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ABSTRACT

Fluvial systems are dynamic systems in which variables in a catchment and river channel affect the
morphology of river reaches. South African rivers are increasingly being exposed to stresses from a
combination of factors, one of the most prevalent being the impacts of damming rivers which result
in varying downstream sediment fluxes and flow regimes. The sediment load combined with flow
characteristics for respective river channels provides the physical habitat for aquatic ecosystems.
The damming of the Tsitsa River, through the construction of the Ntabelanga Dam, will change the
overall downstream geomorphology. This creates an opportunity for research in the pre-
construction window. The current condition of the Tsitsa River was monitored by completing a
baseline survey of the channel geomorphology with specific reference to the influence of sediment
on river habitats and ecosystem health. Five sites were established in variable reaches of the Tsitsa
River, with Site 1 located above the proposed Ntabelanga Dam inundation and Sites 2-5 below the
proposed dam wall. Each site included a range of features that can be monitored for their response
to the dam. Physical variables, water quality and biota were monitored seasonally to note changes in
habitat quality. A baseline survey of the present geomorphology and associated instream habitats of
the selected reaches was set up by conducting cross-sectional surveys of channel topography, water
slope surveys, discharge measurements and visual and quantitative assessments of substrate. Level
loggers were installed at each site to collect continuous data on variations in depth and
temperature. Monitoring surveys, in terms of fine sediment accumulation, were conducted to
characterise dynamic habitat arrangements and macroinvertebrate community composition. A taxa
related physical habitat score for the Tsitsa River was created. The relationship between water
quality, physical and ecological characteristics of the Tsitsa River will aid further research in the area
as well as create a better understanding of the influence of sediment on river habitats and
ecosystem health. Monitoring sites can be used to monitor the impact of catchment-wide
rehabilitation on river health prior to the dam being built. After dam construction, the top site above
the dam inundation can still be used as a point to monitor the impact of catchment rehabilitation on

ecosystem health in terms of fine sediment accumulation.
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CHAPTER 1: INTRODUCTION

Dams have a multitude of influences on a river system. By damming a river, the downstream flow
and sediment characteristics are altered. This in turn affects available habitats and associated biota.
It is important to understand the condition of a river before dam construction. This aids
management of flows in order to maintain ecosystem services and keep river conditions as close to
natural as possible below an impoundment. In this thesis a baseline survey of channel
geomorphology was conducted with specific reference to the influence of sediment on river habitats
and associated biota, prior to the construction of the Ntabelanga Dam. Macroinvertebrates are the
most preferential group of organisms used to study the effects of water quality changes in a river
system. In addition macroinvertebrate community composition provides an understanding of the
influences of sediment deposition on ecosystem health. In this study macroinvertebrates were used
to assess the amount of sediment deposited on the bed of the river by looking at the community
structure of macroinvertebrates in habitats with different sediment concentrations. Through this a

taxa related physical habitat score for the Tsitsa River was created.

1.1 Background and Motivation

Catchment variables influence river channels and the dynamic morphologies of river reaches. Poff et
al. (1997) observed that the physical processes in rivers that define the structure of the environment
in turn alter the habitat. The natural flow regime is variable and may change over any given time
scale including hours, days, seasons, years or longer (Poff et al., 1997; Rowntree & Wadeson, 1999).
Furthermore, river's flow regimes display regional patterns that are commonly determined by the
size of a river, as well geographic characteristics such as climate, geology, topography and vegetation
cover (Poff et al., 1997). The movement of water and sediment within the channel and between the
channel and floodplain is of utmost importance. The physical habitat is influenced by sediment size
and heterogeneity, morphology of the channel and adjacent floodplains as well as other relevant
geomorphic features (Poff et al., 1997). Fluvial geomorphological processes control aquatic
biodiversity in river systems by shaping the physical habitat (Newson, 2002; Chessman et al., 2006).
The sediment load combined with the flow characteristics for respective river channels determine
the quality of the physical habitat for aquatic ecosystems (Poff et al., 1997; Puckridge et al., 1998;
Newson, 2002; Chessman et al., 2006).

Sediment comprises an essential part of the ecosystem, creating habitat and substrate for a variety

of organisms (Apitz, 2012). Apitz (2012) notes that changes to the hydrodynamics in a catchment or



river channel can affect the stability of soils by altering erosional and depositional patterns of
sediments, in turn affecting habitats and in severe cases reducing habitat diversity. Alterations to
channel morphology, flow regimes and sedimentation patterns can alter habitats, habitat function
and ecosystem services of aquatic species (Apitz, 2012). Habitat alteration occurs due to either an
increase in sediment supply and deposition or a decrease in sediment supply which in turn decreases

deposition of fine sediment. This can commonly be seen below dam constructions.

Environmental flows (Ecological Reserves) encompass the water needed to maintain the ecological
functions of a system so that the long-term sustainability of aquatic ecosystems and their associated
organisms are not compromised (King & Louw, 1998; Dube et al., 2015). Controlled artificial flows
below dam constructions are allocated to maintain the aquatic environment and in turn they
indirectly support the livelihoods of people, by maintaining important ecosystem services.
Environmental flows, which make up a key element of integrated water resources management and
require athorough baseline of river conditions before dam construction, are an important input for
studies of post impoundment impacts (Dube et al., 2015). Correct environmental flows are essential
for maintaining the channel morphology below dam constructions and studies of sediment dynamics

are important to maintain the sediment balance in aquatic habitats after dam construction.

The assessment of benthic macroinvertebrates is an effective means of determining the condition of
a river (Dickens & Graham, 2002). A range of effects on macroinvertebrates can be observed through
the alteration of stream habitat, ecology or water quality including changes in species composition
of aquatic communities (Gordon et al., 2004). Biomonitoring techniques such as the South African
Scoring System (SASS) have been used to rapidly assess river water quality and health by covering
aspects such as the ecological state of aquatic ecosystems, the spatial and temporal trends in
ecological state, the impact of developments on a river system as well as predicting changes to
ecosystems due to developments (Dickens & Graham, 2002). However, biomonitoring using SASS

does not assess the physical habitat conditions in which macroinvertebrates are found.

South African rivers are increasingly being exposed to stresses from a combination of factors, one of
the most prevalent being the impacts of dams which result in varying sediment vyields and flow
regimes (Rowntree & Wadeson, 1999). For example, the Pongolapoort Dam, constructed on the
Phongola River in 1973, has had noticeable impact on the hydrological regime downstream of the
dam wall and in turn has altered the ecological response of the river (Dube et al., 2015). Dube et al.
(2015) noted that prior to dam construction the environmental flow regime, required to maintain
the current biodiversity and ecosystem services of the river, was not established, resulting in a

threatened ecological integrity downstream of the Pongolapoort Dam. Controlled flood releases,



including the volume, rate, duration and timing of flows, have subsequently been recommended to
simulate the original natural floods in an attempt to restore the ecological health of the river.
However, these artificial flows are limited due to factors such as the sizes of the sluices on the dam

wall and the demand for water by local communities (Dube et al., 2015).

It is vital to ensure that baseline studies of a river's hydrological regime and associated habitats are
conducted prior to dam construction. Management strategies for post dam scenarios can then
include not only the social needs resulting from the dam construction but also have an insight into

the processes behind maintaining a healthy ecosystem in the river after dam construction.

1.2 Mzimvubu Catchment

Rivers in the Mzimvubu catchment are some of the largest undeveloped rivers in South Africa (van
Tol et al., 2014a). However, the planned construction of two dams (Ntabelanga Dam and Laleni Dam)
in the Tsitsa River, a main tributary to the Mzimvubu River, has potentially imminent impacts
through the fragmenting of river ecosystems and the alteration of flow and sediment regimes in the
river (Figure 1). The Environmental Impact Assessment for the Mzimvubu Water Project (Muruven &
Calmeyer, 2015) provides the following information on the dams. The Mzimvubu Water Project is a
Strategic Integrated Project intended for social and economic development in the Mzimvubu
Catchment. The two multipurpose dams on the Tsitsa River, namely the Ntabelanga Dam and the
Laleni Dam, will supply irrigated agriculture, domestic and industrial water requirements and
generate hydropower. The Ntabelanga Dam has a proposed storage capacity of 490 million m3with
the Mean Annual Runoff of the Tsitsa River at the Ntabelanga Dam being 415 m3. Therefore the dam
storage is 1.2 times the mean annual runoff resulting in a significant impact on the downstream
flood frequency. A small hydropower plant will be constructed at the Ntabelanga Dam and flow will
be released for hydroelectric generation at the Laleni Dam, in addition to irrigation water, situated
downstream from Ntabelanga Dam. This will result in variable water levels in the Ntabelanga Dam
and variable flow and a reduced sediment load downstream of the dam. There will be an
environmental flow requirement; however details of this are still to be finalised. After dam
construction several flow gauging weirs will be constructed above and below the dam in order to

monitor the implementation of the environmental flow requirements (Muruven & Calmeyer, 2015).
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Figure 1: Locality map of the Tsitsa catchment, Eastern Cape, South Africa.

The Mzimvubu catchment is located in the foothills of the southern Drakensberg (Partridge et al.,
2010). Rainfall varies temporally from 707-928 mm per year and increases spatially with elevation
(Mucina et al., 2006). Precipitation peaks during summer months and often takes the form of
intensive thunder showers. Winter precipitation occasionally occurs as snow. Evaporation during
summer months can be as high as 1628 mm (Mucina et al., 2006). The flow in the catchment is

perennial and peaks in summer after intense thunderstorms.

The Drakensberg Mountain range, covering less than 5% of South Africa's surface area, contains one
of South Africa's most strategic sources of fresh water and produces 25% of the country's runoff
(Blignaut et al., 2010). The Mzimvubu catchment is underlain by the Karoo Supergroup with the
upper regions comprising of Drakensberg Group basalts and Clarens Formation sandstones overlying
Elliot mudstones (De Decker, 1981)(Table 1). The Tsitsa catchment, immediately upstream of the
proposed Ntabelanga Dam site, is underlain by sandstone and mudstone from the Beaufort Group
(Caston, 1979; van Tol et al., 2014a). Groups of isolated dolerite intrusions traverse the catchment
(Caston, 1979). Soils derived from this suite of geological formations (Table 1) are highly susceptible

to erosion due to their duplex nature (Laker, 2004).



Table 1: Geological formations in the Tsitsa Catchment, from the escarpment until proximal to
the proposed Ntabelanga Dam. (Adapted from: Norman & Whitfield, 2006).

Essential Geological Features and Formations of the
Stormberg, Drakensberg and Beaufort Groups of the Karoo Supergroup

MAIN ROCK  ENVIRONMENT  SUSCEPTIBILITY
AGE GROUP THICKNESS TYPES OF DEPOSITION TO EROSION
Basaltic lava Continental
183 flows, fed by scale rifting and
Drakensberg Group >2 000 m Karoo eruption of Low
Ma :
dolerite flood lavas
dikes
Wind- blown,
Fine arained dune covered
198 Clarens g desert with .
. <300 m sandstone . Intermediate
Ma  Formation . occasional
and siltstone h |
o ephemera
3 riverbeds
& , .
2 siones, 5100
215 Elliot g with ystems High due to
. c <500 m . semi-arid to . . .
Ma  Formation E interbedded : : dispersive soils
S arid alluvial
b sandstones .
plain
Alternating . :
240 Molteno sandstone, Braided rIver High due to
. <600 m systems in a . . .
Ma  Formation mudstone . dispersive soils
vast floodplain
and shale
250 Mudstones Extensive Very high due
Beaufort Group <7000 m and alluvial to dispersive
Ma . :
sandstones floodplains soils

The Tsitsa River is a main tributary in the Mzimvubu Catchment and has its headwaters in the
Drakensberg Mountains. The Tsitsa River flows into the Mzimvubu River which discharges into the

Indian Ocean at Port St. Johns.

Figure 2 shows the susceptibility of different parts of the Tsitsa catchment to erosion. The potential
for erosion as well as the amount of erosion increases down the catchment as the geology changes
(Table 1). Therefore sediment sources become more common down the catchment resulting in a

cumulative increase in sedimentation down the river system (Figure 2).



Figure 2: Erosion prediction map for the Tsitsa Catchment (provided by Dr B van der Waal).

Rural communities, which are widespread in the old Transkei homelands including this study area
(van Tol et al., 2014a), rely heavily on natural resources and practice subsistence agriculture which
includes both livestock and crop farming (Kakembo & Rowntree, 2003; Blignaut et al., 2010; van der
Waal, 2014). Disturbances caused by the settlement of humans on the landscape ultimately result in
an increase in sediment sources and pathways on the landscape, causing higher connectivity of
hillslopes to the drainage network (van der Waal, 2014). Cultivated lands, abandoned lands
(Kakembo et al., 2009) as well as unsuitable grazing management regimes combined with
inappropriate stocking rates affect the quality and quantity of water runoff and baseflow (Blignaut et
al., 2010; Vetter, 2009).

1.3 Morphology of the Tsitsa River

The baseline study conducted in this research will focus on sites in the Tsitsa River above the
proposed Ntabelanga Dam inundation and below the dam wall to below the confluence with the

Inxu River, a major sediment source for the Tsitsa River (Figure 2 and 3).



Figure 3: Longitudinal profile of the Tsitsa River from its headwaters in the Drakensberg

Mountains to gauging station T3H006.

The damming of the Tsitsa River, through the construction of the Ntabelanga Dam, will change the
overall downstream geomorphology. This creates an opportunity for research in the pre-
construction window to help understand what the current geomorphic condition of a selection of
channel reaches in the Tsitsa River is, above and below the proposed Ntabelanga dam. In addition
the Tsitsa catchment is highly susceptible to erosion (Figure 2) resulting in large volumes of sediment
being transported by the river system. Predictions of future impacts, through the rehabilitation of
the catchment or dam construction, on stream geomorphology and ecosystems can be aided by
understanding the current relationship between sediment characteristics and river habitats in the
Tsitsa River. In addition this research will aid in the assessment of flows required to maintain the

physical quality of aquatic habitats after dam construction.

1.4 Research Aim

The research aim of this study is to monitor the current condition of the Tsitsa River by completing a
baseline survey of the channel geomorphology with specific reference to the influence of sediment

on river habitats and ecosystem health.



1.5 Research Objectives

1. Establish monitoring sites for the investigation of characteristics of channel morphology.

2. Conduct a baseline survey of abiotic components, channel morphology and associated

habitats at the selected sites.

3. Conduct a baseline survey of biotic components to characterise macroinvertebrate

community composition.

4. ldentify a relationship between biotic and abiotic components to determine the influence of

sediment on river habitats and ecosystem health at the selected sites.

5. Discuss likely changes that will occur to channel geomorphology with specific reference to

the influence of sediment on river habitats and biota after the dam has been constructed.

6. Make recommendations for future monitoring with particular reference to fine sediment

accumulation in the Tsitsa River.



CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

River ecology has developed into a multi-disciplinary field, combining physical sciences and biology,
to create a more inclusive understanding of complex fluvial systems (Hauer & Lorang, 2004). Rivers
are shaped by dynamic and diverse processes. Geomorphological processes within a river system, as
well as its associated ecological structure and functioning, take place over a range of temporal and
spatial scales (Rowntree & Wadeson, 1999; Meyer et al., 2003; Hauer & Lorang, 2004; Poff et al.,
1997; Dallas, 2008; Jacobson, 2013). The relationship between geomorphic processes, channel
morphology, hydrology and habitat quality needs to be fully understood in order to quantify the

current condition of a river.

This chapter reviews the current findings on sedimentation, biotic responses, hydrogeomorphic

factors, the impacts of dams and monitoring principles.

2.2 The Relationship Between Sedimentation and Biotic Responses

Natural erosional processes have always contributed to a certain amount of sedimentation in
streams. However, anthropogenic impacts on the landscape have augmented the amount of
sediment entering fluvial systems. Silt from erosional processes has become a recurring problem
(Ellis, 1936; Jones et al., 2011). In areas such as the Tsitsa Catchment, constant disturbances to the
land surface such as overgrazing and ploughing on already sensitive soils increases the amount of
suspended solids transported into the river system. Van der Waal (2014) showed that the formation
of gullies in disturbed areas increased the connectivity between hillslopes and river channels, in turn
causing a decreased channel-valley fill connectivity that allows sediment to be exported from the
catchment by the river system. Altered sediment dynamics due to connectivity increase turbidity
and suspended sediment concentrations in the river system. Sedimentation results from particulates
of silt, sand and/or fine gravels, sourced from eroded materials which enter a stream system as
suspended sediment from the surrounding landscape (Henley et al., 2000). Sediment is then
deposited on the stream bed during periods of reduced water velocity. Sedimentation occurs at
various scales depending on the amount of sediment entering a system and the preconditions for
deposition. The impacts of sedimentation were already identified by Ellis (1936) in the Mississippi-
Ohio-Missouri System. Ellis (1936) recognised that excessive loads of erosion silt have significantly
increased the turbidity of streams as well as the amount of sediment and silt being deposited on

river substrates, resulting in a marked change in both aquatic habitats and associated biota.



Particulates can be suspended, cover stream bed substrate, fill interstitial spaces and in severe cases

cover an entire bed of substrate (Petts, 1988; Henley et al., 2000; Allan, 2004).

It has been recognised by many authors that increased sedimentation and turbidity have a direct
impact on ecological health in fluvial systems, and are commonly seen as the most detrimental
aquatic pollutant (Ritchie, 1972; Lemly, 1982; Henley et al., 2000; Allan, 2004; Jones et al., 2011).
However, unlike most other pollutants, presence of a certain amount of fine sediment is normal for
the natural functioning of a river system and it is only when excess sedimentation occurs that
negative impacts arise (Jones et al., 2011)(Figure 4). Henley et al. (2000) state that excess
sedimentation and resulting turbidity in a river system have a direct impact on various aquatic
trophic levels, including mortality, reduced physiological functioning and drifting of organisms to

seek new niches.

Deposited Suspended
Sediment Sediment
Substr{it.e Light
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Bed stability Habitat
- Abrasion
Interstitial
spaces
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Refugia Predators Clogging
Toxic
substances

Figure 4: Direct and indirect impacts of fine sediment on macroinvertebrates, caused by both
suspended and deposited sediments. Because of the diversity of macroinvertebrates and their
range of sensitivities, different taxa and communities respond differently. Some undergo a

positive change, others a negative change. (Adapted from: Jones et al., 2011).

During turbid flows, sedimentation specifically alters river habitats and associated biota by a

combination of the following factors: increased turbidity, decreased light penetration, varied rates of
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temperature change, scouring and abrasion of substrate, infilling and draping of interstitial spaces
between diverse substrates reducing available habitat niches, coating of gills and respiratory
surfaces, trapping of organic material and other substances on the stream bed which are
unfavourable to aquatic biota, reducing stream depth heterogeneity and reducing marginal
vegetation and erosional banks due to deposition (Ellis, 1936; Steinman & Mclntire, 1990; Hotzel &
Croome, 1994; Allan, 2004). This can result in a change in pool species (reduction in depth and
marginal habitats), rocky substrate species (different habitat niches) and species sensitive to water
quality changes. In addition the extensive alteration of local scale food webs of aquatic organisms,
starting at the primary trophic level, results in reduced rates of growth and reproduction (Henley et
al., 2000). Henley et al. (2000) state that the effects of sedimentation and turbidity can be directly
linked to the amount of sediment entering a system as well as the period over which a system is

exposed to high sediment loads.

Natural concentrations of sediment encompasses an essential part of the ecosystem, creating
habitat and substrate for a variety of organisms (Apitz, 2012). Apitz (2012) notes that changes to the
hydrodynamics in a catchment or river channel can affect the stability of soils both in the catchment,
which increases the amount of sediment entering the river system, and in the river channel, which
affects bed stability. This in turn alters erosional and depositional patterns of sediments, in turn
affecting habitats and in severe cases reducing habitat diversity. Fluvial processes are strongly
influenced by two dominant groups of factors, namely those which determine the capacity for
sediment in the channel to be eroded or transported and factors responsible for sediment input into
the channel (Rowntree & Wadeson 1999). Hauer & Lorang (2004) note that the movement of water
and sediment in a river system commonly occurs along longitudinal connections between tributaries
and rivers, lateral connections between the river and its adjacent floodplain and vertical water
exchanges. Longitudinal connections will be more dominant in confined areas such as gorges where
flow is concentrated, whereas the lateral and vertical exchange of sediment and water is more
prevalent in floodplain areas that are less confined. Anthropogenic impacts on the river system can
disrupt or enhance these connections as well as affect bed and bank stability, the amount of water
and sediment coming down the river system and changes to channel shape. In turn all of these
factors cause an imbalance in the complexity and dynamics of a river system resulting in a deluge of

responses, particularly at a local scale (Allan, 2004).

Macroinvertebrates are the most preferential group of aquatic organisms to use in the
biomonitoring of streams (Dickens & Graham, 2002; Tiirkmen & Kazanci, 2010) as they are able to

occupy various specific family related micro-habitats due to a high diversity and a range of
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sensitivities. Where these micro-habitats are impacted by organic or inorganic pollutants,
macroinvertebrates respond by a change in community composition (Gehrke et al., 1995; Tlirkmen
& Kazanci, 2010; Jones et al, 2011). In addition the study of biological and ecological traits of
macroinvertebrates, such as body size and shape, life history and behavioural traits, can shed light
on the current processes at work and the history of sedimentation within a river system (Allan,

2004).

Quinn and Hickey (1990) found that substrate variability plays an important role in the aquatic
health of a stream system. Macroinvertebrate density and diversity are directly linked to the
substrate diversity. For example, stable cobble and boulder substrates generally have large
interstitial spaces that host a diverse and abundant array of aquatic invertebrates (Quinn & Hickey,
1990; Henley et al., 2000). Quinn & Hickey (1990) also observed that species that construct fixed
shelters or inhabit stable beds are more resilient to large flood events. However, with the
sedimentation of substrates, the availability of stable beds with large interstitial spaces becomes less
common (Quinn & Hickey, 1990; Fryirs, 2003; Chessman et al., 2006). Impermeable sediment
barriers form when high concentrations of sediment fills interstitial spaces, in turn causing a
reduction in hyporheic oxygen levels due to the inhibition of interstitial water circulation (Gordon et
al., 2004). Ryan (1991) linked a 12% to 17% increase in the deposition of interstitial sediments to a
16% to 40% reduction in the total abundance of macroinvertebrates. Habitat alterations, due to
sedimentation, often result in a shift in macroinvertebrate community structures from more
sensitive families to families that favour burrowing and are tolerant to lower oxygen levels (Ryan,

1991).

Lemley (1982) monitored the effects of inorganic sedimentation and nutrient enrichment on benthic
macroinvertebrates in a southern Appalachian stream. Lemley (1982) identified the positions of
point sources for different pollutants and assessed the combined effects of sedimentation and
organic pollutants on a site as well as the singular effects of inorganic sedimentation on a different
site above the point source for organic pollutants. Through this study, Lemley (1982) found that two
or more pollutants (organic pollutants and inorganic sedimentation) have a significantly greater
impact than a singular pollutant (inorganic sedimentation) in a stream. This implies that pollutants
affect stream health synergistically. Sedimentation reduces habitat diversity by filling up interstitial
spaces as well as affecting the filter feeding capabilities of various macroinvertebrate taxa (Lemly,
1982). In addition, compounds commonly associated with materials in the bedload of a stream can

decompose and depress the pH, eliminating acid sensitive species of macroinvertebrates (Lemly,
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1982). In a similar study, Wagener & LaPerriere (1985) found that turbidity was a dominant factor in

sedimentation, reducing the density and biomass of macroinvertebrate communities.

Sediment also provides ecological functions such as the production of biomass, food and provision of
raw materials (Apitz, 2012). Apitz (2012) states that habitat diversity and in turn diversity of
ecosystem services is dependent upon a sediment balance. Therefore the focus of sediment
management should start with the understanding of how dynamic interactions of flow and sediment

contribute to the sustainability of ecosystems (Apitz, 2012).

Chessman et al. (2006) state that in order to accurately predict changes to biological assemblages,
geomorphic controls in a river system need to be integrated with environmental drivers. Changes in
water quality commonly occur concurrently with geomorphic changes, as the geomorphology of a
river system commonly alters due to land uses causing human induced alterations in a catchment,
such as removal of riparian vegetation or agricultural practices (Chessman et al., 2006). However,
geomorphology and water quality can be defined as separate drivers in river processes. For example,
diffuse or point inflows can affect water quality and not geomorphology. In turn rehabilitating
geomorphology in a degraded stream will have no impact on the water quality unless catchment
scale rehabilitation is performed. Therefore the spatial patterns of macroinvertebrate assemblages
should be predicted by jointly monitoring the physical structure, hydrology and water quality of
fluvial systems (Chessman et al., 2006), one of the most critical components affecting the health of

aquatic organisms being water quality.

The following details on water quality were taken from (Dallas & Day, 2004):

e Natural variations in temperature occur due to daily and seasonal temperature patterns as
well as through longitudinal changes along a rivers course. Benthic organisms thrive at
certain temperatures or temperature ranges in a river system. Increased sediment supply
into a river not only changes the morphology of the river channel affecting habitats but
areas of increased sediment deposition become shallower, increasing water temperatures as
well as temperature fluctuations. Other anthropogenic triggers of temperature changes in a
river system can be caused by altering the flow properties of a river system such as through
the construction of a hydroelectric dam. Increased water temperatures result in decreased
oxygen solubility as well as increased toxicity of certain chemicals. Changes to temperature
regimes in a river system due to anthropogenic influences have a direct influence on aquatic

organisms and can prove lethal.
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e The natural pH of a river system is determined by the surrounding geology as well as
atmospheric influences. A pH of a relatively natural stream ranges from 6 to 8. Reduced
growth rates and fecundity in aquatic organisms is commonly linked to small changes in pH
due to increased energy requirements to survive in more acidic or alkaline waters.

e Material dissolved in water is commonly measured as conductivity or salinity. Conductivity is
the measure of the ability of a sample of water to conduct a current. Electrical conductivity
(EC) is naturally determined by geological or atmospheric conditions; however
anthropogenic activities such as effluents from irrigation can increase the conductivity or
salinity of water. The rate of change of EC is commonly the most detrimental to aquatic
health, impacting juvenile stages of organisms.

e The survival of aquatic organisms critically relies on the maintenance of sufficient dissolved
oxygen (DO) concentrations. DO levels can fluctuate diurnally and are dependent on the
rates of respiration and photosynthesis of aquatic organisms and plants. Continuous
exposure to concentrations of less than 80% of saturation can have acute effects on aquatic
organisms.

* Nitrogen and phosphorous enrichment result in eutrophication of aquatic systems. High
nitrogen concentrations are toxic to aquatic organisms. High concentrations of phosphorus
are likely to occur in waters that receive sewage or runoff from agricultural lands. High
concentrations of nutrients have a significant impact on the structure and functioning of

biotic communities.

2.3 Hydrogeomorphic Factors Affecting Sedimentation, Physical Habitats and Biota

Jacobsen (2013) has stressed the importance of understanding the role of habitat dynamics on
ecosystem health. Ecosystem structure and function in riverine systems is strongly influenced by the
pattern of the physical habitat (Jacobsen, 2013). Jacobsen (2013) defines habitat dynamics as the

change in habitat through space and time due to variations in discharge and geomorphology.

The hydrology of a fluvial system creates a unique physiochemical environment. Hydrological
pathways transport energy and nutrients through a system (Mitsch & Gosselink, 2007). Water depth,
flow patterns including the duration and frequency of flooding events influence the biochemistry of
sediments and are a dominant factor for the success of biota (Mitsch & Gosselink, 2007). In turn

biotic feedbacks affect the hydrology of a river (Figure 5).
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Figure 5: Conceptual diagram illustrating the effects of hydrology on fluvial system
function and biotic feedbacks that in turn affect hydrology. (Adapted from: Mitsch &
Gosselink, 2007).
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Apitz (2012) emphasizes the importance of sediment input and how variable inputs have the

capability to change habitats and describes the diverse role that sediments have on ecosystem
health (Table 2).

Table 2: Characteristics of sediment deposition locations and transport that influence potential

effects of sediment on various endpoints, such as habitat. (From: Apitz, 2012).

Characteristic Consequence

Source will not affect upstream endpoint
Relative location locations; source can potentially impact all

A downstream endpoint locations over time

Location

Sediment loss; siltation and
hydromorphological loss can change water
Water depth depths required for specific endpoint;
reduce habitat diversity; flooding can

change habitat

Hydrologic balance Maintains habitat diversity

Depositional potential Potential excessive deposition

Excessive suspended sediment effects

Suspension/ erosion habitat; insufficient suspended sediment

Transport

v causes erosion

) o Barriers in rivers reduce sediment
River connectivity

transport downstream; induces erosion

o Landscape connectivity affects the amount
Landscape connectivity

of sediment transported to a river
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One of the most dominant factors controlling the ecological processes in a river system is its natural
flow regime (Puckridge et al., 1998). The spatial location of river systems (climate, geology,
catchment processes) plays an important role in the natural flow variability. Rivers in arid to semi-
arid areas will have a significantly larger variation in flow than rivers situated in humid climates that
tend to have a constant supply of water (Puckridge et al., 1998). This in turn affects the available
habitats in a river, the processes occurring within the river and the aquatic organisms. The natural
flow regime plays an important role in maintaining sustainable ecosystem health and dynamic
ecology in a riverine system (Poff et al., 1997). Streamflow characteristics such as quantity and
timing are critical components (Poff et al., 1997). The streamflow of a river can be linked to
physiochemical characteristics such as water temperature, channel geomorphology and habitat
diversity (Pennack, 1971; Poff et al., 1997). Studies such as those by Pennack (1971), Puckridge et al.
(1998) and Diaz et al. (2008) identify a number of variables which are used to classify stream

habitats. These include:

¢  Width of stream channel,

e Nature of flow (temporary/permanent),

e Flow velocity,

e Type of substrate,

e Summer and winter water temperatures,

e Turbidity,

e Total dissolved organic and inorganic matter,
e Dissolved oxygen,

e Aquatic and marginal vegetation

e pH

e Electrical conductivity

The distribution and abundance of riverine species, in particular macroinvertebrates, are commonly
restricted by these variables (Dickens & Graham, 2002). Puckridge et al. (1998) recommend that
whilst conducting a habitat assessment, eight to eleven variables should be considered depending
on the scale of the study. Diaz et al. (2008) used up to 39 variables in their large scale habitat
assessments including physiochemical, geomorphic and in stream variables. Thorp et al. (2010) focus
on the physical structure of a river, suggesting possible solutions to assigning natural ecological
benefits and anthropogenic ecosystems services in riverine landscapes through hydrogeomorphic

classifications of rivers.
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Henley et al. (2000) recognised that riparian buffer zones play a very important role in the reduction
of suspended sediments entering a fluvial system from the surrounding landscape. The restoration
of natural vegetation along riparian zones has several positive effects, including channel bank
stabilisation and the trapping and deposition of sediments, by reducing the surface velocity of water,
before they enter a river channel. This in turn has a significant positive effect on instream habitats

and associated biota within an aquatic ecosystem (Henley et al., 2000).

Rivers are complex systems and need to be studied at a range of scales (Allan, 2004). The natural
and land use related processes within a river catchment play a pivotal role in ecosystem health and
have a dominant influence on habitats within a river as well as its biological diversity. Church (2002)
classified several types of geomorphic thresholds in riverine landscapes. The sediment transport
regime and character of alluvial deposits along a river channel are determined by the flow regime,
sediment yield in the channel and the gradient of the channel. These factors in turn set the threshold
conditions in a river which control river channel form (Church, 2002). Church (2002) notes that
changes in a riverine system occur systematically along a drainage system as the flow, gradient and
sediment characteristics vary. This variation in the landscape results in a characteristic sequence of
morphological and habitat types (Church, 2002). Church (2002) emphasises the importance of
understanding geomorphic thresholds in rivers as they govern morphology and habitat, and human

alterations can significantly impact these features.

River conditions at a local scale are influenced by the river reach as well as processes occurring in the
surrounding landscape (Allan, 2004). Figure 6 illustrates that the small-scale {pool/riffle and
microhabitat system) creation and maintenance of habitats for aquatic organisms is shaped from
channel processes at intermediate scales (segment and reach system). This, in turn, stems from
large-scale factors (catchment system), such as geology, climate and topography, which shape
channel processes by controlling the geomorphic processes within a river system. Allan (2004)
identified that the reach scale morphology is influenced by the catchment slope, input of water and

sediment from upstream, valley confinement and bed and bank materials.
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Figure 6: Hierarchical nature of rivers, from a large catchment scale to successively smaller
scales of river segments, channel reaches, individual channel units (such as pools and riffles) and

microhabitats. (Adapted from: Allan, 2004).

24 Downstream |mpacts of Dams

Anthropogenic interventions, ranging from impacts at a large catchment scale to impacts at a small
reach to sub-reach scale affect flow variability, geomorphic processes, channel morphology and
habitat quality (Puckridge et al., 1998; Allan, 2004). This is most commonly caused by flow regulation
(Puckridge et al., 1998) which alters flow duration and amplitude (Grubaugh & Anderson, 1988) and
pulse frequencies (Carlson & Muth, 1989).

The geomorphic structure of a river is commonly associated with large flow events that have
significant energy to move the bed substrate and change channel bank morphology, in turn
reshaping river channels (Church, 1995; Chessman et al., 2006). The frequency of large floods are
commonly affected downstream of a dam, having a major effect on the downstream
geomorphological and ecological processes (Petts, 1980; Ligon et al., 1995; Power et al., 1996;
Chessman et al,. 2006; Petts & Gurnell, 2013). The construction of the Ntabelanga Dam will have
severe impacts on downstream flood magnitudes and downstream sediment supply in the Tsitsa

River.
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2.4.1 Impact of dams on hydrogeomorphic factors

Dams are commonly seen as the most dominant form of anthropogenic impacts on a fluvial system
due to their capacity to alter the flow and sediment regimes of rivers (Petts & Gurnell, 2005; Petts &
Gurnell, 2013; Poeppl et al., 2013). Petts & Gurnell (2013) note that through the damming of a river
both low and high flows are captured resulting in direct downstream impacts. Poeppl et al. (2013)
observed that channel changes occurred downstream of active dams in the form of channel
degradation. However, armouring of the streambed through a change in geomorphic processes can
reduce habitat availability for species living downstream of an impacted area (Poff et al., 1997; Petts
& Gurnell, 2013).

Each dam has a unique set of flow release policies depending on various factors including location,
environment, substrate, released water and sediment. Changes to downstream hydrological regimes
therefore vary from dam to dam according to flow input from the dam (Brandt, 2000). The
relationship between the transport capacity of flow released from a dam and its sediment load,
combined with the erodibility of the river banks, determines changes to river morphology (Brandt,
2000). Stream power, which is directly dependent on the product of discharge and channel gradient,
affects a river's flow regime and is responsible for the amount of sediment transport, sediment
deposition or erosion of the channel bed. Rowntree and Wadeson (1999) have shown that short-
term changes to fluvial systems, such as changes to flow hydraulics, can be identified when focusing
on river morphological units, bed forms and sediment grain sizes as they are likely to change. Dam
construction will result in a disruption of this intrinsic interaction of processes making up the natural

flow regime of a river.

This section describes changes that occur to fluvial systems due to dam constructions. The flow
regime of a river, downstream of a dam wall, is altered in turn affecting channel morphology and

aquatic habitats.

Hyd rology

The natural flow regime is variable and may change over any given time scale including hours, days,
seasons, years or longer (Poff et al., 1997, Rowntree & Wadeson, 1999). Local and regional flow
patterns are determined by the variability in precipitation (intensity, timing and duration) combined
with the effects of topography, soil texture and vegetation on the hydrologic cycle. These regional
patterns are commonly determined by the size of a river as well as geographic characteristics such as
climate, geology, topography and vegetation cover (Poff et al., 1997). Furthermore, five critical

components of the flow regime control river ecosystems and their ecological integrity. These
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components are magnitude, frequency, duration, timing and rate of change of hydraulic conditions

(Figure 7) (Poff et al., 1997).

Flow Regime
Magnitude Duration
Frequency -Timing

-Rate of change

Biotic
Water Interactions
Quiality
Ecological
Processes

Figure 7: Critical components of the flow regime that control river ecosystems and their

ecological integrity. (From: Poff et al., 1997).

Habitat dynamics on which species depend can be changed by anthropogenic alterations to the
natural flow regime, in a river system, which has the potential to change established patterns of
natural hydrologic variations (Poff et al., 1997). Flow regulations, through the construction of dams,
can affect the flow variability and sediment supply at several scales (Puckridge et al., 1998).
Furthermore, absence of floods in a river system below an impoundment may result in increased
sediment deposition from tributaries (Williams & Wolman, 1984). This affects both gemorphic

processes and available habitat (Williams & Wolman, 1984; Poff et al., 1997; Petts & Gurnell, 2013).

CHANNEL MORPHOLOGY AND HABITAT

Geomorphic features in a river system create habitat for aquatic and riparian species. The relative
success of species in an ecosystem is dependent on the spatial and temporal patterns of habitat
dynamics which in turn can be changed by major impacts such as dam construction (Poff et al.,

1997). Flow regulation through dam construction reduces the overall lateral and vertical connectivity
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of a river (Dube et al., 2015). Channel morphology is largely determined by processes occurring

within a catchment (Figure 8).

Figure 8: Examples of variables in a catchment that ultimately affect channel form in a fluvial

system. (From: Rowntree & Wadeson, 1999).

The balance between water discharge, sediment load, grain size and river slope shapes the cross-
sectional geomorphology of a channel (Brandt, 2000). Dams have the ability to disrupt the natural
balance between the above mentioned variables. Table 3 illustrates estimated cross-sectional

geomorphology by looking at changes in released water flow and released sediment loads relative to

the transport capacity of the flow (Brandt, 2000).

22



Table 3: Examples of possible cases in which cross-sectional geomorphological changes occur,
downstream of a dam. This takes place after changes in water discharge (Q) and changes to the

relation between sediment load and sediment transport capacity occurs. Grey lines represent
channel cross-sections before the construction of a dam and black lines represent cross-sections

after dam construction. (From: Brandt, 2000).

Poeppl et al. (2013) investigated the impact of dam construction on sediment connectivity and
channel morphology in two river systems, using a combination of Digital Elevation Model (DEM)
analyses, field surveys and landscape evolution modelling. Poeppl et al. (2013) found that river
reaches characterised by fine river bed sediment facies were linked to low sediment connectivity
and were found upstream of active dams. In contrast river reaches dominated by course sediment
facies were accompanied by significant channel degradation and located downstream of active

dams.
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2.4.2 Impact of dams on ecology

Disturbances alter habitat dynamics by disrupting the movement of water and sediment in a
catchment and river system. This creates new conditions for the re-establishment of biota (Apitz
2012). Puckridge et al. (1998) indicate that variations in flow at different temporal scales will affect
aguatic biota differently. Large scale alterations to the flow regime are reflected in the development
of the different life stages of aquatic biota. Variations in the flow history can be reflected in the
community and population dynamics of aquatic biota. Small scale variations in flow, such as
variations in the characteristics of a given flood pulse, commonly affects community dynamics in the
long term. Furthermore, in the time span of a single flood pulse, the impact of flow variations can be

observed in the physiological and behavioural responses of aquatic biota.

Alterations to channel morphology, flow regimes and sedimentation patterns alter habitats, habitat
functions and ecosystem services of aquatic species (Apitz, 2012). An increase in sediment supply
and deposition may create habitat whereas a decrease in sediment, as a result of a dam
construction, may put downstream reaches at risk of losing habitat availability through decreased
deposition and increased erosion of fine sediment. Commonly the response of geomorphic
processes, which shape the river system, respond to these anthropogenic impacts in a negative
manner, resulting in consequences such as a general degradation of habitats and a gradual decrease

in heterogeneity (Allan, 2004).

Hydrological modifications to a river system result in a change in the natural flow regime which has a
direct impact on ecological health. Areas of rivers that are periodically inundated and exposed, due
to dam constructions and hydroelectric projects, are unsuitable for macroinvertebrate colonisation
which in turn has a major impact on aquatic biota (de Moor et al., 2000). Restoration of aquatic
habitats goes hand in hand with restoring a river's natural hydrograph as far as possible (Duerdoth et
al., 2015). Puckridge et al. (1998) therefore emphasize the importance of combining ecological

studies with hydrological analyses to obtain biologically significant aspects of a river's flow regime.
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2.5 Monitoring the Impacts of Dams

Brandt (2000) states that downstream changes to a newly constructed dam can easily be anticipated
if water and sediment flow records are established in a period before dam construction. To correctly
predict downstream changes, studies need to include an analysis of existing geomorphology,
including the variation in slope, as well as a record of seasonal flow hydraulics and variability (Poff et

al., 1997; Brandt, 2000; Dube et al., 2015). This framework will be used as a guide during this study.

Petts & Gurnell (2005) review the developments of monitoring techniques over the past 20 years
and suggest a basis for future research, concentrating around three main themes namely: channel
dynamics, the role of riparian vegetation and channel change as the driver of ecological change.
When specific thresholds are exceeded, fluvial systems stay open systems in a continuous state of
flux and variability, and the understanding of the spatio-temporal heterogeneity of channel
dynamics with their respective ecological interactions in unaltered rivers needs to be further

developed (Church, 2002; Petts & Gurnell, 2005).

25.1 Monitoring changes to channel morphology and habitat quality

Jacobsen (2013) categorises the temporal aspects of riverine habitat dynamics into hydrodynamics
and morphodynamics. Hydrodynamic assessments evaluate variations in habitat due to changes in
discharge with a minimal change to sediment transport rates and insignificant changes to channel
morphology. Morphodynamic assessments evaluate variations in habitat caused by infrequent
changes to the substrate conditions and channel or floodplain morphology. Jacobsen (2013) states
that hydrodynamic assessments are useful in conditions of relatively high flow exceedance or high
critical sheer stress, whereas morphodynamic assessments are critical when channel and floodplain
conditions have been significantly changed, for example after a rare flood event or dam

construction.

Habitat dynamics on hydrodynamic timescales can be assessed in a similar manner to the natural
flow regime, by developing relationships between discharge and habitat, and time series of habitat
availability that can be estimated according to magnitude (area and volume), duration, frequency,
rate of change and timing (Poff et al., 1997; Jacobsen, 2013). Habitat dynamics on morphodynamic
(erosion and deposition) timescales are less common but are associated with human impacts and

can be particularly important in the life stages of organisms (Jacobson, 2013).
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2.5.2 Monitoring changes to associated aquatic organisms

The bulk of research and management of a river's suspended sediment (not deposited sediment)
focuses on a uniform approach to all river systems which does not take into consideration the
variability of conditions (flow, depth, morphology) of different river systems (Jones et al., 2011).
Therefore it is important to undertake studies at the sub-reach scale, taking into account all the

factors that may influence the sensitivity of a river system.

Jones et al. (2011) report that the majority of impacts on macroinvertebrates due to fine sediments
are related to the deposition of material, that can be linked to local hydraulic, hydrological and
geomorphological conditions. However, current management targets are frequently defined in
terms of the suspended sediment concentration at a particular time (Jones et al., 2011). The impact
of fine sediment on macroinvertebrates is clear but each study quantifies its own set of targets
which cannot be replicated, in particular at the scale of river catchment management, across a range
of river types (Jones et al., 2011). Jones et al. (2011) propose that studies are required that gather
data covering community level responses of macroinvertebrates to current river conditions including

fine sediment deposition, hydrology and geomorphic parameters, over a range of river types.

253 Key principles for monitoring

In order to analyse changes in a river system it is of utmost importance to establish a reference
condition (Du Preez & Rowntree, 2006; Dube et al., 2015). The reference condition can be used to
monitor present and/or altered river conditions (Du Preez & Rowntree, 2006). This can be achieved
by conducting a baseline study of the river channel prior to large anthropogenic impacts, such as
impoundments, and can aid in management decisions. A baseline study needs to include a range of
conditions that reflect the natural processes occurring in the river system which can be continuously
monitored to pick up changes. Using the baseline data as a reference, anthropogenic impacts can be

separated from natural processes occurring in the river (Du Preez & Rowntree, 2006).

The overall reference condition for a river system should include flow hydraulics, geomorphology,
water quality, habitats and associated biota. When selecting sites for a baseline study and future
monitoring it is important to create a relationship between the flow hydraulics and morphological
characteristics of a river and identify sites in a range of river reaches (Chapman, 1996; Rowntree &
Wadeson, 1999). Geomorphic factors at work in a river system are recognised as being important in
determining the structure of river habitats and the functioning of ecosystems (Tharme & King, 1998;
Du Preez & Rowntree, 2006). Erosional and depositional processes influence channel form and river

substrates. River discharge plays an important role in determining the amount of organic and
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inorganic pollutants carried by the river (Chapman, 1996). Generally with an increase in discharge
point sources of pollutants are diluted whereas diffuse sources of pollutants show an increase in
concentration. Therefore, discharge can aid in the diagnostics of the origin of pollutants. Following a
baseline study, viable management objectives for future monitoring can be set up (Du Preez &

Rowntree, 2006).

River channels below a dam construction should be subdivided into different micro-reaches based
on channel gradient, inputs from tributaries and channel morphology (van Tol et al., 2014b). To set
up baseline monitoring prior to dam construction the following actions should be conducted at sites,
that represent each reach, identified along the river (Chapman, 1996; Du Preez & Rowntree, 2006;
van Tol et al., 2014b):

e Define the physical structure of the river through channel cross-sections.

e Describe substrate types by looking at depositional features, pebble counts and fine
substrate distribution.

e Conduct hydraulic surveys to establish a relationship between flow hydraulics, channel form
and the potential of flow to carry sediment.

e Establish a stage-discharge relationship by drawing up rating curves at selected cross-
sections. These should be linked to data from a gauging weir if possible.

e Define water quality variables under different flow conditions.

e Characterise communities of macroinvertebrates at each site which act as an indicator of

water quality and physical habitat.

From the above, the habitat condition at each site can be interpreted. After dam construction
the following monitoring actions should be conducted to monitor these habitat conditions

(Chapman, 1996; van Tol et al., 2014b):

e Continued hydraulic monitoring at a range of flows.
e Repeat surveys of channel cross-sections at the end of the wet season.
e Continuous monitoring of biota. Any changes in the biological communities can point to

changes in either the river structure or water quality due to anthropogenic impacts.
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2.6 Conclusion

It can be seen that common features in a river system are derived from and supplemented by
available sediments from the catchment, organic matter and other transportable materials that are
either transported or deposited by flow (Poff et al., 1997). A change in flow characteristics and
availability of transportable material results in variable habitat conditions among rivers as well as
river sections. For example, the construction of a dam results in a disruption of processes in a river,
in turn initiating the alteration of habitats, such as those in interstitial spaces in river substrate
(Petts, 1988).

In South African river systems approaches to determine river health and environmental flows rely on
suitable baseline studies that can be used as a reference condition of a river after large
anthropogenic developments, such as impoundments, impact a river (Du Preez & Rowntree, 2006).
Therefore, to facilitate management decisions these baseline studies should include a combination

of river components such as geomorphology, water quality, physical habitats and associated biota.

From relevant literature it is hypothesised that the effects of the proposed Ntabelanga Dam are
likely to gradually change downstream of the dam wall (Petts, 1980; Williams & Wolman, 1984;
Ligon et al., 1995; Power et al., 1996; Petts & Gurnell, 2005; Petts & Gurnell, 2013). Between the
dam and the confluence with the Inxu River, a severe loss of sediment and a reduction in flood
magnitude are anticipated causing one or more of the following: channel widening due to bank
erosion, channel deepening due to bed incision, armouring of the bed through the loss of fines and
loss of gravel bars. The main impact on habitats will be the loss of fine substrate and reduced flow in
an extended channel. Below the confluence, it is anticipated that the reduction in flood magnitude
combined with a continued sediment input from the Inxu River will have one or more of the
following effects: sediment deposition in a tributary bar immediately downstream of the confluence
and an increased formation of channel bars downstream, channel narrowing and/or reduction in

depth and increased embeddedness of coarse substrate.

Furthermore, rehabilitation in the upper Tsitsa Catchment may result in a loss of sediment. Changes,
after dam construction, can be monitored in the gorge above the proposed Ntabelanga Dam. A
reduced sediment supply without a reduction in flood magnitude will result in less sediment

deposition and decreased embeddedness of coarse substrate.
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CHAPTER 3: MATERIALS AND METHODS

study sites (Figure 1), were monitored on a seasonal basis. Monitoring surveys took place in July
2015, october 2015 (only sites 2, 3 and 4), February 2016, April 2016 and August 2016. Physical
variables, flow hydraulics, water quality and biological variables, and the relationship between these
variables, was studied in order to create a baseline for future monitoring and to quantify the current
impact of sediment on ecosystem health in the Tsitsa River. Table 4 gives a breakdown of how often
an analysis was conducted at each site and at what scale (site or quadrat) it was conducted. sites 2-4
were the most easily accessible whereas site 1 was not easily accessible by road and site 5 was the
furthest distance to travel. Therefore, sites 2-4 were monitored more frequently, especially during

rising and receding stages of floods.
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July 2015

October 2015

February 2016

(rising stage)

February 2016

(receding stage)

April 2016

(rising stage)

April 2016

(receding stage)

August 2016

Cross-sections

Site 1-5

n/a

n/a

n/a

n/a

n/a

Site 1-5

Surveying (site scale)

Longitudinal

profile

Site 1-5

n/a

n/a

n/a

n/a

n/a

n/a

Table 4: Breakdown of sampling strategy

W ater slope for

site

Site 1-5

n/a

Site 2-5

Site 1-4

Site 1,2 and 5

Site 3 and 4

All

Hydraulics (site scale)

W ater level and

temp.

Installed

Continuous

Continuous

Continuous

Continuous

Continuous

Removed
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Measured

discharge

Site 1-5

Site 2-4

Site 2-5

Site 1-4

Site 1,2 and 5

Site 3 and 4

Site 1-5

Substrate
(visual, quadrat
scale,

assessment)

Site 1-5

Site 2-4

Site 1-5

Site 1-5

Site 1-5

Site 1-5

Site 1-5

Substrate

Disturbance
Sample (quadrat

scale)

Site 1-5

Site 2-4

Site 1-5

Site 1-5

Site 1-5

Site 1-5

Site 1-5

Pebble count

(site scale)

n/a

Site 2-4

n/a

n/a

n/a

n/a

Site 1and 5



July 2015

October 2015

February
2016 (rising
stage)

February
2016
(receding

stage)

April 2016

(rising stage)

April 2016
(receding

stage)

August 2016

W ater Quality (site scale)

W ater temp.
pH and EC and dissolved
oxygen
Site 1-5 Site 1-5
Site 2-4 Site 2-4
Site 2-5 Site 2-5
Site 1-4 Site 1-4
Site 1, 2
Site 1,2 and 5
and 5
Site 3 and 4 Site 3 and 4
Site 1-5 Malfunction

Suspended
Phosphate )
. sediment
concentration )
concentration

Site 1-5 Site 1-5 Site 1-5

Site 2-4 Site 2-4 Site 2-4

Site 2-5 Site 2-5 Site 2-5

Site 1-4 Site 1-4 Site 1-4
Site 1, 2 and

Site 1,2 and 5 Site 1,2 and 5 .

Site 3 and 4 Site 3 and 4 Site 3 and 4

Site 1-5 Site 1-5 Site 1-5
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W ater clarity
and turbidity

SASS

(site scale)

SASS protocol

Site 1-5

(mini-SASS)

Site 2-4
(mini-SASS)

Site 2-5

(SASS)

Site 1-4

(SASS)

Site 1,2 and 5

(SASS)

Site 3 and 4

(SASS)

Site 1-5

(SASS)

Patch analyses (quadrat scale)

Macroinvertebrates

Site 1-5 (class)

Site 2-4 (class)

Site 2-5

(family)

Site 1-4

(family)

Site 1,2 and 5
(family)

Site 3 and 4

(family)

Site 1-5

(family)

Depth

Site 1-5

Site 2-4

Site 2-5

Site 1-4

Site 1, 2 and
5

Site 3 and 4

Site 1-5

Velocity

Site 1-5

Site 2-4

Site 2-5

Site 1-4

Site 1, 2 and
5

Site 3 and 4

Site 1-5



3.1 Desktop Analysis: Establishing Monitoring Sites

In the Tsitsa River three main reaches (Figure 9), proximal to the proposed Ntabelanga Dam, have

been identified (in terms of gradient, substrate and sediment accumulation) (Table 5).

Figure 9: Longitudinal profile of the Tsitsa River showing the locations of identified reaches.

Table 5: Approximate gradients for reaches of the Tsitsa River

Reach Energy slope
1 0.016
2 0.008
3 0.003

The gorge (Reach 1), above the dam, is characterised by a steep gradient with an input of coarse
material from the side walls and low potential for the deposition of fine sediments. The channel
downstream of the dam (Reach 2) is characterised by a lower gradient. The channel downstream of
the Inxu River (Reach 3) is characterised by an additional sediment input which affects the channel

morphology and has a low gradient.

Monitoring sites, for the investigation of characteristics of channel morphology, were identified in
each reach using 2009 and 2013 digital aerial photographs. Two monitoring sites were identified in
both Reach 2 and 3 to monitor the impacts of dam construction; two sites took account of
differences within a reach. Aerial photographs were made available by the Rhodes University
Geography Department who source the images from National Geo-Spatial Information, Cape Town.
These photographs have a suitable resolution (1: 10 000 orthophotos, with 50 cm resolution) in the
area of interest. Longitudinal profiles of the river channel in the area of interest were plotted using 5

meter contour lines and aerial photographs (sourced from National Geo-Spatial Information, Cape
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Town). These were used to identify distinct changes in gradient which point to different process sets.
The desktop study based on aerial photography was supported by a field survey in May 2015, in

which sites were verified.

The final site locations were selected in the field. Five fixed sites (Table 6) were established in
variable reaches of the Tsitsa River. Each site represented the channel reach in which it was located
(Figure 10). Four sites were established in the downstream reach and one in the upstream reach
proximal to the proposed Ntabelanga Dam (Figure 11). Sites were chosen to be long enough to
include a characteristic range of channel morphologies such as pools, riffles and rapids and range
from 150-300 meters in length (Rowntree & Wadeson, 1999; Heritage et al.,, 2000). The general site

characteristics are described in Chapter 4.

Table 6: Site coordinates of monitoring sites in the Tsitsa River, Eastern Cape.

Site X coordinates Y coordinates
1 31°4'46.821"S 28°30'59.573"E
2 31°7'7.656"S 28°40'56.268"E
3 31°8'53.045"S 28°40'23.098"E
4 31°10'8.616"S 28°42'20.32"E
5 31°11'39.512"S 28°46'0.389"E

Figure 10: Longitudinal profile of the selected sites along the Tsitsa River reach, ranging from the gorge to
below the confluence with the Inxu River. A: End of dam inundation, B: Dam Wall, C: Confluence with Inxu

River.
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Figure 11: Locality map of monitoring sites in the Tsitsa River, Eastern Cape.

3.2 Hyd rology

3.2.1 Discharge

Discharge is an important variable determining channel response over time (Rowntree & Wadeson,

1999). High discharges are required for significant sediment entrainment and transport.

Flood data was sourced from three gauging stations for two rivers in the Mzimvubu catchment
(Department of Water and Sanitation, 2015). The Tsitsa River has a catchment area of 4 285 km2
above the gauging station (situated below the proposed Ntabelanga Dam) and the Thina River, a
tributary of the Mzimvubu River, has a significantly smaller catchment area above the gauging
stations (2 957 km2). Flood frequency curves were drawn to show the relationship between flood
magnitude (peak discharge) and the recurrence intervals of floods in the two sub-catchments to
observe if catchment size affects flood magnitude. Annual peak discharges from gauging station
T3HO006, between the period from 2000-2016, were plotted against the two year and ten year floods

to look if flows over the study period were above or below average.
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Measurements of discharge in relation to current water levels were monitored over time to
investigate the current stream condition. Discharge measurements were taken along one known
cross-sectional transect at each site, with the most uniform flow and stable bed, using a Marsh
McBirney Flo-Mate 2000 portable flow meter, made available by the Rhodes University Geography
Department. The total width of the channel along each transect was measured and the width of the
channel was divided into 20 equal units. At the mid-point in each unit the depth and velocity was

measured. Discharge was calculated using the Velocity-Area Method (Gordon et al., 2004).

Discharge for each unit was calculated using the following formula:

D={@dx)xv

Where:

D = discharge (m°.s™)
d = depth (m)

[ = length of unit (m)

v = flow velocity (m.s™)

The total discharge (m®.s™) for the site was measured by calculating the sum of all the unit

discharges along the transect.

During high discharges, when flow was too high to safely access the river, an adaption of the
Velocity-Area Method (Gordon et al., 2004) was used to calculate discharge. This was done across a
known cross-sectional transect with uniform flow and a stable bed. By using the known area of the
river cross-section and the average velocity, measured by observing the rate of travel of a float

across a known distance, discharge was calculated using the following formula:

Q=VA

Where:
Q = discharge (m*>.s™)
V = average velocity (m.s™)

A = cross-sectional area of the water (m°)
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The average surface velocity can be calculated using the following formula (Gordon et al., 2004):

L
Vsurf = ?

Where:

Veury = surface velocity (m.s™)
L = known distance (m)

t = travel time (s)

Because the surface velocity is expected to be higher than the average velocity a correction

coefficient of 0.8 was applied using the following formula (Gordon et al., 2004):

V = Vsu,r(0.8)

Where:
V = average velocity (m.s™)
Vsury = surface velocity (m.s™)

Solinst Level loggers were used to collect continuous flow data, including floods and baseflows, to
calculate hydrodynamic properties of the river channel. Level loggers were installed at each site to
collect continuous data on variations in depth (water pressure above the logger) and temperature. A
barometric compensation was carried out on the level logger data using a Solinst Barologger which

was installed in the catchment proximal to the level loggers.

Readings of discharge versus water level were used to create rating curves. Measured discharges are
plotted against the measured depth to the logger to create an equation to calculate discharge at any
given level. The measured depths to the loggers were also used to validate the level logger data. The
level logger data can be used to extrapolate the highest discharge by applying the Manning’s
equation (Gordon et al., 2004) (section 3.3.2). The Manning's equation calculates discharge from the
cross-sectional area of the flow, hydraulic radius, water surface slope and roughness. The highest
level was used to work out the cross-sectional area of the flow and hydraulic radius from known
topographical cross-sections across or in the vicinity of the logger. Water slope and roughness were
estimated for the highest discharge by comparing known measurements at lower discharges.
Because the highest discharge is extrapolated using the Manning’s equation and not measured in

the field, slight over or underestimations of the highest discharge might occur. Therefore a
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logarithmic regression, rather than a straight line, was used to create a formula from the rating
curves. This formula was used to calculate discharge from the known levels. Fluctuations in flow
properties for each site were picked up by plotting line graphs of the discharges over time. These

graphs give an indication of the condition of the river before and after each field visit.

3.3 Sediment Mobility

3.3.1 Water slope

Channel long profiles and water slope can be used to work out what processes might come into
effect at different water levels. Measurements of the water slope were conducted using a DGPS.
Water level readings on the edge of the bank were taken during each site visit covering each
morphological channel unit (i.e. pool and riffle), starting at the upstream point of each site and

ending at the downstream point.

3.3.2 Manning's roughness

From measured water surface slope and discharge readings the roughness (Manning's n) for each

site was calculated (Rowntree & Wadeson, 1999; Gordon et al., 2004) using the following formula:
1
Q= . AR 2/351s

Where:

Q= discharge (m3s)

n= Manning's roughness coefficient

A= cross-sectional area of the flow (m2
R= hydraulic radius (m)

S= slope

3.3.3 Sediment mobility

Sediment entrainment, transport and deposition are a fundamental response of a channel to an
altered flow regime. The potential movement of sediment at varying flows was calculated by
working out Relative Bed Stability (RBS) and Shear Stress using variables including water slope, water

depth, median particle diameters and flow velocities (Gordon et al., 2004). As flow velocity was
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measured along a single transect in each site, the RBS shows the bed stability along the transect and
bed stability may vary along the site. Shear Stress values provide an indication of the overall bed

stability in each site and do not take into account changes in bed stability within the site.

Relative Bed Stability can be calculated using the following formula (Gordon et al., 2004):

RBS =Vc/Vb

Where:

Ve= critical velocity needed to move a particle (Ve = 0.155vd where d is the median particle

diameter)

Vb= near bed velocity at a given discharge (Vb = 0.7V where V is the velocity for the cross- section

in m/s)

If values for RBS are greater than 1.0, the value at which particles would be expected to move
(Gordon et al., 2004), the bed would be considered stable. If the value is less than 1.0 the bed is

considered unstable and movement is possible.

Shear stress (7) is the stress that water exerts on the bed (Rowntree, 2015). Shear stress increases
with discharge but is unevenly distributed within a channel. Shear stress can be calculated from the

following formula (Gordon et al., 2004):

T =pgdS

Where:

7= shear stress

p=specific weight of water

g= gravitational acceleration

d= water depth

S=energy slope

Critical shear stress (7.) is the shear stress required to initiate the movement of particles on the river
bed (Gordon et al., 2004). Grains smaller than the median (D,5) are shielded by larger particles

whereas grains larger than the median (D;s) are more likely to be mobilised.
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Critical shear stress can be calculated from the following formula (Komar, 1996):

7, = 0.045(ps — p)gDy *Dyngar**

Where:

T.= critical shear stress

ps= specific weight of the sediment

p=specific weight of water

g= gravitational acceleration

D, = particle diameter (D,s/Dys)

D0 = diameter of the maximum particle size that can potentially move

Rowntree (2015) used an entrainment ratio derived as the ratio between the bed shear stress and
the critical shear stress (for both D,s and D;s) which can be used to estimate the relative bed
movement at different discharges. The ER can be calculated using the following formula (Rowntree,

2015):

ER = 1/7,

Where:

ER= entrainment ratio

7= calculated shear stress

7.= calculated critical shear stress

If the ER is less than 1 there should be no bed movement. If the ER is greater than 1 then there is

bed movement (Rowntree, 2015).

The potential for bed movement was calculated for each site during each monitoring survey. In
addition the potential movement during the highest flood peak over the monitoring period was
obtained by taking the maximum measured water level from the level logger data and slope was

assumed to be the same as measured for the highest discharge.
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3.4 Physical Variables

Physical variables define the geomorphology of a stream. Rivers vary spatially allowing for a variety
of habitats, each supporting a range of biota. Physical variables were monitored seasonally to set up
a baseline of the current condition of the river. These included cross-sectional surveys (transects
across each site), substrate and turbidity. The basic sampling unit for substrate was a 1 meter by 1
meter quadrat. In most cases three to five quadrates were placed along the surveyed transects,
covering all biotopes. Measurements were taken in different biotopes (flow, depth, substrates),
along each known transect in each site, in the middle of a quadrat in which a visual and biological

assessment was conducted.

3.4.1 Cross-sectional su rveys

Cross-sectional surveys of channel topography, in the form of transects, were conducted at the sub-
reach scale, using a Geomax Zenith 10/20 Differential Geo Positioning System (DGPS), made
available by the Rhodes University Geography Department. Four to six cross-sectional surveys were
conducted per site. The number of cross-sectional surveys varied according to the number of
channel morphology features present in each respective site so as to obtain accurate channel
dimensions. Cross-sectional surveys are important in setting up a baseline of the channel to monitor
changes to morphology as well as well as acting as a guide for sampling of variables such as
substrate within each site. Future monitoring of channel morphology should be conducted along the
same transect positions as the baseline survey. The location of cross-sections for Site 5 is shown in
Figure 12. Other sites are shown in section 4.4.2. Repeat monitoring of cross-sectional transects was
conducted approximately a year after the first transects were conducted to see if there had been a

seasonal change in channel topography due to sedimentation or lack thereof.
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Figure 12: The location of cross-sectional surveys (transects) for Site 5, below the confluence
with the Inxu River, to monitor increased embeddedness of coarse substrate and channel
narrowing and or reduction in depth after dam construction.

3.4.2 Substrate

Substrate, an important driver of habitat type, was measured using both visual and objective

assessments.

A visual assessment was conducted according to methods taken from Gordon et al. (2004). Substrate
properties, including packing, sorting and embeddedness, were assessed using Table 7, 8 and 9.
Packing gives a measure of bed stability (Table 7) ranging from loosely packed, which implies a soft
unstable bed, to highly imbricated, which refers to the tiling of the bed material and implies a stable
bed. The sorting category provides a measure of the range of particle sizes and the variability of
particle sizes at certain points in the channel (Table 8). Quadrats dominated by bedrock or fines
were not given a packing or sorting category. An embeddedness index after Bovee (1982) was
calculated following methods set out in Gordon et al. (2004). The Brusven index was used to
describe both sediment size and the percent embeddedness (Gordon et al., 2004). The index is a

three digit number devised by following the substrate description categories in Table 9. The size
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class of the largest and second largest clast type was recorded to make up the first two digits of the
number, and following a full stop the percentage cover of fine sediment was estimated, making up
the third digit. For example, a cobble bed with a substrate mixture of small cobble (code 6) and
medium gravel (code 3) embedded by 40% fines (0.4) will result in an embeddedness index of 63.4.
Bedrock or large boulders with no fines will result in an embeddedness index of 99.0 or when
completely embedded by fines an embeddedness index of 91.9. Packing, sorting and embeddedness
were quantified at a quadrat scale to set up a table of substrate properties along each transect in
each site. The percentage fines (code 3) of the embeddedness index was monitored seasonally

under different flow conditions to monitor patches of fines collecting on the substrate.

Table 7: Packing categories of bed stability (From: Gordon et al., 2004).

Packing Category Description
Loosely packed 'Quick’ sands and gravels with large voids filled with water
Uniform materials or a 'settled’ bed with fairly random grain
Normal
arrangements
Closely packed Smaller materials fill the voids between particles
Highly imbricated Tilling of particles to create a strong structure

Table 8: Sorting classes for substrate (From: Gordon et al., 2004).

Sorting Category Sorting Index
Very well sorted <0.35
Well sorted 0.35-0.50
Moderately sorted 0.50 - 1.00
Poorly sorted 1.00 - 2.00
Very poorly sorted > 2.00
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Table 9: Substrate description categories for embeddedness values (From: Gordon et al., 2004).

Code Substrate Description
1 Fines (sand and smaller)
2 Small gravel (4-25 mm)
3 Medium gravel (25-50 mm)
4 Large gravel (50-75 mm)
5 Small cobble (75-150 mm)
6 Medium cobble (150-225 mm)
7 Large cobble (225- 300 mm)
8 Small boulder (300- 600 mm)
9 Large boulder/ bedrock (>600 mm)

A once-off survey was conducted across each site to characterise the particle size distribution of
coarse substrates (>4 mm and excluding bedrock outcrops). A random pebble count, ranging across
each site, was conducted by measuring the particle diameters of a minimum of 100 clasts. In
addition, during each field visit clast sizes found within each quadrat were used to establish the
dominant particle size distribution along each transect. Following this the median particle size (D50
values were extracted and the percentage distribution by clast type (Table 9) for each site was

calculated.

An objective assessment of substrate was conducted by following methods taken from Lambert &
Walling (1988) and Duerdoth et al. (2015). By taking disturbance samples of fine sediment stored on
the stream bed (surface and subsurface) an assessment of the variation in fine sediment
accumulation over time was conducted. A cylindrical bucket, 31 cm high, with the bottom removed,
was placed over the substrate on the channel bed. The diameter of the bucket was 33 cm permitting
for a known area of 0.086 m2to be sampled for each disturbance. The depth of the water level in the
bucket was recorded. The disturbance sampling was undertaken in two steps. First the fine bed
sediments on the bed surface were disturbed by vigorously stirring the water with a stick, without
touching the river bed, for 60 seconds. A water sample was taken. Subsequently a further 30
seconds of disturbance was conducted by stirring up and digging in the top 10 cm of the bed
substrate to raise any subsurface fine sediment into suspension. Samples of both the surface and
subsurface deposited fine sediments were collected for each disturbance to quantify the combined
surface drape and subsurface fine sediment deposits. The sampling strategy across the site took into

account that deposited fine sediment is unlikely to be evenly distributed across a river bed
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(Duerdoth et al., 2015). In several cases the disturbance technique was limited to fine gravels and
sands as the bucket could not be firmly fixed into coarse gravels or cobble beds without flow of
water into or out of the bucket. However, where the bucket could be firmly fixed to the substrate,
including coarse gravels, cobbles and bedrock, disturbance samples were taken. In the case of
bedrock only a surface sample could be taken. Coarse gravels and cobble beds found in fast flowing
rapids were not suitable for disturbance samples as they were expected not to be conducive to the
deposition of fine materials (Tharme & King, 1998). During high flow, disturbance samples could only
be taken in quadrats where water depth did not exceed the depth of the bucket which was

commonly limited to areas of reduced flow near the edges of the bank.

The above analyses combined with field observations and photographs were used to create maps of
channel features at a large scale. Channel features were digitised using ArcMap 10.3, a programme
written by the Environmental Systems Research Institute (ESRI). Channel features included bedrock,
boulder/ cobble bed, gravel bar, sand bar, vegetated bar/ island, flood bench and pools. Pools are

generally dominated by fine substrates due to reduced flow velocity in these areas.

Grab samples of suspended sediment were taken at each site in highly turbulent areas. Samples
were taken during every field visit in order to link the sediment data to seasonal hydraulic processes.
During periods of fluctuating summer flows such as February and April 2016, two samples were
taken at the most accessible sites during the rising and lowering stages of floods. However, in most
cases, a single sample was taken per site during each field visit. This method was limiting and only
gave suspended sediment concentrations during each field visit and no data was obtained for
sediment concentrations between field visits. However, sediment transport rates for 2016 measured
at gauging station T3H006, approximately 25 kilometres downstream of Site 5, were provided by L.
Bannatyne, Geography Department, Rhodes University. This data gives an indication of sediment

concentrations between field visits.

A laboratory analysis of the water samples of surface drape, subsurface fine sediment deposits and
suspended sediments collected was conducted after each field visit. The concentration of sediment
was measured by using the filtration method from Gordon et al. (2004). In the filtration method, a
water sample, with a known volume, is filtered and the amount of sediment trapped on the filter is
weighed after drying. Sediment concentration was determined by passing an entire water sample
through a vacuum filtration setup. Weighed 90 mm diameter Macherey-Nagel glass fibre filter paper
disks, with an average pore size of 0.6 um, were used (Gurnell et al., 1992). The filter paper and
sediment were dried in the oven at a temperature of 50 °C for a minimum of 24 hours or until it was

dry. The sediment was not dried overnight at 105 °C due to the availability of ovens and this may
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lead to marginal overestimations in sediment weight (van der Waal, 2014). However, this will vary
according to sediment type. After drying, the filter paper and extracted sediment were cooled to

room temperature and weighed again.

The sediment concentration was calculated using the following formula (Gordon et al., 2004):

__ (Mass of filter+Sediment)—(Mass of Filter)

Volume of water sample

Cs

Where:
C, = sediment concentration (g.I™)
Mass in grams

Volume (in litres) of water sample (weight of water, calculated by subtracting the empty bottle from

the weight of the full water sample bottle, was converted to volume assuming 1 kilogram = 1 litre).

The sediment concentrations were determined by first calculating the volume of water in the bottle,

the weight of the extracted sediment and then dividing the sediment weight by the volume of water.

The depth of water measured in the bucket was used to convert the laboratory weights to a mass of
fine-grained sediment per square meter of river bed sampled (Lambert & Walling, 1988; Collins &
Walling, 2007; Duerdoth et al., 2015). The following formula was used to estimate the weight of
sediment stored (Collins & Walling, 2007):

Where:

B,.=fine sediment per unit surface area of channel bed (g.m™)
C, = sediment concentration (g.I™)

W,,= volume of water enclosed in the sampling bucket (I)

A= surface area of bucket (m?)

These weights were used as a measure of sediment storage for comparative analyses as the area

sampled was constant.
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3.5 Water Quality

Water quality variables are an important driver of the health of aquatic habitats. Five variables
(Pennack, 1971; Diaz et al., 2008) were identified for a short term habitat assessment, namely water
temperature, pH, electrical conductivity, dissolved oxygen content and dissolved nitrogen and
phosphate concentration. In rivers that are well mixed a rapid assessment of the average water
quality for a river reach can be measured by taking a single representative sample (Gordon et al.,,
2004). Samples were taken in the middle of each site, prior to any other field measurement activities
to avoid disturbance or contamination of the sample site. Measurements were taken in the field to
avoid contamination of the samples. In addition turbidity and clarity were measured, habitat
diversity assessed and a rapid assessment of water quality was conducted by looking at the

macroinvertebrates present.

3.5.1 Phosphate concentrations

High levels of dissolved phosphate concentrations can be toxic to aquatic organisms. Phosphate
concentration (mg/l) was measured using a Machery-Nagel Visocolor ECO colorimetric test kit made
available by the Rhodes University Geography Department. Dissolved nitrate concentration was also
measured; however the available Visocolor alpha colorimetric Nitrate test kit was inadequate to
produce accurate results. The NO32substance in the test kit had exceeded its shelf life and no longer
dissolved adequately in the water sample. New test kits were requested but only received after field

monitoring had ceased.

3.5.2 Dissolved oxygen (DO)

The maintenance of sufficient DO concentrations (>80%) is critical for the survival of aquatic
organisms. An AZ8403 Dissolved Oxygen probe meter, made available by the Rhodes University
Geography Department, was used to measure DO. However, for the last monitoring survey, in

August 2016, the DO probe was malfunctioning and it was decided to exclude the data.

353 Tem perature

The thermal characteristics of a river system vary due to natural and anthropogenic hydrological,
climatic and structural changes within a river channel and catchment area (Dallas & Day, 2004). In
turn this directly affects the life cycle patterns (reproductive periods, rates of development and
emergence times) and metabolic processes in aquatic organisms. Water should not be allowed to

vary from the background daily average water temperature, considered to be normal for a site, at
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the specific time of day or season, by >2 °C (DWAF, 1996). An AZ8403 Dissolved Oxygen probe
meter, made available by the Rhodes University Geography Department, was used to measure water
temperature (°C) at each site. Level loggers at each site also recorded continuous data on water

temperature for the monitoring period.

3.5.4 Electrical conductivity (EC) and pH

Conductivity is the measure of the ability of a sample of water to conduct a current. Reduced growth
rates and fecundity in aquatic organisms is commonly linked to small or sudden changes in EC and
pH due to increased energy requirements. pH should fall between 6 and 8 to indicate a balanced

system.

EC and pH were measured using a handheld Hanna Combo pH and EC meter, made available by the

Rhodes University Geography Department, which can be sourced from Hanna instruments.

3.5.5 Turbidity

Abiotic matter is commonly sourced from eroded materials or sediments that have been previously
deposited on the river bed but have become entrained due to high flows. Increased turbidity and
suspended sediment results in a change in water clarity. A river's water clarity changes seasonally
and varies according to land use practices within the catchment, rainfall, hydrology and the physical
structure of the river. Both the increase in turbidity and increase in total suspended solids affect light

penetration into the water, directly affecting aquatic biota.

A combination of qualitative data and quantitative data was used to measure turbidity. Quantitative
data was measured in FTU using a Partech 740 handheld turbidity meter, made available by the
Rhodes Geography Department, which can be sourced from Partech Instruments. The turbidity
meter measures the weakening of a beam of light through a water sample, in other words the
instrument measures the absorption and scatter properties of light when it passes through water
(Henley et al., 2000). Henley et al. (2000) state that determining suspended sediment
concentrations from recorded turbidity values (in NTU or FTU) should be considered with caution
because values from different river systems can be correlated with different suspended sediment
concentrations. Less accurate quantitative data was collected using a water clarity tube
(GroundTruth, 2013). GroundTruth (2013) state that the clarity tube is one of the few inexpensive
methods for testing water clarity and has fewer limitations than its counterparts. This clear
graduated plastic tube contains a moveable marker magnetised to the side of the tube. The tube is

filled with a representative sample from the river and the magnetic marker is moved up or down
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until it is no longer visible. A level of clarity (in centimeters) can then be read off the corresponding

value on the tube.

Turbidity and water clarity were measured during each field visit at each site in order to observe

how turbidity changes over time with the flow hydraulics of a river.

3.5.6 Hyd ro-morphological Index of Diversity (HM|D)

Although not a water quality parameter, habitat diversity, affecting macroinvertebrate communities,
based on different flow velocities and depths, was assessed using the Hydro-morphological Index of
Diversity (HMID) (Gostner, 2012). Flow velocity and depth were both measured at the quadrat scale.
A single flow velocity reading was taken in the middle of each quadrat, at a depth of 0.6 in the water

column. Water depth was recorded in the same location.

The HMID was obtained by calculating the coefficient of variation (CV) of flow velocities and water

depth readings for all quadrats at each site by using the following formula (Gostner, 2012):

0,\? on\?
HMIDgyqdrar = <1 + —) X <1 + —)
Hy Kn

Where:

HMIDquadrat= Hydro-morphological Index of Diversity per quadrat

a= standard deviation
A= mean

v=velocity (m.s-1)

h= depth (m)

Table 10 was used to interpret the HMID values. Higher HMID values correspond to higher

hydromorphological heterogeneity

Table 10: Interpretation of HMID values (Adapted from: Gostner, 2012).

HMID value Description
<5 Very little variability in hydraulic variables
5-9 Moderate variability in hydraulic variables
>9 High variability in hydraulic variables
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3.5.7 Macroinvertebrates

River health, in terms of water quality, can be rapidly assessed by looking at the taxa richness of
macroinvertebrate species sensitive to water quality (Dickens & Graham, 2002). A score derived
using the South African Scoring System (SASS) (Dickens & Graham, 2002), a widely used technique in
South African Rivers, was calculated for each site by sampling period to look at a rapid assessment of
water quality. This gave a measure of river health at the site scale. The average score per taxa (ASPT)
is the total sensitivity score for all the classes/families found, divided by the number of
classes/families found. A specified net with fine mesh, held downstream of the sample point
catching macroinvertebrates dislodged from the substrate or marginal vegetation, was used for
sample collection. In addition, fine sediments were sieved through the net and visual observations of

substrate and vegetation were conducted to record further habitat niches.

The ASPT for the first two monitoring surveys (July and October 2015) were calculated using Mini-
SASS methods (Graham et al., 2004) that go down to order level. Following the completion of a SASS
5 biomonitoring course and SASS 5 accreditation the remainder of the monitoring surveys (February,
April and August 2016) were done following SASS 5 methods going down to family level. Because the
SASS method goes down to family level, a higher number of taxa are expected to be found at each
site providing a higher corresponding SASS score. However, when the SASS score is divided by the
number of taxa found, the ASPT varies only slightly from the ASPT calculated using Mini-SASS
protocol (Figure 13). Therefore, for this study, a comparison between the ASPT derived by Mini-SASS
methods in the first two monitoring surveys and the ASPT derived by SASS methods in the remaining
monitoring surveys was justified. However, this may not be the case for other river systems. Water

quality status using both SASS and Mini-SASS data was derived from Table 11.
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Figure 13: Average differences between scores derived from Mini-SASS and SASS for the Tsitsa

River.

Table 11: Ecological categories and sensitivity scores used to interpret SASS data for this study
(Adapted from: Graham et al., 2004; Dallas, 2007).

Ecological Ecological Description Sensitivity score (ASPT)
category category name Sandy habitat Rocky habitat
A Natural Unmodified, natural >6.9 >79
b Good Largely natural with 5.8-69 6.8-79

few modifications
C Fair Moderately modified 49-58 6.1-6.8
D Poor Largely modified 43-49 51-6.1
E Very poor Seriously modified <43 <51

3.5.8 Time based statistical analyses of water quality and habitat conditions

A time based analyses of measured variables affecting water quality and habitat conditions was
conducted to find out which independent variables correlate most (positively or negatively) with the
site based water quality ASPT of sensitive macroinvertebrates during each monitoring survey.
Independent variables included the HMID, phosphate concentration (mg/l), DO (%), temperature

(°C), pH, EC (ps), clarity (cm) and turbidity (FTU).

3.6 Sensitivity of Biota to Fine Sediment Drape

Macroinvertebrates provide barometers of river health as they are the first to register ill effects of
negative impacts on a river system. Changes in habitat result in changes in types of organisms and

give a clear indication of the current condition of a river channel.
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The macroinvertebrate community structure was established at a family level using a variation of the
Mini-SASS technique (Graham et al., 2004) combined with adaptions from the South African Scoring
System (SASS) (Dickens & Graham, 2002). Sampling was undertaken at a quadrat scale, rather than
at a site scale as in section 3.5.7, and the data from all the sites and monitoring surveys were
combined to conduct a once off assessment. The overall relationship between macroinvertebrates
and habitat conditions was identified based on a ranking and scoring system by identifying
macroinvertebrate families in different habitat types (substrate, flow, depth, embeddedness etc.).
13 key macroinvertebrate classes have been identified in South African rivers by Graham et al.
(2004) (Table 12).

Table 12: Macroinvertebrate classes found in South African rivers (Graham et al., 2004).

Code Macroinvertebrate class

Annelida-Hirudinea (Leeches)

Turbellaria (Flat worms)

Crustacea (Crabs or shrimps)

Mollusca (Snails or Limpets)

Odonata- Zygoptera (Damselflies)
Plecoptera (Stoneflies)

Trichoptera (Cased and uncased caddisfly)

Ephemeroptera (Mayflies excluding Baetidae)

© 0 N oo o B~ W N

Hemiptera or Coleoptera (Bugs or beetles)

10 Annelida- Oligochaeta (Worms)

11 Odonata - Anisoptera (Dragonflies)

12 Ephemeroptera- Baetidae (Minnow mayflies)
13 Diptera (Flies)

Sample collection was conducted following an adaption of the SASS 5 protocol laid out by Dickens &
Graham (2002). Samples were taken across known transects in each site. Each family of
macroinvertebrate found was listed; abundance was noted as well as the proportion of each
macroinvertebrate class (Table 12). The corresponding physical habitat was noted as well as the
proportions of each substrate category (Table 9). The flow velocity and depth (Tharme & King, 1998)
was measured in each sampling location (quadrat) as explained in section 3.5.6. The number of

samples per transect depended on the channel width as well as the number of biotopes present.
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Across a site, samples were taken on all biotopes present, including stones in and out of the current,
bedrock, marginal vegetation in and out of the current, aquatic vegetation and gravel, sand and
mud/silt. Sample sites corresponded to the same location as for the substrate measurements. The
ASPT and sensitivity to sediment drape (ASPTsed) was calculated for the macroinvertebrates in each

sample location as described below.

SASS scores, as explained in the section 3.5.7, are based on the sensitivity of macroinvertebrates to
changes in water quality but there are no available taxa and sediment related scores relevant to
South African rivers. Studies such as Extence et al. (2011) and Murphy et al. (2015) look at the
macroinvertebrate species as indicators of fine sediment accumulation focusing on rivers in the
United Kingdom. However, these studies go down to species level which is not conducive to a rapid
assessment. In order to use SASS methodology to assess the quality of physical habitat, it was
necessary to create a score based on the sensitivity/ tolerance of macroinvertebrates to fine
sediment accumulation (hereafter referred to as ASPTsed) in the Tsitsa River under current
conditions. Fine sediment accumulation in terms of sediment drape (section 3.4.2) was seen as
representative of current habitat condition. A fine sediment habitat score was calculated by ranking
the sensitivity of different families of macroinvertebrates (the sample size comprised of a total
number of 540 individuals and 47 families of macroinvertebrates) by the accumulation of sediment
drape (g/m?) in which they were observed. The macroinvertebrate families were then ranked from
least sensitive to most sensitive to surface sediment drape and assigned a sensitivity score (Table
13). The higher the sensitivity score the more sensitive the macroinvertebrate family is to surface
sediment drape. For example, macroinvertebrate families only found in quadrats where the
maximum concentration of surface sediment drape falls between 100.1-200.0 g/m” are assigned a
score of 9 whereas macroinvertebrate families found in quadrats where the maximum concentration
of surface sediment drape falls between 8 000.1-10 000.0 g/m” are assigned a score of 2 (Table 13).
These sensitivity scores were then used to create a scoring sheet (Table 48, section 4.6) This score
sheet was used to carry out a rapid assessment, under the current conditions (water quality and flow
variability) in the Tsitsa River, to look at the impacts on fine sediment drape on macroinvertebrate
families. An ASPTsed was calculated over the monitoring periods and used for further analyses.
Macroinvertebrate families with higher sensitivity scores are less tolerant to fine sediment drape
which causes less favourable habitat conditions for them. An increase in occurrences and abundance

of these macroinvertebrates implies less fine sediment drape.
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Table 13: Sensitivity scores assigned to macroinvertebrates occurring in different concentrations
of surface sediment drape in the Tsitsa River.

Sensitivity score Surface sediment drape (g/m2
1 >10 000.1
2 8000.1- 10 000.0
3 4000.1 - 8000.0
4 2000.1 - 4000.0
5 1000.1 - 2000.0
6 800.1 - 1000.0
7 400.1 - 800.1
8 200.1 - 400.0
9 100.1 - 200.0
10 <100

The percentage distribution of macroinvertebrate classes and families found in different
concentrations of surface drape sediments was calculated. Surface drape conditions were divided
into three categories namely; low (<100 g/m2), medium (100-1000 g/m2 and high (>1000 g/m2 and
the percentage distribution of macroinvertebrate classes and families was calculated for each

according to the number of observations of the relevant macroinvertebrate class and family present.

3.7 Biotic and Abiotic Interactions

3.7.1 Shannon Diversity Index

For this study the Shannon Diversity Index (SDI) as described by Boyero (2003) was used to assess
both the heterogeneity of substrate (substrate diversity) and macroinvertebrate types
(macroinvertebrate diversity) found in each quadrat along each transect. The SDI is based on the
number of types present as well as the proportion of each type present in a specified site (Boyero,
2003) and is usually used for ecological studies. However, for this study it was adapted as a tool for
geomorphic studies in which substrate types were assessed. The diversity for substrate score (H'ab)
was calculated using the 9 substrate description categories (Table 9) with the addition of two further
substrate categories namely, bedrock as the 10th substrate category and vegetation (both aquatic
and marginal vegetation) making up the 11th category. The maximum possible score for substrate
diversity in this study is 2.4 H'sha The diversity score for macroinvertebrates (H'ig was calculated

using 13 macroinvertebrate classes (Table 12). The proportion of each macroinvertebrate class was
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estimated by observed abundances in the field. The maximum possible score for macroinvertebrate

diversity in this study is 2.6 H'ka

The maximum possible score is obtained when each substrate category is equally presented within a

quadrat. The following formula is used to calculate the SDI (Boyero, 2003):

H'sub/bio= ~ ~ - (Pi*n Pi)
Where:
H'sub = Shannon Diversity Index (heterogeneity score) for substrate

H'bio= Shannon Diversity index (heterogeneity score) for macroinvertebrates (biota)

Pt= Proportion of the jthsubstrate/macroinvertebrate type

3.7.2 Patch scale analyses

Statistical methods offer a means to aid in the interpretation of relationships between drivers of

sediment processes and the impact of sediment on habitat (Piegay & Vaudor, 2016).

A patch scale analyses was conducted to tease out relationships between macroinvertebrate taxa
and physical habitat conditions. The analysis was divided into three reaches, namely Reach 1 (Site 1
above the proposed dam), Reach 2 (Site 2 and 3 between the dam and the Inxu River confluence)
and Reach 3 (Site 4 and 5 below the confluence). Separate analyses were conducted for habitats
dominated by coarse substrates (rocky), fine substrates (fines) and marginal and aquatic vegetation

(vegetation).

Variables measured at the quadrat scale were substrate diversity (H'suj), surface sediment drape
concentration (g/m2 and subsurface sediment concentration (g/m2), depth (m), flow velocity (m/sl)
and macroinvertebrate diversity (H'tg, and the sediment sensitivity score of macroinvertebrates.
Box and whisker plots of the above variables were drawn to show the variability of sampled data, as
well as outliers, for each habitat in each reach. A correlation analysis was undertaken to identify the
relationship between substrate diversity and macroinvertebrate diversity on the ASPTsed

respectively.
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CHAPTER 4: RESULTS

4.1 Desktop Analysisl Monitoring Sites

The results of the desktop analysis used to select the monitoring sites are presented in this section.

A significant factor affecting channel morphology was the gradient of the river bed. Sites chosen on
the Tsitsa river had varying bed gradients (Table 14), each pointing to different process sets in the
river channel. The gradient of the river bed determined the energy slope of the site at different

discharges and affected sediment deposition or entrainment and channel shape.

Table 14: Bed gradients and site lengths for monitoring sites on the Tsitsa River.

Site Bed gradient Site length (m)
1 0.006 151
2 0.007 180
3 0.008 166
4 0.002 257
5 0.003 334

The gorge reach, represented by Site 1 (Figure 14 and 15) above the proposed dam, was
characterised by a confined channel dominated by a bedrock substrate and input of coarse material
from the side walls. Hydraulic biotopes, defined by Rowntree & Wadeson (1999), were
predominantly bedrock runs, including both fast and slow runs, which turn into bedrock rapids down
the site (Figure 16). Fines were deposited over the bedrock along the right bank where flow was less

concentrated.
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Figure 14: Upstream view of Site 1 Figure 15: Downstream view of Site 1.

Figure 16: Aerial view of the channel at Site 1.
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The channel gradient downstream of the dam was variable. Two sites were chosen in this reach, the
first immediately downstream of the dam (Figure 17) and the second (Figure 18) upstream of the

confluence of the Tsitsa River with the Inxu River.

Figure 17: Downstream view of Site 2. Figure 18: Downstream view of Site 3.

The hydraulic biotopes present in site 2 followed a pool-rapid sequence (Figure 19). The pool at the
top end of the site was followed by a rapid on the left of the channel and a bedrock cascade on the

right of the channel. This was followed by a further pool which turned into a riffle.

Figure 19: Aerial view of the channel at Site 2.
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The hydraulic biotopes present in Site 3 also followed a pool-rapid sequence (Figure 20). The pool at
the top of the site was followed by a rapid which turned into a riffle before again becoming a pool.

Flow was confined towards the bottom of the site due to an inpinging aluvial fan, causing channel

scouring.

Figure 20: Aerial view of the channel at Site 3.

The Inxu River is a tributary flowing into the Tsitsa River (Figure 21 and 22), below the proposed
Ntabelanga Dam, that acts as an important sediment source and is anticipated to provide continued

sediment input into the Tsitsa River after the dam has been constructed.

Figure 21: Confluence of the Inxu River with the Tsitsa River.
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Figure 22: Aerial view of the confluence between the Tsitsa River and the Inxu River.

The channel downstream of the Inxu River was characterised by an additional sediment input. Two
sites were chosen below the confluence. The first, Site 4 (Figure 23 and 24), was a lower gradient

site where increased sediment deposition is anticipated to form pronounced in-channel bars.

Figure 23: Upstream view of Site 4. Figure 24: Downstream view of Site 4.

Site 4 had the lowest overall gradient with the dominant hydraulic biotope being a sandy glide with a
uniform flow (Figure 25). A small bedrock outcrop was present on the outer edge of the bend. When
the site was selected, sand mining operations were not present. However, over the monitoring
period sand mining operations were initated due to low river levels, and affected channel stability

and morphology.
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Figure 25: Aerial view of the channel in Site 4.

The second site below the Inxu confluence, Site 5, was a complex site containing coarse substrate
that could be monitored to see the effect of sediment deposition on embeddedness in cobble and
boulder beds (Figure 26). The overall gradient was low due to the length of the chosen site, however

the gradient in the site varied with the middle of the site showing an increase in gradient over a

rapid.

Figure 26: Upstream view of Site 5

The site consisted of a complex range of hydraulic biotopes including pools, backwater, slack water,

rapids and riffles (Figure 27).
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Figure 27: Aerial view of the channel in Site 5.

4.2 Hydrology and Sediment Flux

4.2.1 Discharge

In this section the data collected from level loggers is presented and put into perspective with the
flow history of the Tsitsa River obtained from gauging station T3H006. Flow hydrographs for all the

sites can be found in Appendix 4.

The Tsitsa River, above gauging station T3H006, has a high peak discharge at the 10 year flood
recurrence interval and the 10 year flood will occur when peak discharges are equal to or exceed
935 m3s-1 (data sourced from the Department of Water and Sanitation). Floods with very large peak
discharges fell outside of the rating curves and were not included in the analysis. Figure 28 illustrates
that a larger catchment area, such as that of the Tsitsa River (4 285 km32, will result in a bigger mean
annual flood and therefore peak discharges (in the 10 year flood interval) compared to the Thina
River (which has a smaller catchment area (2 957 km2. However high discharges are not accurate as

each gauging station has a limit above which large floods are estimated.
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Figure 28: Flood frequency curves for two rivers in the Mzimvubu catchment (data sourced from the

Department of Water and Sanitation).

Table 15 shows catchment areas for each site. Discharge and flow velocities played an important

role in sediment mobility and the stability of beds. Discharge and flow velocities are expected to be

higher in sites with larger catchment areas.

Table 15: Approximate catchment areas for each site on the Tsitsa River.

Site Catchment area (km2)
1 1830
2 1988
3 2016
4 3683
5 3861

Figure 29 shows the seasonal variation of discharges measured at the monitoring sites on the Tsitsa
River during the study period. Winter months, with little or no rainfall, generally had low discharge
values (July 2015). The lowest discharges were measured in October 2015. The highest discharges
were measured in February 2016 and April 2016 due to heavy rains in the catchment. August 2016

also experienced a relatively high discharge for winter months due to snow melt in the catchment.
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Figure 29: Variation in seasonally measured discharges at each site in the Tsitsa River. a= rising

stage, b= receding stage. Logarithmic scale used.

Seasonally measured discharges (Figure 29) and known depths to the river bed, at the level loggers,
were used to create rating curves (Figure 30). The highest discharge was estimated using the
Manning's equation and cross-sectional profiles over the logger. The rating curves were then used to
extrapolate level logger readings to instantaneous discharges which were plotted to show seasonal

fluctuations in flow properties as well as peak discharge (Figure 31, 32 and Appendix 4).

Figure 30: Example of a rating curve for Site 2.

A complete set of rating curves used for each site can be found in Appendix 3.

The sites illustrated in Figure 31 and 32 show similar trends in discharge fluctuations over time down
the river channel with discharge increasing further down the catchment, particularly below the

confluence with the Inxu River (Site 4). Months with little or no rainfall generally have low discharge
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values (July — December 2015, May — July 2016). The lowest discharges were experienced during
October 2015 (Appendix 4). Discharge peaked during summer months due to heavy rains in the
catchment, resulting in several large floods exceeding 50 m*.s™. A flood peaking in February 2016
can be seen in Site 2 and Site 4 but not in Site 1, implying that local rainfall events can increase the
discharge significantly. August 2016 also experienced a period of relatively high discharge for winter
months due to snow melt in the catchment. However, discharges experienced during the monitoring
period were well below average (Figure 33), possibly accounting for the lack of change in channel
morphology. It was important to note the flow conditions before each field sampling trip as these
affected the condition of the river at the time of sampling. Sampling in July 2015 fell in a period of
low discharges with little variation. Following July 2015, the baseflow was low but discharge
increased occasionally probably due to small, local rainfall events. Discharge started to pick up at the
end of December 2015 with large flood peaks and high baseflows before the February 2016
sampling. Prior to the April 2016 sampling, baseflow remained high with two periods of increased
discharges. After April 2016 the river returned to low baseflows and peaked during the August 2016

sampling trip due to snowmelt in the catchment.
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Figure 31: Twenty minute discharges for Site 1, above the proposed dam inundation, Site 2,
between the dam wall and the Inxu River confluence, and Site 4, below the Inxu confluence,
showing fluctuations in flow properties over time in blue and approximate field sampling times
in red.
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Figure 32: Daily average flows from gauging station T3H006, approximately 25 kilometres
downstream of Site 5, showing fluctuations in flow properties over time in blue and approximate
field sampling times in red.

Figure 33: Annual peak discharges, plotted against the two year and ten year floods, from
gauging station T3H006 (data obtained from the Department of Water and Sanitation). Data may
be skewed as outliers such as 2013 have not been audited.

4.2.2 Suspended sediment

This section presents data on suspended sediment concentrations which give an indication of how

much sediment is being carried by the river.

In the Tsitsa catchment, high rainfall events cause erosion of the highly dispersive soils. This
increased the suspended sediment concentrations (Figure 34). Field observations showed that the
rising stages of floods carried a higher concentration of suspended sediment than the receding
stages. This implied that the flood had a higher energy slope for sediment entrainment as it

approached its peak and was carrying more suspended sediment sourced from erosion by rainfall in
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the catchment. As the flood receded, sediment was deposited back onto the bed as surface drape

and less sediment was fed into the river system from the surrounding landscape.

Figure 34: Variation in suspended sediment concentrations in the Tsitsa River. a= rising stage of

a flood, b= receding stage of a flood. Drawn with a logarithmic scale to account for outliers.

Figure 35 shows the sediment transport rates for 2016. Prior to the February 2016 field survey the
river carried high loads of suspended sediment which peaked during corresponding floods. The
period between February 2016 and April 2016 was characterised by two periods with very high
suspended sediment concentrations. Between these peaks, concentrations of suspended sediment
in the river returned to normal. April 2016 to August 2016 showed very little variation in suspended
sediment concentration which remained relatively low. In August 2016 there was a peak in

suspended sediment concentration due to the snowmelt in the catchment.

Figure 35: Sediment transport rates for 2016, showing approximate field sampling times,
measured at gauging station T3H006, approximately 25 kilometres downstream of Site 5 (data
provided by L. Bannatyne, Geography Department, Rhodes University).
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4.3 Sediment Mobility

4.3.1 Factors affecting mobility

Sediment entrainment, transport and deposition are a fundamental response of a channel to an
altered flow regime. Channel long profiles and water slope can be used to work out what processes
might come into effect at different water levels. From measured water surface slope and discharge
readings the roughness for each site was calculated. The potential movement of sediment at varying
flows was calculated by working out Relative Bed Stability and Sheer Stress using variables such as

water slope, water depth, median particle diameters and velocities.

4.3.2 Hyd raulic factors

Water slope

This section presents data on channel long profiles and water slope which give an indication of the
energy exerted on the bed of the river at different water levels. Longitudinal profiles, and their
corresponding energy slopes at different discharges, are presented in Appendix 5. For analysis, the
overall site gradients were used. These varied seasonally with discharge (Table 16). Sites with a high
bed gradient that varied throughout the site, such as Site 2, exerted significantly more energy on the
bed at differing water levels than sites with gentler more uniform gradients such as Site 4 (Figure
36).

Table 16: Energy slope for each site during each field survey.

Site 1 Site 2 Site 3 Site 4 Site 5

July 2015 0.0049 0.0087 0.0093 0.00064 0.0059
February 2016 0.0041 0.0084 0.0064 0.00051 0.0046
April 2016 0.0041 0.0081 0.0087 0.00050 0.0066
August 2016 0.0046 0.0087 0.0081 0.00042 0.0061
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Figure 36: Example of a change in energy slope, with changes in discharge, at two sites with

different bed gradients.

Manning's roughness
This section presents results on the roughness values of the river bed at each site. Roughness values
varied seasonally depending on flow velocity conditions and submerged substrates. Results from all

sites are presented in Table 17.

Table 17: Roughness values for each site in the Tsitsa River.

July '15 February '16 April '16 August '16
Site 1 0.17 0.11 0.04 0.15
Site 2 0.2 0.14 0.2 0.33
Site 3 0.19 0.15 0.12 0.19
Site 4 0.03 0.04 0.03 0.03
Site 5 0.05 0.07 0.2 0.12

Site 1 had a high gradient with a confined channel and uniform bedrock bed. Site 1 (Figure 37)
exhibited a strong relationship between roughness values and discharge with roughness decreasing
with an increase in discharge. Site 2 and 3 had relatively high gradients and confined channels and
diverse substrates which resulted in higher roughness values, especially at low flows. A relationship
between roughness values and discharge, with roughness decreasing with an increase in discharge,

was evident at Site 2 (Figure 38). Site 3 (Figure 39) shows no relationship between roughness values
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and discharge, with roughness values staying fairly constant. Site 4, below the confluence, had a very
low gradient and a correspondingly low roughness factor. This site (Figure 40) showed a slight
increase in roughness with an increase in discharge. This could be due to the formation of dunes on
the river bed during higher flows. Site 5 was the widest and least confined site resulting in variable
roughness factors at different flows. This site (Figure 41) exhibited no relationship between
roughness values and discharge. This may have been due to the submerging of wide shallow banks

at high discharges and a range of substrates at lower discharges.

Figure 37: Site 1. Relationship between roughness values and discharge.

Figure 38: Site 2. Relationship between roughness values and discharge.

70



Figure 39: Site 3. Relationship between roughness values and discharge.

Figure 40: Site 4. Relationship between roughness values and discharge.
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Figure 41: Site 5. Relationship between roughness values and discharge.

433 Sedim ent mobility

This section presents data on the stability of bed substrates and potential movement

thereof in each site during each monitoring survey. The RBS illustrated in Table 18, reflects

the potential movement of coarse substrates (> 4mm and excluding bedrock outcrops)

along a representative transect in each site. The larger the value the more stable the bed

along the transect. in Site 4, the river bed became less stable at higher flows with low bed

stability and particle movement during high summer flows.

Table 18: Relative Bed Stability for selected sites (a= rising stage, b= receding stage).

Site 1

Site 2

Site 3

Site 4

Site 5

July '15

14.15

13.14

12.48

1.48

5.58

October

'15

n/a

14.28

13.79

1.37

n/a

February

(a)'16
n/a
13.46
6.39
0.78

n/a

February (b)

'16

6.83

5.47

5.46

1.37

5.6

August
April '16

'16

3.34 11.43
12.16 18.25
7.49 9.03
1.53 1.27
17.08 9.15

Tables 19 - 23 show the overall bed movement of coarse substrates in each site. The closer to 1the

ER is the less stable the bed. Where the value is greater than 1, bed movement is possible. Site 1 and

5 showed an extremely stable bed due to the dominant substrates and morphological characteristics

with potential movement of D5 particle sizes. Site 2 and 3 show less stable beds with movement of

D3 particle sizes during the peak discharge over the monitoring period and potential movement of
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Drs particle sizes at high discharges. Site 4 had the least stable bed dominated by sand and fine

gravel. Sediment movement of both DB and D/ occurred during high summer flows (February 2016)

and peak discharges.

Shear stress
Particle size D5
Critical shear stress
Entrainment ratio
Bed movement
Particle size D7
Critical shear stress
Entrainment ratio

Bed movement

Shear stress
Particle size D5
Critical shear stress
Entrainment ratio
Bed movement
Particle size DB
Critical shear stress
Entrainment ratio

Bed movement

Table 19: Bed movement in Site 1

July '15

13.94

0.14

None

175.42
0.08

None

February '16

31.76

99.3

0.32

None

175.42

None

April '16

27.74

99.3

None

175.42

None

Table 20: Bed movement in Site 2

July '15

36.69

101.33
0.36

None

209.45
0.18

None

February '16

104.62

101.33

1.03

Movement

209.45

0.50

Potential
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April '16

54.81

101.33
0.54

Potential

209.45
0.26

None

August '16

20.75

99.3
0.21

None

175.42
0.12

None

August '16

54.61

101.33
0.54

Potential

209.45
0.26

None

Peak
discharge
(2016/01/26)

65.89

99.33
0.65

Potential

175.42
0.37

None

Peak
discharge
(2016/01/26)

116.14

101.33
1.15

Movement

209.45
0.55

Potential



Shear stress

Particle size D5

Critical shear stress

Entrainment ratio

Bed movement

Particle size DB

Critical shear stress

Entrainment ratio

Bed movement

Shear stress

Particle size D5

Critical shear stress

Entrainment ratio

Bed movement

Particle size DB

Critical shear stress

Entrainment ratio

Table 21: Bed movement in Site 3.

July 15 February '16 April '16
35.57 62.14 43.51
81.50 81.50 81.50
0.44 0.76 0.53
None Potential Potential
150.38 150.38 150.38
0.24 0.41 0.29
None None None

Table 22: Bed movement in Site 4.

July '15 February '16 April '16
1.88 6.60 1.81
2.80 2.80 2.80
0.67 2.36 0.65

Potential Movement Potential
7.34 7.34 7.34
0.26 0.90 0.25
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August '16

54.02

81.50

0.66

Potential

150.38

0.36

None

August '16

2.06

2.80

0.74

Potential

0.28

Peak
discharge
(2016/01/26)

114.17

81.50
1.4

Movement

150.38
0.76

Potential

Peak
discharge
(2016/01/27)

9.95

2.80
3.55

Movement

7.34

1.36



Table 23: Bed movement in Site 5.

Peak
July '15 February '16 April '16 August '16 discharge
(2016/01/27)
Shear stress 22.57 29.77 40.78 32.95 79.93
Particle size D5
Critical shear stress 143.48 143.48 143.48 143.48 143.48
Entrainment ratio 0.16 0.21 0.28 0.23 0.56
Bed movement None None None None Potential
Particle size D/
Critical shear stress 253.61 253.61 253.61 253.61 253.61
Entrainment ratio 0.09 0.12 0.16 0.13 0.32
Bed movement None None None None None

4.4 Physical Variables

Through the monitoring of physical variables, including cross-sectional morphology and substrates a
baseline of the current river condition was set up. This section presents results on the baseline
survey conducted in this study which will allow for the assessment of the long term impacts of the

Ntabelanga Dam.

4.4.1 Cross-sectional su rveys

Cross-sectional transects were surveyed for each site using a Differential GPS (0.001 m vertical and
horizontal accuracy) during July 2015. Transects (Figure 42) were used as a reference for the current
condition of the Tsitsa River before the construction of the Ntabelanga Dam. Cross-sectional
transects for all the sites, including distribution of substrates, geo-habitats and July 2015 water

levels are presented in Appendix 1
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Figure 42: Example of cross-sectional transects of the Tsitsa River, with corresponding substrates

and geo-habitats, surveyed in July 2015.

In August 2016, approximately a year after the first cross-sectional transects were surveyed, all the
transects were resurveyed to pick up any significant changes in channel morphology after a single
wet and dry season. The majority of sites did not undergo any major changes in channel morphology
(Figure 43). Small changes were evident on silt and sand banks that were easily entrained during
high flows or deposited in low flows. Some of the changes can be accounted for by surveyor bias.
This occurred on boulder morphologies where the position of surveying points varied. However,
these changes were minor. A full record of the comparison between July 2015 and August 2016

cross-sectional transects can be found in Appendix 2

A data set of cross-sectional surveys can be found on a compact disc (CD) at the end of the thesis.
This includes GIS shapefiles and spreadsheets of the cross-sectional data including the coordinates of
each point along the transects. If the channel and the surrounding banks have changed so
significantly that they become unrecognisable from descriptions in this baseline study, one can
overlay the GIS shapefiles on the most recent aerial images of the area to get an idea of where the

transects are located.
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Figure 43: Example of cross-sectional transects showing little or no seasonal change to channel

topography.

The only site that underwent a significant change in channel morphology was Site 4 (Figure 44). It is
important to note that these changes occurred primarily due to anthropogenic impacts, in the form
of sand mining operations, on the river sand bars and channel banks. These activities are likely to
continue after the construction of the Ntabelanga Dam and may continue to change the morphology
in sites that have easily accessible sand banks, such as Site 4. All of the sites contained sand banks
and Site 4 was dominated by fine sediments. Several of the sites exhibited small changes to sand
bars and banks. Such sand bars and banks can be entrained and transported at high discharges and
deposited at low discharges. These sections of the river are susceptible to major pattern changes

irrespective of the construction of the Ntabelanga Dam.
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Figure 44: Example of cross-sectional transects that have undergone a seasonal change in

topography. In this case changes have occurred due to sand mining at low flows.

4.4.2 Substrate

The magnitude of sedimentation of substrates can be measured in numerous ways including the

area in which the streambed is covered and the types of clasts being embedded.

Bed conditions

This section presents information on the bed conditions in terms of coarse substrates in each site. A

summary of the overall bed conditions at each site is given in Table 24.

Table 24: Summary of bed conditions at each site in the Tsitsa River.

Site Dso Dominant bed material

(mm)  (>4mm and excluding bedrock)
380 Large cobble to large boulders
260 Medium gravel to small boulders
350 Fines to small boulders

6 Fines and small gravels

a A W N

56 Fines to large boulders
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Site 1 was dominated by bedrock runs which made up the majority of the site (Figure 45). This site
was situated in the gorge reach of the Tsitsa River with a relatively high gradient and confined
channel and consequently with little deposition of fines. Measured coarse substrates that can be
entrained (>4 mm and excluding bedrock) were predominantly cobbles and boulders (Table 25 and
26) situated in the lee of bedrock slabs and in slower flow along the river banks. Table 27 shows that
the bed conditions changed from the left to the right of the channel as the flow velocity became
shallower and slower. Embeddedness values on the left and in the middle of the channel were low
whereas in shallower water to the right of the channel embeddedness increased due to the

collection of fines, mostly in the lee of bedrock boulders.

-4 4
Flow Direction
Meters Transect line
Projection: Transverse Mercator. Nicholaus Hucnzerm ever vegetated bar." Island
Central Meridian 29, referenced .
to the datum WG S 84 Date: 2016/09/11

Figure 45: Channel features at a large scale for Site 1.
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Clast category
Small gravel
Medium gravel
Large gravel
Small cobble
Medium cobble
Large cobble
Small boulder

Large boulder

Table 25: Percentage distribution of clasts in Site 1.

Diameter range (mm)

4 - 25
25 - 50
50 - 75
75 - 150
150 - 225
225 - 300
300 - 600
> 600

Percentage distribution
2
8
13
24
10
10

25

Table 26: Bed conditions along each transect in Site 1.

Transect

1

2

D50 (mm)
380
295
550

600

80

Dominant substrate
Small boulder
Large cobble
Small boulder

Large boulder



Table 27: Substrate properties for Site 1.

Position on . . .
Dominant substrate Embeddedness Packing Sorting
transect
Transect 1
Left of channel Small boulder 87.1 Normal Poorly sorted
Mid-channel Bedrock 99.0 n/a n/a
Right of channel Bedrock 91.6 n/a n/a
Transect 2
Left of channel Large cobble 75.1 Normal Poorly sorted
Mid-channel Bedrock 91.1 n/a n/a
Right of channel Bedrock 91.9 n/a n/a
Transect 3
Left of channel Small boulder 98.1 Normal Poorly sorted
Mid-channel Bedrock 91.2 n/a n/a
Right of channel Bedrock 91.8 n/a n/a
Transect 4
Left of channel Large boulder 98.1 Poorly sorted Normal
Mid-channel Bedrock 91.1 n/a n/a
Right of channel Bedrock 91.8 n/a n/a

Site 2 had a variety of morphologies starting in a pool, with sand and bedrock substrates, ranging
through a boulder, cobble and bedrock rapid into a low gradient pool and back into a boulder and
cobble riffle (Figure 46). The dominant coarse substrates distributed across the site were small
cobbles and small boulders (Table 28). The dominant substrates varied along the transects ranging
from gravel to boulders (Table 29). Table 30 shows that Transect 1 was stable on the left of the
channel with a decrease in embeddedness due to increased flow velocity. The right of the channel
collected fines and was highly embedded. Transect 2 and 3 were situated across the rapid where
flow velocity was confined, forming a stable bed with low embeddedness values. Transect 4 was
situated in a pool in which reduced flow velocity resulted in an increase in embeddedness values.
The left of the channel at Transect 5 and 6, between the vegetated island and the left hand bank,
was not part of the main channel and only received flow at higher discharges. Transect 5 was more

confined, again reducing embeddedness values. An increase in embeddedness values on the left of
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the channel in Transect 6 was due to the collection of fines in slack water below a boulder bed that

only received flow at high discharges.

Flow Direction

TO0
Me:e's Transect hne
vejesfed barllslar-3

Nicholaus Huchzerm eyer Boulder/ Cobble bed

Gravel bar Flood Bench

Projection: Transverse Mercator.
Central Meridian 29, referenced
t the datum WGS 84 Date: 2016/09/10

Figure 46: Channel features at a large scale for Site 2. Pools were dominated by fine substrate

Table 28: Percentage distribution of clasts in Site 2.

Clast category Diameter range (mm) Percentage distribution

Small gravel 4- 25 6
Medium gravel 25 - 50 13
Large gravel 50- 75 6

Small cobble 75 - 150 18
Medium cobble 150 - 225 8
Large cobble 225 - 300 13
Small boulder 300 - 600 25
> 600 11

Large boulder
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Table 29: Bed conditions along each transect in Site 2.

Transect D50 (mm) Dominant substrate
1 580 Small boulder
2 380 Small boulder
3 260 Large cobble
4 33 Medium gravel
5 295 Large cobble
6 315 Small boulder

Position on
transect

Left of channel

Right of channel

Left of channel

Right of channel

Left of channel

Right of channel

Left of channel

Right of channel

Left of channel

Mid-channel

Left of channel

Mid-channel

Right of channel

Table 30: Substrate properties for Site 2.

Dominant
substrate

Small boulder

Fines in lee
of boulder

Small boulder

Bedrock

Large cobble

Bedrock

Fine gravel

Medium gravel

Small boulder

Large cobble

Fines

Small boulder

Medium Cobble

Embeddedness
Transect 1

98.3

91.9
Transect 2

87.3

91.3
Transect 3

87.3

91.3
Transect 4

21.5

42.5
Transect 5

98.2

87.2
Transect 6

11.9

88.1

77.3
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Packing

Highly imbricated

Closely packed

Highly imbricated

n/a

Highly imbricated

n/a

Normal

Normal

Highly imbricated

Closely packed

n/a

Closely packed

Normal

Sorting

Poorly sorted

Very poorly sorted

Poorly sorted

n/a

Poorly sorted

n/a

Moderately sorted

Poorly sorted

Poorly sorted

Poorly sorted

n/a

Moderately sorted

Moderately sorted



Site 3 had the highest bed gradient of all the sites and was more confined than Site 2. It varied from
bedrock at the top through a boulder and cobble rapid into a low gradient pool with deposits of fine
sediments (Figure 47). The dominant coarse substrates across the site were large gravels, commonly
from surrounding alluvial fans, as well as small cobbles (Table 31). The bed conditions along the
transects were highly variable and ranged from fines to small boulders (Table 32). Table 24 shows
that Transect 1 ranged across a pool with low embeddedness values in the middle of the channel
and high embeddedness values along the right bank where fines were deposited in an area of
reduced flow velocity. Transect 2 and 3 were situated across the rapid with closely packed and highly
imbricated boulders forming a stable bed along Transect 2, and Transect 3 being dominated by
cobbles with low embeddedness values implying very little deposition of fines in the rapids. Transect
4 was highly embedded due to the deposition of fines in areas of reduced flow velocity making up
the pool. Embeddedness values along Transect 5 were reduced as flow velocity increased due to

channel confinement by an impinging alluvial fan.

Figure 47: Channel features at a large scale for Site 3. The pool was dominated by fine substrate.
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Table 31: Percentage distribution of clasts in Site 3.

Clast category Diameter range (mm) Percentage distribution
Small gravel 4 - 25 1
Medium gravel 25 - 50 5
Large gravel 50 - 75 17
Small cobble 75 - 150 30
Medium cobble 150 - 225 8
Large cobble 225 - 300 10
Small boulder 300 - 600 14
Large boulder > 600 15

Table 32: Bed conditions along each transect in Site 3.

Transect D50 (mm) Dominant substrate
1 +4 Fines
2 240 Small boulder
3 280 Large cobble
4 620 Medium gravel
5 295 Large cobble
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Table 33: Substrate properties for Site 3.

Position on Dominant . .
Embeddedness Packing Sorting
transect substrate
Transect 1
Mid-channel Bedrock 91.1 n/a n/a
Right of channel Fines 11.9 n/a n/a
Transect 2
Left of channel Small boulder 98.3 Poorly sorted Closely packed
Mid-channel Large boulder 99.1 Moderately sorted Highly imbricated
Transect 3
Mid-channel Medium cobble 76.1 Poorly sorted Normal
Right of channel Large cobble 85.2 Poorly sorted Normal
Transect 4
Left of channel Large boulder 98.6 Poorly sorted Closely packed
Mid-channel Fines 11.9 n/a n/a
Right of channel Small gravel 21.8 Well sorted Normal
Transect 5
Left of channel Large boulder 98.4 Poorly sorted Closely packed
Mid-channel Small gravel 21.6 Well sorted Normal
Right of channel Large cobble 54.3 Moderately sorted Normal

Site 4 had a low gradient with a wide but incised channel (Figure 48). Sand bars made up the
greatest proportion of the substrate (Table 35), with a small section of bedrock (Table 34) on the
outside edge of the channel where conditions were less susceptible to deposition of fines (Figure
48). Table 36 showed that Transect 1to 5 were dominated by high embeddedness values implying

deposition of fines in areas of reduced flow velocity due to the low gradient of the site.
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m 1 Flow Direction

Meters Transect line \fegetated bar/ Island
Projection: Transverse Mercator. Nicholaus Huchzermeyer Searock Pool
Central Meridian 29, referenced Date: 2016/09/11 sand bar Flood Bench

to the datum WG S 84

Figure 48: Channel features at a large scale for Site 4. The pool was dominated by fine substrate.

Table 34: Percentage distribution of clasts in Site 4.

Clast category Diameter range (mm) Percentage distribution
Small gravel 4 - 25 80

Medium gravel 25 - 50 0

Large gravel 50 - 75 0

Small cobble 75 - 150 0
Medium cobble 150 - 225 0

Large cobble 225 - 300 0

Small boulder 300 - 600 0

Large boulder > 600 20

Table 35: Bed conditions along each transect in Site 4.

Transect D50 (mm) Dominant substrate
1 5.5 Small gravel
2 +4 Fines
3 +4 Fines
4 +4 Fines
5 t4 Fines
6 +4 Fines
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Position on
transect

Left of channel

Mid-channel

Right of channel

Left of channel

Mid-channel

Right of channel

Left of channel

Mid-channel

Right of channel

Left of channel

Mid-channel

Right of channel

Left of channel

Mid-channel

Right of channel

Left of channel

Mid-channel

Right of channel

Table 36: Substrate properties for Site 4.

Dominant
substrate

Fines

Small gravel

Fines

Fines

Fines

Fines

Fines

Fines

Small gravel

Bedrock

Fines

Fines

Bedrock

Fines

Fines

Bedrock

Fines

Fines

Embeddedness

Transect 1

11.9

21.9

11.9
Transect 2

11.9

11.9

11.9
Transect 3

11.9

11.9

21.9
Transect 4

91.8

11.9

11.9
Transect 5

91.7

11.9

11.9
Transect 6

91.9

11.9

11.9
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Packing

n/a

Well sorted

n/a

n/a

n/a

n/a

n/a

n/a

Well sorted

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Sorting

n/a

Normal

n/a

n/a

n/a

n/a

n/a

n/a

Normal

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a



Site 5 was a highly complex site with a wide channel meandering over a variety of substrates (Figure
49). Boulders represented the most dominantly distributed coarse substrate across the site (Table
37). The site ranged from a low gradient pool dominated by fines into a boulder and cobble rapid,
with gravels deposited at the foot of the rapids. The rapids extended into a bed with a lower
gradient dominated by a cobble and bedrock substrate (Table 38). Table 39 shows that Transect 1
ranged across a pool with high embeddedness values due to reduced flow velocity. Transect 2 was
situated along the bottom edge of the pool with the right of the channel being highly embedded and
the mid-channel less embedded as a bedrock outcrop characterises the start of a rapid sequence.
Increased flow velocity reduced the embeddedness values. Transect 3, 4 and 5 ranged across a
multitude of flow velocities and channel features. Embeddedness values increased in areas of
reduced flow velocity or where fines accumulated in the lee of boulders or bedrock slabs. Flow
velocity increased over imbricated boulder rapids reducing embeddedness and exhibited a stable
bed.

Flow Direction

Me'e s Transec tlire Gravel bar
) Bedrock
Projection: Transverse Mercator. Nicholaus Huchzermeyer

Central Meridian 29, referenced
to the datum WGS 84 Date: 2016/09/11 Flood Bench vegetabon bar. Island

Boulder/ Cobble bed

Figure 49: Channel features at a large scale for Site 5. The pool was dominated by fine substrate.
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Table 37: Percentage distribution of clasts in Site 5.

Clast category Diameter range (mm) Percentage distribution
Small gravel 4- 25 3
Medium gravel 25 - 50 7
Large gravel 50 - 75 6
Small cobble 75 - 150 14
Medium cobble 150 - 225 16
Large cobble 225 - 300 13
Small boulder 300 - 600 22
> 600 19

Large boulder

Table 38: Bed conditions along each transect in Site 5.

Transect D50 (mm) Dominant substrate
1 +4 Fines
2 > 600 Bedrock
3 805 Large boulder
4 28 Medium gravel
5 300 Large cobble
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Table 39: Substrate properties for Site 5.

Position on Dominant . .
Embeddedness Packing Sorting
transect substrate
Transect 1
Left of channel Fines 11.9 n/a n/a
Mid-channel Fines 11.9 n/a n/a
Right of channel Fines 11.9 n/a n/a
Transect 2
Mid-channel Bedrock 91.5 n/a n/a
Right of channel Fines 11.9 n/a n/a
Transect 3
Mid-channel Large boulder 99.3 Moderately sorted Highly imbricated
Right of channel Bedrock 91.5 n/a n/a
Transect 4
Mid-channel Small gravel 33.1 Well sorted Normal
Right of channel Medium gravel 44.1 Well sorted Normal
Transect 5
Mid-channel Bedrock 91.5 n/a n/a
Right of channel Bedrock 90.0 n/a n/a

Fine Substrate

This section presents the data on fine sediment accumulation and its variation within and between

sites during the monitoring period.

The Brusven Index, described in section 3.3.2, gives an indication of embeddedness due to the
accumulation of fine sediment at each site (Figure 50a). The general trend from the figure is that
embeddedness values increased during lower discharges, implying deposition of fine materials with
a reduction in flow velocity. During very high flow velocities (such as in February 2016)

embeddedness values decreased implying entrainment of fines.
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Figure 50: Seasonal variation of the, a. percentage fines in the embeddedness values, b. surface
fine sediment accumulation and c. subsurface fine sediment accumulation, across each site in

the Tsitsa River.

Disturbance samples of fine sediment stored on the stream bed (surface and subsurface) vary over
time. From Figure 50b it can be seen that fine sediment accumulation differed between sites and did
not necessarily follow discharge trends alone. Generally, fine sediment accumulation increased the
more turbid the flows were (February 2016). Summer baseflows were likely to entrain sediment
(April 2016, Site 3, 4 and 5) whereas medium, turbid flows (April 2016, Site 1 and 2) were more likely
to deposit sediment on the bed, increasing surface disturbance concentrations. During periods of
low flow the energy slope was insufficient to entrain fine sediments resulting in higher disturbance
concentrations (July 2015, October 2015 and August 2016). Small local rainfall events increased the

turbidity of the river but not the flow (October 2015, Site 2), which in turn increased the amount of
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sediment deposited on the bed (Figure 51). Surface drape was more easily deposited or entrained

than subsurface deposits.

Figure 51: Turbid flood pulse during low flow at Site 2, October 2015.

Samples of both the surface and subsurface deposited fine sediments were collected for each
disturbance to quantify the combined surface drape and subsurface fine sediment deposits.
Subsurface fine sediment deposits (Figure 50c) followed a similar trend to those of surface sediment
deposits; however, subsurface deposits were also affected by the gradient of specific sites as well as
the dominant substrate present. A site with a highly stable or imbricated bed (Site 5) or a bedrock
dominated site with a relatively high gradient (Site 1) had a low potential for the deposition of
subsurface deposits. Sites with diverse substrates, including sand bars, gravel and cobble beds (Site

2) were more likely to have higher subsurface deposits in areas of reduced gradient.

A more in depth habitat scale analysis of surface and subsurface fine sediment accumulation is

presented in section 4.7.
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4.5 Water Quality and Habitat Conditions

Measured values of water quality variables (phosphates, DO, temperature, pH, EC, clarity and
turbidity), HMID values and the ASPT derived using SASS 5 methodology for each site during each

monitoring survey are presented in Tables 40 - 44.

Table 40: Measured water quality variables for July 2015.

Site 1 2 3 4 5
Phosphates (mg/l) 0 0.3 0 0 0
Dissolved oxygen (%) 72 83 75 91 97
Temperature (°C) 9.6 13.4 10.3 11 9.5

pH 8.2 8.1 8.1 7.9 8.1

Electric conductivity (*S) 60 59 67 95 85
Clarity (cm) 94 48 49 33 37
Turbidity (FTU) 40 60 80 100 100
HMID 12.3 9.8 10.5 7.6 10.8

ASPT 5.4 6.3 5.9 4.3 5.9

Table 41: Measured water quality variables for October 2015.

Site 2 3 4
Phosphates (mg/l) 1.3 0.2 0
Dissolved oxygen (%) 81.2 84.4 81.7
Temperature (°C) 19 20.9 15.6
pH 8.0 8.2 8.1
Electric conductivity (*S) 85 87 127
Clarity (cm) 6.5 37 10.5
Turbidity (FTU) 130 30 98
HMID 22.1 8.0 4.0
ASPT 6 6.1 5.6
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Table 42: Measured water quality variables for February 2016.

Site 1 2 3 4

5
Phosphates (mg/l) 0.5 0.3 0.7 1 0.5
Dissolved oxygen (%) 89.5 85.8 89.6 87.3 86.3
Temperature (°C) 21.3 20.8 25.4 25.7 22.7
pH 8.1 8.2 8.0 7.9 8.1
Electric conductivity (*S) 31 23 28 31 28
Clarity (cm) 17 7 9.5 6 6
Turbidity (FTU) 74 150 120 230 216
HMID 5.9 6.1 5.9 3.6 11.5
ASPT 7.4 5.8 6.8 5.0 6.7
Table 43: Measured water quality variables for April 2016.
Site 1 2 3 4 5
Phosphates (mg/l) 0.3 No data 0.4 1 0.5
Dissolved oxygen (%) 81.9 82.4 89 77.8 85.5
Temperature (°C) 14.7 16.9 19.5 25.5 19.9
pH 7.6 7.5 8.3 7.4 7.5
Electric conductivity (*S) 43 16.9 58 62 65
Clarity (cm) 7 0.2 53 41 38
Turbidity (FTU) 128 > 2000 54 50 58
HMID 8.4 8.6 9.5 3.4 6.7
ASPT 6.4 6.0 6.8 6.2 6.4
Table 44: Measured water quality variables for August 2016.

Site 1 2 3 4 5
Phosphates (mg/l) 0.3 0 0.2 0.3 0.2
Dissolved oxygen (%) No data No data No data No data No data
Temperature (°C) 6.9 7.5 7.4 8.2 9.5

pH 7.7 7.5 7.5 7.8 7.8

Electric conductivity (*S) 41 35 38 47 43
Clarity (cm) 63 26 30 18 23
Turbidity (FTU) 74 88 90 104 102
HMID 15.5 9.2 11.5 6.9 9.3

ASPT 6.3 6.2 4.9 4.3 6.4
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Water quality at different sites was affected by external factors such as the underlying geology, point
sources of pollutants and sediment inputs into the channel and played an important role in the
condition of habitats for the colonisation of macroinvertebrates. Discharge also had an important
effect on the water quality of a site and dictated the availability of different habitats. During
monitoring surveys not all the sites were measured under the same discharge or on the same day
(Figure 29). There was a general trend between water quality measured in seasons with low
discharges (Table 40, 41 and 44) and those measured in seasons with higher discharges (Table 42
and 43).

At low discharges during the winter months, phosphate levels were very low, ranging from 0 — 0.3
mg/l in July 2015 and August 2016. October 2015 experienced higher levels of phosphates at low
discharge, ranging from 0 — 1.3 mg/l. The highest measured phosphate level was found in Site 3 after
a small rainfall event bringing a small but turbid flood pulse through the site. Summer months,
February and April 2016, with high discharges and turbid waters had phosphate levels ranging from
0.3 — 1 mg/l. The trend of an increase in phosphate levels after rainfall events, implied that runoff in
the catchment was bringing phosphates into the river system, which was then carried down the
system by floods. However, phosphate levels were never high enough to have a noticeable impact

on macroinvertebrates.

Measured dissolved oxygen (DO) concentrations generally remained greater than 80% of saturation
with no significant difference between varying discharges. The lowest measured DO was 72%
measured in Site 1 at low discharges in July 2015. None of the DO concentrations fell below 50%,
which is defined as sub-lethal to aquatic organisms (DWAF, 1996). Therefore, concentrations of DO
were not expected to have any significant impacts on biotic health in the Tsitsa River over the

monitoring period.

Water temperatures measured in winter months at all sampling sites ranged from 9.5 — 13.5 °C in
July 2015 and 6.9 — 9.5 °C in August 2016. August 2016 had lower temperatures due to snow melt in
the catchment. During the summer months, water temperatures ranged from 14.7 — 25.7 °C. These
were measured at different times of the day. It was difficult to establish whether the water
temperatures impacted on aquatic biota negatively, due to the spatial differences in the times of
temperature measurements and the differences in temperature tolerances of biota. A baseline of
fluctuations in temperatures over the monitoring period (Figure 52), measured using level loggers, is
presented in Appendix 6. The lowest temperatures were found in Site 1, possibly due to the river

course being shaded by the side walls of a gorge for most parts of the day. The highest temperatures
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were found in Site 4 which was the shallowest site with the slowest moving water, allowing for

higher but more variable water temperatures.

Figure 52: Fluctuations in water temperatures over the monitoring period, at Site 1 and 4, in the
Tsitsa River showing approximate field sampling times.

In Site 1, measured pH varied from 7.7 - 8.2, Site 2from 7.5 - 8.2, Site 3from 7.5 - 8.3, Site 4 from
7.4 - 8.1 and Site 5 from 7.5 - 8.1. This indicated a balanced system reflecting anticipated seasonal

fluctuations in pH.

Electric Conductivity (EC) levels seasonally ranged from 16.9 - 127 ~s/cm, showing a generally

decreasing trend with an increase in turbidity and flow.

Across all sampling sites, Site 1 generally had the highest clarity values (Figure 53i). The clarity of the
water can be linked to rainfall events in the catchment resulting in an increased runoff and turbidity
within the river which decreases clarity. Site 1 was the highest up in the catchment and clarity

progressively decreased down the river system, implying a cumulative decrease in clarity.

A similar trend was found when looking at turbidity (Figure 53ii). Turbidity increased progressively
down the river system, with a marked increase evident in Site 4 and 5 below the Inxu River
confluence, depending on the flow conditions. Turbidity peaked during high discharges when runoff

from rainfall in the catchment increased the amount of sediment entering the river system.
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Figure 53: Variation in i. clarity and ii. turbidity in the Tsitsa River. a= rising stage of a flood, b=
receding stage of a flood. Turbidity drawn with a logarithmic scale to account for outliers.

Although not technically a water quality parameter, the HMID gave an indication of the variability
within hydraulic variables which in turn influenced availability of aquatic habitats and
macroinvertebrate communities. The HMID measured during low discharges was very high showing
a high variability in hydraulic variables. Months which were sampled under high discharges had
lower HMID scores falling between moderate to high variability in hydraulic variables. However, it
was expected that during higher discharges there should be a larger range of hydraulic variables
(flows and depths), but due to practical reasons, the middle of the channel was not accessible during
high discharges making it impossible to sample the hydraulic variability in the middle of the channel.
Therefore, at low discharges a larger proportion of the channel was sampled for hydraulic variability.
Site 1-3 and 5 showed variable HMID scores over different discharges with a general trend of high
HMID scores. Site 4 had the lowest HMID scores. The site was characterised by a homogenous bed
with a low gradient which may have affected the number of macroinvertebrate families present in

this site.

SASS data sheets for February, April and August 2016 can be found in Appendix 7. The ASPT gave a

rapid indication of the ecological state of the river in terms of water quality (Table 45). The ASPT in
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Site 1 ranged from 5.4 to 7.4 implying a fair to natural ecological state. Site 2 (ASPT range from 5.8 to
6.3), Site 3 (ASPT range from 5.9 to 6.8) reflected a good ecological state. Site 4, dominated by a
sandy habitat, ranged from 4.3 to 6.2, implying a poor to good ecological state. Site 5 ranged from
5.4 to 6.7, implying a moderate to good ecological state. A rapid assessment of the Tsitsa River
showed that the state of the Tsitsa River changed depending on the season and the reach. Reach 1,
running through the gorge, ranged from moderately modified to unmodified (ecological category A-
C). Reach 2, between the dam wall and the Inxu River confluence, was largely natural with few
modifications (ecological category B). Reach 3, the Tsitsa River below the confluence of the Inxu
River, ranged from largely modified (Site 4) to largely natural with few modifications (Site 5)

(ecological category A-D).

Table 45: Site based ASPT scores for each monitoring survey.

Site 1 2 3 4 5

July 2015 5.4 6.3 5.9 4.3 5.9
October 2015 No Data 6 6.1 5.6 No Data

February 2016 7.4 5.8 6.8 5.0 6.7

April 2016 6.4 6.0 6.8 6.2 6.4

August 2016 6.3 6.2 6.2 4.9 6.4

Statistical correlations between water quality variables and ASPT provide insight to understanding
the impact of these variables on macroinvertebrates. Correlations between water quality variables
and ASPT are presented in Table 46. No significant correlations were identified between the water
quality variables and the ASPT. The degree of variability within the variables was insufficient to show
a clear relationship. This implies that additional variables, such as the impacts of sediment, are also

affecting the ASPT values.
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Table 46: Correlation between ASPT of macroinvertebrates, derived using SASS 5 methodology,

and measured water quality and habitat variables across all sites and sampling events.

Independent Variables Correlation to ASPT
HMID r(21) = 0.102, p > 0.05
Phosphate (mg/l) r(20) = 0.192, p > 0.05
Dissolved oxygen (%) r(16) = 0.107, p > 0.05
Temperature (°C) r(21) = 0.294, p > 0.05

pH r(21) = 0.036, p > 0.05

Electric conductivity ("s) r(21) = 0.363, p > 0.05
Clarity (cm) r(21) = 0.057, p > 0.05
Turbidity (FTU) r(21) = 0.035, p > 0.05
Discharge (m3s) r(21) =0.039, p > 0.05

4.6 Sensitivity of Biota to Fine Sediment Drape

The results of an evaluation of biotic variables established at a quadrat scale across all sites and
sampling events are presented in Figure 54 and Table 47. These reflect the community structure of
different macroinvertebrate classes and families respectively occurring in habitats with varying fine

sediment drape concentrations (Low =< 100 g/m2 Medium = 100-1 000 g/m2 High => 1 000 g/m2.

Each class of macroinvertebrates and the families in each class, found in the Tsitsa River, are

reviewed in section 5.4.

Table 48 provides a list of macroinvertebrate families with corresponding sediment sensitivity scores
The fine sediment habitat score was calculated by ranking the sensitivity of different families of
macroinvertebrates by the accumulation of sediment drape (g/m2 in which they were observed. The
macroinvertebrate families were then ranked from least sensitive to most sensitive to surface
sediment drape and assigned a sensitivity score from Table 13. The higher the score the more
sensitive the macroinvertebrate is to fine sediment drape and correspondingly it occurs in lower
abundance in habitats with high sediment concentrations (Table 47). Sediment scores derived from
Table 48 (ASPTsed) were subsequently used as an input into the analysis of biotic-abiotic
interactions. The ASPTsed is the total sensitivity score for all the families found, divided by the

number of families found.
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Figure 54: Percentage distribution of different macroinvertebrate classes occurring in different concentration of surface sediment dra pe in the Tsitsa
River.
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Table 47:

Class

Annelida-Hirudinea
(Leeches)
Turbellaria
(Flat worms)
Crustacea
(Crabs or shrimps)

Mollusca
(Snails and Limpets)

Odonata-Zygoptera
(Damselflies)
Plecoptera
(Stoneflies)

Trichoptera
(Cased and uncased
caddisfly)

Ephemeroptera
(Mayflies excluding
Baetidae)

Hemiptera
(Bugs)

Percentage distribution of different macroinvertebrate families occurring in different concentrations (low, medium and high) of surface sediment drape in the Tsitsa River.

Family
Hirudinea
Planaria

Potamonautidae

Ancylidae

Sphaeriidae
Coenagrionidae

Perlidae

Ecnomidae
Hydropsychidae 1sp
Hydropsychidae

>2 sp
Leptoceridae
Caenidae
Heptageniidae
Leptophlebiidae
Oligoneuridae
Prosopistomatidae
Tricorythidae
Belostomatidae
Corixidae
Gerridae
Naucoridae
Nepidae
Notonectidae

Veliidae

% dist. in low
(<100 g/m2)

1

% dist. medium
(100 - 1000 g/m2)

0

o N [ N w [y 4]

(4]

N ke

% dist. high
(>1000 g/m2)

0

0

o

O O O O W P

Class Family
Dytiscidae
Elmidae
Coleoptera
(Beetles) Gyrinidae

Hydrophilidae
Psephenidae
Annelida-Oligochaeta

(Worms) Oligochaeta
Aeshnidae

Odonata-Anisoptera Corduliidae
(Dragonflies) Gomphidae
Libellulidae

Baetidae 1sp
Ephemeroptera-Baetidae

(Minnow mayflies) Baetidae 2 sp

Baetidae >2 sp
Athericidae
Ceratopogonidae
Chironomidae
Culicidae
Diptera Dixidae
(Flies) Muscidae
Psychodidae
Simuliidae
Tabanidae

Tipulidae
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% dist. low
(<100 g/m2)

1

3

~ N O w oo

O - O

% dist. medium
(100 - 1000 g/m2)

0

3

N e N = =)

% dist. high
(>1000 g/m2)

3

0



Table 48: Sediment sensitivity score sheet for macroinvertebrate families found in the Tsitsa River.

Macroinvertebrate Sensitivity Macroinvertebrate Macroinvertebrate Sensitivity Macroinvertebrate Macroinvertebrate Sensitivity
Macroinvertebrate Class
Family Score Class Family Score Class Family Score
Annelidae (Leeches) Hirudinea 9 Caenidae 1 Belostomatidae 8
Turbellaria
Planaria 8 Heptageniidae 4 Corixidae 2
(Flat worms)
Crustacea Ephemeroptera
Potamonautidae 7 Leptophlebiidae 4 Dytiscidae 1
(Crabs or shrimps) (Mayflies excluding
Mollusca Ancylidae 6 Minnow mayflies) Oligoneuridae 9 Elmidae 6
(Snails or Limpets) Sphaeriidae 8 Prosopistomatidae 7 Gerridae 10
Hemiptera and
Odonata- Zygoptera
Coenagrionidae 3 Tricorythidae 4 Coleoptera Gyrinidae 5
(Damselflies)
(Bugs and beetles)
Plecoptera (Stoneflies) Perlidae 4 Athericidae 5 Hydraenidae 8
Hydropsychidae 1 sp 6 Ceratopogonidae 4 Hydrophilidae 2
Trichoptera Hydropsychidae 2 sp 7 Chironomidae 1 Naucoridae 2
(Cased and uncased Hydropsychidae > 2sp 9 Culicidae 1 Nepidae 8
caddisfly) Ecnomidae 5 Dixidae 8 Notonectidae 4
Diptera
Leptoceridae 4 Muscidae 3 Psephenidae 6
(Flies)
Annelidae (Worms) Oligochaeta 1 Psychodidae 8 Veliidae 4
Baetidae 1 sp 1 Simuliidae 1 Aeshnidae 5
Ephemeroptera Baetidae 2 sp 2 Tabanidae 6 Odonata- Anisoptera Corduliidae 2
(Minnow mayflies) (Dragonflies) Gomphidae 1
Baetidae >2 sp 4 Tipulidae 5
Libellulidae 4
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4.7 Biotic and Abiotic Interactions

An analysis of biotic and abiotic variables and their interactions is presented in this section.
Increased sedimentation and turbidity combined with a reduction in habitat conditions have a direct
impact on ecological health in a river (Ritchie, 1972; Lemly, 1982; Henley et al., 2000; Allan, 2004;
Jones et al., 2011).

The more diverse substrate is on the river bed the more habitat types are available for colonisation
by macroinvertebrates. Figure 55 shows that for Reach 1 (Site 1) substrate diversity was highly
variable in the rocky habitat, ranging from a low diversity in bedrock dominated habitats to more
diverse substrates in cobble beds. Reach 2 (Site 2 and 3) and Reach 3 (Site 4 and 5) had high overall
substrate diversity in the rocky habitats. The fines in all three reaches showed less variability with
the majority of the data exhibiting no substrate diversity. Vegetation showed the least variation in
substrate diversity, commonly occurring along the banks as marginal vegetation and alongside fine
sediments. The variability can be accounted for by the proportions of each habitat present within a

guadrat. The more equally present each substrate type, the higher the 'Habscore.

Figure 55: Box and whisker plots of substrate diversity for different habitats in each reach.

Figure 56 shows that the concentrations of fine sediment drape in rocky habitats had less variability,
and were generally lower than the concentrations of fine sediment found in habitats dominated by
fines. Rocky habitats were generally found in faster flowing water which is less suitable for the
deposition of sediment whereas habitats dominated by fines were found in areas of the river where

deposition took place due to reduced flow conditions. Reach 1 had the lowest concentration of fine
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sediment drape in rocky habitats, implying little deposition of sediment. Habitats dominated by fines
had a higher concentration of fine sediment drape. In Reach 1 rocky habitats were found in the
middle of the channel in fast flowing water, whereas habitats dominated by fines were found in
areas of reduced flow velocity on the edge of the channel. Reach 2 and 3 had similar variability in
fine sediment deposition, but Reach 2 had higher concentrations of fine sediment drape. Outliers in
habitats dominated by fines in Reach 2 and 3 were sampled on thick silt banks which were very fine
and exhibited a high concentration of fine sediment drape. Therefore, sediment drape
concentrations increased in areas of reduced flow velocity, covering the stream substrate, resulting

in habitats that were dominated by fine material.

The combined surface and subsurface sediment fills interstitial spaces between bed substrates or in
severe cases covers an entire bed of substrate. Subsurface sediment is deposited during prolonged
periods of reduced water velocity and is not as easily entrained as surface sediment drape. Figure 57
shows trends similar to those of surface sediment drape concentrations, however subsurface
sediment concentrations were significantly higher. The subsurface sediment concentration in rocky
habitats in Reach 1 and 3 had very little subsurface fine sediment deposits, implying very little
deposition of fines in this habitat. There was a higher variability of subsurface sediment
concentrations in rocky habitats in Reach 2 and habitats dominated by fines in Reach 1, 2 and 3
possibly due to the variability in the depths of fine sediment deposits as well as the grain size of the

fine sediment.

Figure 56: Box and whisker plots of sampled surface sediment concentration for different
habitats in each reach.
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Figure 57: Box and whisker plots of sampled subsurface sediment concentration for different
habitats in each reach.

More turbid flows generally occur due to an increase in suspended sediment concentrations sourced
from eroded materials which enter the river system. Excessive suspended sediment concentrations
affect both river habitats and associated biota. Figure 58 shows suspended sediment concentrations
for each reach. Reach 1 and 2 had similar trends with lower concentrations in Reach 1. Reach 3
showed higher concentrations of suspended sediment due to inputs from the Inxu River. The outlier

in Reach 2 was sampled during the peak stage of a very turbid flood.

Figure 58: Box and whisker plots of sampled suspended sediment concentrations in each reach.
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Different water depths allow for different habitat conditions. A more variable water depth results in
more diverse habitats. Figure 59 shows that Reach 1 had more variable depths in the rocky and
vegetation habitats, with the highest variability found in the vegetation habitat. Reach 2 showed
similar trends however; overall, the depths were less. Reach 2 was less confined than Reach 1. Reach
3 showed the least variability and shallowest depths. Reach 3 was characterised by a lower gradient

and wider channel resulting in a more homogenous channel bed.

Figure 59: Box and whisker plots of sampled depths for different habitats in each reach.

Different flow conditions affect aquatic biota differently. Flow velocity can be closely linked to
sediment regimes, such as deposition of sediment, entrainment of sediment and the period that the
river remains turbid. Different flow velocities allow for different habitat conditions. Figure 60 shows
a general trend of higher variability and higher flow velocities in both rocky and vegetation habitats.
The fines habitat had less variability and lower flow velocities reflecting that fines were deposited

under reduced flow velocity conditions.
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Figure 60: Box and whisker plots of sampled flow velocity for different habitats in each reach.

Macroinvertebrate diversity shows the abundance and proportion of different types of
macroinvertebrates present in each habitat. Figure 61 shows that rocky habitats, in particular in
Reach 1, had the highest variability of macroinvertebrate diversity. Bedrock dominated habitats are
expected to have a lower diversity of macroinvertebrates whereas cobble beds will have a higher
diversity of macroinvertebrates due to a higher diversity of available habitat. There were no
significant differences in the medians of different habitat types. In the Tsitsa River sampling sites this
implied that different macroinvertebrate communities inhabited different habitat types, with none

of the habitats being significantly more suitable for macroinvertebrate diversity.

Figure 61: Box and whisker plots of macroinvertebrate diversity for different habitats in each
reach.
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Different macroinvertebrate families have differing tolerances to fine sediment accumulation. A
higher ASPTsed implies a larger occurrence of macroinvertebrates that are sensitive to fine sediment
accumulation. Figure 62 shows that rocky habitats, particularly in Reach 1, were inhabited by
sediment sensitive macroinvertebrate families. Macroinvertebrate families occurring in vegetation
were also intolerant to high sediment concentrations. As expected, habitats dominated by fines
were inhabited by macroinvertebrates that were less sensitive to sediment accumulation. The
ASPTsed score can be related to channel condition. A very low score implies that there is excessive
sedimentation and presence of insensitive macroinvertebrates and a higher score implies less
sedimentation and presence of sensitive macroinvertebrates. However, further research is required
to ascertain the balance between sediment concertation and channel condition to see under what

sediment concentrations the optimal abundance of macroinvertebrates will be found.

Figure 62: Box and whisker plots of ASPTsed for sediment sensitive species for different habitats
in each reach.

The above variables (surface and subsurface sediment concentration, suspended sediment
concentration, flow velocity and depth) influence substrate diversity and macroinvertebrate
diversity. The influence of substrate diversity and macroinvertebrate diversity on the ASPTsed
differed in each habitat type in each reach depending on the characteristics of the reach (Table 49).
Different reaches were monitored over the same time period; however flow in the Tsitsa River was
highly variable especially in summer months. Not all the sites could be monitored at the exact same
time or conditions during each field visit. Changes in correlations were chiefly due to differences in

morphology but partially also due to sampling periods and sample size.
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Table 49: Degrees

Independent

variable

Reach

Habitat

Substrate

Diversity (H'sub)

Macroinvertebrate

Diversity (H'bio)

of freedom, correlation coefficient and statistical significance of substrate and macroinvertebrate diversity to ASPTsed.

Rocky

r(16) = 0.75,

p <0.05

r(16) = 0.72,

p <0.05

Reach 1
Fine

substrate

r(3) = 0.97,

p <0.05

r(3) =-0.91,

p <0.05

Vegetation

r(3) =0.26,

p >0.05

r(3) = 0.64,

p >0.05

Correlation to ASPTsed

Rocky

r (45) = 0.45,

p <0.05

r (45) = 0.18,

p >0.05
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Reach 2
Fine

substrate

r(24) = 0.26,

p >0.05

r(24) =-0.17,

p >0.05

Vegetation

r(6)=0.12,

p >0.05

r(6) =-0.08,

p >0.05

Rocky

r(19) = 0.41,

p <0.05

r(19) = 0.47,

p <0.05

Reach 3
Fine

substrate

r(38) = 0.31,

p <0.05

r (38) = 0.50,

p <0.05

Vegetation

r(4)=-0.19,

p>0.05

r(4) =058,

p>0.05



Table 49 shows that the ASPTsed in rocky habitats in Reach 1, 2 and 3 increased with an increase in
substrate diversity. The higher the substrate diversity in fine habitats in Reach 1 and 3 the higher the
ASPTsed implying that sediment sensitive species occurred in greater abundance in fine substrate
habitats with more diverse substrates. In the fine substrate habitat in Reach 2 there was no

significant correlation between substrate diversity and the ASPTsed.

In the rocky habitat in Reach 1 and 3 the ASPTsed increased with an increase in macroinvertebrate
diversity implying that a diversity of sediment sensitive species was present in the rocky habitats. In
the fine habitat in Reach 1 the correlation between macroinvertebrate diversity and ASPTsed was
negative implying that there were more sediment sensitive species present in habitats dominated by
fines. However, this data could be skewed due to a small sample size. The fine substrate habitat in
Reach 3 showed a positive correlation between macroinvertebrate diversity and the ASPTsed
implying that a diversity of sediment sensitive species was present. Reach 2 showed no significant

correlation between macroinvertebrate diversity and the ASPTsed.

Vegetation habitats in Reach 1, 2 and 3 showed no significant correlation between
macroinvertebrate diversity and the ASPTsed implying that macroinvertebrates with a range of
sensitivities to sediment occurred in this habitat. Vegetation, in the form of marginal vegetation, was

influenced by suspended sediment rather than fine sediment drape.

Rocky habitats were found to be the most conducive to substrate diversity and macroinvertebrate

diversity allowing for a range of sediment sensitive macroinvertebrate families.
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CHAPTER 5: DISCUSSION

5.1 Monito ring Sites

Through this study, a baseline has been established of the current condition of the Tsitsa River by
setting up monitoring sites in the vicinity of the proposed Ntabelanga Dam. Dube et al. (2015) have
stressed the importance of creating a good understanding of processes at work in a river channel
prior to dam construction. The capacity for sediment in the channel to be eroded or transported and
factors responsible for sediment input into the channel are controlled by dynamic fluvial processes
(Rowntree & Wadeson, 1999). Changes in a riverine system occur systematically along a drainage
line as the flow, gradient and sediment characteristics vary (Church, 2002). River conditions at a local
scale are influenced by the characteristics of the river reach and the processes occurring in the
surrounding landscape (Allan, 2004). Three reaches were identified. Each monitoring site
represented the reach in which it was located and can be used to monitor the impacts of the dam
after construction. Although not the intention of this study, these monitoring sites can also be used
to monitor the impact of catchment wide rehabilitation on river health prior to the dam being built.
After dam construction the top site, above the dam inundation can, still be used as a monitoring

point for rehabilitation.

Site 1 (Reach 1) was located above the proposed dam inundation and was characterised by a
confined bedrock dominated channel. Site 1 is suitable as a reference site after dam construction to

monitor channel conditions above the dam inundation.

Site 2 and 3 were located in Reach 2 which extended from the proposed dam wall to the confluence
of the Tsitsa River with the Inxu River. Site 2 and 3 followed a pool-rapid sequence and had diverse
substrates which were ideal to monitor fine sediment accumulation in the channel. After dam

construction it is anticipated that Reach 2 will be affected by the cut-off of both flow and sediment

supply.

Site 4 and 5 were located in Reach 3, below the confluence of the Tsitsa River with the Inxu River
and were characterised by a low gradient and continuous input of sediment from the Inxu River. Site
4 was characterised by a sandy glide with a wide and shallow channel. After dam construction, this
site is expected to show development of in-channel bars, channel narrowing and reduction in depth
as flow is cut off from the Tsitsa River due to the dam wall while a continuous sediment supply is
anticipated to enter the Tsitsa River from the Inxu River. Site 5 had a low overall site gradient, but

within the site, the gradient varied considerably with a steep rapid in the middle. Due to the
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presence of diverse channel features this site can be monitored for increased embeddedness of

coarse substrates, channel narrowing and reduction in depth after dam construction.

5.2 Baseline Survey

5.2.1 Relationship between hydrology and physical variables

River channel form is controlled by the flow regime, sediment yield in the channel and the gradient
of the channel (Church, 2002). A change in the balance between water discharge, sediment load,

grain size and water slope affects the morphology of the channel.

Channel morphology in the Tsitsa River was shaped by the past and current flow hydraulics and
physical variables (Figure 63). Catchment features such as relief affect rainfall patterns. Rainfall
timing and intensity in turn affect the catchment features. The flow regime of the river is dependent
on the amount of rainfall in the catchment. Both natural (e.g. underlying geology and vegetation)
and anthropogenic catchment features (e.g. erosion and connectivity) have shaped the sediment
yield entering the Tsitsa River system and dictate the bed gradient. The channel gradient, sediment
yield and flow regime affect the dominant substrate type present in different reaches of the river.
The flow regime and the channel gradient dictate the water slope which in turn shapes channel
morphology by driving processes such as sediment entrainment, transport and deposition. Confined
channels, with a higher gradient, are prone to entrain sediment at higher discharges and therefore
exhibit coarse substrates with very few or no fine substrates. Low gradient sites, with a high
sediment yield and low flow velocities result in embeddedness or draping of coarse substrates
forming a channel dominated by finer substrates. A change in flow characteristics and availability of
transportable material, following the construction of the Ntabelanga Dam, is consistent with
expected changes caused by a decrease in flow and sediment immediately downstream of a dam
wall, resulting in variable conditions affecting the channel morphology of river reaches (Poff et al.,

1997).
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Catchment

features Rainfall
Sediment yield Flow Regime
Channel
gradient
Substrate type
Water slope

Channel Morphology

Figure 63: Conceptual model of the relationship between flow hydraulics and physical variables
impacting on the Tsitsa River.

5.2.2 Hyd rology

The natural flow regime of a river is variable and can change over any given time scale (Poff et al.,
1997; Rowntree & Wadeson, 1999). The magnitude, frequency, duration, timing and rate of change
of hydraulic conditions control river ecosystems and habitat conditions (Poff et al., 1997). In the
Tsitsa River, discharge varied considerably over the monitoring period. Drier months received lower
discharges, apart from in August 2016 when snowmelt raised the level of the river, whereas summer
months had highly variable discharges with several flood peaks (Figure 32). Flood peaks, following
rainfall events, carried an elevated concentration of suspended sediment (Figure 35). Sediment
deposition on the edge of the channel was observed after periods of lower discharges (Figure 64). A
flood with a large peak discharge has the ability to entrain the sediment deposited in areas such as
depicted in Figure 64. However, over the monitoring period, the peak discharge was well below the
2 and 10 year flood (Figure 33). This resulted in a less marked effect of flushing the sites clear of
sediment as might occur with a peak discharge of a higher magnitude. The overall energy slope in

each site varied seasonally with changes in discharge. Sites with higher energy slopes that vary
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across diverse morphologies exerted a more significant stress on the bed of the river, whereas in
sites with gentle bed gradients water slope played less of a role in entraining sediment (section
4.3.2). However, apart from water slope, substrate type and size plays an important role in the
stability of the bed (section 4.3.3). Sites 1, 2, 3 and 5 were dominated by stable beds with a high
roughness factor. Site 2 and 4 showed potential bed movement under higher discharges in February
2016 with Site 4 showing the greatest potential for bed movement. However, the Tsitsa River is
capable of much higher discharges than measured over the monitoring period which could result in
potential bed movement in all the sites. In areas of reduced flow, sand banks and bars are present,
particularly in pools and on the edge of the channel. Site 4, which had a low gradient, was
dominated by fine sediments which formed unstable sand banks and bars. Sand banks and bars are
easily entrained due to their low roughness values and bed stability. These areas of the channel are

prone to major channel changes irrespective of dam construction.

Figure 64: An example of channel change due to the deposition of sediment in an area of
reduced flow in the Tsitsa River (Site 2; transect 1, right hand bank).

Flow variability should be monitored continuously to help understand the condition on the bed and
the stress exerted by different discharges on the bed. After dam construction flow hydraulics should

be monitored at Site 3 below the dam wall and again below the confluence at Site 5.
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5.2.3 Physical variables

The cross-sectional profiles show the current morphology of the river channel. This is shaped by the
current flow hydraulics and sediment inputs (Brandt, 2000; Apitz, 2012). Cross-sectional profiles of
each site in the Tsitsa River provide a comprehensive depiction of the current physical structure of
the Tsitsa River (Appendix 1). Geo-habitats are habitat features that are directly linked to the
physical structure of the channel (Rowntree, 2013). No significant seasonal changes were found to
occur to the cross-sections (section 4.4.1). After dam construction, changes in water release
downstream of the dam wall will affect the cross-sectional morphology by changing the relationship
between sediment load relative to the transport capacity of flows (Brandt, 2000). Anticipated

changes are described in section 5.5.

A baseline of channel features, percentage distribution of clasts, bed conditions and substrate
properties was established for each site (section 4.4.2). Sites characterised by higher gradients and
diverse morphologies (Site 1, 2, 3 and 5) had higher substrate diversity. In these sites, areas of
reduced flow, such as along river banks and in pools, showed increased embeddedness values with
increasing deposition of fines. Areas characterised by an increased flow, such as the middle of the
channel, entrained fine sediment exhibiting stable or imbricated beds dominated by coarse
substrates. Fine substrate deposition showed seasonal changes. An increase in turbidity (section 4.5)
in summer months occurred due to higher rainfall events in the catchment (section 4.2). Deposited
fines (Figure 36 and 38) during summer months varied according to the stages of a flood (Figure 29).
Fines were entrained during the rising stage of a flood and deposited during the receding stage. High
baseflows with low turbidity entrained sediment, reducing embeddedness of substrates, whereas
low baseflows such as those found in winter months lacked the energy to entrain sediment. Low
velocity floods from small or local rainfall events, occurring towards the end or start of summer,
increased the turbidity of the river despite no marked increase in the flow velocity. Fine sediment
was deposited on the river bed in areas of reduced flow velocity rather than being carried down the
river system. This is consistent with excessive loads of erosion silt that significantly increase the
turbidity of streams as well as the amount of sediment and silt being deposited on river substrates,
resulting in a marked change in aquatic habitats (Ellis, 1936; Jones et al., 2011). Therefore, sediment

concentrations can be used as an indicator to monitor aquatic habitat health.
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5.3 Water Quality and Habitat Conditions at the Site Scale

Changes in water quality and habitat conditions are commonly associated with geomorphic changes,
as the geomorphology of a river system commonly alters due to land uses causing human induced
alterations in a catchment such as removal of riparian vegetation or agricultural practices (Chessman
et al., 2006). Water quality (section 4.5) in the Tsitsa River was found to be close to natural with the
exception of levels of nutrients such as phosphates increasing after rainfall events. Runoff from the
catchment was the most likely source of this increase as levels of phosphates did not stay elevated
for prolonged periods. An increase in phosphate concentrations was likely to occur due to leaching
of sewage from pit latrines or runoff from cultivated lands (Dallas & Day, 2004). Rivers with healthy
amounts of marginal and aquatic vegetation take up phosphates, regulating spikes in phosphate
levels experienced during floods (DWAF, 1996). Concentrations of phosphates needed to be
considerably higher than those found in the Tsitsa River to have had a significant impact on biotic
health (Dallas & Day, 2004). None of the DO concentrations fell below 50%, which is defined as sub-
lethal to aquatic organisms (DWAF, 1996). Therefore, concentrations of DO were not expected to
have any significant impacts on biotic health in the Tsitsa River over the monitoring period. A well
buffered South African river will be expected to have a pH ranging between 6 and 8, but fluctuations
occur due to a changes in temperature, photosynthetic activity or biotic respiration and
decomposition of organic matter (DWAF, 1996; Dallas & Day, 2004). The Tsitsa River showed no
unusual fluctuations in pH. According to Dallas & Day (2004) very little information is available on
the tolerance of aquatic organisms to increased conductivity. The rate of change rather than the
absolute change is important in assessing the effects on organisms. EC showed a general decrease
with an increase in turbidity and flow which was likely due to the influx of rain water into the stream
network. Turbidity increased and clarity decreased progressively down the river system which can be

linked to an increase in the erosion potential of the surrounding catchment (Figure 2).

Macroinvertebrates are the most preferential group of aquatic organisms to use in the
biomonitoring of streams due to a range of family related sensitivities (Dickens & Graham, 2002;
Turkmen & Kazanci, 2010). Macroinvertebrate community structure and abundance changed
seasonally. Summer months naturally showed the highest abundance of macroinvertebrates due to
increased water temperatures despite the presence of highly turbid flows. These turbid flows only
affected the river channel for short periods of time after which the river ran clearer again (Figure
35). Within the range of parameters monitored over the study period, water quality could be
discounted for having any noticeable effects in altering the types of macroinvertebrates that would
naturally occur in the river. This corresponds to the findings of Madikizela & Day (2003) in the

Mzimvubu River and its tributaries including the Tsitsa River. Madikizela & Day (2003) established
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that macroinvertebrate families in the Mzimvubu River and its tributaries were not found in
abundance however, species sensitive to poor water quality were present. Madikizela & Dye (2003)
identified that the secondary effects of sedimentation and reduction in habitat played an important
role in the ecological health of a river and might cause a reduction in the abundance of certain
macroinvertebrate families. Over the monitoring period in the Tsitsa River, the combination of low
discharges (section 4.2.1) causing an increase in bed sediment storage (section 4.4.2) and the lack of
influence from water quality variables (section 4.5) on macroinvertebrate community structure
made conditions ideal for researching the effect that bed sediment was having on

macroinvertebrates.

5.4 Biotic and Abiotic Interactions at the Quadrat Scale

When exposed to a change in habitat, for example due to an increase in sediment deposition on the
river bed or suspended sediment concentration, macroinvertebrates respond with a change in
community structure (Turkmen & Kazanci, 2010; Jones et al., 2011). By looking at the distribution of
different macroinvertebrate families occurring under varying concentrations of bed sediment drape,
a scoring sheet (Table 48) was established from this study to score macroinvertebrates according to
their sensitivity to bed conditions (section 4.6). Abiotic variables such as substrate diversity, bed
sediment, suspended sediment, flow velocity and depth affected the bed conditions which shaped
the available habitats for macroinvertebrates (section 4.7). Different macroinvertebrate families
(Table 47) in each class (Figure 57) were found to have varying tolerance to fine sediment
concentrations. This resulted in a shift in the community structure associated with a change in the
concentration of fine sediment drape. The different macroinvertebrate classes and their constituent
families are reviewed below. A statement of the optimal habitat in which each macroinvertebrate
class occurs is given, followed by the conditions, with regard to fine sediment concentration, in
which each family found in the Tsitsa River was observed. Macroinvertebrates found in the least
abundance will be reviewed first, followed by macroinvertebrate classes more tolerant to fine

sediment concentrations.

Hirudinea (Leeches) are found in shallow pools or areas of the river with reduced flow (Gerber &
Gabriel, 2002). Hirudinea commonly latch onto substrate and are found under stones. In the Tsitsa
River, shallow pool areas and areas of reduced flow were highly embedded with high concentrations
of sediment drape and are therefore not suitable for Hirudinea. A low abundance of Hirudinae were

found in habitats with a low concentration of surface sediment drape.
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Turbellaria (Flatworms), such as Planaria, are sensitive to strong light, and are found under stones or
other solid objects (Gerber & Gabriel, 2002). In the Tsitsa River a low abundance of Turbellaria were
found in habitats with less embeddedness of coarse substrates and a low to medium concentration

of sediment drape. Turbellaria also clung onto vegetation.

Crustacea, such as Potamonautidae, are found under or among rocks (Gerber & Gabriel, 2002). In
the Tsitsa River a low abundance of Crustacea were found in rocky habitats with low to medium

concentrations of surface sediment drape.

Mollusca, such as Ancylidae, occur on rocks or any other submerged object whereas families such as
Sphaeriidae occur in coarse sands and fine gravels (Gerber & Gabriel, 2002). In the Tsitsa River
Ancylidae were found in rocky habitats with low to medium concentrations of fine sediment drape,
with a higher abundance in low concentrations. Sphaeriidae occurred in medium concentrations of
fine sediment drape. However, Mollusca were not found in habitats with high concentrations of fine

sediment drape.

Zygoptera (Damselflies) are found in vegetation or organic matter in slower moving water (Gerber &
Gabriel, 2002). In the Tsitsa River only the Coenagrionidae family was found in a low, medium and

high concentrations of fine sediment with abundance being lower at a higher concentration.

Plecoptera (Stoneflies), such as Perlidae, occur under stones in rocky habitats (Gerber & Gabriel,
2002). Plecoptera are very sensitive to pollutants and make useful indicators of water quality. In the
Tsitsa River Perlidae were found in low, medium and high concentrations of surface sediment.

Perlidae were not found in high abundance.

Trichoptera (Caddisflies) including Ecnomidae, Hydropsychidae species and Leptoceridae are found
in rocky habitats, under stones, or in vegetation (Gerber & Gabriel, 2002). In the Tsitsa River
Ecnomidae were found under stones in habitats with low to high concentrations of fine sediment
drape. There are several types of Hydropsychidae species in the Hydropsychidae family. In the Tsitsa
River more species were found in habitats with low fine sediment drape concentrations, with only
one species occurring in medium concentrations of fine sediment drape. The highest abundance was
found in rocky habitats with low fine sediment drape concentrations. Leptoceridae construct cases
from plant material and occur in vegetation. In the Tsitsa River Leptoceridae were found under
varying fine sediment concentrations with an increase in abundance at lower sediment

concentrations.

Ephemeroptera (Mayflies) including Caenidae, Heptageniidae, Leptophlebiidae, Oligoneuridae,

Prosopistomatidae and Tricorythidae vary greatly in shape and size, with each family being well
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adapted to suit the variety of habitats in which they occur (Gerber & Gabriel, 2002). Ephemeroptera
generally prefer habitats with lower fine sediment concentrations, however different families have
different tolerances to sediment concentrations. Caenidae occur in stones or muddy habitats in slow
water (Gerber & Gabriel, 2002). In the Tsitsa River they were found to be relatively tolerant to high
sediment concentrations and occurred relatively abundantly. Heptageniidae occur in fast flowing
habitats with stone substrates or amongst submerged coarse organic matter (Gerber & Gabriel,
2002). In the Tsitsa River Heptageniidae were found in habitats with a high sediment concentration,
however their abundance was higher the lower the concentration of fine sediment drape.
Leptophlebiidae occur in gentle flow in rocky substrates (Gerber & Gabriel, 2002). In the Tsitsa River
Leptophlebiidae were found in relatively high abundance in low to high concentrations of sediment
drape; however abundance decreased with an increase in the concentration of fine sediment drape.
Oligoneuridae occur in fast flowing streams in patches of coarse sand or gravels (Gerber & Gabriel,
2002). In the Tsitsa River Oligoneuridae were found in summer in patches of gravel in fast flowing
areas of the river. Oligoneuridae were not found in habitats with a high concentration of fine
sediment drape. Prosopistomatidae occur under stones in fast flow (Gerber & Gabriel, 2002). In the
Tsitsa River Prosopistomatidae were found in habitats with a low to medium concentration of fine
sediment drape. Tricorythidae occur in fast flow under or around rocky substrates (Gerber & Gabriel,
2002). In the Tsitsa River Tricorythidae were found in habitats with a low to high concentration of

fine sediment drape, with abundance decreasing with an increase in sediment concentration.

Hemiptera (Bugs) including Belostomatidae, Corixidae, Gerridae, Naucoridae, Nepidae, Notonectidae
and Veliidae are only partly adapted to aquatic habitats. Some types occur on the surface of the
water and have respiratory characteristics of terrestrial insects while others live below the surface
but are air breathers and need to go to the surface at intervals for oxygen (Gerber & Gabriel, 2002).
Belostomatidae occur in shallow pools and slow moving areas of the river (Gerber & Gabriel, 2002).
In the Tsitsa River Belostomatidae were found in low abundance in low to medium concentrations of
fine sediment. Corixidae occur in shallow pools and muddy areas of the river (Gerber & Gabriel,
2002). Corixidae were found in low to high concentrations of fine sediment with the highest
abundance found in habitats with a high sediment concentration. Gerridae occur on the surface of
pools in shaded areas (Gerber & Gabriel, 2002). Gerridae were found in low abundance in habitats
with low concentrations of fine sediment. Naucoridae occur in dense vegetation in shallow water
(Gerber & Gabriel, 2002). Naucoridae were found in low to high concentrations of fine sediment
with an increase in abundance with an increase in sediment concentration. Nepidae occur in
vegetation in pools or shallow water (Gerber & Gabriel, 2002). Nepidae were found in low

abundance in habitats with low to medium concentrations of fine sediment. Notonectidae occur in
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pools and backwaters (Gerber & Gabriel, 2002). Notonectidae were found in habitats with low to
high concentrations of fine sediment with little variation in abundance between the different
habitats. Veliidae occur in pools alongside vegetation and commonly run along the surface of the
water (Gerber & Gabriel, 2002). Veliidae were found in habitats with low to high concentrations of

fine sediment and their abundance was not affected by an increase in sediment concentration.

Coleoptera (Beetles), including Dytiscidae, Elmidae, Gyrinidae, Hydrophilidae and Psephenidae,
occupy a variety of habitats, from fast flowing streams to backwater ponds (Gerber & Gabriel, 2002).
Several Coleoptera are aquatic in both their larval and adult stages and many are air breathers.
Dytiscidae occur on the edges of streams in vegetation as well as in pools with reduced flow (Gerber
& Gabriel, 2002). In the Tsitsa River Dytiscidae were found in vegetation habitats with low and high
concentrations of sediment with an increase in abundance with an increase in the concentration of
surface sediment drape. Elmidae occur in rocky substrates in fast flows (Gerber & Gabriel, 2002). In
the Tsitsa River EImidae were not found in habitats with a high sediment concentration. Gyrinidae
occur on the surface of the water in slow moving water and pools (Gerber & Gabriel, 2002). In the
Tsitsa River Gyrinidae were found in habitats with low to high concentrations of sediment with a low
abundance in habitats with a high sediment concentration. Hydrophilidae occur in vegetation and
muddy patches along river banks in slow moving water or pools (Gerber & Gabriel, 2002).
Hydrophilidae were found in similar abundance in low and high concentrations of fine sediment.
Psephenidae occur on rocks in shallow fast flowing water (Gerber & Gabriel, 2002). Psephenidae

were found in habitats with low to medium concentrations of fine sediment drape.

Due to the ability of some families of Hemiptera and Coleoptera to breath air as well as live on the
surface of the water they show a general trend of being tolerant to or not affected by different

levels of sediment concentrations and occur abundantly.

Oligochaeta (Worms) occur in fine substrates in pools and areas of little flow in a river (Gerber &
Gabriel, 2002). In the Tsitsa River Oligochaeta were found in sandy habitats with low to high
concentrations of fine sediment concentration with an increase in abundance with an increase in

sediment concentration.

Anisoptera (Dragonflies), including Aeshnidae, Corduliidae, Gomphidae and Libellulidae, occur both
under stones and in sandy habitats (Gerber & Gabriel, 2002). In the Tsitsa River Anisoptera show a
general trend of being more abundant in habitats with medium to high concentrations of fine
sediment concentrations. Aeshnidae occur under stones in varying flows (Gerber & Gabriel, 2002).

Aeshnidae were found in low to high concentrations of fine sediment. Corduliidae occur in sand and
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stones in areas of reduced flow (Gerber & Gabriel, 2002). A low abundance of Corduliidae were
found in low and high concentrations of fine sediment. Gomphidae occur on sand banks on the edge
of the river (Gerber & Gabriel, 2002). Gomphidae were found in very high abundance in sandy
habitats with low to high concentrations of fine sediment. Libellulidae occur amongst stones and
coarse sand in areas of reduced flow (Gerber & Gabriel, 2002). Libellulidae were found in low to high
concentrations of fine sediment with an increase in abundance with a decrease in fine sediment

concentrations.

Species of Baetidae (Minnow Mayflies) occur in a variety of habitats including rocks, sand and
vegetation (Gerber & Gabriel, 2002). Baetidae were found in low to high concentrations of fine
sediment concentration. However, only 1 -2 species were found in abundance in habitats with high
concentrations of fine sediment. The presence of more than 2 species indicated a habitat with lower

fine sediment concentrations.

Diptera (Flies) including Athericidae, Ceratopogonidae, Chironomidae, Culicidae, Dixidae, Muscidae,
Psychodidae, Simuliidae, Tabanidae and Tipulidae occur in a wide variety of habitats from stagnant
pools to areas of high flow (Gerber & Gabriel, 2002). In the Tsitsa River Diptera occur in abundance
in low to high concentrations of fine sediment. Athericidae occurs in vegetation and organic matter
(Gerber & Gabriel, 2002). In the Tsitsa River a low abundance of Athericidae were found in medium
concentrations of fine sediment. Ceratopogonidae occur in sand and mud at the edges of a river
(Gerber & Gabriel, 2002). Ceratopogonidae were found in low to high concentrations of fine
sediment with an increase in abundance with an increase in fine sediment concentration.
Chironomidae are commonly found in any water body and in rivers are generally found in pools
(Gerber & Gabriel, 2002). A high abundance of Chironomidae were found with an increase in
abundance with an increase in fine sediment concentration. Culicidae floats under the surface of a
water body and commonly occurs in pools or temporary puddles (Gerber & Gabriel, 2002). A low
abundance of Culicidae were found in low and high concentrations of fine sediment. Dixidae occurs
in slow streams and backwater areas of fast flowing rivers (Gerber & Gabriel, 2002). A low
abundance of Dixidae were found in medium concentrations of fine sediment. Muscidae occur in
shallow water commonly with the presence of organic matter or algae (Gerber & Gabriel, 2002). A
low abundance of Muscidae were found in low to high concentrations of fine sediment. Psychodidae
occur in various habitats in streams (Gerber & Gabriel, 2002). A low abundance of Psychodidae were
found in medium concentrations of fine sediment. Simuliidae attach themselves to substrates in
shallow areas with increased flow (Gerber & Gabriel, 2002). Simuliidae were found in areas of low to

high concentrations of fine sediment, with an increase in abundance with a reduction in the
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concentration of fine sediment. Tabanidae occur in muddy areas of pools (Gerber & Gabriel, 2002). A
low abundance of Tabanidae were found in low to medium concentrations of fine sediment
concentration. Tipulidae species are habitat specific and occur at the bottom of streams, muddy
edges of streams or in aquatic vegetation (Gerber & Gabriel, 2002). Tipulidae were found in medium

to high concentrations of fine sediment.

The general trend showed that in areas where flow velocity was sufficient to wash away fines (eg.
cobbile riffles), macroinvertebrate abundance and diversity increased (higher ASPTsed) and the river
maintained a more natural condition. Macroinvertebrates seek refuge in aquatic and marginal
vegetation during highly turbid flows. Presence of vegetation in sites containing fine sediment
deposits increased the ASPTsed. Lack of vegetation, low flows and depths and high concentrations of
fine sediment with a low substrate diversity decreased the ASPTsed. In rocky habitats in the Tsitsa
River, the presence of diverse macroinvertebrate families was found to be mainly affected by
substrate diversity. The more diverse the substrate the more habitats are available for colonisation
by macroinvertebrate families. However, excessive deposition of fine sediment on the bed of the
river decreased the substrate diversity and available habitats, in turn reducing the number of
macroinvertebrate families present that were sensitive to sediment drape and in some cases
increasing the number of less sensitive families. In habitats dominated by fines macroinvertebrate
families that were less sensitive to fine sediment drape become more abundant. In patches where
fine sediment accumulation was excessive, such as on thick silt deposits, macroinvertebrate
abundance was observed to decrease. Excessive sedimentation in a river system has a direct impact
on various aquatic trophic levels (Henley et al., 2000). Macroinvertebrates that naturally occur in
rocky habitats decreased in abundance with an increase in fine sediment accumulation, due to a
reduction of habitats through the filling of interstitial spaces and rocky substrates becoming draped
by fine sediment. Macroinvertebrates that naturally occur in sandy habitats and crawl along
substrate or are air breathers, diving in the water column or thriving on the surface of the water, are

less affected and are possibly benefited by an increase in fine sediment accumulation.
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5.5 |mpact of Dam Construction on Channel Geomorphology with Specific Reference

to the Influence of Sediment on River Habitats and Biota

Dams have the capacity to completely alter downstream flow and sediment regimes and have been
recognised as the most dominant form of anthropogenic impact on a fluvial system (Poeppl et al.,
2013; Petts & Gurnell, 2005; Petts & Gurnell, 2013). Floods in the Mzimvubu catchment (Figure 28)
are capable of mobilizing a large amount of sediment including bedloads, in turn altering the form of
the bed of the river. High magnitude floods can mobilise and transport bigger particle sizes.
However, more frequent, lower magnitude floods play an important role in moving smaller particles.
The frequency of these smaller floods results in a cumulative effect of sediment transport down the
river system (Figure 35). However, with the construction of the Ntabelanga Dam it is likely that the
attenuation of floods will lead to the reduction of the overall magnitude of flood peaks particularly
in smaller flood events, as they get captured behind the dam wall. Inturn dam construction affects
downstream channel morphology and associated habitats on various levels (Figure 65). Habitat
alteration may occur due to either an increase in natural concentrations of sediment supply, a
decrease in sediment supply, as a result of a dam construction and constant flow releases, or due to
decreased deposition and increased entrainment of fine sediment. Depending on the catchment
characteristics, input of flow and sediment from tributaries (both large and small) progressively
cumulate downstream. However, the combined flow is commonly not sufficient to entrain sediment

resulting in increased deposition of fine sediments.
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Figure 65: Conceptual model of the impact of dam construction on channel morphology in river
systems like the Tsitsa River. Blue arrows represent discharge and yellow arrows represent
sediment concentrations as observed in the Tsitsa River (based on information from Williams &

Wolman, 1984).
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Sites located between the dam wall and the Inxu River confluence are expected to undergo changes
to the cross-sectional morphology due to the specified flow release, absence of large floods and lack
of sediment which will be captured behind the dam wall. It is hypothesised that channel armouring
will occur between the dam wall and the Inxu River confluence (Site 2 and 3) due to sediment being
trapped behind the dam wall. Channel armouring occurs due to the removal of fines, by a more
constant flow, leaving a coarse bed which is highly imbricated and stable (Figure 66). Figure 66
illustrates an example of channel armouring due to reduced flow and sediment below the Churchill
Dam wall in the Eastern Cape. A reduction in sand banks and scouring of pools, which are currently
present in Site 2 and 3, are expected to reduce the habitat diversity within these sites affecting the
macroinvertebrate communities. Bedrock outcrops are present in both sites and are likely to
become more prominent with a reduction in upstream sediment sources. The presence of bedrock
will limit incision below the dam wall, once the deposited sediment has been carried downstream,
leaving the bedrock channel features exposed. It is possible that accommodation adjustment (no
observed further channel change) (Petts & Gurnell, 2013) may occur in these sites as bedrock
becomes more dominant and stable and the only impact of the dam is a change in the discharge
patterns. Site 2 is seen to be the site most affected by channel armouring and habitat reduction due
to its proximity to the dam wall. As in the case elsewhere, the armouring effects are expected to
become less and bed variability will increase further away from the dam wall (williams & wolman,
1984). At Site 3 this will occur due to sediment inputs from small tributaries, alluvial fans and gullies.

The impact is anticipated to be greatest at Site 2 and reduce towards Site 3.

Figure 66: Channel armouring below the Churchill Dam, Eastern Cape.

The absence of floods below a dam may result in increased sediment deposition from tributaries
(Puckridge et al., 1998). The Inxu River is a large tributary that will bring sediment into the Tsitsa
River after dam construction. The river channel below the Inxu confluence is characterised by a low

gradient (Site 4 and 5). A reduction in floods in the Tsitsa River below the dam wall will result in
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increased sediment deposition from the Inxu River, causing channel narrowing and reduction in
depth due to deposition of sediment and pronounced sand bars in channel reaches with a constant
gradient and reduced flow (such as Site 4). Coarse substrates including bedrock outcrops (more
commonly found in Site 5) will become increasingly embedded, reducing available habitat for

macroinvertebrate communities.

After dam construction, the cross-sectional morphology in each reach should be established
annually to monitor the impact of the dam. It is recommended that Site 3 be used to monitor Reach
2 as it is easily accessible and not likely to be altered due to anthropogenic impacts associated with
the construction of the dam wall. Site 5 is suitable to monitor Reach 3 as Site 4 has been jeopardized
by sand mining operations since the initiation of monitoring at the site. These mining operations
affect channel morphology and are not representative of downstream impacts of dams. Site 1 in
Reach 1 is not likely to change due to the dam construction and is characterised by a stable bedrock

channel.

The health of a river is affected by the interaction between variables in a river such as flow, water
quality, channel geomorphology and habitat (Pennack, 1971, Poff et al.,, 1997). The state of
ecological health in the Tsitsa River is predicted by the intrinsic interaction between these variables

(Figure 67).

127



Catchment
characteristics

Water Quality

Channel Flow Regime
Morphology Poor Good 9
Velocity and
Substrate Fine sediment Depth
diversity concentration
Controlled Natural
Low High Low Excessive
Natural
High Habitat
Low Habitat Diversity
Diversity
Low Macroinvertebrate High Macroinvertebrate
diversity and abundance diversity and abundance
Poor Ecosystem Health Good Ecosystem Health

Figure 67: Conceptual model of the variables predicating the state of ecological health in the
Tsitsa River.

Figure 67 presents a conceptual model that portrays the links between ecological health of the Tsitsa

River and catchment and channel variables. The different relationships are described below.

Catchments are characterised by factors such as climate, geology, vegetation and anthropogenic
impacts. These factors affect the flow regime, water quality and channel morphology in different
reaches of the river (Figure 67). The natural ecological state of a river is controlled by the natural
flow variability (Puckridge et al., 1998). In the Tsitsa River, the natural flow variability plays an
important role in maintaining the current habitat conditions in different reaches of the river.
However with the construction of the Ntabelanga dam, the downstream flow variability will be
controlled according to the needs of the dam infrastructure with a secondary focus on the
environmental flow requirement. The change to the natural flow variability of a river has a direct
impact on ecological health as available habitats are continuously changed (Puckridge et al., 1998).

Rivers downstream of dam constructions, in particular hydroelectric projects, are unsuitable for
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macroinvertebrate colonisation due to the periodic unnatural fluctuation in flows (De Moor et al.,

2000).

Different stages of the natural flow regime affect the water quality in the Tsitsa River. High flows
sourced from runoff in the catchment carry higher loads of nutrients such as phosphates and are
commonly highly turbid, reducing water quality if this persists for an extended period of time. High
baseflows with no point sources of pollution will flush the river system of excess nutrients and
generally increase water quality. Low baseflows are less capable of flushing out pollutants which
may accumulate in areas of reduced flow, in turn reducing water quality. Therefore, water quality
depends on the flow regime as well as processes occurring in the catchment. The Tsitsa River
catchment has very little industry and point sources of pollutants are scarce. The main aquatic
pollutants are phosphates sourced from pit latrines and turbid flows. Future water quality changes in
the river system can be caused by altering the flow properties (Dallas & Day, 2004) and may be

expected through the construction of the Ntabelanga dam.

In the monitoring sites the channel morphology and associated geo-habitats provide niches for
different aquatic species. The flow regime and channel gradient affect sediment entrainment or
deposition, playing an important role in shaping the channel morphology (section 4.2 and 4.4). The
higher the diversity of substrates present (such as in Site 2, 3 and 5), the more habitats are available
for colonisation by different aquatic species. The fine sediment concentration on the bed of the river
is partly controlled by the amount of sediment entering the river system from the catchment as well
as the channel morphology in different reaches of the river. A certain amount of fine sediment is
needed for the natural functioning of a river system and it is only when excess sedimentation occurs
that negative impacts arise (Jones et al., 2011). Excessive sediment loads, caused by an increase in
the sediment yield and channel conditions conducive to the deposition of sediment, will decrease
available habitat niches (such as in Site 4). The lack of a sediment input into the river system will
result in a highly imbricated and stable bed, once again reducing the available habitat niches. This is
anticipated to occur downstream of the proposed Ntabelanga Dam wall. Natural sediment loads
provide habitat or substrate for ecological functions such as the production of biomass, food and
provision of raw materials (Apitz, 2012). A sediment balance is crucial for maintaining diverse

habitats and ecosystem services which constitute a healthy ecosystem.

A high diversity and abundance of macroinvertebrates represents a healthy ecosystem whereas a
low diversity and abundance of macroinvertebrates represents a poor ecosystem (Figure 67). Quinn
and Hickey (1990) found that substrate variability plays an important role in the aquatic health of a

stream system. Macroinvertebrate abundance in the study was directly linked to the substrate
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diversity (section 4.7). Macroinvertebrate families that were least tolerant to fine sediment surface
drape optimally occurred in sites where embeddedness was low and interstitial spaces were present,
creating habitat in a rocky substrate. Substrates free of excessive fine sediment drape are more
suitable for attachment and found in areas of increased flow such as over rapids. Due to high
embeddedness in areas of reduced flow the abundance of these species was very low. In the Tsitsa
River macroinvertebrate families naturally occurring in marginal vegetation and sandy habitats were
more tolerant to an increase in sediment concentrations, from both suspended sediment and fine
sediment drape, whereas families occurring in rocky substrates that were easily embedded were less

tolerant to the change in habitat due to an increase in fine sediment accumulation.

5.6 Recommendations for Future Monitoring with Particular Reference to Fine

Sediment Accumulation in the Tsitsa River

Table 50 shows a recommended time scale for monitoring the impacts of the Ntabelanga Dam on
the Tsitsa River. Site 1, 3 and 5 are the most optimal sites to monitor these changes. Site 1, situated
above the dam inundation can be used as a reference site of the Tsitsa River before it enters the
dam. Site 1 can also be used to monitor the effects of catchment rehabilitation upstream of the site
by measuring changes in sediment accumulation. Site 3 can be used to monitor the impacts below
the dam wall. The site is easily accessible and has a range of substrates and morphologies that can
be monitored for their response to the dam. Site 5 below the Inxu confluence also has a range of
substrate types that can be monitored for their response to an increased sediment load from the
Inxu River and reduced flow from the Tsitsa River after dam construction. The sediment load for the
Inxu River, above the confluence with the Tsitsa River, is currently being monitored. It is important
that this sediment monitoring continues to monitor the effects of catchment rehabilitation in the
Inxu catchment. All the monitoring variables should be compared seasonally and yearly to identify
changing trends in the river condition due to the construction of the Ntabelanga Dam. The
effectiveness of the environmental flow requirement after the dam has been constructed can be

monitored using these methods and locations.
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Table 50: Recommended time scale to monitor the impact of the Ntabelanga Dam on the
condition of the Tsitsa River.

Summer Autumn Winter Spring
Cross- once annually
sectional n/a n/a during low n/a
surveys discharges

once annuall
Coarse y

n/a n/a during low n/a
substrate .
discharges
Physical
variables Fine substrate Yes n/a n/a Yes
ASPTsed Yes Yes Yes Yes
Turbidity,
clarity and Yes Yes Yes Yes
suspended
sediment
M
.easured Yes Yes Yes Yes
discharge
Flow
i Water level _ . : :
hydraulics Continuous Continuous Continuous Continuous
(level loggers)
Water slope Yes Yes Yes Yes
Temperature Yes n/a Yes n/a
Electrical
conductivity Yes n/a Yes n/a
and pH
Water Quality Dissolved Yes /a Yes /a
oxygen
Nutrient
utne _ Yes n/a Yes n/a
concentrations
SASS 5 Yes Yes Yes Yes

Cross-sectional surveys should be carried out annually at each site following the same transect lines
in order to monitor changes to the channel morphology after the dam construction (GIS shapefiles of
each transect line with coordinates can be found on the attached CD). It is important to monitor the

shape of the channel particularly if the mean annual flood is significantly reduced by the dam wall.
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Coarse substrates in each site provide an indication of the bed conditions. Channel features,
percentage distribution, bed conditions along each transect and substrate properties should be

monitored annually during periods of reduced flow to pick up any changes to bed conditions.

The ASPTsed score can be used to infer fine sediment accumulation. By using the score sheet set out
in this study (Table 48) a rapid assessment can be carried out which gives an indication of fine
sediment accumulation as an ASPTsed score. The ASPTsed score can be calculated from the same
macroinvertebrates sampled for a SASS assessment. A high ASPTsed score indicates low
accumulation of fines whereas a low score shows a higher concentration of fine sediment. Fine
substrate accumulation using disturbance samples should be carried out twice a year, once during
summer months when baseflows are high to establish if flow is sufficient to entrain and transport
sediment down the river system and, secondly in a period with lower baseflows to see how much
sediment accumulation is occurring. Both the ASPTsed data and the disturbance sample data should
be compared between years to see whether any trends can be identified or if the sediment

concentration is remaining stable.

Turbidity, clarity and suspended sediment concentrations should be monitored seasonally to give an
indication of how much sediment is being carried by the river. Comparing the trends will be
important for rehabilitation projects to see if catchment wide rehabilitation is reducing the amount

of sediment entering the river system.

Discharge should be continuously to investigate the current condition of the river and how this alters
seasonally. Continuous level logger data combined with seasonally measured known discharges will
help to create an accurate idea of the hydrology of the Tsitsa River after dam construction and how
close this is following the natural condition found at Site 1. Gauging weirs are planned to be
constructed both above and below the proposed Ntabelanga Dam which will provide continuous
data on discharge. Level loggers at Site 1-4 have been left in the river and can data can be used for

future monitoring.

Water slope should be calculated each time discharge is measured at a site. This helps to quantify
the energy exerted by the water on the bed of the river at different discharges and can be used to

calculate the Manning’s roughness of the bed as well as potential bed movement.

Water quality variables should be measured twice a year. Variables measured in summer months
will reflect the water quality changes due to influx of nutrients from runoff. Variables measured in
winter months will show if there are any critical water quality issues at low discharges. Water quality

will not necessarily change due to the physical construction of the dam; however, with increased
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irrigation (provided by the dam) for agriculture, there may be an influx of agricultural waste and
other pollutants associated with anthropogenic impacts. Macroinvertebrates should be monitored
seasonally using SASS 5 methodology providing a rapid assessment of stream health. If any
discontinuities are found in the SASS results, a more in depth water quality analyses should be
conducted in addition to the twice yearly monitoring. Combining the SASS 5 monitoring with the
ASPTsed is recommended as the sensitivity of macroinvertebrates to water quality differs from their

sensitivity to sedimentation.

It is proposed that the Ntabelanga dam will act as a source of water for downstream hydroelectric
generation at the Laleni Dam. Therefore flow releases out of the Ntabelanga Dam will be variable
depending on the downstream requirements for the hydroelectric plant. Monitoring the above
variables will be imperative in ensuring that the downstream environmental flow requirements are

sustainable in the long term..

5.7 General Limitations and Recommendations

The numbers of monitoring surveys were limited by time constraints as well as the distance to the
study area. An increased number of monitoring surveys over several years, with varying rainfall and

hydrology, will create a more comprehensive picture of the current condition of the Tsitsa River.

Monitoring was carried out over a season with below average rainfall and flood peaks. In order to
create a complete baseline of the current condition of the Tsitsa River, monitoring should ideally be
carried out over seasons with average rainfall and flows as well as seasons with above average
rainfall and flows. The period of reduced rainfall during this study was useful to monitor the impacts
of sediment on macroinvertebrates because fine sediment drape was not as easily entrained and
carried away by the prolonged high baseflows that are present in seasons with higher rainfall. Low

flow conditions were also representative of post-dam conditions.

Very little of the variability in the ASPT is explained by the water quality variables. The lack of
statistical significance between the independent variables and the ASPT is likely due to the ASPT
being representative of the condition of the river prior to each field survey. The macroinvertebrates
may not yet have been affected by the condition of the river when measurements were taken.
Therefore it was important to look at the river conditions prior to each field survey. This was

achieved through the logger data which gathered continuous data on water depth and temperature.

Sampling in summer months unintentionally corresponded to short periods of high flow (floods) in

the Tsitsa River. This made it hard to access the middle of the river. Areas sampled included the
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banks of the river and submerged marginal vegetation. Recently submerged banks are not seen as
being representative of the current state of the river. However, marginal vegetation and areas of
reduced flow on the edge of the bank were found to have a range of macroinvertebrates present
implying that high and turbid flows drive macroinvertebrates from the middle of the channel to
marginal vegetation and shallower waters. Species very sensitive to fine sediment accumulation

were not present or found in very low abundance under these habitat conditions.

Different methods can be used to calculate sediment concentration and each method uses specific
units (e.g. mg/l, g/I, g/m®). In order to compare this study to other studies it is important to note the
method used to calculate sediment concentration. In this case sediment concentration was
calculated using methods taken from Gordon et al. (2004) and then extrapolated to area of
streambed sampled (Duerdoth et al., 2015). The units for concentration are given as g/m” for surface
and subsurface bed sediments and g/l for suspended sediment. For this study, the tolerance of
macroinvertebrates to sediment concentrations were classed into low, medium and high using the

calculated concentrations and given an appropriate sensitivity score.

Quinn and Hickey (1990) found that the presence of different substrates and their diversity played a
crucial role in the abundance and presence of different macroinvertebrates. The study of biological
and ecological traits of macroinvertebrates, such as body size and shape, life history and behavioural
traits can shed further light on the history of sedimentation within a river system (Allan, 2004). The
coating of gills and respiratory surfaces by sediment affects various macroinvertebrate families and
can lead to reduced growth or mortality. An in depth study of macroinvertebrate families was not
included in the scope of this research. More comprehensive research into the effects of sediment
concentrations on macroinvertebrate physiology and morphology at a species level should be
conducted, in particular for South African rivers. It is important that studies do not only focus on

macroinvertebrates but also take into account the processes at work behind sediment accumulation.

During this study data for the ASPTsed scores was derived at the quadrat scale. This was in order to
collect a more comprehensive data set on the occurrences of different macroinvertebrate families
under varying fine sediment concentrations. However, as a future monitoring tool for rapid
assessments the ASPTsed scores can be carried out on a site basis and can be calculated from

macroinvertebrates found during a SASS assessment.
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5.8 Concluding Remarks

Variables within a catchment and river channel shape the channel morphology and habitats within
different reaches of a river. Anthropogenic impacts in the catchment and alterations to the river
channel disrupt the current processes at work in the river. The construction of the Ntabelanga Dam
will alter the current flow and sediment regime downstream of the dam wall. This baseline study
provides a set of data about the current geomorphic condition, variations in flow hydraulics and
impacts of sediment on ecosystem health at selected sites in the Tsitsa River against which post-

impoundment impacts can be assessed.

Five fixed sites, with varying gradients, channel morphologies and substrate types were monitored
seasonally. Cross-sectional surveys were conducted to establish the current condition of the river
and resurveyed after a single wet and dry season to pick up any seasonal changes to channel
morphology. Substrate types were classified in each site and identified as the most important
habitat variable affecting macroinvertebrates. Sites with lower gradients were dominated by the
deposition of fine substrate resulting in low substrate diversity and a reduction in available habitat,
whereas sites with higher gradients had diverse substrates and a range of channel features, resulting
in more abundant habitats for aquatic biota. This has bearing on conditions downstream of the
proposed Ntabelanga Dam, particularly downstream of the confluence between the Tsitsa River and

Inxu River, where a reduction in gradient and increased sedimentation is expected.

Flow in the Tsitsa River is highly variable in the summer months. Discharge increases or decreases
depending on rainfall in the catchment. Winter months have a more constant baseflow. During rising
stages of a flood, the river was found to be highly turbid as the river was carrying sediment sourced
from the eroded catchment and had sufficient energy to entrain sediments from the stream bed.
With lowered stages in a flood, turbidity dropped as sediment was no longer sourced from the
catchment and the reduced flow resulted in sediment deposition on the bed. During periods of high
baseflow sediment was continuously flushed out of the system, particularly in reaches with high
gradients. This resulted in a reduction of fine sediment drape on the bed and higher substrate
diversity. During winter months low baseflows lacked the energy to entrain fine sediment drape on

the bed of the river particularly in channel features with a low gradients such as pools.

There are no taxa related physical habitat scores for South African rivers. By looking at the processes
creating habitat in the Tsitsa River under current conditions, a taxa related physical habitat score for
the Tsitsa River was created in which taxa were scored (ASPTsed) in terms of their sensitivity to bed
conditions with an emphasis on fine sediment accumulation. This provided a rapid assessment which

can be used as a tool for managers to monitor the amount of fine sediment drape affecting habitats,
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whilst simultaneously monitoring water quality using SASS 5 methodology. The ASPT derived from
SASS 5 can be used as a rapid assessment of water quality. However, in many rivers physical habitat
conditions, in terms of fine sediment accumulation, play an important role in shaping the
macroinvertebrate community structure. In this case the ASPTsed will give an indication of channel
condition. Macroinvertebrates sensitive to water quality are not necessarily sensitive to sediment
and vice versa. Low ASPT scores can be used to pick up a significant change in a rivers water quality
due to the influx of a pollutant whereas the ASPTsed scores indicate habitats that are negatively

impacted by fine sediment drape.

The ASPTsed scoring sheet derived in this study can be further researched so that it can be applied
to a range of South African river types. The relationship between macroinvertebrates and the
amount of fine sediment accumulation that constitutes optimal habitat conditions needs to be
further developed. Work conducted by Ellis (2016) in the contrasting landscape of the Karoo can be
linked to this study, improving the understanding of the current conditions of rivers and their

catchments as well as the impact of deposited fine sediment on macroinvertebrates in South Africa.
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appendices

Appendix 1: Cross-sectional transects, including distribution of substrates, geo-habitats and July 2015 water levels, for each site

in the Tsitsa River
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Appendix 2: Transects showing seasonal changes in channel morphology for each site in the Tsitsa River

160



161



162



163



164



165



166



167



168



169



170



171



172



173



Appendix 3: Rating curves for each sampling site in the Tsitsa River
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Appendix 4: Instream logger data showing twenty minute discharges for each site over the monitoring period showing

APPROXIMATE FIELD SAMPLING TIMES
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Appendix 5: Longitudinal profiles for each sampling site in the Tsitsa River showing a change in energy slope at different

INUNDATION LEVELS
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Appendix 6: Fluctuations in water temperatures over the monitoring period at each site in the Tsitsa River showing approximate

FIELD SAMPLING TIMES
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Appendix 7: SASS5 data sheets for each monitoring site, in the Tsitsa River, for February, April and August 2016
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Heplageniidae [Flatheaded mayfies) 3l A A__{ Psychomyiidas/Xiphocentronidae 8 Plancrbinas® (Orb snaiis)
Lelophianigee (Pronailis) 9 Cased caddls; Thiaridas* (zMelanidae)
Oligoneuridae {Brushiegged maylies) RENEI.Y A1 Barbarochihonidae SWEC 13 Viviparidee® ST
itaccyidae (Pale Burrowers) hi:) Calamoceratidae 87 11 PELECYPODA {Bivalvles)
Prosopistomatidag (Water specs) Gl A ] A | Clssosomatidae SWC 11 Coriculidae [Clams)
Teloganodidae SWC {Spiny Crawders) 12 " Hydroptifdae B Sphaeriidae (Pl clams)
Tricorylnidae (Slout Crawlers) [N LY T, | hydrosalpingidag SWC 15 Einionidas [Pery musselsy
[ODONATA {Dragonflies & Damssifiles) Lepkiostomatidae 10 SASS Score 1%
Calppterygidos §T.7 (Demaiselies) 40 Leploceridae {3 i 1 |Ne. of Taxa [:1%
Chiorocyphidae {lewsis) 10 Patrothying SWQ 11 N ASPT L™
Synlestidae (ChiorolastideeiSyiphs) B Pisuiilae kkt) Cther biota;
Cosnagrionidas (Sprites and hiues) 4 l f A Sericostomalidag SWC 13
Lestidae (Emerald Damselffes/Soreadving COLEOPTERA {Baetles)
£ i {Stream Damselflies) 10 Dytiscidze/Noteridag” (Diving hesilas)
Brolancuridas (Threadvings) [ Efmidae/Dryopidas* (Riffle heetles) iy i A
Aeshnidae (Hawkers & Emperors) B Gyrinidae* {Whirligig bestles) CommentsiOhservations:
Cordulidae (Cruisers) 8 Helipfidae® (Cravding waler beelles) 5 . . . -
Gomphidue (Clublals GYTAN | 2 T A | velodidas (Marsh bestias) 12 B Herenn i oLpes SW{‘" N veriyn by
Libellulidse (Darters/Skimmers) 4 Hydrzenidae® (Minute moss bestles) ] AQ,?
L £PIDOPTERA {Aquatie Caterpiliars/Moths! Kydmphilidae® (Waler scavengerbeeties] 5 ;l."\f * mL\ 5 ("m Moc Mathe ‘}'s)'
Crambidae (Pyralidag) 2.1 Limnichidae (Marsh-Loving Beatles) ; 18 - " conShroads
| Paephanidan {Waler Pennies) IO ] SA‘E’S e il &wlw *

Procedure:

Kitk SIC & boedmek for 2 ming, niax. & mins,

Kick S000 & bedrack for 1 min,

Sween margingl vegetation 10 & 00C) lor 2m totat and aquatic veg 1 w?,

Hond picking & visual absarvation for 1 min « 266r i biotape whave faund (by Girsking o5Umalod abunganca on score sheet).  Score for 15 minsiiotape bul stap i no new laxa seen alter 5 mins.

Estimate abundonces: =1, A= 2.10, B=10-100, €= 100-1000, O =>1000
Rale guch Biolope sampled: 1=very poor (Lo, Emited diversity}, S=nighly suilable {ie. wike divorsity}
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§ = Signe, ek & solid objec!s: Veq = All wostation; GSM = Gravel, sand, mud
Rate turbidity: V low, Low, Medium, Migh, Vary High

Stie & swvap groved, sand, mud for 1 min lotal,

* = gittresihers

BWC = SoutpWeslem Cape, T+ Tropical, 8T = Sub-tragicat



SASS Version 5 Score Sheet  Dite . Fek 'l Version dates Sept 2005

Date (ddirmmiyr): ool [aoll, (5 Aty Fﬁiotopes Sampled (tick & rate) Ratng (1-5) Tire (min}}
RHP Site Code: Grid reference {dd mm ss.s) Latt & Stones In Gurrent ($10) Y Ny
Collector/Sampler: [N tong: E |stones out Of Current 1S00G) S nfe
Rivar: Taibern Datum (WGSS4/Cape}): |Bedrock ) o
Level 1 Ecoregion: Afitude m): |aquatic Veg [« AU
Quaternary Catchrmant: Zoration: IsargVeg In Gurrant L3 - e,
Temp {T) 2a0.3 Routine or Project? (circle onej iFlow: GO LEmd)s Imargveg 0wt Of Current 3 x %
|site Dascription: pH: .13 Project Name: Clarity {em); 3 Gravet 3 i
. DO {mglL): Turbidity: 150 PTU  fsandg b
S ke d Cond {mSim) MH’-» ﬂs [ Calor: Aoy s 2 7
iparian D Hand picking/Visual cbsarvation 2
instream Disturbance:
Taxon av 8 Veg I GSM | TOT {Taxon av ] Yeg | GEM 1 TOT |Taxon ay 5 Veg | G5M | TOT
PORIFERA {Sponga) 5 HEMIPTERA {Bugs) THPTERA (Flies}
COELENTERATA {Gnidaria) 1 Belostomatidag® (Giant water bugs) 3 Athericidze (Snipe flies) i)
TURBELLARIA (Flatworms) a Coridas® (Water boatmen) G2 1Al A R T Reghamceroas (Mountain midges 15
IANNELIDA J,_ Gerridae* fPPond skalersiWaler striders) & Ceralopogonidae {Biting midges} 5
ligechaela (Earnwarms) [ B A1 Hydromeindae® (Water measurers) 8 Chimanomidae (Midges) [£3) 1 !
Hiudinea {Leeches) 3 Naucoridae” {Creeping water bugs) 7> 2, S | Cuticidee” (Mosguitoes) 1 N
CRUSTACEA Nepkize" (Waler scorpions) 3 Dixidas® {Dixid midga} 10
Amphinoa (Seuds) e Notonectigae” (Backswimmers) {3} A1 A | Empididae {Dance flies) [
Fotamonautidae” (Grabs) 3 Pleidae” (Pygmy beckswimmers) 4 ~ Ephydadae (Shore flins) 3
Atyidae {Freshwater Shrimps) B VeliideeiM. .velidae* (Ripple bugs) {5} ® B | muscidee {House fies, Stebie fies} 1
Palsemonidae (Freshwater Prawns 18 PAEGALOPTERA {Fishflies, Dobsonflies & Alderflins} Psychodidze (Moth fies)
HYDRACARINA (Miles) [ Corydalidae (Fishfiies & Dobsonfiies) [ Simuliidae (Blackfies) 5y A A
PLECCPTERA {Stonaflies) Sinlidae {Alderfios) 5 Syrphidac” (Rat tafied magoots)
Motonemouddae 34 TRICHOPTERA (Caddisflies) Tabapidae iHorse fies) 8
Porlidae @} A P | Dipseudopsidae 10 Tipulidag {Crane fies) 5
{EPHEMEROPTERA (Mayflios} Ecnomidae 5 GASTROPODA {Snais)
Saetidae 1sp 4 P FiN Hwdropsyehidae 1 s Iy Antylidae (Limpets) 6
Baplidae 2 56 -4 Hvdrapsychidee 2 sp -] Bulininaa® 3
Bacfidae = 2 sp %’) |~ ¥ | twdrapsychidae > 2 3p 12 Hydrobiidae® 2
Caenidae {Sauarsgills/Cairfles) A A Philepotzmidas 10 Lymnasidae® (Pond snads) 3
Ephemeridae 15 Pdiycenlropodidan 12 Physidas® (Pouch snaifs) 3
Heptagenidae (Matheaded maviFes) 13 Peyehomyidashphocentionidee g Planorbinag” {Ob snzils) 3
Leplophiebiidae {Prongils) 8 Cased caddis: Thiaridee* (=Melanidae} 3
Cligoneuridae {Brushlegged maylies) 15 Darbamenthonidae SWC 13 Viviparidae™ ST 8
Harcyidae {Pale Burronsars) 10 Calamoveratidas ST i1 PELECYPODA {Bivalvies)
Prosopisiomalidae (Waler soerst 15 alidae SWC 1 Corbientidae (Clams) 5
Tolonaneditian SWE (Spiny Crawiars) 12 Hydroptilidee 4] Sphasrdidae (Pl clams} 3
‘Trcorythidae (Stout Sraviers) [D)] A Hydrosalpingidae SWC 15 Unionidae (Perly mussels) £
[CDONATA {Bragenflies & Damselflies) Lepidostomatidae 10 j5A8S Score 35
Calopteryridae 57,7 (Demoiselles) 10 Leplocendae 4 No. of Taxs
Chiprouyphidae (Jewels) 10 Petrothrincidae SWC 11 ASPT B
Synlestidae [Chioroleslidae)Sviohs) 8 Pisullidae 10 [Other biota:
Coenagrionidae [Spates snd Bhes) 4 Seticostomalidas SWC 13
Lestidae (Emerald Damselfies/Sproadvind 8 COLEOPTERA (Beetles)
Platvenemidas (Stream Damselfies) ] Bytiscidae/Noteridas” (Diving hesties)
| _Protonetindae {Theadvwings} EimideniBryopidae” (Riflle beaties)
Asshnidae {Hawkers & Emperors) Gyrinidag! (Whitligin beelles) Comments/Observations:
Corduliidae (Gruisers) Halipidae (Crawling waler Deeles E ~ Ve s Blow . Mid-rhuay innoctesable.
Gomphidae {Cluttails) A A | Helodidae {Marsh beeties) 12 . N .t
Libelfidag {Danems/Sdmmers) () i 1.1 Hylmenidae” Winute moss beefles) [ ~ Dot N ] Swf'““ﬂg uods, \J%‘ﬁji low/d
B Citoohioey (e s beolil 2 dupeh, (s rsc tanbgds).
| Crambidas (Pyralidas) nnichidae (Marsh- . '
t Psaphenidas (Waker Pennies) [IET) ~ SALS Y A contiroanis oot {-"\lw .
Procedure: Hick BIC & bedrock for 2 mins, max, S mins.  Kick S00C & bedrock for § min,  Swaep morgina! vegetation #0 & GOCHar 2m total and aguatic vog mh Sl s sweap giawed, send, rmd for 1 mip ttal. “ = airbraathers
Hand picking & vsual ohsenation for 1 min - yecoed in botops whem found (by sireling estimated atandaneco on scove sheel},  Scar for 15 minsihicloge but stap if ao new taxa seen alter § ming,
Betimate aburdiances: 1 =1, A= 20, B= 10100, G=100-100¢, [ =>1000 & = Shone, rack & S0k objects; Veg = Al vegelation; GSM = Grawl, sand, med SWC = Bouth Wesiern Cape, T = Tropical, ST = Sub-tapicat

Rale each hiologe stmpir: $svory poar (e, fimited tiversity),  S=highly suiladle {ie. wide diversity)  Rale lurbidity: V low, Low, Medium, High, Very High
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Sie 3 _Fel. flL

SASS Version b Score Sheet Version date: __Sept 2005

Date (ddmm:yr): O30 a0 {dd.¢dddd) _ |Biotopes Sampled 1ok & rate) Reting {1 -5 Time {rmir)

RHP Site Code: i Grid reference {dd mm ss.5) Lat S Stones In Corrent {SIC) [+ ~la

Collector/Sampler: [NV tong: E Stones Out Of Current {SCOC) <

River: T Datum {WGS84/Capa): Bedrook [

Level 1 Ecoregion: Altitude {m): iiquaﬁc Vg 2]

jQuaternary Catchment: Zonation: |Margveg In Current =
Temp {C): as. i Routine or Project? (circle one} jFiow: Aanhimdis iﬁarg\leg Qut OF Current Y
Site Description; PH: A8 Froject Name: Clarity fomp 4.8 Gravel 5
S- DO {ingiL): Turbidity: 190 ETW  isand 5
14— 3 Cond {mSim} Uk\ - ﬂﬁc Colour; Browry  Mud &
Riparian Disturbance: Hand picking/Visual chservation B0
Insteeam Disturbance:

{axon av s Veg | esut | TOT {Taxen av 5 Veg | GSM | TOT [Taxon Qv 5 Veg | GEM | TOV

PORIFERA {Sponge} 5 3HEMIPTERA (Bugs) DIPTERA {Flics]

COELENTERATA {Chitaria) 1 Belestomatidae’ (Giant water bugs) 3 Atherridas (Snipe fies) ki

TUREELLARIA (Flstwarms) 3 Corividae’ (Water poaimen) GJ i T | Biephamcendae (Mountain midges) 15

ANNELIDA Gerddae” (Pond skaters/V ater siidars) 5 Ceratopogonidae (Bing midges)

Oligocheeta (Earhworms) 1 Hydromelridae® PNater measurers) 5 Chironormidae (Midges) {2y A 1A I3
Hinudines {Leeches) 3 Naucoridaa* (Creeping water bugs) {z> A A1 Gufician" fvosauitoos)

CRUSTACEA Nepidaa® (Walsr scopions) 3 Oixidae® (Bixid midge} HE
Amphipede (Scuds) i3 Notonectidae® (Backswirimans) [£%) I I Empididag {Dance figs) B
Potamonautkian® (Crabs) 3 Pleidag® {Pyomy backswitnmers) 4 Ephydridas (Shore fles) 3
Alyidze (Freshwater Shrimps} 8 Veliidas/M.. validae™ {Ripple bugs) kil Mustidas {Houss fies, Stable fies) 1
Palaemonidas (Freshwater Prawns) ki) MEGALOPTERA {Fishilies, Dobsonflies & Alderfites) Psyehodidan (Moth fles) 1

HYDRACARINA [(Miles) 8 Corydalidae (Fishflies & Bobsonfies) g Simuliidag (Blagkfies) Byl A1 A =

PLECOPTERA (Stoneifies] Sialidae {Alderfies) 6 Syrphidae* (Ral tailed maggols) 1
Notonamournidae 14 TRICHOPTERA {Caddisflies) Tabanidae (Horse flies) 5
Parlidde 12 Dipseudopsidae 10 Tipulidae (Crane fles) s

JEPHEMEROPTERA (Mayflieg) Ecnomidas 8 GASTROPCDA {Shails)

Baglidae 1sp 4 Hydropsychidae 1 sp (5] ! H Ancylidas {l impets) 8y | A A
Bagtidae 2 sp 61 P i (=Y Fydmpsychides 2 sp [ Bulininas* 3
Baefidae > 2 50 [¢2) =N ©5 | Mydropsyehidse = 2 5p 2 Hydrobiidas® 3
Caenidae (SquaregifisfGainfies) [ A A Philopotamidae 14 Lymnaeidas® {Pond stails} 3
Ephemeridae 135 oy podi 12 Bhysidae* (Pouch snails) 3
Heptageniidae {(Flatheaded mayiies} i3 Psychomyidae/Xiphocentronidde 8 Plarominae’ {Orb snalls) 3
Leplophisbiidan (Prongils) [N .Y A, [Cased caddis: Thiatidae* (=Melanidae) 3
Qligonetidae (Brushlegged mayties) Gs)i 1 A A} Barbarochthonidas SWC 13 Viviparidae® §T 5
Polymilarcyidae (Pale Burrowars) 18, Calsmoceratidee ST 1% PELECYPODA {Bivalvias)
Prosopistomatidas (Walar specs) 15 Glossosomalidae SWH 11 Corbiculidae {Clams) 5
Teloganodidae SWC (Spiny Crawlers} 12 Hydrontiidas & Sphaedidae (Pl clams) a
Tricorythitkae (Stout Cravders) ) H; ingidae SWG 15 Cnionidae {Pary ]

ODONATA (Dragonflies & Damselfiies) Lepid waliae 18 SASS Score e
Calopterygidae ST,1 {Demaisetios 0 Leptocendae [P A 11 A [No. of Taxa [
Chicrocyphidae {Jewsis) 10 Patrathrincidae SWC 11 ASET L.8
Synlestidae {Chiorclestidae}{Svphs} 8 Pisuliidae kit] Cther bigia:

Coanagricnidae {Sprles and biues) 4 Sericostomatidae SWE 13

Lestidae {Emerald Damselties/Sorgadwing 8 COLEOPTERA {Beetles)

Plalyenemidae (Stream Damseiflies} 16 Dytiscidan/Noteridag” (Diving beelles) 5

Protoneurdan (Threadwngs) 3 Eimidae/Dryopidae” (Riffle beetles) {5} ] 1

Aeshnidas [Hawkers & Emperors) 8 Cyrinidas’ {Whirligio heetles) 5 G 1570 vations:

Corduliidas (Cnuisers) g Hatinfidae (Grawiing wolar hoeties) 5 - N

Gomphidas (Clublais) (6 = | Helodidae {Marsh beeties) 12 \}Qfﬂ hﬁ\ {: Lows *

Livelilidas (Darer/ SR 3 Hiydraerigas’ {Minute moss beaties) B - Enffeean Liotepes somglod weda, vorseng Llowiss

LEPIDGPTERA Qﬁ uatic Caterpitars/Mothis) H o) Eﬁlédae‘ Water scavenner beplos? 5 é ) ‘\5 Li—% MEe !‘%Lq;nts)

Crambidae {Pyratidae} I 12 Limnichiiae (Marsh-Laving Beelles) 10 A x
Paepranidan (iaier Perize) AT ]~ CASS «lme Cofbroants oot Lollowed

Procedure:

Hick SIG & badrosk jar 2 ming, max, § mins,

Kick 800G & badrock for 1 min.

Sweep marginal vegetation (6 & OO0C) for 2m tolal and aqualic vog 1.

Biir & swaop gravel, sand, mud for 1 min total,

* = airbreathirs.

Hand picking & visual shservation for ¢ min - recard in biclape where found {by cirching esiimaled abundanse on seote sheel).  Scare for 15 mins/iotope but step if 00 new 12a seon ailer 5 mins.

Estimate abundantes: 11, 8+ 210, B+ 10-100, G+~ 100-1000, D= >108
Rate each bintope sampled: 1=very poor (Le. limited diversify),  S=highly suitable {i.e. wide diversity)

§ = Stene, mck & salid ebjecis: Veg = Al wgelation; GSM = Gravel, sand, mud

Raile turbidity: V low, Low, Medium, High, Very High
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SWO = South Wastern ape, T= Tropical, 5T = Sub-trapical



Site L. Felh M (L

SASS Version § Score Sheet Version date:__ Sepl 2008
Date [dd:mmzyr): PESIFRELIN Toddddad) _ |Biotopes Sampled (Hok & rate} Rating {1-5) Time {min}
RHP Site Code: Grid referenige (dd mm ss.s} Latr 8 Stanes in Currant (SIC} ]
Collector/Sampler: [ &,y&ﬂ%ﬂc tong: E Stones Out OF Current {SO0C) ]
River; Taibsao Datum {WGSB84/Cape): Bodrock O
Level 1 Ecoregiom Altitude (m):  Aquatic Veg [e]
Quaternary Catchment: Zonation: Marg¥eg in Current =
Temp (C): 25,3 Routine or Project? {circle one) JFlow: LS. 5 3¢ [MargVag Out Of Current 2
Site Description: pH: 1 Projact Name: Clarity (o) [ Gravel 5
f DO {mgit): Turbidity: LA0FTYL  [sand 5
Site - L\- Cond (mSim): W Meo Colour: Beowrn Mud 3
(50“& dcmlnw) Riparian Disturbance; Hand picking/Visual observation <
instream Disturbance:
Taxon Qv ) Veg | GSM | TOT h‘axan Qv 5 Veg : GSM | TOT [Taxon v 5 Vog | GEM | TOT
PORIFERA {Sponie) ki) ]HEMiPTERA {Bugs) DEPTERA (Flies
COELENTERATA {Cnidaria) i Belostomalidas* (Glant waler bugs) 3 Athericidae {Snipe fies) kit
THRBELLARIA (Flatworms) 3 Coriddae’ (Water boalmen) 3 Blepharaceridag (Mountain midges) 15
ANNELIDA Gerridae” (Pond skatersiWaler slriders} 5 Ceratopogonidae {Biting midges) 5
Oligachaeta (Earhworms} {1} A A & | Hydrometridas* (Watet measurers) [ Chironomisae (Midges) 2
Bitudines eeches) 3 Naucoridae’ {Creeping water bugs) (@) A A Culicae® (Mosguilnes) 1
GCRUSTAGEA Nepidas® {(Watsr scopions) 3 Dixigag* {Didd midae) 18
Amphipoda {Seuds) i3 Motenactidac” (Backswimmers? 3 Empididae {Dance flies) g
Potamonautidas® (Crabs) 3 Pleidee" {Pygmy backswimmers} 4 Ephydridas (Shore fies) 3
Atyidae (Freshwater Shrimps) a Valiidae/M.. .valiidae* (Rinple bugs: E) A e Muscidae (House files, Stable fies) 3
Paigemonidas (Frestwmter Prawns) kit {MEGALOPTERA [Fishflies, Dubsonfiies & Alderflias) Psychodidae (Mofly fies) i
FHYDRACARINA (Mifes) a8 Corydaidas (Fishliies § Dohsonfiies} B Simuiiifae (Blackfies) 8
FLECOPTERA {Sfonafiies) Sialidag {Alderies) [ Syrphidae® (Rat tailed maggols) 1
Notonemiourdas 14 TRIGHOPTERA (Caddisflies} Tabanidae {Horse flies) 5
Pestiian 12 Dipsaudopsidas 18 Tipulidze {Crane fles) 3
[EPHEMEROFTERA {Mayflies) Ecnomidae 8 GASTROPODA {Snaiis)
Baatidae 1sp 4 1 Hydmpsychidae 1 sp 4 Ancylitas fLimpets) 8
Eoatidac 2 sp &} A A | Hydropsychidee 2 sp 6 Bulininae® 3
Bantidae > 2 5p 12 Hydropsychidag > 2 sp 12 Hydrobiidae* 3
Caotidas {Squareqills/Cainfles) 3 Philopotamidan G Lmnaadae {Pord snails) 3
Ephemeridae 15 Potycentropestidae 12 Physidae” (Pouch snails) 3
Heptageniidas (Flatheaded maylies) 13 PgychomyidasiXiphocentronidae 8 Planorbinae® {Orb snafls) 3
tophiabildse (Prongitls) 8 Cased caddis: Thiaridas’ (=Melanidas) 3
Dligoneurider (Brushiegaed mayfies) i Barbarocnihonidae SWG 13 Viviparidag® 8T )
Polymitarcyidee {Pale Burrowars 10 Calamoceratidae 85T 11 PELECYPODA {Bivalvies)
Prosasistomatidae (Watar specs) 15 Glgssosomalidae SWO 1 Corbigulidae (Clams) 3
Teloganedidas SWC (Spiny Craviers) 12 Hydroplilidae [ Sphaeriidas {Pilt clams) 3
Tricoryihidae {Stoul Cravders) g ; ingidas SWC 15 Unionidae {Perly mussals) B
(ODONATA {Dragonflies & Damselfies} Lepdosiomatidae 10 {SASS Score Y]
Calonterygidae ST.T {Demuiseliag) 0 Leotocendae {5} i | Itio. of Taxa %‘
Chiorocyphidas {Jewels) 10 Petrothrincidae SWC 11 ASPT
Synlesticaw (Chloroestdae){Sylohs} k] Pisuliidas 10 i{ther blota:
Cosnagrionidae {Sprites and blues) [£3) A As i Serigostomatidae SWO 13
Lostidae (Emeraid Damsoifies/Sproadwing 8 COLEOPTERA (Beetles)
Plalyenemidas (Stream Damselfiies) 10 Dytiscidae/Notericae* {Diving beeties)
Protoneuridas g‘l‘hmadwiggs} 8 ElmidaeiDiyopivas” (Riffie beeties) N
Agshridae (Hawkers & Emperors) 8 Gyrinidag® (Whidigly beetles) )) 2 A5 |CommentsiObservations:
Corduliidas {Cruisers) 8 Halipligae® (Cravling water beoties) -} —
Gomphidae (Clublails) [:h) ] A} AT Helodidee (Marsh beetios) iz Nary L\‘St\ Flow Totid
Libellufidze {Daders/Skimmers) 4 Hydmenidas® (Minute moss baeties) ] - @;.@QM L; M‘Jiﬂpi U)NJ&( 3
L EFIDOPTERA (Aguatic Saterpiflars/Moths) Hydrophilidas* (Water scavenger hsei!ss1 ] O WSt 0{-&?‘33‘\5 (4e MSe W;.&Jé)
Grambidae (Pyralidae) 12 Limnithidas (Marsh-Loving Beelies) 10
)| Psaphenidae {Water Pennies) 10 - SARS b‘ﬂ'@z c;mg:tmumbs ok Q OLLM

Procedure:

Kick SH: & bedrock for Z mins, max 5 mins.

Kick S0GC & bodiack fev 1 min,

Swaop margingd vogelation {IC & DOC) far 2 tost a0 aquatic vog fm’.

Stir & sweap granel, sand, meed for 1 min Lotal, = gisreathens

Hand picking & wissal obsanatian for 1 min - recerd in biotope when found (by circling estimated abundance on score sheet).  Score foe 15 mins/hiotope bul stap if ro pew taxa seen afier 5 mins.

Estimate abundances;

i=1, A=230, 8=10-103, C=100.1530, D= >1000
Rate each biniope sempled: Tevery poor (.2, limited diversity),

=highly sullable f.e. wide diversity}
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S = Stone, mok & solid objects; Veg = All vegatation; GSM = Graved, sand, mud
Rate turbidify: V low, Low, Medium. High, Very High

SWC = South Westem Cape, T= Trepical, §T = Sub-lropical



SASS Version 5 Score Sheet S “.{:'Q’ 5""” [:QJQ . ! ‘6 Version date:  Sapt 2005

Date {dd:mm:yr) CR{od [ Ml [dadadad)  |Biotopes Sampled (tick & rate} Raiing {1 -5} Fime (mig)]
RHP SHe Gode: i ) Grid reference {dd mm ss.s} Lak: 8§ Stanas in Currant {SICH 5 Afa
Collector/Sampler: N, MW Long: E Stones Out Of Cument {SODC) 2 Aja

River: TS bS50, Datum (WGSB&/Cape): Bedrock = | nla

Level 1 Ecoregion: Altitude {(m}:  Aguatic Veg o WEALEH

Quaternary Catchment: Zonation: Marg¥eg In Current 5 ~* Y

Temp (C): dol . F Routine or Projuct? {circle one) [riow: AL S% w5 |margveq Cut of Gurrent 2
Sie Description: sH: & .09 Project Name: Ciarity {cm): [ Gravel g
DO {mgfL): bty DL FTUl lsang 5
Cond (mS/m): A Li - M. Se. Cotour: Browey  IMug ES %
Riparian Disturbance: Hand picking/Visual ohservation
nstrezm Disfurbance:

Taxon Qv -] Yeg i GSM | TOT TFaxem Qv 3 Veg ! GEM @ TOF [Yaxon Qv 8 Veg | GEM 1 TOT

PORIFERA (Sponge) 3 HEMIPTERA [Buns) DEPTERA (Flies)

COELENTERATA {Cnidariz) 1 Belostomatidae” (Giant waler bugs) 3 Athericidae iSnips fies) kit]

TURBELLARIA {Flatworms} 3 Corikidag® (Water Doatmen} [EY3 H H Blepharoreridas {Mountain midges) 15

ANRELIDA Geridas® (Pond skaters!Water stider | 5 Geratopoaonidas (Bring midpes) Syl v
Oligochaela (Eathworms) biyj A A | tydomelidae® (Waler measurers) [3 Chimnpmigas (Midges) [CTIN Y
Haudinea {Leeches) 3 Navecoridae” (Croeping waler Duas) (] A\ 1 A | Culicidae” (Mosguitoss) 1

[CRUSTACEA Nepidae (Water scorpions) 3 Dixidee” {Dixd roidge) 10
Amphipoda (Scuds) i3 Noteneclidae* (Backswimmers} 3 Empididas {Danca fies) 8
Potamonautidas* (Crabs) 2 Pleidae* {Pygmy backswimmers) 4 Epnydridae (Shore fieg) 3
Alyidie {Froshwater Shomps) & VeliidaeiM...valiidae® {Rippla bugs) g Muscides (House fies, Slabie fiies) 1
Palgemonidag (Freshwaler Prawns} 19 IMEGALOPTERA [Flshities, Dobsonflies & Alderfios) Psychodidae (Moth fies) k)

HYDRACARINA (Mites) B Corytafidan {Fishilios & Dobsonfiios) 8 Simuligae (Blackfies) G A [al

PLECOPTERA (Sloneflies) Sialidae (Alderfiies) 8 Syrphidae” {Rat talled maggols)

Notonsmouridaa 14 TRICHOPTERA {Caddisflies} Tabanidae (Horse fles)
Petlidae 12 Dipseudopsidae 10 Tipulidae {Crane fios}
|EFHEMERQPTERA (Mayfliash Ecnomidae GASTROPODA {Snalfs)
Baplidee 1sp 4 ] Hydropsyohidee 1 sp 2} A A1 Ancylicze Limpats) 5
Baefidas 2 s & A Hydlropsychidae 2 S0 Bulininae® 3
Basfidan > 2 9 12y < £ 1 Hydropsychidae > 2 sp 12 Hydrohiidac* 2
Caphidao (Squaregilis/Cainllas) G1§ A A Eniopatamidae 10 Lymnasidze® Pond snails) 3
Ephemeridag 15 Polycenliopodidas 12 Physidas* {(Pouch snails) 3
Heplageniidae (Flatheaded mavilies) a3t A A | PsychomyigaelXiphocenironidee g Planarbinae* (Orb snaits) 3
Leplophlebiidas (Prongills} &) B F\_{Cased caduis: Thiafidae* (=Melanidae) 3
Qligonewridas (Brushlegged maylies) Al A 3, | Barbamchihonidae SWG 13 Vivipandae® ST 5
Polymiareyidas (Pale Burrowers) 1 Calamoceratidae ST 11 PELECYPODA (Bivalvies)
Prosopistomalidas (Waler spees) 15 Glosspsomatidas SWC 11 Corbiculidae (Clams) 8
Teloganodidae SWC (Spiny Cravdars) 12 Hydroptiidae 6 Solaeridas (P cams) 3
Teicorythidae (Siout Crawlers) 9 + ingidan SWC 15 Unionidae {Parly mussels) [

[ODONATA {Dragonflies & Damsalflies) Lendostomatidae 10 SASS Spore Jior
Calogterygidas ST.T (Demaiselies) 10 Leptacendae [€)) ! f !Nd. of Taxa |/
Chiorocyphidae (Jewels) iy Pelrothrincidae SWC 11 ASPT %4
Syniestidae {Chiorolestidae){Syiphs) 8 Pisuliidae 10 Other biota:

Coenagronidse (Sprites and blues) 4 Sedeostomatidas SWC 13

Lestidas (Emerald Damsellies/Spreadwing 8 COLEOPTERA (Boetles}

Platyenenudae (Strearn Damseifies) 10 DytiscidaeMoteridas’ (Diving bestles)

Profaneuridae (Tneadwings) [ Eimidae/Drvopldas” {Rifie beelles} {8} i 1 A

Agshnides [Hawkers & Emperors) 8 Gytinidae® (Whitkgig beeties) {5} PN A, lCommenis/Observalions:

Cordutiidae (Crulsers) 8 Halipiidae® (Crawting waler beelles) - H: L\ ,c Q‘M

Bomphidae (Clubtails) 8 Fay A @ Hetodidae (Marsh bestlos) 12 5 N 3

Libelulidas (DatersiSximmers) F Fydraanidag: {Minule moss bealis) 8 - O flemat hictoges sompled g Versnd Hows
LEPHIOPTERA [Aguatic Caterpiliarsiiolhs) Hydrophilidas® (Waler scavenger neelias] 5 . Jwb‘\;_ [T H,S:c m.q,:b\rwgi:’,)

Grembidae {Pyralidag) 2| irnipictyidas (Marsh-Eaving Beetlesy 10 1 1 .

i Bsephenidas (Water Pennios) [ ~ SASS tano. LonGtimats not Lollowe ).
Provedure: Kick SIC & badrock for 2 mins, max §mins,  Kick SOOC B badrock for 1 min.  Sweep marginal vogoetation §C & GOC}) for 2m Lotal and aguatic veg It S sweep geaved, sand, mud for 1 min iotal * = pirgreathers
Hardd picking & visuat absenation for 1 min - record in bistope whem found (by circling estimeled abundance on scom sheet). Score for 15 minsibiotope bul stop i no new taxa soen after 5 mins,
Estimate abundanges: 151, A= 2.10, 8 #» 10-10, G = 100-1000, D =>1000 & = Stone, rock & solis abjects; Vog = Al vegetation; GBM = Grawel, sand, mud SWE = Seuth Wesiem Cage, T= Trepical, $T = Sub-impical

Rate each bictope sampled: tovery poar {Le. fimiled diversily),  Sohighly sultable {Le. wids diversity)  Rate furbidity:  low, Low, Medium, High, Very High
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. .
SASS Version 5 Score Shest S te |- A\:’m [ Version date:  Bopt 2005

Date {dd:mm:yr): CLioh | doll dd.ddddd! Blatopes Sampled (tick & rate) Rating (1 -5) Time {min!
RHP Site Code: i Grid reference (dd mm s5.8) Latt 8 Stones In Currant {SIC) [
Collector/Sampler: [NA Hmw Long: E |Stones Out Of Current (SO0C) = nla
River: Tt Datum (WGS84/Gape): |Bedrock 2 nle
tevel 1 Ecaregion: Altitude (m): Aqualic Veg [] JREALTH oy
Quaternary Catchment: Zonation: MargVeg In Current L é*-" r‘c;
Femp () iy 3 Routine or Project? [circle ong) Flow: ok 19 wm3s  |Margveq Out Of Current = f‘ .
Site Description: pH: ENS Project Name: [Carity {om): = T Gravel =
* . . 1 Lh
Site | ittt ML Hse e 7w A
1 - . . =3
CC/T o ) Riparian Disturbanee: Hand picking/Visual gbservation A
ﬁe_ instrean: Disturbance:
Taxon Qv $ Yoy | G5M | TOT h’axun Qv S Veg | GSM | TOT iTaxon v 5 Veg | GSM [ YOT
PORIFERA {$ponae) 5 HEMIPTERA (Bugs) DIPTERA {Fiies)
CORLENTERATA [Cnidaria) ki Befostomatidae® {Glant water bugs) 3 " ~ N Athericidae {Snipe flies) 0
TURBELEARIA (Fiatworms) 3 Corixidae® (Water boatmen} {3 A 1 {1) £ | Blepharoceddas (Mountain midges) 15
ANNELIDA Gerridae® {Pond skalers/Water siriders) ] ! Ceratopogonidae (Biting midoes} (5y | & A
Ofigochaeta (Earthworme) {1} T T | Bwdomelridze® (Water measarers [ Chirgromidae (Midges) GO AT AT A &)
Hirudines (i.eeches) 3 Naucoridas® (Creeping water bugs) [£3) 1% T AT T8 | Colicioas” (Mosquitoes) 1
CRUSTACERA Nepidaa* (Water scomions} 3 Dixadae” (Dhdd midge) 10
Amphipoda {Scuds) 13 Notonectidae® {Backswimmens) {3} I { Empididee [Dance flies) 5
Potamonautidae’ {Crabs) 3 Plerdag® (Pyamy backswimmers) 4 o Ephydadas (Shore fios) 2
Aty {Freshwgier Shimps 8 VeliidasiM...validas” (Ripple bugs) 5 B (AT B T Muscidae Giouse fies, Stable Sies) [8] 15y =
Palasmenidae (Ereshwater Prawns) +H MEGALOPTERA (Fishilies, Dohsonflios & Alderfies) Psychodidae (Moth fies) k3
HYDRAC ARINA (Mites) a Corydalidas {Fishfiies & Dobsonflies) 8 Simuliidae (Blackfios) 5
PLECOPTERA {Stoneflies) Siglidee (Alderies) 8 Syrphidae” (Rat talled mangels)
Naotonemouridae 4 T RICHOPTERA {Caddisfites) Tabanidae (Horse flies) 5
Paifigae G211 Z\ A1 Dipseudopsidae 10 Tipulidae (Crane fies) 3 Y A
{EPHEMEROPTERA (Mayflics) Ecagmidae sy 1A A [GASTROPOUA (Snails)
Baelidae 159 4 Hydropsyshidas 4 sp 3 | Ancylidse {Limpals) 651 A s
Bantidae 2 sp [ A Hydropsychidze 2 sp {5y | = & | Bulitinae" 3
Basfidag> 2 sp % = B ¥, | Hydropsychidae > 7 sp 12 Hydroblidae® 4
Casnidae (Squaregitis/Cainfies) 6 | A AT | Phiopotamidae 10 Lymtineidae’ (Pond snais) 3
Ephemerndae 15 Potycentronodidas 12 Physidae” (Fouch snais) 3
Heptageniidas (Fiatheaded mayiies) 5] A {3 | PsychomyigeelXphozentroniize ) Planorbinae® (Orb snails) 3
Lentophlabidas (Prengills) En] 87T A {2 |Cased cadgis: Thiaridaa® (eielanidae) 3
Qligoneuriize {Brushiegoed mayflies) 18 Barbaroehihonidae SWe 33 Viviparidae® 871 5
Polymitarcyidae (Fale Burrowars) el ] Cab atidae 8T 11 PELECYPODA (Bivafvies)
Prosopistomiatidae (Water spags) 15 Liossosomalidae SWC 114 Corbicufidas (Clams) 5
Teloganodidae SWG {Spiny Grawers) 42 Hiydroptdidae 8 Sphaeridae {Pill clams) 3
Tricoryihidae (Stowt Crawiers) {531 1A A | Hydwmsalpingidae SWC 13 Unionidae (Perly mussels) 5
[ODCNATA (Dragenflies & Damseifiias} Lepidosiomalidag ] SASS Scora e}
Calopterygidae ST.T (Demoiselies) 10 Leptoceridag {6 Py No. of Taxa pugy
Chlm!phidae {Jewels) 10 Patrotheincidae WO 11 ASPT [ [oY
Syniestidae (Chiorolestidaai(Syiphs) 8 Pisufiidae 18 Cther hiota:
Coensgrionidae (Sprtes and biues) 4 L afidee SWO 13
Lestidas (Emerald DamssifiesiSoreadeing 8 COLEOPTERA (Beeties)
Phatyenenidee (Siream Damgseifies) 10 Dyliscidae/Neteridoe” (Diving beefles) (5) I
Profoneurdze [Theadwings) ] EimidaeiDryopidae” (Rifie beelies) 8y A ﬁ'
Aeshaidae (Hawkers & Emperors) (Bit A A Gyrinidap® (Whinigio hegtes) [€2) {1y 1 (& siQbservations:
Corduliidae {Cruisers) 8 Hafiplidee” {Crawiing water beeties) 5 — HE ‘1,\ E:"l oug
Gormphidze (Cubtais) Grl (S 51 12 | risiodidee {Marsh eaties) iz 3 " [Gfl
Lipeliulidae (Daders!Skimmers) 4 Hheraenidae® Minute moss beslles) ] - '%3/\1, G’h‘f“ 01“{’ W\Jﬂi \lvr"lf;
LEPINOFTERA (Aquatic CaterpittarsiMoths Hydmshiidae* (Water seavenger beetles]  {5) 3 A e L‘ 5 5 nj
Crambidas {Pyralidae) 7] Limpichidas (Marstloving Beeties 10 Clow+ AEPD%; {524 Hice *{M\ﬂis}
| Psephenidae (Water Pennies) D) A A w 8 4G Loinee C_af\wj N ‘@Glt“"\-‘»"‘d
Procedure: Kick SIC & Dedrock for 2 mins, max 5mins,  Kick S0OC & bodrock for 1 min,  Sweep margina! vogatalion G & ODC) fur 2m lotal and squatic g 1’ Slir & sweep gravel, sand, mud for 1 min totak. * = airbreathars
Hand picking & wisual absenation for 1 min « recard in biotope where found {by cicling eslimated abundance on score shael). Scare for 15 mins/ialope but stap if no sew taxa scen aftar § ming,
Eslimate abundances: 1=1, A= 2.10, B= 13-100, ©~ 1001000, D= >1000 5 = S{one, rock & solid ahjects; Veg = Al wagetation; GSM = Graved, sand, mud BWEC = South Western Capo, ¥ = Tropical, 3T = Subtropical

Hale gach bistape sampled: T=vary poor {ie. limited diversity), Schighly suitable (. wide diversily)  Hate turbidily: V low, Low, Medium, bigh, Vary High

192



SASS Version 5 Score Sheet > (o o AP(‘, {{L Version date;  Sept 2005

Late {dd:mmzyr): Obfol 7 2oil {did. ddcidd Biotopes Sampled {tick & rate) Rating [1 - 5} Tirne fmin)
RHP $ite Code: Grid reference {dd mmss.s) Lat 8 Stones In Current (SIC} ;EN n ;o\
CollactoriSampler: AN Hudhoz o e ot tong: E |stones Out OF Current (SO0} =3 nla
River: Sibs Datum (WGS84/Cape}; Fedmck [ Al
{.evel | Becoregion: Altitede {m}k ) Aguatic Veg | 2 ] FUALTH o,
Quaternary Catchment: Zonation: Isargveg in Current g ol o
Yemp [C): b, 9% Routine or Project? {circle one) [Flow: 16.35m3fs  [Margven Out Of Current K
1Site Description: pH: =y Project Name: Clarity lom): =1 Gravel L
S : o DO fragil): 4 Turbidity: > 2000 FRL Jsont 5
t - a Cond {mSim): f\)”‘ - SC Colour: \ngma Ltous Mud b
Riparian Disturbance: Hand picking/Visual ohservation i,
Insiraam Disturbance; ¥
Tazan av S Veg | GSM | TOT [Tazon v ] Veg | GSM | TOT |Taxon av s Veg : G5M : TOT
[FORIFERA {Spenge} 5 HEMIPTERA (Bugs) DIFTERA [Fiies!
COELENTERATA (Cridaria} 1 Belostomatidae® {Gland water bugs) a3 i 3 Athericigee (Snipe flies) 18
TURBELLARIA (Flatworms}t z Corisidae” (Water boatmen) 33 § 1 Blepharoceridae (Mounlain midges) 15
ANNELIDA Gerrtag* Pend skalersiWoterstnders) | 8 Gerstopogonidae (Biting midges) RCY) 4 H AN
Clgochaeta [Eafworms) BT AT A 15 | Hydrometridee’ (Waler measurers) 6 Chironomidas (Mi (] & [ENEEN 2
Hinidinga {Lesches) 3 Nauterigae® {Creeping waler bugs) LR IWAY B I A i3 1 Culicidae’ (Mosauitoes) [§5) ATTA
CRUSTACES Nepidae® {Waler scorsions) () 1 ] Dixidag™ (Dixd midge 10
Amphioda (Seuds) 13 Netonectidae® (Backewimmers) [€Y] 8 1A R__{| Empididae {Dance flies) 5
Polemonautidze’ {Gmbs) 3 Pleidag” (Pyamy backswimmers) 4 s Ephydridas (Shora fies) 3
Atyidae (Frastwaler Ghimps) ] Veliidae/M...vetidas® (Ripple bugs) {5 O (A A S | Muscidae (House fies. Stable fos) 1
Pataamonidae {Freshwater Pravng) 19 IMEGALOPTERA (Fishfiles, Dobsonflios & Alderflies Psychodidae (Moth Hlest 1
HYDRACARINA (Mites) [ Conydalidae (Fishfies & Dobsonfies) 8 Simulidae (Blackflies) {5y aN A
PLECOPTERA (Stonsfies! Sialidae (Alderfiies) g Syrphidae” {Rat lailed macqols) i
Nolenemouridae 14 TRIGHOPTERA {Caddisties) Tabanidaz (Horse flies) s ] ]
Perlidas [ENI] 1 Dipseudapsidae 10 Tinulidee (Crane fies g
|EPHEMEROFTERA {Mayfties) Fenomidas &yl A A5 IGASTROPGDA (Snails) P
Bagtidae 15p 4 Hidropsychides 1 59 3 1 ¢ A1 Ancylidae (Limpets) e T 5
Baglidae 2 5p 5 [~ = Hydopsychicae 2 sp I3 v Bulininas* E
Baelidag > 2 gp g?'? [N Fs Hydrapsychidee > 2 g0 12 Hydrobiidag® 3
Caenidae (Sauaregilis/Cainlies} 5 Al A | Phicpotamidan 10 Lymnasidae’ Pond snails) 3
Ephemeritdag 15 Faolycentropodidae 12 Physidae® (Pouch snais) 3
Heplageniidae (Flatheaded mayfiog) 13 Psychomylidag/Xphocentranidas ] Planortinze” (Orh snails) 2
Leplophsbiidss (Prongilisy 5y i BT A ] £, iCased caddis: Thiaridas* {zMalanidae) 3
Dligoneusidae (Brushlesged maylies) 15 Barsargchthonicas SWE 13 Viviparidae” 8T &
Pelvmitartvidae (Pale Burrowers) 0 Cat idag §T 11 PELECYPODA (Bivalvies)
Prosopistomalidae (Walsr spacs) [} l i Ginssosomatidae SWQ 11 Corbiculidae {Clanms} 5
Taloganodidas SWE (Suiny Crawlers) 12 Hydrootiidas 3 Sphaeridae {Fill clams} 3
Triconythidae (Stout Crawlers) [ Hy i2e SWG 15 Unionidae (Perly mussels) 8
[CDONATA {Dragonflies & Damselfiies) Lepidostomatidoe 10 SASS Score e
Calopterygidaa ST,T (Demoiselies) ) Leplocerdag [ .y A\ INo. of Taxa ag
Chiorocyphidae {Jewels) 10 Pelrohnncidan SWG 11 ASPT &
Synisatidee [Chiorolaskdasi(Sviphs) Pisuliidae hEt] Other biota:
Goenagticnidas (Sprites and bives) 4 A AT A £ | Sericoslomatidag SWC 13
Lasiidae {(Emerald Damselfies/Spreadvin COLEOPTERA (Beetlos)
Platyernemidae {Stream Damsaifies) 16 Dytiscidae/Noteridas” [Diving beelles}
Protoneuridag (Threadwings) [ Eimidae/Diyopidae* (Rilfle beslies) 3 FAN Fal
Aeshhidas (Hawkers & Emprrors B A E A _ | Gyinidae* (Whirigig beeties) {5} iy 3 ICommentsiOhservaticas:
Cordutiidas (Cruisers) | Haliplidae™ (Crawling water heefles) e : .
Gomphidas (Clublats) G | & 1 A1 | B Heodidas Marsh beaties) iz \’L?'fj lh‘.‘):‘ £ LW:U : \3.:}'5 Tk 011‘
Lingliulidan (Darters/Sidmmars) 4 Hydraeridae” (Minule moss beetles) g ~ 1% ‘ ;ﬁ, e2ni ota & q,ﬁée ;-
{LEPIDOPYERA {Aquatic Caterpillars/Moths) Hydrophilidae® (Water scavenger beeﬁlss{ (2] iy 2N %m HEe mkr{:’oib}m verzpind £ lowy *J@Fi‘i
Crambidae [Pyratidae} 12 3 imnichidae {Marsh-Loving Beetles) ity N . . .
i Psephenidae (Waler Pennies) (RS - i A~ BALS Lrpe. Conmbiaads rol £oiia\,u-aa{ .
Procedure: Kick SIC & bedrork for 2 mins, max. S mins.  Kick SOOC & bedrock for 1 min,  Swaep marginal vegotation (C & OOC) for 2m total and aqualic veg . Blir & swaep gravel, sond, mud for 1 min tatal. * = aitheeatbers
Hand picking & visual absenvation for 1 min - recard in biolope whare Riund {by circling estimated abundance on score sheel). Soore for 15 minsiiotope but stop if e new texa seen after § mins.
Estimate sbundances: 1+ 1, A= 240, B = 10-100, €= 100-1000, D= >1008 S = Stong, rock & sofid objecls; Veg = AR vegetation: GSM = Gravel, sand, mud SWC = South Westorn Cape, T = Trapical, 81 = Bub-lapica)

Rater each biotope sampled: T=very poor (1.6 imited diversily}, Se=highly suitable {ie. wide diversity)  Rale turbigity: V low, Low, Medium, High, Very High
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SASS Version 5 Score Sheet S"L@% e fip

b

Vorsiondate:  Sept 2005
Date (dd:mmzyr): olfogk 1 a0le {dd.dddad) § IBiotof pled (fick & rate) Rating (1. 5) Time (min)
RHP Site Cods: i i Grid reference (dd mm ss.s) Latt S Stanes In Current (SIC) 5 afg
Collector/Sampler: E E . H Mgﬂia Leng: E Stones Out Of Current {(SOOCY 3 Alq
River: TMESG Datum {WGSB4/Cape): Badrock £ ala
t.evel 1 Ecoregion: Altituete (m}): {Aquatic Veg O WEALTH 5y
Quaternary Catchment: Zonation: {margveg In Current L & e,
Temp {C): 9.9 Routine or Project? {circle one} [Flow: 3. 250 [5  |Wargveq Out Of Current I e k
|Site Description: pH: 2.3 Project Nams: Clarity (em} =3 Gravel is. .
. DO (mgiL): Turbidity: sS4 E1Y lsand I
S H {/Q, - 3 Cond (mSimy: ~ H - ﬁa‘; Solour: Sy B ud k =
Rigarian Distarbance: Hand plekinal/Visuat ehservation
Instream Disturbance:
Fascon v ] Veg | GSW | TOY [Taxon av s Veg | GSM | TOT [Taion oV 8 I vey | GSM | TOT
PORIFERA (Sponge) 5 HEMIPTERA (Bugs) DIPTERA (FHes)
COELENTERATA (Cnidaria) 1 Belostomativag® (Glant water bugs) 3 Alnericidae (Snipe flies) 13
FTURBELLARIA (Flatworms) 3 Corbidag® (Walor boatmen) 2 I 1 Blephameoridas (Mountain midges) 13
FANMNELIDA Gerrdze” (Pond skatersWater striden) 5 Cemtopoonidae {Biling midyges) 5 N
Dlignehasts (Earttworms) [N A | Hydrometridas® fWaler meesurers) 3 Chironomidae {Midges) G A t A
Hinuchinga (Leeches) 3 Naucoridae* (Cresping water bugs) [2) [ =3 L Culicidas* (Mosquitoes) 1
CRUSTACEA Nepldas® (Waler scorpions} 3 Dinidze* {Dixid midge} G
Amphipoda (Seuds) 13 Notoneclidae® (Backsvimmers) 3 Empididas (Rance fes) 8
Polamonautdas® (Crabs) (3} i ] Pleidag* my backswimmers 4 Ephydridag {Shore fies) 3
Atyidae Freshwater Shiimps) g . VeliidaesM.. veliidag® (Ripple bugs) (5% e LA X5 | Muscidee {House fies, Stable fies) 1
Palaemenidas {Freshvmater Pravns) 10 MEGALOPTERA (Fishflles, Dobsonflios & Alderilies) Psychodidae fMoth fies)
HYORACARINA (Mitas) 8 Conydalidee (Fishllies & Dobsonflies) 8 Simulidae {Blackflies] e [l
PLECOPTERA {Stoneflies) Sialides (Aldarfies) 8 Syrphidas” (Ral tailed maggots)
Notonemouridas 14 TRICHOPT ERA (Caddisflies) Tabanidae (Horse fiies)
Periidae [{F3] Py A Dipseudonsidae i Tipulidae (Crane fies) 5
JEFHEMEROPTERA (Mayflies) Henomidae 8 [GASTROPODA (Snaijls)
Bastidas 1sp 4 Hydmpsyshidze £ sp [N A | Ancylidae (Limpets) [
Beatidas 2 5p -] 12, £ Hydropsyehidae 2 sp g Bulininga® 3
Bagtidae > 2 sp Gz} =N ¥ | Hydmonsychidae > 2 5p 12 Hydrepjidse’ 3
Caenidae (SouamgiisiCainfles) @ A i A Philopotamidas 0 Lymnasidag® {Pond snails) 3
Ephemaridag i3 Polyzentropadicae 12 Physigae* (Fouch snails) 3
Heptagenkdas (Flatheaded mayflies) 37 1 A_| Psychomyidae/Xiphocenironidae 8 Planorbinae” {Orb snails) 3
{.eptophiehiidae (Pronailis) 7] R i A [Cased caddis: Thisridae" (=Melanidae) 3
Oligeneurkiee (Brushiegoed mayfies) (isy] A A1 Barharochinonidae SWE 13 Viviparidae* $T 5
Polymiarcyidae {Pale Burrowers) i Calamoceratidae §1 1 PELEGYPORA (Bivalvies)
Frosopisiomatiias (Water specs) 15 Glossosomatidae SWC 11 Corbiculidar (Clams) 5
Teloganodidae SWE (Spiny Craviers) 12 Hydroptiidae ] Sohaeridae (Pl clams) 3
Tricorythidae {Stoul Crawters) g b i BWC 15 Unionidae (Perly mussels) g
GTONATA {Dragonfiies & Damseifing] Lepdostomativas W SASS Seore 15HE]
Celopteryyidee ST.T (Demoiselies) 10 Leplocaridae @:! 1 {  {Ma.of Taxa 5
Chiorocyphidae [Jewels) 111} Pefrolnrnoidas SWG 11 ASPY [
Syniestidas {ChlorolastidaedSyiphst g Pisutidan bl [Cihar biota:
Cosnagfionidas (Spdles and blues) [ ¥ i Sericoslomalidae SWG 13 &C"“k
Lastidae (Emeraid Damaeies/Spreadwin 8 : COLEOPTERA {Beetios)
Platycnemidae (Siream Damseifies) W DyfiscidaeiNoterkiae” {Diving beetles) 5
Proloneuridze {Threadwings) ] Elmigze/Dyopidee’ (Rids beeties) B i
Aeshnidae (Hawkers & Emperors) 81 1 i Gyrinigae” [Whirigla beoties} (%‘} y v |CommentsiObgervations:
Gorgulivas {GIusers i) I ! Hefiglides" (Crawing water beetles) - Y R .
Gomphidae (Clublails) 631 #4 Yol 1 | Helodidae tMersh beelies) 12 - )%w‘ ;*3‘0%[‘0’; wador i R 'Fia“z‘
Libefuidas (Daders/Soinmers) fan | A A ydraenidas’ (Mingte moss bestles) [ ,;-;lg,rr,l.,g {Sre MSe Myx }
LEPIDOPTERA [Aquatic Caterpillars/Moths) [ Hydmohitidae® {Water scavanger beel!esi 5 ke
Crambidae (Pyralidas) 12 Limnichidae {Marsh-1 oving Besfies) 10 ~— N M
1 Psephenidae Water Pennissh | I AY r sASS Sea Congbrounts "W’Q"’uw .

Procedure:

Kick SIC & bedrock for 2 mins, max. 5 mins,

Hick 3000 & bodrock for 1 min,

Sweep marging! vegatation (€ & ODC) for Zm lotal and aquatic veg $m’.

Stir & sweep grawed, sand, mud for 1 min tefal,

Rand pioking & visual abservaiion far 3 rmin » regord in bisiops wher ound {by cicling estimated abupdance an score sheol), Scom far 15 atingiolope bul stop  no now 1ana seen after § ming,

Estimalc abundances: 151, A= 2-18, B= 10-100, C = 1001000, D=>1000
Rale cach bintope sampled; T=very goor fi.e. fimited diversity},  S=highly suitable {L.e. wide diversily}
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S = Stane, ook & solid ntjests; Veg = All vegelation; GSM = Grael, Sand, mud
Rate furbidity: V low, Low, Medium, High. Very High

-

* = aitbreathors

SWE = Seuth Wostem Cape, T = Tropigal, §T = Sub-tropical



SASS Version 5 Score Sheet Siee le. Apei] 16

— Varsion dale: Sept 2005

Date (dd:mmzyri: O}; !"li g;gg,; (e ddader) réiatopes S led {tick & rate) Rating (1-5) Time {mim)}

RHF Site Code: Grid reforence {dd mm ss.5) tat S Stones In Current {SIC) RO “ia

Collectar/Sampler: [N HWAW iong: E Stanes Out OF Current {SOOC) a9 nia

River: Totgs Datum (WGSB4/Cape): Bodronk 5 ala

Level 1 Ecorpgion: Altitude {m}: IAquaﬁc Veg o

Quaternary Catchment: Zonation: |Margvey in Current 3

Temp {T): 5.5 Routine or Project? {circle one) [Flow: 6.5 oMs IMargveg Out of Current 3
{Site Description: pH: 3.1 Project Nama: Clarity {cm): K] Gravet i
00 (mgit): 336 Y Furbidity: 50 RTU Sand As
6.{2/ {F Cond (mSim): N ﬂs& Coloun Claws Sud &
i - Riparisn Disturbance: |Hand picking/Visual chservation i
instream Distrbanes:

Taxon Qv £ Veg | GSM | TOT {Taxan av 5 Veg | GSM i TOT |taxon av s Vog | G581 TOT

[PORIFERA {Sponge) 8 HEMIPTERA (Buys! DIPTERA {Plies)

COELENTERATA (Cnidariz) 3 Beisstomatidae” {Giani water buns} [6)) I P | Alnericidae (Snige fies) 10

FLIREELLARIA {Fiotworms) 3 Corixidae” (Water boaimen) (33 37 174 3| Biephamcendae (Mountain micges) 15

ANNELIDA Geridae® {Pord skatersiWater stridars) 5 Cerafopogonidae (Hiting midges} ;} ey ~,
Oligochasta (Eathworms) {11 ] A& 1 A1 Hydromelidae* (Water measurers) [ Chirpnomidae {Midges} 23 A A
Hirudinga (Lecchies) T Naytoridae* {Creeping waler bugs) G ATA ES | Cukioidae” {Mosquitoes) 1

CRUSTACEA Nepidas® (4 aler scorpions) i< Dixidae” (Bbdd midge) 10
Amphipeda {Sguds) 13 Notoneclidae” (Backswimmers) 3 Empididae {Dance fies) ]

Potamonautidas® (Crabs) 3 Pleidae* my baskswiminers’ 4 Ephydridae {Shore flies) 3
Atyitize (Froshwater Shrimps) 8 VeliidaeiM,. validas® [Ripoie bugs) () 3 1 8JT (B Muscdae (House fies, Stabls fies) 1
Palzemonidae (Freshwater Prawns) 18 MEGALOPTERA (Fishflies, Dobsonflias & Alderfifes) Feychodidae (Moth fiss) 1
JHYORACARINA {Mites) 3 Corydalidae {Fishfiies & Dobsonflias) 8 Simuiidae (Barkfies) 5

PLECOPTERA {Stonoflies) Bialidae (Alderflies) g Byohiae® (Rat tailed maggols) ]
Notonemouridag 14 TRICHOPYERA {Caddisflizs) Tabanidae (Horse fies) 5
Parlidas 12 Dipsaudopsidae 10 Tipulidag {Crang fies) )

{EPHEMEROPTERA {Mayflins) Ecniomidae 8 GASTROPUODA (Snails)
Baplidze 1sp 4 i [ % | Hiyoropsychidae 1 sp 4 Ancylklae flimpets) [
Bastidae 2 56 8 Hydropsyehidae 2 sp 8 Bulininas* 3
Baslidse» 3 op {2 ) t,;‘? 15 1 Hydmpsychides > 2 SE 12 Hydrobildag* 3
Gaenidae (SauarenillsfCainfles) [T:9] i i Prilopatamidae 10 Lymnasidag® (Pond snails) 3
Ephemeridas 15 Paolycentropodidas 12 Physidag* (Pouch snalls) 3
Heptageniidae (Flatheaded maylies) [ED) 1 ] Psychomylidaa/Xiphocentionidae 8 Pianosbinae (0D snaits)
Leptophiebiidae (Brongiiis) g Cased caddis: Thiardlae” =Melanidaeh
Qligoneuridae {Brushiegged mayhies) [ A A Barbamchihonidae SWQ 13 Viviparidae® ST
Pc!ggﬂarcxfdae §Pa!e DUTOwers) 30 Calamocentidae ST 11 PELECYPODBA {Bivaivies)
Prosopistomalidae (Water specs) 15 Slossosomalidae SWC 1% LCorbicutidae (Clams) 5
Teloganodidas SWC (Spiny Grawlers) 12 Hydroptitldae ] Sphastidas (PH clams} 3
Trcorgthidae (Slout Crawlers) 9 Hydrosalpingidas SWC 15 Unionidae {(Parly mussels} ]

ODONATA, (Dragonflies 8 Damseifiies) Lepiostomatidae 10 SASS Score lok
Calgplerygidas ST,T (Demoiselies) 10 Leploceridae (5> Fa ] A " iNo. of Taxa, L
Chivrocyphidan (Jearls) i Petrothrincidae SWC 11 ASPT bwd
Synlestidae (Chiordlestidan){Sylohs) 8, . Pisuliidan 10 Other biota:

Coanagrionidae (Sprtes and blues) (7] A A | Seriecstomatidas SWC 13

Lestidae {Emerald Dumselfies/Soreadwin, 8 COLEGPTERA (Bewlies)

Piatyeremidae (Stream Damselflies) 0 OylistidaeNoteridae® (Diving beetles) (50 = [\

Protoneuridae [Threadwings) 8 Eimidee/Dryopidae’ {Riffie beetles) a8

Aeshnidas (Hewkers & Emperors) B y Gyrinidae® (Whidigig beatles} 5 [» Ohservatigns:

Corduliidas [Cruisenss 3 Halipidae® (Crawiing waler bootles) 5 R b *

Gomphidas {Clublals) g)) A B @ | Helodidoe (Marsh beetlas) ) B‘M t‘“w"f‘:’!‘ W"‘l vader Wiy Flovst
Ligeliulidas (Darers Smmers] [ A A | Hydrenidze® {Minute moss besties) g A.ﬂ?bh\s {fae Mac mihés}

LEFIDOPTERA (Aquatic CaterpitiarsiMoths) Hydeophilidas® (Water scavenger beetlag 5 ‘

Crambidae {Pyratidac) 12 | Limnighidas (Marsh-Laving Baetles) i ki) - GARS 0 Catvaboatts lowsa !,
F Fophonidac fWater Pennies) { 10 i et Qa

Procedure:

Kick SIC & bediosh fat 2 mins. max. § mins.

Kick SO0C & bedrock for 1 it

SBwepg marginal vegatatien (G & OQC) for 2m total and aquatic vog 1m?.

Hand picking & visual observation for 1 min - record in biciape whare found (by cirling sstimated abumdance on score sheel). Score for 15 mins/biotope but slop if no new 1 saen afier § mins,

Esttmate sbundancos; 1 =1, A= 210, §=10-100, = 100-1000, D =>1000
Rale each bintope sarmpled: T=very poor fla. imied divorsity], S=Righly suitabie {i.o. wide diversilyy
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5= Stone, rock & solic nbjests; Veg = Al vegelation GSM = Grawel, sand, mud
Rate turbidity: V low, Low, Medium, High, Yery High

Stir & sweep gravel, sand, mud far 1 min tatal,

*# aiBreathers

SWC = Soulh Weslern Cape, T= Tragical, ST # Sub-topical



Sl‘{'«(—} 5. /jc ﬁ[ ‘Ié

Procedure:

s
Kink BIC & bedrock for 2 ming, max, § mins.  Kick SO0G & bedroek far 1 min. Bwoop magioal vegetation (G & DOC) for 2m ol and aquatic ~oq 1t Sird $weep gravel, sand, mud for 1 min tola),

SASS Version 5 Score Sheet Version dale:  Sept 2005

Date ([dd:mmzyr); oslol fant fdd.ddddtd) ctopes Sampled {fick & rate) Roting (1-5) Time {oind

RHP Site Code; § ’ Grid reference {dd mm ss.8) Lat S Stanes tn Currant (SIC) [

Collector/Sampler: L) Py Long: E |stones Qut of Current (S00G) ¥ )

River: Torban Datum (WGS84/Cape): Hedrock k4 “ifon.

Level 1 Ecoregion: Altitude {m): | Aquatic Vag G WA

: % o

Quaternary Catchment: Zonation: |Wargeg in Carrent 5 : %

Temp {T): 19,9 Routine of Project? [tircle one) JFlow: G (% m?/e Margvag Out OF Current [
ksite Description: pH: 3.8 Praject Name: Clarity (cm): 25 Gravel [
DO {myit): Turbidity; SERM Sand L
S‘r Cond (m&fm): UQ,HSL Cotour: Hoode,, Mud 4
J‘:’Q’ hd g Riparian Disterhance: ¥ tand picking/Visusl observation 3

Instream Disturbance:

Taxon av s Yeg | GEM | TOT Taxon Qv 8 Vey | GSM | TOT Taxon v s Yeg | GSM | TOT

PORIFERA (Sponge) 5 HEMIPTERA (Bugsh DIPTERA (Flies)

[COELENTERATA {Cnidaria} £ Belostomalidae” {Giant water bugs) Aﬁ Y Alherigidlae {Snige flies) 10

[TURBELLARIA {Flatworms) 3 Corixictae” P alar bostmeny 1 AT A F cendan (Mountain midges) 15

ANNELIDA Germidze’ (Pond skalersiW zier slriders) Ceralopogonidae (Biling midges G} Al A
Ofigachacta {Earthworms) 1 Hydramefridae® (Water measyrars 8 Chimnomidee (Midges) ©% A a
Hisudinea (Leeches) 3 Navooridae® (Cresping water bugs) T A AT | Cuiicidan® (Mosquitoes) 1

[CRUSTACEA Nepidae® (Waler scorpians; ] Diidap* {Didd midge) 1
Amphipoda (Studs) 13 Nolonectidoe” (Backswimmers] [€9] Fi) A | Empidides (Dance fies) [

Potamanautidae” (Grabs) 3 Pleidae’ (Pygmy ba@kswmmees) 4 Ephydridas (Shore fies) 3
Abyitlae (Froshwater Shrimps] [ Veliidae/M. . validas” (Ripple bugs) GJ = Muscidae (Heuso fies, Stabile Sies) 1
Palzemonidae {Freshwater Prawns) 18 MEGALOPTERA {Fishfllas, Dobsonfies & Alderflies) Poyshodidae (Moth fies) 3
HYDRACARINA {Mitos) 8 Corydalidas (Fishfies & Dobsonfiies) 8 Simuiifidas [Rlackfies) 5
PLECOPTERA (Stonoflies) Sialidae (Mderfies) [ Svghidze: (Rat teiled maggols)
Nolonemousidag 14 N TRICHOPTERA (Caddisflies) Tabanidae {Horse fies) 5
Perlidae 211 A A1 Diseudonsidar 10 Tipulidae {Crans fies) I T
EFHEMEROPTERA {Mayflias] Ecnotigas 3 GASTROPODA (Snails)
Haelidae 1sp 4 Hydropsvehidas 1 sp 4 Antylidae (Limpets) -]
Baslidae 2 sp 5 [} A Hydmpsychidan 2 g 6 Bulininas* 3
Baslidee > 2 sp 12} §: Hydmopsychidae > 2 sp 12 Hydrobiidas® 3
Caenidae (Sauaragils/Cainfies) é) A Philgpotamidae 10 Lymnaeidae’ {Pond snails) 3
Ephemeridag 45 Polyrentzopodid ze 12 Physidae® (Poucs; snails) ]
Heptagenidze (Flatheaded mavfies) G377 AN\ A Psychomyidaa/Xiphocentronidae g Planorbinae® (O snails) a
Leptophieblidae (Prongifis) By A 1 A _Casad caddis: Thigridae” {(=Malanidze) 3
Qtgoneuridac Brushleared mayfies) 18 Barbavochionidas SWC 13 Viviparidae* ST 5
Polymitarcyidae (Pals Burrowars) 39 Calsmoceralidas ST 11 PELECYPODA [Bivalvies)
Prosopistomatidas (Water spocs) 15 Giossosomalidae SWC 11 Corbiculidae {Clams)
Teloganodidae SWG (Spiny Crawlers) 12 roptilidas B Sphaeridas (Pl clams) i i
Tncordhidae {Stoul Cravders) A Rydrosalpingidas SWC 15 Hnipnidae (Ferly mussels)

ODONATA (Dragonfiies & Damsalflies) < Lepidosiomatidas 1 5453 Score ihE
Caioplervgidae ST.T (Demoiseles 10 - Lepiocendas ﬁ A A INo. of Taxa [
Chiorocyphidas (Jewels] 10 Pelrothrincidze SWE 41 ASPT [
Synlestidae (Chiorolestidaa}{Sviphs} 3 Fisylidas 10 {(HEer biota:

Coensgronidas (Sprtes and hiveg) 03] A Sericosiomaligae SWE 3

Lestidae (Emetald Damselfies/Spreadwing 8 COLEOPTERA (Beetias)

Platyonemidae (Stream tamselflies) 10 DytiseidasiNoteridas® (Diving beefles) &

Proloneurkise (Theeadwings) i ElmidesiDrynpidae” (Riffle beotles) 13 1 ]

Aeshhitae (Hawkers & Empsiors) Bl 1 Gyrinidas* {Wririgig baefies) 15} = I {D A, |CommentsiDuservations:

Corguliidae {Cruiserst g8 Haftplidas* {Crapding water beeties) 5 g . L ;ﬂ - J,

Gomphidas (Ciublals; & T ATTE T Heosdae [Marsh beeties) i DOiffuart Ligtoms Sarg Lerggrgy Llows &
Libalidas (Daress/Skmmersy 4 i Hydraenidas” [Minute moss beelies) g . AL&%ka Ldee MGe pathe A{

LEPIDOPTERA {Aquatic CaterpiliarsiMoths) Hydrophilidae' {Water scavenger beelies] 5 “5,4 Lime, &mr@; ot ;‘,(M R
Crambidae {Pyraigach 12 Limnichictae IMarsh-Loving Beelies) ! 10 &J - N .

Psaphenidae {Water Ponnies) [ EY - S'O‘Mf Dyes B, t4DinG Thags dﬂ_g' Fo (rary Slorif) in

" = airbreathers

Hapd picking & visual obseralion for 1 min - recond in biotope wher found fhy ciraling estimaled abundance an scord shaetl. Seare for 18 mins/oiotope but stap i no new faxa seen altar 5 mins,

Fstimate abundances: 1= 4, A=2.10, B
Rats each bislape sampled; 1=waty paor {ie. imiled diversity), S=highly suitable {.8. wide diversity)

£-100, C 100-7068, D = >1000
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§ = Slong, rock & sclid objecis; Veg = All vegelation; GSM = Graw], sand, sl
Rate turbidity: V fow, Low, Medium, High, Very High

SWC = South Western Sape. T= Tropical, $1 = Sub-togizal

Coduhrmasd,,



SASS Version 5 Score Sheet S (e | A WSt ;(,é

- Version date: Sept 2006
Date {dd:mm:yr): 06 [ 0%] 00 {dd.ddddd) otapes Sampled {tick & rate} Rating (1-5) Time {min)f
RHP Site Code: Grid reference ([dd mm ss.8) Lat & Stonas in Current {SIC) ES nlg
Collector/Sampler: (¥ HW\M long: E Stones Out OF Current SO0C) 5
River: Toitao Datum {WGSB4/Cape): Bedrock B
Leval 1 Eqoregion: Altitade (m: iAquatic Veg [}
Quaternary Catchment: Zonation: iMargVeg In Current s
Temp [Tk L. 9 Routine or Projact? (circle one) |Flow: L% m3/s  [wargvey Out OF Current [
iSite Description: pH: 3.3 Project Name: Ciarity fom L3 Gravel L
DO {mgiL): W ﬁ, Turbldity: b BTU Sand [
6 . I Gond {mSfm) WA . e Colour: oot Cloay Mud E}
{ {19/ Riparian Disturbance; Hand picking/Visual ofiservation 2,
Instream Disturbance:
Taxen Qv 5 Veg ! GSM i TOT iTaxen av 5 ¥eg | GSM | TOT [Taxon Qv 3 Veg | GSM | TOT
%EFERA {Snonge) 3 HEMIPTERA {Bugs) BIPFTERA (Flies)
COELENTERATA (Cridaria) 1 Belostormalidas® {Giant valer bugs} 3 Alhericidae (Snipe fies] 19
FURBELLARIA {Flatworms) By 1 Coriidae’ (Water buatmen) &3] =X R | Blepharoceridae (Mouniain midges) 15
IANNELIDA Gerridas® (Pond skaters/Water slriders) 3 - Ceratopoqoridar (Biling midges) 5 FAY A

Oligorhaets (Eadhworms) G is B B | Fiydomelndae’ (Walter measurers) [ Chironomidae {Midges) 2 B oy [t}

Hirudinga {L.eeches) 3 Navcoridae® {Creening waler bugy 7 Gulicidae™ (Mosgeitoes 1
[CRUSTACEA Nepidae” (Waler scomions) 3 Rixidag” (g midge) Gol ¢ |

Amphinoda (Seuds) 13 Notonectidae* {Back nmers} 7] £ 1 Empididae {Dence fies) 8

Potamonautidae” (Grabs) [Ny Y-y A Peidae’ {Pygmy backswimmers) 4 Eshydridae (Shore fiies) 3

Atvidze (Fregtwaler Shrmps) [ VeliidaeiM...veligae® (Rippis bugs) &) B 1 AT Muscidae (House Ties. Stable fies)

Palsemonidas (Freshwater Prawns 10 MEGALOPTERA {Fishfijes Dobsonflies & Alderfijes) Psychodidae (Math fies) s ) ]
HYDRACARINA [Mites) 3 Corydalidas (Fishfies & Dobsonflies) 8 Sirnuiigee (Blackijes) [CPI Y Y
PLECOPTERA gStoaaﬂics) Sialidas (Aerfies) [ Syrphidag” (Ral talted mAq0tS)

Nolonemoatidae 4 TRIGHOPTERA (Caddistlics) Taganidae (Horse flieg)

Padidag G A A1 Dipseudopsidas 10 Tipulidap (orang fies)

{EPHEMEROFTERA (Mayfhes) Ecnomidas GASTROPODA {Snails

Bagfidae 1sp 4 Hydropsychidae 150 A3 A Py | Ancylidae (Lmpels) [CON i %

Baeldzn 2 sp s & 23 Hydmnsyehidas 2 sp 6 Bulininae* 2

Bastidee > 2 sp 2> & 15 | Hydmosvhidee > 2 8p 12 Hydrobiidae* 3

Gasridae (Squaregiis/Cainfes) )| & B 1A 1 & | Phicolamidas 10 Lymnaeidas® {Pond snads) 3

Ephemeridae 15 Polycentropodidae 12 Physitiae® {Pouch snails) 3

Hepfageriidze (Flatheaded mayitios) -y LY Psychomyidae Mishoaenironiae 8 Planorbinze” {Orb snails) 3

Leptophiediidag (Prongills) g =y (5N R, [Cased eaddis: Thisridae' fshetanidae) 3

Oligoreuridae {Brushleqaed mavies} 15 Barbarochthonidae SWC 13 Vivipanidae” 5T 5

Polymitarcyvidae (Pate Burrowers) 10 Calamoceratidas ST 11 PELECYPODA {Blvalvias)

Pmsopistomalidas (Waler specs) [EDEI-N A T cuossosomatidas SWC 1 Corbicutidae (Clams) 5

Jerowanodidae SWE (Spiny Crawfers) 12 Hydroplilidag g Sphaeridae (P9l clams} 3

Tricordiudaz (Stout Crawders) (871 A 73 Hydrosalpingidae SWC 15 Unionidae (Perly mussels) 8
ODONATA {Dragonflies & Demsaiflies) Lepidostomaticae i . ISASS Senrs 1Bl

Capplerysidae ST.T (Demoiselies) 10 Leplsestidae & 2y 2 |Ne. of Taxs 27

Chlorocyphidae flensls) 10 Peirothrincidae SWE 11 ASPT bt

Synleslidas [ChiorlestidaskSvinhs) Pisuliidag 18 {ither bicta;

Ceenagronidae (Sofites and blues) b £ A | Sericoslomatidae SWC 13

Lestidae (Emerald Damseifies/Spreadwing COLECPTERA (Beetlag)

Platycnemidas (Siream Demselfies) 10 [yiscrlasiNoteridas* {Diving heelies) 153 | § AT A B

Frolenaurkize (Threadvings) g Eimidae/Dryopidac* (Rifle beplles) 6 A A

Aeshnidas {(Hawkers & Empernes) [ ORI A__| Syinidae’ (Whirliglg beetles) 5 = B [CommentsiObservations:

Cordulidae {Cruisars) £_ 5 1 a e Halipiidae™ [Craving water bestlest - 330 g}og-_,?c; snmf‘%i weches M:in

Gomphidae [Clublails) Halodidae {Marsh beeties) 12 3. .

Libeliulidae {Darers/Skimmers) 4 Hydraenidae® IMinute moss besties) {a1 = - Cendit wns - £ lowst Jﬂf‘ ths (se MS ¢ met !\"} Q .
LEPIDOPTERA {Aguatic Caterpillars/Moths Hydrophilidae® (Waler scavenger heetles] (5 2 M *

Crambidas (Pyralidag) 12 | Limnichidas (Marmn-1 oving Bestles) 10 ~SASS tina- Conghmants Aot Poﬂw*

i Bsephenidae {Water Pennies) | A A

Procedure:

Kick SKC & bedimeck for Z mins, max. 5 ming.

Klek SOOC & bedrock for 3 min,

Bwaep manginal vegelation (IC & OOC) or Zim 10kt and aquatic veg Tm’.

Hand picking & wsual obsenation for 1 min - recerd in bictope whes found (by cireting estimaled abundance an score sheet).  Score for 15 minsfiatape bud stop if o6 few taxa seen afier 5 mins.

Estimate ahundances: f=1, Ax2.40, 8
Rala gach tistope sompled: T=very poor {i.c. limited diversity), Sehighly suitabie fi.9. wide diversily)

10108, &= 100-1000, O =>1000

&= Slone, reck & solid objects; Veg = Al vegatation; GSM = Grawl, sand, mugd
Rate tusbidity: V low, Low, Medium, High, Yery High
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Stir & sweep gravel, sard, mug far 1 min total.

* = gisbreathers

SWE = Soulh Western Cepe, ¥ = Trepical, §7 = Sub-mpical



SASS Version 5 Score Sheet Sf te . Aw‘}u&t g Version date:  Sept 2006

Date [a:mm yr): ot Joslaell, {edddded) _Biotopes Sampled (Hek & rato) Rafing (1 - 5 Time ()]
RHP Site Code: Grid reference {dd mm ss.8) Lat  $ |stanes In Current (S10} = als
Collector/Sampler: M e iy Long: E {Stones Out OF Gurrent {SO0G) 5 443
River: Taitse Datum (WGSB4/Cape): Berrack I 2
tevel 1 Eeoregion: Altitude (m): Aguatic Veg o WALl g
Quaternary Catchment: Zonati MargVeq In Current =% > i
Terp (T} 2.5 Routine or Project? (circle one) [Flow: b mdis MargVeg Out Of Current T
{Site Description: pH: 3.6 Projact Hame: Clarily fom): T Grave! [
D0 {mgiL): Turbidity: 25l Sand 3
g N Cand {(mSim}: NH .. l"‘f« -{\.C Colour: Mitk, Mutt 4
4 i@ - _a_ Riparian Qisturbance: Hand pickingiVisual observation &
Instream Disturhance: N
Taxon ov 3 Yeg | GEM | TOT {Taxon Qv 5 Veg | GSM | TOT |Taxon ay S Veg | GSM ] TOT
g HERIPTERA (Bugs) DIETERA {Fliss)
1 Bealostormatidae® (Giant water bugs) 3 ~ i~ Athericidae (Snipe Rias} i
3 Corividae* (Water boatmen) & Wi A { %) £5Y Biepharaceridae (Mountain midges) 15
Gerridze” (Pond skalersiWater striders) Geratopagonidae (Biling midges) (GRS AT H
)T A 1 B A__{ Hydrometrdae* (ater measurers) Cni idag (Midg TR BT o
3 Naucoridae® {Creaping waler bugs) 73 i 1| Goligidze” (osquitoes) [BEN:N T A
Nepidag' (Water scomions} 3 Dixidae” {Diad midoe} 16
i3 Nolonectidae® (B Ammers} aj 2 A | Empididae Dance flies} )
3 Pieidag” (Pyamy backswimmers) 4. Ephvdndas (Shore figs) 3
idag (Freshwater Shimps [ Veligasi., vellidne fRppie bugs) &) iy A Musciges (House fies, Siavle fies) 1
Palzemonidae (Freshwater Prawns) 10 MEGALOPTERA {Fishfties, Dobsontliss & AlderfHes) Paychodidae (Moth fies) A
IYDRACARINA (Mites) B Corydaiiae (Fishiies & Pobsonfies) 8 Simulidae (Blackiies) B n LA |53
PLECGPTERA {Staneflies) Siahdes (Alderfies) 8 Syrphidas” (Rat tailed maggots) 1
Notongimouridee 14 TRIGHOPTERA (Caddisflies) Tabanidae (Horse fiies) 5
Periidae Gy | A & T Dipseudepsitan 10 Tipulidae (Crang figs) G A~ 1A
EPHEMERCPTERA (Mayflies) Ecnomidae 8 GASTROPODA (Snails}
Baelidas 14 % Hydropsychidae 1 gp [ { ¥ Ancylidae (Limpets) (2] T 1
Baelidae 2 sp 5. | B iy Hydropsvehidag 2 sp 5 Bulinirize® 3
Buoglidae > 2 sp g% B < Hygropsychidae > 2 s 12 Hydrobliday® 3
Caenidae (SquarsolisiCainfies) 5 B 2 | Philspotamidas 10 Lymnaeidae’ (Pend snais) 3
Ephemeridaa 15 Poiycentropadidan 12 Plivsidae” (Pouch snails} 3
Heplegenlgas {Flatheaded mayflies) [ERTIN.Y A | Psychomvideeitiphorertranidzas 8 Planorbinag® {Orb snails) 3
Leptophiebiicas (Prongills) {5} E. I B ICased caddis: Tiiandas* (=Molaridus) 3
Qligoneuridze (Brushlecaed maylies 35 Barbarcchihonidae SWE 13 Viviparidae” 3T 5
Polymilareyidae {Pate Burowsrs) 14 Catamoceratidae ST 11 PELECYPODA {Bivaivies}
Frosonistomalidae [Water specs) 5] | ! Classosomatidae SNG 11 Cobiculidas (Clams) 8
Jglaganodidae SWC (Spiny Crawders} 12 Hydroptiidae B Sphaeridae (Pl dams) 3
Tricordhidae {Stout Cravders) 5 | A A H: i SWE 15 Unionidas {Perly mussals) 3
[ODONATA {Dragentlics & Damselfiies) Lepidoslomatitiae i BASE Score [{4
Calopleryoidas 51,7 {Demuiselles) 16 Leploteridae 5 No, of Taxa s
Lhiprooyphidae {ewels) 10 Pelrothrincidae SWCE i ASPT o
Bynlestidae (Chioroiestidae){Sylnhs) 2 Pisulidag 10 Other hiota:
Cognagrionidae {Sprles and biues) ) A A 1 Sercostomatidas SWC 13
Lestidae (Emerald DamseifissiSproadwing 8 COLEOPTERA {Boutles]
Blalycremidas (Strmam Damseifies) 10 Dylisciaeiiotenidae* (Drving beelies) | &TA
Bralonewrdae (Threadwings) 8 Eimidae)tyopidas’ (Riffe beetles) £
Acshnitiae (Hawkers & Emperors) 8 Cyrinidae” (Whitligrg beetles) 3 1A 5 T &1 W icommentsiGbsorvations:
Corduliidae (Casisers) 3} Haliplidae* (Cravding water beetles) - 5O L ol o
Gomphides (Clubtas) 7%)) y:Y AT T pioiodidae (Marsh beres) 12 Birons, Boteres compld vergng £lows
Libetiulidee (Darters/Skimmers) § 1 Hydraenigae” (Minule moss heatles) 3 JQFBL& gn‘;sw, Mée MLH'&)
LEPIDOPTERA {Aquatic CaterpiltarsiMoths] Hydrophifdes® (Weler scavenger beefies] (5} 2N A . .
Crambidae {Pyralidae) T 72 ] Limnichides (Marsh-Loving Beefles] | 10 ~ G ASL & oha Congtroandy nok fotlowrad
{ Psephenidae (Waler Pennies) [ICENY W 3 ‘
Procedurs: Kick SIC & hodrock for 2 ming, max S mins.  Kick SOOC & bedrock for 1 min,  Swoep marginal vegelation (iC & OOC) for 2m total and aquatio veg m?.  Stir& sweep gravel, sand, mud for 1 min tota, * s« pirbrosbers
Hand piching & visuat absenation for 1 min » record in biolape where found {by circling estimated atundance on scare sheet). Seore far 15 minsihiotope but $1op # na new laxa oen aller § mins,
Eslimate sbundtances: 1% 1, A= 210, B=10-100, = 100-1000, [ = >4000 & = Slone, mck & solid phjects; Veg = All vogolation; GSM = Grwl, sand, mud FWG = South Westers Cage, T = Tropical, 8T = Sulr-topical

Rate ¢ach bistope sempled: overy poor fie. fimiled diversity), Sehighty suilatle (e, wide divorsity)  Rale turbidity: V iow, Low, Medium, High, Very High
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SASS Version 5 Score Sheet S\ te 3. st ! I6 Version date: _ Sept 2005
Date (ddmmm:yr): QS oM Aoit, {ddddddd Biotopes Sampled (tick & rate) Rating (1 - 5) Time {min)]
RHP Site Code: Grid reference (dd mm ss.s) Lat  § Stones in Current (SIC} o e
Collector/Sampler: M. Hue ot Long: E {stones Out Of Current (SO0G) K e
River: TS itea Datum {(WGS84/Cape): Isedmck i e
l.evel 1 Ecoregion: Adtitude (m): Aquatic Veg X
Quaternary Gatchment: Zonati |margveg tn Current 5
Temp (T): S ly Routine or Project? {circle onej [Fiow: .2 w3 s |Margvea Out Of Gurrent 5
Site Description: pH: 1.5 Project Name: Clarity fom): - travel Ly
BO {mgiL): Turbidity: %0 FTK  Isang 5
- Cond {mSim}): P\J H‘- - YJ" Sec Colour: 4 en Mud I
%\.{LLL 3 Riparian Disturbance: Hand picking/Visial sbservation S
instream Disturbance:
Taxon Qv 5 Yeg | GSM | TOT {Taxon av 3 Weg | GSM | TOT |Taxon av S Yeg | GSM | TOT
PORIFERA {Sponge) 5 HERIPTERA (Bugs) DIFTERA [Flles) P
COELENTERATA {Cpidaria) 1 Beloslomatidas” (Gian! woler bugs) 3 Alrericidae (Snips fes} h%} { i
TURBELLARIA (Flatworms) [EX) { 11 Corhidag* (Waler boatmen) [a] B (ﬁ T2 { frephorcerigoe {Mountain midges) 1
ANNELIDA Beradae* (Pond skatarsiWater sidders) 5 Genstonogonidae Biing midges) .@ Bil g‘
Cligochaeta (Earhworms) OIFATA B | Hydramelridae” (Water measurers) 3 Chitonomidae (Vidges) (RS BT e
Hirudinea {Lesches) 3 Naugoridae* {Creeping water bugs L) 1 A | Culcidag® (Mosauitoes) [ N A
CRUSTACEA Nepidae* (Waler scomions) 3 N Dixictan® {Ditid tmidge} 10
Ampkipoda (Scuds) 13 Netanectidae” (Backswimmers) {33 I I Empididae {Dance fieg} 6
Polamoenaytidze* {Crabs) 3 Pigidag” (Pyamy backswimmers) 4 - Ephydridae (Shors fies)
Atyidae (Freshwater Shrimps} 8 Yoilgdagid,, velidae® {FRipple bugs) 5 Muscidaa (House fies, Stabie fies) ¥ { i
Palzsmonitae (Freshwaler Prawns) 10 IMEGALOPTERA {Fishfiies, Dohsonflies & Alderflies) Bsychodidae Moth fies)
{HYDRACARINA {Mites) 8 Conydalidae (Fishiies & Dobsonfles) 8 Simulidas (Blackfios) [€ AT ETITRI®
PLECOPTERA (Stoneflies) Sialidag (AldarMies) [ Syrphidge” (Rat tafled maggols) k]
Noptonemouridag . TRIGHOPTERA (Caddisfiies) Tabaridae {Horse flins) 5
Patidaa Fas Ly Dipseudoosidae 10 Tipulidae (Crane fles) [€)) { 1
{EPHEMEROPTERA (Mayflies) Eenomidas [Cy] 1 1 A [BASTROPODA {Suails)
Basligan 15 Hydmpsychidas | sp Gy 1.1 Ancylidas (1impets) 6
Baslidas 2 sp A TR IR Hydropsyehidae 2 sp g - | Bulininge* 3
Baelidae > 2 5p = Hydropswehidae > 2 sp 12 Hydrobidag® 3
Caenidae (Squaregitis/Cainfles) A BT & | & | Priopolamidae kit] Eymnaeidae® Pond snaits) 3
Epbemeridas 15 12 Physidae* {Pouch snails: 3
Heplageniidae (Fiatheaded mayfies) Gsy Y A i g Planorbinge* (Orb snails) 3
Lepfophisbiidas (Prongiis) {531 A B | 8 lCased ceddis: Thiaridae® (=Mslanidas) 3
Ciigoneuridas (Brushisgced maylies) i Barbarochthonidas SWC 13 Viviparidaa® ST 5
Polymitarcyidee (Pale Buriowers} 10 Calamoteratidas ST 11 PELECYPODA (Bivalvias)
Prosonistomatidas (Waler spocs) G50 1 ¥ Glossosomalidae SWC 11 Corviculidae {Clams) 5
Jelogancdidae SWC (Spiny Crawers) 12 Hydmoptiidag 6 Sphaeridae {Pil clams} 3
Tricorythidae {Siout Cravders} g Hinth ingidae SWC 18 Unionidag (Perly mussals) 8
OLONATA {Dragonilies & Damsclfies) Lapidostomatidae 18 15ASS Score !Q"‘?
Calopterygidae ST.T (Domaiseissy 10 Lapiteerdae {5} 1 | ro, of Taxa ad
Chigrocyphidae (lewels} L) Petrothrincidas SWE 11 ASET [
Synlestidas (Chiocrolestidae){Sviphs) B Pisuliidas 16 Other biotar
Cosnagnonidae (Sprites and diues) (5] { 1 Sericosiomatidas SWC 13
Lestidae (Emerald Damselfies/Spreadwing] 8 COEEQPTERA (Beetles)
Platyenemidas (Stream Damsolflivs 10 DylisciiaeMoteddae” (Diving beetles)
Frotneundes (Theadwingsy a EimidasiDryopiiae® {Riifle beelles) 3 I ]
Agshnidas (Hawkers & Emperors) [€1] i A_{ Gyinidaw" (Whirigig beetles) E 217 R {CommentsiObservations:
Corduliidae (Cruisers) 8 Haliplidan” {Gravding water heetles) - 1t vty N Clous:
Gomphidae (Clubiails) ) TS {5 1 Helogiias (Marsh beatles) 12 Oiffeent Lot ¢ B i *
Libeltufidae (Darters/Skimmers) 4 Hydreenidas® (Minute moss beelies) ) elwebk,f.m Mg MKJS)
LEPIDOFTERA {Aquatic Caterpillars/Meths Hydrophilidae” (Water scavenger beelies] (5] =) 1 = x . .
Crambidag [Pyralidas) 12 ] Limnichidas (Marsh-Loving Beetles) ; k1i] SALL b cortbimants ot felloged,
i Penhanidan {Water Pennies) P10
Procedure; Kick SIC & bedrock for 2 mins, max Smins.  Kick SO0C & bedsock i 1 min,  Sweep marging] vegelation {1 & DOCY or 2m intatand aquatie veg 1%, Stir & sweep gravel, sand, mud for 1 min totl * = githrealhors

Hard picking & sisudl absenvation for 1 min - rocerd in biotopa where Tound {by circting estimated abundande on soate shaet), Scone lor 18 mins/biotope but slop if no new Laxa seen after § mins.

Estimalz abundances: 129, A% 210, B = 10-100, C = 100-1000, [ = >1000
Rate cach biolape sampled: Tmvery paor (Le. fimiled diversity),  Sehighly suilatiie (Le, wide diversity)
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&= Slane, mek & solid objects; Veg = Afl wegelalion; GSM = Grnal, sand, mulf
Rate tuibidity: V low, Low, Medium, High, Very High

SWE = Sputh Western Gape. T = Fopical, §7 = Subtopicat



SASS Version 5 Score Sheet Sitels Aurust UL, Version date: et 2005

Date (dd:mm:yr): VLY TS fdadddes)  |Biotopes Sampled (ck & rate) Rating {1 - 5) Time (minj]
RHP Site Cods: i Grid reference {dd mm ss.8) Lat: 8 |Stones In Current (SIC] & ala
Collector/Sampler: M- Huehzeomains teng: E IStanes Out Of Current (SODC) [e] nia
River: T o N Datum (WGS84/Cape); |Bedrock [ ala,
Level 1 Ecoregion: Altitude (m): Aquatic Yeg < arAL b gy
. = % 7
Quaternary Catchmaent: Zonation: Marg¥eg In Current T x D
Tems {C): ) Routine or Project? (circle one) [Flow: 13. 8 mis Im g Qut Of Qurrent
Site Description: pH: 1. Projost Name: Ciarity fom; i% Gravel [4)
BO [mgil): Turbidity: \ohFru Sand 5
Cond {mS3im}): Mu - ﬂé[ Colour: iy EFon, Mud 5
Riparian Disturbance: i Hand picking/Visual observation 5
Instream Disturbagnce:
[Taxon Qv £ Veg | GSM | TOT [Taxon av s Veg | GSM | TOT |Taxon v 5 Veg | GSM | TOT
PORIFERA {Sponae) 5 HEMIPTERA (Bio DIPTERA {Flies)
COELENTERATA (Cridaria) 1 Belostomatidae* (Giant water bugs) 3 Athericidas {Snipe fes) a8,
TURBELLARIA {Flatworms) 3 Corxidas® (Waler hoatmen) [6) { [N ¥, | Blephamceridae (Mounkiin midges) 15
ANNELIDA Geridae* (Pond skaters/\Water striders) 8 Lemtopogonidae (Biting midges) 3 A y
Qligochasta (Earfworms) {4 1 oy A, Hydramelridae* (W ater meastrers) € O idae (Midges) I AR I ™ 8
Jirudinea {Leaches) 3 Naucoridae® {Creeping waler bugs) ) A A Culcize” (Mosquitces) 1
CRUSTACEA Nepidae* (Water scomions) 3 Dixidae” (Dixd midge) 10
Amgphipeda (Scuds) 13 HNolonectidae* {Backswimmers) G2 i ] Empididae Dange fies) [
Potamanautidas” (Crabs) 2 Pleidae {Fyamy backswizmers) 4 Ephvdridae (Shore es) 3
Ayidlze (Freshwater Shrimps) 8 VeliidzerM.. vellidae* {Ripple buas) 3 Mustidae (House figa. Stable fies) 0/ A )
Palaemonidae (Freshwater Pravns) k) IMEGALOPTERA (Fishfiies, Dobsonfliss & Alderfles) Psyehodidas IMoih fies)
HYDRAC ARINA (Mites) ] Conyddlidag (Fishflies & Dobsonfiies) 8 Simulidas (Blackfies) g ﬁg E
PLECOPTERA {Stoneflies} Sialidee {Alderfies) [} Syrphidae (Rat tailed maggols) i
Notonemouridae 14 TRICHOPTERA {Caddistiles) Tabanidae (Horge flies)
Pericas 12 Dipsgudopsides - 10 Tipulidas (Crane fes) b A LA
{EPHEMEROPTERA (Mayflies) Ecnomidasa 8 GASTROPODA {Snails}
Baelidae 1sp [V Y =N B | tdopsyenidas 1 5o 4 Ancylidae (Eimpets) 5
Baetidas 7 sp £ [ W | irdmpsyehidae 2.5p 5 Buiininze® 3
Beetidae > 2 3o (2} = 1 ¢ hvdopsychidag > 3 sp 1 Hdrobfidae* 3
Caenidag (Squeregiis/Cainfies] [6D) A TRTE Philopotamidag 1 Lymnapidac® (Pond snails) 3
Eghemeridae 15 Polycentropodidae 1 Physidag” (Pouch snails) 3
Heptageniidas (Flatheaded maylies) 13 PyychomyiidaelXiphocentronidas a Planorbinae® {Osb snails 3
Leplophiabiidas (Pronailis) (G} 4O A |Cased caddis: Thistidas* (=Melanidae) 3
Siigoneuridas (Srushlecged maylies) 18 Barbarochithonidae SWG 13 Niviegridae* ST g
Polymitarevidae (Pale Burrowers) 19 Catamoeatalidae ST i PELECYFODA (Bivalvles)
Prosopistomatidas {Water specs) 18 Glossosomalidae SWG 11 Cosblculidas (Clams) ]
Taloganodidas SWC (Spiny Crawlers) 12 Hydroptilidas ] Sphaeridue [Pili dams) 3
Tncorythidae {Slout Crawlors) 8 [ ingidae SWC 15 tinionidae (Perly mussels) 8
GDONATA {Dragonfliss & Damselfiies) Lepidastornalidae 1e SASS Score €5
Caloplerygidan S5T.T {Demoissiles) 10 i idae 8 No. of Taxa 15
Chiorocyphidae [lewels) 10 Pefrafiinincidas SWG i1 ASPT L9
Synlastidae iChiorolestidas){Sylphs) 8 Pisullidas 10 Other biota:
Seoenagronidee {Sprites and biuss) &) T A Sericostomatidag SWC 13 A—;-“LF”;‘S
Lestidae (Emeratd Damsaifios/Spooadwing 8 COLEOPTERA (Boetles)
Plalysnemidaa (Stream Damselfies) 10 Brytistidae/Noteridae” {Diving beelles) 5
Profonevridae (Threadwings) ] Elmidasiliyopidas® {Hifle beelies)
Asshnidae (Hawkers & Emperors) 8 Cyrinidae* (Whirligig beellss) (58] AT A MATER [CommensOhservations:
Corduiiidae {Crisisers) 3 Haliplidae® (Crawiing waler beoties) e <
Gomphidae (Clubtails} ATA B | Heladddee (Marsh beeties) 1z Siffeond biotoms Conglad tnddey difltg, Llowss
Libellulidae {Darters/Skimmers) 3 { A T A Hydraenidae” {Minule moss besties) 8 &Q,pb}‘s {0 ch n\ntJmJS)
LEPIDOPTERA (Aquatic CaterpilfarsiMolhs! ’ Hydraphilidas® (Watar scavenper heolles) 5 -
Crambidae {Pyrafidae) [ 12 Limnichidae (Marsk-Loving Besties) ; 10 - . *
e | Psephenidae {Water Pennins) [ 10 SA'QS L e St Ghmands, rob {oib;w-e‘} .
Procedure: Kick SIC & badrock for 2 mins, max Smins.  Kick SU0C & bedrock for 1 min,  Sweep marginal vegetalion {IC & DOCH or 20 16101 dnd aquatic veg 1m®,  Stir & sweep graved, sand, mud for 3 min fotal. * = airbreathers
Hand picking & visual obseration for 1 min - record in biciope whare found {by cincling estimaled abuntlance on scare shoet).  Scode for 15 mins/iclope bl stop i no Aew 1axa seen after 5 mins.
Estimate abundances: 1=1, A= 2.8, 8= 10100, C = 100400, D= >1000 $ = Slone, rock & solid objects; Veg = A wagetativn; GSM = Gael, sand, mud SWG = South Westerm Cape, 7 = Topical, 8T = Sub-lropicat

Rate eash bislope sampied; t=very poor {10, iniled diversity), S=highly suilable {Le. wida diversily)  Rale tarbidite: V low, Low, Medium, High, Very High
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SASS Version 5 Score Sheet itz 5~ August 1§ Vorson dstr_ St 2005

Late (dd:mm:yr): ozlah | asb . {dd.ddcitdd) iotopes Sampled {tick & rate) Rating{1-5) Tire {min

RHP Site Code: Grid reference [dd mm ss.8) Lak S Stones In Gurrent {SiC) 5 | M|

Collector/Sampler: [N 1TV R TrC Long: E Stones Oul OF Current (S00C) L wala

River: T bLn Datum: (WGSB4/Capek: Bedrack [

Level 1 Ecoregion: Altitude {m}: |Aquatic veg ps)

Quaternary Catchment: Zonation: MargVeg In Currant L

Temp () b Ry Routine or Project? (circle one’ [Fiow: 13,6 m¥fs MargVea Dut OF Surtent 3
{Site Dascription: pH: +.5 Project Hame: Glarity fem): a3 Gravel 5
DO {mgiL): MU MS 't urbicity: A ETY  Isan L
S N 4o z Cond (mSim): - < Colour: MHky Mud £
v - Riparian Disturbance: iHand picking/Visual ohsarvation 3
Insiream Msturbance:

Taxon Qv 8 Veg | GSM | TOT {Taxon Qv S Veg | GSW | TOT iTaxon Qv & ¥eg | GEM | TOT

PORIFERA {Sponge) 5 1HEMIP’FERA {Bugs) DIFTERA {Flies)

COSLENTERATA (Cnidaria) 1 Belustomatidae* (Glant walet bugs) 2 o~ Alhericidee (Snipe flies) 10

TERBELLARIA {Flatworms (63} { 1 Coridae’ [ater boatmen) [N IRV )] A | A Blepharcerdag (Mountain midges) 5

ANNELIDA Gorridae® (Pord skaters/Waler staders) |5 Ceraloppnonidas (Bing midges) {Fg}) AlTB I
Cligochasla {Fardhworms} 1) ATHE TR Hydrometrkdae® (Water measurers) 3 Chironamidae (Midges) ¢y =, [N <
Virudinga (1. eeches) 3 Naugeridae’ [Creeping water bugs) 7 P A Culcides’ (Mosauitoes) 3

CRUSTACEA Nepidas® (Water scopions) 3 Dixidag™ {Dixd midge} H
Amphipoda Bauds) 13 Netonestidas® (Backswimmers) 3 Empididae (Banca fies) 5
Polemonautidaa (Crabs) 3 Pleidas® (Pygray backswimmers) 4 Ephydridas {Shore fiies) 3
Alyidae (Freshwater Shemps} [ Veliidsa/M . velidae® {Ripple bugs) G) A, A | Muscidae (Houss fes. Stabie fies) 1
Paleamonidae {Freshwater Prawng) 10 |MEGALOPTERA (Fishflies Dobsonflies & Alderflies) Psychodidae (Moth fies) 1

HYORACARINA (Miles) 8 Condaldae {Fhies & Dabsondies) 3 Siwicas (Blacidies) G AT TEHETS

PLECOPTERA (Stonefles) Slatidae (Alderfiies) [} Syrphidae” (Rat failad maggals)

Nolonemauridae 14 TRICHGPTERA {Caddisfiies) Tabanidaa (Horse flies) 5

Perlides U i 1 Dipsevdopsidae 10 Tinulidae (Crane fies) % ATA
{EPHEMERQOPTERA {Mayflles) Ecnomidae 8 GASTROPGOA {Snails) e

Saetidae 1sp 4 Fydropsychives 1 5p 4 Ancylidae {Limpets) B A i

Baalidae 2 sp 5 LY Hydropswehidee 2 sp [ Bubninas* 3

Baslidae > 2 sp G} E r [l Hydronsychidae > 2 sp 12 Hydrobiidag* 3

Caenigas (SquarealisiCainfies) e 1A B B 18T Priopolamicae 0 Lymnasidag* {Pond snails) 3

Ephemeridae 5 Polycentropodidse 12 Physidae” (Pouch snails) 3

Heptagenildas (Flalheaded mayllies) 3 N g [= PsychomylidaeiXiphocenironklae ) Pisnorhinae® (Crh snaifs) 3

Leplopniebiidas (Prongiis) B E {3 [Cased caddis: Thiaridag" {=Melanida) 3

Dligoneuridas (Brushiegqed maylies) 18 Barbarachthonidas SWGC 18 Viviparidae® ST &

Polyimilercvidae (Pale Burowsrs) 10 Calamogerstidae 87 11 PELECYPODA (Bivalvies}

Prosopislomatidae (Water spacs) [<E 4 B A Glossasomatitiae SWC 1% Corbiculidae (iams)

Teloganodidae SWE {Soiny Crawlers) 12 Hydroptiidae & Sphasridae (P glams) W A

Tricorythidae {Slouf Crawlers) g Hydrosaipingidae SWO 15 Uninidae {Perly musseis)

GDONATA (Dragonflies & Damssifiles) Lepigosiomatigae 10 SASS Score =3
Calgtegmidae BT.T {Damoiselies) 18 Leptocerdae (S) F, = No. of Taxa ¥
Chiorocyphidae {Jewels) 18 Patrolhrincidae SWO 11 ASPT 6.1
Synfestidee (ChiorolestdaailSvinhe) 8 Piavliidas kit] Ciher bigta:

Coengarionidze (Sprites and hiues) @] = B | Serdcostomalidas SWC 13 T"J‘P’“

Leslidae (Emerald Damsetlies/Spreadwing 8 COLEOPTERA {Beeties)

Platycnemidae (Stream Damseiflies) 46 Eytistidae/Noteridas® (Biving besties) ] ~ A

Protoneuridae {Threadvwings) Eimidas/Diyopidae’ (Riffle beelles) g 1 1

Aeshnidae (Hawkers & Emperors} Gyrinidae” (Whirliic beelies) 5 = 3 [Comments/Observations;

Cordufiidas (Cniisers) Hatiphidae® (Crawiing water besties E} > " i M ;e‘,%;
Gamphidae (Clublails) ES B 1 Heoddae (Marsh baefies) 2 - & L“’*"f“s fomglad vy
Libeliulidae [Darters/Skimmers) Q)i 1. 1.5 A 1 Hydrenidas® (Minule mpss beelles) ] T &_ * Hows (8 Mg, mathe 0451

LERIBOPTERA {Aquatic CatarpillarsiMoths! Hydrophiiidae® (Waler scavenger baalles 51 E N
Grambidas (Fyralidacy 12 Limnichidas (Marsh-Loving Beefies) 10 - N w

i Psephenidae (Waler Pennies) g0 ) A SASS A 'm~m‘\x$ Mot M

Procedure:

Kick SIC & bedmek for 2 mins, max 5 mins.

Kitk SDOC & bedrock for 1 min.  Sweep margina! vegelation §C & OOC)H or 2o total aret agquatic weg 1.

Hand picking & visual observation far 1 min - record in biatope whese tound {by circling estimated abundance on score Steel).  Score Tor 15 minshiciope it Stop if no new laxa scen aller S mins.

Estimale sbundances: 1 =1, A=210, B« 10-100, C= {00.1080, O = =1005

Raie sach diotope sampled: 1swery poar {ie, fmiled diversily],  S=highly suilabls 6. wide diversity)
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3 = Slone, wok & solid ohjects; Veg = Al vegelation: GSM = Gravel, sand, mud
Rate turidity: V iow, Low, Medium, High, Very High

Sfir & sweep gravel, sand, mud for 1 mia lolal,

* = arbrealhes

SWG = South Wastam Cape, T = Tropical, 8T = Subrapical



