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EXECUTIVE SUMMARY

ECOSUN was appointed by Jasper Miiller Associates cc to perform a Baseline Aquatic

Ecological Assessment for ISCOR Vanderbijlpark Steel, in order to establish baseline data

against which future changes in the health of the concerned aquatic system can be evaluated,

and to develop a biological monitoring program which complies to industry standards as well

as DWAF requirements. The major objectives of this program will be to:

¢ Conduct a Baseline Assessment for the aquatic system associated infer alia with ISCOR
Vanderbijlpark Steel

e Establish aquatic baseline data against which future changes in the health of these systems
can be evaluated

¢ On the basis of above, develop a biological monitoring program which complies to industry
standards as well as DWAF requirements and which, once implemented, will enable
assessment of, and reporting on the health, status and trends of these systems in relation to
possible impacts as a result of industrial and/or other anthropogenical activities.

Sampling sites were selected in the in the Vaal River, Rietspruit, Rietkuilspruit and
Leeuwspruit to coincide with existing water quality monitoring points and to include a suitable
"natural” or "minimally impacted" reference site in the Taaibosspruit.

The first phase of this baseline study comprised the gathering and assessment of available
literature for the area. The purpose of this literature survey was to gather and summarize all
relevant information pertaining to species diversity and composition of aquatic and riparian
vegetation, aquatic invertebrates and aquatic vertebrates (fish, amphibians) of the relevant
areas, as well as information with regard to anthropogenically induced changes to the biotic
integrity. The baseline assessment involved the characterization of the aquatic environment,
habitat, related biota, magnitude and extent of site-related effects (point and non-point sources)
in terms of up- and downstream species assemblage comparisons, as well as the current
ecological status of the aquatic system. The major goal of the characterization procedure was
to determine the current status of the aquatic environment and to evaluate the extent of site
related effects in terms of selected ecological indicators, as well as to identify specific
important aquatic ecological attributes (Wetlands, Red Data species, etc.).

Data for the Baseline Ecological Assessment were collected during a field survey conducted at
the selected sampling sites from 27 November 2001 to 2 December 2001. In order to enable
adequate description of the aquatic environment, certain ecological indicators were selected to
represent each of the responding, exposed, habitat and stressor components involved in the
aquatic environment. These included:
Stressor Indicators
e [n situ water quality
e Algal biomass
Habitat Indicators
e General Habitat Assessment
o Integrated Habitat Assessment System (IHAS, version 2)
e Habitat Integrity Assessment
Response Indicators
e Riparian and Aquatic Vegetation Assessment (to include RVI)
e Aquatic Macroinvertebrates (SASSS)
e Ichthyofauna
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Exposure Indicators
¢ (Contaminant concentrations in sediments
e Bioaccumulation

The results indicated in situ pH measurements to vary considerably in the study area (6.9 to 9.0
in the Rietkuilspruit, 6.3 to 7.8 in the Rietspruit and 6.5 to 8.4 in the Leeuwspruit). This
variation in pH poses a threat towards the aquatic ecosystem. According to the South African
Water Quality Guidelines for Aquatic Ecosystems (DWAF, 1996), the pH value should not be
allowed to vary from the range of the background pH values for a specific site and time of day,
by >0.5 of a pH unit, or by 5% and should be assessed by whichever estimate is the more
conservative. The significant variation in pH detected in the study area will therefore have an
adverse effect on the aquatic biota, especially fish (as a result of their mobility).

The Integrated Habitat Assessment System (IHAS) focuses on the evaluation of habitat
suitability specifically for aquatic macroinvertebrates. This index indicated habitat availability
to be poor at sites RS1 and RS2 in the Rietkuilspruit. The habitat however improved towards
site RS4 and RS5 (good habitat availability), then decreased again at site RS8 (poor habitat
availability). Habitat availability was poor in the Rietspruit, with IHAS values ranging between
24% and 37%. IHAS scores in the Leeuwspruit varied between 29% and 67%, indicating poor
to good habitat availability. The Leeuwspruit constituted the most heavily impacted section of
the assessed river reaches in terms of in-stream and riparian habitat integrity. Modifications to
habitat integrity in this stream have reached a critical level and the lotic system has been
modified completely with an almost complete loss of natural ecosystem functioning
(Intermediate Habitat Integrity Class F). The Rietkuilspruit, and the 5km reach of the
Rietspruit downstream from the Rietkuilspruit confluence was determined as belonging to
Intermediate Habitat Integrity Class E, i.e. the loss of natural habitat, biota and basic
ecosystem, functions are extensive. The S5km reach of the Rietspruit, upstream of the
Rietkuilspruit confluence was determined as belonging to Class C, i.e. a loss and change of
natural habitat and biota have occurred, but the basic ecosystem functions are still
predominantly unchanged.

The vegetation at all the sites has been modified by anthropogenic factors. At some,
perturbations will decrease while at others the current status quo will continue. Only a long
term monitoring program will determine what changes are taking place and elucidate what the
causative agents may be. Prior to this study some of the sites such as LS1, RS2 and RS3 had
been seriously affected by recent developments. The draining of the marsh at LS1 is likely to
seriously affect the viability of the marsh and its ability to function as a pollutant trap and
sponge. Sampling sites along the Rietspruit and Vaal River exhibited higher plant species
richness, although mostly with a substantial alien content, than either the Leeuwspruit or
Rietkuilspruit. This can be attributed to lower disturbances, as these sites were mostly used for
grazing of livestock and not for crop farming. At all sampling sites it was evident that floods
and high run-off in the recent past had eroded the stream banks causing the collapse of, and
creating vertical banks. These banks are not conducive of being easily colonized by vegetation.
Some sites (LS1, LS2, LS4, LS5, RS2, RS3 and RS7) were unsuitable for application of the
Riparian Vegetation Index (RVI), because of the type and level of disturbance. The remaining
sites were all rated at Class C level, which indicated, from a vegetation point of view, that they
were “Moderately Modified”, i.e. a loss and change of natural habitat and biota have occurred
but the basic ecosystem functions were still predominantly unchanged.
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Sampling sites in the study area were characterized by an absence/near absence of the more
sensitive aquatic macroinvertebrate families, the only exception being site RS9 on the
Rietspruit. Significant spatial variation existed in the Integrity Classes calculated for the
different sampling sites in the Leeuwspruit. The Present State Class in the Leeuwspruit varied
between Class D and E, with a Class F recorded at site LS5. The latter site receives treated
effluent from a sewage works. The Present State Class in the Rietkuilspruit was indicated to be
Class E at all sites sampled. The poor Present State Class (F) obtained at site RS6 in the
Rietspruit is attributed to the fact that this site displayed limited aquatic macroinvertebrate
habitat availability. The Present State Class obtained in the Rietspruit downstream from the
Rietkuilspruit confluence was also indicated to represent a Class E biotic integrity.

An insufficient number of indigenous fish species were sampled to apply the Fish Assemblage
Integrity Index (FAII). Indigenous species sampled in the Rietkuilspruit, Rietspruit and
Leeuwspruit included the more tolerant species such as Barbus anoplus, Barbus paludinosus,
Clarias gariepinus and Pseudocrenilabrus philander. The latter species were only sampled in
the Rietspruit and Taaibosspruit. Labeobarbus aeneus, Labeo umbratus and L. capensis were
sampled only at the reference site in the Taaibosspruit and in the Vaal River. Several exotic
fish species were sampled. These include Cyprinus carpio, Gambusia affinus and Micropterus
salmoides. Other species expected to occur in the study area based on habitat preferences, but
which were not sampled include Barbus pallidus, B. trimaculatus, Labeobarbus kimberleyensis
and Tilapia sparrmanii. A significant number of B. anoplus specimens sampled was infested
with external parasites at sites RS5 and LS4. External abnormalities (lesions on the skin and/or
fins) were significant in fish sampled from the Rietkuilspruit (57% of examined fish),
Rietspruit (58% of examined fish) and Leeuwspruit (67% of examined fish).

Fluoride concentrations were high in sediments and biota sampled from the Rietkuilspruit,
compared to the values recorded at the reference site in the Taaibosspruit. A possible source of
fluoride was indicated upstream of site RS4 in the Rietkuilspruit. Fluoride concentrations were
also high in the sediments sampled from the Leeuwspruit, decreasing towards the lower
reaches of the stream. The high fluoride concentrations detected in the Rietkuilspruit and
Leeuwspruit is an issue of concern, given the high toxicity of this constituent towards the
aquatic ecosystem. The toxicity of fluoride however is more related to the bioavailability of
fluoride ions than to the total fluoride concentration in the water. The very high fluoride
concentration detected in crabs sampled from the Rietkuilspruit (>30ppm) indicates high
bioavailability of this constituent in the stream. Although fluoride concentrations were high in
sediments sampled from the Leeuwspruit, concentrations detected in biota sampled from this
stream were comparable to those detected in the Rietspruit and Taaibosspruit, indicating the
constituent to be less bioavailable than in the Rietkuilspruit. This is an important aspect to
consider with regards to the development of a management plan for the rivers/streams in the
study area.

The Rietkuilspruit and Leeuwspruit generally displayed higher sediment contaminant
concentrations than those measured in sediments sampled from the reference site in the
Taaibosspruit and the Rietspruit (notably concentrations of F, Co, Ca, Cl, SO4, Ba, Mg, Al,
Mn, Pb, B, Li, Cr, Zn, Sr and Fe). The sediment phosphate concentrations in the Rietspruit on
the other hand were significantly higher than concentrations measured in the Rietkuilspruit and
Leeuwspruit. This is attributed to treated sewage effluent from a number of Sewage Treatment
Plants situated in the upstream Rietspruit. Sediment concentrations of Co, Ba, Mg, Ni, Mn, Cr
and Fe showed distinct peaks at site LS4 (Leeuwspruit downstream from Dicksonville)
indicating a significant source of metal enrichment upstream of this point. Site LS5
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(Leeuwspruit upstream of Vaal River confluence) showed distinct peaks of Cu, Ca, Na and Sr
sediment concentrations in both sediment layers, indicating continued enrichment of these
particular constituents. Sediment contaminant data indicated the Rietspruit to contain lower
concentrations of most constituents than the Rietkuilspruit and the Leeuwspruit.
Bioaccumulation data however indicated the highest concentration of most constituents in
crabs sampled from the Rietspruit and also the Vaal River. This phenomenon is probably
related to the characteristics of the surface water (pH, hardness, redox potential, ionic strength,
concentration of organic complexing agents, etc.) and subsequent bioavailability of the
constituents analyzed during the present investigation.

Following the aquatic ecological characterization, a tailored biological monitoring system was
developed. In order for a biological-monitoring system to become truly operational as a
management tool, information collected during monitoring must be linked with management
actions. Linking monitoring, information generation and ecosystem management will facilitate
environmentally sustainable utilization of the concerned aquatic system, which is in line with
the goal of the National Water Act (Act No 36 of 1998). Information gathered during the
Baseline Assessment and information contained in the Preliminary Reserve Determination for
Quaternary Catchment C22J (DWAF File No 26/8/3/3/322) was used to recommend
management goals for the industry. It is however imperative that all users/pollutant
contributers in the concerned sub-catchments adhere to these management goals in order for
them to be effective. The major objective of the monitoring framework will be to monitor
compliance with the Resource Quality Objectives (RQO). Important ecological indicators to be
monitored include aquatic macroinvertebrate assemblages (SASS), fish species occurrence and
health, habitat integrity, riparian vegetation integrity, water quality, sediment contaminant
analyses, bioaccumulation and Whole Effluent Toxicity (WET) testing. Important
considerations, identified during the Baseline Assessment (December 2001) are listed below:

e Any surface water management plan should take cognizance of the synergistic and
antagonistic effect of the various water quality parameters in the concerned system, i.e. the
protection potential of high TDS against the toxicity of metals and other contaminants.

e Changes in the riparian vegetation as a result of anthropogenical activities will only be
evident in the long-term (after at least 5 years). It is therefore imperative that a long-term
riparian vegetation monitoring program be implemented.

o Fluoride levels in the biotic and abiotic environment should be monitored during future
biomonitoring efforts, so as to give a clearer picture of the environmental fate of this
constituent in the study area. During the Baseline Assessment, fluoride was indicated to be
a problem in the Leeuwspruit and especially the Rietkuilspruit.

e A Whole Effluent Toxicity (WET) testing program should be implemented. WET tests will
indicate the bioavailability of toxic compounds to aquatic organisms, will respond to
compounds, which are not readily identifiable or measured by analytical techniques, will
respond to unknown compounds and will detect effects due to chemical interaction, e.g.
synergism, antagonism and addition. It is recommended that a fish, aquatic
macroinvertebrate, algal and bacterial test be included in such a program in order to
represent different trophic levels (with different sensitivity levels). This will ensure
improved evaluation capacity. Such a whole battery approach will provide the necessary
information to:

- Facilitate internal environmental auditing

- Measure compliance with set aquatic quality objectives

- Provide a baseline for Ecological Risk assessments

- Ensure derivation of toxicity conditions to be used in licence applications
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e [t is recommended that sediment toxicity assessments be conducted at selected sites within
the study area, in order to assess the actual toxicity and bioaccumulation potential of
constituents at such areas.

e Formal and informal settlements, Waste Water Treatment Plants, Industries and Farming
activities, amongst others, were identified to contribute significantly towards the load of
certain constituents in the study area. A management strategy for the Rietspruit and
Leeuwspruit catchments should therefore include all these potential contributors and water
users in the study area.

e It is recommended that river channels and stream banks be rehabilitated and stabilized.
This will result in an overall improvement in the biotic integrity in the study area.

e Several Present Ecological State (PES) Classes of E and F were determined during the
present investigation. This is generally unacceptable and the short-term (0-5 years) aim
should be to improve these to a Class D. In case of a Class D PES, the aim should be to
improve to a Class C, while ecological aspects identified as Class C should be maintained as
such.

A tailored Biological Monitoring Program was designed for the area in question.
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1. INTRODUCTION

This report represents one of a series of specialist Baseline Study Reports, compiled in
fulfillment of the terms of reference for the compilation of an Environmental Master Plan for
ISCOR Vanderbijlpark Steel (IVS).

Although this report represents a stand-alone document, the results generated during this study
will be integrated into the Environmental Management and/or Environmental Monitoring
actions proposed in the IVS Master Plan.

ECOSUN was appointed by Jasper Miiller Associates cc to perform this Baseline Aquatic
Ecological Assessment, in order to establish baseline data against which future changes in the
health of the concerned aquatic system can be evaluated, and to develop a biological
monitoring program which complies to industry standards as well as DWAF requirements.

2. OBJECTIVES

The major objectives of this program will be to: )

¢ Conduct a Baseline Assessment for the aquatic system associated with the Leeuwspruit and
Rietkuilspruit, as well as relevant sections of the Rietspruit (up- and downstream of the
Rietkuilspruit confluence) and Vaal River (downstream from Leeuwspruit confluence).

o Establish aquatic baseline data against which future changes in the health of these systems
can be evaluated

o On the basis of above, develop a biological monitoring program which complies to industry
standards as well as DWAF requirements and which, once implemented, will enable
assessment of, and reporting on the health, status and trends of these systems in relation to
possible impacts as a result of industrial and/or other anthropogenical activities.

3. STUDY AREA

Sampling sites in the Rietspruit and Leeuwspruit were selected to coincide with existing water
quality monitoring points and to include a suitable "natural" or "minimally impacted" reference
site (Table 1 and Figure 1). Co-ordinates of sampling sites were determined using a Trimble
Geographical Positioning System and are listed in Table 1. Photographs of sampling sites are
presented in APPENDIX 1.
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Table 1: Description of sampling sites

Site No. Description Co-ordinates
Reference Site Upper section of the Taaibosspruit S:26°51°57.2”; E: 27°56°02.2”
RS1 Rietkuilspruit on Golden Highway downstream from southern industries S:26°39'40"; E:27°47'56"
RS2 Rietkuilspruit downstream from Farm Dam S:26°39'36"; E:27°47'34"

| RS3 Rietkuilspruit downstream from Farm Dam S:26°39'09"; E:27°46'34"
RS54 Rietkuilspruit downstream from RS3 on secondary road S:26°39'07"; E:27°45'45"
RS5 Rietkuilspruit upstream from canal on gravel road S:26°39'13"; E:27°45'27"
RS6 Rietspruit upstream from confluence (Rietkuilspruit & Canal) on R54 S:26°38'48.8"; E:27°44'48.0"
RS7 Downstream section of canal just upstream from confluence with Rietkuilspruit S:26°39'18.1"; E:27°45'19"
RS8 Approximately 100m downstream from canal confluence 3:26°39”157; E:27°45°20”
RS9 Approximately Skm downstream from Rietkuilspruit/Rietspruit confluence in Rietspruit S:26°39'15.0"; E:27°45'14"
RS10 On Rietspruit at weir S:26°41'37.7"; E:27°44'22.2"
LS1 Tributary of Leeuwspruit on southeastern side of the IVS works S:26°40'00.2"; E:27°50"25.9"
LS2 Tributary of Leeuwspruit draining from Boitshepi dumping site S:26°40'15.2"; E:27°52'05"
LS3 Tributary of Leeuwspruit draining from Ditonville S:26°40'12"; E:27°52'46"
LS4 Leeuwspruit downstream from tributaries LS1- LS3 S:26°40'03"; E:27°53'13"
LS5 Leeuwspruit upstream from confluence with Vaal River S:26°42'01"; E:27°53'56"
LS6 Vaal River at the R59 road S:26°42'30.0"; E:27°53'53.7"
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4. APPROACH

The approach recommended for the baseline assessment is presented according to generally

accepted aquatic monitoring procedures, which include:

e Characterization and planning components (description of ecological status, identification
of problems and important environmental components)

e Data generation components (sample collection and handling, laboratory or field
analyses, data handling)

¢ Evaluation components (quality control & assurance)

e Information generation components (data analyses, reporting & information utilization)

The first phase of this baseline study comprised the gathering and assessment of available
literature for the area. The purpose of this literature survey was to gather and summarize all
relevant information pertaining to species diversity and composition of aquatic and riparian
vegetation, aquatic invertebrates and aquatic vertebrates (fish, amphibians) of the relevant
areas, as well as information with regard to anthropogenically induced changes to the biotic

integrity.

The baseline assessment involved the characterization of the aquatic environment, habitat,
related biota, magnitude and extent of site-related effects (point and non-point sources) in
terms of up- and downstream species assemblage comparisons, as well as the current
ecological status of the aquatic system. The major goal of the characterization procedure was
to determine the current status of the aquatic environment and to evaluate the extent of site
related effects in terms of selected ecological indicators, as well as to identify specific
important aquatic ecological attributes (Wetlands, Red Data species, etc.). Following the
aquatic ecological characterization, a tailored biological monitoring system was developed.

In order for a biological-monitoring program to become truly operational as a management
tool, information collected during monitoring must be linked with management actions.
Linking monitoring, information generation and ecosystem management will facilitate
environmentally sustainable utilization of the concerned aquatic system, which is in line with
the goal of the National Water Act (Act No 36 of 1998). Information gathered during the
Baseline Assessment was used to recommend management goals for the industry. Aspects
taken into account during the setting of these goals, include:

- The current and reference ecological integrity of the study area

- The ecological importance and sensitivity of the concerned aquatic system

- Its importance to the functioning of receiving ecosystems
These management goals were refined, taking into account the Ecological Management
Class (DWAF File No: 26/8/3/3/322) proposed for the study area.

Data obtained during the baseline assessment, as well as recommended management goals,
were presented during a meeting held on 10 June 2002 at the Jasper Miiller Associates
Offices in Delmas. Data obtained during the baseline assessment was also presented to
relevant role players (including representatives from ISCOR) during a meeting, which was
held at Ockie Fourie Toxicologist’s offices in Pretoria on 14 June 2002. Input received
during these two meetings was incorporated into the current report. Following this,
management goals were formulated for ISCOR and a tailored Biological Monitoring
Program was designed for the area in question. This program will indicate compliance with
the set management goals, identify types and level of threat to the concerned aquatic system
and md1cate the need for management actions to ameliorate pfﬁ]b esrra conditions-,
i ISCUSSIOH




5. COLLECTION OF DATA

Data for the Baseline Ecological Assessment were collected during a field survey conducted
at the mentioned sampling sites from 27 November 2001 to 2 December 2001. In order to
enable adequate description of the aquatic environment, certain ecological indicators were
selected to represent each of the responding, exposed, habitat and stressor components
involved in the aquatic environment. These included:
Stressor Indicators
e [n situ water quality
e Algal biomass
Habitat Indicators
¢ General Habitat Assessment
¢ Integrated Habitat Assessment System (IHAS, version 2)
e Habitat Integrity Assessment
Response Indicators
e Riparian and Aquatic Vegetation Assessment (to include RVI)
e Aquatic Macroinvertebrates (SASS5)
e Ichthyofauna
Exposure Indicators
e Contaminant concentrations in sediments
e Bioaccumulation

A list of parameters monitored at each of the sites selected in the concerned sections of the
Rietspruit, Rietkuilspruit, Leeuwspruit and Vaal River is provided in Table 2.

Table 2: Parameters monitored at selected sites
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5.1. In situ Water Quality

In situ water quality measurements were determined on site. These included
e TDS (TDScan Meter)

pH (pHScan Meter)

Dissolved Oxygen (Hannah Oxygen Meter)

Temperature (Alcohol Thermometer)

Flow Velocity (Cyclometer)

5.2. Algal Biomass (Chlorophyll )

Algae represent the primary producer trophic level and exhibit a specific range of
sensitivities. It generally have rapid reproduction rates and very short life cycles
which make them valuable indicators of short-term impacts. Algal assemblages are
furthermore sensitive to some pollutants which may not visibly affect other
population assemblages from higher trophic levels, or may only affect other
organisms at higher concentrations. Water samples were collected at each of the
selected sampling sites on the last day of the field visit (2 December 2001) and
submitted to Waterlab Research (Pty)Ltd for analyses.

5.3. Habitat Assessment

Habitat assessment can be defined as the evaluation of the structure of the
surrounding physical habitat that influences the quality of the water resource and the
condition of the resident aquatic community (Barbour et al., 1996). Habitat quality
and availability plays a critical role in the occurrence of aquatic biota. For this reason
habitat evaluation is conducted simultaneously with biological evaluations in order to
facilitate the interpretation of results.

Assessment of physical habitat quality is an integral component of the final
evaluation of any impairment. The assessment performed includes a general
description of the site (Global Positioning Satellite [GPS] reading; photographs for
future identification of major changes and documm of habitat conditions and
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watershed features; video footage of each site; physical characterization). These
parameters are pertinent to the characterization of an aquatic system. This data
provide valuable insight as to the ability of these systems to support a healthy aquatic
community.

5.3.1. Integrated Habitat Assessment System (IHAS)

The Integrated Habitat Assessment System (IHAS, version 2) was applied at each of
the selected sampling sites in order to assess the suitability of biotopes present. The
IHAS was developed specifically for use with rapid biological assessment protocols
in South Africa (McMillan, 1998), and express the suitability of biotopes as a
percentage, where 100% represents ideal habitat availability. This index allows for
much less variance between operators than the Habitat Quality Index (HQI) and is to
become the nationally accepted habitat assessment system for use with the SASS
index. It is presently thought that a total score of over 65% represents good habitat
conditions, and over 55% indicates adequate habitat conditions (McMillan, 2002).

5.3.2. Habitat Integrity Assessment

The Intermediate Habitat Integrity Assessment (IHIA) protocol, as described by
Kemper et al., (1999), with minor modifications, were used for the purposes of this
study. This is a simplified procedure, which is based on the Habitat Integrity
approach developed by Kleynhans (1996). The IHIA is conducted as a first level
exercise where a comprehensive exercise is not practical. The procedure used was as
follows:

e The relevant river reaches were divided into segments approximately Skm in
length. Segment 1 is the most upstream segment in the Leeuwspruit from its
source up to the confluence of a small tributary from the north-west; Segment 2
is the lower section of the Leeuwspruit from the confluence of the tributary up to
its confluence with the Vaal River; Segment 3 constitutes the Rietkuilspruit from
its source to confluence with the Rietspruit; Segment 4 constitutes a Skm reach
of the Rietspruit upstream of the Rietkuilspruit confluence; Segment 5 is a Skm
reach of the Rietspruit downstream from the Rietkuilspruit confluence.

o The Habitat Integrity of each stream segment was scored according to 12
different criteria (Table 3), which represent the most important, and easily
quantifiable, anthropogenically induced impacts on the system. The instream and
riparian zones were analyzed separately, and the final assessment was made
separately for each, in accordance with Kleynhans’ (1999) approach to Habitat
Integrity Assessment. Data for the riparian zone are however primarily
interpreted in terms of the potential impact on the instream component.

e The assessment of the severity of impact of modifications is based on six
descriptive categories with ratings ranging from 0 (no impact), 1 to 5 (small
impact), 6 to 10 (moderate impact), 11 to 15 (large impact), 16 to 20 (serious
impact) and 21 to 25 (critical impact), in accordance with the level of the impact
created by the criterion (Table 4).

e Analysis of the data was carried out by weighting each of the criteria. The
weights given to the different instream and riparian factors used in the
Intermediate Habitat Integrity Assessment of the sections of the Leeuwspruit,
Rietkuilspruit and Rietspruit under investigation are shown in Table 5.
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e Based on the relative weights of the criteria, the impact of each criterion are
estimated as follows:

Rating for the criterion/maximum value (25) x weight (percent)

e The instream and riparian Habitat Integrity for each segment was then calculated
by adding the weighted scores of the appropriate criteria separately for each of
the two zones and subtracting the resulting values from one hundred, thus
obtaining provisional Habitat Integrity scores (expressed as percentages) for
instream and riparian habitats.

e In cases where riparian zone criteria and the water abstraction, flow, bed and
channel modification, water quality and inundation criteria of the instream
component exceeded ratings of large, serious or critical, an additional negative
weight was applied. The aim of this is to accommodate the possible cumulative
effect (and integrated) negative effects of such impacts (Kemper et al. 1999). The
following rules were applied in this respect:

Impact = Large, lower the integrity status by 33% of the weight for each
criterion with such a rating.
Impact = Serious, lower the integrity status by 67% of the weight for each
criterion with such a rating.
Impact = Critical, lower the integrity status by 100% of the weight for each
criterion with such a rating.

e The negative weights were added for the instream and riparian facets respectively
and the total additional negative weight subtracted from the provisionally
determined intermediate integrity to arrive at a final intermediate habitat integrity
estimate (Kemper et al., 1999)

e The eventual total scores for the instream and riparian zone components are then
used to place the habitat integrity of both in a specific intermediate habitat
integrity class/category. These classes are indicated in Table 6.

e By calculating the mean of the instream and riparian Habitat Integrity scores, an

overall Habitat Integrity score was obtained for each segment.

Table 3: Criteria used in the assessment of habitat integrity (from Kleynhans, 1996)

CRITERION RELEVANCE

Water abstraction | Direct impact on habitat type, abundance and size. Also impacted in flow, bed, channel and
water quality characteristics. Riparian vegetation may be influenced by a decrease in the

supply of water.
Flow Consequence of abstraction or regulation by impoundments. Changes in the temporal and
modification spatial characteristics of flow can have an impact on habitat attributes such as an increase in

duration of low flow season, resulting in low availability of certain habitat types or water at
the start of the breeding, flowering or growing season.

Bed modification | Regarded as the result of increased input of sediment from the catchment or a decrease in
the ability of the river to transport sediment (Gordon et al., 1993). Indirect indications of
sedimentation are stream bank and catchment erosion. Purposeful alteration of the stream
bed, e.g. the removal of rapids for navigation (Hilden & Rapport, 1993) is also included.

Channel May be the result of a change in flow, which may alter channel characteristics causing a
modification change in marginal instream and riparian habitat. Purposeful channel modification to
improve drainage is also included
Water quality Originates from point and diffuse point sources. Measured directly or agricultural activities,
modification human settlements and industrial activities may indicate the likelihood of modification.
‘ Aggravated by a decrease in the volume of water during low or no flow conditions.
Inundation Destruction of riffle, rapid and riparian zone habitat. Obstruction to the movement of aquatic
fauna and influences water quality and the movement of sediments (Gordon et al., 1992).
Exotic Alteration of habitat by obstruction of flow and may influence water quality. Dependant
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CRITERION RELEVANCE

macrophytes upon the species involved and scale of infestation.

Exotic aquatic The disturbance of the stream bottom during feeding may influence the water quality and

fauna increase turbidity. Dependent upon the species involved and their abundance

Solid waste A direct anthropogenic impact which may alter habitat structurally. Also a general indication

disposal of the misuse and mismanagement of the river.

Indigenous Impairment of the buffer the vegetation forms to the movement of sediment and other

vegetation catchment runoff products into the river (Gordon et al., 1992). Refers to physical removal

removal for farming, firewood and overgrazing

Exotic vegetation | Excludes natural vegetation due to vigorous growth, causing bank instability and decreasing

encroachment the buffering function of the riparian zone. Allochtonous organic matter input will also be
changed. Riparian zone habitat diversity is also reduced

Bank erosion Decrease in bank stability will cause sedimentation and possible collapse of the river bank
resulting in a loss or modification of both instream and riparian habitats. Increased erosion
can be the result of natural vegetation removal, overgrazing or exotic vegetation
encroachment.

Table 4: Descriptive classes for the assessment of modifications to habitat integrity (from
Kleynhans, 1996).

IMPACT DESCRIPTION SCORE

CATEGORY

None No discernible impact, or the factor is located in such a way that it 0
has no impact on habitat quality diversity, size and variability.

Small The modification is limited to a very few localities and the impact 1-5
on habitat quality, diversity, size and variability is also very small.

Moderate The modification is present at a small number of localities and the 6-10
impact on habitat quality, diversity, size and variability is also
limited.

Large The modification is generally present with a clearly detrimental 11-15
impact on quality habitat quality, diversity, size and variability.
Large areas are, however, not influenced

Serious The modification is frequently present and the habitat quality, 16 -20
diversity, size and variability almost the whole of the defined
section are affected. Only small areas are not influenced.

Critical The modification is present overall with a high intensity; the habitat 21-25
quality, diversity, size and variability in almost the whole of the
defined section are detrimentally influenced.

Table 5: Criteria and weights used for the assessment of intermediate habitat integrity (from
Kleynhans, 1996).

Instream Criteria Weight | Riparian Zone Criteria Weight
Water abstraction 14 Indigenous vegetation removal 13
Flow modification 13 Exotic vegetation encroachment 12
Bed modification 13 Bank erosion 14
Channel modification 13 Channel modification 12
Water quality 14 Water abstraction 13
Inundation 10 Inundation 11
Exotic macrophytes 9 Flow modification 12
Exotic fauna 8 Water quality 13
Solid Waste Disposal 6
TOTAL 100 TOTAL 100
T - Draft for discussion
Frepared by ECOSUN C 0 N F l—ﬁ_gNTm [.. b s
_Research for IV$




Table 6: Intermediate Habitat Integrity Assessment Classes/Categories (from Kleynhans,

1996).
CLASS DESCRIPTION SCORE
(% OF TOTAL)
Class A Unmodified, natural 90-100
Class B Largely natural with few modifications. A small change in natural habitats and 80-90
biota may have taken place but the basic ecosystem functions are essentially
unchanged.
Class C Moderately modified. A loss and change of natural habitat and biota have 60-79
occurred, but the basic ecosystem functions are still predominantly unchanged.
Class D Largely modified. A large loss of natural habitat, biota and basic ecosystem 40-59
functions has occurred.
Class E The loss of natural habitat, biota and basic ecosystem functions is extensive. 20-39
Class F Modifications have reached a critical level and the lotic system has been 0-19
modified completely with an almost complete loss of natural habitat and biota.
In the worst instances, basic ecosystem functions have been destroyed and the
changes are irreversible.

5.4. Aquatic and Riparian Vegetation

An assessment of the current status of the aquatic and riparian vegetation in the study
area (which included wetland areas) was conducted. Diversity and composition was
identified. Conservation importance, as well as the presence and distribution of
sensitive/Red Data species in the study area were identified. In addition to the above-
mentioned comprehensive aquatic and riparian vegetation assessment, the Riparian
Vegetation Index (RVI) developed by Kemper (2000) was applied. This index
considers the extent of vegetation coverage of the riparian zone, the structural
intactness of the riparian zone, the percentage cover of indigenous riparian species as
well as the regeneration of indigenous species. The RVI was developed as part of the
National River Health Program to provide a rapid, relative simple method for
evaluation of the condition and ecological integrity of the riparian vegetation along
rivers and streams. However, the highly disturbed nature of several of the sites made
such a classification difficult to implement and the results should therefore be
regarded as the baseline against which future changes could be monitored.

Traverses were made on foot along both banks of the rivers and streams at each of
the 17 sites and all species observed were recorded. References to the right hand
bank (RHB) or left hand bank (LHB) were made facing downstream. Sites such as
LS1, LS4 and RS7 were canalized while at RS2 the dam which was supposed to be
assessed, had been drained. This resulted in the survey of the vegetation below the
dam wall. Although it was attempted to survey 200m along each bank at each site,
this was not always possible because of physical changes such as dams, weirs or
bridges, to the streams above, below or both, at the specific sites, all of which had
been previously identified. The lengths of the transects therefore varied from 40-
200m per side. However it was found that this did not necessarily result in a higher
number of species recorded from a site. What appeared to be more important was the
degree of disturbance at a specific site. All recordings were made on a pocket tape
recorder and later transcribed.
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5.5. Aquatic Macroinvertebrates

The South African Scoring System Index (SASS, version 5) was applied (Dickens &
Graham, 2001). This index provides an indication of the quality of the aquatic
environment in terms of a numerical score that is obtained through recording the
presence of various macroinvertebrate families at the sampling site. Scores obtained
during the different monitoring efforts can then be compared in order to detect any
changes in aquatic ecosystem health.

Benthic macro-invertebrates are collected from all distinguishable biotopes at each of
the sampling sites using a net with a pore size of 1000 micron, mounted on a 300mm
square frame. In stony bottomed flowing water biotopes (rapids, riffles, runs, etc.) the
net is rested on the bottom and the area immediately upstream of the net is disturbed
by kicking the stones over and against each other to dislodge benthic invertebrates.

Sandy and muddy bottom and stones-out-of-current are sampled by stirring the
bottom and sweeping the net through the water over the disturbed area to catch
dislodged organisms. Marginal and aquatic vegetation is sampled by sweeping the
net back and forth through the biotope to cover from 1-2 meters. Identification of the
organisms will be done to family level.

Habitat is a major determinant of aquatic community potential. Both the quality and
quantity of available habitat affect the structure and composition of benthic
macroinvertebrate communities. The Integrated Habitat Assessment System (IHAS)
was used to semi-qualitatively evaluate the condition of the habitat at each of the
different sampling sites and to assess the impact of physical habitat degradation on
the SASS scores.

Ecological Integrity, based on SASS results

Reference conditions reflect the best conditions that can be expected in rivers
and streams within a specific area and also reflect natural variation over time.
SASS and ASPT reference conditions were modeled for the Highveld
Ecoregion by DWAF (data obtained from Gauteng Nature Conservation, Mr
Piet Muller). Based on these modeled scores (Table 7), the Present State
Class of the different sites in the study area is derived.

Table 7: Classification protocol for determining the Present State Class,

based on SASS results

Class SASS4 ASPT Condition
A >120 >6 Excellent
B 91-120 5-6 Very Good
C 71-90 4.5-5.5 Good
D 56-70 45-5.5 Fair
E 30-55 Variable Poor
F <30 Variable Very Poor

Above Classification scores is based on SASS4 scores. This was taken into
account during classification of the current data.
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5.6. Ichthyofauna

Invertebrate communities are good indicators of localized conditions in a river over
the short-term, while fish — being relatively long-lived and mobile,

e are good indicators of long-term influences

e are good indicators of general habitat conditions

o integrate effects of lower trophic levels

e are consumed by humans (NBP Report Series No 4, 1996).

Fish sampling was conducted by means of an electroshocker, seine net, dip nets, and
gill nets. The presence and relative density (catch per unit effort) of sampled fish
species was documented for each sampled flow type. Specimens were released
unharmed where possible, except for reference specimens, which will be lodged at
the JLB Smith Institute of Ichthyology. Because of the low diversity and abundance
of fish species sampled in the study area, application of the Fish Assemblages
Integrity Index (FAII) was not possible.

5.6.1. Fish Health Assessment

The health and condition of selected fish species were evaluated by applying a
similar protocol to that described by DWAF (1997). Individuals with disease, tumors,
fin damage and skeletal abnormalities occur infrequently or are absent from
minimally impacted reference sites, but normally occur frequently below point
sources and in areas where toxic chemicals are concentrated.

For the purpose of this study the fish health assessment was confined to external
examination of the skin and fins, eyes, gills, opercula and the presence of
ectoparasites. This approach ensured the minimization of stress and allowed fish to
be released unharmed.

5.7. Sediment Contaminant Concentrations

Contaminated sediments are generally thought to be one of the largest risks to the
aquatic environment. Although representing only one component of the ecosystem
assessment, contaminated sediments are a major source of stress to ecosystem health
(Burton, 1992). Sediment data reveals short-term or past-pollution events, which are
generally not reflected by grab sample water analyses. Metals released into an
ecosystem tend to accumulate in sediments through various adsorption and
precipitation processes, thus becoming part of the ecosystem. Metals can be
reintroduced into the water in a bio-available form when conditions like pH,
hardness, redox potential, ionic strength and concentration of organic complexing
agents change (Merian, 1991; Burton, 1992; Gupta, 1992; Coetzee, 1993). Once the
metal become available, they may be transformed into more or less toxic forms, or
they may migrate from the sediments into benthic organisms from where they can be
taken up in the food chain, contaminating fish, wildlife and humans (Burton, 1992).
It is therefore important to characterize sediment contaminant levels in order to
identify constituents that may pose a threat to the aquatic environment.
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Sediment core samples were taken at selected sites in the study area. Different
depositional layers in the sediment were visually assessed and distinguished by using
colour (to distinguish between primary layers) and texture (to distinguish between
secondary layers). Each identified layer was then collected in a separate plastic bag,
and transported to the laboratory for analyses.

When metal concentrations in sediment are determined, it is important to distinguish
between the different fractions of a sediment sample. More metals and anions will
absorb to the smaller particles present (fine sand, silt & clay) than to the large
particles (granules and coarse sand). For the purpose of this study the concentrations
of Ca, Ba, B, Bi, Sr, Mg, Cu, Al, Co, Cd, Ni, Mn, Fe, Cr, Na, Zn, Li, Pb, Cl, F, Br,
NO3, phosphate and sulphate in particles smaller than 0,0625mm were therefore
determined. This will allow direct comparison between the concentrations of the
different constituents detected at the different site<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>