow the use of fish to determine changes, specifically
deterioration in biotic integrity of the aquatic ecosystem. A metric is a measurable component of
biological systems, which show an empirical change in value along a gradient of human
disturbance (USEPA, 1998). By default, various relevant metrics used in the FRAI model (such as
FS habitats, overhanging vegetation, etc.) were selected.

The different metrics were then ranked based on FRAI metric group weighting, relative intolerance
or sensitivity of the species to detect change and professional judgement. The purpose of the
ranking of metrics is to indicate the metrics most probable (most sensitive) to detecting
deterioration. Although different indicator species indicate different changes, the ranking aims to
highlight which metrics will be the most sensitive to detect changes at the site.

5.Complete sheet 3 - Monitoring requirements

Recommendations were also made regarding monitoring requirements taking into consideration
the Ecological Importance and Sensitivity metric - rare and endangered and unique fish species at
the site. The monitoring recommendations included aspects such as frequency of monitoring,
optimal sampling season, location (where and which habitats to focus on) as well as sampling
techniques (including recommended effort that should be applied). The monitoring
recommendation should also be verified and adapted over time once more information becomes
available. It is of critical importance that the follow-up monitoring should be conducted during the
same season as when baseline surveys were conducted, or TPCs should be refined for the
specific season of the monitoring. The closer the flow (discharge) between monitoring and
baseline survey, the more comparable the results and the more likely changes can be detected (it
will exclude natural seasonal and habitat differences at the site, which is coupled with natural
variation in fish diversity and abundance at the site).

When a TPC for a certain metric is reached, it must first be established whether that specific
habitat type (such as SD, water column, overhanging vegetation) has been sampled adequately, to
exclude the possibility that the TPC was reached as a result of sampling effort. This would
therefore mean that sampling should be done when conditions are optimal. Indicator species can
be identified before the actual survey at a site and sampling can then be aimed at specific habitats
using the most appropriate sampling method that would give the highest probability of the indicator
species being sampled if present. The most preferred sampling method for monitoring purposes is
electro-fishing, as this method is very effective in especially flow sensitive habitats (Fast Shallow
(FS)) as well as other shallow marginal habitats (such as undercut banks and overhanging
vegetation). This method may also be the most reliable of all methods to calculate relative
abundance of a species (CPUE). For the purpose of setting EcoSpecs and TPCs during this
study, relative abundance was only determined using electro-fishing data and it was expressed as
individuals per minute. Electro-fishing does not however have to be the only sampling method
applied during the monitoring phase, as sampling methods should be determined by the indicator
species.

Unfortunately due to factors such as cost efficiency, safety at site (presence of crocodiles and
hippos) a range of sampling methods can sometimes not be applied. Under such circumstances,
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the TPCs should be evaluated with caution, considering only those metrics that reflect habitats and
species that could be sampled efficiently.

3.6 MACROINVERTEBRATES

Authored: AC Uys

A method to determine EcoSpecs and TPCs for macroinvertebrates was developed during 2006
(DWAF, 2006). As EWRM has never been applied since then, these methods have not been
tested or refined. The method was further refined during this study to cater for additional
information collated in terms of habitat via the RHAM. As with all the components, all methods to
determine EcoSpecs and TPCs must be applied and tested following Adaptive Management
principles within EWRM.

EcoSpecs and TPCs for each site have been estimated on the basis of a set of physical and
hydraulic-habitat criteria, a suite of existing data, and specialist knowledge.

The physical and hydraulic-habitat criteria are considered to be those of relevance to the site’s
indicator taxa (macroinvertebrate families with a preference for fast-flowing water (Flow Dependant
invertebrates - FDI) or marginal vegetation (marginal vegetation invertebrates - MVI)). These
criteria include discharge, width, average and maximum depth, average and maximum velocity,
substrate type, substrate embeddedness, proportion of different habitat/flow classes across the
channel, and algal cover.

An MS Excel spreadsheet format is used. For each site, the afore-mentioned criteria are listed in
rows, and each data source is presented as a separate column:

o “‘RHAM” — the hydraulic parameters associated with the RHAM monitoring data, sourced
from COMP-RHAM.
o “PES” — the hydraulic parameters associated with the discharge requested for the PES for

MAINTENANCE DRY at the relevant percentage exceedance during the determination of
EWR scenarios (DWA, 2009b).

o “REC” — the hydraulic parameters associated with the discharge requested for the REC
for MAINTENANCE DRY at the relevant percentage exceedance during the determination
of EWR scenarios (DWA 2009b).

The intention of presenting data in this format is to provide, at a glance, a context to aid the setting
of appropriate and valid TPCs and EcoSpecs for the site, and to assist interpretation of future
RHAM monitoring data. The spreadsheets for each site are provided electronically with this report
(RDM Report 26/8/3/10/12/016) (DWA, 2010).

The actual setting of TPCs and EcoSpecs was guided by the data described above. For each of
the hydraulic-habitat criteria (e.g. minimum depth), the associated values from each data source
(column) were considered. This, in combination with an understanding of the minimum
requirements (or preferences) of the indicator taxa, the site morphology, and the likely change in
habitat availability at different flows, was used to come up with a minimum value per hydraulic-
habitat criterion for the TPC, and the EcoSpec.

Note that the baseline or survey data (“PES” column) relates to the EWR survey cross-section
which is, at a number of sites, located at a different point or points along the river from the
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monitoring cross section or reach (“RHAM” data column). In the case of the EWR survey data, key
hydraulic habitat parameters linked to any discharge can be sourced in the hydraulic look-up table
for the site. This table is referred to throughout the Reserve Determination process. In the case of
the monitoring data however, these are sourced from the COMP-RHAM outputs, which are only
applicable to the discharge at the time of sampling (i.e. one cannot alter discharge and see what
the resulting change in hydraulic habitat will be). This made the determination of EcoSpecs and
TPCs complex. Cognizance was however been taken of the difficulties associated with the use of
data from different cross-sections and different discharges, and cautious minimum values were set.
In order to cater for the RHAM monitoring, baseline data (i.e. that acquired during EWR surveys)
should be collected at the same hydraulic cross-section as subsequent monitoring data.

It should also be mentioned that no standard method exists for the setting of EcoSpecs and TPCs
for macroinvertebrates, and there was thus a requirement to “create” and test a method for this
task during the workshop itself. This output is considered preliminary and conservative. Further
research and development is required to establish a standard approach to this task.

3.7 DATA USED FOR DETERMINING ECOSPECS AND TPC

The following data was used for determining EcoSpecs and TPCs:

o Data collected during the EWR site visits; September and October 2007.
o Data collected during the RHAM site visit; August 2009.
o Relevant historic data and observations from surveys in the catchment.

EWR and RHAM data is available as part of the electronic information and data of this study (RDM
Report 26/8/3/10/12/016) (DWA, 2010).
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4 RESULTS: ECOSPECS AND TPCs FOR EWR 1: VALEYSPRUIT
(CROCODILE RIVER)

A summary of the site EcoClassification is provided below (DWA, 2009b).

4.1 ECOCLASSIFICATION SUMMARY OF EWR 1

EWR 1 Valeyspruit (Crocodile River)

EIS: MODERATE

Highest scoring metric were diversity of sensitive habitat types Components | | Gotagry_ | Trend | AECY
present e.g. wetlands, oxbows, sponges.
HYDROLOGY =
PES: A/B WATER QUALITY A B
Minor impacts due to farming, exotic vegetation species, trout.
Impacts mostly non-flow related GEOMORPHOLOGY B Stable C
REC: A/B cz‘;s::n“::ts ng‘;gsc Trend | AEC|
Maintain the PES as only moderate EIS.
FISH A Stable
AEC down: B/C MACRO = Negative
Scenario includes decreased low flows due to e.g. increased golf [VERTEBRATES
estates, trout farms and increased abstractions for Dullstroom. INSTREAM
Growth of Dullstroom will also result in increased sewage. RIPARIAN A Stable .
Increased grazing causing trampling and destabilisation of banks. VEGETATION =
ECOSTATUS

EcoSpecs and TPCs for the PES and REC are provided for the different components in Section
42t04.7.

4.2 GEOMORPHOLOGY

The REC is the same as the PES. There has been some channel incision and straightening which
are the main reasons for the change from reference condition and this is the focus of the EcoSpecs
and TPCs. EcoSpecs and TPCs are provided for RHAM monitoring data in Section 5.2.1 and GAI
monitoring data in Section 5.2.2.

4.21 EcoSpecs and TPCs relating to RHAM monitoring data

Metric EcoSpec TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

Overall for the in-channel sediments:

Fines should not exceed 25%.

. RHAM monitoring in 2009 measured 23%.
Sand (< 6 mm) should not exceed 10%.

Maintain the bed material size . RHAM monitoring in 2009 measured 6%.
In-channel sediment distribution within the active channel in{Cobbles should exceed 25%.

(substrate) distribution. |order to maintain the available . RHAM monitoring in 2009 measured 27%.
physical habitats. Within all of the fast habitats:

Neither sands nor fines should exceed 5%.

. RHAM monitoring in 2009 measured 3% fines and 1% sands.
Cobbles should exceed 5%.

. RHAM monitoring in 2009 measured 10%.

The percentage substrate type within the active channel at the RHAM site is provided below.
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Metric EcoSpec TPCs
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30 ——— M Overall site M Fast habitats
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Roots Fines Sand Gravel Cobbles Boulders Bedrock

Overall for the in-channel sediments:

Most of the embedded material should be found in the shallow
habitats.

Per substrate type:

. . P H O,
Proportion of embedded Maintain minimum embeddedness to |Proportion of GRAVELS that are embedded should be less than 25%.

sediments ensure bed mobility and create habitat |® RHAM monitoring in 2009 measured 23%.
’ for instream biota. Proportion of COBBLES that are embedded should be less than 40%.
. RHAM monitoring in 2009 measured 34%.
Proportion of BOULDERS that are embedded should be less than
50%.
. RHAM monitoring in 2009 measured 42%.

IN-CHANNEL HABITAT DIVERSITY

The percentage mobile sediment per macroinvertebrate velocity class is given below.

14-16

12-14
=10-12
= 8-10

14 1 m6-8
L mi6
12 4 m2-4
T mo-2
|
8
|
6 > Slow-very shallow
| # Slow -shallow
a1
| Slow - deep
2 ¥ Fast - very shallow

'/ Fast-shallow
Fines '~ Fast-intermediate
Sand "

Gravel

Cobbles Fast-deep

Boulders

Bedrock

ACTIVE CHANNEL GEOMETRY

For discharges around 0.1 m*s the average width of the active
Active channel width.  [Maintain channel width. channel should be between 4 and 6 m wide.

. RHAM monitoring in 2009 measured 5.5 m.

Overall for the site, the proportion of undercut banks should not
Lower bank stability. Extent of undercut banks. exceed 50%.

. RHAM monitoring in 2009 measured 42%.

4.2.2 EcoSpecs and TPCs relating to GAlI monitoring data: PES and REC

Sediment size distribution was measured in 2003 as part the sediment transport analyses for the
Crocodile River and GAI information is therefore based on these results. This is applicable to all
EWR sites in the Crocodile River unless otherwise stated.

Metric EcoSpec TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

At approximate discharge of 0.1 m%s and average width of 5 m, bed

Maintain the bed material size sediment within the active channel riffle should be distributed as follows:

In-channel sediment distribution within the active channel

(substrate) in order to maintain the available Fines and sands (< 2 mm diameter) should not exceed 20%.
distribution. physical habitats . GAIl in 2007 measured 16%.

’ . Gravels (< 60 mm) should not be less than 30%.
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Metric

EcoSpec

TPCs

. GAl in 2007 measured 33%.
Sampling protocol:

Sediment is to be sampled in the active channel riffle.

ACTIVE CHANNEL MORPHOLOGY

Active channel

Maintain the reach as an alluvial

This is a typically meandering floodplain — cut banks, advancing point
bars and cut-off meanders on the floodplain. An oxbow lake is evident
on the eastern flank of the floodplain. This channel pattern and
associated dynamics should be maintained.

morphology. meandering channel type.
If the extent of cut banks increases so as to indicate extensive incision of
the active channel, this would be undesirable for the dynamics of the
floodplain.

GAl level IV EC

GAl level IV PES
score.

PES score from the GAl level IV should equal or exceed 85%.

4.3

PHYSICO-CHEMICAL VARIABLES

TPCs relating to the RHAM water quality indicators are provided in Section 4.3.1 and EcoSpecs
and TPCs for the PES and REC in Section 4.3.2 — 4.3.3. Detailed information on the rankings
used in this table is available in the RHAM document (DWA, 2009a).

4.3.1

TPCs relating to RHAM water quality indicators

RHAM indicators

Filamentous i Water surface | Algal cover
e og:tl:;‘ttype i algae in water Wateref:é?‘l:r S Tl:;g:fijt“y/ indicator and on hard
column Yy extent surfaces
PES/baseline
(RHAM survey) None 0.5 Green, 0.5 1 Scum, 1 4
Cattle: 23 -
: . Green: 2 3. All indicators: = 2
Chemical pollution: = 1 . 22 o
TPC Other sources: = 2 >3 #:II Oﬂe“rarR?g%le?/i*Z ! Trigger R-DRAM ** 'Sl'reillt deerpF?_slljt; AZI\/? >4
Trigger R-DRAM. 99 99
Activity at site: Run-off from trout farming: Extent = 1
* R-DRAM: ** R-DRAM:

Orange water: pH metric
Milky water: Salt and organic metrics
Green: Nutrient metric

4.3.2

Turbidity indicators

EcoSpecs relating to physico-chemical data: PES and REC

River: Crocodile

EWR 1

| Monitoring site: X2H074Q01

Water quality metrics

ECOSPEC: PES and REC

MgSO, The 95" percentile of the data must be < 16 mg/L.

Na SO, The 95" percentile of the data must be < 20 mg/L.
| | MgCl, The 95" percentile of the data must be < 15 mg/L
norganic salts*

CaCl, The 95™ percentile of the data must be < 21 mg/L.

NaCl The 95" percentile of the data must be < 45 mg/L.

CaS0O, The 95" percentile of the data must be < 351 mg/L.

EC The 95" percentile of the data must be < 30 mS/m.

pH The 5™ and 95" percentiles of the data must range from 6.5 to 8.0.
Physical variables Temperature Small deviation from the natural temperature range.

Dissolved oxygen | The 5" percentile of the data must be = 7.5 mg/L.

Turbidit Vary by a small amount from the natural turbidity range; minor silting of instream habitats

y acceptable.
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Response variables

Nutrlent TIN The 50" percentile of the data must be < 0.25 mg/L.
utrients
PO,-P The 50™ percentile of the data must be < 0.015 mg/L.
gt?)ll-t?)plankton The 50™ percentile of the data must be <10 pg/L.

Chl-a periphyton

The 50™ percentile of the data must be < 21 mg/m?.

Toxics

The 95" percentile of the data must be within the TWQR as stated in DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

4.3.3

TPCs relating to physico-chemical data: PES

River: Crocodile

EWR 1 ‘Monitoring site: X2H074Q01

Water quality metrics

TPC

MgSO4 The 95" percentile of the data must be 13 — 16 mg/L.
Na,SO, The 95" percentile of the data must be 16 — 20 mg/L.
MgCl, The 95" percentile of the data must be 12 — 15 mg/L.
Inorganic salts™ -
CaCl, The 95" percentile of the data must be 17 — 21 mg/L.
NaCl The 95" percentile of the data must be 36 — 45 mg/L.
CaSO0O, The 95" percentile of the data must be 280 — 351 mg/L.
EC The 95" percentile of the data must be 24 — 30 mS/m.
pH The 5™ and 95" percentiles of the data must be < 6.7 and > 7.8.
Physical variables  |rompnerature Initiate baseline monitoring for this variable if Level Il or higher of the DSS.

Dissolved oxygen

The 5" percentile of the data must be 7.8 — 7.5 mg/L. Initiate baseline monitoring for this

variable if Level Il or higher of the DSS.

TIN

The 50" percentile of the data must be 0.2 — 0.25 mg/L.

Nutrients

PO,-P

The 50" percentile of the data must be 0.012 — 0.015 mg/L.

Chl-a phytoplankton

The 50" percentile of the data must be 8 — 10 pg/L.

Response variables

Chl-a periphyton

The 50" percentile of the data must be 17 — 21 mg/m?.

Toxics

An impact is expected if the 95™ percentile of the data exceeds the Target Water Quality

Range (TWQR) as stated in DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

4.4

DIATOMS

EcoSpecs and TPCs relating to the RHAM water quality indicators are provided in Section 4.3.1.

4.4.1

Diatom EcoSpecs and TPCs relating to RHAM water quality indicators: PES

Based on the diatom results from the October 2007 survey, EcoSpecs and TPCs for a B EC were
derived. Therefore if a live sample count is needed that includes all metrics, the EcoSpecs and
TPCs provided below will apply. Detailed information on the rankings used in this table is available
in the R-DRAM document (DWA, 2009b).

Physico-chemical metric EcoSpecs Class rank* TPC
pH 6 - 8 Circumneutral 3 22; <4
Salinity Fresh brackish (100 - 500 yS/cm) <2
Nutrients Slightly elevated concentrations of organically bound nitrogen. 1 <2
Organics B-mesosaprobic: BODs < 4mg/l, O, deficit <30% 2 <2
SPI score <13.3-216.8 BEC 213.3

* According to Van Dam et al. (1994) in OMNIDIA (Lecointe et al., 1993).
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RHAM Water Quality Diatoms (R-DRAM)
. . . EcoSpec
- Trigger/Water quality Considered 1 2
RHAM indicator indicator TPC metric/species Cla_ss TPC TPC
ranking
. . Live sample count: Frustulia and Eunotia
Chemical 21 |pH 3 22;<4 spp. count above 75
. - Live sample count for all species
Chemical 21 |Salinity 2 <@ included in this metric is <40
Water odour type Live sam ;
) ple count for all species
and extent Cattle 23 Nutrients 1 =2 lincluded in this metric is <30
. Live sample count for all species
Cattle 23 |Organics 2 <@ included in this metric is <20
Other sources 22 |SPI score BEC >213.3 |213.3
Orange water (Iron- . . . .
oxidizing bacteria or acid | 21 |pH 3 >; 54 | Ve sample sount: Frustulia and Eunotia
mine drainage) pp-
- Live sample count for all species
Salinit 2 2 | L .
Water colour Milky water (Chemical >1 y < included in this metric is <40
pollution) - . Live sample count for all species
Organics 2 <@ included in this metric is <20
Green (Algae, ) Live sample count for all species
eutrophication) 23 Nutrients 1 <2 included in this metric is <30
- . ) Epithemia : :
Turbidity/Clarity Moderately turbid 22 adnata (EADN) >30 N/A  |Live sample count for EADN is <30
Extent of algal Algal cover on hard >> |Nutrients 1 < _I_|ve sam_ple count fqr gll species
growth on rocks surfaces included in this metric is <30
. - Live sample count for all species
w ] ; Salt deposits on bank 21 |Salinity 2 <2 included in this metric is <40
ater surface an - -
riparian bank and  [Scum 22 |Organics 2 <2 :;:Zﬁjg:&nﬁﬁhﬁg%itf% ?s” ;sggmes
vegetation clues T | o all .
. ive sample count for all species
Foam 22 Nutrients 1 <2 included in this metric is <30
1 Based on total live sample count. 2 Based on live sample counts per metric.
4.5 RIPARIAN VEGETATION

EcoSpecs and TPCs based on the RHAM and VEGRAI data are provided Section 4.5.1. The
confidence for is high in general RHAM and VEGRAI data were available.

4.5.1 EcoSpecs and TPCs relating to RHAM and VEGRAI monitoring data: PES
PES |REC Assessed Zone EcoSpec (PES) TPC (PES) Note
component assessed
Maintain an absence |An occurrence of ngeewr?égcigildﬁ?onni;vf?:él:)rf]%?(i)tic
Marginal zone. |of perennial exotic perennial exotic ies- th f which
species. species. species; the presence of whic
would reduce the EC.
Exotic Invasion Exotic species cover was observed
(perennial exotics). Maintain cover (%) of |, oo o at < 1% in the non-marginal zone.
Non-marginal [perennial exotic erennial exotic This is the level at which it should
zone. species at 1% or g ecies cover > 5% be maintained, or reduced, but an
A A lower. P " |increase above 5% is likely to

reduce the EC.

Terrestrialisation.

Riparian zone.

Maintain absence of
terrestrial woody
species.

An increase in
terrestrial woody
species cover > 2%.

Grass dominated vegetation type,
should not have woody terrestrial
species, even beyond the riparian
zone. .

Marginal zone.

Maintain cover (%) of
terrestrial grasses at
5% or lower.

An increase in
terrestrial grass

species cover > 10%.

Miscanthus junceus (endemic) not
considered terrestrial; terrestrial
grasses only expected to occur in
the non-marginal zone.
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Indigenous Riparian
Woody Cover.

Riparian zone.

Maintain cover (%) of
riparian woody
species below 5%.

An increase in riparian
woody species cover
above 10%.

RHAM data show current value at
5%; but an increase beyond 10%
would reduce the EC because the
site occurs in a grass-dominated
system where indigenous riparian
woody species are expected to be
scattered, with low cover and
abundance.

Non-woody
Indigenous Cover
(grasses, sedges &
dicotyledonous forbs).

Riparian zone.

Maintain grass, sedge
and dicotyledonous
forb cover between
80% and 100%.

A decrease in sedge,
grass and
dicotyledonous forb
cover below 70%.

80 - 90% non-woody in RHAM
woody data; 81% average for non-
woody data.

Phragmites (reed)
cover.

Riparian zone.

Maintain absence of
reed cover.

An increase in reed
cover above 5%.

Phragmites sp. do not and should
not occur at this site, hence
colonization by reeds would change
the riparian characteristics of the
site and reduce the EC.

4.6 FISH

EcoSpecs and TPCs are provided for RHAM monitoring and FRAI data in Section 4.6.1.

The

spatial FROC of EWR 1 is provided in Section 4.6.2 and indicates the FROC under reference, PES
and REC conditions as well as TPCs for baseline (PES) conditions.
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4.6.1 EcoSpecs and TPCs relating to RHAM and FRAI data: PES
PES REC
| Metric % EWR Site Reach REACH
= =g
é E o ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic) ECOSPECS
Any decreased FROC (<
5) in reach of BANO (refer
4 Species All species 1 indigenous fish species has been |Not applicable due to the fact that All species to sheet 5-FROC, Table 2')
richness P sampled at site EWR 1. only one species is present. . . ) P ’ OR FRAI scores
Loss in optimal habitat for decreasing below 87% (B
BANO (to be quantified EC).
- by RHAM).
During recent surveys BANO were Relanvegbundance of less than
Relative Lo 0.5 BANO ind/min sampled at the
8 abundance N/A ‘;ﬁ?ﬁfﬂ:& /gq'?ns) individual/s per site (during same season as N/A. N/A.
’ baseline data).
an/i Presence of any N/A
N Any " . .. |Presence of any alien/introduced Any o )
Alien fish o No alien fish species sampled at site |, . . . o alien/introduced fish PES = REC
2 species alien/introduced during recent surveys. fish species at site during any N/A alien/introduced species at sites in the
spp survey. SPp- reach during any survey.
SD? habitats BANO will be most appropriate
SS® habitat indicator of SD, SS, overhanging Reduced suitability of SD,
apiats vegetation and instream vegetation |BANO absent during any survey |SS, overhanging and Any decreased FROC in
1 |Overhanging |BANO habitats at the site. BANO should or with relative abundance < 0.5 |instream vegetation BANO reach of BANO (refer to
vegetation under present conditions be present |ind/min. habitats (to be quantified Table 2 -FROC, column F)
Inst at site 100% of time at relative with RHAM).
nstream abundance of > 0.5 ind/min.
vegetation

1 Refer to electronic data (DWA, 2010).

2 Slow Deep

3 Slow Shallow
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4.6.2 Spatial FROC under reference, PES and REC conditions and TPCs for baseline
(PES) conditions

Spatial FROC
Species Scientific names: Reference species REFERENCE (A) PES (A) REC (A)
(Abbr.) (Introduced species excluded) .
= Obse!' ved FROC | Expected/derived
Reference FROC and habitat TPC FROC
derived FROC
BANO Barbus anoplus (Weber, 1897) 5 5 4 N/A

4.7 MACROINVERTEBRATES
4.7.1 Baseline description

The baseline data for the biota is based on an EWR site visit in October 2007, at a flow of 0.05
m®s. The SASSS5 total score for the site was 215 with an ASPT of 6.3. The PES and the REC is a
B (DWA, 2009b). The reference conditions used to derive the EcoStatus (MIRAI) were based on
historical data at three sites in the same EcoRegion and geomorphological zone as the EWR site
(Thirion, pers. comm.). The reference total SASS5 score for the site is 240 with an ASPT of 7.5.
The baseline results are presented in the electronic information that accompanies this Report
series (DWA, 2010).

4.7.2 Indicator taxa

Although a variety of flow-dependent taxa were collected at this site there are basically 4 groups of
indicator taxa. The habitat preferences for the indicator taxa groups are as follows:

Indicator group Families Velocity (m/s) Substratum Water Quality
1 Tricorythidae, Philopotamidae >0.6 Cobbles Moderate

2 Prosopistomatidae, Psephenidae >0.6 Cobbles High

3 Heptageniidae 0.3-0.6 Cobbles High

4 Elmidae 0.3-0.6 Cobbles Moderate

Tricorythidae mayflies require velocities of > 0.6 m/s, but may persist at lower velocities (> 0.1
m/s); Heptageniidae mayflies require velocities of 0.3 - 0.6 m/s but will also survive at faster
velocities (> 0.6 m/s), they might persist at slower velocities (0.1 - 0.3 m/s). Elmidae beetles also
require velocities of 0.3 - 0.6 m/s and may persist at slower (0.1 - 0.3m/s) and faster velocities. All
three taxa occur mostly on cobbles but are able to survive on vegetation and bedrock. The
Heptageniidae are highly sensitive and the Tricorythidae and Elmidae moderately sensitive to
water quality conditions. These taxa are not expected to tolerate wide fluctuations in flow and
water quality.

4.7.3 EcoSpecs and TPCs relating to RHAM and MIRAI monitoring data: REC

The TPCs and EcoSpecs are provided for habitat and biota at REC conditions.
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HABITAT ECOSPECS

HABITAT TPCs

To ensure that the maximum depth over the riffle area is greater than
15 cm.

The maximum depth over the riffle area is less than 16 cm.

To ensure that the average depth over the riffle area is greater than 8
cm.

The average depth over the riffle area is less than 9 cm.

To ensure that the maximum velocity over the riffle area is greater than
0.5 m/s.

The maximum velocity over the riffle area is less than 0.53 m/s.

To ensure that the average width of the river in the riffle area is greater
than 4.5 m.

The average width of the river in the riffle are is less than 4.6
m.

To ensure that there are at least 8% fast flow over coarse substrate.

There is less than 9% fast flow over coarse substrate.

To ensure that less than 20% of the coarse substrates are embedded.

More than 18% of the coarse substrates are embedded.

To ensure that less than 20% of the coarse substrates are covered with
algae.

More than 18% of the coarse substrates are covered with
algae.

BIOTA ECOSPECS

BIOTA TPCs

To ensure that the SASS5 scores and ASPT values occur in the
following range: SASS5 score: > 180; ASPT value: > 6.2.

SASSS5 scores below 190 and ASPT below 6.3.

To ensure that the MIRAI score remains within the range of a B
category (82% — 88%), using the same reference data used in this
study.

A MIRAI score of 83% or less.

To maintain suitable flow velocity( maximum > 0.6 m/s) and clean,
unembedded surface area (cobbles) to support the following flow-
dependent taxa in the VFCS (Very fast flow over coarse sediment)
biotope:

. Philopotamidae (Abundance A)

Tricorythidae (Abundance A)

Prosopistomatidae (Abundance A)

Psephenidae (Abundance A)

Any one of these taxa missing or present as a single individual
in any two consecutive surveys.

To maintain suitable flow velocity (0.3 - 0.6 m/s) and clean,
unembedded surface area (cobbles) to support the following flow-
dependent taxa in the FFCS (Fast flow over coarse sediment) biotope:
Heptageniidae (Abundance B)

Elmidae (Abundance B)

Any one of these taxa missing or present in an A abundance or|
less for two consecutive surveys.

To maintain suitable water quality, shading, temperature and habitat
conditions for the following six key taxa:

Psephenidae

Tricorythidae

Philopotamidae

Elmidae

Heptageniidae

Prosopistomatidae

Presence of less than five of the six key taxa listed in any
survey.

To ensure that no group consistently dominates the fauna, defined as D
abundance (> 1000).

Any taxon occurring in an abundance of > 500 for two
consecutive surveys.

The REC is the same as the PES thus these values also refer to the REC.
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5 RESULTS: ECOSPECS AND TPCs FOR EWR 2: GOEDEHOOP
(CROCODILE RIVER)

5.1 ECOCLASSIFICATION SUMMARY OF EWR 2

A summary of the site EcoClassification is provided below (DWA, 2009b).

EWR 2 Goedehoop (Crocodile River)

EIS: HIGH Driver PES & REC
Rare and endangered fish sp which are sensitive to flow and quality Components | Category
changes. High species diversity.

Trend AEC|

HYDROLOGY

WATER QUALITY

PES: B
Impacts as for EWR 1 with increased agricultural activities and
decreased flows. However, impacts mostly still non-flow related.

‘GEOMORPHOLOGY

Stable

Response

Components Trend AEC|

Stable C

Negative C

PES & REC
Category

B
B
B

REC: B
Although the EIS is high, the PES is already a B and as the impacts

are mostly non-flow related, it would not be realistic to improve the MACRO
P ES . INVERTEBRATES

INSTREAM
AEC down: C

See EWR 1. Possible zero flow situations and additional impacts
on moderate events.

RIPARIAN
VEGETATION

N [ c |

ECOSTATUS

EcoSpecs and TPCs for the PES and REC are provided for the different components in Section
5.2t05.7.

5.2 GEOMORPHOLOGY

The REC is the same as the PES. Some slight changes in sediment supply (increased fines) and
channel incision which is the main reasons for the change from reference condition and this is the
focus of the EcoSpecs and TPCs. EcoSpecs and TPCs are provided for RHAM monitoring data in
Section 5.2.1 and GAI monitoring data in Section 5.2.2.

5.2.1 EcoSpecs and TPCs relating to RHAM monitoring data

Metric EcoSpec TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

Overall for the in-channel sediments:
Fines should not exceed 20%.

. RHAM monitoring in 2009 measured 16%.
Sand should not exceed 15%.
. RHAM monitoring in 2009 measured 11%.

Maintain the bed material size
In-channel sediment distribution within the active channel in
(substrate) distribution. |order to maintain the available physical
habitats.

Cobbles should exceed 30%.
RHAM monitoring in 2009 measured 39%.

Within all of the fast habitats:

Neither sands nor fines should exceed 5%.

. RHAM monitoring in 2009 measured 3%.
Cobbles should exceed 20%.

. RHAM monitoring in 2009 measured 23%.
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Metric

EcoSpec

TPCs

45

The percentage substrate type within the active channel at the RHAM site is provided below.

30
25
20
15
10

10 -
35 -

W QOverall site ™ Fast habitats

e = B §

Roots Fines

Sand Gravel Cobbles Boulders Bedrock

Proportion of

. ensure bed mobility and create habitat |e RHAM monitoring in 2009 measured 12%.

embedded sediments. for instream biota. Proportion of COBBLES that are embedded should be less than 30%.
. RHAM monitoring in 2009 measured 22%.
Proportion of BOULDERS that are embedded should be less than
15%.
. RHAM monitoring in 2009 measured 9%.

Maintain minimum embeddedness to  |Proportion of GRAVELS that are embedded should be less than 20%.

Overall for the in-channel sediments:

Most of the embedded material should be found in the shallow
habitats.

And per substrate type:

IN-CHANNEL HABITAT DIVERSITY

The percentage substrate type within the active channel at the RHAM site is provided below.

Fines T —
Sand .
Gravel

14-16

12-14
®10-12
= 8-10
m6-8
46
m2-4
m0-2

Slow-very shallow
Slow - shallow
Slow - deep
Fast-very shallow

Fast - shallow
- Fast-intermediate

Cobbles Fast - deep
Boulders

Bedrock

ACTIVE CHANNEL GEOMETRY

For discharges around 0.7 m%s the average width of the active channel
Active channel width. |Maintain channel width. should be between 8 and 11 m wide.

. RHAM monitoring in 2009 measured 8.9 m.

Overall for the site, the proportion of undercut banks should not exceed
Lower bank stability.  |Extent of undercut banks. 50%.

. RHAM monitoring in 2009 measured 49%.

5.2.2 EcoSpecs and TPCs relating to GAl monitoring data: PES and REC

Metric

EcoSpec

TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

In-channel sediment

Maintain the bed material size

habitats.

distribution within the active channel in |- : o,
(substrate) distribution. |order to maintain the available physical Fines and sands (< 6 mm diameter) should not exceed 10%.

At approximate discharge of 0.1 m*s and average width of 5 m, bed

sediment within the active channel riffle should be distributed as
follows:

GAl in 2007 measured 5%.
Gravels (< 60 mm) should not be less than 40%.

. GAl in 2007 measured 58%.
Rivers for Africa EcoSpecs Report Report no 26/8/3/10/12/011
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Cobbles and boulders (> 60 mm) should not be less than 25%.
. GAl in 2007 measured 37%.

Sampling protocol:
Sediment is to be sampled in the active channel riffle.

ACTIVE CHANNEL MORPHOLOGY

The EWR site is within a meandering alluvial river section. Within the
channel there are small riffles and long runs/pools. There is erosion on
both banks (i.e. both banks are cut) suggesting a possible incision
problem, but this is likely to be a localised impact associated with flow|
Active channel Maintain the reach as an alluvial confinements under the bridge crossing.

morphology. meandering channel type.
If the extent of cut banks were to increase further so as to indicate
extensive incision of the majority of the active channel, this would be
undesirable for the dynamics of the floodplain since overtopping and
floodplain inundation would decrease.

GAl level IVEC

GAl level IV PES

score Maintain or improve the GAl score. PES score from the GAI level IV should equal or exceed 85%.

5.3 PHYSICO-CHEMICAL VARIABLES

TPCs relating to the RHAM water quality indicators are provided in Section 5.3.1 and EcoSpecs
and TPCs for the PES and REC in Section 5.3.2 — 5.3.3.

5.3.1 TPCs relating to RHAM water quality indicators

RHAM indicators

Filamentous Water surface | Algal cover
B og:tl;'ttype gis algae in water Wate;i?ézlt" gis Turbidity/clarity | indicator and on hard
column extent surfaces
PES/baseline
(RHAM survey) None 2 None None None 3
Cattle: 2 3 -
: o Green: 23 All indicators: 2 2
TPC 83?;??2:}%:':?2‘ 21 >3 All other colours: = 1 ?rizgger R-DRAM** Salt deposits: =2 1|> 4
Trigger R-DRAM Trigger R-DRAM Trigger R-DRAM

Activity at site: Return flows from agriculture and trout farming: Extent = 2.

* R-DRAM: ** R-DRAM:
Orange water: pH metric Turbidity indicators
Milky water: Salt and organic metrics

Green: Nutrient metric

5.3.2 EcoSpecs relating to physico-chemical data: PES and REC

River: Crocodile EWR Site 2 ‘ Monitoring site: X2H074Q01
Water quality metrics ECOSPEC: PES and REC
MgSO, The 95" percentile of the data must be < 20 mg/L.
Na>SO, The 95" percentile of the data must be < 27 mg/L.
. MgCl, The 95" percentile of the data must be < 22 mg/L.
Inorganic salts* m -
CaCl, The 95" percentile of the data must be < 39 mg/L.
NaCl The 95" percentile of the data must be < 118 mg/L.
CaSO0, The 95" percentile of the data must be < 351 mg/L.
EC The 95" percentile of the data must be < 43 mS/m.
pH The 5™ and 95" percentiles of the data must range from 6.5 to 8.0.
. . Temperature Small deviation from the natural temperature range.
Physical variables Dissolved
issolve th )
oxygen The 5™ percentile of the data must be = 7.5 mg/L.
- Vary by a small amount from the natural turbidity range; minor silting of instream habitats
Turbidity
acceptable.
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Response variables

Nutrlent TIN The 50" percentile of the data must be < 0.25 mg/L.
utrients
PO,-P The 50" percentile of the data must be < 0.015 mg/L.
gt?)ll-t?)plankton The 50" percentile of the data must be <10 pg/L.

Chl-a periphyton

The 50" percentile of the data must be < 21 mg/m®.

Toxics

The 95" percentile of the data must be within the TWQR as stated in DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

5.3.3

TPCs relating to physico-chemical data: PES

River: Crocodile

EWR 2 | Monitoring site: X2H074Q01

Water quality metrics

TPC

MgSO, The 95™ percentile of the data must be 16 — 20 mg/L.
Na>SO, The 95™ percentile of the data must be 22 — 27 mg/L.
MgCl, The 95™ percentile of the data must be 18 — 22 mg/L.
Inorganic salts*
CaCl, The 95™ percentile of the data must be 32 — 39 mg/L.
NaCl The 95™ percentile of the data must be 95 — 118 mg/L.
CaS0O, The 95™ percentile of the data must be 280 — 351 mg/L.
EC The 95™ percentile of the data must be 35 — 43 mS/m.
pH The 5™ and 95" percentiles of the data must be < 6.7 and > 7.8.
Physical variables Temperature Initiate baseline monitoring for this variable if Level Il or higher of the DSS.

The 5™ percentile of the data must be 7.8 — 7.5 mg/L. Initiate baseline monitoring for this

Dissolved oxygen | | 2riable if Level Il or higher of the DSS.

Nutrient TIN The 50" percentile of the data must be 0.2 — 0.25 mg/L.
utrients
PO4P The 50™ percentile of the data must be 0.012 — 0.015 mg/L.
p?r?)ll_tﬁplankton The 50" percentile of the data must be 8 — 10 pg/L.

Response variables | Chl-a periphyton The 50™ percentile of the data must be 17 — 21 mg/m?.

An impact is expected if the 95" percentile of the data exceeds the TWQR as stated in
DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

Toxics

NOTE:

o Data for EWR 1 and 2 is low confidence due to poor data records. The same data record
was used for both sites.

o Although ecological specifications are provided per site for EWR 1 and EWR 2, the
resolution is low and it is likely that the same set of objectives can be used for both sites.
This is reinforced due to the poor data quality used to represent the sites. Monitoring
would therefore be essential to improve the database and assess whether conditions are
different between the two sites. Due to the good water quality suggested by the small
amount of available data, biotic responses at the site are probably driven by other drivers
(which may result in a concomitant change in physico-chemistry).

5.4 DIATOMS

EcoSpecs and TPCs relating to the RHAM water quality indicators are the same as for EWR 1
(Section 4.4.1).
5.5 RIPARIAN VEGETATION

EcoSpecs and TPCs based on the RHAM and VEGRAI data are provided Section 5.5.1. The
confidence is high since RHAM and VEGRAI data were available.
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5.5.1 EcoSpecs and TPCs relating to RHAM and VEGRAI monitoring data: PES
Zone
PES |REC| Assessed component e EcoSpec (PES) TPC (PES) Note
Maintain an absence of |An occurrence of The marginal Zone was (under .
Marginal zone. |perennial exotic erennial exotic baseline conditions) free of perennial
9 ' g scies g ocios exotic species; the presence of
pecies. pecies. which would reduce the EC.
Exotic Invasion Exotic species cover was observed
(perennial exofics). Maintain cover (%) of |An increase in at < 1% (RHAM data) in the non-
Non-marginal . L\ ) ; marginal zone. This is the level at
perennial exotic perennial exotic A o
zone. species at 1% or lower. |species cover > 5% which it should be maintained, or
P ° -|sP ° |reduced, but an increase above 5%
is likely to reduce the EC. .
Maintain absence of An increase in Grass dominated vegetation type,
Riparian zone. |terrestrial woody terrestrial woody should not have woody terrestrial
species. species cover > 2%. |species.
Terrestrialisation. i i i i i
L |ananooercoor [nOSeRE e
9 o 9 species cover > expected to occur in the non-
5% or lower. ;
10%. marginal zone.
RHAM data show current value at
An increase in 2.5%; but an increase beyond 10%
A/B | AB . o riparian woody would reduce the EC because the
Indigenous Riparian Riparian zone E{Ia;ﬂ?r:n\;;g;r (s/oggiras species covers site occurs in a grass-dominated
Woody Cover. P ’ bgl ow 5% y sp above 15% (15% system where indigenous riparian
° based on VEGRAI |woody species are expected to be
max). scattered, with low cover and
abundance.
85 - 95% non-woody in RHAM
Non-woody Indigenous Maintain grass, sedge |A decrease in woody data; 93% average for non-
Cover (grasses, Riparian zone and dicotyledonous sedge, grass and Vn:%?di); gﬁéihgﬁgp;ﬁaqért?ri act at
sedges & P " |forb cover between dicotyledonous forb argl . 4 P
dicotyledonous forbs) 80% and 100% cover below 70% this site: should trampling reduce
) ' *|value below 70% then EC would
reduce.
On average, Phragmites sp.
comprised 1% of vegetation in the
riparian zone (RHAM data), which is
Phragmites (reed) Riparian zone Maintain reed cover at |An increase in reed |keeping with the grassland
cover. P " |12% or lower. cover above 5%. characteristics of this site, hence
expansion of reeds would change
the riparian characteristics of the site
and reduce the EC.
5.6 FISH

EcoSpecs and TPCs are provided for RHAM monitoring and FRAI data in Section 5.6.1.

The

spatial FROC of EWR 2 is provided in Section 5.6.2 and indicates the FROC under reference, PES
and REC conditions as well as TPCs for baseline (PES) conditions.
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5.6.1 EcoSpecs and TPCs relating to RHAM and FRAI data: PES
PES REC
v Metric % EWR SITE REACH REACH
2 =4
= -
= £% ECOSPECS TPC (Biotic) TPC (Habitat) '"‘2;;‘” TPC (Biotic) ECOSPECS
. 5 indigenous fish species have been |Less than 5 fish species sampled .
6 ﬁ’gﬁﬁéesss All species. sampled during the baseline survey |during a survey when habitat can o All species.  |Any decreased FROC in
- (PES determination). be sampled efficiently. Loss_lp diversity, gbundance and reach of indicator species
- condition of velocity-depth (refer to sheet 5-FROC,
_ During recent surveys Relative abundance of less than | categories and cover features (to column F: Table 2') OR FRAI
5 |Relative N/A. (baseline/PES) fish were sampled at |- INd/min electrofishing at the ¢ quantified by RHAM). N/A. scores decreasing below
abundance. 2.2 ind/min electrofishing. site (c_jurlng same season as 77% (B/C EC).
baseline data). N/A
OMYK potentially presentin | PES = REC
reach under baseline
Any Presence of any alien/introduced Any alien/ condition. Presence of more
Alien fish o No alien fish species sampled at site |. : . . j than 1 alien/introduced fish
4 species. :Ilen/mtroduced during baseline surveys. gszrrlvzpemes at site during any N/A. |Sntroduced species in reach during any
pp- y: Pp- survey (or increased spatial
FROC or abundance of
OMYK).
FD? Habitats. AURA |CPRE
Reduced suitability (abundance
FS® habitats. CPRE and ANAT present less than|& quality) of FD & FS habitats CPRE |AURA
During baseline survey CPRE was |100% of time (not sampled during |(i.e. decreased flows, increased Any decreased FROC in
1 Flow CPRE. ANAT present at site at relative abundance |any survey) AND/OR decrease in |zero flows), increased reach of AURA & CPRE
dependant spp ’ of 1.4 ind/min electrofishing, while  |relative abundance of CPRE below [sedimentation of riffle/rapid AURA |CPRE |(refer to sheet 5-FROC,
(flow . ANAT was present at 0.2 ind/min. 1 ind/min electrofishing, and < 0.1 |substrates, excessive algal column F: Table 2).
alteration). ind/min for ANAT. growth on substrates (to be
Water quality quantified with RHAM).
intolerance. AURA |CPRE
CPRE & BNEE present less than Reduced suitability (abundance
During baseline survey CPRE was |100% of time (not sampled during & quality) of subst)r/ates (ie Any decreased FROC in
present at site at relative abundance |any survey) AND/OR decrease in . - reach of AURA & BARG
2 |Substrate. CPRE, BNEE 151 4 ind/min electrofishing, while  |relative abundance of CPRE below zﬁgifgéesalsgeﬂiggm;igz) (to be AURA |BARG (refer to sheet 5-FROC,
BNEE was present at 0.24 ind/min. |1 ind/min electrofishing, and < 0.1 uantified ;Nith RHAM) column F table 2)
ind/min for BNEE. q '
SD habitats. BNEE present less than 100% of |Reduced suitability (abundance |BaANO |BNEE .
During baseline survey BNEE was time (not sampled during any & quality) of substrates (i.e. g;ycg%(;rgisl\?g ;I:§BCI)\I(3EI|En
3 BNEE rese?lt at 0.24 ind/mix survey) AND/OR decrease in excessive algal growth on (refer to Table 2 -FROC
SS habitats. P ’ ’ relative abundance of < 0.1 ind/min|substrates, sedimentation) (to be | BNEE |BANO column F) ’
for BNEE. quantified with RHAM). ’
During baseline survey PPHI was PPHI and BNEE present less than |Reduced suitability (abundance Any decreased FROC in
7 Overhanging PPHI & BNEE present at site at relative abundance [100% of time (not sampled during |& quality) of overhanging KAUR |PPHI reach of KAUR & PPHI (refer
vegetation. of 0.29 ind/min electrofishing, while |any survey) AND/OR decrease in |vegetation habitats (to be to Table 2 -FROC, column F:
BNEE was present at 0.24 ind/min. |relative abundance of PPHI below |quantified with RHAM). Table 2).
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PES REC
v Metric % EWR SITE REACH REACH
2 =4
= -
= £ ECOSPECS TPC (Biotic) TPC (Habitat) '“‘;‘;;‘” TPC (Biotic) ECOSPECS
0.15 ind/min electrofishing, and < Significant change in undercut Any decreased FROC in
Undercut 0.1 ind/min for BNEE. . e reach of BNEE & PPHI (refer
banks. PPHI & BNEE \t/)v?trt:k;}jzll;[/la)ts (to be quantified |BNEE |[PPHI to sheet 5-FROC, column F-
’ Table 2).
Any decreased FROC in
Instream . . reach of BANO & TSPA
8 vegetation. None available at site. BANO (refer to sheet 5-FROC,
column F: Table 2).
2 Fast Deep 3 Fast Shallow

1 Refer to electronic data (DWA, 2010).
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5.6.2 Spatial FROC under reference, PES and REC conditions and TPCs for baseline
(PES) conditions
Spatial FROC
REFERENCE
Species Scientific names: Reference species (A) PES (B) REC (B)
(Abbr.) (Introduced species excluded) .
Reference E::r; c? I?:g;t‘;?d FROC |Expected/derived
FROC derived FROC TPC FROC
ANAT Amphilius natalensis (Boulenger, 1917) 4 4 3
AURA Amphilius uranoscopus (Pfeffer, 1889) 5 3 2
BANO Barbus anoplus (Weber, 1897) 5 4 3
BARG Barbus argenteus (Glnther, 1868) 5 3 2
BNEE Barbus neefi (Greenwood, 1962) 5 5 4
Same as PES

CBIF Chiloglanis bifurcus (Jubb & Le Roux, 1969) 3 1 0
CPRE Chiloglanis pretoriae (Van der Horst, 1931) 5 5 4
KAUR Kneria auriculata (Pellegrin, 1905) 5 3 2
PPHI Pseudocrenilabrus philander (Weber, 1897) 5 5 4
TSPA Tilapia sparrmanii (Smith, 1840) 4 4 3
5.7 MACROINVERTEBRATES
5.7.1  Baseline description

The baseline data for the biota is based on an EWR site visit in October 2007, at a flow of 0.1 m%/s.
The original SASS5 total score for the site was 228 with an ASPT of 6.4. The REC is the same as
the PES (B EC) (DWA, 2009b). The reference conditions used to derive the EcoStatus (MIRAI)
were based on historical data at the EWR site (Thirion, pers. comm.). The reference total SASS5
score for the site is 260 with an ASPT of 7. The baseline results are presented in the electronic
information that accompanies this report series (DWA, 2010).

5.7.2 Indicator taxa
See EWR 1, section 4.7.2.
5.7.3 EcoSpecs and TPCs relating to RHAM and MIRAI monitoring data: REC

The TPCs and EcoSpecs are provided for habitat and biota at REC conditions.

HABITAT ECOSPECS HABITAT TPCs

To ensure that the maximum depth over the riffle area is greater than

20 om The maximum depth over the riffle area is less than 21 cm.

To ensure that the average depth over the riffle area is greater than 10

cm The average depth over the riffle area is less than 11 cm.

To ensure that the maximum velocity over the riffle area is greater than

0.7mis. The maximum velocity over the riffle area is less than 0.6 m/s.

To ensure that the average width of the river in the riffle area is greater
than 11 m.

The average width of the river in the riffle are is less than 11.5
m.

To ensure that there are at least 10% fast flow over coarse substrate.

There is less than 11% fast flow over coarse substrate.

To ensure that less than 20% of the coarse substrates are embedded.

More than 18% of the coarse substrates are embedded.

To ensure that less than 20% of the coarse substrates are covered with
algae.

More than 18% of the coarse substrates are covered with
algae.
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BIOTA ECOSPECS

BIOTA TPCs

To ensure that the SASS5 scores and ASPT values occur in the
following range: SASSS5 score: > 180; ASPT value: > 6.2.

SASSS5 scores below 190 and ASPT below 6.3.

To ensure that the MIRAI score remains within the range of a B
category (82% — 88%), using the same reference data used in this
study.

A MIRAI score of 83% or less.

To maintain suitable flow velocity( maximum > 0.6m/s) and clean,
unembedded surface area (cobbles) to support the following flow-
dependent taxa in the VFCS biotope:

Perlidae (Abundance B))

Tricorythidae (Abundance B)

Prosopistomatidae (Abundance A)

Any one of these taxa missing or present in an A abundance or|
less in any two consecutive surveys.

To maintain suitable flow velocity (0.3 - 0.6 m/s) and clean,
unembedded surface area (cobbles) to support the following flow-
dependent taxa in the FFCS:

Heptageniidae (Abundance B)

Elmidae (Abundance B)

Any one of these taxa missing or present in an A abundance or|
less for two consecutive surveys.

To maintain suitable water quality, shading, temperature and habitat
conditions for the following five key taxa:

. Perlidae

e  Tricorythidae

. Elmidae

. Heptageniidae

. Prosopistomatidae

Presence of less than four of the five key taxa listed in any
survey.

To ensure that no group consistently dominates the fauna, defined as D
abundance (> 1000) over more than two consecutive surveys.

Any taxon occurring in an abundance of > 500 for two
consecutive surveys.

The REC is the same as the PES thus these values also refer to the REC.
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6
(CROCODILE RIVER)

RESULTS: ECOSPECS AND TPCs FOR EWR 3: POPLAR CREEK

A summary of the site EcoClassification is provided below (DWA, 2009b).

6.1 ECOCLASSIFICATION SUMMARY OF EWR 3
EWR 3 Poplar Creek (Crocodile River)

EIS: HIGH Driver PES —
Rare and endangered fish, vegetation and bird species, some of Components | Category
which are sensitive to flow and quality changes. HYDROLOGY C
PES: B/C WATER QUALITY C
Major problems related to upstream Kwena Dam and its
operation, e.g. migration, sedimentation, changed flow regime. GEOMORPHOLOGY C Negative
The changed flow regime consists of higher than natural flows in

i R PES
the dry season and much lower low flows in the wet season. CO;S::::;S Catogory | TreNd REC | AEC|
REC: B Stable C
The EIS is high, therefore the REC is an improvement of the AGRO

PES. This can be achieved by improving the flow regime (low
flows) and removal of exotic vegetation species.

AEC down: C/D

Lower flows than natural in both the dry and wet season leading
to an impact of the seasonal distribution of the low flows.
Associated increase in temperature and oxygen.

INVERTEBRATES Negative

INSTREAM

RIPARIAN
VEGETATION

Negative

ECOSTATUS

EcoSpecs (PES and REC) and TPCs (PES) are
6.21t06.7.

6.2 GEOMORPHOLOGY

provided for the different components in Section

The REC is the same as the PES. Scouring of the bed and banks due to elevated flows and clean
water releases from Kwena Dam which is the main reasons for the change from reference
condition and this is the focus of the EcoSpecs and TPCs. EcoSpecs and TPCs are provided for
RHAM monitoring data in Section 6.2.1 and GAIl monitoring data in Section 6.2.2.

6.2.1

EcoSpecs and TPCs relating to RHAM monitoring data

Metric EcoSpec

TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

Maintain the bed material size
distribution within the active channel in
order to maintain the available physical
habitats.

In-channel sediment
(substrate) distribution.

Overall for the in-channel sediments:
Sand should NOT BE LESS THAN 5%.

RHAM monitoring in 2009 measured 8%.

Cobbles should NOT BE LESS THAN 5%.

RHAM monitoring in 2009 measured 8%.

The percentage substrate type within the active channel at the RHAM site is provided below.

50
a0 . MQverall site M Fast habitats
30
20
10
Roots Fines Sand Gravel Cobbles Boulders Bedrock
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Metric EcoSpec TPCs

IN-CHANNEL HABITAT DIVERSITY

The percentage mobile sediment per macroinvertebrate velocity class is given below.

] 52025
25 — - T s
| 2 o s 1015
' w510

m Q-5

7 Slow-very shallow
# Slow - shallow

4 Slow -deep

/ Fast-very shallow

T oy : / Fast-shallow

Fines pe S 4 Fast-intermediate
Sand - e s /
Gravel /
Cobbles — Fast-deep

Boulders
Bedrock

ACTIVE CHANNEL GEOMETRY

For discharges around 1.1 m%s the average width of the active channel
Active channel width.  [Maintain channel width. should be between 18 and 24 m wide.

. RHAM monitoring in 2009 measured 21.5 m.

6.2.2 EcoSpecs and TPCs relating to GAl monitoring data: PES and REC

Metric EcoSpec TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

At approximate discharge of 1.1 m%s and average width of 21 m, bed
sediment within the active channel riffle should be distributed as

follows:
Fines and sands (< 6 mm diameter) should not be less than 5%.
Maintain the bed material size . GAl in 2007 measured 8%.
In-channel sediment  |distribution within the active channel in |Gravels (6 — 60 mm) should not be less than 30%.
(substrate) distribution. |order to maintain the available physical |e GAl in 2003 measured 35%.
habitats. Cobbles and boulders (> 60 mm) should not be less than 50%.
. GAl in 2007 measured 57%.

Sampling protocol:
Sediment is to be sampled in the active channel riffle.

ACTIVE CHANNEL MORPHOLOGY

Cut banks on both banks (and water is very turbid), and channel
narrowing is evident from the aerial photographs. The channel in this
pool riffle site is incising in response to the clean water releases, as
well as the prolonged elevated base flows which are being released

Active channel Maintain the reach as an alluvial

morphology. meandering channel type. from the large Kwena Dam upstream.
Further incision and narrowing of the channel will reduce habitat
diversity and reduce overtopping and the condition of the riparian
vegetation.

GAl level IV EC

SGC%InIaevel IV PES Maintain or improve the GAl score. PES score from the GAl level IV should equal or exceed 64%.

6.3 PHYSICO-CHEMICAL VARIABLES

TPCs relating to the RHAM water quality indicators are provided in Section 4.3.1 and EcoSpecs
and TPCs for the PES and REC in Section 6.3.2 — 6.3.4.
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6.3.1

TPCs relating to RHAM water quality indicators

RHAM indicators

Filamentous Water surface | Algal cover
Wiatenodouriypeand algae in water OO D Turbidity/clarity indicator and on hard
extent extent
column extent surfaces
PES/baseline 1
(RHAM survey) None Green, 0.5 1 None 5
Cattle: 2 3 -
: L Green: 23 All indicators: = 2
TPC Chemical pollu_t|on. 21 >3 All other colours: = 1 |2 2 « |Salt deposits: =21 |> 4
Other sources: 2 2 Trigoer R-DRAM* Trigger R-DRAM Trigger R-DRAM
Trigger R-DRAM 99 99
Activity at site: Footpaths and movement of people and animals; riparian vegetation removal: Extent = 2
* R-DRAM: ** R-DRAM:

Orange water: pH metric
Milky water: Salt and organic metrics

Green: Nutrient metric

Turbidity indicators

1 The TPC was exceeded during the RHAM monitoring survey.

6.3.2

EcoSpecs relating to physico-chemical data: PES

River: Crocodile

EWR 3 | Monitoring site: X2H013Q01

Water quality metrics

ECOSPEC: PES

MgSO, The 95" percentile of the data must be < 16 mg/L.
Na SO, The 95" percentile of the data must be < 20 mg/L.
| . it MgCl, The 95" percentile of the data must be <15 mg/L.
norganic salts*
CaCl, The 95" percentile of the data must be < 21 mg/L.
NaCl The 95" percentile of the data must be < 45 mg/L.
CaSO0, The 95" percentile of the data must be < 351 mg/L.
EC The 95" percentile of the data must be < 30 mS/m.
pH The 5" and 95" percentiles of the data must range from 6.5 to 8.0.
Small to moderate deviation from the natural temperature range. Some highly
i . Temperature temperature sensitive species in lower abundances and frequency of occurrence than
Physical variables expected for reference.
E)'(?Z?el:ed The 5" percentile of the data must be = 6 mg/L.
Turbidit Moderate changes to the catchment land-use resulting in temporary unnaturally high
y sediment loads and high turbidities.
TIN The 50" percentile of the data must be < 0.25 mg/L.
Nutrients
PO,-P The 50" percentile of the data must be < 0.025 mg/L.
Chl-a The 50" percentile of the data must be < 10 pg/L.
phytoplankton

Response variables

Chl-a periphyton

2 %k

The 50" percentile of the data must be < 52.5 mg/m°.

Toxics

The 95" percentile of the data must be within the TWQR as stated in DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.
** Periphyton (29.81 mg/m?) is actually in a C/D category (C = 12 - 21 and D = 21 - 84 mg/m? DWAF, 2008b), so have defined the
upper boundary of a C/D as the EcoSpec for PES.

6.3.3

EcoSpecs relating to physico-chemical data: REC

River: Crocodile

EWR 3 ‘ Monitoring site: X2H013Q01

Water quality metrics

ECOSPEC: REC

Inorganic salts*

MgSO, The 95" percentile of the data must be <16 mg/L.
Na>SO, The 95" percentile of the data must be < 20 mg/L.
MgCl, The 95" percentile of the data must be <15 mg/L.
CaCl, The 95" percentile of the data must be < 21 mg/L.
NaCl The 95" percentile of the data must be < 45 mg/L.
CaS0O, The 95" percentile of the data must be < 351 mgl/L.
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Response variables

EC The 95" percentile of the data must be < 30 mS/m.
pH The 5" and 95" percentiles of the data must range from 6.5 to 8.0.
Temperature Small deviation from the natural temperature range, with lower abundances and
Physical variables P frequencies of some highly temperature sensitive species.
ODEZZIxed The 5™ percentile of the data must be = 6.5 mg/L
Turbidit Moderate changes to the catchment land-use resulting in temporary unnaturally high
y sediment loads and high turbidities.
Nutrlent TIN The 50" percentile of the data must be < 0.25 mg/L.
utrients
PO,-P The 50" percentile of the data must be < 0.025 mg/L.
gr?)ll-tﬁplankton The 50" percentile of the data must be < 10 ug/L.

Chl-a periphyton

The 50" percentile of the data must be < 52.5 mg/m®.**

Toxics

The 95" percentile of the data must be within the TWQR as stated in DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.
** Periphyton (29.81 mg/m?) is actually in a C/D category (C = 12 - 21 and D = 21 - 84 mg/m®, DWAF, 2008b), so have defined the
upper boundary of a C/D as the EcoSpec for PES.

6.3.4

TPCs relating to physico-chemical data: PES

River: Crocodile

EWR 3 \ Monitoring site: X2H013Q01

Water quality metrics

TPC

MgSO, The 95™ percentile of the data must be 13 — 16 mg/L.
Na,SO, The 95™ percentile of the data must be 16 — 20 mg/L.
MgCl, The 95™ percentile of the data must be 12 — 15 mg/L.
Inorganic salts* -
CaCl, The 95" percentile of the data must be 17 — 21 mg/L.
NaCl The 95™ percentile of the data must be 36 — 45 mg/L.
CaS0O, The 95™ percentile of the data must be 280 — 351 mg/L.
EC The 95™ percentile of the data must be 24 — 30 mS/m.
pH The 5™ and 95" percentiles of the data must be < 6.7 and > 7.8.
Vary by more than 2°C, i.e. a large change to the temperature regime occurs often. Most
moderately temperature sensitive species would be in lower abundances and frequency
Physical variables Temperature of occurrence than expected for reference. Biological assessments therefore

recommended and initiate baseline monitoring for this variable if Level Il or higher of the
DSS.

Dissolved oxygen

The 5" percentile of the data must be 6.2 — 6 mg/L. Biological assessments
recommended and initiate baseline monitoring for this variable if Level Il or higher of the
DSS.

Response variables

Nutrlent TIN The 50" percentile of the data must be 0.2 — 0.25 mg/L.
utrients
PO,-P The 50™ percentile of the data must be 0.012 - 0.015 mg/L.
gr?)ll-tﬁplankton The 50™ percentile of the data must be 8 — 10 pg/L.

Chl-a periphyton

The 50™ percentile of the data must be 42 — 52 mg/m®.

Toxics

An impact is expected if the 95" percentile of the data exceeds the TWQR as stated in
DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

6.4

DIATOMS

EcoSpecs and TPCs relating to the RHAM water quality indicators are provided in Section 6.3.1.

6.4.1

Diatom EcoSpecs and TPCs relating to RHAM water quality indicators

Based on the diatom results, EcoSpecs and TPCs for a C EC were derived. Therefore if a live
sample count is needed that includes all metrics, the EcoSpecs and TPCs provided below will

apply.
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Physico-chemical metric EcoSpecs Class rank* TPC
pH 6 - 8 Circumneutral 3 22; <4
Salinity Fresh brackish (100 - 500 uS/cm) 2 <2
Nutrients Elevated concentrations of organically bound nitrogen. 2 <3
Organics B-a-mesosaprobic: BOD <7 (10), O2 deficit <50% 3 <3
SPI score <8.9-213 CEC 8.8
* According to Van Dam et al. (1994) in OMNIDIA (Lecointe et al., 1993).

RHAM Water Quality Diatoms (R-DRAM)
. . . EcoSpec
A Trigger/Water quality Considered 1 2
RHAM indicator indicator TPC metric/species Cla_ss TPC TPC
ranking
. . Live sample count: Frustulia and
Chemical 21 |pH 8 22;<4 Eunotia spp. count above 80.
Live sample count for all species
Chemical 21 |Salinity 2 <2 included in this metric is between 50 —
100.
Water odour type Live sample count for all species
and extent Cattle 23 |Nutrients 2 <3 included in this metric is between 40 —
80.
Live sample count for all species
Cattle 23 |Organics 3 <3 included in this metric is between 30 —
90.
Other sources 22 |SPI score CEC 288 (288
Orange water (Iron- . .
N . . Live sample count: Frustulia and
oxidizing bacteria or acid >1 |pH 3 22; <4 :
mine drainage) Eunotia spp. count above 80.
Live sample count for all species
Salinity 2 <2 included in this metric is between 50 —
Milky water (Chemical 100.
Water colour . >1
pollution) Live sample count for all species
Organics 3 <3 included in this metric is between 30 —
90.
Green (Algae _ _Live sample count fo_r z_all species
eutrophication) 23 |Nutrients 2 <3 g](;:luded in this metric is between 40 —
- . . Epithemia . .
Turbidity/Clarity Moderately turbid 22 adnata (EADN) >50 N/A Live sample count for EADN is <30.
Live sample count for all species
Extent of algal Algal cover on hard ) h M- S _
growth on rocks surfaces 22 |Nutrients 2 <3 g](;:luded in this metric is between 40
Live sample count for all species
Salt deposits on bank =1 |Salinity 2 <2 included in this metric is between 50 —
100.
Water surface and Live sample count for all species
riparian bank and |Scum 22 |Organics 3 <3 included in this metric is between 30 —
vegetation clues 90.
Live sample count for all species
Foam 22 |Nutrients 2 <3 included in this metric is between 40 —
80.

1 Based on total live sample count2 Based on live sample counts per metric

6.5

RIPARIAN VEGETATION

EcoSpecs and TPCs based on the RHAM and VEGRAI data are provided Section 6.5.1.
Confidence was high since RHAM and VEGRAI data were available.

6.5.1 EcoSpecs and TPCs relating to RHAM and VEGRAI monitoring data: PES
PES | REC G Al EcoSpec (PES) TPC (PES) Note
component assessed
L An increase in Exotic perennial species cover was
c B Exotic Invasion Marainal zone Meig];iliglcglgtgc(%) of perennial exotic low in marginal zone (< 10% in
(perennial exotics). 9 ’ g ecies at 5% or lower species cover > VEGRAI data and ave 7.5% in
P ° "110%. RHAM data). Since the marginal
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PES |REC

Assessed
component

Zone
assessed

EcoSpec (PES)

TPC (PES)

Note

zone has less exotic species than
the remainder of the riparian zone
and is also directly more important
for aquatic habitat, the aim is to keep
exotic cover low.

Lower & Upper
zones.

Maintain cover (%) of
perennial exotic
species at 15% or
lower.

An increase in
perennial exotic
species cover >
20%.

Higher cover on lower and upper
zones should be kept in check at
observed average (VEGRAI and
RHAM), but expansion above 20%
likely to reduce EC to C/D.

Terrestrialisation.

Lower & Upper
zones.

Maintain cover (%) of
terrestrial woody
species at 25% or
lower.

An increase in
terrestrial woody
species cover >
40%.

RHAM data show average cover of
28%. An increase above 40% is
likely to reduce EC by a category
due to the reduction of indigenous
riparian species.

Indigenous Riparian
Woody Cover.

Lower & Upper
zones.

Maintain cover (%) of
riparian woody species
between 20 and 70%
within the riparian
zone.

A decrease in
riparian woody
species cover below
20% OR an increase
above 70%.

RHAM data show average of 48%,
VEGRAI data show average of 40%
for PES. Woody vegetation removal
for firewood is an impact at this site
and a decrease in riparian woody
cover below 20% would reduce the
EC by a category. Similarly an
increase above 70% cover may
indicate loss of flooding disturbance,
which would also reduce the EC.

Non-woody
Indigenous Cover
(grasses, sedges &
dicotyledonous forbs).

Riparian zone.

Maintain grass, sedge
and dicotyledonous
forb cover between
30% and 90%.

A decrease in sedge,
grass and
dicotyledonous forb
cover below 30% OR
above 90%.

RHAM average: 31%; VEGRAI
range 20 - 60%. Linked mostly to
woody cover (indigenous and exotic)
by way of shading i.e. too much
shading reduces cover and none
allows for a situation where 100%
cover is possible. This site occurs
where a mix of woody and non-
woody is always expected.

Phragmites (reed)
cover.

Marginal Zone.

Maintain reed cover
below 10%.

An increase in reed
cover above 10% on
the marginal zone.

Reeds did not occur in RHAM data
and cover was low < 10% in
VEGRAI. An increase in reeds
would trap sediment and change
instream habitat types

6.6

EcoSpecs and TPCs are provided for RHAM monitoring and FRAI data in Section 6.6.1.

FISH

The

spatial FROC of EWR 3 is provided in Section 6.6.2 and indicates the FROC under reference, PES
and REC conditions as well as TPCs for baseline (PES) conditions.
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6.6.1 EcoSpecs and TPCs relating to RHAM and FRAI data: PES and REC
PES REC
Metric % EWR SITE REACH REACH
= QO .
é E § ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic) ECOSPECS
Baseline FRAI score of
84.7% calculated for
Six naturally occurring indigenous [Less than 4 naturally occurring |Loss in diversity, abundance and I reach. .Any decreased
. - - : 0 . : e - All indigenous FROC in reach of
Species All indigenous fish species have been sampled |indigenous fish species sampled |condition of velocity-depth ) .
4 1% . . ; : . ; species, esp. especially AURA, CPRE
richness. species. during the baseline (EWR-PES) during a survey when habitat can|categories and cover features (to .
survey be sampled efficiently be quantified by RHAM) CPRE, AURA.(refer o sheet 5-FROC:
’ ’ ’ Table 2°) OR FRAI scores
decreasing below 80%
(B/C EC).
) . Relative abundance of less than
Relative During bf?se"“e (EWR/PES) 0.9 ind/min sampled at the site
2 abundance N/A. surveys fish were sampled at 1.3 (during same season as baseline N/A
' ind/min electrofishing.
data).
A N.O alier_1 fish species sampled at Presence of any alien/introduced Pfese.”ce of anyf_
Alien fish ny §|te during recer_lt surveys, but one fish species at site during any AF‘V ) ahen_/mtrodu_ced 'S.h
5 species alien/introduced |introduced species CGAR present survev or increased abundance N/A. alien/introduced  |species at site during any
P ’ spp. at relative abundance of 0.03 (>0 O}é ind/min) of CGAR spp. survey or increased FROC
ind/min electrofishing. ’ ’ and abundance of CGAR.
FD Habitats. Reduced suitability (abundance |AURA |CPRE
& quality) of FD & FS habitats N/A
FS habitats. During basel CPRE was | CPRE & AURA present less than (i-e. ‘:Iecre‘)is.ed f'owsa‘”“eased CPRE |AURA PES = REC
uring baseline survey was ) zero flows), increase .
glow g present at site at relative ;82;/; cg;;rgix:;)szmgl/gg sedimentation of riffle/rapid gg;g %cfriassg g%%%;;n
ependant s i i [ AR i
1 A p PP|CPRE, AURA  |abundance of 0.63 ind/min decrease in relative abundance |SuPstrates, excessive algal  |AURA  |CPRE (refer to sheet 5-FROC,
(flow ) electrofishing, while AURA was of < 0.3 ind/min for CPRE or growth on (to be quantified with column F: Table 2)
alteration). present at 0.6 ind/min. AURA RHAM). Decreased water : :
W i ’ quality (as indicated by PAlI,
_ atler quality RHAM visual, or water quality AURA |CPRE
intolerance. assessments).
) . CPRE & AURA present less than
During baseline survey CPRE was 5 . -
present at site at relative ;82 r{ ; ?:rf'ymsir(\r,f;)sﬁmglgjg EZ?JL;?ES) iL;ltsitglétt)r/a(tzzundance Any decreased FROC in
1 |Substrate. AURA, BARG & abundapcg of 0'6.3 ind/min decrease in relative abundance |increased sedimentation, and AURA [BARG reach of AURA & BARG
CPRE electrofishing, while AURA was : . ) (refer to sheet 5-FROC,
. . of < 0.3 ind/min for CPRE or excessive algal growth on (to be .
present at 0.6 ind/min. BARG o A column F: Table 2).
were only sampled with cast net AURA. Absence of BARG quantified with RHAM).
y P *|during 2 consecutive surveys.
Any decreased FROC in
- . . . . Lo reach of AMOS (refer to
7D AMOS e s g 1" SPeces s however enoraly o
’ Table 2) (AMOS generally
coincidentally sampled,
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PES REC
Metric % EWR SITE REACH REACH
= QO .
é = ”&, ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic) ECOSPECS
therefore not good
indicator species).
SS habitats.  [PPHI PPHI  |TSPA |AnY geirggﬁd&FTRSOP% in
PPHI is the best indicators of SS, reach o
Overhanging ooy overhanging and undercut banks :Tnlzzl(:t?ss:r?tt g;?lrr? tgan 50% of Significant change in SS, PPHI  |Tspa |(refer to sheet 5-FROC,
vegetation. and was be present at site during . 9 overhanging vegetation and column F: Table 2).
3 ; consecutive surveys) or present : -
the baseline (EWR-PES) survey at |- ’ undercut bank habitats (to be Any decreased FROC in
. with relative abundance < 0.03 o .
Undercut PPHI a rela.tlve abundance > 0.05 ind/min. quantified with RHAM). PPH| reach of PPHI (refer to
banks. ind/min. sheet 5-FROC, column F:
Table 2).
Instream TSPA the only indicator species for instream vegetation in this reach. This species was however not é?ég%??g;e: (';Sf(e)r(ic:n
6 . TSPA sampled during the baseline (EWR PES) surveys, and therefore EcoSpecs and TPCs cannot be TSPA .
vegetation. derived at present sheet 5-FROC, column F:
’ Table 2).

1 Refer to electronic data (DWA, 2010).
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6.6.2 Spatial FROC under reference, PES and REC conditions and TPCs for baseline
(PES) conditions
Spatial FROC
REFERENCE
Species Scientific names: Reference species (A) PES (B) REC (B)
(Abbr.) (Introduced species excluded) .
Reference E;:':' c(I) E:Eirt‘::d FROC | Expected/derived
FROC derived FROC TPC FROC

AMOS Anguilla mossambica (Peters 1852) 4 3 2
AURA Amphilius uranoscopus (Pfeffer, 1889) 5 5 4
BARG Barbus argenteus (Glinther, 1868) 5 4 3
CBIF Chiloglanis bifurcus (Jubb & Le Roux, 1969) 3 3 2 Same as PES
CPRE Chiloglanis pretoriae (Van der Horst, 1931) 5 5 4
PPHI Pseudocrenilabrus philander (Weber, 1897) 3 3 2
TSPA Tilapia sparrmanii (Smith, 1840) 3 1 0
6.7 MACROINVERTEBRATES
6.7.1 Baseline description

The baseline data for the biota is based on an EWR site visit in October 2007, at a flow of 2.7 m%/s.
The original SASSS5 total score for the site was 204 with an ASPT of 6.8. The REC is a B category
(DWA, 2009b). The reference conditions used to derive the EcoStatus (MIRAI) were based on
historical data at two sites in the same EcoRegion and geomorphological zone (Thirion, pers.
comm.). The reference total SASS5 score for the site is 240 with an ASPT of 7.5. The baseline
results are presented in the electronic information that accompanies this report series (DWA,

2010).
6.7.2 Indicator taxa
See EWR 1, Section 4.7.2.

6.7.3

EcoSpecs and TPCs relating to RHAM and MIRAI monitoring data: REC

The TPCs and EcoSpecs are provided for habitat and biota at REC conditions.

HABITAT ECOSPECS

HABITAT TPCs

To ensure that the maximum depth over the riffle area is greater than
50 cm.

The maximum depth over the riffle area is less than 53 cm.

To ensure that the average depth over the riffle area is greater than 25
cm.

The average depth over the riffle area is less than 27 cm.

To ensure that the maximum velocity over the riffle area is greater than
0.7m/s.

The maximum velocity over the riffle area is less than 0.6 m/s.

To ensure that the average width of the river in the riffle area is greater
than 23 m.

The average width of the river in the riffle are is less than 24 m.

To ensure that there are at least 15% fast flow over coarse substrate.

There is less than 16% fast flow over coarse substrate.

To ensure that less than 15% of the coarse substrates are embedded.

More than 13% of the coarse substrates are embedded.

To ensure that less than 25% of the coarse substrates are covered with
algae.

More than 23% of the coarse substrates are covered with
algae.

BIOTA ECOSPECS

BIOTA TPCs

To ensure that the SASS5 scores and ASPT values occur in the
following range: SASSS5 score: > 150; ASPT value: > 6.4.

SASSS5 scores below 160 and ASPT below 6.5.

To ensure that the MIRAI score remains within the range of a C
category (62% — 78%), using the same reference data used in this

A MIRAI score of 64% or less.
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study.

To maintain suitable flow velocity( maximum > 0.6 m/s) and clean,
unembedded surface area (cobbles) to support the following flow-
dependent taxa in the VFCS:

Perlidae (Abundance A))

Tricorythidae (Abundance B)

Psephenidae (Abundance B)

Any one of these taxa missing or present as a single individual
in any two consecutive surveys. Tricorythidae and/or
Psephenidae present in an A abundance in any two
consecutive surveys.

To maintain suitable flow velocity (0.3 - 0.6 m/s) and clean,
unembedded surface area (cobbles) to support the following flow-
dependent taxa in the FFCS biotope:

Heptageniidae (Abundance B)

Elmidae (Abundance B)

Any one of these taxa missing or present in an A abundance or|
less for two consecutive surveys.

To maintain suitable water quality, shading, temperature and habitat
conditions for the following five key taxa:

Perlidae

Tricorythidae

Elmidae

Heptageniidae

Psephenidae

Presence of less than four of the five key taxa listed in any
survey.

To ensure that no group consistently dominates the fauna, defined as D
abundance (> 1000) over more than two consecutive surveys.

Any taxon occurring in an abundance of > 500 for two

consecutive surveys.
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7  RESULTS: ECOSPECS AND TPCs FOR EWR 4: KANYAMAZANE
(CROCODILE RIVER)

A summary of the site EcoClassification is provided below (DWA, 2009b).

7.1 ECOCLASSIFICATION SUMMARY OF EWR 4

EWR 4 KaNyamazane (Crocodile River)

EIS: HIGH 3 _ _ Driver PES Trend | REC | AEC
Rare and endangered sp sensitive to flow and quality changes. High Components Category ren 4
species taxon richness and diversity of habitat types.

HYDROLOGY C
PES: C

WATER QUALITY

Combination of flow and non-flow related impacts. Changes mostly
related to changes in flow regime due to upstream Kwena Dam and
the operation of upstream system. Abstraction, return flows, GEOMORPHOLOGY
landuse mismanagement, water quality issues, and sedimentation.

Stable

Response PES

Components Category U

REC: B

The EIS is HIGH, therefore the REC is an improvement of the PES.
Improvements to flow regime will be required. Only successful if
combined with removal of exotic vegetation and if there are some
improvement in grazing and browsing.

MACRO
INVERTEBRATES

INSTREAM

AEC down: C/D
Montrose Dam with decreased floods. Pools will fill in, bars will RIPARIAN -
i [ i i VEGETATION Negative
appear, riffles will be clogged and covered with sediment, reed
growth will increase, the marginal zone will expand and vegetation ECOSTATUS C
will encroach.

EcoSpecs (PES and REC) and TPCs (PES) are provided for the different components in Section
7.210 7.6.

7.2 GEOMORPHOLOGY

The REC is higher than the PES. Reduced flows and increased sediment inputs have combined to
reduce the ecological condition. The REC aims to reverse some of these negative changes, and
EcoSpecs and TPCs have been set to achieve this. There was no available baseline RHAM data
for this site, so EcoSpecs and TPCs tied to this format of data could not be generated. EcoSpecs
and TPCs are provided for GAI monitoring data in Section 7.2.1.

7.21 EcoSpecs and TPCs relating to GAl monitoring data: REC

Metric EcoSpec TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

Overall for the in-channel sediments:
Fines and Sands (< 6 mm diameter) should not exceed 10%.

. GAl level IV in 2007 measured 7%.
Maintain the bed material size Gravels (6 — 60 mm diameter) should not be less than 10%.
In-channel sediment  |distribution within the active channel in|e GAl level IV in 2007 measured 13%.
(substrate) distribution. [order to maintain the available Cobbles (< 60 mm) should not be less than 60%.
physical habitats. . GAl level IV in 2007 measured 80%.

Sampling protocol:
Sediment is to be sampled in the active channel riffle.

ACTIVE CHANNEL MORPHOLOGY

EWR 4 is classified as a mixed pool-rapid channel type and is
representative of the macro-reach. The channel consists of an active

Active channel Maintain the channel/reach type. channel inset into a wider macro-channel. There is strong bedrock

morphology. influence at the site, but increased erosion in the catchment has|
increased the fines load. Filling in of pools by sediment would represent
Rivers for Africa EcoSpecs Report Report no 26/8/3/10/12/011
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Metric EcoSpec TPCs
an undesirable trend. Monitoring could take place through occasional (5
- 10 year) resurveyed cross-sections at the EWR site.
GAl level IV EC

GAl level IV PES
score.

Maintain or improve the GAl score. PES score from the GAl level IV should exceed 81%.

7.3

PHYSICO-CHEMICAL VARIABLES

There was no available baseline RHAM data for this site. EcoSpecs and TPCs relating for the
PES and REC are provided in Section 7.3.1 — 7.3.3.

7.3.1

EcoSpecs relating to physico-chemical data: PES

River: Crocodile

EWR 4 | Monitoring site: X2H032Q01

Water quality metrics

ECOSPEC: PES

Physical variables

MgSO, The 95" percentile of the data must be < 38 mg/L.
Na SO, The 95" percentile of the data must be < 20 mg/L.
| . it MgCl. The 95" percentile of the data must be < 15 mg/L.
norganic salts*
CaCl, The 95" percentile of the data must be < 21 mg/L.
NaCl The 95" percentile of the data must be < 191 mgl/L.
CaS0O, The 95" percentile of the data must be < 351 mgl/L.
EC The 95" percentile of the data must be <55 mS/m
pH The 5" percentile of the data must be 5.9 — 6.5, and the 95™ percentile 8.0 — 8.8.
Temperature Small deviation from the natural temperature range.

Dissolved oxygen

The 5" percentile of the data must be = 7.5 mg/L.

Vary by a small amount from the natural turbidity range; minor silting of instream

Response variables

Turbidity habitats acceptable.
Nutrient TIN The 50" percentile of the data must be < 1.0 mg/L.
utrients
4 e percentile of the data must be < 0. mg/L.
PO,-P The 50" ile of the d be <0.125 mg/L
gﬁ)llht?)plankton The 50" percentile of the data must be < 10 ug/L.

Chl-a periphyton

2 wx

The 50" percentile of the data must be < 21 mg/m?.

Toxics

The 95" percentile of the data must be within the CEV as stated in DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.
** No periphyton data were available for this assessment. All EcoSpecs and TPCs need verification as based on expert judgement.

7.3.2

EcoSpecs relating to physico-chemical data: REC

River: Crocodile

EWR: 4 | Monitoring site: X2H032Q01

Water quality metrics

ECOSPEC: REC

Physical variables

MgSO, The 95" percentile of the data must be < 38 mg/L.
Na SO, The 95" percentile of the data must be < 20 mg/L.
| . it MgCl. The 95" percentile of the data must be < 15 mg/L.
norganic salts*
CaCl, The 95" percentile of the data must be < 21 mg/L.
NaCl The 95" percentile of the data must be < 191 mg/L.
CaS0O, The 95" percentile of the data must be < 351 mg/L.
EC The 95" percentile of the data must be < 55 mS/m.
pH The 5" percentile of the data must be 5.9 — 6.5, and the 95™ percentile 8.0 — 8.8.
Temperature Small deviation from the natural temperature range.

Dissolved oxygen

The 5" percentile of the data must be = 7.5 mg/L.

Turbidity

Vary by a small amount from the natural turbidity range; minor silting of instream
habitats acceptable.
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Nutrlent TIN The 50" percentile of the data must be < 1.0 mg/L.
utrients
PQO4-P The 50" percentile of the data must be < 0.050 mg/L.**
gt?)ll-t?)plankton The 50" percentile of the data must be <10 pg/L.

Response variables | 5 periphyton

2 xxk

The 50" percentile of the data must be < 21 mg/ m®.

Toxics

The 95" percentile of the data must be within the TWQR as stated in DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

** EcoSpec for the REC generated to improve conditions. Boundaries for the relevant category are 0.025 — 0.125 mg/L, but the upper
boundary was considered too high to ensure improvement.

*** No periphyton data were available for this assessment. All EcoSpecs and TPCs need verification as based on expert judgement.

7.3.3

TPCs relating to physico-chemical data: PES

River: Crocodile

EWR 4 | Monitoring site: X2H032Q01

Water quality metrics

TPC

MgSO, The 95" percentile of the data must be 30 — 38 mg/L.
Na>SO, The 95" percentile of the data must be 16 — 20 mg/L.
| | MgCl, The 95" percentile of the data must be 12 — 15 mg/L.
norganic salts*
CaCl, The 95" percentile of the data must be 17 — 21 mg/L.
NaCl The 95" percentile of the data must be 45 — 191 mg/L.
CaS0O, The 95" percentile of the data must be 280 — 351 mg/L.
EC The 95" percentile of the data must be 44 — 55 mS/m.
oH The 5" percentile of the data must be < 6.1 and > 6.3, and the 95" percentile must be <
8.2 and = 8.6.
Physical variables
Temperature Initiate baseline monitoring for this variable if Level Il or higher of the DSS.

Dissolved oxygen

The 5" percentile of the data must be 7.8 — 7.5 mg/L. Initiate baseline monitoring for
this variable if Level Il or higher of the DSS.

Nutrient TIN The 50" percentile of the data must be 0.8 — 1.0 mg/L.
utrients
PO4P The 50" percentile of the data must be 0.1 — 0.125 mg/L.
gﬁ)ll-t?)plankton The 50" percentile of the data must be 8 — 10 ug/L.

Response variables | Chl-a periphyton

The 50" percentile of the data must be 17 — 21 mg/m®. Initiate baseline monitoring for
this variable depending on biotic responses.

Toxics

An impact is expected if the 95™ percentile of the data exceeds the Chronic Effects
Value (CEV) as stated in DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

7.4

RIPARIAN VEGETATION

EcoSpecs and TPCs based on the VEGRAI data are provided Section 7.4.1. Confidence medium
since only VEGRAI data were available.

7.41 EcoSpecs and TPCs relating to RHAM and VEGRAI monitoring data: PES
PES | REC Assessed Zone EcoSpec (PES) TPC (PES) Note
component assessed
Maintain cover (%) of |An increase in
. . . ) ; . ; VEGRAI data average of 20 - 40%
g, [aongmenel fporerma eiole Pl lonal zones. Extc mvasion s 3

lower. 30%. major impact on the PES at this site.
Maintain cover (%) of . .
terrestrial woody {An mctr.ea;w n d More than 10% cover by woody

Lower zone. |species at 10% or errestrial woody terrestrial species likely to reduce EC

cC | B e species cover >
lower within the 10% to a lower category.
o riparian zone. o
Terrestrialisation. —
Maintain cover (%) of An increase in
terrestrial woody . More than 30% cover by woody
; o terrestrial woody . L

Upper zone.  |species at 30% or species cover > terrestrial species likely to reduce EC
lower within the 380 9 to a lower category.
riparian zone. ©
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Assessed Zone
PES |REC component assessed EcoSpec (PES) TPC (PES) Note
Maintain cover (%) of |/} ifgﬁ?vsjog‘ VEGRAI data average of 10 - 20%,
Lower zone. [riparian woody species species coverybelow this is within the lower range due to
. o between 5 and 60%. E o high exotic species cover. .
Indigenous Riparian 5% OR above 60%.
Woody Cover. i
y Maintain cover (%) of | 9ecrease 1o VEGRAI data average of 20 - 40%.
Upper zone.  [riparian woody species sgecies coverybelow This is within the lower range due to
- ; ; .
between 20 and 70%. 50% OR above 70%. high exotic species cover.

’ . . VEGRAI data average 20 - 40%
ggc evrvc()og);ér;glgenous Maintain grass, sedge ?ec;e(;rea;eséna nd cover. Used upper zone only so that
sedgesg& ’ Upper zone. |and dicotyledonous dico%ylé%onous forb VEGRAI data would be applicable

O, m i -
dicotyledonous forbs). forb cover above 30%. cover below 30%. Szgg)woody data predominantly non
VEGRAI data average 40 - 60%
cover. Used marginal and lower
zones only so that VEGRAI data
would be applicable (non-woody
data predominantly reed). EcoSpec
. . set for EC of C, hence low, but TPC
Maintain reed cover nggf;%%iz 'gor;eg r set to maintain current state or
Marginal zone. |between 10% and a2 decrease belov(\)/ improve. The EC would then be
. 20%. 40% better than PES in terms of reeds
Phragmites (reed) ° only, but should reeds decrease to
cover. the EcoSpec level, degradation
would be compounding due to
currently high cover of exotics which
would likely colonise space should
reeds decline.
Maintain reed cover  |An increase in reed
between 10% and cover above 70% or
Lower zone. 20% OR between 80% |a decrease below As above.
and 90%. 40%.
7.5 FISH

EcoSpecs and TPCs are provided for the FRAI data in Section 7.5.1. The spatial FROC of EWR 4
is provided in Section 7.5.2 and indicates the FROC under reference, PES and REC conditions as
well as TPCs for baseline (PES) conditions.
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7.5.1 EcoSpecs and TPCs relating to FRAI data: PES and REC
PES REC
Metric ~§ EWR SITE REACH REACH
x 5 o
é E o ECOSPECS* TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic) ECOSPECS
Esl?qh; o«;éi}jees %s)efg?;%e?;gci;gﬁgoﬁ e Loss in diversity, Any decreased FROC in
baselipne (EWR) surve)? Samplir?g Less than 10 fish species sampled abundance and condition reach of especially CPRE,
7 E}pemes Al |ngj|genous conditions were not optimal due to  |during a survey when habitat can of veloqlty-depth All |ngj|genous OPER, BMAR’ LOYL (refer
richness. species. . . . . categories and cover species. to Table 2" -FROC) OR
high flows and crocodiles, and it can |be sampled efficiently. features (to be quantified FRAI scores decreasing
be expected that more species are
present at the site. by RHAM). below 77% (B/C EC).
During the baseline (EWR-PES) .
. ) Relative abundance of less than 1
g |Relative N/A. surveys fish were sampled at 0.9 ;. /i "sampled at the site (during |N/A. N/A.
abundance. ind/min (should be higher during optimal sampling conditions)
optimal sampling conditions). P piing ’
XHEL sampled in reach
previously. Presence of
N Any " . .. |Presence of any alien/introduced — any other alien/introduced
6 ?hggigssh alien/introduced QS”?]I|epegz:tsspuer<\:l|:sssampled at site fish species at site during any N/A. :ny alienvintroduced fish species at any site
P ’ spp. 9 ys: survey. pp- during any survey or
evident increase in FROC
or abundance of XHEL.
Any decreased FROC in N/A
. i i i h of CPRE & BMAR
FD habitats. |CPRE, BMAR During the baseline survey CPRE CPRE and BMAR absent from site o CPRE |BMAR reac _
was present at site at relative during any survey AND/OR Reduced suitability (refer to table 2 -FROC, REC = PES
2 abundance of 0.13 ind/min present at relative abundance < |(@bundance & quality) of column F).
CPRE. BMAR & |electrofishing, while BMAR was 0.1 ind/min for CPRE and < 0.2 gD &FS za;:o'tats (i-e.
FS habitats. |LCYL if present |Present at 0.32 ind/min. ind/min for BMAR. in?:ﬁé?sse% ze?\clav?fows) CPRE |LCYL
atsite). - - increased sedimentation of Any decreased FROC in
During the baseline survey CPRE | CPRE and LMOL absent from site [1ffle/fapid substrates, reach of CPRE & LCYL
CPRE & LMOL \;vsjn%fssg o?os;g ﬁ]dr/?nziinwe during any survey AND/OR gﬁgztsrsal;/eesa(l![%atl)gromh on (relfer togable 2 -FROC,
i : i column F).
2 |Substrate. (LCYL if electrofishing, while LMOL was present at relative abundance < quantified with RHAM). CPRE |LCYL )
present). ; ) 0.1 ind/min for CPRE and < 0.03
present at 0.05 ind/min ind/min for LMOL
electrofishing. ’
Flow .
dependant OPER & CP_RE_ will be most OPER |cPRE
spp (flow appropriate indicators of flow atthe | opER and CPRE absent during Any decreased FROG in
1 alteration). OPER CPRE " p P any survey or with relative reach of OPER & CPRE
, during baseline (EWR-PES) survey) . . - X
with OPER at relative abundance of abundance < 0.1&} |nd/m|n for Decreased water quality (refer to table 2 -FROC,
Water quality 0.26 ind/min and CPRE at 0.13 OPER and < 0.1 ind/min for CPRE. (as |nd|C.ated by PAI, CPRE OPER column F).
intolerance. ind/min. RHAM visual, or water
quality assessments).
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PES REC
Metric % EWR SITE REACH REACH
o .
£ = Qo
é E o ECOSPECS* TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic) ECOSPECS
BMAR & LMOL will be most
appropriate indicators of SD habitats -
at the site. Both species should . Requced .SUI'[.ablllty of SD .
under baseline conditions be present BMAR & LMOL absent during any |habitats (i.e. increased Any decreased FROC in
. ) . . survey or with relative abundance |flows in dry season, reach of BMAR & BUNI
4 |SD habitats. [BMAR, LMOL 2;;“6;61 dogz?igf tg‘;:él‘?r’]'fehsimRat < 0.2 ind/min for BMAR and < 0.03 |alteration in seasonality, |PVAR  (BUNI (refer to table 2 -FROC,
relatiri/e abundgnce of 0.32 ind/¥nin ind/min for LMOL. sedimentation of pools) (to column F).
while LMOL were present 0.05 be quantified with RHAM).
ind/min.
OPER & BMAR are the best .
indicators of water column habitats SnPEsTJr{\&//eoroBer‘eZ:rB[Saetn:e(ljgtril\?g Reduction in suitability of Any decreased FROC in
3 Water OPER. BMAR and were present during the baseline abﬁndanc)é < 315 ind/min for water column (i.e. OPER |BMAR reach of OPER & BMAR &
column. ’ survey at relative abundance of 0.26 OPER and < 0'2 ind/min for increased sedimentation of MACU (refer to table 2 -
ind/min for OPER and 0.32 ind/min ’ pools). FROC, column F).
for BMAR. BMAR.
PPHI & BMAR will be most Significant change in SS
appropriate indicators of SS habitats |PPHI & BMAR absent during any E]i?g:ts:gltf?o%:yé:izlre d
. at the site. Both species were survey or PPHI present at relative o
8 |SS habitats. | |PPHI, BMAR present during the baseline survey at|abundance < 0.04 ind/min and zzgisrggﬁltg)tli’(;:corf;zs\? BVIV BUNI
relative abundance of 0.08 ind/min  |BMAR at < 0.2 ind/min. habitats) (o be quantified Any decreased FROC in
for PPHI and 0.32 ind/min for BMAR. with RHAM). a reach of BVIV & BUNI
refer to table 2 -FROC,
PPHI & BPAU are the best indicators E:olumn F).
of overhanging vegetation habitats |PPHI &/or BPAU absent during Significant change in
9 Overhanging PPHI. BPAU and was present at site during the any survey or PPHI present with  [overhanging vegetation BVIV BUNI
vegetation. ’ baseline survey. PPHI was sampled |relative abundance < 0.04 ind/min |habitats (to be quantified
at abundance of 0.08 ind/min, while [and BPAU < 0.01 ind/min. with RHAM).
BPAU occurred at 0.03 ind/min.
PPHI is the best indicators of . L . Any decreased FROC in
19 |Undercut Ippy, undercut banks, it was present E;gé:tb\fvﬁﬂtrzlrz;;?v%i\%yu%g:geo: Sé%rg:f;ntt)::f habitats (to [MMAC |BeuT  |reach of MMAC & BEUT
banks. during baseline surveys at a relative 0.04 ind/min be quantified with RHAM) (refer to table 2 -FROC,
abundance of 0.08ind/min. ’ : q : column F).
Species with high indicator value for . . .
Instream instream vegetation is BPAU. BPAU |BPAU absent during any survey or ilgt?g:;n\f : h;g%g r:n gr;);ﬁ%cfrg?/slsd&F_lﬁF({)EC’)\lm
10 . BPAU should be present 100%, sampled  |with relative abundance < 0.01 . 9 - BVIV TREN
vegetation. during baseline survevs at 0.03 ind/min habitats (to be quantified (refer to table 2 -FROC,
i ysatd. : with RHAM). column F).

*

Relative abundance in individuals per minute sampled using electrofishing unless stated for other sampling method.
Refer to electronic data (DWA, 2010).

—_
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7.5.2 Spatial FROC under reference, PES and REC conditions and TPCs for baseline
(PES) conditions

Spatial FROC
SRecies Scielntific names: Re.ferenctle species REFE&;ENCE PES (B) REC (B)
(Abbr.) (Introduced species excluded) Re;;roegce E:,: c?lt: : sirt‘; ? d F_IB':?(:C Expec;%%%erived
derived FROC
AMOS Anguilla mossambica (Peters 1852) 3 2 1
AURA Amphilius uranoscopus (Pfeffer, 1889) 2 1 0
BEUT Barbus eutaenia (Boulenger, 1904) 4 3 2
BMAR Labeobarbus marequensis (Smith, 1841) 5 5 4
BPAU Barbus paludinosus (Peters, 1852) 3 3 2
BTRI Barbus trimaculatus (Peters, 1852) 4 3 2
BUNI Barbus unitaeniatus (Glnther, 1866) 4 3 2
BVIV Barbus viviparus (Weber, 1897) 4 3 2
CGAR Clarias gariepinus (Burchell, 1822) 4 4 3
CPRE Chiloglanis pretoriae (Van der Horst, 1931) 5 5 4
LCYL Labeo cylindricus (Peters, 18520 5 5 4 Same as PES
LMOL Labeo molybdinus (Du Plessis, 1963) 5 5 4
MACU Micralestes acutidens (Peters, 1852) 3 3 2
MMAC Marcusenius macrolepidotus (Peters, 1852) 4 3 2
OMOS Oreochromis mossambicus (Peters, 1852) 4 4 3
OPER Opsaridium peringueyi (Gilchrist & Thompson, 1913) 5 4 3
PCAT Petrocephalus wesselsi (Kramer & Van der Bank, 2000) 3 2 1
PPHI Pseudocrenilabrus philander (Weber, 1897) 4 4 3
TREN Tilapia rendalli (Boulenger, 1896) 3 3 2
TSPA Tilapia sparrmanii (Smith, 1840) 3 3 2

7.6 MACROINVERTEBRATES
7.6.1  Baseline description

The baseline data for the biota is based on an EWR site visit during October 2007, at a flow of
10.14 m¥s. The PES for this site is a high C (75.9%) and the REC is a B (82 - 88%). The original
SASSS5 total score for the site was 153 with an ASPT of 5.9. The REC is a B category (DWA,
2009b). The reference conditions used to derive the EcoStatus (MIRAI) were based on historical
data at two sites in the same EcoRegion and geomorphological zone (Thirion, pers. comm.). The
reference total SASS5 score for the site is 270 with an ASPT of 7. The baseline results are
presented in the electronic information that accompanies this report series (DWA, 2010).

7.6.2 Indicator taxa

Although a variety of flow-dependent taxa were collected at this site there are basically 3 groups of
indicator taxa. The habitat preferences for the indicator taxa groups are as follows:
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Indicator group Families Velocity (m/s) Substratum Water Quality
1 Perlidae >0.6 Cobbles High
Heptageniidae 0.3-0.6 Cobbles High
3 Elmidae 0.3-0.6 Cobbles Moderate

Perlidae mayflies require velocities of > 0.6 m/s, but may persist at lower velocities (> 0.1 m/s).
Heptageniidae mayflies and Elmidae beetles require velocities of 0.3 - 0.6 m/s but will also survive
at faster velocities (> 0.6 m/s), they might persist at slower velocities (0.1 - 0.3 m/s). All three taxa
occur mostly on cobbles. Tricorythidae and Heptageniidae are able to survive on vegetation and
bedrock. The Heptageniidae are highly sensitive and the Tricorythidae moderately sensitive to
water quality conditions. These taxa are not expected to tolerate wide fluctuations in flow and
water quality conditions. Suitable habitat (> 0.3 m/s over coarse substrate) is required to ensure
that all the selected taxa can overwinter without significant detrimental impacts on the overall

population.
7.6.3

The TPCs and EcoSpecs are provided for habitat an

EcoSpecs and TPCs relating to RHAM and MIRAI monitoring data: REC

d biota at REC conditions.

HABITAT ECOSPECS

HABITAT TPCs

To ensure that the maximum depth over the riffle area is greater than
25 cm.

The maximum depth over the riffle area is less than 27 cm.

To ensure that the average depth over the riffle area is greater than 15
cm.

The average depth over the riffle area is less than 17 cm.

To ensure that the maximum velocity over the riffle area is greater than
0.7 m/s.

The maximum velocity over the riffle area is less than 0.6 m/s.

To ensure that the average width of the river in the riffle area is greater
than 14.5 m.

The average width of the river in the riffle are is less than 15 m.

To ensure that there are at least 14% fast flow over coarse substrate.

There is less than 15% fast flow over coarse substrate.

To ensure that less than 15% of the coarse substrates are embedded.

More than 13% of the coarse substrates are embedded.

To ensure that less than 25% of the coarse substrates are covered with
algae.

More than 23% of the coarse substrates are covered with
algae.

BIOTA ECOSPECS

BIOTA TPCs

To ensure that the SASS5 scores and ASPT values occur in the
following range: SASSS5 score: > 155; ASPT value: > 5.8.

SASSS5 scores below 160 and ASPT below 5.9.

To ensure that the MIRAI score remains within the range of a C
category (62% — 78%), using the same reference data used in this
study.

A MIRAI score of 64% or less.

To maintain suitable flow velocity( maximum > 0.6m/s) and clean,
unembedded surface area (cobbles) to support the Perlidae (A
abundance) in the VFCS biotope:

Perlidae missing or present as a single individual in any two
consecutive surveys.

To maintain suitable flow velocity (0.3 - 0.6 m/s) and clean,
unembedded surface area (cobbles) to support the following flow-
dependent taxa in the FFCS biotope:

e Heptageniidae (Abundance A)

e Elmidae (Abundance A)

Any one of these taxa missing or present as a single individual
for two consecutive surveys.

To maintain suitable water quality, shading, temperature and habitat
conditions for the following five key taxa:

e Perlidae

> 2 spp of Hydropsychidae

Elmidae

Heptageniidae

Coenagrionidae

Presence of less than four of the five key taxa listed in any
survey.

To ensure that no group consistently dominates the fauna, defined as D
abundance (> 1000) over more than two consecutive surveys.

Any taxon occurring in an abundance of > 500 for two
consecutive surveys.
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8 RESULTS: ECOSPECS AND TPCs FOR EWR 5: MALELANE

(CROCODILE RIVER)

A summary of the site EcoClassification is provided below (DWA, 2009b).

8.1 ECOCLASSIFICATION SUMMARY OF EWR 5

EWR 5 Malelane (Crocodile River)

EIS: VERY HIGH

Rare and endangered sp sensitive to flow and quality changes.
High species taxon richness and diversity of habitat types, KNP on
LB.

PES: C
Change in low flows, specifically in the dry season. Change in
flooding regime. All impacts associated with sugarcane activities.

REC: B

The EIS is VERY HIGH, therefore the REC is an improvement of
the PES. Changes mostly focussing on improving the low flow
regime and some land use management.

AEC down: D

Decreased low flows and periods of zero flows in some stretches of
the river which will result in increased algal growth, temperature and
nutrient problems, and loss of deeper channel sections, increased
reed and vegetation growth.

Driver PES
Components Category Trend REC AEC|
HYDROLOGY c = N
WATER QUALITY c = N
GEOMORPHOLOGY Negative c .
Response PES
Components | Category | 1'end | REC | AECL
FISH C Stable = )
MACRO -
INVERTEBRATES c Stable R »
INSTREAM c = N
RIPARIAN i -
VEGETATION C Negative H »
ECOSTATUS C D N

EcoSpecs (PES and REC) and TPCs (PES) are provided for the different components in Section

8.2 t0 8.7.

8.2 GEOMORPHOLOGY

The REC is higher than the PES. Flow stabilisation and significant flow reductions have caused
the channel to narrow, and the REC aims to reverse some of these negative changes. There was
no available baseline RHAM data for this site, so EcoSpecs and TPCs tied to this format of data
could not be generated. EcoSpecs and TPCs are provided for GAI monitoring data in Section

8.2.1.

8.2.1 EcoSpecs and TPCs relating to GAl monitoring data: REC

Metric EcoSpec

TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

Maintain the bed material size .

(substrate) distribution. |order to maintain the available physical
habitats.

Overall for the in-channel sediments:
Fines and Sands (< 6 mm diameter) should not exceed 85%.
GAl level IV in 2007 measured 78%.
In-channel sediment distribution within the active channel in {Gravels (6 — 60 mm) should not be less than 10%.
GAl level IV in 2007 measured 15%.

Sampling protocol:
Sediment is to be sampled across the active channel.

ACTIVE CHANNEL MO

RPHOLOGY

Active channel
morphology.

Maintain the channel/reach type.

Increased erosion in the catchment has increased the fines load and
could lead to filling in of pools and loss of bedrock influence. This
would represent an undesirable trend. Monitoring could take place
through occasional (5 - 10 year) resurveyed cross-sections at the
EWR site.

GAl level IVEC

GAl level IV PES score.

Maintain or improve the GAl score. PES score from the GAI level IV should exceed 60%.
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8.3 PHYSICO-CHEMICAL VARIABLES

There was no available baseline RHAM data for this site. EcoSpecs and TPCs relating for the
PES and REC are provided in Section 8.3.1 — 8.3.3.

8.3.1 Physico-chemical data: EcoSpecs: PES

River: Crocodile EWR 5 Monitoring site: X2H017Q01
Water quality metrics ECOSPEC: PES
MgSO4 The 95™ percentile of the data must be < 45 mg/L.**
Na>SO, The 95™ percentile of the data must be < 20 mg/L.
Inorganic salts* MgCls The 95™ percentile of the data must be < 15 mg/L.
CaCl, The 95" percentile of the data must be < 21 mg/L.
NaCl The 95" percentile of the data must be < 45 mg/L.
CaSO0, The 95" percentile of the data must be < 351 mg/L.
EC The 95™ percentile of the data must be < 70 mS/m.***
pH The 5" percentile of the data must be 5.9 — 6.5, and the 95" percentile 8.0 — 8.8.
Moderate deviation from the natural temperature range. Most highly temperature
Physical variables Temperature f:fr;‘iatir:/:e'species in lower abundances and frequency of occurrence than expected for

Dissolved oxygen The 5" percentile of the data must be = 7 mg/L.

Turbidity Vary by a small amount from the natural turbidity range; minor silting of instream habitats

acceptable.
Nutrient TIN The 50™ percentile of the data must be < 0.7 mg/L.
utrients
PO4-P The 50™ percentile of the data must be < 0.125 mg/L.
Chl-a th .
phytoplankton The 50™ percentile of the data must be < 10 pg/L.
Response variables | oy, o periphyton The 50" percentile of the data must be < 21 mg/m?2.****
Toxics The 95" percentile of the data must be within the TWQR as stated in DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

** MgSO4 concentration was 52 mg/L, i.e. an F category. The minimum category accepted would be a D category of 37 — 45 mg/L.

*** EcoSpec for the PES generated. Although the PES value was 57.75 mS/m, boundaries for the relevant category are 55.1 — < 85
mg/L. As the upper boundary was considered too high to maintain the present state for salts, a lower boundary was used.

**** No periphyton or phytoplankton data were available for this assessment. All EcoSpecs and TPCs need verification as based on
expert judgement.

8.3.2 Physico-chemical data: EcoSpecs: REC

River: Crocodile EWR 5 Monitoring site: X2H017Q01
Water quality metrics ECOSPEC: REC
MgSO, The 95" percentile of the data must be < 45 mg/L.**
Na,SO, The 95" percentile of the data must be < 20 mg/L.
| . it MgCl, The 95" percentile of the data must be < 15 mg/L.
norganic salts*
CaCl, The 95" percentile of the data must be < 21 mg/L.
NaCl The 95" percentile of the data must be < 45 mg/L.
CaS0O, The 95" percentile of the data must be < 351 mg/L.
EC The 95" percentile of the data must be < 55 mS/m.
pH The 5" percentile of the data must be 5.9 — 6.5, and the 95" percentile 8.0 — 8.8.

Small deviation from the natural temperature range, with lower abundances and

Temperature frequencies of some highly temperature sensitive species.

Physical variables

Dissolved oxygen The 5" percentile of the data must be = 7.5 mg/L.

Vary by a small amount from the natural turbidity range; minor silting of instream

Turbidity habitats acceptable.
. TIN The 50™ percentile of the data must be < 0.7 mg/L.
Nutrients "
PO4P The 50" percentile of the data must be < 0.025 mg/L.
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Chl-a
phytoplankton

The 50" percentile of the data must be <10 pg/L.

Response variables Chl-a periphyton

2 xxx

The 50" percentile of the data must be < 21 mg/ m?.

Toxics

The 95" percentile of the data must be within the TWQR as stated in DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.
** MgSO4 concentration was 52 mg/L, i.e. an F category. The minimum category accepted would be a D category of 37 — 45 mg/L.
*** No periphyton or phytoplankton data were available for this assessment. All EcoSpecs and TPCs need verification as based on

expert judgement.

8.3.3

TPCs relating to physico-chemical data: PES

River: Crocodile

EWR 5 | Monitoring site: X2H017Q01

Water quality metrics

TPC

MgSO, The 95™ percentile of the data must be 40 — 45 mg/L.**
Na,SO. The 95™ percentile of the data must be 16 — 20 mg/L.
MgCl, The 95™ percentile of the data must be 12 — 15 mg/L.
Inorganic salts* -
CaCl, The 95" percentile of the data must be 17 — 21 mg/L.
NaCl The 95™ percentile of the data must be 36 — 45 mg/L.
CaS0O, The 95™ percentile of the data must be 280 — 351 mg/L.
EC The 95™ percentile of the data must be 70 — 85 mS/m.
H The 5" percentile of the data must be < 6.1 and > 6.3, and the 95" percentile must be <
P 8.2 and > 8.6.
Vary by more than 2°C, i.e. a large change to the temperature regime occurs often. Most
Physical variables moderately temperature sensitive species would be in lower abundances and frequency
Temperature of occurrence than expected for reference. Biological assessments therefore

recommended and initiate baseline monitoring for this variable if Level Il or higher of the
DSS.

Dissolved oxygen

The 5" percentile of the data must be 7.2 — 7 mg/L. Initiate baseline monitoring for this
variable if Level Il or higher of the DSS.

Nutrlent TIN The 50" percentile of the data must be 0.55 — 0.7 mg/L.
utrients
PO,-P The 50™ percentile of the data must be 0.02 — 0.025 mg/L.
gr?)ll-tﬁplankton The 50™ percentile of the data must be 8 — 10 pg/L.

Response variables | Chl-a periphyton

The 50™ percentile of the data must be 17 — 21 mg/m®.

Toxics

An impact is expected if the 95" percentile of the data exceeds the TWQR as stated in
DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.
** Although the PES for MgSOQ, is an F category, the TPC is linked to a D category as the minimum requirement for this variable.

8.4

RIPARIAN VEGETATION

EcoSpecs and TPCs based on the VEGRAI data are provided Section 8.4.1. Confidence medium
since only VEGRAI data were available.

8.4.1 EcoSpecs and TPCs relating to RHAM and VEGRAI monitoring data: PES
PES |REC G 4 EcoSpec (PES) TPC (PES) Note
component assessed
Maintain cover (%) of An increase in VEGRAI data average of 20 - 40% in
Exotic Invasion Lower & Upper|perennial exotic perennial exotic the marginal zone, but comprised of
(perennial exotics). zones. species at 10% or Species cover > 15% annuals. Exotic invasion low in
lower. P °"llower and upper zones (< 10%).
Maintain cover (%) of
terrestrial woody An increase in More than 10% cover by woody
c B Lower zone. |species at 10% or terrestrial woody terrestrial species likely to reduce EC
lower within the species cover > 10%. |to a lower category
L riparian zone.
Terrestrialisation. —
Maintain cover (%) of
terrestrial woody An increase in More than 30% cover by woody
Upper zone. |species at 30% or terrestrial woody terrestrial species likely to reduce EC
lower within the species cover > 30%. |to a lower category.
riparian zone.
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Assessed Zone
PES |REC component assessed EcoSpec (PES) TPC (PES) Note
Maintain cover (%) of | ifgﬁ?/f:o'g VEGRAI data average of < 10%, this
Lower zone. |riparian woody species species cover); below is within the lower range due to high
. L between 5 and 60%. E o exotic species cover.
Indigenous Riparian 5% OR above 60%.
Woody Cover. :
y Maintain cover (%) of |/ decrease in VEGRAI data average of 10 - 20%.
Upper zone. |[riparian woody species sgecies cover)é below This is within the lower range due to
- . h .
between 20 and 70%. 20% OR above 70%. high exotic species cover.
Non-woody Maintain grass, sedge |A decrease in sedge,
Indigenous Cover Marainal zone and dicotyledonous grass and VEGRAI data average 40 - 60%
(grasses, sedges & 9 " |forb cover above 40% |dicotyledonous forb |cover.
dicotyledonous forbs). (in summer). cover below 30%.
. Maintain reed cover |A decrease in reed o
Marginal zone. above 10%. cover below 10%. VEGRAI data average < 10%.
. An increase in reed
Phragmites (reed) Lower zone gﬂea}[wgz :%i? g%er cover above 90% or |VEGRAI data show value around
cover. ’ 90 ° a decrease below 20%.
° 10%.
Upper zone Maintain reed cover  |Anincrease in reed |VEGRAI data show value around
pp * |below 50%. cover above 50%. 30%.
8.5 FISH

EcoSpecs and TPCs are provided for FRAI data in Section 8.5.1. The spatial FROC of EWR 5 is
provided in Section 8.5.2 and indicates the FROC under reference, PES and REC conditions as
well as TPCs for baseline (PES) conditions.
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8.5.1 EcoSpecs and TPCs relating to FRAI data: PES
PES
Metric g EWR SITE REACH
= QO .
= = o
& E > ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic)
Baseline (PES) FRAI score of 66.1
e e o o
11 Species All indigenous site pOPiER was reF;ent durin bgseline sampled using electrofishing and condition of velocity-depth |All indigenous especially CPAR. CPRE. BMAR
richness. species. ’ pre: 9 during a survey when habitat categories and cover features |[species. p y ’ / ’
EWR survey at relative abundance of 0 can be samoled efficient! (to be quantified by RHAM) OPER, MMAC & PCAT (refer to
ind/min electrofishing. P y: q Y : table 2' -FROC) OR FRAI scores
decreasing below 63% (low C).
Relative abundance of less than
4 Relative N/A 1.5 ind/min sampled at the site N/A N/A
abundance. ’ (during optimal sampling ’ ’
conditions).
Presence of more than 1
O s s species (COAR) sampieat (CCAT) alen rroduce f s e A
12 ?hggigssh alien/introduced f;it?vuglggut?%s:r?gfé%@ l?]lér/\ﬁl)rl] at survey, AND/OR an increase in |N/A. :my alienvintroduced reach during any survey, or
P ’ spp. electrofishin ’ relative abundance of CCAR pp- increase in abundance and FROC
9: becoming > 0.02 ind/min of CCAR.
electrofishing.
CPAR present less than 50% of
During the baseline survey CPAR was not |time (not sampled for more than |Reduced suitability
sampled, but it is expected to be present at |2 consecutive surveys) and (abundance & quality) of FD Any decreased FROC in reach of
3 |FD habitats. |CPAR & BMAR |[site. BMAR was present during baseline  |[BMAR absent during any survey |habitats (i.e. decreased flows, |CPAR BMAR CPAR & BMAR (refer to table 2 -
EWR survey at relative abundance of 0.93 |AND/OR decrease in relative increased zero flows), (to be FROC, column F).
ind/min electrofishing. abundance below 0.5 ind/min for|quantified with RHAM).
BMAR.
FS habitats. Reduced suitability CPAR |LCYL
(abundance & quality) of FS
habitats (i.e. decreased flows,
During the baseline survey CPAR & LCYL ggf%&;ﬁrh Op;rse:gntklezsfso:han increased zero flows), Any decreased FROC in reach of
2 CPAR & LCYL |were not sampled, but it is expected to be mor(:e than 2 consecut?ve Increased sedimentation of CPAR & LCYL (refer to table 2 -
Substrate. present at site. surveys) riffle/rapid substrates, CPAR LCYL FROC, column F).
ys). excessive algal growth on
substrates (to be quantified
with RHAM).
Flow . . CPRE & OPER present less
dependant s During the baseline survey CPRE was not o ) .
fl P PP sampled, but it is expected to be present at than 33% of time (not sampled |Decreased water quality (as  |oPER ~ |CPRE Any decreased FROC in reach of
(flow : . ) for more than 3 consecutive indicated by PAI, RHAM
1 alteration). OPER, CPRE |site. OPER was present during baseline surveys) AND/OR OPER visual. or water qualit OPER & CPRE (refer to table 2-
- EWR survey at relative abundance of 0.03 ys) ARLUIOR ’ q y FROC, column F).
Water quality ind/min electrofishing present at relative abundance |assessments). OPER CPRE
intolerance. ’ below 0.02 ind/min.
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PES

Metric EWR SITE REACH

Indicator

Rank
Spp-

ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic)

OMOS & BMAR will be most appropriate
indicators of SD habitats at the site. Both
species were sampled during baseline
survey, OMOS being present at 0.28 ; . . ) seasonality, sedimentation of
ind/min electrofishing, and BMAR at 0.93 |01 iaeitin and < 0.5Ind/min 10015) (1 be quantified with
ind/min electrofishing. ’ RHAM).

Reduced suitability of SD
habitats (i.e. increased flows in
dry season, alteration in OMOS  |BMAR

OMOS & BMAR absent during
any survey AND/OR OMOS
present at relative abundance <

Any decreased FROC in reach of
OMOS & BMAR (refer to table 2 -
FROC, column F).

9 |SD habitats. |OMOS, BMAR

MBRE present less than 50% of
During the baseline survey MBRE was not |time (not sampled for more than

sampled, but it is expected to be present at |2 consecutive surveys) and Reduction in suitability of water Any decreased FROC in reach of
6 |Water column. |BMAR, MBRE |[site. BMAR was present during baseline |BMAR absent during any survey [column (i.e. increased BMAR MBRE BMAR & MBRE (refer to table 2 -
EWR survey at relative abundance of 0.93 |AND/OR decrease in relative sedimentation of pools). FROC, column F).
ind/min electrofishing. abundance below 0.5 ind/min for
BMAR.

BRAD present less than 50% of
During the baseline survey BRAD was not |time (not sampled for more than
sampled, but it is expected to be present at |2 consecutive surveys) and

7 |SS habitats.  |BVIV, BRAD site. BVIV was present during baseline BVIV absent during any survey
EWR survey at relative abundance of 0.4 |AND/OR decrease in relative
ind/min electrofishing. abundance below 0.3 ind/min for
BVIV.

Significant change in SS
habitat suitability (i.e.
increased flows, altered

seasonality, increased BVIV BRAD
sedimentation of slow habitats)
(to be quantified with RHAM).

Any decreased FROC in reach of
BVIV & BRAD (refer to table 2-
FROC, column F).

During the baseline survey BTRI was not  |BTRI present less than 75% of

sampled, but it is expected to be present at |time and BVIV absent during Significant change in

overhanging vegetation Any decreased FROC in reach of

Overhanging

8 . BVIV, BTRI site. BVIV was present during baseline any survey AND/OR decrease in . o . BVIV BTRI BVIV & BTRI (refer to table 2 -
vegetation. EWR survey at relative abundance of 0.4 [relative abundance below 0.3 habitats (to be quantified with FROC, column F).
h . o . ; RHAM).
ind/min electrofishing. ind/min for BVIV.
Undercut During the baseline survey MMAC & PCAT mgﬂrf§3§/( Z?ﬁ‘;epzﬁzfgta:]is?ed Significant change in undercut Any decreased FROC in reach of
5 MMAC & PCAT |were not sampled, but it is expected to be ° np bank habitats (to be quantified [MMAC  |PCAT MMAC & PCAT (refer to table 2 -
banks. . for more than 3 consecutive :
present (at low abundance) at site. with RHAM). FROC, column F).

surveys).

During the baseline survey TREN was not

sampled, but it is expected to be present at TREN & BVIV absent during any |Significant change in

Any decreased FROC in reach of

10 :/”;53:& _ |TREN&BVIV [site. BVIV was present during baseline f;;ﬁ/i% gzcngc‘fﬁ o ﬁ‘;ﬁﬂ‘;g%ggb‘éegf;ft'ﬁg Switn [TREN [BVIV  [BVIV & TREN (refer o table 2-
.EWR.survey at.relgtlve abundance of 0.4 ind/min for BVIV. RHAM). FROC, column F).
ind/min electrofishing.
1 Refer to electronic data (DWA, 2010).
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8.5.2 Spatial FROC under reference, PES and REC conditions and TPCs for baseline
(PES) conditions
Spatial FROC
Species Scientific names: Reference species REFE&;E NCE PES (C) REC (B)
(Abbr.) (Introduced species excluded) Fetoronce E :n fﬁ:g{t‘;‘: d . e —
FROC derived FROC TPC FROC
AMAR Anguilla marmorata (Quoy & Gaimard 1824) 1 1 0 1
AMOS Anguilla mossambica (Peters 1852) 1 1 0 1
BANN Barbus annectens (Gilchrist & Thompson, 1917) 3 1 0 1
BEUT Barbus eutaenia (Boulenger, 1904) 3 2 1 2
BFRI Barbus afrohamiltoni (Crass, 1960) 1 1 0 1
BIMB* Brycinus imberi (Peters, 1852) 4 3 2 3
BMAR Labeobarbus marequensis (Smith, 1841) 5 5 4 5
BPAU Barbus paludinosus (Peters, 1852) 3 2 1 3
BRAD Barbus radiatus (Peters, 1853) 4 3 2 4
BTOP Barbus toppini (Boulenger, 1916) 3 2 1 2
BTRI Barbus trimaculatus (Peters, 1852) 5 4 3 5
BUNI Barbus unitaeniatus (Gunther, 1866) 4 4 3 4
BVIV Barbus viviparus (Weber, 1897) 5 5 4 5
CGAR Clarias gariepinus (Burchell, 1822) 5 5 4 5
CPAR Chiloglanis paratus (Crass, 1960) 5 3 2 4
CPRE Chiloglanis pretoriae (Van der Horst, 1931) 4 2 1 3
CSwi Chiloglanis swierstrai (Van der Horst, 1931) 3 2 1 2
GGIU Glossogobius giuris (Hamilton-Buchanan, 1822) 3 2 1 2
HVIT Hydrocynus vittatus (Castelnau, 1861) 2 2 1 2
LCON Labeo congoro (Peters, 1852) 4 2 1 3
LCYL Labeo cylindricus (Peters, 1852) 5 3 2 4
LMOL Labeo molybdinus (Du Plessis, 1963) 5 4 3 5
LROS Labeo rosae (Steindachner, 1894) (Labeo altevilis) 3 2 1 2
LRUD Labeo ruddi (Boulenger, 1907) 1 1 0 1
MACU Micralestes acutidens (Peters, 1852) 4 3 2 3
MBRE Mesobola brevianalis (Boulenger, 1908) 4 3 2 3
MMAC Marcusenius macrolepidotus (Peters, 1852) 3 2 1 2
OMOS Oreochromis mossambicus (Peters, 1852) 5 5 4 5
OPER Opsaridium peringueyi (Gilchrist & Thompson, 1913) 4 2 1 3
PCAT Petrocephalus wesselsi (Kramer & Van der Bank, 2000) 3 1 0 1
PPHI Pseudocrenilabrus philander (Weber, 1897) 3 3 2 3
SINT Schilbe intermedius (Ruppell, 1832) 3 2 1 2
SZAM Synodontis zambezensis (Peters, 1852) 2 1 0 1
TREN Tilapia rendalli (Boulenger, 1896) 4 4 3 4
TSPA Tilapia sparrmanii (Smith, 1840) 1 1 0 1

* EWR sampling was done during relative high flow, so optimal sampling could not be performed. Based on a previous survey in the
reach the species that could be sampled under optimal sampling conditions are indicated in yellow.
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8.6 MACROINVERTEBRATES

8.6.1 Baseline description

The baseline data for the biota is based on an EWR site visit in October 2007, at a flow of 7 m*/s.
The original SASS5 total score for the site was 131 with an ASPT of 5.1. The REC is a B category
(DWA, 2009b). The reference conditions used to derive the EcoStatus (MIRAI) were based on
historical data at sites in the same EcoRegion and Geomorphological zone (Thirion, pers. comm.).
The reference total SASS5 score for the site is 180 with an ASPT of 6. The baseline results are
presented in the electronic information that accompanies this Report series (DWA, 2010).

8.6.2 Indicator taxa

The habitat at this site is rather poor for flow-dependent taxa, the vegetation provides better
habitat. There are basically 4 groups of indicator taxa. The habitat preferences for the indicator
taxa groups are as follows:

Indicator group Families Velocity (m/s) Substratum Water Quality
1 Libellulidae 0.3-0.6 Cobbles Low
2 Elmidae 0.3-0.6 Cobbles Moderate
3 Atyidae N/A. Vegetation Moderate
4 Coenagrionidae 0.3-0.6 Vegetation Low

The flow dependent cobble dwelling macroinvertebrate taxa used for this site (EImidae and
Libellulidae) both prefer velocities between 0.3 and 0.6 m/s although they can also survive at other
velocity categories and live on other substrates. Elmidae are moderately sensitive to water quality
whereas the Libellulidae have a low sensitivity to water quality. Suitable habitat (> 0.3 m/s over
coarse substrate) is required to ensure that all the selected taxa can overwinter without significant
detrimental impacts on the overall population. The average velocity of 0.36 m/s (macroinvertebrate
stress of 5) will ensure that this takes place. The vegetation dwelling macroinvertebrate taxa used
for this site (Coenagrionidae and Atyidae) are both able to also survive on other substrata such as
Cobbles. Atyidae are moderately sensitive to water quality changes while Coenagrionidae have a
low sensitivity to water quality changes. Enough inundated vegetation is required to ensure that
the Atyidae and Coenagrionidae can overwinter without significant detrimental impacts on the
overall population. At a macroinvertebrate stress of 7 only 1% fringing vegetation is inundated but

enough aquatic vegetation will be available to provide adequate habitat for the selected taxa.
8.6.3 EcoSpecs and TPCs relating to RHAM and MIRAI monitoring data: REC

The TPCs and EcoSpecs are provided for habitat and biota at REC conditions.

HABITAT ECOSPECS HABITAT TPCs
'1|'g srr:]s.ure that the maximum depth over the riffle area is greater than The maximum depth over the riffle area is less than 16 cm.
(T)rc;'ensure that the average depth over the riffle area is greater than 10 The average depth over the riffle area is less than 11 cm.
g.()s?/s;re that the maximum velocity over the riffle area is greater than The maximum velocity over the riffle area is less than 0.6 m/s.

To ensure that the average width of the river is greater than 35 m. The average width of the river in the riffle are is less than 36 m.

To ensure that there are at least 14% fast flow over coarse substrate. |There is less than 15% fast flow over coarse substrate.

To ensure that less than 15% of the coarse substrates are embedded. |More than 13% of the coarse substrates are embedded.

To ensure that less than 25% of the coarse substrates are covered with |More than 23% of the coarse substrates are covered with
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Comprehensive Reserve Determination study for the Inkomati River System (WMADS)

HABITAT ECOSPECS HABITAT TPCs
algae. algae.
To ensure that at least 1% of the marginal area contains inundated Less than 2% of the marginal area contains inundated
vegetation. vegetation.
BIOTA ECOSPECS BIOTA TPCs

To ensure that the SASS5 scores and ASPT values occur in the

following range: SASS5 score: > 110; ASPT value: > 5. SASS5 scores below 120 and ASPT below 5.1.

To ensure that the MIRAI score remains within the range of a C
category (62% — 78%), using the same reference data used in this A MIRAI score of 64% or less.
study.

To maintain suitable flow velocity (0.3 - 0.6 m/s) and clean,
unembedded surface area (cobbles) to support the following flow-
dependent taxa in the FFCS biotope: Any one of these taxa missing in two consecutive surveys.
. Libellulidae (Abundance A)
. Elmidae (Abundance A)

To maintain sufficient quantity and quality of inundated vegetation to
support the following vegetation dwelling taxa:

. Atyidae

. Coenagrionidae

Any one of these taxa missing in two consecutive surveys.

To maintain suitable water quality, shading, temperature and habitat
conditions for the following five key taxa:

. Tricorythidae

Elmidae

Libellulidae

Atyidae

Coenagrionidae

Presence of less than four of the five key taxa listed in any
survey.

To ensure that no group consistently dominates the fauna, defined as D|Any taxon occurring in an abundance of > 500 for two
abundance (> 1000) over more than two consecutive surveys. consecutive surveys.
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9 RESULTS: ECOSPECS AND TPCs FOR EWR 6: NKONGOMA
(CROCODILE RIVER)

A summary of the site EcoClassification is provided below (DWA, 2009b).

9.1 ECOCLASSIFICATION SUMMARY OF EWR 6

EWR 6 Nkongoma (Crocodile River)

EIS: VERY HIGH

Rare and endangered sp sensitive to flow and quality changes. c‘,,,?;"‘,',e,;ms c;f;,y Trend | REC | AEC|
High species taxon richness and diversity of habitat types, KNP on
LB HYDROLOGY = ]
PES: C WATER QUALITY C B D
Change in low flows, even zero flows present, specifically in the dry
season. Change in flooding regime. All impacts associated with ceomorprotoay (G Negative |G
sugarcane activities. = —
esponse

REC: B Compl:)nenls Category UG BEC R=E)
The EIS is VERY HIGH, therefore the REC is an improvement of FISH Cc Stable = D
the PES. Changes mostly focussing on improving the low flow MACRO c Stable =
regime and some land use management. INVERTEBRATES =

INSTREAM C B »
AEC down: D
Decreased low flows and periods of zero flows in some stretches of VEQETATION C | Negative (B2 D
the river which will result in increased algal growth, temperature and

ECOSTATUS C : »

nutrient problems, and loss of deeper channel sections, increased
reed and vegetation growth.

EcoSpecs (PES and REC) and TPCs (PES) are provided for the different components in Section
9.21t09.7.

9.2 GEOMORPHOLOGY

The REC is the same as the PES. Accumulation of fines and reduced scour/flushing of the
channel is the focus of the EcoSpecs and TPCs. EcoSpecs and TPCs are provided for RHAM
monitoring data in Section 9.2.1 and GAI monitoring data in Section 9.2.2.

9.2.1 EcoSpecs and TPCs relating to RHAM monitoring data

Metric EcoSpec TPC

ACTIVE CHANNEL SUBSTRATE CHANGES

Maintain the physical habitat diversity; |Overall for the site:

In-channel sediment  [specifically preventing the loss of Bedrock should be more than 30%.
(substrate) distribution. |bedrock habitat through smothering by |e RHAM monitoring in 2009 measured 42%.
sands.

The percentage substrate type within the active channel at the RHAM site is provided below.

60

50 ——— M QOverall site M Fast habitats
10

30

20

10 f—

o .| ‘ i i e i L

Roots Fines Sand Gravel Cobbles Boulders Bedrock
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IN-CHANNEL HABITAT DIVERSITY

The percentage mobile sediment per macroinvertebrate velocity class is given below.

25

20 7

15

10

Fines
Sand

Gravel

m20-25
m15-20
10-15
m5-10
m0-5

— Slow-very shallow
# Slow - shallow

# Slow - deep

* Fast-very shallow

¥ Fast-shallow

£ Fast-intermediate

T ——+{ Fast-deep
Boulders
Bedrock

ACTIVE CHANNEL GE

OMETRY

Active channel width.

Maintain channel width.

The site is bedrock controlled and little adjustment of the channel can
occur. No TPC has been set for this metric.

9.2.2

EcoSpecs and TPCs relating to GAlI monitoring data: PES and REC

Metric

EcoSpec

TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

In-channel sediment
(substrate) distribution.

habitats.

Maintain the bed material size
distribution within the active channel in |e
order to maintain the available physical

Overall for the in-channel mobile sediments:
Sand (< 6 mm diameter) should not exceed 95%.
GAl level IV in 2007 measured 93%.

Sampling protocol:
Sediment is to be sampled in the active channel.

ACTIVE CHANNEL MORPHOLOGY

Active channel

Maintain the channel/reach type.

EWR 6 is a mixed anastomosing channel type and is representative of
the macro-reach. The channel consists of a number of active
channels inset into a wider macro-channel. There is strong bedrock
influence. A relatively thin, mostly sandy veneer of alluvium overlies
the dominant bedrock. The bed is mobile, even under the lowest flow|

morphology. conditions.
A change to a single channel would represent a loss of in-channel
diversity and reduced geomorphological condition and thus represents
an undesirable trend.

GAl level IV EC

GAl level IV PES score.

Maintain or improve the GAl score. PES score from the GAl level IV should equal or exceed 66%.

9.3 PHYSICO-CHEMICAL VARIABLES

TPCs relating to the RHAM water quality indicators are provided in Section 9.3.1 and EcoSpecs
and TPCs for the PES and REC in Section 9.3.2 — 9.3.4.

9.3.1 TPCs relating to RHAM water quality indicators
RHAM indicators
Filamentous Water surface | Algal cover
Wat:r: do:;l;rnttype algae in water Wate;i?;?:t" | Turbidity/clarity indicator and on hard
column extent surfaces
PES/baseline 1
(RHAM survey) None 2 Green, 0.5 2 None 4
TPC Cattle: 23 >3 Green: = 3. 22 All indicators: = 2 o4
Chemical pollution: = 1 All other colours: 21 |Trigger R-DRAM** |Salt deposits: = 1
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RHAM indicators

Water odour type
and extent

Filamentous
algae in water
column

Water colour and
extent

Turbidity/clarity

Water surface
indicator and
extent

Algal cover
on hard
surfaces

Other sources: =2 2
Trigger R-DRAM

Trigger R-DRAM *

Trigger R-DRAM

Activity at site: Run-of-river abstraction upstream of the site and irrigation return flows: Extent = 4.

* R-DRAM:

Orange water: pH metric

Milky water: Salt and organic metrics
Green: Nutrient metric

1 The TPC was exceeded during the RHAM monitoring survey.

9.3.2

** R-DRAM:
Turbidity indicators

EcoSpecs relating to physico-chemical data: PES

River: Crocodile

EWR 6

| Monitoring site: X2H016Q01

Water quality metrics

ECOSPEC: PES

Physical variables

expected for reference.

MgSO, The 95" percentile of the data must be < 45 mg/L**
Na>SO, The 95" percentile of the data must be < 20 mg/L.
| . " MgCl, The 95" percentile of the data must be < 30 mg/L.
norganic salts*
CaCl, The 95" percentile of the data must be < 57 mg/L.
NaCl The 95" percentile of the data must be < 45 mg/L.
CaSO0O, The 95" percentile of the data must be < 351 mg/L.
EC The 95" percentile of the data must be < 85 mS/m.
pH The 5" percentile of the data must be 5.9 — 6.5, and the 95™ percentile 8.0 — 8.8.
Small to moderate deviation from the natural temperature range. Some highly
Temperature temperature sensitive species in lower abundances and frequency of occurrence than

Dissolved oxygen

The 5" percentile of the data must be = 7 mg/L.

Vary by a small amount from the natural turbidity range; minor silting of instream

Turbidity habitats acceptable.
Nutrient TIN The 50™ percentile of the data must be < 0.7 mg/L.
utrients
PO4-P The 50" percentile of the data must be < 0.125 mg/L.
p?r?)ll_tﬁplankton The 50" percentile of the data must be < 10 ug/L.

Response variables Chl-a periphyton

2 wwk

The 50" percentile of the data must be < 21 mg/m?.

Toxics

The 95" percentile of the data must be within the CEV as stated in DWAF (1996).****

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.
** Although the PES for MgSO4 is an F category, the TPC is linked to a D category as the minimum requirement for this variable.
*** No periphyton or phytoplankton data were available for this assessment. All EcoSpecs and TPCs need verification as based on

expert judgement.

**** Although category boundaries exist in the Water quality Reserve manual (DWAF, 2008b) for a number of toxicants (e.g. Cd, found
at this site), adherence to the CEV (DWAF, 1996) is recommended for the present state, with an improvement to meet the TWQR under
the REC. Data collection and testing will need to be undertaken to assess the suitable of these objectives.

9.3.3

EcoSpecs relating to physico-chemical data: REC

River: Crocodile

EWR Site: 6

| Monitoring site: X2H016Q01

Water quality metrics

ECOSPEC: REC

MgSO, The 95" percentile of the data must be < 45 mg/L.**
Na>SO, The 95" percentile of the data must be < 20 mg/L.
| . " MgCl, The 95" percentile of the data must be < 22 mg/L (A/B category).
norganic salts*
CaCl, The 95" percentile of the data must be < 57 mg/L.
NaCl The 95" percentile of the data must be < 45 mg/L.
CaS0O, The 95" percentile of the data must be < 351 mgl/L.
EC The 95" percentile of the data must be < 85 mS/m.
Physical variables pH The 5" percentile of the data must be 5.9 — 6.5, and the 95" percentile 8.0 — 8.8.
Temperature Small deviation from the natural temperature range, with lower abundances and
P frequencies of some highly temperature sensitive species.
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Dissolved oxygen The 5" percentile of the data must be = 7.5 mg/L.

Vary by a small amount from the natural turbidity range; minor silting of instream

Turbidity habitats acceptable.

TIN Vary by a small amount from the natural turbidity range; minor silting of instream
Nutrients habitats acceptable.

PO4P The 50" percentile of the data must be < 0.7 mg/L.

Chl-a th .

phytoplankton The 50 percentile of the data must be < 0.025 mg/L.

Response variables | p 5 periphyton The 95" percentile of the data must be < 45 mg/L.**

Toxics The 95" percentile of the data must be < 20 mg/L.

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

** MgSO4 concentration was 50 mg/L, i.e. an F category. The minimum category accepted would be a D category of 37 — 45 mg/L.

*** No periphyton or phytoplankton data were available for this assessment. All EcoSpecs and TPCs need verification as based on
expert judgement.

9.3.4 TPCs relating to physico-chemical data: PES

River: Crocodile EWR 6 ‘ Monitoring site: X2H016Q01
Water quality metrics TPC
MgSO, The 95™ percentile of the data must be 40 — 45 mg/L.**
Na,SO. The 95™ percentile of the data must be 16 — 20 mg/L.
MgCl, The 95™ percentile of the data must be 24 — 30 mg/L.
Inorganic salts* -
CaCl, The 95" percentile of the data must be 46 — 57 mg/L.
NaCl The 95™ percentile of the data must be 36 — 45 mg/L.
CaS0O, The 95™ percentile of the data must be 280 — 351 mg/L.
EC The 95™ percentile of the data must be 68 — 85 mS/m.
The 5" percentile of the data must be < 6.1 and > 6.3, and the 95" percentile must be <
pH
8.2 and > 8.6.
Vary by more than 2°C, i.e. a large change to the temperature regime occurs often. Most
Physical variables moderately temperature sensitive species would be in lower abundances and frequency
Temperature of occurrence than expected for reference. Biological assessments therefore
recommended and initiate baseline monitoring for this variable if Level Il or higher of the
DSS.

The 5™ percentile of the data must be 7.2 — 7 mg/L. Initiate baseline monitoring for this

Dissolved oxygen variable if Level Il or higher of the DSS.

TIN The 50" percentile of the data must be 0.55 — 0.7 mg/L.
Nutrients "

PQO4-P The 50" percentile of the data must be 0.06 — 0. 075 mg/L.***

Chl-a

th :
phytoplankton The 50" percentile of the data must be 8 — 10 pg/L.

Response variables | Chl-a periphyton The 50™ percentile of the data must be 17 — 21 mg/m?.

An impact is expected if the 95" percentile of the data exceeds the CEV as stated in
DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

** Although the PES for MgSO4 is an F category, the TPC is linked to a D category as the minimum requirement for this variable.

*** Although the upper boundary for the relevant phosphate category is 0.125 mg/L, the TPC has been set at 0.075 mg/L as
deterioration beyond this would be problematic at this site, where nutrients levels are already quite high.

Toxics

9.4 DIATOMS

EcoSpecs and TPCs relating to the RHAM water quality indicators are the same as for EWR 3
(Section 6.4.1).

9.5 RIPARIAN VEGETATION

EcoSpecs and TPCs based on the RHAM and VEGRAI data are provided Section 9.5.1. Both
RHAM and VEGRAI data support observation (high confidence).
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9.5.1 EcoSpecs and TPCs relating to RHAM and VEGRAI monitoring data: PES
PES|REC|  Assessed A EcoSpec (PES) TPC (PES) Note
component assessed
o . . Currently exotic species cover < 10%
Exotic Invasion Riparian zone g/leigt]i'igltgi;itfence of Qgr:anncr:;?seiggic of the riparian zone, all species are
erennial exotics). ’ ) ; non-perennial however. No perennial
® ) Species. species cover > 5%. exotiF:: species were observeg.
VEGRAI data showed cover of 10 -
A decrease in 20%. RHAM data showed cover at
O,
incigenous Riparian || |Maintain cover (%) of parianwoody |20 SERERSE D 0 Y 0 o
Woody Cover. ’ bgtween 5 ang 6%°/ bzlow 5% OR above richness than the marginal zone
0. (<] . s . .
(Nuxia oppositifolia, Flugea virosa,
O,
60%. Acacia robusta, Breonadia salicina,
Ficus caprefolia).
C B |Non-woody Maintain grass, sedge |A decrease in sedge,
Indigenous Cover Marginal and dicotyledonous forb grass and Eﬂ%’:ﬁ %E\l;[:r:n o;/\:]%d 4%1/&(;?:3?: cover
(grasses, sedges & |zone. cover above 30% (in dicotyledonous forb mar ir:al zone! °
dicotyledonous forbs). summer). cover below 30%. 9 ’
Marginal Maintain reed cover A decrease in reed RHA'}," data showid an average cover
zone above 10% cover below 10% of 20% overall, 13% on the marginal
. ° ° |zone and 20% on the lower zone.
] An increase in reed
Phragmites (reed) -
Maintain reed cover cover above 90% or
cover. Lower zone. between 10% and 90%. |a decrease below As above.
10%.
Ubper zone Maintain reed cover An increase in reed No data available for upoer zone
pp * |below 50%. cover above 50%. PP ’
9.6 FISH

EcoSpecs and TPCs are provided for RHAM monitoring and FRAI data in Section 9.6.1.

The

spatial FROC of EWR 6 is provided in Section 9.6.2 and indicates the FROC under reference, PES
and REC conditions as well as TPCs for baseline (PES) conditions.
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9.6.1 EcoSpecs and TPCs relating to RHAM and FRAI data: PES
PES
Metric g EWR SITE REACH
= QO .
c = Q
& E & ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic)
Four of the 34 expected indigenous fish .
species were sampled during the baseline g?%eggié';fesg ]!; T’ﬁ‘;;&? reAcr)]f
(EWR) survey. Sampling conditions were not |Less than 10 fish species sampled |Loss in diversity, abundance de.creased FROG in reac'h of y
10 Species Allindigenous  |optimal due to high flows and crocodiles, and |using electrofishing during a and condition of velocity-depth All species especially CPAR. LCON. BMAR
richness. species. it can be expected that more species (approx. |survey when habitat can be categories and cover features P ’ (rerf)er to t);lble o iFROC)’OR FR’AI
21) should be present at the site (highlighted [sampled efficiently. (to be quantified by RHAM). scores decreasing below 63%
in yellow in Section 9.5.2) (approx. 13 spp. (low C) 9 °
should be sampled using electrofishing). ’
Relative During previous surveys (not baseline EWR  |Relative abundance of less than 7
5 abundance N/A. survey) conducted under optimal sampling ind/min sampled at the site (during N/A.
’ conditions, fish were sampled at > 10 ind/min. |optimal sampling conditions).
Previous observations of HMOL in
—_— Any N . Any lower section of Reach. Any
Alien fish o . . . . Presence of any alien fish species o . . !
11 species. alien/introduced |No alien species previously sampled at site. during any survey. N/A. alien/introduced |increase in the number of alien

spp.

spp.

species or increased FROC and
abundance of HMOL.

CPAR and BMAR should always be present at| CPAR present less than 50% of ge(ﬁ;ﬁd) iL;lt;\gutgb(i?;l;r}?:nce Anv decreased FROG in reach of
3 |FD Habitats CPAR & BMAR |the site under baseline conditions (based on |time (not sampled for more than 2 de?:reasyed flows increaséd ’ LCON |cPAR CPyAR & LCON (refer to table 2 -
" |(LCON) available data for site: CPAR sampled 67% of |consecutive surveys) and BMAR 2610 flows) (to bé uantified FROC, column F)
time and BMAR 100% of time). absent during any survey. : a ’ :
with RHAM).
Reduced suitability (abundance
& quality) of FS habitats (i.e. Any decreased FROC in reach of
FS habitats. GPAR and LCYL should always be present at decreased flows, increased CPAR [LCYL |CPAR & LCYL (refer to table 2 -
ula alway zero flows), (to be quantified FROC, column F).
CPAR & LCYL |the site under baseline conditions (based on CF:)AR &. LCYL present less than ith RHAI\}I ( 9 )
1 ; . 50% of time (not sampled for more (Wi )-
(LCON) available data for site: CPAR and LCYL than 2 consecutive surveys) | d sedi - :
sampled 67% of time). ' rﬂﬁsf:; . iﬁblsqlzgznzzcoessive Any decreased FROC in reach of
Substrate. algal growth on substrates (to LCON |CPAR '(:)gég i&ggg 'gr)efer to table 2 --
be quantified with RHAM). ’ ’
Flow LMOL and BMAR should always be present at .
4 dependant spp|LMOL & BMAR |the site under baseline conditions (based on |LMOL and BMAR absent during cswi  |cPRE ég}\//\;ﬂlegr(e::ssg (':rzgﬁgq;ﬁ?;g_m
(flow (& LCON) available data for site: LMOL sampled 33% of |any survey. FROC, column F)
alteration). time and BMAR 100% of time). ’ ’
LMOL and CPAR should always be present at . .
. . . " ) Decreased water quality (as Any decreased FROC in reach of
o |Waterquality |\~ o cpaR |the Site underbaseline conditions (based on |LMOL and CPAR absentduring i, 4ic o104 by PAI, RHAM visual, [CPRE  |BIMB |CPRE & BIMB (refer to table 2-
intolerance. available data for site: LMOL sampled 33% of [any survey. i FROC. col F
time and CPAR 67% of time). or water quality assessments). , column F).
9 |SD habitats TREN & OMOS |TREN and OMOS should always be present |[TREN and OMOS absent during |Reduced suitability of SD LCON |TREN Any decreased FROC in reach of
" |(LCON) at the site under baseline conditions (based |any survey. habitats (i.e. increased flows in LCON & TREN (refer to table 2-
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PES
Metric £ EWR SITE REACH
= QO .
[ =0
& E > ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic)
on available data for site: TREN sampled dry season, alteration in FROC, column F).
100% of time and OMOS 67% of time). seasonality, sedimentation of
pools) (to be quantified with
RHAM).
HVIT and BIMB should be present at the site |HVIT & BIMB present less than Reduction in suitability of water Any decreased FROC in reach of
6 [Water column. |HVIT, BIMB in deep pools (based on available data for site |33% of time (not sampled for more|column (i.e. increased HVIT BIMB |HVIT & GGIU (refer to table 2-
both species sampled 33% of time). than 2 consecutive surveys). sedimentation of pools). FROC, column F).
. Significant change in SS habitat
BVIV and GGIU should always be present at |BVIV present < 100% of time and A .
. ’ e suitability (i.e. increased flows, Any decreased FROC in reach of
7 |SS habitats.  |BVIV, Galu | [Ne Site under baseline conditions (based on - |GGIU present less than 50% of |0 o ceasonality, increased  |BVIV. |GGIU |BVIV & GGIU (refer to table 2-
available data for site: BVIV sampled 67% of |time (not sampled for more than 2 . ) )
time and GGIU 33% of time) consecutive surveys) sedimentation of slow habitats) FROC, column F).
' ’ (to be quantified with RHAM).
' the site under baseline conditions (based on  |BVIV & TREN absent during any |(to be quantified with RHAM). ny decrease In reach o
8 ; o — — BVIV & TREN (refer to table 2 -
available data for site: BVIV sampled 67% of [survey. Significant change in instream
Instream ti d TREN 100% of ti . . FROC’ column F)
vegetation BVIV, TREN Ime an o of time). vegetation habitats (to be TREN |BVIV
) quantified with RHAM).
Undercut Any decreased FROC in reach of
12 banks None. No indicator species of undercut banks previous sampled at site. MMAC [SZAM |MMAC & SZAM (refer to table 2-
: FROC, column F).

NB: Flow conditions during baseline (EWR) survey (high flows) resulted in poor sampling of site. Data gathered during this survey was therefore not adequate to use determining accurate species
composition and relative abundances at site.

1 Refer to electronic data (DWA, 2010).
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9.6.2 Spatial FROC under reference, PES and REC conditions and TPCs for baseline
(PES) conditions

Spatial FROC
Species Scientific names: Reference species REFE(%ENCE PES (C) REC (B)
(Abbr.) (Introduced species excluded) Re;eRggce E gn ‘?E:g:'t‘;“: d F_F&c Expec;%%%erived
derived FROC
ABER Acanthopagrus berda (Forsskal, 1775) 2 1 0 1
ALAB Anguilla bengalensis labiata (Peters, 1852) 1 1 0 1
AMAR Anguilla marmorata (Quoy & Gaimard 1824) 2 1 0 1
AMOS Anguilla mossambica (Peters 1852) 2 1 0 2
BANN Barbus annectens (Gilchrist & Thompson, 1917) 1 1 0 1
BFRI* Barbus afrohamiltoni (Crass, 1960) 3 2 1 2
BIMB Brycinus imberi (Peters, 1852) 5 3 2 3
BMAR Labeobarbus marequensis (Smith, 1841) 5 4 3 5
BPAU Barbus paludinosus (Peters, 1852) 3 2 1 3
BRAD Barbus radiatus (Peters, 1853) 3 2 1 3
BTRI Barbus trimaculatus (Peters, 1852) 4 3 2 3
BUNI Barbus unitaeniatus (Gunther, 1866) 3 2 1 2
BVIV Barbus viviparus (Weber, 1897) 5 4 3 5
CGAR Clarias gariepinus (Burchell, 1822) 4 3 2 3
CPAR Chiloglanis paratus (Crass, 1960) 5 3 2 4
CPRE Chiloglanis pretoriae (Van der Horst, 1931) 1 1 0 1
CSwi Chiloglanis swierstrai (Van der Horst, 1931) 4 3 2 4
GCAL Glossogobius callidus (Smith, 1937) 2 1 0 1
GGIU Glossogobius giuris (Hamilton-buchanan, 1822) 5 4 3 4
HVIT Hydrocynus vittatus (Castelnau, 1861) 5 3 2 4
LCON Labeo congoro (Peters, 1852) 5 3 2 5
LCYL Labeo cylindricus (Peters, 1852) 5 4 3 4
LMOL Labeo molybdinus (Du Plessis, 1963) 5 4 3 4
LROS Labeo rosae (Steindachner, 1894) (Labeo altevilis) 4 3 2 3
LRUD Labeo ruddi (Boulenger, 1907) 1 1 0 1
MACU Micralestes acutidens (Peters, 1852) 5 3 2 4
MBRE Mesobola brevianalis (Boulenger, 1908) 4 3 2 3
MMAC Marcusenius macrolepidotus (Peters, 1852) 4 2 1 3
OMOS Oreochromis mossambicus (Peters, 1852) 5 5 4 5
PCAT Petrocephalus wesselsi (Kramer & Van der Bank, 2000) 2 1 0 1
PPHI Pseudocrenilabrus philander (Weber, 1897) 3 3 2 3
SINT Schilbe intermedius (Rippell, 1832) 4 2 1 2
SZAM Synodontis zambezensis (Peters, 1852) 3 1 0 1
TREN Tilapia rendalli (Boulenger, 1896) 5 5 4 5

* EWR sampling was done during relative high flow, so optimal sampling could not be performed. Based on a previous survey in the
reach the species that could be sampled under optimal sampling conditions are indicated in yellow.

9.7 MACROINVERTEBRATES
9.7.1  Baseline description

The baseline data for the biota is based on an EWR site visit in October 2007, at a flow of 3.3 m%/s.
The original SASS5 total score for the site was 121 with an ASPT of 4.8. The REC is a B category
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(DWA, 2009b). The reference conditions used to derive the EcoStatus (MIRAI) were based on
historical data at the EWR site (Thirion, pers. comm.). The reference total SASS5 score for the
site is 230 with an ASPT of 6. The baseline results are presented in the electronic information that
accompanies this Report series (DWA, 2010).

9.7.2 Indicator taxa

A limited number of flow-dependent taxa were collected at this site there are basically 4 groups of
indicator taxa. The habitat preferences for the indicator taxa groups are as follows:

Indicator group Families Velocity (m/s) Substratum Water Quality
1 Tricorythidae >0.6 Cobbles Moderate
2 Libellulidae 0.3-0.6 Cobbles Low
3 Elmidae 0.3-0.6 Cobbles Moderate
4 Coenagrionidae 0.3-0.6 Vegetation Low

Tricorythidae mayflies require velocities of > 0.6 m/s, but may persist at lower velocities (> 0.3
m/s), while the other flow dependent indicator taxa used for this site (EImidae and Libellulidae)
both prefer velocities between 0.3 and 0.6 m/s although they can also survive at other velocity
categories and live on other substrates. Tricorythidae and Elmidae are moderately sensitive to
water quality whereas the Libellulidae have a low sensitivity to water quality. Suitable habitat (>
0.3 m/s over coarse substrate) is required to ensure that all the selected taxa can overwinter
without significant detrimental impacts on the overall population.

9.7.3 EcoSpecs and TPCs relating to RHAM and MIRAI monitoring data: REC

The TPCs and EcoSpecs are provided for habitat and biota at REC conditions.

HABITAT ECOSPECS

To ensure that the maximum depth over the bedrock area is greater
than 50 cm.

To ensure that the average depth over the riffle area is greater than 25
cm.

HABITAT TPCs

The maximum depth over the bedrock area is less than 52 cm.

The average depth over the riffle area is less than 26 cm.

To ensure that the maximum velocity over the riffle area is greater than
0.4 m/s.

To ensure that the average width of the river is greater than 50 m.

The maximum velocity over the riffle area is less than 0.45 m/s.

The average width of the river in the riffle are is less than 51 m.

To ensure that there are at least 5% fast flow over bedrock. There is less than 6% fast flow over bedrock.

To ensure that less than 60% of the bedrock is covered with algae. More than 65% of the bedrock is covered with algae.

To ensure that at least 3% of the marginal area contains inundated|Less than 4% of the marginal area contains inundated
vegetation. vegetation.

BIOTA ECOSPECS

To ensure that the SASS5 scores and ASPT values occur in the
following range: SASSS5 score: > 120; ASPT value: > 4.8.

To ensure that the MIRAI score remains within the range of a C
category (62% — 78%), using the same reference data used in this|A MIRAI score of 64% or less.
study.

BIOTA TPCs

SASSS5 scores below 125 and ASPT below 4.8.

To maintain suitable flow velocity( maximum > 0.6 m/s) and clean,
unembedded surface area (cobbles) to support the Tricorythidae in the|Tricorythidae missing in any two consecutive surveys.
VFCS (Very fast flow over coarse sediment) biotope:

To maintain suitable flow velocity (0.3 - 0.6 m/s) and clean,
unembedded surface area (cobbles) to support the following flow-
dependent taxa in the FFCS biotope:

. Libellulidae (Abundance A)

. Elmidae (Abundance A)

. To maintain sufficient quantity and quality of inundated vegetation
to support the Coenagrionidae.

Any one of these taxa missing in two consecutive surveys.

Coenagrionidae missing in two consecutive surveys.
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To maintain suitable water quality, shading, temperature and habitat
conditions for the following four key taxa:

. Tricorythidae Presence of less than three of the six key taxa listed in any
o Elmidae survey.
J Libellulidae

. Coenagrionidae

To ensure that no group consistently dominates the fauna, defined as D abundance (> 1000) over more than two consecutive surveys.
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10 RESULTS: ECOSPECS AND TPCs FOR EWR 7: HONEYBIRD

(CROCODILE RIVER)

A summary of the site EcoClassification is provided below (DWA, 2009b).

10.1 ECOCLASSIFICATION SUMMARY OF EWR 7

EWR 7 Kaap (Kaap River)

EIS: HIGH

Rare and endangered sp sensitive to flow and quality changes.
High species taxon richness and habitat types sensitive to flow and
quality changes.

PES: C

Changes are flow and non-flow related. Low to zero flows present
due to upstream abstractions. Land-use activities related to
agriculture and mining. Extensive exotic vegetation present.

REC B:

The EIS is HIGH, therefore the REC is an improvement of the
PES.

No zero flows, increased low flows, more moderate floods. This
must happen in conjunction with exotic vegetation removal.

AEC down D:

Mountain View Dam will be present which will result in much lower
flows than present and decreased floods. The channel will be
narrower, some riffles will be sandier and smaller in general which
will result in more reeds and a narrower marginal zone.

Driver
Components

HYDROLOGY

WATER QUALITY

GEOMORPHOLOGY

Response
Components

PES
Category

Negative

Trend

FISH

MACRO
INVERTEBRATES

INSTREAM

Stable

Stable

RIPARIAN
VEGETATION

ECOSTATUS

Negative

EcoSpecs (PES and REC) and TPCs (PES) are provided for the different components in Section

10.2 to 10.6.

10.2 GEOMORPHOLOGY

The REC is the same as the PES. The site is stable and fairly resistant to flow changes.
EcoSpecs and TPCs are provided for RHAM monitoring data in Section 10.2.1 and GAI monitoring

data in Section 10.2.2.

10.2.1 EcoSpecs and TPCs relating to RHAM monitoring data

Metric EcoSpec

TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

Maintain the bed material size .
In-channel sediment  [distribution within the active channel in
(substrate) distribution. |order to maintain the available physical
habitats.

Overall for the in-channel sediments:

Sand should not exceed 10%.

RHAM monitoring in 2009 measured 6%.
Cobbles should exceed 5%.
RHAM monitoring in 2009 measured 9%.

Within all of the fast habitats:
Sands should not exceed 5%.

. RHAM monitoring in 2009 measured 3%.

Cobbles should exceed 5%.

. RHAM monitoring in 2009 measured 6%.

The percentage substrate type within the active channel at the RHAM site is provided below.
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Metric EcoSpec

TPCs

W Overall site M Fas

t habitats

Roots Fines Sand

Gravel Cobbles Boulders Bedrock

Maintain minimum embeddedness to
ensure bed mobility and create habitat
for instream biota.

Proportion of
embedded sediments.

Embedded cobbles or gravels should be less than 5% of the site.
RHAM monitoring in 2009 measured 0%.

IN-CHANNEL HABITAT DIVERSITY

The percentage mobile sediment per macroinvertebrate velocity class is given below.

Gravel

Cobbles

:14-16
12-14
1012
= 8-10
H6-8
46
‘ m2-4
‘ m0-2
~ Slow-very shallow
7 Slow - shallow
/- Slow -deep
# Fast-very shallow
~ Fast - shallow

/ Fast-intermediate
T——— ’/"
“——+ Fast-deep
Boulders

Bedrock

ACTIVE CHANNEL GEOMETRY

Active channel width. |Maintain channel width.

For discharges around 0.9 m¥s the average width of the active channel
should be between 5 and 8 m wide.
. RHAM monitoring in 2009 measured 6.2 m.

Lower bank stability.  |Extent of undercut banks.

Overall for the site, the proportion of undercut banks should not exceed
20%.

RHAM monitoring in 2009 measured 0%.

10.2.2 EcoSpecs and TPCs relating to GAI

monitoring data: PES and REC

Metric EcoSpec

TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

Maintain the bed material size
distribution within the active channel in
order to maintain the available physical
habitats.

In-channel sediment
(substrate) distribution.

Overall for the in-channel sediments:

Sands and Gravels (< 60 mm diameter) should not exceed 20%.
. GAl level IV in 2007 measured 18%.

Cobbles and boulders should not be less than 70%.

GAl level IV in 2007 measured 82%.

Sampling protocol:
Sediment is to be sampled in the active channel riffle.

ACTIVE CHANNEL MORPHOLOGY

Active channel

morphology. Maintain the channel/reach type.

EWR is classified as a bedrock gorge channel type and is
representative of the Kaap River. The cross-section traverses a riffle.
Strong bedrock influence means that the site is highly resistant to
change so that little morphological adjustment is likely to occur in
response to flow regulation. The bed material is predominantly cobble
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and boulder with very little sand and gravel.

This is a highly bedrock influenced site, and is therefore relatively
insensitive to flow changes in terms of morphological adjustment.

GAl level IVEC

GAl level IV PES score. |Maintain or improve the GAl score. PES score from the GAI level IV should equal or exceed 86%.

10.3 PHYSICO-CHEMICAL VARIABLES

There was no available baseline RHAM data for this site. EcoSpecs and TPCs relating for the
PES and REC are provided in Section 10.3.1 — 10.3.3.

10.3.1 EcoSpecs relating to physico-chemical data: PES and REC

River: Kaap EWR 7 | Monitoring site: X2H022Q01
Water quality metrics ECOSPEC: PES and REC
Inorganic salts* ALL -
EC The 95" percentile of the data must be < 100 mS/m.**
oH tTohg.gfh percentile of the data must range from 6.5 to 8.0, and the 95" percentile from 8.0
Physical variables Temperature Small deviation from the natural temperature range.

Dissolved oxygen | The 5" percentile of the data must be = 8 mg/L.

Vary by a small amount from the natural turbidity range; minor silting of instream habitats

Turbidity acceptable.
Nutrient TIN The 50™ percentile of the data must be < 1.0 mg/L.
utrients
PO4P The 50" percentile of the data must be < 0.125 mg/L.
gﬁ)llht?)plankton The 50" percentile of the data must be < 10 pg/L.

Response variables

2 wxk

Chl-a periphyton The 50" percentile of the data must be < 52.5 mg/m*®.

Toxics The 95" percentile of the data must be within the TWQR as stated in DWAF (1996).

*: To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

**: The system seems naturally saline (PES: 90.8 mS/m; RC: 70.15 mS/m (data record: 1977 = 1981)), so the upper boundary of the
relevant category has been adjusted from < 85 mS/m to < 100 mS/m.

***: Periphyton (31.42 mg/m?) is actually in a C/D category (C = 12 - 21 and D = 21 - 84 mg/m?, DWAF 2008b), so have defined the
upper boundary of a C/D as the EcoSpec for PES.

-: no data.

10.3.2 TPCs relating to physico-chemical data: PES

River: Kaap EWR 7 | Monitoring site: X2H022Q01
Water quality metrics TPC
Inorganic salts* ALL -
EC The 95" percentile of the data must be 90 — 100 mS/m.**
The 5" percentile of the data must be < 6.7 and > 7.8, and the 95" percentile must be <
pH 8.2 and > 8.6.

Physical variables
Temperature Initiate baseline monitoring for this variable if Level Il or higher of the DSS.

The 5" percentile of the data must be 8.2 — 8 mg/L. Initiate baseline monitoring for this

Dissolved oxygen | |- iable if Level Il or higher of the DSS.

TIN The 50" percentile of the data must be 0.8 — 1.0 mg/L.
Nutrients "

PO,-P The 50™ percentile of the data must be 0.06 — 0. 075 mg/L.

Chl-a

th f
phytoplankton The 50™ percentile of the data must be 8 — 10 pg/L.

2 xxk

Response variables | Chl-a periphyton The 50™ percentile of the data must be 42 — 52 mg/m”.

An impact is expected if the 95" percentile of the data exceeds the CEV as stated in
DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.
** Although the upper boundary for the relevant phosphate category is 0.125 mg/L, the TPC has been set at 0.075 mg/L as deterioration
beyond this would be problematic at this site, where nutrients levels are already elevated.

Toxics
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*** Periphyton (31.42 mg/m? is actually in a C/D category (C = 12 - 21 and D = 21 - 84 mg/m? DWAF, 2008b), so have defined the
upper boundary of a C/D as the EcoSpec for PES.
-: no data.

NOTE:
As data for aggregated salts were not available but EC is elevated at the site, aggregated salts
would have to be produced using TEACHA before EcoSpecs and TPCs can be generated.

10.4 RIPARIAN VEGETATION

EcoSpecs and TPCs based on the RHAM and VEGRAI data are provided Section 10.4.1. As both
VEGRAI and RHAM data were available, the confidence is high.

10.4.1 EcoSpecs and TPCs relating to RHAM and VEGRAI monitoring data: PES

Assessed Zone
PES |REC component e EcoSpec (PES) TPC (PES) Note
Maintain cover (%) of |An increase in RHAM data show 43% average in
Exotic Invasion Lower & Upper |perennial exotic perennial exotic the riparian zone. VEGRAI data
(perennial exotics). zones. species at 30% or species cover > recorded 40 - 60% on the lower zone
lower. 30%. and 60 - 80% on the upper zone.
Maintain cover (%) of |An increase in
- terrestrial woody terrestrial woody RHAM data show an average of 6%
Terrestrialisation. Lower zone. species at 15% or species cover > cover by terrestrial woody species.
lower. 10%.
Maintain cover (%) of |An increase in
Marainal zone riparian woody species [riparian woody RHAM average of 20% cover,
9 " |below 70%, but always |species cover above [VEGRAI average around 10%.
present. 70% OR below 1%.
A decrease in
Maintain cover (%) of [riparian woody o
Indigenous Riparian  |Lower zone. |riparian woody species |species covers sgégl:}v:g:grevggt/ ‘; 8;"9“
Woody Cover. between 5 and 60%. |below 5% OR above ©
60%.
C/D | B/C A decrease in
Maintain cover (%) of [riparian woody
Upper zone. [riparian woody species [species covers YZE(?,/RAI observed range between 10
between 20 and 70%. |below 20% OR ©
above 70%.
Non-woody Indigenous Maintain grass, sedge |A decrease in o
Cover (grasses, Marginal & and dicotyledonous sedge, grass and 2‘;?%;\%?‘22%3203@ oonntthhee lower
sedges & Lower zone. |forb cover above 30% |dicotyledonous forb 70 ng °
dicotyledonous forbs). (in summer). cover below 30%. ’
. Maintain reed cover  |A decrease in reed o
Marginal zone. above 10%. cover below 10%. RHAM average 90% cover.
o An increase in reed
Phragmites (reed) Lower zone l';/leiwgg :%iz g(r)]\c/jer cover above 90% or RHAM average 10% cover
cover. ’ o a decrease below ’
90%.
10%.
Maintain reed cover  |An increase in reed
Upper zone. below 50%. cover above 50%.
10.5 FISH

EcoSpecs and TPCs are provided for RHAM monitoring and FRAI data in Section 10.5.1. The
spatial FROC of EWR 7 is provided in Section 10.5.2 and indicates the FROC under reference,
PES and REC conditions as well as TPCs for baseline (PES) conditions.
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10.5.1 EcoSpecs and TPCs relating to RHAM and FRAI data: PES
PES
Metric 5 EWR SITE REACH

x 8.

& = ;t' ECOSPECS* TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic)
Baseline (PES) FRAI
score of 76.8 calculated
for reach. Any

Species Al indigenous Twelve of an expected 17 expected indigenous |Less than 8 fish species sampled Ia_(r:zscg]n?jli\t/iirr;sIg!v?atl)g;?yégg;e)th ?::éﬁa;egsgggaﬁ;n
5 richness. species. ?é\r/lvshp;e:ﬁ\slewere sampled during the baseline g:;ng?ea& seL:fri\(/:tieg/n\tAllhen habitat can be categories and cover features All species. CPRE, BEUT, BMAR,
Y P y: (to be quantified by RHAM). OPER (refer to table 2'
-FROC) OR FRAI
scores decreasing
below 70%.
. . . . Relative abundance of less than 1.8
4 Sgﬁé‘fme N/A. ;“;'%girzg/crim baseline survey fish were sampled ;. /iy ‘sampled at the site (during  |N/A. N/A.
: : ’ same season as baseline data).
An Presence of any
6 Alien fish align/introduced No alien /introduced fish species sampled at site |Presence of any alien/introduced fish N/A Any alien/introduced |alien/introduced fish
species. S during recent baseline survey. species at site during any survey. ’ spp. species at site during
pp- any survey.
FD Habitats. BEUT CPRE
; , , BEUT and CPRE absent from the | Reduced suitability Any decreased FROC
FS habitats. During the recent baseline survey BEUT was | 0 during any survey OR present at |(@Pundance & quality) of FD & CPRE |BEUT in r}:each of BEUT &
1 BEUT, CPRE present at relative abundance of 0.13 ind/min : FS habitats (i.e. decreased
Flow - -
o) and CPRE at relative abundance of 0.75 ind/min relative abundance < 0.09 for BEUT - CPRE (refer to table 2
dependant : “land < 0.5 for CPRE. flows, increased zero flows), | .~ | = [FROC, column F).
spp (flow increased sedimentation of
alteration). riffle/rapid substrates,
——|excessive algal growth on
During recent baseline survey BMAR was ShﬁR ::dSCI:VF;E 223/6(;‘: frr%?e?]tszlatte substrates (to be quantified ﬁnéggﬁrgfagﬁu?g c
2 |Substrate.  |BMAR, CPRE |present at a relative abundance of 1.27 ind/min 719 D e g/ o |with RHAM). CPRE  |BMAR  |ToRE (ot bie 2
and CPRE at relative abundance of 0.75 ind/min. | ative abundance < 1 ind/min for (refer to table 2 -
BMAR and < 0.5 for CPRE. FROC, column F).
BEUT & CPRE will be most appropriate
'Sndéz?;:r:h%fumazﬂ dcgialfgsztnihfoigi'ioﬁgtge BEUT and CPRE absent during any |Decreased water quality (as Any decreased FROC
1 Water quality BEUT. CPRE Eesent at site 100% o? the time. During the survey or BEUT with relative indicated by PAI, RHAM BEUT CPRE in reach of BEUT &
intolerance. ’ Eecent baseline sur\;)ey BEUT wés presgnt at abundance < 0.09 ind/min and visual, or water quality CPRE (refer to table 2 -
relative abundance of 0.13 ind/min and CPRE at CPRE < 0.5 ind/min. assessments). FROC, column F).
0.75 ind/min.
BUNI & BMAR will be most appropriate BMAR absent during any survey or |Reduced suitability of SD Any decreased FROC
. indicators of SD habitats at the site. During the |with relative abundance < 1 ind/min |habitats (i.e. increased flows in in reach of BUNI &
3 |SD habitats. |BUNI, BMAR recent baseline survey BUNI was present at a and or BUNI present less than 50% |dry season, alteration in BUNI BMAR BMAR (refer to table 2 -
relative abundance of 0.1 ind/min and BMAR at |of time (absent for 2 consecutive seasonality, sedimentation of FROC, column F).
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survey at 0.13 ind/min.

ind/min.

with RHAM).

PES
= EWR SITE REACH
: o
= Metric g -
= = ;t' ECOSPECS* TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic)
1.27 ind/min. surveys) or present with relative pools) (to be quantified with
abundance of < 0.06 ind/min. RHAM).
BMAR & MACU are the best indicators of water Brl\élsAeF:]tagf fer;;,gy gg%:: g asnL::rgiyfr Anv decreased EROC
column habitats at the site. During the recent ﬁ]d/min and MAGU resent less than Reduction in suitability of water in r):each of BMAR &
3 [Water column. |BMAR, MACU |baseline survey BMAR was present at a relative 50% of!time (absent for 2 column (i.e. increased BMAR OPER OPER (refer to table 2 -
abundance of 1.27 ind/min and MACU at 0.05 ° . ith relati sedimentation of pools). FROC. col =
ind/min. consecutive surveys) or with relative , column F).
abundance of < 0.02 ind/min.
. . BUNI present less than 50% of time |Significant change in SS
ﬁgg;ﬁ) er'\gﬁ\JZ ]%r;estrée Séﬁ&'le;:gtg r?sosr:t during (absent for 2 consecutive surveys) or |habitat suitability (i.e.
. : ) h with relative abundance of < 0.06 increased flows, altered
3 |SS habitats. |BUNI, BMAR ;hbeugzzenrgebgfs SIT ?nzlfr:;/iiy ﬁh?léelBal\t/II\AeR was ind/min AND/OR MAR absent during |seasonality, increased BVIV BUNI
resent at 1.27 'ind/min " any survey or present at relative sedimentation of slow habitats) Any decreased FROC
P ’ ’ abundance < 1 ind/min. (to be quantified with RHAM). in reach of BUNI &
i BUNI & BEUT present less than 50% BVIV (refer to table 2 -
ag::;\ieriﬂ ?gf g\z;‘ﬁc'?ns “\’/';h ;Tgtsi:)n atthe |of ime (absent for 2 consecutive Significant change in FROC, column F).
Overhanging . 9ing veg surveys) or BUNI with relative overhanging vegetation
2 BUNI, BEUT site. BUNI was present during the recent BVIV BUNI
vegetation. ’ baséline survev at a relative abundance of 0.1 abundance of < 0.06 ind/min and habitats (to be quantified with
ind/min. and B)IéUT at 0.13 ind/min ’ BEUT with relative abundance of < |RHAM).
’ ’ ’ 0.09 ind/min.
BEUT will be the most appropriate indicator of  |BEUT present less than 50% of time Significant change in undercut Any decreased FROC
Undercut undercut banks at site EWR 7 and should be (absent for 2 consecutive surveys) | . o in reach of PPHI &
2 banks. BEUT present 100%. It was sampled during baseline |with relative abundance of < 0.09 bank habitats (to be quantified |BEUT PPHI BEUT (refer to table 2 -

FROC, column F).

* Relative abundance in individuals per minute sampled using electrofishing unless stated for other sampling method.
1 Refer to electronic data (DWA, 2010).
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10.5.2 Spatial FROC under reference, PES and REC conditions and TPCs for baseline
(PES) conditions

Spatial FROC
SRecies Scitintific names: Re_ferenctla species REFE&;ENCE PES (C) REC (B)
(Abbr.) (Introduced species excluded) Re;;roegce E:,: c?lt: : sirt‘; (: d F_IB':?(:C Expec;g%«éerived
derived FROC
AMOS  |Anguilla mossambica (Peters 1852) 3 2 1 2
BEUT Barbus eutaenia (Boulenger, 1904) 5 4 3 4
BMAR |Labeobarbus marequensis (Smith, 1841) 5 4 3 5
BTRI Barbus trimaculatus (Peters, 1852) 5 4 3 5
BUNI Barbus unitaeniatus (Glinther, 1866) 5 4 3 5
BVIV Barbus viviparus (Weber, 1897) 5 4 3 5
CGAR |Clarias gariepinus (Burchell, 1822) 3 3 2 3
CPAR |Chiloglanis paratus (Crass, 1960) 4 3 2 4
CPRE Chiloglanis pretoriae (Van der Horst, 1931) 5 4 3 4
CSwi Chiloglanis swierstrai (Van der Horst, 1931) 3 2 1 2
LCYL Labeo cylindricus (Peters, 1852) 4 4 3 4
LMOL |Labeo molybdinus (Du Plessis, 1963) 4 4 3 4
LROS Labeo rosae (Steindachner, 1894) (Labeo altevilis) 2 1 0 1
MACU  |Micralestes acutidens (Peters, 1852) 3 3 2 3
OPER  |Opsaridium peringueyi (Gilchrist & Thompson, 1913) 3 1 0 2
PPHI Pseudocrenilabrus philander (Weber, 1897) 4 3 2 3
TREN Tilapia rendalli (Boulenger, 1896) 3 2 1 2

10.6 MACROINVERTEBRATES
10.6.1 Baseline description

The baseline data for the biota is based on an EWR site visit in October 2007, at a flow of 0.43
m®/s. The original SASSS5 total score for the site was 194 with an ASPT of 5.7. The PES and REC
is a B category (DWA, 2009b). The reference conditions used to derive the EcoStatus (MIRAI)
were based on historical data at the EWR site (Thirion, pers. comm.). The reference total SASS5
score for the site is 250 with an ASPT of 7. The baseline results are presented in the electronic
information that accompanies this Report series (DWA, 2010).

10.6.2 Indicator taxa

A limited number of flow-dependent taxa were collected at this site there are basically 4 groups of
indicator taxa. The habitat preferences for the indicator taxa groups are as follows:

Indicator group Families Velocity (m/s) Substratum Water Quality
1 Perlidae >0.6 Cobbles High
2 Psephenidae, Philopotamidae > 0.6 Cobbles Moderate
3 Heptageniidae 0.3-0.6 Cobbles High
4 Elmidae 0.3-0.6 Cobbles Moderate

Psephenidae beetles and Perlidae stoneflies require velocities of > 0.6 m/s, but may persist at
lower velocities (> 0.3 m/s). Heptageniidae mayflies and Elmidae beetles require velocities of 0.3 -
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0.6 m/s but will also survive at faster velocities (> 0.6 m/s, they might persist at slower velocities
(0.1 - 0.3 m/s). All four taxa occur mostly on cobbles but can also survive on bedrock and/or. The
Heptageniidae and Perlidae are highly sensitive and the Elmidae and Psephenidae moderately
sensitive to water quality conditions. Suitable habitat (> 0.3 m/s over coarse substrate) is required

to ensure that all the selected taxa can overwinter
overall population.

without significant detrimental impacts on the

10.6.3 EcoSpecs and TPCs relating to RHAM and MIRAI monitoring data: REC

The TPCs and EcoSpecs are provided for habitat and biota at REC conditions.

HABITAT ECOSPECS

HABITAT TPCs

To ensure that the maximum depth over the riffle/rapid area is greater
than 30 cm.

The maximum depth over the riffle/rapid area is less than 32
cm.

To ensure that the average depth over the riffle/rapid area is greater
than 15 cm.

The average depth over the riffle/rapid area is less than 16 cm.

To ensure that the maximum velocity over the riffle/rapid area is greater
than 0.8 m/s.

The maximum velocity over the riffle/rapid area is less than 0.6
m/s.

To ensure that the average width of the river is greater than 3 m.

The average width of the river in the riffle are is less than 3.2
m.

To ensure that there are at least 25% fast flow over bedrock substrate.

There is less than 26% fast flow over bedrock.

To ensure that less than 50% of the bedrock substrates are covered
with algae.

More than 51% of the bedrock is covered with algae.

BIOTA ECOSPECS

BIOTA TPCs

To ensure that the SASS5 scores and ASPT values occur in the
following range: SASS5 score: > 185; ASPT value: > 5.7.

SASSS5 scores below 190 and ASPT below 5.8.

To ensure that the MIRAI score remains within the range of a B
category (82% — 88%), using the same reference data used in this
study.

A MIRAI score of 84% or less.

To maintain suitable flow velocity( maximum > 0.6 m/s) and clean,
unembedded surface area (cobbles) to support the following flow-
dependent taxa in the VFCS biotope:

Perlidae (Abundance A)

Psephenidae (Abundance A)

Philopotamidae (Abundance A)

Any one of these taxa missing or present as a single individual
in any two consecutive surveys.

To maintain suitable flow velocity (0.3 - 0.6 m/s) and clean,
unembedded surface area (cobbles) to support the following flow-
dependent taxa in the FFCS biotope:

e  Heptageniidae (Abundance A)

Elmidae (Abundance A)

Any one of these taxa missing or present as a single individual
in two consecutive surveys.

To maintain suitable water quality, shading, temperature and habitat
conditions for the following five key taxa:

Perlidae

Psephenidae

Philopotamidae

Elmidae

Heptageniidae

Presence of less than four of the five key taxa listed in any
survey.

To ensure that no group consistently dominates the fauna, defined as D

abundance (> 1000) over more than two consecutive surveys.

The REC is the same as the PES thus these values also refer to the REC.
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11 EWR 1: UPPER SABIE (SABIE RIVER)

A summary of the site EcoClassification is provided below (DWA, 2009).

11.1  ECOCLASSIFICATION SUMMARY OF EWR 1

EWR 1: Upper Sabie (Sabie River)

EIS: HIGH

are intolerant to flow and flow related water quality changes. .
PES: B/C

largely non-flow related.

REC: B

improved vegetation cover.

AEC down: C/D

reeds on bars.

Rare and endangered fish and vegetation species. Fish species present that

Impacts due to forestry, exotic vegetation species, and abstraction. Impacts

The EIS is high, therefore the REC is an improvement of the PES. Inactivity of
picnic site and removal of aliens is required. Improved fish EC dependent on

Decreased low flows resulting in increased sediment with increased nutrients,
turbidity, temperature, additional toxics. Increased vegetation exotics and

Driver PES

Components Category Trend

HYDROLOGY

WATER QUALITY

GEOMORPHOLOGY Stable

Response
Components

Trend

Stable

MACRO
INVERTEBRATES

Stable

INSTREAM

RIPARIAN
VEGETATION

ECOSTATUS

Negative

EcoSpecs (PES and REC) and TPCs (PES) are provided for the different components in Section

11.2to0 11.7.

11.2 GEOMORPHOLOGY

The REC is the same as the PES. This pool-riffle system is a boulder/cobble bed with gravel and
large sand component; the sands having been increased due to upstream forestry activities. The
exotic vegetation. To maintain the REC, the
accumulation of fines and sands within the active channel is a potential problem and this is the
focus of the EcoSpecs and TPCs. EcoSpecs and TPCs are provided for RHAM monitoring data in
Section 11.2.1 and GAI monitoring data in Section 11.2.2.

riparian zone is also heavily infested with

11.2.1 EcoSpecs and TPCs relating to RHAM monitoring data

Metric EcoSpec

TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

Maintain the bed material size
In-channel sediment distribution within the active channel in
(substrate) distribution. |order to maintain the available physical
habitats.

Overall for the in-channel sediments:
Sand (< 6 mm) should not exceed 25%.

. RHAM monitoring in 2009 measured 22%.

Gravels should be more than 5%.
RHAM monitoring in 2009 measured 8%.

And within all of the fast habitats:
Sand should not exceed 10%.
. RHAM monitoring in 2009 measured 7%.

The percentage substrate type within the active channel at the RHAM site is provided below.
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50

w0 | MOverall site ®Fast habitats

30 L

20 L -

w L 1
Roots Fines Sand Gravel Cabbhles Boulders Bedrock

Proportion of

embedded sediments.

for instream biota.

Maintain minimum embeddedness to e \heqyed cobbles or gravels should be less than 5% of the site.
ensure bed mobility and create habitat .

RHAM monitoring in 2009 measured 0%.

IN-CHANNEL HABITAT DIVERSITY

Percentage of instream habitat per depth-velocity class and per substrate type is provided below.

0=

Fines
Sand

Gravel

Cobbles

m25-30
m20-25
m15-20
=10-15
m5-10
m0-5

— Slow-very shallow
~ Slow - shallow

#~ Slow -deep

" Fast-very shallow

/ Fast-shallow

* Fast-intermediate

“——+{ Fast-deep
Boulders
Bedrock

ACTIVE CHANNEL GEOMETRY

Active channel width.

Maintain channel width.

For discharges around 3 m%s the average width of the active channel
should be between 11 and 15 m wide.

. RHAM monitoring in 2009 measured 13.3 m.

11.2.2 EcoSpecs and TPCs relating to GAI monitoring data: PES and REC

Metric

EcoSpec

TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

In-channel sediment

Maintain the bed material size
distribution within the active channel in

(substrate) distribution. |order to maintain the available physical

habitats.

No potential bed material transport analysis or associated]
detailed bed sediment data collection was undertaken for this site
due to budget limitations of the study. This has resulted in no
baseline data being available for this site, and thus no specific
quantifiable TPCs or EcoSpecs are specified for this site.

A qualitative assessment of the active channel bed sediment should
indicate a cobble/boulder bed active channel with gravels within the lee
areas and margins.

ACTIVE CHANNEL MORPHOLOGY

Active channel

Maintain the channel/reach type.

morphology. of the active channel. This would represent an undesirable trend.
Monitoring could take place through occasional (5 - 10 year)
resurveyed cross-sections at the EWR site.

GAl level IVEC

This site is within a pool-riffle reach characterised by a cobble bed with
a gravel and large sand component. Upstream forestry activities may
have increased the sand component which may, in time, cause infilling

GAl level IV PES
score.

Maintain or improve the GAl score. PES score from the GAl level IV should equal or exceed 83%.
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11.3

PHYSICO-CHEMICAL VARIABLES

TPCs relating to the RHAM water quality indicators are provided in Section 11.3.1 and EcoSpecs
and TPCs for the PES and REC in Section 11.3.2 — 11.3.4.

11.3.1

TPCs relating to RHAM water quality indicators

RHAM indicators

Filamentous Water surface | Algal cover
Water og;;;ttype and algae in water Waterei?;zlt" and Turbidity/clarity indicator and on hard
column extent surfaces
PES/baseline
(RHAM survey) None 1 Green, 0.5 1.5 None 4
Cattle: 2 3 -
: L Green: 23 All indicators: = 2
TPC 8?%?53&222{?2‘ 21 >3 All other colours: = 1 'T'rizgger R-DRAM ** Salt deposits: 21 >4
Trigger R-DRAM Trigger R-DRAM Trigger R-DRAM
Activity at site: Run-off, roads, removal of riparian vegetation: Extent = 2.
* R-DRAM: ** R-DRAM:

Orange water: pH metric
Milky water: Salt and organic metrics
Green: Nutrient metric

Turbidity indicators

11.3.2 EcoSpecs relating to physico-chemical data: PES and REC

River: Sabie

EWR 1 | Monitoring site: X3H001QO01

Water quality metrics

ECOSPEC: PES and REC

Physical variables

MgSO, The 95" percentile of the data must be < 16 mg/L.
Na SO, The 95" percentile of the data must be < 20 mg/L.
MgCl, The 95™ percentile of the data must be < 15 mg/L.
Inorganic salts*
CaCl, The 95" percentile of the data must be < 21 mg/L.
NaCl The 95" percentile of the data must be < 45 mg/L.
CaS0O, The 95" percentile of the data must be < 351 mg/L.
EC The 95" percentile of the data must be < 30 mS/m.
pH The 5™ and 95" percentiles of the data must range from 6.5 to 8.0.
Temperature No deviation from the natural temperature range.

Dissolved oxygen

The 5" percentile of the data must be = 8.0 mg/L.

Vary by a small amount from the natural turbidity range; minor silting of instream habitats

Response variables

Turbidity acceptable.

TIN The 50" percentile of the data must be < 0.7 mg/L.
Nutrients n

PO,-P The 50™ percentile of the data must be < 0.025 mg/L.

Chl-a th .

phytoplankton The 50™ percentile of the data must be <10 ug/L.

Chl-a periphyton

The 50™ percentile of the data must be < 21 mg/m?.

Toxics

An impact is expected if the 95" percentile of the data exceeds the TWQR as stated in
DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

11.3.3 TPCs relating to physico-chemical data: PES

River: Sabie

Inorganic salts*

EWR 1 | Monitoring site: X3H001Q01
Water quality metrics TPC
MgSO, The 95" percentile of the data must be 13 — 16 mg/L.
Na SO, The 95" percentile of the data must be 16 — 20 mg/L.
MgCl, The 95" percentile of the data must be 12 — 15 mg/L.
CaCl, The 95" percentile of the data must be 17 — 21 mg/L.
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NaCl The 95" percentile of the data must be 36 — 45 mg/L.
CaSO0, The 95" percentile of the data must be 280 — 351 mg/L.
EC The 95" percentile of the data must be 24 — 30 mS/m.
pH The 5™ and 95™ percentiles of the data must be <6.7 and >7.8.
Physical variables Temperature Initiate baseline monitoring for this variable if Level Il or higher of the DSS.

The 5™ percentile of the data must be 8.2 — 8.0 mg/L. Initiate baseline monitoring for this

Dissolved oxygen variable if Level Il or higher of the DSS.

Response variables

Nutrlent TIN The 50" percentile of the data must be 0.56 — 0.7 mg/L.
utrients
PO,-P The 50" percentile of the data must be 0.02 — 0.025 mg/L.
gt?)ll-t?)plankton The 50" percentile of the data must be 8 — 10 ug/L.

Chl-a periphyton

The 50" percentile of the data must be 17 — 21 mg/m?.

Toxics

An impact is expected if the 95" percentile of the data exceeds the TWQR as stated in

DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

11.4 DIATOMS

EcoSpecs and TPCs relating to the RHAM water quality indicators are the same as for EWR 1

(Crocodile River) (Section 4.4.1).

115

RIPARIAN VEGETATION

EcoSpecs and TPCs based on the RHAM and VEGRAI data are provided Section 11.5.1.

11.5.1 EcoSpecs and TPCs relating to RHAM and VEGRAI monitoring data: PES PES
Assessed Zone
PES [REC component assessed EcoSpec (PES) TPC (PES) EcoSpec (REC) Note
VEGRAI recorded < 10%
(marginal zone), 20%
(lower zone), 10 - 20%
Exotic Invasion . . An increase in Exotic species (upper zone). RHAM
(perennial Riparian zone. Exotic species CS"er exotic species cover between 5 - |recorded an absence of
; between 10 - 15%. . ) o
exotics). covers above 15%. [10%. perennial exotic species in
the marginal zone and an
average of 16% on the
lower zone.
An increase in
Riparian woody riparian woody Riparian woody o
Marainal zone species cover species cover species cover ggol\élsvgégeel:‘%?g n/° e
9 " |between 30% and  |above 60% OR a  |between 30% and between 20 - 40% 9
60%. decrease below 60%. °
30%.
An increase in
B/C| B | digenous Riparian woody ripar[an woody Riparian woody RHAM average of 7%
s species cover species cover species cover
gf\i:an Woody |Lower zone. |t veen 30% and  [above 60% OR a  |between 30% and g(;/ﬁger\]/EOG_RGA(I)Or/ange
. 60%. decrease below 60%. °
30%.
An increase in
Riparian woody riparian woody Riparian woody
Upper zone species cover species cover species cover VEGRAI range between 40
PP " |between 30% and |above 60% OR a |between 30% and |- 60%.
60%. decrease below 60%.
30%.
Reed covers . . Reed covers
Marginal zone. |between 30% and An inrease in rf’ ed between 20% and |RHAM recorded no reeds.
) o cover above 40%. o
Phragmites 40%. 30%.
(reed) cover. Reed covers . . Reed covers
Lower & Upper between 20% and An increase in rf ed between 10% and |RHAM recorded no reeds.
zones. 30%. cover above 30%. 50%.
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11.6

FISH

EcoSpecs and TPCs are provided for RHAM monitoring and FRAI data in Section 11.6.1. The spatial FROC of EWR 1 is provided in Section 11.6.2
and indicates the FROC under reference, PES and REC conditions as well as TPCs for baseline (PES) conditions.

11.6.1 EcoSpecs and TPCs relating to RHAM and FRAI data: PES
PES
5 EWR SITE REACH
Metric £
< S g
E = 2 ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic)
Baseline FRAI score of 78.3%
Three of an expected 7 naturally Less than 3 naturally occurring Loss in diversity, abundance and Al indigenous gigé;:;%uﬁéegé%rreea;chH oAfny
3 Species All indigenous |occurring indigenous fish species indigenous fish species sampled |condition of velocity-depth S ecieg esp. CANO. |especially AURA. CANO. VNEL
richness. species. were sampled during the baseline  |during a survey when habitat can |categories and cover features (to ApURA & Vl\?léL ’ (re?er to t):able o iFROC)’OR FRAI
(EWR-PES) survey. be sampled efficiently. be quantified by RHAM). scores decreasing below 75%
(high C).
. . Relative abundance of less than
5 Relative N/A Eﬁﬁgg;?gﬁfg;f;ﬁg;ifgg 1.5 ind/min sampled at the site N/A N/A
abundance. ’ ; ! ’ (during optimal sampling ’ ’
ind/min. S
conditions).

N Any - . .. _|Presence of any alien/introduced C Presence of any alien/introduced
Alien fish T No alien fish species sampled at site|.. : . . Any alien/introduced |,. : . .
species. ghen/mtroduce during recent surveys. fish species at site during any N/A. Spp. flsh_ species at sites within reach

spp. survey. during any survey.
FD Habitats. VNEL |CANO
o Any decreased FROC in reach of
FS habitats. VNEL, CANO Reduced suitability (abundance & |VNEL  |CANO VNEL & CANO (refer to table 2 -
During the baseline survey VNEL .. |quality) of FD & FS habitats (i.e. FROC, column F).
Substrate. was present at site at relative g{:‘rﬁl‘ z;r:]d gﬂ’dg %);enrgsrg?t :'tte decreased flows, increased zero  |VNEL CANO
1 abundance of 2 ind/min relati\?e agundangejfind/min for flows), increased sedimentation of
Flow dependant CANO. VNEL |electrofishing, while CANO was VNEL and < 0 4 ind/min for CANO. |1iffle/rapid substrates, excessive _
spp (flow (AURA & BBRI |[Present at 0.76 ind/min. : “|algal growth on substrates (tobe |CANO  |AURA Any decreased FROC in reach of
alteration). it sampled in quantified with RHAM). CANO & AURA (refer to table 2 -
Water quality fytyre at site). FROC, column F).
intolerance. ) CANO  |AURA
AMOS only SD indicator sampled R .
- ) . > Reduced suitability of SD habitats
AMOS only SD indicator sampled at |at site and not a reliable indicator |,. = . .
SD habitats, | AMOS (BANO, [EWR site during baseline survey,  species as they are generally |G JERERECIRE RN SERSOn | o e S SRR
’ BBRI). present at relative abundance of coincidentally sampled (TPCs for sedimentation of pools) !(to be FROC, column F)
0.01 ind/min electrofishing. BANO & BBRI can be defined in uantified with RI—F:AM) ’ ’
future if they are sampled at site). a ’
Water column.  |No indicator species available at site or in reach for water column as cover.
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species were present during
baseline (EWR) survey.

sampled at the EWR site.

quantified with RHAM).

PES
= EWR SITE REACH
: o
= Metric g -
g = ;t' ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic)
Significant change in SS habitat
suitability (i.e. increased flows, Any decreased FROC in reach of
SS habitats. BANO, BBRI & TSPA only SS and altered seasonality, increased BANO BBRI |[BANO & BBRI (refer to table 2 -
(BANO, BBRI overhanging vegetation indicator | TPCs for BANO, BBRI & TSPA  |eqimentation of slow habitats) (to FROC, column F).
& TSPA) species expected at site. None of |can be defined in future if they are |, quantified with RHAM).
these species were present during [sampled at the EWR site. —— - - -
Overhanging baseline (EWR) survey. Significant change in overhanging Any decreased FROC in reach of
vegetation vegetation habitats (to be BBRI TSPA |BBRI & TSPA (refer to table 2 -
9 ' quantified with RHAM). FROC, column F).
AMOS only undercut bank indicator Qtlvsli?g’ aonncliyngPal ?g;;fgifgizg{g?
sampled at EWR site during species as they are generall Significant change in undercut Any decreased FROC in reach of
Undercut banks. |AMOS (BBRI) |baseline survey, present at relative cgincidentall gam I%d (TP)(I:S for bank habitats (to be quantified with |AMOS BBRI |AMOS & BBRI (refer to table 2 -
abundance of 0.01 ind/min BBRI can b Vd i pd ture - |RHAM). FROC, column F).
electrofishing. can be defined in future i
they are sampled at site).
BANO & TSPA only instream
Instream (TSPA & vegetation indicator species TPCs for BANO & TSPA can be |Significant change in Instream Any decreased FROC in reach of
vegetation BANO) expected at site. None of these defined in future if they are vegetation habitats (to be TSPA BANO |TSPA & BANO (refer to table 2 -

FROC, column F).

1 Refer to electronic data (DWA, 2010).
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11.6.2 Spatial FROC under reference, PES and REC conditions and TPCs for baseline
(PES) conditions

Spatial FROC
Species Scientific names: Reference species REFE(,:;ENCE PES (B/C) REC (B)
(Abbr.) (Introduced species excluded) eferonce E ::n gﬁ:ﬁ;’t‘;‘: q S [ ———
FROC | gerived FROC | TFC FROC

AMOS Anguilla mossambica (Peters 1852) 4 2 1 2
AURA Amphilius uranoscopus (Pfeffer, 1889) 4 3 2 3
BANO Barbus anoplus (Weber, 1897) 4 3 2 3
BBRI Barbus brevipinnis (Jubb, 1966) 4 3 2 3
CANO Chiloglanis anoterus (Crass, 1960) 5 5 4 5
TSPA Tilapia sparrmanii (Smith, 1840) 4 3 2 4
VNEL Varicorhinus nelspruitensis (Gilchrist & Thompson, 1911) 5 5 4 5

11.7 MACROINVERTEBRATES
11.7.1 Baseline description

The baseline data for the biota is based on an EWR site visit during September 2007 (2 sets of
samples) at a flow of 1.6 m%s. The original SASS5 total score for the site was 170 with an ASPT
of 6.3. The reference conditions used to derive the EcoStatus (MIRAI) were based on
macroinvertebrate data from the River Health Program ‘Rivers Client’ for sites X2LUNS-KRUIS,
X2CROC-VALYS, X2CROC-DONKE. The reference total SASSS5 score for the site was 240 with
an ASPT of 7.5. The baseline results are presented in the electronic information that accompanies
this Report series (DWA, 2010). The PES and the REC for this site is a B EC.

11.7.2 Indicator taxa

Habitat diversity was high and a number of sensitive flow dependent taxa were collected including
Baetidae (> 2 spp); Perlidae, Heptageniidae, and Athericidae.
The habitat preferences for the indicator taxa are as follows:

o Perlidae: Preference for velocities greater than 0.6 m/s, and cobble habitat.

o Heptageniidae: Preference for fast flow over coarse substrate; with high ~ water  quality
requirements.

o Athericidae: Preference for cobble substrate, typically found in velocities of > 0.3 m/s.

o Baetidae > 2 spp: Preference for high water quality environments.

Sensitive flow-dependent macroinvertebrate taxa expected under reference conditions include
Tricorythidae, Hydropsychidae 2 spp, Philopotamidae, and Psephenidae.

Generic minimum values for the various parameters are provided per taxon, below, as a guideline
for monitoring. These values may differ slightly from site to site depending on the nature of the
coarse substrates and the vegetation.
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FDI INDICATOR TAXA GENERIC Ave Max Ave Max 1 2 3 4 5
MINIMUM HYDRAULIC HABITAT | Depth | Depth | vel. vel. | FCS | VEC | VEG' | Embt ) Alg
REQUIREMENTS: m m m/s m/s ° ° ° ° °
Perlidae >0.1 >0.2 >0.3 >0.6 >10 >1 >2 <10 Isol.
Heptageniidae > 0.1 >0.2 >0.3 > 0.6 > 10 >0 >2 <10 Isol.
Elmidae >0.3 >0.6 >10 >0 >2 <10 Isol.
1 Flow over coarse substrate 2 Very fast over coarse substrate
3 Vegetation 4 Embedded 5 Algae

11.7.3 EcoSpecs and TPCs relating to RHAM and MIRAI monitoring data: REC

ECOSPECS: Habitat

TPCs

Average depth over the top of wetted cobbles/bedrock should exceed
0.1 m. Maximum depth measured should exceed 0.25 m.

Maximum depth less than 0.28 m.

Average and maximum velocities should be > 0.2 and 0.6 m/s
respectively.

Average and maximum velocities less than 0.25 and 0.65 m/s.

Small % of FCS, VFCS and inundated vegetation to be present.

No FCS present.

< 10% algal cover on coarse substrates including bedrock.

> 10% algal cover on coarse substrates including bedrock.

< 10% embeddedness of cobbles.

> 10% embeddedness of cobbles.

Marginal vegetation (MV) inundated to a depth of > 0.25 m.

MV inundated to a depth of < 0.2 m.

ECOSPECS: Biota

TPCs

To ensure that the MIRAI score remains within the range of a B
category (80% — 89%), using the same reference data used in this
study.

A MIRAI score of 80% or less.

Presence of at least three of the following taxa: Perlidae,

Heptageniidae, Athericidae, Baetidae > 2spp.

One or more of the following taxa present as individuals only,
or absent: Perlidae, Heptageniidae, Athericidae, Baetidae > 2
spp.

No macroinvertebrate family consistently dominating the fauna defined
as C abundance (> 100) over two consecutive surveys.

Any one or more taxa occurring in an abundance of > 100
individuals over two consecutive surveys.
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12

(SABIE RIVER)

RESULTS: ECOSPECS AND TPCs FOR EWR 2: AAN DE VLIET

A summary of the site EcoClassification is provided below (DWA, 2009b).

12.1

ECOCLASSIFICATION SUMMARY OF EWR 2

EWR 2: Aan de Vliet (Sabie River)

EIS: HIGH

PES: C

REC: B

AEC down: C/D

Rare and endangered fish and vegetation species. Species present intolerant
to flow and flow related water quality changes.

Forestry and landuse activities, mostly non-flow related.

Changes in flow are not required to improve the state.
Remove exotic vegetation and cease mowing in the riparian zone. Reduce
recreational disturbances. The nutrient status must also be improved.

Increased abstraction could lead to increased return flows that will cause
problems due to pesticides, nutrient loading etc. Mismanagement of land use
in terms of forestry and agriculture

PES
Category

C

Driver

Components isnd

HYDROLOGY

WATER QUALITY

GEOMORPHOLOGY Negative

Response

Components isnd

Stable

MACRO
INVERTEBRATES Stable

INSTREAM

RIPARIAN
VEGETATION

Negative

ECOSTATUS (o]

EcoSpecs (PES and REC) and TPCs (PES) are provided for the different components in Section

12.2 to 12.6.

12.2

GEOMORPHOLOGY

The REC is the same as the PES. The active channel at the site has shrunk, the riparian zone
more densely-wooded and it is likely that the bed material has similarly fined. To maintain the
REC, the accumulation of fines within the active channel is the primary focus of the EcoSpecs and
TPCs. There was no available baseline RHAM data for this site, so EcoSpecs and TPCs tied to
this format of data could not be generated. EcoSpecs and TPCs are provided for GAI monitoring
data in Section 12.2.1.

12.2.1

EcoSpecs and TPCs relating to GAI monitoring data: PES and REC

Metric

EcoSpec

TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

In-channel sediment
(substrate) distribution.

Maintain the bed material size
distribution within the active channel in
order to maintain the available
physical habitats.

Overall for the in-channel sediments:

Sand (< 6 mm diameter) should not exceed 20%.

. GAl level IV in 2007 measured 9%.

Gravels (< 60 mm diameter) should not be less than 20%.
. GAl level IV in 2007 measured 33%.

Sampling protocol:
Sediment is to be sampled in the active channel riffle.

ACTIVE CHANNEL MORPHOLOGY

Active channel
morphology.

Maintain the channel/reach type.

Changes in flow and in catchment sediment yield have caused the
channel to react - the active channel at the site has narrowed and the
riparian zone becomes well-wooded. |t is likely that the bed material
has similarly fined. These all represent an undesirable trend.
Monitoring could take place through occasional (5-10 vyear)
resurveyed cross-sections at the EWR site.
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Metric

EcoSpec

TPCs

GAl level IVEC

GAl level IV PES score.

Maintain or improve the GAl score. PES score from the GAl level IV should equal or exceed 85%.

12.3

PHYSICO-CHEMICAL VARIABLES

There was no available baseline RHAM data for this site. EcoSpecs and TPCs relating for the
PES and REC are provided in Section 12.3.1 — 12.3.3.

12.3.1

Physico-chemical data: EcoSpecs — PES

River: Sabie

EWR Site: 2 | Monitoring site: X3H006Q01

Water quality metrics

ECOSPEC: PES

MgSO4 The 95" percentile of the data must be < 16 mg/L.

Na,SO, The 95" percentile of the data must be < 20 mg/L.

MgCls The 95" percentile of the data must be < 15 mg/L.

Inorganic salts*

CaCl, The 95™ percentile of the data must be < 21 mg/L.

NaCl The 95™ percentile of the data must be < 118 mg/L (A/B category).
CaSO0O, The 95" percentile of the data must be < 351 mg/L.

EC The 95" percentile of the data must be < 30 mS/m.

pH The 5™ and 95" percentiles of the data must range from 6.5 to 8.0.
Temperature Small deviation from the natural temperature range.

Physical variables

Dissolved oxygen

The 5" percentile of the data must be = 7.5 mg/L.

Vary by a small amount from the natural turbidity range; minor silting of instream

Turbidity habitats acceptable.

TIN The 50" percentile of the data must be < 0.25 mg/L.
Nutrients "

PO,-P The 50" percentile of the data must be < 0.025 mg/L.

Chl-a phytoplankton

The 50™ percentile of the data must be < 10 pg/L.

Response variables

Chl-a periphyton

The 50™ percentile of the data must be < 84 mg/mZ.

Toxics

An impact is expected if the 95" percentile of the data exceeds the TWQR as
stated in DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

12.3.2 Physico-chemical data: EcoSpecs — REC

River: Sabie EWR Site: 2 Monitoring site: X3H006Q01
Water quality metrics ECOSPEC: REC
MgSO4 The 95" percentile of the data must be <16 mg/L.
Na>SO, The 95" percentile of the data must be < 20 mg/L.
| | MgCls The 95" percentile of the data must be < 15 mg/L.
norganic salts*
CaCl, The 95" percentile of the data must be < 21 mg/L.
NaCl The 95" percentile of the data must be < 118 mg/L.
CaSO0O, The 95" percentile of the data must be < 351 mgl/L.
EC The 95" percentile of the data must be < 30 mS/m.
pH The 5™ and 95" percentiles of the data must range from 6.5 to 8.0.
Physical variables Temperature Small deviation from the natural temperature range.
Dissolved oxygen The 5" percentile of the data must be = 7.5 mg/L.
Turbidit Vary by a small amount from the natural turbidity range; minor silting of
y instream habitats acceptable.
Nutrient TIN The 50" percentile of the data must be < 0.25 mg/L.
utrients
PO,-P The 50" percentile of the data must be < 0.015 mg/L.
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River: Sabie EWR Site: 2 Monitoring site: X3H006Q01
Water quality metrics ECOSPEC: REC
Chl-a phytoplankton The 50" percentile of the data must be <10 pg/L.
Response variables Chl-a periphyton The 50" percentile of the data must be < 52.5 mg/m?. **
Toxics An impact is expected if the 95" percentile of the data exceeds the TWQR as

stated in DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.
** Periphyton (32.97 mg/m?) is actually in a C/D category (C = 12 - 21 and D = 21 - 84 mg/m? DWAF; 2008b), so have defined the
upper boundary of a C/D as the EcoSpec for the REC.

12.3.3 TPCs relating to physico-chemical data: PES

River: Sabie EWR 2 ‘ Monitoring site: X3H006Q01
Water quality metrics TPC

MgSO, The 95" percentile of the data must be 13 — 16 mg/L.

Na SO, The 95" percentile of the data must be 16 — 20 mg/L.

MgCl, The 95" percentile of the data must be 12 — 15 mg/L.
Inorganic salts* -

CaCl, The 95" percentile of the data must be 17 — 21 mg/L.

NaCl The 95" percentile of the data must be 95 — 118 mg/L.

CaS0O, The 95" percentile of the data must be 280 — 351 mg/L.

EC The 95" percentile of the data must be 24 — 30 mS/m.

pH The 5™ and 95" percentiles of the data must be < 6.7 and > 7.8.
Physical variables Temperature Initiate baseline monitoring for this variable if Level Il or higher of the DSS.

The 5™ percentile of the data must be 7.8 — 7.5 mg/L. Initiate baseline monitoring for

Dissolved oxygen this variable if Level Il or higher of the DSS.

TIN The 50" percentile of the data must be 0.2 — 0.25 mg/L.

Nutrients m -
PO,-P The 50™ percentile of the data must be 0.02 — 0.025 mg/L.

Chl-a phytoplankton The 50" percentile of the data must be 8 — 10 ug/L.

Response variables Chl-a periphyton The 50" percentile of the data must be 42 — 52 mg/m?.

An impact is expected if the 95" percentile of the data exceeds the TWQR as stated
in DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

Toxics

12.4 RIPARIAN VEGETATION
EcoSpecs and TPCs based on the VEGRAI data are provided Section 12.4.1.

12.4.1 EcoSpecs and TPCs relating to RHAM and VEGRAI monitoring data: PES

Assessed Zone

H2 7125 component assessed

EcoSpec (PES) TPC (PES) EcoSpec (REC) Note

VEGRAI recorded 10 - 20%

Exotic Invasion . . An increase in Exotic species .
(perennial Riparian zone. EXOUC sp;agles% gf,j"er exotic species cover between 5 (marg||nal ?gnez,(;:zt/n rlnostly
exotics). etween 10 - 15%. | -overs above 15%. - 10%. annuals), 10 - 20% (lower

zone), < 10% (upper zone).

An increase in

Indigenous Riparian woody riparian woody Riparian woody
2 o species cover species cover species cover  |[VEGRAI range between 20 -
c B gf\i:an Woody |Riparian zone. between 20% and  |above 70% OR a |between 30% 40%.
’ 70%. decrease below  |and 60%.
20%.
Non-woody
Indigenous . . Non-woody
Non-woody cover An increase in )
Cover (grasses, Marginal zone. |between 50 and non-woody cover coverobetween 1 VEOGRAI range between 40
sedges & 60% above 60% and 5% OR 30 [60%.
dicotyledonous ° ° and 40%.
forbs).
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12.5

FISH

EcoSpecs and TPCs are provided for the FRAI data in Section 12.5.1. The spatial FROC of EWR 2 is provided in Section 12.5.2 and indicates the
FROC under reference, PES and REC conditions as well as TPCs for baseline (PES) conditions.

12.5.1 EcoSpecs and TPCs relating to FRAI data: PES
PES
Metric 2 EWR SITE REACH
= O .
c = o
E Z o ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic)
Baseline (PES) FRAI score of 78.6
) . L . B/C) calculated for reach. Any
- Less than 12 fish species sampled Loss in diversity, abundance and ( .
. - 14 of the 22 expected indigenous . L : - oo - decreased FROC in reach of
7SR (opasaoU i spaiesweresampled s he o500 PSCUelSNIO g s sumey - jconlon o velooly Sepl 4 0o lospecial GANO, WNEL, BEUT 5
: P ’ baseline (EWR) survey. officient! P be 8antified by RHAM) P : PER (refer to sheet 5-FROC: Table
y- a y ’ 2') OR FRAI scores decreasing
below 75% (high C).
Relative During the baseline (EWR-PES) Relative abundance of less than 2.5
6 abundance N/A. surveys fish were sampled at 4.3 ind/min sampled at the site (during N/A. N/A.
’ ind/min. optimal sampling conditions).
N Any S . . C . Any Presence of any alien/introduced
13 ?I':;g:h alien/introduce gllj)riil|ernegz:tsspljer(\:/|:sssampled atsite ErzzieensCZtosfit?anc)j/u?:Ir?ngrr]]tros%%zd fish N/A. alien/introduced |fish species at site during any
P ’ d spp. 9 ys. P g any y- spp. survey.
During the baseline survey VNEL N
. . . Reduced suitability (abundance
_ ;Vt?jn%f:cegto?toﬂg ﬁlt dr/?TL?:]IVG g{;‘rﬁz 21?1(:/ EEregyagi%egtr;rs%rztS;e & quality) of FD hgbitats (i.e. Any decreased FROC in reach of
5 |FD Habitats. VNEL, BEUT electrofishing, while BEUT was relative abundance < 0.25 ind/min for ﬁg@gaggdbzovﬁr:{;g;a;ﬁﬁ zero |VNEL |BEUT I\:/gglé&cglizz ('g(.af_l(_aarkt)(l)eszh)eet 5>
present at 0.57 ind/min VNEL and < 0.3 ind/min for BEUT. RHAM) a ’ ’ ’
(electrofishing). :
During the baseline survey VNEL . Reduced suitability (abundance
was present at site at relative gﬁlrﬁl‘ aar:]d glf‘r'\\,? %’;enrgsrgrrﬂ zltte & quality) of FS habitats (i.e. Any decreased FROC in reach of
3 |FS habitats. VNEL, CANO |abundance of 0.43 ind/min while g any y pres ; decreased flows, increased zero [VNEL |CANO |VNEL & CANO (refer to sheet 5-
) . relative abundance < 0.25 ind/min for I ) .
CANO was present at 1.82 ind/min VNEL and < 1.2 ind/min for GANO flows) (to be quantified with FROC, column F: Table 2).
(electrofishing). ’ ' RHAM).
During the baseline survey VNEL VNEL absent from site during any gedulﬁﬁd) Sol]f'tsaﬁ)'gtt)r/a(tzb#:gi;ge
was present at site at relative survey and BPOL absent during 2 (in?:reas{ad sedimentation of Any decreased FROC in reach of
4 |Substrate. BPOL, VNEL |abundance of 0.43 ind/min while consecutive surveys OR present at riffle/rapid substrates. excessive BPOL |VNEL |[BPOL & VNEL (refer to sheet 5-
BPOL was present at 0.15 ind/min  |relative abundance < 0.25 ind/min for P X FROC, column F: Table 2).
o : h algal growth on substrates, etc.)
(electrofishing). VNEL and < 0.08 ind/min for BPOL. (to be quantified with RHAM)
Flow dependant During the baseline survey OPER  |OPER and CANO absent from site Any decreased FROC in reach of
1 |spp (flow OPER, CANO |was present at site at relative during any survey OR present at OPER [CANO |OPER & CANO (refer to sheet 5-
alteration). abundance of 0.12 ind/min while relative abundance < 0.05 ind/min for FROC, column F: Table 2).
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PES
Metric £ EWR SITE REACH
= QO .
c = o
« E o ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic)
CANO was present at 1.82 ind/min  |OPER and < 1.2 ind/min for CANO.
(electrofishing).
During the baseline survey BEUT .
Water qualit was present at site at relative SE%T E;:]d (ssuAryeo %’;enrtegggl :'tte Decreased water quality (as Any decreased FROC in reach of
2 imoler;nce Y |BEUT, CANO |abundance of 0.57 ind/min while relatige ag’un dange g ops e for | indicated by PAI, RHAM visual, [BEUT |[CANO  |BEUT & CANO (refer to sheet 5-
: CANO was present at 1.82 ind/min BEUT and < 1.2 ind/miﬁ for CANO or water quality assessments). FROC, column F: Table 2).
(electrofishing). ’ ’
During the baseline survey BMAR BMAR absent from site during any E;g?;gd(f:'tﬁggggsog deE)ws in
was present at site at relative survey and BPOL absent during 2 dr seasoﬁ .alteration in Any decreased FROC in reach of
9 |SD habitats. BMAR, BPOL |abundance of 0.42 ind/min while consecutive surveys OR present at se);sonalit ’ sedimentation of BMAR |BPOL [BMAR & BPOL (refer to sheet 5-
BPOL was present at 0.15 ind/min  |relative abundance < 0.25 ind/min for ools) (to ge uantified with FROC, column F: Table 2).
(electrofishing). BMAR and < 0.08 ind/min for BPOL. EH AV q
During the baseline survey BMAR BMAR absent from site during any
was present at site at relative survey and BPOL absent during 2 Reduction in suitability of water Any decreased FROC in reach of
8 |Water column. |OPER, BMAR |abundance of 0.42 ind/min while consecutive surveys OR present at column (i.e. increased OPER [BMAR |OPER & BMAR (refer to sheet 5-
BPOL was present at 0.15 ind/min  |relative abundance < 0.25 ind/min for |sedimentation of pools). FROC, column F: Table 2).
(electrofishing). BMAR and < 0.08 ind/min for BPOL.
MACU & PPHI are the best indicator
species of SS at the site (as . ’ I ) .
observed during baseline surveys). PPHI abszn"\[/lf'&ocrr&snk;a dutngg gnyz Slgtnltf)l.cr?nt.chgnge in Sc?fTabltat A d SFROG o
_ During the baseline survey MACU survey an absent during suitability (i.e. increased flows, ny decrease in reach o
11 |SS habitats. MACU, PPHI was present at site at relative consecutive surveys OR present PPHI |altered seasonality, increased  |BBRI |BUNI BUNI & BBRI (refer to sheet 5-
abun%ance of 0.05 ind/min while present at relative abundance < 0.15 |sedimentation of slow habitats) FROC, column F: Table 2).
PPHI was presént at 0.25 ind/min ind/min. (to be quantified with RHAM).
(electrofishing).
Overhanging During th i BEUT Significant change in Any decreased FROC in reach of
. BEUT, PPHI uring the base Ine survey u BEUT and PPHI absent from site overhanging vegetation habitats |BEUT |BTRI BEUT & BTRI (refer to sheet 5-
vegetation. was present at site at relative ifi i
10 abundance of 057 ind/min while during any survey OR present at (tO be quant|f|ed with RHAM) FROC, column F: Table 2)
PPHI was presént at 0.25 ing/min | retative abundance < 0.3 ind/min for |Significant change in undercut Any decreased FROC in reach of
Undercut banks. |BEUT, PPHI | glectrofishing). BEUT and < 1.5 ind/min for PPHL. bank habitats (to be quantified |BEUT |[MMAC [BEUT & MMAC (refer to sheet 5-
with RHAM). FROC, column F: Table 2).
The only species with high indicator
Instream value for instream vegetation is TSPA absent during 2 consecutive Significant change in Instream Any decreased FROC in reach of
12 veaetation TSPA TSPA. During the baseline survey |surveys or present with relative vegetation habitats (to be TSPA TSPA (refer to sheet 5-FROC,
9 ’ TSPA was present at site at relative |abundance < 0.03 ind/min. quantified with RHAM). column F: Table 2).
abundance of 0.07 ind/min.

1 Refer to electronic data (DWA, 2010).
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12.5.2 Spatial FROC under reference, PES and REC conditions and TPCs for baseline
(PES) conditions

Spatial FROC
Szecies Sci?ntific names: Re_ferenctla species REFE(i;ENCE PES (B/C) REC (B)
(Abbr) (introduced species excluded) Reference E:'; c(I) E:Er t‘;‘:d FROC | Expected/derived
FROC derived FROC TPC FROC
AMOS Anguilla mossambica (Peters 1852) 4 2 1 2
AURA Amphilius uranoscopus (Pfeffer, 1889) 4 4 3 4
BARG Barbus argenteus (Glnther, 1868) 3 2 1 2
BBRI Barbus brevipinnis (Jubb, 1966) 4 1 0 3
BEUT Barbus eutaenia (Boulenger, 1904) 5 5 4 5
BMAR Labeobarbus marequensis (Smith, 1841) 5 4 3 4
BPOL Labeobarbus polylepis (Boulenger, 1907) 5 4 3 4
BTRI Barbus trimaculatus (Peters, 1852) 5 3 2 5
BUNI Barbus unitaeniatus (Glnther, 1866) 4 2 1 4
CANO Chiloglanis anoterus (Crass, 1960) 5 5 4 5
CGAR Clarias gariepinus (Burchell, 1822) 4 4 3 4
CPAR Chiloglanis paratus (Crass, 1960) 3 2 1 2
CSwiI Chiloglanis swierstrai (Van der Horst, 1931) 4 4 3 4
LCYL Labeo cylindricus (Peters, 1852) 4 2 1 3
LMOL Labeo molybdinus (Du Plessis, 1963) 4 2 1 3
MACU Micralestes acutidens (Peters, 1852) 4 3 2 3
MMAC Marcusenius macrolepidotus (Peters, 1852) 4 3 2 3
OPER Opsaridium peringueyi (Gilchrist & Thompson, 1913) 5 5 4 5
PCAT Petrocephalus wesselsi (Kramer & Van der Bank, 2000) 4 2 1 2
PPHI Pseudocrenilabrus philander (Weber, 1897) 4 3 2 3
TSPA Tilapia sparrmanii (Smith, 1840) 4 3 2 3
VNEL Varicorhinus nelspruitensis (Gilchrist & Thompson, 1911) 5 5 4 5

12.5.3 MACROINVERTEBRATES
12.5.4 Baseline description

The baseline data for the biota is based on an EWR site visit during September 2007 at a flow of
1.5 m%s. The original SASS5 total score for the site was 167 with an ASPT of 7. The reference
conditions used to derive the EcoStatus (MIRAI) were based on invertebrate data from one NRHP
site, namely: X2 CROC-GOEDE. The total reference condition comprises the cumulative data set
from this site and the sample site. The reference total SASS 5 score was 260, with 30 taxa and an
ASPT of > 7.5. The baseline, together with those for the reference sites, is presented in the
electronic information that accompanies this Report series (DWA, 2010). The PES for this site is a
B/C (79.5%), and REC is a B.

12.5.5 Indicator taxa

Three sensitive flow-dependent taxa with a preference for cobble areas were used as indicators for
this site: Perlidae which prefer velocities > 0.6 m/s; Elmidae and Heptageniidae, both of which
prefer velocities between 0.3 and 0.6 m/s. Perlidae and Heptageniidae are highly sensitive to
water quality whereas Elmidae are moderately sensitive to water quality. The hydraulic
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parameters associated with the MAINTENANCE DRY flows are presented. These data provide an
approximation of the minimum values required at the site during the dry season in order to fulfil the

FDI population’s preferred hydraulic habitat requirements.

They thus serve as a guide in the

setting of EcoSpecs, particularly in the event that the EWR and RHAM sites are not in the same

locality.
O T erie | hve | Mo avews. | Maxvel | rGs | vics | Emo | Al
REQUIREMENTS: m m
Perlidae > 0.1 >0.2 >0.2 > 0.6 >10 >5 <10 Isol.
Heptageniidae > 0.1 >0.2 >0.2 > 0.6 >5 >0 <10 Isol.
Elmidae >0.2 > 0.6 >5 >0 <10 Isol.
cat | FIo% | g | Deptn | Deptn | Aveyel | Maxuel | FCS | VECS | Emb | Al
Block m m
B/C 0.864 Dry Maint 0.19 0.26 0.39 1.2 26 13 <10 isol
B 0.975 Dry Maint. 0.2 0.27 0.43 1.3 26 17 <10 isol

12.5.6 EcoSpecs and TPCs relating to RHAM and MIRAI monitoring data: REC

The TPCs and EcoSpecs are provided for habitat and biota at REC conditions.

ECOSPECS: HABITAT

TPCs

Average and maximum depth should exceed 0.1 m and 0.2 m
respectively.

Average and maximum depth less than 0.15 and 0.25 m
respectively.

Average and maximum velocities should exceed 0.2 and 0.6 m/s
respectively.

Average and maximum velocities less than 0.25 and 0.65 m/s.

> 10% of FCS to be present and > 5% of VFCS.

< 12% FCS present. < 5% FCS.

< 10% algal cover on cobbles and boulders.

> 10% algal cover on cobbles and boulders.

< 10% embeddedness of cobbles.

> 10% embeddedness of cobbles.

Adequate inundation of marginal and instream vegetation.

Marginal and/or instream vegetation largely exposed.

ECOSPECS

TPCs

To ensure that the SASS5 scores and ASPT values occur in the
following range: SASS5 score: > 160; ASPT value: > 6.8.

SASSS5 scores below 160 and ASPT below 7.

To ensure that the MIRAI score remains within the range of a B/C
category (77.4% - 82.01%), using the same reference data used in this
study.

A MIRAI score of 80% or less.

Presence of the following taxa at A or greater abundances: Perlidae,
Heptageniidae, Elmidae, Baetidae > 2 spp.

One or more of the following taxa present as individuals only,
or absent altogether: Perlidae, Heptageniidae, and Elmidae.
Less than 2 spp of Baetidae.

To ensure that no group consistently dominates the fauna, defined as C
abundance (> 100) over more than two consecutive surveys.

The presence of any taxon occurring in an abundance of >|

100 individuals for two consecutive surveys.
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13 RESULTS: ECOSPECS AND TPCs FOR EWR 3: KIDNEY (SABIE

RIVER)

A summary of the site EcoClassification is provided below (DWA, 2009b).

13.1 ECOCLASSIFICATION SUMMARY OF EWR 3
EWR 3 Kidney (Sabie River)
EIS: VERY HIGH
Rare and endangered species, taxon richness and species intolerant to flow Driver PES & REC
and flow related water quality changes. Refuge area for biota and an Components Category | Irend | AECI

important migration corridor for birds and fish. Within KNP.
HYDROLOGY

PES: A/B
Forestry, abstraction, Inyaka Dam and landuse activities. (Flow and non-flow
related)

WATER QUALITY

GEOMORPHOLOGY Negative

REC: A/B Response
. Trend AEC
As the PES is already an A/B, the REC = the PES. Components ren %
FISH Stabl
AEC Down: B/C avle C
Increased abstractions, no Reserve implementation, less floods. Increased MACRO Stable
nutrients, changes in temperature, oxygen etc. Riffles lost due to INVERTEBRATES
§ed|mentat|on, channel shallower and sandier. Vegetation exotics will INSTREAM
increase.
More reeds will be present in sandier areas. RIPARIAN
VEGETATION
ECOSTATUS

EcoSpecs and TPCs for the PES and REC are provided for the different components in Section
13.210 13.7.

13.2 GEOMORPHOLOGY

The REC is the same as the PES. Sedimentation, specifically in the braided and pool-rapid
reaches, has resulted in a loss of exposed bedrock and riffles, causing a decrease in the instream
habitat diversity as the sites tend towards sandier, shallower shallow systems. Keeping the
accumulation of sands in check is the focus of the EcoSpecs and TPCs. EcoSpecs and TPCs are
provided for RHAM monitoring data in Section 13.2.1 and GAI monitoring data in Section 13.2.2.

13.2.1 EcoSpecs and TPCs relating to RHAM monitoring data

Metric EcoSpec TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

Overall for the in-channel sediments:
Sand (<6 mm) should not exceed 50%.
. RHAM monitoring in 2009 measured 42%.

In-channel sediment
(substrate) distribution.

Maintain the bed material size
distribution within the active channel in
order to maintain the available physical
habitats.

Bedrock should be more than 20%.

RHAM monitoring in 2009 measured 30%.

Within all of the fast habitats:
Sand should not exceed 30%.

. RHAM monitoring in 2009 measured 22%.

The percentage substrate type within the active channel at the RHAM site is provided below.
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Roots Fines Sand Gravel Cohbles Boulders Bedrock

Maintain minimum embeddedness to
ensure bed mobility and create habitat
for instream biota.

Proportion of
embedded sediments.

Embedded cobbles should be less than 30% of the site.

RHAM monitoring in 2009 measured 14%.
Embedded boulders should be less than 30% of the site.
. RHAM monitoring in 2009 measured 6%.

IN-CHANNEL HABITAT DIVERSITY

Percentage of instream habitat per depth-velocity class and per

substrate type is provided below.

Fines
Sand o
Gravel
Cabbles

18-20
16-18
14-16
12-14
10-12
= 3-10
m6-8
w46

7 Slow-very shallow
“ Slow -shallow
Slow - deep

= Fast-very shallow

/ Fast-shallow

/ Fast-intermediate

—+ Fast-deep

Boulders
Bedrock

ACTIVE CHANNEL GEOMETRY

Active channel width. Maintain channel width.

For discharges around 1.6 m%s the average width of the active
channel should be between 10 and 13 m wide.
o RHAM monitoring in 2009 measured 11 m.

13.2.2 EcoSpecs and TPCs relating to GAl monitoring data: PES and REC

Metric EcoSpec

TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

Maintain the bed material size
distribution within the active channel in
order to maintain the available physical
habitats.

In-channel sediment
(substrate) distribution.

Overall for the in-channel sediments:
Sands (< 6 mm diameter) should not exceed 40%.
. GAl level IV in 2007 measured 33%.

Sampling protocol:
Sediment is to be sampled in the active channel riffle.

ACTIVE CHANNEL MORPHOLOGY

Active channel Maintain the channel/reach type.

The site should maintain multiple active distributaries through the
reach. If less than three parallel distributaries are active during the

morphology. wet season, or less than two during the dry season, then this would
mean a TPC for maintenance of channel form has been exceeded.

GAl level IV EC

SGC%LLEVGI IVPES Maintain or improve the GAl score. PES score from the GAl level IV should equal or exceed 84%.

13.3 PHYSICO-CHEMICAL VARIABLES

TPCs relating to the RHAM water quality indicators are provided in Section 13.3.1 and EcoSpecs
and TPCs for the PES and REC in Section 13.3.2 — 13.3.4.
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13.3.1 TPCs relating to RHAM water quality indicators

RHAM indicators

Filamentous Water surface | Algal cover
Wataer: do::;:]ttype algae in water Wate;i?;zlt" ar Turbidity/clarity | indicator and on hard
column extent surfaces
PES/baseline
(RHAM survey) None 0.5 Green, 0.5 0.5 None 4
Cattle: 23 —
: L Green: = 3. All indicators: = 2
TPC Chemical pollu.tlon. 21 >3 All other colours: = 1 2 2 « |Salt deposits: 21 >4
Other sources: = 2 Trigoer R-DRAM* | 11igger R-DRAM™ | @ R-DRAM
Trigger R-DRAM 99 99

Activity at site: Irrigation return flows: Extent = 1.

* R-DRAM: ** R-DRAM:
Orange water: pH metric Turbidity indicators
Milky water: Salt and organic metrics

Green: Nutrient metric

13.3.2 EcoSpecs relating to physico-chemical data: PES and REC

River: Sabie EWR 3 | Monitoring site: X3H013Q01
Water quality metrics ECOSPEC: PES and REC
MgSO, The 95™ percentile of the data must be < 16 mg/L.
Na,SO, The 95" percentile of the data must be < 20 mg/L.
MgCl, The 95" percentile of the data must be < 15 mg/L.
Inorganic salts*
CaCl, The 95" percentile of the data must be < 21 mg/L.
NaCl The 95™ percentile of the data must be < 45 mg/L.
CaSO0, The 95" percentile of the data must be < 351 mg/L.
EC The 95™ percentile of the data must be < 30 mS/m.
oH The 5" percentile of the data must range from 6.5 to 8.0, and the 95" percentile from 6.5
to 8.8.
Temperature Small deviation from the natural temperature range.

Physical variables

Dissolved oxygen | The 5" percentile of the data must be = 7.5 mg/L.

Small to moderate changes to the catchment land-use resulting in minor effects of silting

Turbidity of habitats, largely of a temporary nature, with very intermittent temporary unnaturally
high sediment loads and high turbidities.
. TIN The 50™ percentile of the data must be < 0.25 mg/L.
Nutrients ;
PO4-P The 50" percentile of the data must be < 0.015 mg/L.
Chl-a th : -
phytoplankton The 50™ percentile of the data must be <10 ug/L.

2 wx

Response variables | Chl-a periphyton The 50™ percentile of the data must be < 21 mg/mZ.

An impact is expected if the 95™ percentile of the data exceeds the TWQR as stated in
DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.
** No periphyton or phytoplankton data were available for this assessment. All EcoSpecs and TPCs need verification as based on
expert judgement.

Toxics

13.3.3 TPCs relating to physico-chemical data: PES

River: Sabie EWR 3 | Monitoring site: X3H013Q01
Water quality metrics TPC
MgSO, The 95™ percentile of the data must be 13 — 16 mg/L.
Na,SO. The 95™ percentile of the data must be 16 — 20 mg/L.
| | MgCl, The 95™ percentile of the data must be 12 — 15 mg/L.
norganic salts*
CaCl, The 95™ percentile of the data must be 17 — 21 mg/L.
NaCl The 95™ percentile of the data must be 36 — 45 mg/L.
CaSO0, The 95™ percentile of the data must be 280 — 351 mg/L.
Physical variables | EC The 95™ percentile of the data must be 24 — 30 mS/m.
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River: Sabie EWR 3 Monitoring site: X3H013Q01
Water quality metrics TPC
The 5" percentile of the data must be < 6.7 and > 7.8, and the 95™ percentile must be <
PH 6.7 and > 8.6.
Temperature Initiate baseline monitoring for this variable if Level Il or higher of the DSS.

The 5™ percentile of the data must be 7.8 — 7.5 mg/L. Initiate baseline monitoring for this

Dissolved oxygen | | - iable if Level Il or higher of the DSS.

Nutrlent TIN The 50" percentile of the data must be 0.2 — 0.25 mg/L.
utrients
PO,-P The 50™ percentile of the data must be 0.012— 0.015 mg/L.
gr?)ll-tﬁplankton The 50™ percentile of the data must be 8 — 10 pg/L.

Response variables | Chl-a periphyton The 50™ percentile of the data must be 17 — 21 mg/m?.

An impact is expected if the 95" percentile of the data exceeds the TWQR as stated in
DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

Toxics

13.4 DIATOMS

EcoSpecs and TPCs relating to the RHAM water quality indicators are the same as for EWR 1
(Crocodile River) (Section 4.4.1).
13.5 RIPARIAN VEGETATION

EcoSpecs and TPCs based on the RHAM and VEGRAI data are provided Section 13.5.1. As both
RHAM and VEGRAI data were available, the confidence is high.

13.5.1 EcoSpecs and TPCs relating to RHAM and VEGRAI monitoring data: PES
PES |REC cﬁf:;g:‘;gt seone 4 | EcoSpec (PES) TPC (PES) | EcoSpec (REC) Note
VEGRAI recorded < 10%
(marginal zone, annuals),
Exotic Invasion Exotic species cover An increase in Exotic species 70105)0@('02,?;;?2)6 )!R<H AM
(perennial Riparian zone. b p1 d 5% exotic species cover between 1 ° d %p5o/ - h
exotics). etween 1.and 5%. | ers above 5%. |and 5%. recorded 5% cover in the
marginal zone, 3% cover
in the lower zone and 1 %
cover in the upper.
RHAM recorded 1% cover
The absence of A presence of The absence of in the marginal zone, 8%
Marginal zone. |terrestrial woody terrestrial woody |terrestrial woody |cover in the lower zone
species. species. species. and 12 % cover in the
upper.
Terrestrialisation The absence of An Increase in The absence of
; terrestrial woody .
Lower zone. |terrestrial woody SDECIeS COVers terrestrial woody  |As above.
species. p o species.
A/B | A/B above 5%.
Terrestrial woody tpér:rg]sctrr?:llsvsc;g d Terrestrial woody
Upper zone. |cover between 10 . Y |cover between 10 |As above.
and 20%. SPECIES COVETS  land 20%.
above 20%.
A decrease in VEGRAI range from 10 to
Indigenous Indigenous riparian  |riparian woody Indigenous 40%. RHAM recorded
R L woody cover species cover riparian woody 18% cover in the marginal
gfva;r:an Woody |Riparian zone. between 20 and below 10% OR an |cover between 20 |zone, 10% cover in the
’ 40%. increase above and 40%. lower zone and 14 %
40%. cover in the upper.
Non-woody A A decrease in Maintain grass,
) Maintain grass
Indigenous ’ sedge, grass and [sedge and
sedge and . . RHAM recorded an
ggggeééggiasses, Riparian zone. |dicotyledonous forb ?Afgtgl;?/%?:)%ﬁw %cr:gtgéicé?nous average of 45% cover in
o oI,
dicotyledonous ;?]\(/jeéé:z’/etween 30% 30% OR above between 30% and the riparian zone.
forbs). ° 90%. 90%.
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Assessed Zone
PES |REC component assessed EcoSpec (PES) TPC (PES) EcoSpec (REC) Note
RHAM recorded 10%
cover in the marginal zone,
8% cover in the lower zone
and 0% covers in the
upper. VEGRAI range
An increase in between 40 and 60%. The
Reed covers reed cover above |Reed covers RHAM data show that
Marginal zone. |between 20 and 80% OR a between 20 and  |TPCs have been
40%. decrease below  |40%. exceeded, but plot
20%. placement has not
represented reeds
Phragmites z:tcizfoicuﬁ”ig isnugﬁested
(reed) cover. that RHAM plots be shifted
for future monitoring.
An increase in
Reed covers reed cover above |Reed covers
Lower zone. |between 20 and 80% OR a between 20 and  |As above.
40%. decrease below  |40%.
20%.
Reed covers glénggiisreag]ove Reed covers
Upper zone. hetween 1 and 20%. [30% ORatotal  |aegroe” ' and  |As above.
loss of reed cover. °
13.6 FISH

EcoSpecs and TPCs are provided for RHAM monitoring and FRAI data in Section 13.6.1. The
spatial FROC of EWR 3 is provided in Section 13.6.2 and indicates the FROC under reference,
PES and REC conditions as well as TPCs for baseline (PES) conditions.
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13.6.1 EcoSpecs and TPCs relating to RHAM and FRAI data: PES
PES REC
o Metric ~§ EWR SITE REACH REACH
c =g
& E > ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic) ECOSPECS
Baseline (PES) FRAI score of 85.6
N . calculated for the reach. Any
) . Loss in diversity, abundance A
- . . Less than 13 fish species s ’ b decreased FROC in reach of
6 Species All species ;vseﬁexggﬁwtg?eljngﬁgr?:; LtJI'lsefIsgsseﬁ)iiceles sampled during a survey when 32gtﬁocnac:gggrizfsvae;%cggver All species especially BMAR, CANO, BEUT,
richness. ’ habitat can be sampled o ’ LMOL, OPER, MBRE, PPHI, BVIV
(EWR) survey. - features (to be quantified by .
efficiently. RHAM) and TREN (refer to sheet 5-FROC:
' Table 2) OR FRAI scores
decreasing below 79% (B/C EC.)
Relative abundance of less
. . . than 3.5 ind/min sampled at
5 gggjitcli\;ence N/A. SD:;n?egegtezt; ?r:;fn);isnf'Sh were the site (during same season |N/A. N/A. N/A.
’ P ’ ’ as baseline data) when habitat
can be sampled efficiently.
S Any S . . Presence of any Any Presence of any alien/introduced
11 Allen. fish alien/introduce No .allen fish species sampled at site alien/introduced fish species |N/A. alien/introduced |fish species in reach during any
Species. d spp. during recent surveys. at site during any survey. spp. survey.
BMAR and CANO are expected to
always be present at the EWR site Reduced suitability
(conditions similar to baseline BMAR and CANO present (abundance & quality) of FD
conditions). This is based on available |less than 100% of time (not  |habitats (i.e. decreased N/A
BMAR & data for the site: (192 CANO sampled during any survey) |flows, increased zero flows), Any decreased FROC in reach of PES = REC
3 |FD Habitats. CANO (BEUT) individuals sampled during EWR AND/OR decrease in relative |increased sedimentation of |BMAR |BEUT |[BMAR and BEUT (refer to sheet 5- B
survey at 2.02 ind/min), and BMAR abundance of < 0.5 ind/min for |riffle/rapid substrates, FROC, column F: Table 2').
100% present during historical BMAR and < 1.5 ind/min for  |excessive algal growth on
surveys, and sampled at relative CANO. substrates (to be quantified
abundance of 0.74 ind/min under with RHAM).
baseline conditions.
Reduced suitability
BMAR and LMOL are expected to (abundance & quality) of FS Any decreased FROC in reach of
FS habitats. ?c"g:gﬁlgﬁspsﬁﬁ;‘: taot I)Zi es;ltr?e BMAR and LMOL present less If';abitat_s (i.e. dedcreasefclj | LCYL |BMAR Eﬁféf;‘ ancli LCYFL ({efbelr tg)sheet 5-
- et . than 100% of time (not ows, increased zero flows), , column F: Table 2).
BMAR & conditions). Thls is based on available sampled c;urin any surve (to be quantified with RHAM).
4 data for the site: BMAR and LMOL P g any survey)
LMOL o - . . AND/OR decrease in relative ||ncreased sedimentation of
100% present during historical bund f < 0.5 ind/min for e > .
surveys, and both species sampled at abundance or < 0.5 Ina/min 1or riffle/rapid substrates, Any decreased FROC in reach of
Substrate. a relative abundance of 0.7 ing/min | P°th species. excessive algal growthon  |LCYL (LMOL |LMOL and LCYL (refer to sheet 5-
under baseline conditions. substrates (to be quantified FROC, column F: Table 2).
with RHAM).
Flow CANO is expected to always be OPER present less than 50% .
1 dependant spp|OPER & present at the site (conditions similar  |of time (not sampled for more OPER |CANO ggé%ﬁ%fﬁ%ig%?g ;ﬁgg? 5°f
(flow CANO to baseline conditions) and OPER than 2 consecutive surveys) FROC, column F: Table 2)
alteration). sampled 60% of the historical surveys. |and CANO absent during any ’ ’ ’
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PES REC
Metric % EWR SITE REACH REACH
= QO .
= = o
& E > ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic) ECOSPECS
192 individuals CANO sampled during |survey AND/OR decrease in
EWR survey (2.02 ind/min.), and relative abundance of < 1.5
OPER sampled at a relative ind/min. for CANO.
abundance of 0.14 ind/min under
baseline conditions.
Both species were sampled during
baseline survey: OPER sampled at a .
. ; . OPER and BEUT present less |Decreased water quality (as .
. relative abundance of 0.14 ind/min - = Any decreased FROC in reach of
2 x}"tf‘)ﬁg:'n“:;'ty gEPEE & (60% of historical surveys), and BEUT }gfag‘r’e/ﬂf’;'r;iégg;ﬁg\‘ged i/r:gﬁt%? S’VYJQ ’?"UF;';'{*M OPER |BEUT |OPER & BEUT (refer to sheet 5-
’ sampled at a relative abundance of surveys) asses’sments) Quaity FROC, column F: Table 2).
0.12 ind/min (40% of historical ys). ’
surveys).
OMOS & TREN will be most
appropriate indicators of SD habitats at
the site. Both species were sampled
during historical surveys (80 - 100% of
the time) and during the baseline BMAR absent during any Reduced suitability of SD
survey, but at low numbers, OMOS survey (or with relative habitats (i.e. increased flows .
10 |SD habitats BMAR, TREN [being present at 0.04 ind/min abundance < 0.5 ind/min.) in dry season, alteration in TREN |omos gnMyA?c_F%aéﬁd&Fgﬁgsm(rrgfaecrrlc?f
© |& OMOS electrofishing, and TREN at 0.01 AND/OR both TREN and seasonality, sedimentation of sheet é-FROC column F: Table 2)
ind/min electrofishing. BMAR have a [OMOS absent during any pools) (to be quantified with ’ ’ ’
lower indicator value (0.88), but is survey. RHAM).
more abundant (0.74 ind/min
electrofishing) and thus should be
used in conjunction with TREN &
OMOS.
OPE & MBRE were sampled during
baseline survey: OPER sampled at a
relative abundance of 0.14 ind/min
(60% of historical surveys), and MBRE [Adult BMAR individuals (> 150
BMAR. MBRE sampled at a relative abundance of mm) absent during any survey |Reduction in suitability of Any decreased FROC in reach of
7 |Water column. & OPE’R 0.01 ind/min (80% of historical AND/OR both MBRE and water column (i.e. increased |MBRE |OPER |MBRE & OPER (refer to sheet 5-
surveys). BMAR have a lower OPER absent during any sedimentation of pools). FROC, column F: Table 2).
indicator value (0.82), but is more survey.
abundant (0.74 ind/min electrofishing)
and could be used in conjunction with
MBRE & OPER.
Significant change in SS
. habitat suitability (i.e.
BVIV was present during baseline sBl}/rI\Xe a%ﬁg}g;”gg;ggs ein increased flows, altered Any decreased FROC in reach of
8 |SS habitats. |BVIV EWR survey at relative abundance of relativ{amce below 0.1 seasonality, increased BVIV  [MACU [BVIV & MACU (refer to sheet 5-
0.17 ind/min electrofishing. ind/min for BVIV " |sedimentation of slow FROC, column F: Table 2).
’ habitats) (to be quantified
with RHAM).
Overhanging [BVIV & PPHI [Both species were sampled during BVIV absent during any Significant change in BVIV  |[SMER [Any decreased FROC in reach of
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PES REC
o Metric % EWR SITE REACH REACH
= =4
& E > ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic) ECOSPECS
vegetation. baseline survey: BVIV is the best survey AND/OR decrease in  |overhanging vegetation BVIV & SMER (refer to sheet 5-
indicator of overhanging vegetation relative abundance below 0.1 |habitats (to be quantified with FROC, column F: Table 2).
habitats (Indicator value = 0.98) and is |ind/min for BVIV. PPHI RHAM).
expected to be present at site EWR3 |present less than 50% of time
100% of the time at > 0.17 ind/min (not sampled for more than 2
electrofishing. Alternative overhanging |consecutive surveys).
vegetation indicators (SMER, TREN &
BUNI) occur in very low numbers, thus
PPHI have been selected as additional
indicator. PPHI had a relative
abundance of 0.25 ind/min during
baseline survey and it occurred 60% of
surveys conducted at site.
Both species were sampled during the
baseline survey at relatively high
numbers. Despite lower numbers in  [Both BEUT & PPHI absent
historical sampling surveys, it is during any survey AND/OR Signifi . .
- f ; gnificant change in Any decreased FROC in reach of
t’”dem“t BEUT & PPH |8XPected that both species should be - \decrease inrelative | 1qe et bank habitats (to be [MMAC |BEUT |MMAC & BEUT (refer to sheet 5-
anks. present at site EWR3 100% of the abundance below 0.07 ind/min uantified with RHAM) FROC, column F: Table 2)
time. During baseline survey BEUT at |for BEUT and < 0.15 ind/min q ’ ’ ’ ’
a relative abundance of 0.12 ind/min, |for PPHI.
and PPHI at 0.25 ind/min.
electrofishing.
TREN & BVIV will be most appropriate
indicators of Instream vegetation BVIV absent during any
habitats at the site. Both species were [survey AND/OR decrease in I .
Instream sampled during the baseline survey relative abundance below 0.1 g’\'/%m::g;tr]gh\?;&et;:on Any decreased FROC in reach of
9 vegetation TREN & BVIV |and 100% of the time during historical |ind/min for BVIV.AND/OR habitats (to be quantified with TREN |BVIV |TREN & BVIV (refer to sheet 5-
’ surveys. However, TREN was TREN present less than 50% RHAM) FROC, column F: Table 2).
sampled at low numbers (0.01 ind/min |of time (not sampled for more ’
electrofishing). BVIV were sampled at |than 2 consecutive surveys).
0.17 ind/min electrofishing.

1 Refer to electronic data (DWA, 2010).
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13.6.2 Spatial FROC under reference, PES and REC conditions and TPCs for baseline
(PES) conditions
Spatial FROC
SRecies Scitintific names: Re.ferenctla species REFE(RA;ENCE PES (B) REC (B)
(Abbr.) (introduced species excluded) Reference Egr:‘ c? E:g;’t‘::d FROC | Expected/derived
FROC derived FROC TPC FROC
AMOS Anguilla mossambica (Peters 1852) 2 1
AURA Amphilius uranoscopus (Pfeffer, 1889) 1 1
BANN Barbus annectens (Gilchrist & Thompson, 1917) 3 3 2
BARG Barbus argenteus (Glnther, 1868) 1 0
BEUT Barbus eutaenia (Boulenger, 1904) 4 4 3
BFRI Barbus afrohamiltoni (Crass, 1960) 1 1 0
BIMB Brycinus imberi (Peters, 1852) 1 1 0
BMAR Labeobarbus marequensis (Smith, 1841) 5 5 4
BPAU Barbus paludinosus (Peters, 1852) 2 2 1
BRAD Barbus radiatus (Peters, 1853) 3 3 2
BTOP Barbus toppini (Boulenger, 1916) 1 1 0
BTRI Barbus trimaculatus (Peters, 1852) 4 4 3
BUNI Barbus unitaeniatus (Gunther, 1866) 4 4 3
BVIV Barbus viviparus (Weber, 1897) 5 5 4
CANO Chiloglanis anoterus (Crass, 1960) 4 4 3
CGAR Clarias gariepinus (Burchell, 1822) 4 4 3
CPAR Chiloglanis paratus (Crass, 1960) 4 3 2
CSwi Chiloglanis swierstrai (Van der Horst, 1931) 4 4 3 Same as PES
HVIT Hydrocynus vittatus (Castelnau, 1861) 1 1 0
LCON Labeo congoro (Peters, 1852) 2 2 1
LCYL Labeo cylindricus (Peters, 1852) 5 5 4
LMOL Labeo molybdinus (Du Plessis, 1963) 5 5 4
LROS Labeo rosae (Steindachner, 1894) (Labeo altevilis) 4 4 3
MACU Micralestes acutidens (Peters, 1852) 5 5 4
MBRE Mesobola brevianalis (Boulenger, 1908) 5 5 4
MMAC Marcusenius macrolepidotus (Peters, 1852) 4 3 2
OMOS Oreochromis mossambicus (Peters, 1852) 5 5 4
OPER Opsaridium peringueyi (Gilchrist & Thompson, 1913) 5 4 3
PCAT Petrocephalus wesselsi (Kramer & Van der Bank, 2000) 2 1 0
PPHI Pseudocrenilabrus philander (Weber, 1897) 4 4 3
SINT Schilbe intermedius (Rippell, 1832) 4 3 2
SMER Serranochromus meridianus (Jubb, 1967) 5 4 3
SZAM Synodontis zambezensis (Peters, 1852) 1 1 0
TREN Tilapia rendalli (Boulenger, 1896) 5 5 4
TSPA Tilapia sparrmanii (Smith, 1840) 2 2 1
13.6.3 MACROINVERTEBRATES
13.6.4 Baseline description

The baseline data for the biota is based on an EWR site visit during September 2007 at a flow of
0.83 m%s. The original SASS5 total score for the site was 203 with 32 taxa and an ASPT of 6.3.
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The reference total SASS 5 score was established in discussion with DWA:RQS officials C. Thirion
and C. Todd (pers. comm.). The SASS5 was set at 220, with 32 taxa and an ASPT of > 7.0. The
baseline results, together with those for the reference sites, are presented in the electronic
information that accompanies this Report series (DWA, 2010). The PES and REC is a B EC.

13.6.5 Indicator taxa

A suite of sensitive flow dependent taxa were collected in Stones-in-current (SIC) and MV habitats
at this site. Perlidae and Heptageniidae were used as indicator taxa. Perlid stoneflies prefer
velocities of > 0.6 m/s, but will persist at moderate velocities of 0.3 - 0.6 m/s and will even survive
lower flows (in low abundances) if water quality is not compromised. Their preferred substrate is
cobbles. It is necessary that this habitat is not covered with fines. Heptageniid mayflies prefer
velocities of 0.3 - 0.6 m/s and though they prefer cobble habitat, can live on substrates other than
this. For both taxa, onset of early summer breeding requires maintenance of high quality water
(low in organics and high clarity). The hydraulic parameters associated with the MAINTENANCE
DRY flows are presented. These data provide an approximation of the minimum values required at
the site during the dry season in order to fulfil the FDI population’s preferred hydraulic habitat
requirements. They thus serve as a guide in the setting of EcoSpecs. For EWR 3, the EWR and
RHAM cross-sections are in the same short stretch of river, so these hydraulic parameters are of
particular relevance.

FDI INDICATOR TAXA e Max

GENERIC MINIMUM Debth Debth Ave vel. | Max vel. FCS VFCS Emb Alg

HYDRAULIC HABITAT " - m/s m/s % % % %

REQUIREMENTS:
Perlidae >0.1 >0.2 >0.3 >0.6 >1 <10 Isol.
Heptageniidae > 0.1 >0.2 >0.3 >0.6 > 1 <10 Isol.
Season/ Ave Max Emb

Flow oo Ave vel. | Max vel. FCS VFCS Alg

et (m¥s) Bg::;t;:g D‘:F:th Dength m/s m/s % % e %
B 1.84 Dry Maint 0.31 0.66 0.31 0.66 2 <10 <10

As this is a complicated site from a hydraulic perspective (anastomosing channel), these modelled
values should be interpreted with caution when monitoring — e.g. the 2% FCS applies across the
total width (all branches of the river, not just the channel visible from the right bank).

13.6.6 EcoSpecs and TPCs relating to RHAM and MIRAI monitoring data: REC

The TPCs and EcoSpecs are provided for habitat and biota at REC conditions.

ECOSPECS: HABITAT TPCs
Average and maximum depth should exceed 0.25 m and 0.5 m|Average and maximum depth less than 0.25 and 0.5 m
respectively. respectively.
Averag(_e and maximum velocities should exceed 0.3 and 0.6 m/s Average and maximum velocities less than 0.3 and 0.6 m/s.
respectively.
> 2% of FCS to be present. < 2% FCS present
< 10% algal cover on coarse substrates including bedrock. > 10% algal cover on coarse substrates including bedrock.
< 10% embeddedness of cobbles. > 10% embeddedness of cobbles.

Marginal and instream vegetation to be inundated to a depth of > 0.25

m Marginal vegetation inundated to a depth of < 0.27 m.

ECOSPECS: BIOTA TPCs

To ensure that the SASS5 scores and ASPT values occur in the
following range: SASS5 score: > 190; ASPT value: > 6.

To ensure that the MIRAI score remains within the range of a B
category (> 82.01%), using the same reference data used in this study.

SASSS5 scores below 200 and ASPT below 6.2.

A MIRAI score of 82.01% or less.
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Presence of at least 7 of the following 9 high-scoring taxa: Perlidae,
Heptageniidae, Baetidae > 2spp, Helodidae, Athericidae,
Philopotamidae, Chlorocyphidae and Pyralidae.

Two or more of the following taxa present only as individuals,
or absent altogether: Perlidae, Heptageniidae, Helodidae,
Athericidae, Chlorocyphidae, Pyralidae, and Philopotamidae.
Less than 2 spp of Baetidae.

Balanced community structure, i.e. majority of invertebrates at A
abundance, certain taxa can be at B abundance (e.g. Simuliidae,
Baetidae). No group to consistently dominate the fauna i.e. be present
in C abundance (> 100) over more than two consecutive surveys.

The presence of one or more taxon occurring in C abundance,
i.e. > 100 individuals for two consecutive surveys.
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14 RESULTS: ECOSPECS AND TPCs FOR EWR 4: MAC MAC (MAC
MAC RIVER)

A summary of the site EcoClassification is provided below (DWA, 2009b).

14.1 ECOCLASSIFICATION SUMMARY OF EWR 4

EWR 4 Mac Mac (Mac Mac River)

EIS: HIGH
Rare and endangered fish and vegetation species. Species present intolerant e ] _— = AEC,
to flow and flow related water quality changes. SEONSITS) SO
HYDROLOGY C C C
PES: B
Forestry, exotic vegetation and wastewater input. Impacts are flow and non- WATER QUALITY &
flow related. GEOMORPHOLOGY A Stable A
. Response PES
REC: A/B e Category | Trend REC AEC|

The EIS at EWR 4 is high and the REC is therefore to improve the PES by
improving the fish. Improved water quality required.

FISH Stable

MACRO
INVERTEBRATES

Stable

AEC down: C

Decreased low flows due to e.g. a weir or small dam in the upper catchment.
This will result in embedded cobbles. Nutrients and temperature will increase.
Increased exotic vegetation in the riparian zone.

INSTREAM

RIPARIAN
VEGETATION

ECOSTATUS

EcoSpecs (PES and REC) and TPCs (PES) are provided for the different components in Section
14.2 to 14.6.

14.2 GEOMORPHOLOGY

The REC is the same as the PES. The site is stable and in an A category. Some additional fines
from forestry activities may cause a decline in the EC and this is the focus of the EcoSpecs and
TPCs. EcoSpecs and TPCs are provided for RHAM monitoring data in Section 14.2.1 and GAI
monitoring data in Section 14.2.2.

14.2.1 EcoSpecs and TPCs relating to RHAM monitoring data

Metric EcoSpec TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

Overall for the in-channel sediments:
Sand percentage should not exceed 30%.
. RHAM monitoring in 2009 measured 24%.
Maintain the bed material size Gravels should be more than 15%.

L o
In-channel sediment distribution within the active channel in E)obble?sHtfo '\Sénr?gt'tggrfgs? tﬁg(f)}%r;;asured 10%.
(substrate) distribution. |order to maintain the available physical L °
habitats. . RHAM monitoring in 2009 measured 15%.

Within all of the fast habitats:
Sand should not exceed 10%.
. RHAM monitoring in 2009 measured 3%.

The percentage substrate type within the active channel at the RHAM site is provided below.
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Metric

EcoSpec

TPCs

30

20

25—

m Overall site M Fast habitats

15

10

0

SN RN

Roots Fines Sand

Gravel Cobbles Boulders Bedrock

Proportion of
embedded sediments.

Maintain minimum embeddedness to
ensure bed mobility and create habitat
for instream biota.

Embedded cobbles should be less than 20% of the site.
RHAM monitoring in 2009 measured 15%.
Embedded boulders should be less than 30% of the site.

. RHAM monitoring in 2009 measured 14%.

IN-CHANNEL HABITAT DIVERSITY

Percentage of instream habitat per depth-velocity class and per substrate type is provided below.

0o ¥

Fines
Sand

Gravel

Cobbles

12-14
m10-12
m3-10
m6-8
m4-6
24
m0-2

— Slow- very shallow
# Slow -shallow
A Slow-deep
/# Fast-very shallow
/' Fast-shallow
# Fast-intermediate
T ——{ Fast-deep

Boulders
Bedrock

ACTIVE CHANNEL GEOMETRY

Active channel width.

Maintain channel width.

For discharges around 1 m%s the average width of the active channel
should be between 12 and 16 m wide.

. RHAM monitoring in 2009 measured 14.2 m.

14.2.2 EcoSpecs and TPCs relating to GAI monitoring data: PES and REC

Metric

EcoSpec

TPCs

ACTIVE CHANNEL SU

BSTRATE CHANGES

In-channel sediment
(substrate) distribution.

Maintain the bed material size
distribution within the active channel in
order to maintain the available physical
habitats.

No potential bed material transport analysis or associated
sediment distribution data collection were undertaken for this
site due to budget limitations of the study. This has resulted in
no baseline data being available for this site, and thus no specific
quantifiable TPCs or EcoSpecs are specified for this site.

A qualitative assessment of the active channel bed sediment should
however indicate that the active channel bed is dominated by boulders
and cobbles.

ACTIVE CHANNEL MORPHOLOGY

Active channel
morphology.

Maintain the channel/reach type.

A qualitative assessment of the site should indicate that the reach is a
boulder and cobble covered bed, with extensive bedrock exposure.
The site is within a pool-rapid reach, where well-vegetated later bars
and terraces.

GAl level IVEC

GAl level IV PES
score.

Maintain or improve the GAl score. PES score from the GAl level IV should equal or exceed 93%.
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14.3

PHYSICO-CHEMICAL VARIABLES

There was no available baseline RHAM data for this site. EcoSpecs and TPCs relating for the
PES and REC are provided in Section 14.3.1 — 14.3.83.

14.3.1

EcoSpecs relating to physico-chemical data: PES

River: Mac Mac

EWR 4 \ Monitoring site: X3H003Q01

Water quality metrics

ECOSPEC: PES

Physical variables

MgSO4 The 95" percentile of the data must be < 16 mg/L.
Na>SO, The 95" percentile of the data must be < 20 mg/L.
| | MgCl, The 95" percentile of the data must be < 15 mg/L.
norganic salts*
CaCl, The 95" percentile of the data must be < 21 mg/L.
NaCl The 95" percentile of the data must be < 45 mg/L.
CaSO0, The 95" percentile of the data must be < 351 mg/L.
EC The 95" percentile of the data must be < 30 mS/m.
pH The 5™ and 95" percentiles of the data must range from 6.5 to 8.0.
Temperature Small deviation from the natural temperature range.

Dissolved oxygen

The 5" percentile of the data must be = 8.0 mg/L.

Vary by a small amount from the natural turbidity range; minor silting of instream habitats

Response variables

Turbidity acceptable.
. TIN The 50™ percentile of the data must be < 0.7 mg/L.
Nutrients -
PO,-P The 50™ percentile of the data must be < 0.015 mg/L.
Chl-a th .
phytoplankton The 50 percentile of the data must be < 10 pg/L.

Chl-a periphyton

The 50" percentile of the data must be < 84 mg/m?.

Toxics

An impact is expected if the 95™ percentile of the data exceeds the TWQR as stated in
DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

14.3.2 EcoSpecs relating to physico-chemical data: REC

River: Mac Mac

EWR 4 | Monitoring site: X3H003Q01

Water quality metrics

ECOSPEC: REC

Physical variables

MgSO4 The 95" percentile of the data must be <16 mg/L.
Na,SO, The 95" percentile of the data must be < 20 mg/L.
MgClz The 95™ percentile of the data must be < 15 mg/L.
Inorganic salts*
CaCl, The 95™ percentile of the data must be < 21 mg/L.
NaCl The 95" percentile of the data must be < 45 mg/L.
CaSO0O, The 95" percentile of the data must be < 351 mg/L.
EC The 95" percentile of the data must be < 30 mS/m.
pH The 5™ and 95" percentiles of the data must range from 6.5 to 8.0.
Temperature Largely natural to small deviation from the natural temperature range.

Dissolved oxygen

The 5" percentile of the data must be = 8.0 mg/L.

Vary by a small amount from the natural turbidity range; minor silting of instream

Response variables

Turbidity habitats acceptable.

TIN The 50" percentile of the data must be < 0.25 mg/L.
Nutrients "

PO.-P The 50™ percentile of the data must be < 0.015 mg/L.

gt?)ll:[?)plankton The 50" percentile of the data must be <10 pg/L.

Chl-a periphyton

The 50™ percentile of the data must be < 21 mg/m?.

Toxics

An impact is expected if the 95" percentile of the data exceeds the TWQR as
stated in DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.
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14.3.3 TPCs relating to physico-chemical data: PES

River: Mac Mac

EWR 4

| Monitoring site: X3H003Q01

Water quality metrics

TPC

MgSO, The 95™ percentile of the data must be 13 — 16 mg/L
Na,SO, The 95™ percentile of the data must be 16 — 20 mg/L
MgCl, The 95™ percentile of the data must be 12 — 15 mg/L
Inorganic salts* -
CaCl, The 95" percentile of the data must be 17 — 21 mg/L
NaCl The 95™ percentile of the data must be 36 — 45 mg/L
CaS0O, The 95™ percentile of the data must be 280 — 351 mg/L
EC The 95™ percentile of the data must be 24 — 30 mS/m
pH The 5™ and 95" percentiles of the data must be < 6.7 and > 7.8.
Physical variables Temperature Initiate baseline monitoring for this variable if Level Il or higher of the DSS.

Dissolved oxygen

The 5™ percentile of the data must be 8.2 — 8.0 mg/L. Initiate baseline monitoring for this
variable if Level Il or higher of the DSS.

Response variables

Nutrlent TIN The 50" percentile of the data must be 0.56 — 0.7 mg/L
utrients
PO,-P The 50™ percentile of the data must be 0.012 — 0.015 mg/L
gr?)ll-tﬁplankton The 50" percentile of the data must be 8 — 10 ug/L

Chl-a periphyton

The 50™ percentile of the data must be 67 — 84 mg/m?

Toxics

An impact is expected if the 95" percentile of the data exceeds the TWQR as stated in

DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

14.4

RIPARIAN VEGETATION

EcoSpecs and TPCs based on the RHAM and VEGRAI data are provided Section 14.4.1. As both

RHAM and VEGRAI data are available, the confidence is high.

14.4.1 EcoSpecs and TPCs relating to RHAM and VEGRAI monitoring data: PES
Assessed Zone
PES |REC component e EcoSpec (PES) TPC (PES) EcoSpec (REC) Note
Exotic Invasion Exotic species cover An increase in Exotic species R;:miﬁgorSE%%oA?xotic
(perennial Riparian zone. betweenp1 and 5% exotic species cover between 1 Eecorded s.mall amount <
exotics). " |covers above 5%. |and 5%. 10%
Terrestrial species are
represented by kloof species
The absence of A presence of The absence of 2}(;}2;2';% ngjrzllzli;iave
Terrestrialisation [Marginal zone. \;v::éiigskloof \;v::éiigskloof \gggggskloof high cover (> 60%) in the
’ ’ ’ upper and lower zones, but
expect marked lower cover in
the marginal zone.
Indigenous riparian |A decrease in Indigenous
L LS VEGRAI recorded 20 - 40%
A/B | A/B Marginal zone. woody cover riparian woody riparian woody cover, RHAM recorded 100%

Indigenous
Riparian Woody
Cover.

between 20 and
60%.

species covers
below 20%.

cover between 20
and 60%.

cover due to overhang.

Lower zone.

Indigenous riparian
woody cover
between 60 and
80%.

A decrease in
riparian woody
species covers
below 60%.

Indigenous
riparian woody
cover between 60
and 80%.

VEGRAI recorded 60 - 80%
cover, RHAM recorded an
average of 87%.

Non-woody
Indigenous
Cover (grasses,
sedges &
dicotyledonous
forbs).

Marginal zone.

Non-woody cover
between 30 and
60%.

An increase in
non-woody cover
above 70%.

Non-woody cover
between 30 and
60%.

VEGRAI recorded 40 - 60%
cover, RHAM recorded an
average of 32%.

Phragmites
(reed) cover.

Riparian zone.

The absence of
reeds.

The presence of
reeds.

The absence of
reeds.

No reeds recorded, nor
expected to occur at this site.
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14.5 FISH

EcoSpecs and TPCs are provided for RHAM monitoring and FRAI data in Section 14.5.1. The
spatial FROC of EWR 4 is provided in Section 14.5.2 and indicates the FROC under reference,
PES and REC conditions as well as TPCs for baseline (PES) conditions.
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14.5.1 EcoSpecs and TPCs relating to RHAM and FRAI data: PES
PES
Metric £ EWR SITE REACH
= QO .
c = o
« E > ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic)
Baseline (PES) FRAI score of
) . - . 80.4 (B/C) calculated for reach.
- ) Less than 5 fish species sampled |Loss in diversity, abundance and ;
7 Species All indigenous gpcg;igi lvifgzzﬁg?eg]gﬁﬁr?;?ﬁemh using electrofishing during a condition of velocity-depth categories  |All indigenous Qggei?;saosﬁﬂgR\?ﬁET rgEEhTo;(
richness. species. baseline (EWR) survey survey when habitat can be and cover features (to be quantified by |species. OPER (refer to sljleet 5-I1'ROC'
’ sampled efficiently. RHAM). Table 2') OR FRAI scores ’
decreasing below 77.4% (high C).
Relative abundance of less than
6 Relative N/A During recent surveys fish were 1.6 ind/min sampled at the site N/A
abundance. ’ sampled at 3.1 ind/min. (during same season as baseline '
data).
—_— Any S . . Presence of any alien/introduced Any Presence of any alien/introduced
Alien fish T No alien fish species sampled at site |.. : . . 7 . ; . .
10 species. ghen/mtroduce during recent surveys. fish species at site during any N/A. alien/introduced |fish species at site during any
spp. survey. spp. survey.
During the baseline survey VNEL was . S
present at site at relative abundance gﬁlrﬁl‘ jr]]d Z’E reg acb);entr;;c;rnts;ie ngﬁc;agfs#gaﬁélgi); a(gb(lf r;daér:é? 68; sed Any decreased FROC in reach of
3 |FD Habitats. VNEL, BEUT |of 1.58 ind/min electrofishing, while relati\?e agundange < 1pind/min for ?Iowsyincreased zero flolw's) (to be VNEL |[BEUT |VNEL & BEUT (refer to sheet 5-
(Efe'lzeﬂ(‘)"f’;iiﬁgse”t at0.25ind/min |y NE| and < 0.1 ind/min for BEUT. |quantified with RHAM). FROC, column F: Table 2).
ES habitats. Reduced suitability (abundance & VNEL |CANO
During the baseline survey VNEL was . quality_) of FS habitats (i.e. decreased
present at site at relative abundance gﬁlrﬁl‘ jr]]d glf‘r'\\,? ag)éenr';fsrgrrﬂ zltte gﬁ}fasf,ﬁﬂcrfaafff d;igoefgwﬁ;’"?idoﬂced Any decreased FROC in reach of
2 VNEL, CANO |of 1.58 ind/min electrofishing, while relaﬁfl‘e ey 1pind/min for leubatiat abitate (increfsed y VNEL & CANO (refer to sheet 5-
Substrate. CANO was present at 0.81 ind/min ol < ; ) . ; VNEL |CANO |[FROC, column F: Table 2).
(electrofishing) VNEL and < 0.4 ind/min for CANO. sedlme.ntatlon of riffle/rapid substrates,
’ excessive algal growth on substrates,
etc.) (to be quantified with RHAM).
Flow dependant Any decreased FROC in reach of
spp (rovF\; CANO, BEUT |During the baseline survey CANO was|CANO and BEUT absent from site OPER |CANO OPyER & CANO (refer to sheet 5-
alteration). (OPER) present at site at relative abundance |during any survey OR present at FROC, column F: Table 2).
1 of 0.81 ind/min electrofishing, while relative abundance < 0.4 ind/min - — ’ -
Water quality BEUT was present at 0.25 ind/min for CANO and < 0.1 ind/min for Decreased water quality (as |nd|cat§,d Any decreased FROC in reach of
. BEUT, CANO iahi by PAI, RHAM visual, or water quality |BEUT |CANO [BEUT & CANO (refer to sheet 5-
intolerance (electrofishing). BEUT.
’ assessments). FROC, column F: Table 2).
I Due to low abundance of OPER at o . .
OPER was only indicator of SD o S Reduced suitability of SD habitats (i.e. .
SD habitats. ~ |OPER nabitats sampled during baseline pedtid Ei?tek:/eeﬁfi\gtli%:]ndlcator increased flows incry season. a'te(ra“"” CGAR |OPER énGyA(I{%e(;?SE%F(Fe%?;S srreg;? g-f
’ conditions and it was present in very Wit req 3 ' in seasonality, sedimentation of pools) .
4 low abundance (0.02 ind/min) Preliminary TPC: Absence of 1, "p' "0 antified with RHAM) FROC, column F: Table 2).
’ ’ OPER for 2 consecutive surveys. a ’
OPER was only indicator of water Due to low abundance of OPER at [Reduction in suitability of water column Any decreased FROC in reach of
Water column. |OPER column sampled during baseline site, it may not be a valid indicator |(i.e. increased sedimentation of pools). OPER |BPOL OPER & BPOL (refer to sheet 5-
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PES
Metric £ EWR SITE REACH
= O .
[ =
& E o ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic)
conditions and it was present in very |and will require verification. FROC, column F: Table 2).
low abundance (0.02 ind/min). Preliminary TPC: Absence of
OPER for 2 consecutive surveys.
il?] gi:;?oigsainsﬁsa (()jfua;ir:]y Sbisheallibr:éat Significant change in SS habitat
BBRI & PPHI are the best indicators of survev. no TPC can bg set at suitability (i.e. increased flows, altered Any decreased FROC in reach of
8 [SS habitats. (BBRI, PPHI) [SS habitats at site, but they were not rese)rl;t Should these species be seasonality, increased sedimentation of |BBRI |PPHI [BBRI & PPHI (refer to sheet 5-
sampled during baseline EWR survey. P . P slow habitats) (to be quantified with FROC, column F: Table 2).
sampled in future, TPCs could be RHAM)
defined. :
Overhanain Significant change in overhanging Any decreased FROC in reach of
nging . . . . vegetation habitats (to be quantified BEUT |BBRI |BEUT & BBRI (refer to sheet 5-
vegetation. During the baseline survey BEUT was |BEUT absent from site during any |ith RHAM). FROC, column F: Table 2).
5 BEUT present at 0.25 ind/min survey OR present at relative Any de’creased FROG in reach of
(electrofishing). abundance < 0.1 ind/min. S|gn|f|cant Change in undercut bank
Undercut banks. . e . BEUT |AMOS |BEUT & AMOS (refer to sheet 5-
habitats (to be quantified with RHAM). FROC, column F: Table 2).
Due to absence of an instream
TSPA is the best indicators of vegetation habitat indicator at site |q. . ... . )
9 Instream (TSPA) instream vegetation habitats at site,  |during baseline survey, no TPC sé%rgtf;iaonnt ﬁgiﬂgtesl?t (I)nsggﬁr;miﬁ ed TSPA ?g);gi?;?:rsfod sii(e)t%.lgéeoaéh of
vegetation. but it was not sampled during baseline |can be set at present. Should column F: Table 2) ’

EWR survey.

these species be sampled in
future, TPCs could be defined.

with RHAM).

1 Refer to electronic data (DWA, 2010).
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14.5.2 Spatial FROC under reference, PES and REC conditions and TPCs for baseline
(PES) conditions

Spatial FROC
Species Scientific names: Reference species REFE(,:;ENCE PES (B/C) REC (B)
(Abbr.) (Introduced species excluded) Re;;rggce Eg,:' c?l? : sirt‘; ? q F_IBPOCC Expec;%cg%erived
derived FROC

AMOS Anguilla mossambica (Peters 1852) 4 2 1 2
ANAT Amphilius natalensis (Boulenger, 1917) 1 1 0 1
AURA Amphilius uranoscopus (Pfeffer, 1889) 4 4 3 4
BBRI Barbus brevipinnis (Jubb, 1966) 4 2 1 3
BEUT Barbus eutaenia (Boulenger, 1904) 5 4 3 4
BPOL Labeobarbus polylepis (Boulenger, 1907) 1 1 0 1
CANO Chiloglanis anoterus (Crass, 1960) 5 5 4 5
CGAR Clarias gariepinus (Burchell, 1822) 4 4 3 4
OPER Opsaridium peringueyi (Gilchrist & Thompson, 1913) 5 3 2 4
PPHI Pseudocrenilabrus philander (Weber, 1897) 4 3 2 3
TSPA Tilapia sparrmanii (Smith, 1840) 4 3 2 3
VNEL Varicorhinus nelspruitensis (Gilchrist & Thompson, 1911) 5 5 4 5

14.6 MACROINVERTEBRATES
14.6.1 Baseline description

The baseline data for the biota is based on an EWR site visit during September 2007 at a flow of
0.51 m%s. The original SASS5 total score for the site was 225 with 35 taxa and an ASPT of 6.4.
The reference total SASS 5 score was established in discussion with DWAF:RQS officials C.
Thirion and C. Todd (pers. comm.). The reference SASS5 score was set at 270, with 32 taxa and
an ASPT of > 7.0. The baseline results, together with those for the reference sites, are presented
in the electronic information that accompanies this Report series (DWA, 2010). The PES was an
A/B (89.24%), and the REC remained an A/B.

14.6.2 Indicator taxa

Diverse communities of invertebrates were collected in all habitats, with the sensitive (mostly flow
dependent) element comprised of Perlidae, Heptageniidae, Dixidae, Philopotamidae,
Hydropsychidae, Chlorocyphidae, and Baetidae > 2 spp. Of these only the first two were used as
indicators. Perlid stoneflies prefer velocities of > 0.6 m/s, but will persist at moderate velocities of
0.3 - 0.6 m/s and will even survive lower flows (in low abundances) if water quality is not
compromised. Their preferred substrate is cobbles. It is necessary that this habitat is not covered
with fines. Heptageniid mayflies prefer velocities of 0.3 - 0.6 m/s and though they prefer cobble
habitat, can live on substrates other than this. For both taxa, onset of early summer breeding
requires maintenance of high quality water (low in organics and high clarity).

The hydraulic parameters associated with the MAINTENANCE DRY flows are presented below.
These data provide an approximation of the minimum values required at the site during the dry
season in order to fulfil the FDI population’s preferred hydraulic habitat requirements. They thus
serve as a guide in the setting of EcoSpecs. Where the EWR and RHAM cross sections are in
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different stretches of the river, caution must be applied in

using these data, and the generic

minimum values should serve as a conservative guide.

FDI INDICATOR TAXA GENERIC Ave Max Ave Max
MINIMUM HYDRAULIC HABITAT Depth | Depth | vel. | vel. | FCS | VECS | WV ) Emb | A
REQUIREMENTS: m m m/s m/s ° ° ° ° °
Perlidae >0.1 >0.2 >0.3 >0.6 >3 >1 >1 <10 Isol.
Heptageniidae > 0.1 >0.2 >0.3 > 0.6 >3 > 1 > 1 <10 Isol.
- Ave Max Ave Max
cat (':S’/‘;’) seas‘g‘lg Bc‘l’("d'"g Depth | Depth | vel. | vel. ny:s V'f,/cs "f,'/v
m m m/s m/s ° ° °
A/B 0.294 Dry Maint. 0.17 0.42 0.23 0.74 6 2 2

14.6.3 EcoSpecs and TPCs relating to RHAM and MIRAI monitoring data: REC

The TPCs and EcoSpecs are provided for habitat and biota at REC conditions.

ECOSPECS: HABITAT

TPCs

Average and maximum depth should exceed 0.15 m and 0.35 m
respectively.

Average and maximum depth less than 0.16 and 0.37 m
respectively.

Average and maximum velocities should exceed 0.2 and 0.6 m/s
respectively.

Average and maximum velocities less than 0.25 and 0.65 m/s.

> 5% of FCS to be present and a small % of VFCS.

< 7% FCS present. No FCS.

Small % of MV to be inundated to a depth of > 0.2 m.

Marginal vegetation inundated < 0.2 m or exposed.

< 10% algal cover on coarse substrates including bedrock.

> 10% algal cover on coarse substrates including bedrock.

< 10% embeddedness of cobbles.

> 10% embeddedness of cobbles.

ECOSPECS: BIOTA

TPCs

To ensure that the SASS5 scores and ASPT values occur in the
following range: SASS5 score: > 190; ASPT value: > 6.

SASSS5 scores below 190 and ASPT below 6.

To ensure that the MIRAI score remains within the range of a B
category (> 82.01%), using the same reference data used in this study.

A MIRAI score of 82.01% or less.

Presence of at least 7 of the following 9 high-scoring taxa: Perlidae,
Heptageniidae  Baetidae > 2spp, Helodidae, Athericidae,
Philopotamidae, Chlorocyphidae, and Pyralidae.

Two or more of the following taxa present only as individuals,
or absent altogether (for 2 consecutive samples): Perlidae,
Heptageniidae, Helodidae, Athericidae, Chlorocyphidae,
Pyralidae, and Philopotamidae. Less than 2 spp of Baetidae.

Balanced community structure, i.e. majority of invertebrates at A
abundance, certain taxa may occur at B abundance (e.g. Simuliidae).
No group to dominate the fauna i.e. be present in C abundance (> 100)
over more than two consecutive surveys.

The presence of one or more taxon occurring in C abundance,
i.e. > 100 individuals for two consecutive surveys.
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15 RESULTS: ECOSPECS AND TPCs FOR EWR 5: MARITE (MARITE

RIVER)

A summary of the site EcoClassification is provided below (DWA, 2009b).

15.1 ECOCLASSIFICATION SUMMARY OF EWR 5

EWR 5 Marite (Marite River)

EIS: HIGH
Rare, endangered and unique biota. Species richness high and species
intolerant to flow and flow related water quality changes present.

PES: B/C
Increased low flows and landuse activities. Impacts mostly flow related

REC: B
The EIS is high; therefore the REC is an improvement of the PES. More
natural distribution of flows required. Reduce grazing and trampling, remove

Driver
Components

PES

Category Trend

REC

HYDROLOGY

WATER QUALITY

GEOMORPHOLOGY

c Negative

Response
Components

Trend

Negative

exotic vegetation.

MACRO
INVERTEBRATES

AEC down: C/D

No flow releases for the EWR, less dilution and less floods due to e.g. direct
abstraction from the dam. More nutrients and toxics present. Sandier river,
some riffles and bedrock areas in the reach will be lost, vegetation
encroachment on bars and banks and embedded cobbles. Increased aliens,
removal, grazing, and trampling.

INSTREAM

RIPARIAN
VEGETATION

m

ECOSTATUS

EcoSpecs (PES and REC) and TPCs (PES) are provided for the different components in Section
15.2 to 15.6.

15.2 GEOMORPHOLOGY

The REC for EWR 5 is the same as the PES. The active channel is dominated by sand overlying
the underlying bedrock, with very little gravel across the EWR cross-section. Accumulation of
sands within the active channel is causing a slow decline in the PES and this is the focus of the
EcoSpecs and TPCs. EcoSpecs and TPCs are provided for RHAM monitoring data in Section
15.2.1 and GAIl monitoring data in Section 15.2.2.

15.2.1 EcoSpecs and TPCs relating to RHAM monitoring data

Metric EcoSpec TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

Overall for the in-channel sediments:
Sand percentage should not exceed 30%.

Maintain the bed material size RHAM monitoring in 2009 measured 21%.

In-channel sediment  |distribution within the active channel in
(substrate) distribution. |order to maintain the available physical

habitats. Within all of the fast habitats:

Sand should not exceed 10%.
. RHAM monitoring in 2009 measured 2%.

The percentage substrate type within the active channel at the RHAM site is provided below.
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70

60
50

B Overall site M Fast habitats

40

30

20

o

Roots Fines

Sand

Gravel Cobbles Boulders Bedrock

IN-CHANNEL HABITAT DIVERSITY

Percentage of instream habitat per depth-velocity class and per substrate type is provided below.

Fines

Cobbles

o . :14-16
12-14
m10-12
=8-10
H6-8
mi-6
m2-4
m0-2

7 Slow-very shallow
A Slow -shallow
/- Slow -deep
/.—" Fast - very shallow
~ Fast - shallow

/ Fast-intermediate
e ’/"
“——+ Fast-deep
Boulders
Bedrock

ACTIVE CHANNEL GEOMETRY

Active channel width. |Maintain channel width.

For discharges around 1 m%s the average width of the active channel
should be between 9 and 12 m wide.
o RHAM monitoring in 2009 measured 10.4 m.

15.2.2 EcoSpecs and TPCs relating to GAl monitoring data: PES and REC

Metric EcoSpec

TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

Maintain the bed material size
distribution within the active channel in
order to maintain the available physical
habitats.

In-channel sediment
(substrate)
distribution.

Overall for the in-channel sediments:

Sands (< 6 mm diameter) should not exceed 20%.
. GAl level IV in 2007 measured 11%.
Gravels (< 60 mm) should not be less than 20%.

. GAl level IV in 2007 measured 27%.

Sampling protocol:
Sediment is to be sampled in the active channel riffle.

ACTIVE CHANNEL MORPHOLOGY

Active channel

morphology. Maintain the channel/reach type.

The physical habitat diversity within the reach needs to be maintained.
Riffles, sandy runs and exposed in-channel boulders as well as deep|
pools need to be present within the reach.

GAl level IV EC

GAl level IV PES
score.

Maintain or improve the GAl score. PES score from the GAl level IV should equal or exceed 65%.
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15.3

PHYSICO-CHEMICAL VARIABLES

There was no available baseline RHAM data for this site. EcoSpecs and TPCs relating for the
PES and REC are provided in Section 15.3.1 — 15.3.2.

15.3.1

EcoSpecs relating to physico-chemical data: PES and REC

River: Marite

EWR 5 | Monitoring site: X3H011Q01

Water quality metrics

ECOSPEC: PES and REC

Physical variables

MgSO, The 95™ percentile of the data must be < 16 mg/L.

Na,SO, The 95™ percentile of the data must be < 20 mg/L.

MgCl, The 95" percentile of the data must be < 15 mg/L.

Inorganic salts*

CaCl, The 95" percentile of the data must be < 21 mg/L.

NaCl The 95" percentile of the data must be < 45 mg/L.

CaSO0, The 95" percentile of the data must be < 351 mg/L.

EC The 95™ percentile of the data must be < 30 mS/m.

pH The 5™ and 95" percentiles of the data must range from 6.5 to 8.0.
Temperature Small deviation from the natural temperature range.

Dissolved oxygen

The 5" percentile of the data must be = 7.0 mg/L.

Vary by a small amount from the natural turbidity range; minor silting of instream habitats

Response variables

Turbidity acceptable.
Nutrient TIN The 50™ percentile of the data must be < 0.7 mg/L.
utrients
PO4-P The 50™ percentile of the data must be < 0.015 mg/L.
gﬁ)ll-t?)plankton The 50™ percentile of the data must be <10 pg/L.

Chl-a periphyton

The 50™ percentile of the data must be < 84 mg/mZ.

Toxics

An impact is expected if the 95" percentile of the data exceeds the TWQR as stated in
DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

15.3.2 TPCs relating to RHAM water quality indicators: PES

River: Marite

EWR 5 | Monitoring site: X3H011Q01

Water quality metrics

TPC

MgSO, The 95™ percentile of the data must be 13 — 16 mg/L.
Na,SO. The 95™ percentile of the data must be 16 — 20 mg/L.
MgCl, The 95™ percentile of the data must be 12 — 15 mg/L.
Inorganic salts* -
CaCl, The 95" percentile of the data must be 17 — 21 mg/L.
NaCl The 95™ percentile of the data must be 36 — 45 mg/L.
CaS0O, The 95™ percentile of the data must be 280 — 351 mg/L.
EC The 95™ percentile of the data must be 24 — 30 mS/m.
pH The 5™ and 95" percentiles of the data must be < 6.7 and > 7.8.
Physical variables Temperature Initiate baseline monitoring for this variable if Level Il or higher of the DSS.

Dissolved oxygen

The 5" percentile of the data must be 7.2 — 7.0 mg/L. Initiate baseline monitoring for this
variable if Level Il or higher of the DSS.

Response variables

Nutrlent TIN The 50" percentile of the data must be 0.56 — 0.7 mg/L.
utrients
PO,-P The 50™ percentile of the data must be 0.012 - 0.015 mg/L.
Sr?)ll-tﬁplankton The 50" percentile of the data must be 8 — 10 ug/L.

Chl-a periphyton

The 50™ percentile of the data must be 67 — 84 mg/m®.

Toxics

An impact is expected if the 95" percentile of the data exceeds the TWQR as stated in
DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.
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15.4

RIPARIAN VEGETATION

EcoSpecs and TPCs based on the RHAM and VEGRAI data are provided Section 15.4.1.

15.4.1 EcoSpecs and TPCs relating to RHAM and VEGRAI monitoring data: PES
Assessed Zone
PES [REC component e EcoSpec (PES) TPC (PES) EcoSpec (REC) Note
VEGRAI and RHAM sites
were placed differently, but
data show < 10% cover by
Exotic Ir_1va5|on o Exotic species cover An increase in Exotic species exotic pe_rennlal species on
(perennial Riparian zone. between 10 - 15% exotic species cover between 5 - |the marginal and upper
exotics). ®  |covers above 15%.|10%. zones. Lower zone data
were < 10% for RHAM site
and 10 - 20% for the
VEGRAI site.
The absence of The presence of |The absence of . .
Marginal zone. |terrestrial woody terrestrial woody  |terrestrial woody No terrest_nal species
- - - recorded in the RHAM.
species. species. species.
Terrestrial woody tpér:rg]sctrr?aallsv:/ac;g dy The absence of An average of 5% cover
Terrestrialisation Lower zone. gg)/ver between 1 and species cover > terre_stnal woody was recorded at the RHAM
b. o species. site.
5%.
Terrestrial woody tp;r: rg];rr?;i?o'g d Terrestrial woody |An average of 9% cover
Upper zone. |cover between 15 Species cover >y cover between 10 |was recorded at the RHAM
and 20%. pe and 15%. site.
20%.
. — A decrease in . o
B/IC | B |Indigenous . . Indl%enous riparian riparian woody Ipdlgenous g RHAI\éI %Y%E%ER%%A was
Riparian Woody ower woody cover cover below 30% |fiParian woody recorded; 3Al range
Cover Upper zones. |between 70 and OR an increase cover between 30 |(on a different site) was
’ 80%. o and 70%. between 20 and 60%.
above 80%.
A decrease in RHAM data show 0% on
:\rl]%?-\gr?ggg sedge, grass and RHB and an average of
Cov%r (grasses, |Lower & Non-woody cover dicotyledonous Non-woody cover [44% on LB'. EcoSpecs
9 ’ between 40% and  |forb cover below [between 50% and [and TPCs apply to LB only
sedges & Upper zones. 509% 40% OR 90% ) RB? )  solid
dicotyledonous o. 40% an o. since consists of soli
forbs) increase above exposed bedrock unlikely to
’ 90%. ever be colonised.
Reed covers RHAM recorded cover of
. A decrease in reed |Reed cover above (90% (similarly, EcoSpec,
Marginal zone. ggz\/Neen 20 and cover below 30%. |30% baseline and TPC applies
° to LB only).
. An increase in RHAM recorded an average
Phragmites Reed covers Reed covers P
reed cover above cover of 27% (similarly,
(reed) cover. Lower zone. ggz\/Neen 20 and 80% or a decrease ggz\/Neen 30 and EcoSpec, baseline and
° below 20%. ° TPC applies to LB only).
An increase in No data to support TPC,
Upper zone. ggsd covers below reed cover above E;ievi%\g/ers RHAM transect should be
° 40%. ° extended to about 30 m.
1 Left bank 2 Right bank
15.5 FISH

EcoSpecs and TPCs are provided for RHAM monitoring and FRAI data in Section 15.5.1. The
spatial FROC of EWR 5 is provided in Section 15.5.2 and indicates the FROC under reference,
PES and REC conditions as well as TPCs for baseline (PES) conditions.
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15.5.1 EcoSpecs and TPCs relating to RHAM and FRAI data: PES
PES
Metric £ EWR SITE REACH
X o
c = o
« E o ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic)
Baseline (PES) FRAI score of 77.9 (B/C)
Fifteen of the 23 expected Less than 11 fish species Loss in diversity, abundance and calculated for reach. Any decreased
7 Species All indigenous |indigenous fish species were sampled using electrofishing condition of velocity-depth All indigenous FROC in reach of especially CANO,
richness. species. sampled during the baseline (EWR) |during a survey when habitat can|categories and cover features (to |species. BEUT, OPER & BMAR (refer to sheet 5-
survey. be sampled efficiently. be quantified by RHAM). FROC: Table 2') OR FRAI scores
decreasing below 70% (high C).
Relative abundance of less than
6 Relative N/A During recent surveys fish were 3 ind/min sampled at the site N/A
abundance. ’ sampled at 4 ind/min. (during same season as baseline ’
data).
N Any " . .. |Presence of any alien/introduced Any — )
Alien fish 7 No alien fish species sampled at site |.. ” . . o Presence of any alien/introduced fish
10 ; alien/introduce . fish species at site during any N/A. alien/introduced oo :
species. d spp. during recent surveys. survey. Spp. species in reach during any survey.
FD Habitats. Reduced suitability (abundance & |cANO |BMAR
quality) of FD, FS habitats (i.e.
FS habitats. During the baseline survey CANO  |CANO and BMAR absent from decreased flows, increased zero |CANO  |BMAR
. ) . : flows), Reduced suitability .
was present at site at relative site during any survey OR (abundance & quality) of Any decreased FROC in reach of CANO
3 CANO, BMAR |abundance of 1.36 ind/min present at relative abundance 1 substrate habitgts (izcreased & BMAR (refer to sheet 5-FROC, column
electrofishing, while BMAR was ind/min for CANO and < 0.6 . ) . . F: Table 2).
Substrate. present at 1 ind/min (electrofishing). (ind/min for BMAR sedimentation of riflerapid|cAno - |BMAR
’ ’ substrates, excessive algal
growth on substrates, etc.) (to be
quantified with RHAM).
Flow dependant abundance of 1.36 ind/min site during any survey OR Any decreased FROC in reach of OPER
1 |spp (flow CANO, AURA L e present at relative abundance 1 CANO |OPER |& CANO (refer to sheet 5-FROC, column
) electrofishing, while AURA was ! \ .
alteration). ; . ind/min for CANO and < 0.05 F: Table 2).
present at 0.15 ind/min ind/min for AURA
(electrofishing). ’
3:‘2r:)%zgntt)?i}:tnee;urg%\iANo giﬁaNdcl)Jr?nnd;Elizr?/ZseOntRfmm Decreased water quality (as Any decreased FROC in reach of BEUT
Water quality abundance of 1.36 ind/min g any y S g ¥ (8 y
2 intolerance CANO, BEUT electrofishing, while BEUT was present at relative abundance < |indicated by PAI, RHAM visual, or[CANO [BEUT |& CANO (refer to sheet 5-FROC, column
) o . 1 ind/min for CANO and < 0.2 water quality assessments). F: Table 2).
present at 0.39 ind/min ind/min for BEUT
(electrofishing). ’
During the baseline survey CGAR  |[CGAR and BMAR absent from  |Reduced suitability of SD habitats
was present at site at relative site during any survey OR (i.e. increased flows in dry Any decreased FROC in reach of BMAR
SD habitats. BMAR, CGAR |abundance of 0.1 ind/min present at relative abundance season, alteration in seasonality, |BMAR |BUNI & BUNI (refer to sheet 5-FROC, column
electrofishing, while BMAR was 0.05 ind/min for CGAR and < sedimentation of pools) (to be F: Table 2).
present at 1 ind/min (electrofishing). |0.6ind/min for BMAR. quantified with RHAM).
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PES
Metric £ EWR SITE REACH
X o
c = Qo
o E & ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic)
BMAR & OPER are the best
indicators of water column at site. BMAR absent from site during
During the baseline survey OPER any survey OR present at Reduction in suitability of water Any decreased FROC in reach of BMAR
4 |Water column. |BMAR, OPER |was present at site at very low relative abundance < 0.6ind/min |column (i.e. increased BMAR |OPER |& OPER (refer to sheet 5-FROC, column
relative abundance of 0.02 ind/min  |for BMAR OR OPER absent for |sedimentation of pools). F: Table 2).
electrofishing, while BMAR was 2 consecutive surveys.
present at 1 ind/min (electrofishing).
Significant change in SS habitat
SS hab PPHI & TSPA are the best indicators S:Jitab(ijlity (i.e. in;:reased flowz, sunl |ppHi
abitats. of SS habitats at site. During the altered seasonality, increase )
o ppil Topa  [paseline survey both were sampled |PPHI AND TSPA absent for 2 |Sedimentation of slow habitats) g\”gpd:f(rfeﬁf?oi?g; i foacn of BURI
’ at very low relative abundance of consecutive surveys. (to be quantified with RHAM). F: Table 2) ’
Overhangin 0.03 ipd/min for PPHI gnc{ 0.02 Significant change in overhanging ' ’
it Ogn 9 ind/min TSPA (electrofishing). vegetation habitats (to be BUNI  |PPHI
9 ] quantified with RHAM).
abundance of 0.13 ind/min site during any survey OR Significant change in undercut Any decreased FROC in reach of MMAC
5 |Undercut banks. |MMAC, BEUT electrofishin While BEUT was present at relative abundance < |bank habitats (to be quantified MMAC |BEUT |& BEUT (refer to sheet 5-FROC, column
9, W . 0.05 ind/min for MMAC and < 0.2|with RHAM). F: Table 2).
present at 0.39 ind/min ind/min for BEUT
(electrofishing). ’
TSPA is the best indicators of
instream vegetation habitats at site. - . )
) : : . Significant change in Instream Any decreased FROC in reach of TSPA
g [Instream TSPA During the baseline survey itwas | TSPA absent for 2 consecutive | oo otation habitats (to be TSPA (refer to sheet 5-FROC, column F: Table
vegetation. sampled at very low relative surveys. uantified with RHAM) 2)
abundance of 0.02 ind/min a : :
(electrofishing).

1 Refer to electronic data (DWA, 2010).
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15.5.2 Spatial FROC under reference, PES and REC conditions and TPCs for baseline
(PES) conditions

Spatial FROC
SRecies Scielntific names: Re.ferenctle species REFE&;E NCE PES (B/C) REC (B)
(Abbr.) (Introduced species excluded) Re;arggce E;:'; (ﬂ: : sirt‘; ? d I Expec;::g%erived
derived FROC
AMAR Anguilla marmorata (Quoy & Gaimard 1824) 2 1 0 1
AMOS Anguilla mossambica (Peters 1852) 3 2 1 2
ANAT Amphilius natalensis (Boulenger, 1917) 3 1 0 2
AURA Amphilius uranoscopus (Pfeffer, 1889) 4 4 3 4
BBRI Barbus brevipinnis (Jubb, 1966) 1 1 0 1
BEUT Barbus eutaenia (Boulenger, 1904) 4 4 3 4
BMAR Labeobarbus marequensis (Smith, 1841) 5 4 3 4
BTRI Barbus trimaculatus (Peters, 1852) 4 3 2 3
BUNI Barbus unitaeniatus (Glnther, 1866) 4 2 1 3
CANO Chiloglanis anoterus (Crass, 1960) 5 5 4 5
CGAR Clarias gariepinus (Burchell, 1822) 4 4 3 4
CPAR Chiloglanis paratus (Crass, 1960) 3 2 1 2
CSwiI Chiloglanis swierstrai (Van der Horst, 1931) 2 2 1 2
LCYL Labeo cylindricus (Peters, 1852) 1 1 0 1
LMOL Labeo molybdinus (Du Plessis, 1963) 3 3 2 3
MACU Micralestes acutidens (Peters, 1852) 3 2 1 2
MMAC Marcusenius macrolepidotus (Peters, 1852) 4 4 3 4
OMOS Oreochromis mossambicus (Peters, 1852) 3 2 1 2
OPER Opsaridium peringueyi (Gilchrist & Thompson, 1913) 4 3 2 3
PCAT Petrocephalus wesselsi (Kramer & Van der Bank, 2000) 3 1 0 1
PPHI Pseudocrenilabrus philander (Weber, 1897) 4 4 3 4
TSPA Tilapia sparrmanii (Smith, 1840) 4 4 3 4
VNEL Varicorhinus nelspruitensis (Gilchrist & Thompson, 1911) 4 2 1 3

15.6 MACROINVERTEBRATES
15.6.1 Baseline description

The baseline data for the biota is based on an EWR site visit during September 2007 at a flow of
0.51 m%s. The original SASS5 total score for the site was 231 with 36 taxa and an ASPT of 6.4.
The reference total SASS 5 score was established in discussion with DWAF:RQS officials C.
Thirion and C. Todd (pers. comm.). The reference was set at a SASS5 score of 240, with 34 taxa
and an ASPT of > 7.0. The baseline results, together with those for the reference sites, are
presented in the electronic information that accompanies this Report series (DWA, 2010). The
PES for this site was a B/C (80.5%), and the REC was set as a B.

15.6.2 Indicator taxa

Perlidae, Heptageniidae and Elmidae were selected as indicator taxa for this site. Perlidae prefer
cobble areas and velocities > 0.6 m/s. It is necessary that this habitat is not covered with fines.
Heptageniidae prefer velocities between 0.3 and 0.6 m/s and can live on substrates other than
cobbles. Elmids prefer velocities between 0.3 and 0.6 m/s. Perlidae and Heptageniidae are highly
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sensitive to water quality. For both taxa, onset of early summer breeding requires maintenance of
high quality water (low in organics and high clarity). The modelled hydraulic parameters
associated with the MAINTENANCE DRY flows are not presented for this site, as the EWR and
RHAM sites are situated in different stretches of the river, and these data are therefore not valid as
a monitoring guideline. Only the generic minimum values for the various parameters are provided
per taxon, below, as a guideline for monitoring. Note that these values may differ from site to site
depending on the nature of the coarse substrate and the vegetation.

TR TG [ ke | e [ R | W | ros | vres | ves | em | g
REQUIREMENTS: m m m/s m/s

Perlidae > 0.1 >0.2 >0.3 > 0.6 >5 >1 >3 <10 Isol.

Heptageniidae > 0.1 >0.2 >0.2 > 0.6 >5 >0 >3 <10 Isol.

Elmidae >0.2 >0.6 >5 >0 >3 <10 Isol.

15.6.1 EcoSpecs and TPCs relating to RHAM and MIRAI monitoring data: REC

The TPCs and EcoSpecs are provided for habitat and biota at REC conditions.

ECOSPECS: HABITAT TPCs
Average depth > 0.1 m, maximum depth > 0.2 m. Maximum depth < 0.25 m.
Average and maximum velocities should be > 0.2 and 0.6 m/s|Average and maximum velocities less than 0.25 and 0.65 m/s
respectively. respectively.
> 5% of FCS to be present and a small % of VFCS. < 5% FCS present.
< 10% algal cover on coarse substrates including bedrock. > 10% algal cover on coarse substrates including bedrock.
< 10% embeddedness of cobbles. > 10% embeddedness of cobbles.
Small % of MV to be inundated to a depth of > 0.2 m. MV exposed or inundated to a depth < 0.2 m.

ECOSPECS: BIOTA TPCs

To ensure that the SASS5 scores and ASPT values occur in the

following range: SASS5 score: > 225; ASPT value: > 6.2. SASS5 scores below 230 and ASPT below 6.4.

To ensure that the MIRAI score remains within the range of a B/C
category (77.4% - 82.01%), using the same reference data used in this|A MIRAI score of 80% or less.
study.

Two or more of the following taxa present only as individuals,
or absent altogether (for 2 consecutive samples): Perlidae,
Heptageniidae, Elmidae, Athericidae, and Pyralidae. Less
than 2 spp of Baetidae or Hydropsychidae.

Presence of at least 7 of the following 9 high-scoring taxa: Perlidae,
Heptageniidae Baetidae > 2 spp, Elmidae, Athericidae, Hydropsychidae
> 2 spp, and Pyralidae.

Balanced community structure, i.e. majority of macroinvertebrates at A
abundance, certain taxa at B abundance (e.g. Simuliidae,
Hydropsychidae, Baetidae, Heptageniidae).

No group to dominate the fauna i.e. be present in C abundance (> 100)
over more than two consecutive surveys.

The presence of one or more taxon occurring in C abundance,
i.e. > 100 individuals for two consecutive surveys.
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16 RESULTS: ECOSPECS AND TPCs FOR EWR 6: MUTLUMUVI
(MUTLUMUVI RIVER)

A summary of the site EcoClassification is provided below (DWA, 2009b).

16.1 ECOCLASSIFICATION SUMMARY OF EWR 6

EWR 6 Mutlumuvi (Mutlumuvi River)

EIS: HIGH
Rare, endangered and unique biota. Taxon species richness high and Driver PES — REC | AEC,
species intolerant to flow and flow related water quality changes present. Components | Category
HYDROLOGY C
PES: C
Abstraction, forestry, informal settlements and landuse activities. Impacts flow WATERQUALITY “
and non-flow related.
GEOMORPHOLOGY C Stable
REC: B Response PES Trend
The EIS is high and improvement requires improved system operation which Components | Category
improves the low flow regime. FISH C Stable
. MACRO .
AEC down: C/D . INVERTEBRATES » Negative
Decreased low flows and longer periods of zero flows. Increased algal
growth. Less moderate floods will cause some impact on sedimentation. The INSTREAM C
reedbeds will become less dense and Matumi will disappear. RIPARIAN _
VEGETATION C Negative
ECOSTATUS C

EcoSpecs (PES and REC) and TPCs (PES) are provided for the different components in Section
16.2t0 16.7.

16.2 GEOMORPHOLOGY

The REC is the same as the PES. The active channel flows over a bedrock base and is almost
free of fines and sands; the only mobile sediment across the EWR site is gravels and cobbles.
With catchment degradation and reduced flows the accumulation of sands within the active
channel may cause further declines in the PES, but the site is presently considered to be stable.
Keeping the accumulation of sands in check and maintaining the instream habitat diversity is the
focus of the EcoSpecs and TPCs. There was no available baseline RHAM data for this site, so
EcoSpecs and TPCs tied to this format of data could not be generated. EcoSpecs and TPCs are
provided for GAl monitoring data in Section 16.2.1.

16.2.1 EcoSpecs and TPCs relating to GAI monitoring data: PES and REC

Metric EcoSpec TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

Overall for the in-channel mobile sediments (i.e. bedrock
excluded):
Sands (<6 mm) should not exceed 10%.
. GAl level IV in 2007 measured 0%.
Gravels (<60 mm) should be more than 5%.
GAl level IV in 2007 measured 11%.
Cobbles (60 — 250 mm) should not be less than 50%.
GAl level IV in 2007 measured 78%.

In-channel sediment |Maintain the bed material size distribution
(substrate) within the active channel in order to
distribution. maintain the available physical habitats.

Sampling protocol:
Sediment is to be sampled in the active channel (bedrock) riffle at the
EWR cross-section.

ACTIVE CHANNEL MORPHOLOGY
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Metric

EcoSpec

TPCs

Active channel

Maintain the channel/reach type.

The site is in a multi-channel, bedrock to mixed anastomosing reach
which is strongly bedrock controlled. Whilst the bars have become
larger and increasingly stabilised as a result of vegetation, the
typically high energy active channels remain almost absent of fine

morphology. sediment.
The multiple bedrock distributaries which are almost free of sands and
dines must be maintained.

GAl level IVEC

GAl level IV PES
score.

Maintain or improve the GAl score. PES score from the GAl level IV should equal or exceed 71%.

16.3

PHYSICO-CHEMICAL VARIABLES

There was no available baseline RHAM data for this site. EcoSpecs and TPCs relating for the
PES and REC are provided in Section 16.3.1 — 16.3.3.

16.3.1

EcoSpecs relating to physico-chemical data: PES

River: Mutlumuvi

EWR 6 | Monitoring site: X3H008Q01

Water quality metrics

ECOSPEC: PES

MgSO, The 95" percentile of the data must be < 16 mg/L.
Na SO, The 95" percentile of the data must be < 20 mg/L.
| | MgCl, The 95™ percentile of the data must be < 15 mg/L.
norganic salts*
CaCl, The 95" percentile of the data must be < 21 mg/L.
NaCl The 95" percentile of the data must be < 45 mg/L.
CaS0O, The 95" percentile of the data must be < 351 mg/L.
EC The 95™ percentile of the data must be < 42 mS/m (A/B category).
oH The 5™ percentile of the data must range from 6.5 to 8.0, and the 95" percentile from 6.5
to 8.8.
Temperature Small deviation from the natural temperature range.

Physical variables

Dissolved oxygen

The 5" percentile of the data must be = 7.0 mg/L.

Small to moderate changes to the catchment land-use resulting in minor effects of silting

Turbidity of habitats, largely of a temporary nature, with very intermittent temporary unnaturally
high sediment loads and high turbidities.
TIN The 50" percentile of the data must be < 0.7 mg/L.
Nutrients " :
PO,-P The 50™ percentile of the data must be < 0.125 mg/L.
Chl-a th .
phytoplankton The 50" percentile of the data must be < 10 pg/L.

Response variables

Chl-a periphyton

2 #x

The 50™ percentile of the data must be < 84 mg/m?.

Toxics

An impact is expected if the 95" percentile of the data exceeds the TWQR as stated in
DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.
** No periphyton data were available for this assessment. All EcoSpecs and TPCs need verification as based on expert judgement.

16.3.2 EcoSpecs relating to physico-chemical data: REC

River: Mutlumuvi

EWR: 6 ‘ Monitoring site: X3H008Q01

Water quality metrics

ECOSPEC: REC

Inorganic salts*

MgSO4 The 95" percentile of the data must be <16 mg/L.
Na,SO,4 The 95" percentile of the data must be < 20 mg/L.
MgClz The 95™ percentile of the data must be < 15 mg/L.
CaCl, The 95™ percentile of the data must be < 21 mg/L.
NaCl The 95" percentile of the data must be < 45 mg/L.
CaSO0O, The 95" percentile of the data must be < 351 mg/L.
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River: Mutlumuvi

EWR: 6 Monitoring site: X3H008Q01

Water quality metrics

ECOSPEC: REC

Physical variables

EC The 95™ percentile of the data must be < 42 mS/m (A/B category).

oH The 5™ percentile of the data must range from 6.5 to 8.0, and the 95" percentile from 6.5
to 8.8.

Temperature Small deviation from the natural temperature range.

Dissolved oxygen

The 5" percentile of the data must be = 7.0 mg/L.

Vary by a small amount from the natural turbidity range; minor silting of instream habitats

Response variables

Turbidity acceptable.

TIN The 50" percentile of the data must be < 0.7 mg/L.
Nutrients "

PO.-P The 50™ percentile of the data must be < 0.025 mg/L.

Chl-a th .

phytoplankton The 50™ percentile of the data must be <10 ug/L.

Chl-a periphyton

The 50™ percentile of the data must be < 21 mg/m?.

Toxics

An impact is expected if the 95" percentile of the data exceeds the TWQR as stated in
DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

16.3.3 TPCs relating to physico-chemical data: PES

River: Mutlumuvi

EWR 6 | Monitoring site: X3H008Q01

Water quality metrics

TPC

MgSO, The 95" percentile of the data must be 13 — 16 mg/L.
Na>SO, The 95" percentile of the data must be 16 — 20 mg/L.
| | MgCl, The 95" percentile of the data must be 12 — 15 mg/L.
norganic salts*
CaCl, The 95" percentile of the data must be 17 — 21 mg/L.
NaCl The 95" percentile of the data must be 36 — 45 mg/L.
CaSO0, The 95" percentile of the data must be 280 — 351 mg/L.
EC The 95" percentile of the data must be 35 — 42 mS/m.
H The 5" percentile of the data must be < 6.7 and > 7.8, and the 95" percentile must be <
. . P 6.7 and > 8.6.
Physical variables
Temperature Initiate baseline monitoring for this variable if Level Il or higher of the DSS.

Dissolved oxygen

The 5" percentile of the data must be 7.2 — 7.0 mg/L. Initiate baseline monitoring for this
variable if Level Il or higher of the DSS.

Response variables

Nutrlent TIN The 50" percentile of the data must be 0.56 — 0.7 mg/L.
utrients
PO,-P The 50" percentile of the data must be 0.1 —0.125 mg/L.
gr?)ll-tﬁplankton The 50" percentile of the data must be 8 — 10 ug/L.

Chl-a periphyton

The 50" percentile of the data must be 67 — 84 mg/m?.

Toxics

An impact is expected if the 95™ percentile of the data exceeds the Target Water Quality
Range (TWQR) as stated in DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

16.4

RIPARIAN VEGETATION

EcoSpecs and TPCs based on the VEGRAI data are provided Section 16.4.1.

16.4.1 EcoSpecs and TPCs relating to RHAM and VEGRAI monitoring data: PES
Assessed Zone
PES |REC component e EcoSpec (PES) TPC (PES) EcoSpec (REC) Note
VEGRAI recorded <
Exotic Invasion . . An increase in exotic |Exotic species 10% (marginal zone,
(perennial Riparian zone. E;(tovfllg esnp<1eg|?5283ver species covers cover between 5 - |annuals), 10 - 20%
C B |exotics). °  |above 20%. 10%. (lower zone), < 10%
(upper zone).
Indigenous Marginal Riparian woody An increase in Riparian woody VEGRAI recorded <
Riparian Woody |zone. cover between 1 and |riparian woody cover |cover between 5 10% cover.
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Assessed Zone
PES |REC component assessed EcoSpec (PES) TPC (PES) EcoSpec (REC) Note
Cover. 80%. of more than 70% and 60%.
OR a decrease
below 5%.
An increase in
Riparian woody riparian woody cover |Riparian woody }
Lower zone. |cover between 5 and |of more than 50% cover between 10 \2/5,929\1 :racorded 10
60%. OR a decrease and 50%. ° .
below 10%.
L A decrease in R
Riparian woody A Riparian woody
riparian woody VEGRAI recorded 20 -
Upper zone. gﬁ\ée;g?tween 20 species covers below gcr)]\c/jeéé)o/etween 30 40% cover.
© 20% OR above 70%. °
Marginal E;ﬁ;jezﬁv%f/ and A decrease inreed |Reed covers above |VEGRAI recorded 20 -
zone. 20% ° cover below 20%. 30%. 30% cover.
An increase in reed
. Reed covers Reed covers
Phragmites o cover above 80% or 5 VEGRAI recorded 20 -
(reed) cover. Lower zone. bezween 10% and a decrease below bezween 30% and 40% cover.
90%. 80%.
20%.
Reed covers . .
o Anincrease inreed |Reed coversless |VEGRAI recorded <
Upper zone. ggzzleen 40% and cover above 40%. than 40%. 20% cover.
16.5 FISH

EcoSpecs and TPCs are provided for FRAI data in Section 16.5.1. The spatial FROC of EWR 6 is
provided in Section 16.5.2 and indicates the FROC under reference, PES and REC conditions as
well as TPCs for baseline (PES) conditions.
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16.5.1 EcoSpecs and TPCs relating to FRAI data: PES
PES
5 EWR SITE REACH
Metric g
= o .
E 2 u%, ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic)
Any decreased FROC in
- . . . . Loss in diversity, abundance and reach of indicator species
7 |Species AITIGIgENOUS | r0 e iing the rooent baseine. - |durng a surwey whon habita can po |°C1GHION OF velocitydepth — — |y oo, |mentioned i tis table
richness. species. (EWR) surve samoled efficientl categories and cover features (to ’ (refer to sheet 5-FROC")
v P y: be quantified by RHAM). OR FRAI scores decreasing
below 65% (C/D EC).
. . . ) Relative abundance of less than 4.5
Relative During recent baseline (EWR) fish were . ) . .
6 abundance. N/A. sampled at 5.2 ind/min. ind/min sampled at the_ site (during  |N/A. N/A. N/A.
same season as baseline data).
L Any o ) . . ) Any Presence of any
Alien fish T No alien /introduced fish species sampled at |Presence of any alien/introduced fish o o . .
14 ; alien/introduced | _. ) . . . . N/A. alien/introduced |alien/introduced fish species
species. Spp. site during recent baseline survey. species at site during any survey. Spp. at site during any survey.
During the recent baseline (EWR) survey guArClé) 2?d r‘z’;ﬂeﬁ?;b;?;tiviurmg any
5 |FD Habitats. CANO, BMAR |CANO was present at a relative abundance yorp . : CANO |CPAR
of 0.50 ind/min and BMAR at 0.55 ind/min. | 20undance of < 0.30 ind/min for
’ ’ " |CANO and < 0.35 ind/min for BMAR.
CANO and BMAR absent during any
During the recent baseline (EWR) survey survey or present at relative
3 |FS habitats CANO, CSWI, |CANO was present at a relative abundance |abundance of < 0.30 ind/min for CANO |CPAR Any decreased FROC in
' BMAR of 0.50 ind/min, CSWI at 0.03 ind/min and CANO and < 0.35 ind/min for BMAR |Reduced suitability (abundance & reach of CANO & CPAR
BMAR at 0.55 ind/min. and CSWI absent for two quality) of FD & FS habitats (i.e. (refer to sheet 5-FROC,
consecutive surveys. decreased flows, increased zero column G).
CANO and BMAR absent during any |flows), increased sedimentation
During the recent baseline (EWR) survey  |survey or present at relative of riffle/rapid substrates,
4 |Substrate CANO, LMOL, |CANO was present at a relative abundance |abundance of < 0.30 ind/min for excessive algal growthon cANO |cPam
: BMAR of 0.50 ind/min, LMOL at 0.08 ind/min and  |CANO and < 0.35 ind/min for BMAR |substrates (to be quantified with
BMAR at 0.55 ind/min. and LMOL absent for two RHAM).
consecutive surveys.
CANO & CSWI and BEUT will be most CANO and BEUT absent during any
Flow dependant appropriate indicators of flow at the site. survey or present at relative Any decreased FROC in
1 ls (flox CANO, CSWI, |During the recent baseline (EWR) survey abundance of < 0.30 ind/min for CANO |cswi reach of CANO & CSWI
aﬁgration) BEUT CANO was present at a relative abundance |CANO and < 0.20 ind/min for BEUT (refer to sheet 5-FROC,
’ of 0.50 ind/min, CSWI at 0.03 ind/min and and CSWI absent for two column G).
BEUT at 0.43 ind/min. consecutive surveys.
CANO and BEUT will be most appropriate ) .
Water qualit indicators of water quality at the site. During gfryg ?)nF? %Eg;?gf?;;ﬂsgng a Decreased water quality (as gr;);ﬁ%cfrce;aAs’\?g ';RISECEJEP
2 | qualty CANO, BEUT |the recent baseline (EWR) survey CANO y P ’ . indicated by PAI, RHAM visual, or[CANO [BEUT
intolerance. . abundance of < 0.30 ind/min for . (refer to sheet 5-FROC,
was present at a relative abundance of 0.50 CANO and < 0.20 ind/min for BEUT water quality assessments). column G)
ind/min and BEUT at 0.43 ind/min. ’ ’ ’
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abundance of 0.07 ind/min and BVIV at 0.12
ind/min.

consecutive surveys.

quantified with RHAM).

PES
5 EWR SITE REACH
Metric g

= QO .

E 2 q%, ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic)
OMOS & BMAR will be most appropriate OMOS and BMAR absent during any [Reduced suitability of SD habitats Anv decreased FROC in
indicators of SD habitats at the site. During |[survey or present at relative (i.e. increased flows in dry rea)::h of BUNI & OMOS

12 |SD habitats. OMOS, BMAR |the recent baseline (EWR) survey OMOS abundance of < 0.35 ind/min for season, alteration in seasonality, [BUNI |OMOS (refer to sheet 5-FROC
was present at a relative abundance of 0.72 |BMAR and < 0.50 ind/min for sedimentation of pools) (to be column G) ’
ind/min and BMAR at 0.55 ind/min. OMOS. quantified with RHAM). ’

Species with high indicator value for water ) .
column is MBRE & BMAR. During the recent Brl\éISAeF:]taatl)f :Ttegﬁaggaiﬂﬁszrz\gyoﬁl Reduction in suitability of water é?’cﬁiirgﬁzg ;RI\?BCRE

9 |Water column. |MBRE, BMAR |baseline (EWR) survey MBRE was present 8 35 ind/min and MBRE absent for column (i.e. increased MBRE |BMAR (refer to sheet 5-FROC
at a relative abundance of 0.02 ind/min and tv;/o consecutive SUIvevs sedimentation of pools). column G) ’
BMAR at 0.55 ind/min. ys. '

BVIV & MACU will be most appropriate . Significant change in SS habitat .
indicators of SS habitats at the site. During Br\tlels\v/er?tb :fgtrzigtlir:/% a;r;)):;g;vniyeogf < suitability (i.e. increased flows, gggﬁ%cfrg?ﬁsd&':ggﬁ I(nrefer

10 |SS habitats. BVIV, MACU the recent baseline (EWR) survey BVIV was 8 05 ind/min and MACU absent for altered seasonality, increased BVIV  |GGIU to sheet 5-FROC. column
present at a relative abundance of 0.12 t\/;/o consecutive SUrvevs sedimentation of slow habitats). G) ’
ind/min and MACU at 0.03 ind/min. ys. (To be quantified with RHAM). ’

BVIV & BTRI will be the most appropriate

indicators of overhanging vegetation habitats [BVIV & BTRI absent during any Significant change in overhanging Any decreased FROC in
11 Overhangmg BVIV, BTRI at the site. During the recent baseline _|survey or BVIV present \{wth relative vegetation habitats (to be BVIV BUNI reach of BVIV & BUNI (refer

vegetation. (EWR) survey BVIV was present at a relative [abundance < 0.05 ind/min and BTRI uantified with RHAM) to sheet 5-FROC, column

abundance of 0.12 ind/min and BTRI at 0.72 |< 0.5 ind/min. a ) G).

ind/min.

MMACS& BEUT will be the most appropriate

indicators of undercut banks habitat at the  |[BEUT absent during any survey or A . Any decreased FROC in
8 |Undercut banks. [IMMAC. BEUT site. During the recent baseline (EWR) present at a relative abundance of < S;%T;f:;;;{ga(?ggén tg?;;iceué MMAC |PCAT reach of MMAC & PCAT

: ’ survey MMAC was present at a relative 0.20 ind/min and MMAC absent for with RHAM) q (refer to sheet 5-FROC,

abundance of 0.03 ind/min and BEUT at 0.43|two consecutive surveys. ’ column G).

ind/min.

Species with high indicator value for

instream vegetation at this site is TREN & BVIV absent during any survey or - . Any decreased FROC in

13 Instream TREN. BVIV BVIV. During the recent baseline (EWR) with relative abundance < 0.05 ségr:tf;iaonr: ﬁgiﬂgglagnsgeam TREN |BVIV reach of TREN & BVIV

vegetation. ’ survey TREN was present at a relative ind/min and TREN absent for two 9 (refer to sheet 5-FROC,

column G).

1 Refer to electronic data (DWA, 2010).
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16.5.2 Spatial FROC under reference, PES and REC conditions and TPCs for baseline
(PES) conditions

Spatial FROC
Species Scientific names: Reference species REFE(i;ENCE PES (C) REC (B)
(Abbr.) (Introduced species excluded) Relz;roegce Egr:' (?E : Eirt‘; ‘: m F_IBPOCC Expec;g%«éerived
derived FROC
AMOS Anguilla mossambica (Peters 1852) 1 1 0 1
BANN Barbus annectens (Gilchrist & Thompson, 1917) 4 3 2 3
BEUT Barbus eutaenia (Boulenger, 1904) 4 3 2 4
BFRI Barbus afrohamiltoni (Crass, 1960) 3 1 0 1
BMAR Labeobarbus marequensis (Smith, 1841) 5 4 3 5
BPAU Barbus paludinosus (Peters, 1852) 4 2 1 2
BRAD Barbus radiatus (Peters, 1853) 4 2 1 2
BTOP Barbus toppini (Boulenger, 1916) 4 2 1 2
BTRI Barbus trimaculatus (Peters, 1852) 5 4 3 4
BUNI Barbus unitaeniatus (Glnther, 1866) 5 3 2 3
BVIV Barbus viviparus (Weber, 1897) 5 4 3 4
CANO Chiloglanis anoterus (Crass, 1960) 5 4 3 4
CGAR Clarias gariepinus (Burchell, 1822) 4 4 3 4
CPAR Chiloglanis paratus (Crass, 1960) 5 4 3 4
CSwi Chiloglanis swierstrai (Van der Horst, 1931) 5 3 2 4
GCAL Glossogobius callidus (Smith, 1937) 3 2 1 2
GGIU Glossogobius giuris (Hamilton-Buchanan, 1822) 5 3 2 3
LCYL Labeo cylindricus (Peters, 1852) 5 3 2 4
LMOL Labeo molybdinus (Du Plessis, 1963) 5 4 3 4
MACU Micralestes acutidens (Peters, 1852) 5 4 3 4
MBRE Mesobola brevianalis (Boulenger, 1908) 5 4 3 4
MMAC Marcusenius macrolepidotus (Peters, 1852) 4 3 2 3
OMOS Oreochromis mossambicus (Peters, 1852) 5 5 4 5
OPER Opsaridium peringueyi (Gilchrist & Thompson, 1913) 4 1 0 3
PCAT Petrocephalus wesselsi (Kramer & Van der Bank, 2000) 4 2 1 2
PPHI Pseudocrenilabrus philander (Weber, 1897) 4 4 3 4
SINT Schilbe intermedius (Ruppell, 1832) 3 2 1 2
SMER Serranochromus meridianus (Jubb, 1967) 3 2 1 2
TREN Tilapia rendalli (Boulenger, 1896) 4 4 3 4

16.6 MACROINVERTEBRATES
16.6.1 Baseline description

The baseline data for the biota is based on an EWR site visit during September 2007 at a flow of
0.016 m%s. The original SASS5 total score for the site was 189 with 32 taxa and an ASPT of 5.9.
The reference conditions used to derive the EcoStatus (MIRAI) were based on macroinvertebrate
data from the River Health Program ‘Rivers Client’ for sites X3MUTL-NEWFO, and on discussions
with DWAF:RQS officials C. Thirion and C. Todd (pers. comm.). The reference SASS5 was set at
270, with 35 taxa and an ASPT of 7.5. The baseline results, together with those for the reference
sites, are presented in the electronic information that accompanies this Report series (DWA, 2010).
The PES for this site was a B/C (77.7%), and the REC was set as a B.
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16.6.2 Indicator taxa

As only a single Perlid was collected at this site, two flow-dependent macroinvertebrate taxa which
occurred in A abundances (1 - 10 individuals), Heptageniidae and Hydropsychidae (> 2 spp), were
used as indicators for this site. Both prefer cobble substrates and velocities between 0.3 and 0.6
m/s, although they will survive for periods at lower velocity categories and on other substrates.
Heptageniidae are highly sensitive and Hydropsychidae are moderately sensitive to water quality.

The hydraulic parameters associated with the MAINTENANCE DRY flows are presented. These
data provide an approximation of the minimum values required at the site during the dry season in
order to fulfil the FDI population’s preferred hydraulic habitat requirements. They thus serve as a
guide in the setting of EcoSpecs. Note that at this site, the EWR hydraulic cross-section was
through non-critical habitat, whereas biological sampling was done in critical flow habitat. Modelled
velocity values are likely to be only approximately half of the actual velocity values (Birkhead, pers.
comm.). For the purposes of the information provided below, modelled velocity values have thus
been doubled (bold).

FDI INDICATOR TAXA Ave Max Ave Max
GENERIC MINIMUM Deoth Debth vel vel FCS VFCS VEG Emb Alg
HYDRAULIC HABITAT rﬁ rﬁ e e % % % % %
REQUIREMENTS:
Heptageniidae > 0.1 >0.2 >0.2 >0.6 >7 >0 >7 <10 Isol.
Hydropsychidae >0.3 >3 >3 <10 Isol.
RECOMMENDED MAINTENANCE DRY FLOWS HYDRAULICS (with velocities doubled from modelled values, as discussed
in text):
Season/ Ave Max Ave Max
Cat (ﬂg’/"s\’) Building Depth Depth vel. vel. FE/:S VI:/CS VSG E:;‘ & I-:}g
Block m m m/s m/s ° ° ° ° °
B/C 0.066 | Dry Maint 0.22 0.46 0.02 0.12 0 0 0 <10 Isol
Dry
B 0.163 Maint. 0.25 0.5 0.08 0.28 0 0 0 0 Isol

Note: Velocity ranges are still below the required minima, however the final flow values requested (for fish) and provided, are somewhat
higher and will deliver adequate velocities and result in the presence of FCS.

16.6.3 EcoSpecs and TPCs relating to RHAM and MIRAI monitoring data: REC

The TPCs and EcoSpecs are provided for habitat and biota at REC conditions.
ECOSPECS: HABITAT TPCs

Average depth > 0.2 m, maximum depth measured > 0.3 m. Average depth < 0.25 m.

Average and maximum velocities should be > 0.2 and 0.6 m/s Average and maximum velocities less than 0.25 and 0.65 m/s

respectively.

Small % of FCS to be present. No FCS present.

< 10% algal cover on coarse substrates including bedrock. > 10% algal cover on coarse substrates including bedrock.
< 10% embeddedness of cobbles. > 10% embeddedness of cobbles.

ECOSPECS: BIOTA TPCs

SASS5 scores and ASPT values occur in the following range: SASS5
score: > 180; ASPT value: > 6.

MIRAI score remains within the range of a B/C category (77.4%
82.01%), using the same reference data used in this study.

SASSS5 scores below 190 and ASPT below 6.

“| A MIRAI score of 80% or less.

Absence of Heptageniidae, and/or less than 2 spp of

Presence of Heptageniidae and Hydropsychidae 2 sp. hydropsychids or individuals only

Balanced community structure, i.e. majority of macroinvertebrates at A
abundance, certain taxa at B abundance (e.g. Simuliidae,
Hydropsychidae, Baetidae, and Heptageniidae).

No group to dominate the fauna i.e. be present in C abundance (> 100)
over more than two consecutive surveys.

The presence of one or more taxon occurring in C abundance,
i.e. > 100 individuals for two consecutive surveys.
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17 RESULTS: ECOSPECS AND TPCs FOR EWR 7: TLULANDZITEKA
(TLULANDZITEKA RIVER)

A summary of the site EcoClassification is provided below (DWA, 2009b).

17.1 ECOCLASSIFICATION SUMMARY OF EWR 7

EWR 7 Tlulandziteka (Tlulandziteka River)

EIS: MODERATE

Rare and endangered species, high taxon richness, species intolerant to flow Driver PES&REC | [\ [ pec,
and flow related water quality changes. Components | Category
HYDROLOGY A?
PES: C
Forestry, abstraction, flow modification and poor landuse management. WATERQUALITY C

Impacts flow and non-flow related. GEOMORPHOLOGY - Stable

REC c Response PES &REC Trend AEC
: Ci t Cat
Due to the moderate EIS, the REC = the PES. e ===

FISH C Stable

AEC Up: B MACRO )
.. R INVERTEBRATES Negative
Improved flows through fixing of canals, rehabilitation of forestry areas and
improved management of canal system and landuse. Remove exotic INSTREAM
vegetation, minimise agricultural disturbance and remove unused orchards. RIPARIAN )
VEGETATION C Negative
AEC Down: D ECOSTATUS C

Increased use of the dam with less spills, i.e. less floods. More abstraction
and forestry. Nutrients, temperature, oxygen, and turbidity levels will change.
Increase in bed height, more subsurface flows and sediment with resulting
decrease in riffles and shallower pools. More reeds, alien vegetation and more
removal.

EcoSpecs and TPCs for the PES and REC are provided for the different components in Section
17.2t0 17.6.

17.2 GEOMORPHOLOGY

The REC is higher than the PES. Extreme narrowing and stabilisation of the active channel has
caused the PES to decline. Historically the reach had a much wider, sandy open channel which is
now very narrow, with banks and bars highly stabilised through extensive, dense reed growth.
There was no available baseline RHAM data for this site, so EcoSpecs and TPCs tied to this
format of data could not be generated. EcoSpecs and TPCs are provided for GAI monitoring data
in Section 17.2.1.

17.2.1 TPCs relating to GAI monitoring data: REC

Metric EcoSpec TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

Overall for the in-channel sediments:

Sands (<6 mm diameter) must be more than 90%.
Maintain the bed material size . GAl level IV in 2007 measured 100%.
In-channel sediment distribution within the active channel in
(substrate) distribution. |order to maintain the available physical [Sampling protocol:

habitats. Sediment is to be sampled in the active channel downstream of the
bridge (i.e. downstream of the EWR cross-section, this is immediately
upstream of the bridge).

ACTIVE CHANNEL MORPHOLOGY

Historically this reach had a much wider active channel and more

. open macro-channel (i.e. less vegetation on the macro-channel floor).
Active channel p ( g )

Maintain the channel/reach type. Currently the banks and bars are highly stabilised by the dense
morphology. yp reedbed);. gnly y
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Metric EcoSpec TPCs
The active channel should widen over time and the density of
vegetation on the macro-channel floor reduce with the provision of
increased flows and floods; in doing so reducing some of the historical
degradation trends.
GAl level IVEC

GAl level IV PES score.

Maintain or improve the GAl score. PES score from the GAl level IV should exceed 61%.

17.3

PHYSICO-CHEMICAL VARIABLES

There was no available baseline RHAM data for this site. EcoSpecs and TPCs relating for the
PES and REC are provided in Section 17.3.1 —17.3.83.

17.3.1

EcoSpecs relating to physico-chemical data: PES

River: Tlulandziteka

EWR7 | Monitoring site: X3H008Q01

Water quality metrics

ECOSPEC: PES

MgSO4 The 95" percentile of the data must be < 16 mg/L.
Na>SO, The 95" percentile of the data must be < 20 mg/L.
| | MgCls The 95" percentile of the data must be < 15 mg/L.
norganic salts*
CaCl, The 95" percentile of the data must be < 21 mg/L.
NaCl The 95" percentile of the data must be < 45 mg/L.
CaSO0O, The 95" percentile of the data must be < 351 mgl/L.
EC The 95" percentile of the data must be < 42 mS/m (A/B category).
oH The 5™ percentile of the data must range from 6.5 to 8.0, and the 95" percentile from 6.5
to 8.8.
Physical variables | Temperature Small deviation from the natural temperature range.

Dissolved oxygen

The 5" percentile of the data must be = 7.0 mg/L.

Moderate changes to the catchment land-use resulting in temporary unnaturally high

Turbidity sediment loads and high turbidities.
Nutrient TIN The 50™ percentile of the data must be < 0.7 mg/L.
utrients
PO.-P The 50" percentile of the data must be < 0.125 mg/L.
gt?;l/-tiplankton The 50" percentile of the data must be < 10 pg/L.

Response variables

Chl-a periphyton

The 50" percentile of the data must be < 84 mg/m?.

Toxics

An impact is expected if the 95" percentile of the data exceeds the TWQR as stated in
DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

17.3.2 EcoSpecs relating to physico-chemical data: REC

River: Tlulandziteka

EWR7 | Monitoring site: X3H008Q01

Water quality metrics

ECOSPEC: REC

MgSO, The 95" percentile of the data must be < 16 mg/L.

Na>SO, The 95" percentile of the data must be < 20 mg/L.

MgCl, The 95" percentile of the data must be < 15 mg/L.
Inorganic salts* -

CaCl, The 95" percentile of the data must be <21 mg/L.

NaCl The 95" percentile of the data must be < 45 mgl/L.

CaS0O, The 95" percentile of the data must be < 351 mgl/L.

EC The 95" percentile of the data must be < 42 mS/m (A/B category).
Physical variables | pH The 5™ percentile of the data must range from 6.5 to 8.0, and the 95" percentile from 6.5

to 8.8.
Temperature Largely natural to small deviation from the natural temperature range.
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River: Tlulandziteka

EWR 7 Monitoring site: X3H008Q01

Water quality metrics

ECOSPEC: REC

Dissolved oxygen

The 5" percentile of the data must be = 7.5 mg/L.

Vary by a small amount from the natural turbidity range; minor silting of instream habitats

Response variables

Turbidity acceptable.
Nutrient TIN The 50" percentile of the data must be < 0.7 mg/L.
utrients
PO4-P The 50" percentile of the data must be < 0.025 mg/L.
gﬁ)ll-t?)plankton The 50" percentile of the data must be <10 pg/L.

Chl-a periphyton

The 50" percentile of the data must be < 21 mg/m?.

Toxics

An impact is expected if the 95" percentile of the data exceeds the TWQR as stated in
DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

17.3.3 TPCs relating to physico-chemical data: PES

River: Tlulandziteka

EWR 7 ‘ Monitoring site: X3H008Q01

Water quality metrics

TPC

MgSO4 The 95" percentile of the data must be 13 — 16 mg/L.
Na,SO, The 95" percentile of the data must be 16 — 20 mg/L.
| | MgCls The 95" percentile of the data must be 12 — 15 mg/L.
norganic salts*
CaCl, The 95" percentile of the data must be 17 — 21 mg/L.
NaCl The 95" percentile of the data must be 36 — 45 mg/L.
CaSO0O, The 95" percentile of the data must be 280 — 351 mg/L.
EC The 95" percentile of the data must be 35 — 42 mS/m.
Y The 5" percentile of the data must be < 6.7 and > 7.8, and the 95™ percentile must be <
) _ P 6.7 and > 8.6.
Physical variables
Temperature Initiate baseline monitoring for this variable if Level Il or higher of the DSS.

Dissolved oxygen

The 5™ percentile of the data must be 7.2 — 7.0 mg/L. Initiate baseline monitoring for this
variable if Level Il or higher of the DSS.

Response variables

Nutrient TIN The 50" percentile of the data must be 0.56 — 0.7 mg/L.
utrients
PO,-P The 50" percentile of the data must be 0.1 — 0.125 mg/L.
Sr?;l/-t?)plankton The 50" percentile of the data must be 8 — 10 ug/L.

Chl-a periphyton

The 50" percentile of the data must be 67 — 84 mg/m®.

Toxics

An impact is expected if the 95" percentile of the data exceeds the Target Water Quality
Range (TWQR) as stated in DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

17.4

RIPARIAN VEGETATION

EcoSpecs and TPCs based on the VEGRAI data are provided Section 17.4.1.

17.4.1 EcoSpecs and TPCs relating to RHAM and VEGRAI monitoring data: PES
Assessed Zone
PES |[REC component e EcoSpec (PES) TPC (PES) EcoSpec (REC) Note
. . . . VEGRAI recorded data:
:Ezort:r:]rl]rixasmn Riparian zone Exotic species cover :Qolt?g;ea;gég Exotic species cover |10% (marginal zone); 10
eg(otics) P " |between 15 - 20%. covers :bove 0% between 5 - 10%. - 20% (lower zone); 40 -
: o 60% (upper zone).
. An increase in Not high, but removal of
C B Terrestrial woody terrestrial woody The ab§ence of selected riparian species
Lower zone. |cover between 5 . terrestrial woody . .
o species cover > . for wood will facilitate
L and 10%. o species. .
Terrestrialisation. 10%. higher values.
Terrestrial woody An increase in Terrestrial woody
Upper zone. |cover between 20  |terrestrial woody  |cover between 10 As above.
and 30%. species cover > and 15%.
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Assessed Zone
PES |[REC component assessed EcoSpec (PES) TPC (PES) EcoSpec (REC) Note
30%.
An increase in
- riparian woody _—
Riparian woody Riparian woody o
Marginal zone. |cover between 1 gg\:/ersgrgore than cover between 5 and Xf\g?Al recorded < 10%
and 80%. decrease below 60%.
5%.
An increase in
Indigenous I riparian woody .
Riparian Woody Riparian woody cover of more than Riparian woody VEGRAI recorded 10 -
Cover Lower zone. |cover between 5 50% OR a cover between 10 20% cover
and 60%. decrease below and 50%.
10%.
A decrease in
Riparian woody riparian woody Riparian woody )
Upper zone. |cover between 20  [species covers cover between 30 \2/5,929\1 grecorded 10
and 70%. below 20% OR and 60%. ° ’
above 70%.
Reed covers .
. A decrease in reed |Reed covers above |VEGRAI recorded 20 -
Marginal zone. ggt;veen 10% and cover below 20%. |30% 40% cover
o . . .
0.
Phragmites Reed covers ﬁ(r)]vigrc ;%%?/ee igorsed Reed covers VEGRAI recorded 20 -
(reed) cover. Lower zone. |between 10% and or a decrease between 30% and 40% cover.
90%. below 20% 80%.
Reed covers . .
o An increase in reed |Reed covers less VEGRAI recorded 10 -
Upper zone. ggz;veen 40% and cover above 40%. |than 40%. 20% cover.
0.
175 FISH

EcoSpecs and TPCs are provided for FRAI data in Section 17.5.1. The spatial FROC of EWR 7 is
provided in Section 17.5.2 and indicates the FROC under reference, PES and REC conditions as
well as TPCs for baseline (PES) conditions.
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17.5.1 EcoSpecs and TPCs relating to FRAI data: PES
PES
) ) EWR SITE REACH
Metric Indicator spp.

=

é ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic)

Five of the 28 expected indigenous fish ?c;sgglr:: ilgsdsg;fgcsﬁ 0::] of 65.4
species were sampled during the Less than 10 fish species sampled |Loss in diversity, abundance and decreased FROC in reéch Oyf
Species . baseline (EWR) survey. Sampling during a survey when sampling condition of velocity-depth . P ) h I
6 | All species. . : . = ’ 4 . All species. indicator species mentioned in this
richness. conditions were not optimal due to high|conditions are optimal and habitat categories and cover features (to 1
f . - - table (refer to sheet 5-FROC') OR
ows and it can be expected that at can be sampled efficiently. be quantified by RHAM). FRAI scores decreasing below
least 14 species are present at the site. 629% (category C/D).
During recent baseline (EWR) survey |Relative abundance of less than 2

5 Relative N/A fish were sampled at 3.5 ind/min. This |ind/min sampled at the site (during N/A N/A N/A

abundance. ’ may be even higher during optimal same season as baseline data with ’ ’ ’
sampling conditions. optimal sampling conditions).

N Any L . . L ) Any Presence of any alien/introduced

Alien fish T No alien fish species sampled at site  |Presence of any alien/introduced fish S ) o .
8 species. alien/introduced during recent surveys. species at site during any survey. N/A. alien/introduced |fish species in reach during any
spp. spp. survey.
FD habitats. |CANO, BMAR | baseline (EWR) Redluc)edfsggag"F“g (fbt;mdafzce & |CANO |CPAR
uring recent baseline survey . quality) o abitats (i.e.

FS habitats. |CANO, BMAR CANO was present at site at a relative glf;::o ::d SEL'\:IVAeR g%se?é;reonr?;ne decreased flows, increased zero  |CANO |CPAR |Any decreased FROC in reach of

2 abundance of 0.15 ind/min and BMAR 'g any y pre: . flows), increased sedimentation of CANO & CPAR (refer to sheet 5-

: relative abundance < 0.1 ind/min for | . h :
at a relative abundance of 1.56 CANO and < 1.2 ind/min for BMAR riffle/rapid substrates, excessive FROC, column G).
Substrate.  [CANO, BMAR ind/min. and <. ° " |algal growth on substrates (to be |CANO |CPAR
quantified with RHAM).
g(laov(\;n dant CANO & BEUT will be most Any decreased FROC in reach of
P CANO, BEUT  |appropriate indicators of flow atthe |~ p Ny a0 BEUT absent from site CANO |CSWI |CANO& CSWI (refer to sheet 5-
spp (flow site. During the recent baseline survey | & .-~ = U Zn - So T FROC, column G).
1 |alteration). CANO was present at site at a relative 'g any y IR pre: ; ’
. ) relative abundance < 0.1 ind/min for - -
Water qualit abundance of 0.15 ind/min and BEUT | < 2114 < 0.9 ind/min for BEUT. |Decreased water quality (as Any decreased FROC in reach of
imoler:'nce Y|cANO, BEUT at a relative abundance of 1.13 indicated by PAI, RHAM visual, or {CANO |BEUT [CANO & BEUT (refer to sheet 5-
: ind/min. water quality assessments). FROC, column G).
Reduced suitability of SD habitats
) (i.e. increased flows in dry season, Any decreased FROC in reach of
SD habitats. |[OMOS, BMAR OMOS & BMAR will be most alteration in seasonality, BUNI |OMOS [BUNI & OMOS (refer to sheet 5-
appropriate indicators of SD, SS & sedimentation of pools) (to be FROC, column G).
water column habitats at the site. OMOS and BMAR absent from site  |quantified with RHAM).
During recent baseline (EWR) survey |during any survey OR BMAR present P P -

7 ) ; : Reduction in suitability of water Any decreased FROC in reach of
Water BMAR, OMOSs  |OMOS was present at site at a relative |at relafive abundance of < 1. 2 column (i.e. increased MBRE |BMAR |MBRE & BMAR (refer to sheet 5-
column. abundance of 0.02 ind/min and BMAR |ind/min. sedimentation of pools) FROC, column G)

at a relative abundance of 1.56 P . ’ :
ind/min. Significant change in SS habitat Any decreased FROC in reach of
SS habitats. |OMOS, BMAR suitability (i.e. increased flows, BVIV  |BUNI |BVIV & BUNI (refer to sheet 5-
altered seasonality, increased FROC, column G).

Rivers for Africa
March 2010

EcoSpecs Report
WP -9133

Report no 26/8/3/10/12/011
Page 17-5



Comprehensive Reserve Determination study for the Inkomati River System (WMADS5)

PES
. . EWR SITE REACH
Metric Indicator spp.
=
E ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic)
sedimentation of slow habitats) (to
be quantified with RHAM).
BTRI & BEUT will be most appropriate
indicators of overhanging vegetation .
Overhangin habitats at the site. During recent dBuTrf: agg BSEutJvLabosgnt rzgr;msgf Significant change in overhanging Any decreased FROC in reach of
3 oo etaﬁogn 9|BTRI, BEUT baseline (EWR) survey BTRI was relati\?e agun danze g 0p40 o in  |vegetation habitats (to be BVIV [BUNI [BVIV & BUNI (refer to sheet 5-
9 ’ present at site at a relative abundance for BTRI and < 0.9 ind/hin for BEUT quantified with RHAM). FROC, column G).
of 0.67 ind/min and BEUT at a relative ’ ’
abundance of 1.13 ind/min.
BEUT is the most appropriate indicator
Undercut of undercut banks at this site. During [BEUT absent during any survey or |Significant change in undercut Any decreased FROC in reach of
4 banks BEUT recent baseline (EWR) survey BEUT |present with relative abundance <  |bank habitats (to be quantified withMMAC [PCAT |[MMAC & PCAT I (refer to sheet 5-
’ was present at site at a relative 0.9 ind/min. RHAM). FROC, column G).
abundance of 1.13 ind/min
No indicator species for instream vegetation were sampled during the recent |a. ... . .
Instream (TREN, BVIV, baseline (EWR) survey and therefore the TPCs and EcoSpecs for this habitat Slgmfmgnt Chaf‘ge in Instream Any decreased FROG in reach of
9 . . . ; vegetation habitats (to be TREN |BVIV |TREN & BVIV (refer to sheet 5-
vegetation. [BPAU & BANO) |at this site cannot be derived at present. Should any of these species be uantified with RHAM) FROC, column G)
sampled in future, TPCs should be derived at that stage. a : ’ )

1 Refer to electronic data (DWA, 2010).
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17.5.2 Spatial FROC under reference, PES and REC conditions and TPCs for baseline
(PES) conditions

Spatial FROC
Species Scientific names: Reference species REFE(,:;ENCE PES (C) REC (B)
(Abbr.) (Introduced species excluded) EC: Observed )
Re;;rggce an d habitat F_F&C Expec;%%%erlved
derived FROC
AMOS Anguilla mossambica (Peters 1852) 2 1 0 1
BANN Barbus annectens (Gilchrist & Thompson, 1917) 4 2 1 2
BANO Barbus anoplus (Weber, 1897) 3 2 1 2
BBRI Barbus brevipinnis (Jubb, 1966) 3 1 0 2
BEUT Barbus eutaenia (Boulenger, 1904) 4 3 2 4
BMAR Labeobarbus marequensis (Smith, 1841) 5 4 3 4
BNEE Barbus neefi (Greenwood, 1962) 3 2 1 2
BPAU Barbus paludinosus (Peters, 1852) 4 3 2 3
BRAD Barbus radiatus (Peters, 1853) 4 3 2 3
BTRI Barbus trimaculatus (Peters, 1852) 5 4 3 4
BUNI Barbus unitaeniatus (Glinther, 1866) 5 4 3 4
BVIV Barbus viviparus (Weber, 1897) 5 4 3 5
CANO Chiloglanis anoterus (Crass, 1960) 5 4 3 5
CGAR Clarias gariepinus (Burchell, 1822) 4 4 3 4
CPAR Chiloglanis paratus (Crass, 1960) 5 3 2 4
CSwi Chiloglanis swierstrai (Van der Horst, 1931) 5 2 1 4
LCYL Labeo cylindricus (Peters, 1852) 5 2 1 4
LMOL Labeo molybdinus (Du Plessis, 1963) 5 3 2 4
MACU Micralestes acutidens (Peters, 1852) 5 3 2 4
MBRE Mesobola brevianalis (Boulenger, 1908) 5 3 2 3
MMAC Marcusenius macrolepidotus (Peters, 1852) 4 2 1 3
OMOS Oreochromis mossambicus (Peters, 1852) 5 5 4 5
OPER Opsaridium peringueyi (Gilchrist & Thompson, 1913) 4 2 1 3
PCAT Petrocephalus wesselsi (Kramer & Van der Bank, 2000) 4 1 0 2
PPHI Pseudocrenilabrus philander (Weber, 1897) 4 3 2 4
SINT Schilbe intermedius (Ruppell, 1832) 3 1 0 2
SMER Serranochromus meridianus (Jubb, 1967) 3 2 1 2
TREN Tilapia rendalli (Boulenger, 1896) 4 3 2 4

17.6 MACROINVERTEBRATES
17.6.1 Baseline description

The baseline data for the biota are based on an EWR site visit during September 2007 at a flow of
0.059 m%s. The original SASS5 total score for the site was 197 with 32 taxa and an ASPT of 6.2.
The reference condition was established in discussion with DWAF:RQS officials C. Thirion and C.
Todd (pers. comm.). The SASS5 was set at 250, with 35 taxa and an ASPT of 7. The baseline
results, together with those for the reference sites, are presented in the electronic information that
accompanies this Report series (DWA, 2010). The PES for this site was a B/C (78.1%), and the
REC was set as a B.
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17.6.2 Indicator taxa

The sensitive taxa collected at this site were Heptageniidae, Baetidae (> 2 spp), Perlidae,
Chlorocyphidae, Hydropsychidae (> 2 spp), Helodidae, and Athericidae. Of these, perlids, elmids
and heptageniids were used as indicator taxa. Perlidae prefer cobble substrates and velocities >
0.6 m/s. Elmidae and Heptageniidae prefer velocities between 0.3 and 0.6 m/s and cobble
substrates, although they can also survive at other velocity categories and live on other substrates.
Perlidae and Heptageniidae are highly sensitive to water quality whereas Elmidae are moderately
sensitive to water quality. The hydraulic parameters associated with the MAINTENANCE DRY
flows are presented. These data provide an approximation of the minimum values required at the
site during the dry season in order to fulfil the FDI population’s preferred hydraulic habitat
requirements. They thus serve as a guide in the setting of EcoSpecs, particularly in the event that
the EWR and RHAM sites are not in the same locality.

o T erie | e | ox T hve | Wex | ros | vics | vea | emb | Al
REQUIREMENTS: m m m/s m/s

Perlidae > 0.1 >0.15 >0.3 >0.6 >10 >0 Small <10 Isol.

Heptageniidae >0.1 >0.15 >0.3 >0.6 >10 >0 Small <10 Isol.

Elmidae >0.3 > 0.6 >10 >0 Small <10 Isol.

RECOMMENDED DRY SEASON MAINTENANCE FLOWS HYDRAULICS

cat | Flow | *lng " | cepin | epin | vel | ve. | FCS | VECS | VEG | Emb | Ag
Block m m m/s m/s

B/C 0.09 Dry Maint 0.1 0.16 0.39 1.12 32 15 Small <5 Isol

B 0.15 Dry Maint. 0.11 0.2 0.47 1.28 28 22 Small 0 0

Note: Marginal vegetation %s were not measured and modelled at this site.

17.6.3 EcoSpecs and TPCs relating to RHAM and MIRAI monitoring data: REC

The TPCs and EcoSpecs are provided for habitat and biota at REC conditions.

ECOSPECS: HABITAT TPCs

Average depth >01m, Maximum depth > 0.15 m. Maximum depth < 0.17 m.

Average and maximum velocities > 0.3 and 0.6 m/s respectively. Average and maximum velocities less than 0.32 and 0.65 m/s

respectively.
> 10% FCS and of VFCS. < 10% FCS and/or VFCS.
< 10% algal cover on coarse substrates and/or MV. > 10% algal cover on coarse substrates including bedrock.
< 5% embeddedness of cobbles. Any embeddedness of cobbles.
ECOSPECS: BIOTA TPCs

SASS5 scores and ASPT values occur in the following range: SASS5

score: > 190: ASPT value: > 6. SASSS5 scores below 195 and ASPT below 6.2.

MIRAI score remains within the range of a B/C category (77.4%

82.01%), using the same reference data used in this study. A MIRAI score of 80% o less.

Presence of at least 4 of the following 5 taxa at A (or greater)|Absence (or individuals only) of any 2 of the following taxa over|
abundance: Perlidae, Heptageniidae, Chlorocyphidae, Helodidae,|Perlidae, Heptageniidae, Chlorocyphidae, Helodidae,
Athericidae. At least 2 spp of Hydropsychidae and Baetidae. Athericidae. Less than 2 spp of baetids or hydropsychids.

Balanced community structure, i.e. majority of macroinvertebrates at A
abundance, certain taxa at B abundance (e.g. Simuliidae,
Hydropsychidae, Baetidae, and Heptageniidae).

No group to dominate the fauna, i.e. be present in C abundance (> 100)
over more than two consecutive surveys.

The presence of one or more taxon occurring in C abundance,
i.e. > 100 individuals for two consecutive surveys.
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18

RESULTS: ECOSPECS AND TPCs FOR EWR 8: LOWER SAND
(SAND RIVER)

A summary of the site EcoClassification is provided below (DWA, 2009b).

18.1

ECOCLASSIFICATION SUMMARY OF EWR 8

EWR 8 Lower Sand (Sand River)

EIS: HIGH

PES: B

REC: B

AEC down: C

More decreased low flows and longer periods of no flow.

Rare and endangered species, high taxon richness and species intolerant to
flow and flow related water quality changes. Situated in KNP

Abstraction, dams, weirs, poor landuse management. Impacts are flow and
non-flow related.

Although the EIS is High, the PES is already in a B therefore the REC = PES.
Improve the macroinvertebrate EC by increasing low flows.

Driver
Components

PES

Category ey

HYDROLOGY

WATER QUALITY

GEOMORPHOLOGY

c?

c Negative

Response
Components

FISH

MACRO
INVERTEBRATES

PES

Category end

C Negative

INSTREAM

RIPARIAN
VEGETATION

ECOSTATUS

EcoSpecs (PES and REC) and TPCs (PES) are provided for the different components in Section

18.2t0 18.7.

18.2

GEOMORPHOLOGY

The REC is the same as the PES. The river here is a sand-dominated system flowing over

underlying bedrock.

Within the active channel the accumulation of sand and subsequent

smothering of bedrock influence combined with the narrowing of the channel itself have resulted in

a decline in the PES and are the focus of the EcoSpecs and TPCs.

EcoSpecs and TPCs are

provided for RHAM monitoring data in Section 18.2.1 and GAI monitoring data in Section 18.2.2.

18.2.1

EcoSpecs and TPCs relating to RHAM monitoring data

Metric

EcoSpec

TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

In-channel sediment
(substrate) distribution.

habitats.

Maintain the bed material size
distribution within the active channel in
order to maintain the available physical |,

Overall for the in-channel sediments:
Sand percentage should not exceed 60%.
RHAM monitoring in 2009 measured 46%.

The percentage substrate type within the active channel at the RHAM site is provided below.

50
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IN-CHANNEL HABITAT DIVERSITY
Percentage of instream habitat per depth-velocity class and per substrate type is provided below.
W20-25
25 ¢ W15-20
" 1015
20 1 =510
I‘ (-5
15
|
10 “I" —— Slow-very shallow
| = Slow - shallow
5 L ~ Slow - deep
| y, - Fast-very shallow
0 _*'. Fast - shallow
Fines I y, Fast -intermediate
Sand . /
Gravel —
Cobbles —+ Fast-deep
Boulders
Bedrock
ACTIVE CHANNEL GEOMETRY
For discharges around 0.5 m%s the average width of the active
Active channel width. |[Maintain channel width. channel should be between 4 and 7 m wide.
. RHAM monitoring in 2009 measured 5.4 m.

18.2.2 EcoSpecs and TPCs relating to GAI monitoring data: PES and REC

Metric EcoSpec TPCs

ACTIVE CHANNEL SUBSTRATE CHANGES

Maintain the bed material size

In-channel sediment distribution within the active channel in [The majority of the mobile sediment at the site is sand. There is no
(substrate) distribution. |order to maintain the available physical |TPC linked to this EcoSpec.
habitats.

ACTIVE CHANNEL MORPHOLOGY

The site is located within a mixed anastomosing reach which is
characterised by Multiple mixed (sandy with bedrock influence) active
channels across the macro-channel floor. The bars are often densely|
vegetated with reeds.

. Maintain the channel/reach type.
Active channel

morphology. During the wet season, several of these distributary channels should
remain activated in order to provide a variety of habitat types for
instream biota.

Maintain at least one active channel At least one active flowing channel should be maintained throughout
" |the year at this site.

GAl level IV EC

GAl level IV PES score. [Maintain or improve the GAl score. PES score from the GAl level IV should equal or exceed 71%.

18.3 PHYSICO-CHEMICAL VARIABLES

TPCs relating to the RHAM water quality indicators are provided in Section 18.3.1 and EcoSpecs
and TPCs for the PES and REC in Section 18.3.2 — 18.3.4.
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18.3.1 TPCs relating to RHAM water quality indicators
RHAM indicators
Filamentous Water surface Algal cover
Watae': do:;l:;‘ttype algae in water V\;?:gre‘;:é?‘:" Turbidity/clarity | indicator and on hard
column extent surfaces
PES/baseline 1
(RHAM survey) None 1 Brown, 2 2 None 1
Cattle: 23 Green: 2 3. All indicators:
Chemical pollution: All other 22 > 2: Salt
TPC =1 >3 colours: = 1. Trigger R- deposits: = 1: >4
Other sources: 2 2 Trigger R- DRAM** Trigger R-
Trigger R-DRAM DRAM* DRAM
Activity at site: None (conservation area)
* R-DRAM: ** R-DRAM:

Orange water: pH metric

Milky water: Salt and organic metrics
Green: Nutrient metric

1 The TPC was reached during the RHAM monitoring survey. The recording for water colour and extent was incorrectly recorded, as
turbidity/clarity is scored separately and is not covered under the water colour indicator.

Turbidity indicators

18.3.2 EcoSpecs relating to physico-chemical data: PES and REC

River: Sand

EWR 8

| Monitoring site: X3H008QO1

Water quality metrics

ECOSPEC: PES and REC

Physical variables

MgSO, The 95™ percentile of the data must be < 16 mg/L.
Na>SO, The 95" percentile of the data must be < 20 mg/L.
| | MgCl, The 95" percentile of the data must be < 15 mg/L.
norganic salts*
CaCl, The 95" percentile of the data must be < 21 mg/L.
NaCl The 95™ percentile of the data must be < 45 mg/L.
CaSO0, The 95" percentile of the data must be < 351 mg/L.
EC The 95™ percentile of the data must be < 42 mS/m (A/B category).
oH The 5" percentile of the data must range from 6.5 to 8.0, and the 95" percentile from 6.5
to 8.8.
Temperature Small deviation from the natural temperature range.

Dissolved oxygen

The 5" percentile of the data must be = 7.5 mg/L.

Small to moderate changes to the catchment land-use resulting in minor effects of silting

Response variables

Turbidity of habitats, largely of a temporary nature, with very intermittent temporary unnaturally
high sediment loads and high turbidities.
. TIN The 50™ percentile of the data must be < 0.7 mg/L.
Nutrients ;
PO4P The 50" percentile of the data must be < 0.125 mg/L.
Chl-a th : -
phytoplankton The 50™ percentile of the data must be <10 ug/L.

Chl-a periphyton

The 50™ percentile of the data must be < 21 mg/mZ.

2 wx

Toxics

DWAF (1996).

An impact is expected if the 95™ percentile of the data exceeds the TWQR as stated in

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.
** No periphyton or phytoplankton data were available for this assessment. All EcoSpecs and TPCs need verification as based on

expert judgement.

18.3.3 TPCs relating to physico-chemical data: PES

River: Sand

Inorganic salts*

EWR 8 | Monitoring site: X3H008Q01
Water quality metrics TPC
MgSO, The 95™ percentile of the data must be 13 — 16 mg/L.
Na SO, The 95™ percentile of the data must be 16 — 20 mg/L.
MgCl, The 95™ percentile of the data must be 12 — 15 mg/L.
CaCl, The 95™ percentile of the data must be 17 — 21 mg/L.
NaCl The 95™ percentile of the data must be 36 — 45 mg/L.
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River: Sand EWR 8 Monitoring site: X3H008Q01

Water quality metrics TPC

CaSO0, The 95™ percentile of the data must be 280 — 351 mg/L.
EC The 95™ percentile of the data must be 35 — 42 mS/m.
H The 5" percentile of the data must be < 6.7 and > 7.8, and the 95" percentile must be <
. . P 6.7 and > 8.6.
Physical variables
Temperature Initiate baseline monitoring for this variable if Level Il or higher of the DSS.

The 5™ percentile of the data must be 7.8— 7.5 g/L. Initiate baseline monitoring for this

Dissolved oxygen | | -riable if Level Il or higher of the DSS.

Nutrlent TIN The 50" percentile of the data must be 0.56 — 0.7 mg/L.
utrients
PO,-P The 50™ percentile of the data must be 0.1 —0.125 mg/L.
gr?)ll-tﬁplankton The 50" percentile of the data must be 8 — 10 pg/L.

Response variables | Chl-a periphyton The 50™ percentile of the data must be 17 — 21 mg/m?.

An impact is expected if the 95" percentile of the data exceeds the Target Water Quality
Range (TWQR) as stated in DWAF (1996).

* To be generated using TEACHA when the TPC for EC is exceeded or salt pollution expected.

Toxics

18.4 DIATOMS

EcoSpecs and TPCs relating to the RHAM water quality indicators are the same as for EWR 1
(Crocodile River) (Section 4.4.1).
18.5 RIPARIAN VEGETATION

EcoSpecs and TPCs based on the RHAM and VEGRAI data are provided Section 18.5.1. The
confidence is high as both RHAM and VEGRAI data are available.

18.5.1 EcoSpecs and TPCs relating to RHAM and VEGRAI monitoring data: PES
Assessed Zone EcoSpec
PES |REC component e EcoSpec (PES) TPC (PES) (REC) Note
An increase in Exotic VEGRAI recorded < 10%
Exotic Invasion Riparian zone Exotic species cover |exotic species species cover|exotic cover in all zones; no
(perennial exotics). P " |between 5 - 10%. covers above between 1-  |exotics were recorded in the
10%. 5%. RHAM assessment.
. . RHAM site different from
The absence of g?rlensct:?jsﬁolg d th ;ﬁzzﬁ?;e VEGRAI, and does not extend
Terrestrialisation. [Lower zone. |terrestrial woody ; y into the upper zone. No
- species cover > |woody . ) .
species. o ; terrestrial species occurred in
5%. species.
plots.
Marainal zone Reed covers above |A decrease in reed|Reed covers |RHAM recorded an average
B B 9 '130%. cover below 30%. |above 30%. |of 60% cover.
RHAM recorded an average
of 14% cover; this baseline
value falls below the TPC. It
Phragmites (reed . . is therefore necessary to
coveg ( ) Reed covers él&ngg%iieag]ove Reed covers |increase the sampling area of
Lower zone. |between 20% and 80% or a decrease between 20% |subsequent RHAM
80%. belc;)w 209% and 80%. assessments and to recheck.
° VEGRAI recorded a range of
40 - 60% cover which is well
above the TPC, but is at a
different position on the river.
18.6 FISH

EcoSpecs and TPCs are provided for RHAM monitoring and FRAI data in Section 18.6.1. The
spatial FROC of EWR 8 is provided in Section 18.6.2 and indicates the FROC under reference,
PES and REC conditions as well as TPCs for baseline (PES) conditions.
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18.6.1 EcoSpecs and TPCs relating to RHAM and FRAI data: PES
PES REC
EWR SITE REACH REACH
Metric Indicator spp.
ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic) ECOSPECS
Baseline (PES) FRAI score of
86.8% (B) calculated for reach.
Thirteen of the 30 expected indigenous|Less than 10 fish species Loss in diversity, abundance and Any decreased FROC in reach
Species All indigenous  |fish species (for the reach) were sampled during a survey condition of velocity-depth All indigenous of especially BMAR, LCYL,
richness. species. sampled during the baseline (EWR) when habitat can be categories and cover features (to |species. LMOL, OPER, CSWI, and BVIV
survey at EWR 8. sampled efficiently. be quantified by RHAM). (refer to sheet 5-FROC: Table
2') OR FRAI scores decreasing
below 82.5% (B EC).
Relative abundance of less
than 8.0 ind/min sampled at
Relative N/A During recent surveys fish were the site (during same N/A
abundance. ’ sampled at 13.1 ind/min. season as baseline data) ’
when habitat can be
sampled efficiently.
Alien fish Any No alien fish species sampled at site Presence of any Any Presence of any
species alien/introduced during recent survevs alien/introduced fish species |N/A. alien/introduced alien/introduced fish species at
P ’ spp. 9 ys. at site during any survey. spp. site during any survey.
i BMAR & LCYL will be most N
FD Habitats. appropriate indicators of these metrics Reduced suitability (abundance BMAR oYL Any decreased FROG in reach
FS habitats. at the site. BMAR is expected to BMAR absent during any & qughty_) of the flow dependant LCYL BMAR of BMAR, LCYL, LMOL, CSWI N/A
always be present at the site at a survey (or with relative f]ggﬁ';z I(ri] g%ei?ezggdsﬁg\j};ate and OPER (refer to sheet 5- PES = REC
Substrate.  [BMAR, LCYL & |relative abundance of 0.24 ind/min |abundance <0.18 ind/min.) {25 12 PRl B ILOYL  |LMOL FROG, column F: Table 2).
LMOL electrofishing (conditions similar to AND/OR both LMOL and sedimentation of riffle’/ra id -
Flow baseline conditions). Under baseline |LCYL absent during any re/rap Any decreased FROC in reach
dependant spp survey LCYL were absent at site survey. substrates, excessive algal cswi loper  |of CSWIand OPER (refer to
(flow EWRS while LMOL was monitored at growth on substrates (to be sheet 5-FROC, column F: Table
alteration). very low numbers (0.02 ind/min.) quantified with RHAM). 2).
Under baseline survey LCYL were . Any decreased FROC in reach
Water quality || sy g LvoL |20SeNt at site EWR 8 while LMOL was (Both LMOL and LCYL Decreasod watergualty @ lcano  loper  |of CANO and OPER (refer to
intolerance. monitored at very low numbers (0.02 |absent during any survey. y EAL ’ sheet 5-FROC, column F: Table
ind/min.) or water quality assessments). 2)
TREN & OMOS will be most N
appropriate indicators of SD habitats |TREN and OMOS absent E:g;’;ﬁfg'ﬁggggg dsfli)ws in Anv decreased FROC in reach
and expected to always be present at |[during any survey AND/OR dr seasdn .alteration in of ¥REN and OMOS (refer to
SD habitats. [TREN & OMOS |the site. Under baseline conditions  [TREN present with relative se)zlasonalit " sedimentation of TREN  |OMOS |\ ot 5-FROGC. column F: Table
TREN was monitored at a relative abundance < 0.10 ind/min Y. o . ’ ’
abundance of 0.17 ind/min, while |and OMOS < 2.0 ind/min. %?405\%)“0 be quantified with 2)-
OMOS was monitored at 3.69 ind/min. :
BMAR & OMOS will be most BMAR and OMOS absent |Reduction in suitability of water Any decreased FROC in reach
Water column. (BMAR & OMOS appropriate indicators of Water column [during any survey AND/OR |column (i.e. increased BMAR  |OMOS of BMAR and OMOS (refer to
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PES REC
. . EWR SITE REACH REACH
Metric Indicator spp.
ECOSPECS TPC (Biotic) TPC (Habitat) Indicator spp. TPC (Biotic) ECOSPECS
habitats and expected to always be BMAR present with relative |[sedimentation of pools). sheet 5-FROC, column F: Table
present at the site. Under baseline abundance < 0.18 ind/min 2).
conditions BMAR was sampled at a and OMOS < 2.0 ind/min.
relative abundance of 0.24 ind/min
electrofishing and OMOS was
monitored at a relative abundance of
3.69 ind/min.
Significant change in SS habitat
; ; itability (i.e. increased flows
, TREN & BVIV will be most appropriate suitability rea ’
SS habitats. indicators of SS, overhanging alte_red sea_sonahty, mcrea_sed BVIV TREN
vegetation and instream vegetation | TREN & BVIV absent during sedlmentathfn of slow habitats) Anv decreased FROG in reach
habitats and expected to always be  |any survey AND/OR TREN  |(t0 be quantified with RHAM). y
) ) ’ ) —— : of TREN and BVIV (refer to
Overhangin TREN & BVIV present at the site. Under baseline present with relative Significant change in sheet 5-FROC. column F: Table
ve etatiogn 9 conditions TREN was monitored ata |abundance < 0.10 ind/min  |overhanging vegetation habitats [BVIV TREN 2) ’ '
9 ’ relative abundance of 0.17 ind/min, and BVIV < 2.0 ind/min. (to be quantified with RHAM). ’
and BVIV was monitored at a relative Signifi ;
) . gnificant change in
LZSt;?:ﬁT) 0 abundance of 4.05 ind/min,. overhanging vegetation habitats [TREN  |BVIV
9 ’ (to be quantified with RHAM).
PPHI is the best indicators of undercut |PPHI absent during any Lo . Any decreased FROC in reach
Undercut PPHI banks and should be present at site survey or present with E;%?ﬁf:&:;gi?gﬁ;ﬂ tgifi;iceuc; MMAC  |PPHI of MMAC and PPHI (refer to
banks. EWR 8 100% of the time at a relative |relative abundance < 0.2 with RHAM) q sheet 5-FROC, column F: Table
abundance > 3.81 ind/min. ind/min. ’ 2).

1 Refer to electronic data (DWA, 2010).
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18.6.2 Spatial FROC under reference, PES and REC conditions and TPCs for baseline
(PES) conditions

Spatial FROC
Species Scientific names: Rgference species REFE(,:;ENCE PES (C) REC (B)
(Abbr.) (Introduced species excluded) Re;;rggce Egr:‘ c?ﬁ:g{;‘:d F_IB':?(:C Expec;%cg%erived
derived FROC

AMAR Anguilla marmorata (Quoy & Gaimard 1824) 1 1 0
AMOS Anguilla mossambica (Peters 1852) 1 1 0
BANN Barbus annectens (Gilchrist & Thompson, 1917) 4 3 2
BFRI Barbus afrohamiltoni (Crass, 1960) 3 3 2
BIMB Brycinus imberi (Peters, 1852) 4 3 2
BMAR Labeobarbus marequensis (Smith, 1841) 5 5 4
BRAD Barbus radiatus (Peters, 1853) 3 3 2
BTOP Barbus toppini (Boulenger, 1916) 3 3 2
BTRI Barbus trimaculatus (Peters, 1852) 5 5 4
BUNI Barbus unitaeniatus (Glnther, 1866) 3 3 2
BVIV Barbus viviparus (Weber, 1897) 5 5 4
CANO Chiloglanis anoterus (Crass, 1960) 2 1 0
CGAR Clarias gariepinus (Burchell, 1822) 4 4 3
CPAR Chiloglanis paratus (Crass, 1960) 4 2 1
CSwi Chiloglanis swierstrai (Van der Horst, 1931) 4 2 1
GCAL Glossogobius callidus (Smith, 1937) 2 2 1 Same as PES
GGIU Glossogobius giuris (Hamilton-Buchanan, 1822) 3 2 1
LCYL Labeo cylindricus (Peters, 1852) 5 4 3
LMOL Labeo molybdinus (Du Plessis, 1963) 5 4 3
LROS Labeo rosae (Steindachner, 1894) (Labeo altevilis) 3 3 2
MACU Micralestes acutidens (Peters, 1852) 4 4 3
MBRE Mesobola brevianalis (Boulenger, 1908) 3 3 2
MMAC Marcusenius macrolepidotus (Peters, 1852) 4 3 2
OMOS Oreochromis mossambicus (Peters, 1852) 5 5 4
OPER Opsaridium peringueyi (Gilchrist & Thompson, 1913) 2 1 0
PCAT Petrocephalus wesselsi (Kramer & Van der Bank, 2000) 2 1 0
PPHI Pseudocrenilabrus philander (Weber, 1897) 4 4 3
SINT Schilbe intermedius (Ruppell, 1832) 3 3 2
SMER Serranochromus meridianus (Jubb, 1967) 3 3 2
TREN Tilapia rendalli (Boulenger, 1896) 5 5 4
HVIT Hydrocynus vittatus (Castelnau, 1861) 1 1 0

18.7 MACROINVERTEBRATES
18.7.1 Baseline description

The baseline data for the biota are based on an EWR site visit during September 2007 at a flow of
0.0001 m%s. The original SASSS5 total score for the site was 105 with 20 taxa and an ASPT of 5.3.
The reference conditions used to derive the EcoStatus (MIRAI) were based on macroinvertebrate
data from the River Health Program ‘Rivers Client’ for XSAND-SKUKU, and in discussion with
DWAF:RQS officials C. Thirion and C. Todd (pers. comm.). The SASS5 was set at 250, with 35
taxa and an ASPT of 7. The baseline results, together with those for the reference sites, are
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presented in the electronic information that accompanies this Report series (DWA, 2010). The
PES for this site was a C (68.8%), and the REC was set as a B.

18.7.2 Indicator taxa

The only flow-dependent family occurring commonly at the site at the time of sampling was
Heptageniidae, which prefer cobble substrates, velocities between 0.3 and 0.6 m/s, and very good
quality water. The balance of the fauna was typical of a temporary sand-dominated system with a
marginal vegetation component. Marginal vegetation taxa included atyid shrimps, dytiscids and
hydrophilids. The modelled hydraulic parameters associated with the MAINTENANCE DRY flows
are not presented for this site, as the EWR and RHAM sites are situated in different stretches of
the river, and these data are therefore not valid as a monitoring guideline. Only the generic
minimum values for the various parameters are provided per taxon, below, as a guideline for
monitoring. Note that these values may differ from site to site depending on the nature of the
coarse substrate and the vegetation.

FDI INDICATOR TAXA
GENERIC MINIMUM D‘Z"‘t’h D":a;‘h C;’Ie "‘f;x FCsS | VFCs VSG Emb Alg
HYDRAULIC HABITAT n': n': e e % % NI % %
REQUIREMENTS:
Heptageniidae 01 | 015 | 03 | 206 N/A N/A > 15 N/A Isol.

18.7.3 EcoSpecs and TPCs relating to RHAM and MIRAI monitoring data: REC

The TPCs and EcoSpecs are provided for habitat and biota at REC conditions.

ECOSPECS: HABITAT TPCs
Maximum depth > 0.15 m. Maximum depth < 0.17 m.
Average and maximum velocities should be > 0.3 and > 0.6 m/s|Average and maximum velocities less than 0.32 and 0.65 m/s
respectively. respectively.
> 15% inundated marginal vegetation to be present. < 17% inundated marginal vegetation.
< 10% algal cover on bedrock and/or MV. > 10% algal cover on bedrock or MV.

ECOSPECS: BIOTA TPCs

gg‘)srzisfgé?zgg(% O;EeT Zafl)L.JeS oceur in the following range: SASS5 SASSS5 scores below 105 and ASPT below 5.3.

MIRAI score remains within the range of a C category (62.01%

77.04%), using the same reference data used in this study. A MIRAI score of 66% o less.

Presence of Heptageniidae and Atyidae. Absence (or individuals only) of Heptageniidae and Atyidae
Balanced community structure, i.e. majority of invertebrates at A
abundance, certain taxa at B abundance (e.g. Simuliidae). The presence of one or more taxon occurring in C abundance,

No group to dominate the fauna i.e. be present in C abundance (> 100)|i.e. > 100 individuals for two consecutive surveys.
over more than two consecutive surveys.
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19 RECOMMENDATIONS

To date formal implementation of the monitoring step of the Reserve has not taken place (CJ
Kleynhans, C Thirion, pers. comm). Furthermore, there has been minimal (only informally on the
Palmiet River and on a private dam in the Western Cape) implementation (with reference to the
supply of the flows and management of other drivers to achieve the required EC) of the Ecological
Reserve. This is of major concern as all EWRs, EcoSpecs; TPCs etc. are hypotheses until tested.
With increased development and pressure on the water resources in this country there are no
structures in place to monitor the further deterioration of our rivers. All methods related to
monitoring and the identification of EcoSpecs and TPCs therefore require testing and refinement.

The Crocodile River system has high demands imposed on it by the irrigation sector, international
requirements (IncoMaputo Water Use Agreement) as well as industrial and domestic sectors. The
Sabie-Sand River system supplies the bulk of the irrigation requirements in this sub-catchment as
well as international water requirements. These river systems are also of national importance with
respect to the Kruger National Park (KNP) and monitoring is of vital importance.

No specific Ecological Reserve Monitoring has been initiated in the Crocodile and Sabie Sand
River systems. The results generated from the Instream Flow Requirement undertaken in 1996 at
comprehensive level in the Sabie-Sand sub-catchment, is now outdated as no monitoring was
initiated after this assessment. A single national River Health Programme survey was undertaken
approximately 14 years ago. Some provincial monitoring has taken place since. The survey
results undertaken during the previous Reserve study on the Crocodile River (Godfrey, 2002)
during 2002 now serves as historical data and cannot be used as part of the baseline. EWR 3 on
the Crocodile River has been surveyed extensively as it has been part of various pilot studies and
testing of procedures.

Immediate monitoring is necessary as the surveys undertaken during the Reserve study represent
the baseline against which change is measured. These surveys were undertaken during 2007 and
it can already (pending changes in the catchments), not be applicable. The longer monitoring is
delayed, the bigger the chance is that the baseline surveys will have to be repeated because of
outdated data.

The RHAM was developed during 2007 — 2009. A RHAM survey was undertaken during 2009 and
this data is available as part of the electronic information and data of this study (RDM Report
26/8/3/10/14/016) (DWA, 2010) and from D:RQS (Dr CJ Kleynhans). The D:RQS is currently
analysing the data to further streamline the monitoring techniques and process to determine
EcoSpecs and TPCs. As a low intensity method aimed to minimise the dependence on specialist
resources, it is important that the methods are included in the monitoring.

For the RHAM to be successfully used in future to set EcoSpecs and TPCs, the RHAM MUST take
place at the same time as the EWR survey during which the hydraulic cross-section is surveyed
and or a hydraulic calibration obtained. This will provide a link between the hydraulic predictive
data and the more extensive habitat coverage provided by the RHAM.

It is VERY IMPORTANT to note that the R-DRAM was specifically designed for use within EWRM
at a Level 3 assessment and that it is still under development. Under no circumstances should this
rapid assessment method be applied to any higher level of assessment within the DSS framework

Rivers For Africa EcoSpecs Report Report no 26/8/3/10/12/011
March 2010 WP -9133 Page 19-1



Comprehensive Reserve Determination study for the Inkomati River System (WMADS)

of the EWRM or any other riverine related monitoring programme. At higher levels of assessment,
procedures as outlined in Taylor et al. (2007) should be followed at all times.

The R-DRAM is still under development and by no means finalized. This rapid assessment
method needs to undergo comprehensive field testing and further refinement and users of this
method are instructed to proceed with caution. It is recommended that an additional sample is
preserved as outlined in Taylor et al. (2007) during sampling to ensure higher confidence results to
support the outcome of the R-DRAM when needed.

In summary, all methods related to monitoring and the identification of EcoSpecs and TPCs require
testing and refinement.
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