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SUMMARY 

In this study, fish were used as bio-indicators to evaluate the present ecological state (PES) in 

different reaches of the Senqu River downstream of the proposed Polihali Dam in Lesotho. 

However, information regarding fish of the Senqu River is limited, although the various Lesotho 

fish species received attention with the introduction of trout populations in the 1930s to 1960s. 

In the 1960s fishery studies and research shifted towards the biology and ecology of local 

species, with particular attention paid to the endangered Maluti minnow (Pseudobarbus 

quathlambae) and the migration of cyprinids from the lower Senqu/Orange River into Lesotho in 

order to spawn. However, there was renewed interest in the fish species of Lesotho with the 

launch of the Lesotho Highlands Water Project (LHWP) during the late 1990s. After considering 

the approaches established in Phase I and the outcome of the use of fish to contribute to the 

establishment of the ecological water requirements (EWR) for the construction of the Katse and 

Mohale Dams, the research project team decided to use fish as ecological indicators to evaluate 

the PES prior to the launch of Phase II of the LHWP which entails the construction of the 

Polihali Dam. 

Seventeen fish species are known to occur in the upper Orange/Senqu River and its tributaries. 

These include the longfin eel (Anguilla mossambica) that was able to migrate from spawning 

sites in the Atlantic Ocean up the Orange River into Lesotho. Due to the establishment of many 

dams acting as barriers to their migration in South Africa, the access to different habitats has 

now been restricted in the Senqu River in Lesotho, and in the Orange River in particular. Other 

indigenous fishes include the now protected Maluti minnow and the rock catfish (Austroglanis 

sclateri) (both of which have established permanent populations within Lesotho), the Orange-

Vaal River mudfish (Labeo capensis), Orange-Vaal River smallmouth yellowfish (Labeobarbus 

aeneus), Orange-Vaal River largemouth yellowfish (Labeobarbus kimberleyensis) and the 

moggel (Labeo umbratus). Until recently large numbers of all these species migrated from the 

middle reaches of the Orange River into the Senqu River and its tributaries. Although many 

individuals of these cyprinids still migrate into the Senqu River from South Africa, today as much 

as 90% of their migration potential is disrupted due to a series of partial barriers in the 

Orange/Senqu River. In addition, seven more indigenous fishes occurred in the lower reaches 

of the Senqu River in Lesotho and still occur in the upper Orange River catchment. These 

include the chubbyhead barb (Barbus anoplus), goldie barb (Barbus pallidus), straightfin barb 

(Barbus paludinosus), threespot barb (Barbus trimaculatus), sharptooth catfish (Clarias 

gariepinus), southern mouthbrooder (Pseudocrenilabrus philander) and banded tilapia (Tilapia 

sparrmanii). Three alien species, the rainbow trout (Oncorhynchus mykiss), brown trout (Salmo 

trutta) and common carp (Cyprinus carpio) were successfully introduced into Lesotho where 

they have established populations.  
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Prior to the launch of Phase II of the Lesotho Highlands Water Project, an evaluation of the 

combined impacts of this development on the Senqu River and its fish was required to minimize 

the effect of this development on the receiving environment. To achieve this, the aim of this 

study was to determine the effects of flow and temperature changes on the attributes of fish in 

the Senqu River, using multiple lines of evidence (LoE). The latter included the use of 

established best scientific practice measures, or tools across multiple levels of biological 

organisation. Therefore the objectives of this study were to: 

1. Determine the influence of flow and temperature changes on the recruitment of cyprinids in 

the Senqu River (Chapter 2). 

2. Determine direct and indirect effects of flow alterations on the feeding biology of selected fish 

of the Senqu River (Chapter 2). 

3. Use population structures to evaluate the wellbeing of fish communities in the Senqu River 

(Chapter 2). 

4. Use the habitat preferences and migration requirements of fish to evaluate the effects of flow 

alterations in the Senqu River (Chapter 3). 

5. Use the Fish Response Assessment Index (FRAI) and shifts in community structures of fish 

to evaluate the effects of anthropogenic activities in the Senqu River (Chapter 4). 

In this study, a winter survey (August 2013) and a summer survey (January 2014) were carried 

out on four main sites on the Senqu River and on one site on the Linakeng River. Seven 

species of fish were observed during the 207 electro-fishing and netting efforts carried out on 

the more than 1 km long reach of each site. In total, 692 smallmouth yellowfish, 154 rock 

catfish, 145 mudfish, seven juvenile moggel, seven sharptooth catfish and two largemouth 

yellowfish were collected. Trout are still common in the study areas and 44 rainbow trout were 

collected. In addition to the fish diversity assessments, information on the population structures, 

recruitment, feeding ecology, and habitat requirements of the fish was gathered and evaluated 

during the surveys.  

The data gathered during these surveys were compared to available historical data to evaluate 

the state of the local fish communities at each site. These outcomes revealed that the state of 

the fish communities in the study area has deteriorated to a moderately modified state in the 

Senqu River downstream of the Polihali Dam site (sites IFR P1 and IFR P2), and to a 

moderately modified to largely modified state downstream of the confluence of the Senqu and 

Malibamatso Rivers below the Katse Dam, and at the confluence of the Senqu and Senqunyane 

Rivers below the Mohale Dam (sites IFR 5 and IFR 6).  

In particular, the state of the fish communities at site IFR P1 directly downstream of the 

proposed site of the Polihali Dam has deteriorated to a moderately modified state. Main 
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determinants (or driver variables) contributing to the altered state of the fish communities at this 

site were identified as habitat state alterations – including sedimentation and a reduction in 

cover features – and the effect of barriers on the upstream migration of cyprinids, in particular in 

the Upper Orange River and Lower Senqu River.  

Likewise, the state of the fish communities at site IFR P2 was observed to occur in a moderately 

modified state (slightly worse than IFR P1). In similar fashion, the main drivers contributing to 

the altered state of the fish communities at this site included habitat template modifications, 

reduction in the abundance of cover features and the effect of barriers on the migration of 

cyprinids in summer.  

The state of the fish communities at site IFR 5 has deteriorated to a moderately modified to 

largely modified state. Main drivers responsible for this include modifications to the distribution 

and abundance of velocity-depth habitat types associated with altered flows from the Katse 

Dam, upstream land-use practices primarily impacting the site during winter and summer, and 

the effect of barriers on upstream migrations of cyprinids. Interestingly, in the vicinity of site 

IFR 5, it was found that some adult yellowfish and mudfish individuals maintain viable 

populations in the Senqu River and do not migrate into the lower reaches of the river or into the 

Orange River in South Africa.  

The state of the fish communities at site IFR 6 was also observed to be in a moderately 

modified to largely modified state (worse in winter). Here the extensive alterations to instream 

habitats – particularly substrate types – have reduced the average depth, and altered the flow-

dependent habitat profiles at the site. Downstream barriers were again identified as important 

driver variables affecting the wellbeing of fish.  

Based on this information, together with additional historical and regional evidence, recruitment 

data, feeding biology data and habitat preference data, the IFR (instream flow requirement) for 

the fish could be determined. In addition, the FRAI was used to assess the integrity of the fish 

communities. Recruitment data were obtained by determining the age of larval smallmouth 

yellowfish, mudfish, rock catfish and rainbow trout. Winter recruitment was evident for 

smallmouth yellowfish, mudfish and rock catfish between April and June, and from November to 

December during the summer. Rainbow trout recruitment was evident in September. Data on 

the feeding biology of rock catfish indicated that they rely more on macroinvertebrates as food 

source in winter, whereas smallmouth yellowfish rely more on algae and diatoms as food source 

in summer periods. 

Environmental variables such as flows, depths, substrata and temperatures were recorded for 

each site in the study. Throughout this process, these multiple variable flow requirement states 
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were used to establish aspects of the volume, timing and duration of flows required to maintain 

the local fish communities. These aspects included base flows required to maintain suitable 

habitats for recruitment and resident fish, flows that provide key ecological cues for species, and 

flood flows to maintain key ecological processes.  

Key words: Labeobarbus aeneus; Austroglanis sclateri; Flow; Ageing; Gut content; 

Recruitment; Senqu River; Linakeng River Polihali Dam. 
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Chapter 1: General introduction 

Freshwater systems, such as lakes, wetlands and rivers, are essential for human survival 

and they support a large diversity of life (Ashton, 2007). Biodiversity plays an important role 

in the way these ecosystems function and is of critical importance to humans (Arthington et 

al., 2010). River systems are the primary source of freshwater in southern Africa and are 

used for agricultural, domestic and industrial purposes (Ashton, 2007). The current growing 

demand for food, fibre, fuel and freshwater in this region continues to place increasing 

demands on the country’s limited water resources (Ashton, 2007). The ecological integrity of 

freshwater ecosystems is declining, with rivers and wetlands among the most threatened of 

all ecosystems, mainly as a result of severe alterations due to these anthropogenic activities 

(Amis et al., 2007). 

1.1 The Lesotho Highlands Water Project (LHWP) 

Lesotho is a small land-locked country with a land area of 30 355 km2. It is located between 

latitudes 28 0S and 31 0S, and longitudes 27 0E and 30 0E and is completely surrounded by 

the Republic of South Africa (LHDA, 2002) (Figure 1.1). The country has a seasonal rainfall, 

with more than 85% of its annual rainfall occurring in the seven months from October to April 

(LHDA, 2002). Annual rainfall varies from 500-600 mm in lowland districts, to over 1 000-

1 600 mm along the mountain ranges, with an average of 780 mm throughout Lesotho 

(LHDA, 1990, 2002; SADC, 2013). 

The Orange/Senqu River system is the longest river system in Africa south of the Zambezi 

(Cambray et al., 1986; Arthington et al., 1999). The river rises 2 500 m above mean sea 

level (m amsl) in the mountain region of Lesotho, traversing about 2 000 km in a westward 

direction and covering up to 42% of South Africa through the semi-arid and arid Free State 

and Northern Cape (Cambray et al., 1986). Halfway, near Douglas, it is joined by its main 

tributary, the Vaal River, and then flows into the Atlantic Ocean at Oranjemund, near 

Alexander Bay, Northern Cape (Cambray et al., 1986; De Villiers & Ellender, 2008; SADC, 

2013). Although the mountain region of Lesotho constitutes only 5% of the total catchment of 

the Orange/Senqu River, it provides about 50% of the total catchment runoff (SADC, 2013). 

The water originating in the upper part of the catchment in the Lesotho Mountains is 

characterised as being of optimal chemical quality and low sediment content (SADC, 2013). 

However, in the lower part of the catchment, the water quality of the Orange River is 

characterised by relatively low concentrations of dissolved chemicals and high turbidity and 

associated levels of suspended solids (Keulder, 1979; Wright, 2006; Rowntree & Mzobe, 

2013; Rossouw, 2014). 
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The Orange/Senqu River system has a high diversity of habitat types, ranging from 

grasslands (Cambray et al., 1986; De Villiers & Ellender, 2008), mountains, Karoo and 

desert, and is a natural system rich in nutrients and natural resources (Brand et al., 2009). 

This river system is not only of ecological importance, but also of great cultural, social and 

economic value in South Africa (De Villiers & Ellender, 2008; Brand et al., 2009).  

The Lesotho Highlands Water Project (LHWP) is a project between Lesotho and South 

Africa and was launched to transfer water from the Senqu River catchment in Lesotho to the 

Vaal River basin in South Africa and is the largest ongoing bi-national interbasin water 

transfer scheme in Africa (Matete & Hassan, 2006; SADC, 2013). The primary objective of 

the LHWP is to abstract water from rivers in the Lesotho Highlands, store it in reservoirs and 

transfer it, through gravity, to the water-stressed Gauteng Province in South Africa (SADC, 

2013). Before being transferred, the water is used to generate hydroelectricity in Lesotho 

and South Africa (Matete & Hassan, 2006; SADC, 2013).  

The development of the LHWP was agreed upon between South Africa and Lesotho in 

October 1986 (SADC, 2013). South Africa would pay for the full cost of the project except for 

the hydropower component, as well as royalties for the water delivered, which would provide 

an income to Lesotho (Matete & Hassan, 2006). It was estimated that the total cost could 

amount to US$ 8 billion and the LHWP could take 30 years to be completed (Matete & 

Hassan, 2006). 

Water is gravitated through a concrete-lined transfer tunnel from the Katse Dam to the Muela 

Hydropower Station (Lesotho), from which the water is discharged into the Muela Dam, a 

double-curvature concrete arch dam, before flowing through a delivery tunnel to the Ash, 

Wilge and Liebenbergsvlei Rivers (Matete & Hassan, 2006; Mare, 2007; Wolf & Newton, 

2007; SADC, 2013). Eventually it flows into the Vaal Dam and Sol Plaatje Dam (previously 

Saulspoort Dam), which only acts as a weir (Matete & Hassan, 2006; Mare, 2007; Wolf & 

Newton, 2007; SADC, 2013) (Figure 1.1). In South Africa significant ecological impacts are 

expected on the Ash, Wilge and Liebenbergsvlei Rivers, the main rivers connecting the 

Katse reservoir in Lesotho to the Vaal and Sol Plaatje Dams in South Africa (Matete & 

Hassan, 2006; Mare, 2007).  

The LHWP is a multiphase project to transfer water, Lesotho's main natural resource, to 

South Africa; Phase I has been completed and Phase II was launched in 2014. Water 

transfers from the Katse Dam commenced in late 1998 (Matete & Hassan, 2006; Mare, 

2007; SADC, 2013). Phase 1 included construction of the Katse Dam (Phase 1A), Mohale 

Dam (Phase 1B), the Matsoku diversion weir, a series of tunnels and the Muela Hydropower 
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Station (Mare, 2007; SADC, 2013). The construction of the Katse Dam was completed in 

1996, and the dam started filling in 1995 and reached full capacity in early 1998 (LHDA, 

2002). The Mohale Dam was completed by 2002, along with a concrete-lined gravity tunnel 

connecting the Mohale Dam to the Katse Dam, where water from the former flows through 

the transfer tunnel to the Muela Hydropower Station and then into the Ash River, where it 

ends up in the Vaal River catchment in South Africa (SADC, 2013) (Figure 1.1).  

 

Figure 1.1: A geographical map of the Lesotho Highlands Water Project from the Katse and 
Mohale (Lesotho) impoundments to the Vaal Dam (South Africa) via concrete transfer 
tunnels (LHDA, 2002). 
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Phase II involves construction of the concrete-faced, rock-filled and multi-purpose Polihali 

Dam on the Senqu River for transferring water under gravity to the Katse Dam through 

38 km of concrete tunnels and supporting infrastructure (SADC, 2013). This is to increase 

Lesotho’s Muela hydropower capacity, with water supply to the Vaal River supply system in 

South Africa (SADC, 2013). A full supply level at 2 075 m amsl was selected with a safety 

beacon line set at an elevation of 2 080 m amsl, about 1.5 m above the 1:100 year flood line 

(SADC, 2013).  

The physical and biological integrity of the rivers in the Lesotho Highlands has changed over 

recent years due to anthropogenic impacts (Arthington et al., 1999; Letsebe, 2012). One of 

these impacts involves the alterations of flow, water quality and biology of these rivers 

downstream of the Polihali Dam, which can negatively impact the environment and 

downstream aquatic resources (LHDA, 2002; Matete & Hassan, 2006; Letsebe, 2012).  

The Lesotho Highlands Development Authority (LHDA) commissioned a study to determine 

environmental water requirements (EWRs) necessary to sustain the ecology of rivers 

downstream of dams in the Lesotho project (LHDA, 2002). During Phase 1 the release of 

water from these dams has been managed in order to minimize these negative impacts 

(LHDA, 2002). However, due to the construction of the Polihali Dam (part of LHWP Phase 

II), which will have its own direct impacts on the Senqu River, and will further impact the river 

downstream of the confluences of the rivers on which the Katse and Mohale Dams are 

located, it is thus crucial to determine the EWRs for these river systems (LHDA, 2002).  

Lesotho river fish have been and are being used by local hunter-gatherer communities and 

by the local Basotho people (Mitchell et al., 1994; Plug, 2008; Plug et al., 2013). Fish have 

contributed to the wellbeing of local communities throughout history, primarily as a source of 

food; more recently fish have been used as ecological indicators, contributing to our 

understanding of people’s effect on the resources they use (Arthington et al., 1999; Pander 

& Geist, 2013). It is thus of utmost importance that the fish communities should be 

conserved and as a result be considered as part of any EWR in the LHWP (Arthington et al., 

1999).  

1.2 Fish of the Orange/Senqu River in relation to the LHWP 

Prior to the launch of the LHWP, interest in the ichthyology of the Upper Orange/Senqu 

River catchment was limited to the middle and lower reaches of the system (Van Schoor, 

1968; Skelton & Cambray, 1981; Russell & Skelton, 2005). The emphasis of that research 

was on fisheries in lake ecosystems (impoundments) primarily in the study area (Jubb, 1972; 

Cambray et al., 1978; Gaigher et al., 1980). The focus of more recent ichthyological 
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research on the Orange/Senqu River ecosystem has again been mainly on lake ecosystem 

fisheries (Nthimo, 2000; Ellender, 2008). Since the launch of the LHWP, there has been 

renewed interest in and associated research on the fishes of riverine ecosystems in the 

Upper Orange/Senqu River catchment (Rall, 1993; Steyn et al., 1994; Rall et al., 1995; 

Niehaus et al., 1997; Rall & Rall, 1997; Arthington et al., 1999). Although limited, interest in 

the fishes of Lesotho was initially associated with the introduction of trout populations into 

the upper Senqu River and its tributaries in particular in the 1930s for recreational angling 

purposes (Jubb, 1972). Thereafter aspects of the biology and ecology of local species were 

considered from the early 1960s (Shortt-Smith, 1963; Jubb, 1972; Russell & Skelton, 2005). 

Of particular interest in the 1960s/70s was the identification of large-scale migrations of 

cyprinids (Shortt-Smith, 1963; Jubb, 1966). This has progressed into extensive research on 

the ecology of fishes in the Senqu River and its tributaries and research into prehistoric 

fishing strategies after the discovery of archaeological samples at the confluence of the 

Senqu and Linakeng Rivers (Plug, 2008; Plug et al., 2013). 

 

Today, although the general aspects of the ecology and biology of the fishes from the middle 

and lower Orange River system are reasonably well documented, a paucity of information 

exists on the ecology of the fishes of the Lesotho Highlands rivers (Steyn et al., 1994; Rall et 

al., 1995; Niehaus et al., 1997; Rall & Rall, 1997; Arthington et al., 1999; LHDA, 2002). The 

relatively low fish diversity of the Upper Orange/Senqu River, comprising only 17 freshwater 

species (14 indigenous and three alien species), is dominated by cyprinids (Table 1.1; 

Figure 1.2) (Skelton, 1986, 2001). Only seven of these indigenous fish species are known to 

occur within the headwater tributaries of the Lesotho Highlands above 1 500 m amsl (Jubb, 

1972). Two species, the Maluti minnow (Pseudobarbus quathlambae) and the rock catfish 

(Austroglanis sclateri), are listed, respectively, in the 2013 IUCN Red List as being critically 

endangered and rare, and the Orange-Vaal largemouth yellowfish (Labeobarbus 

kimberleyensis) is now considered vulnerable (Swartz et al., 2007). Other species include 

the Orange-Vaal smallmouth yellowfish (Labeobarbus aeneus), Orange River mudfish 

(Labeo capensis), moggel (Labeo umbratus), chubbyhead barb (Barbus anoplus), the alien 

rainbow trout (Oncorhynchus mykiss) and brown trout (Salmo trutta) (Arthington et al., 

1999). Although not currently known from Lesotho, a further three species, the goldie barb 

(Barbus pallidus), straightfin barb (Barbus paludinosus) and threespot barb (Barbus 

trimaculatus), as well as one alien species, the common carp (Cyprinus carpio) may have 

the potential to establish in this region (Arthington et al., 1999). 

Large-bodied cyprinids are a major component of many African river fish faunas, both in 

terms of biomass and abundance (Skelton, 2001). However, little is known about their 
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movement or habitat requirements (Skelton, 1993, 2001; O’Brien et al., 2013). Labeobarbus 

aeneus and L. kimberleyensis time their reproductive output to coincide with optimal 

temperatures during spring and summer, as well as the seasonal availability of water 

(Allanson & Jackson, 1983; Tómasson et al., 1984; Cambray et al., 1997; King et al., 1998). 

Mudfish and smallmouth yellowfish are the most abundant endemic large cyprinid species in 

the westward-flowing Orange River system (Jubb & Farquharson, 1965; Skelton, 2001).  

Table 1.1: Fish (species, common names and abbreviations) known to occur in the Upper 
Orange River (South Africa) and Senqu River (Lesotho), and its associated catchments 
(adapted from Kleynhans, 2007).  

 



7 

 

Figure 1.2: Fish (with abbreviations) known to occur in the Upper Orange River (South Africa) and Senqu River (Lesotho) and its associated 
catchments. Note (*) refers to species observed in Lesotho, (#) refers to alien species and (**) refers to species endemic to Lesotho (adapted 
from Skelton, 2001).  
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1.2.1 Labeobarbus aeneus (Orange-Vaal River smallmouth yellowfish) 

The smallmouth yellowfish (L. aeneus) is strong-bodied and spindle-shaped, enabling it to use 

different habitats/biotopes in fast- and slow-flowing water (De Villiers & Ellender, 2008). Its 

smaller size compared to other cyprinids (Labeobarbus kimberleyensis and Cyprinus carpio), 

allows it to inhabit smaller streams, making it more suitable in different habitats and therefore 

more abundant than the largemouth yellowfish (L. kimberleyensis) (De Villiers & Ellender, 

2008). The smallmouth yellowfish is an important indicator species in the management of 

aquatic ecosystems by resource managers, due to the fact that this species has shown signs to 

adapt and tolerate most anthropogenic changes and is one of the most common fish species in 

the Orange-Vaal River system (OVRS) (Skelton & Cambray, 1981; Tómasson et al., 1984, 

1985; De Villiers & Ellender, 2008). Smallmouth yellowfish is not only well-known for its angling 

qualities (Groenewald, 1957; Skelton, 2001; Gerber et al., 2012), but is also a food source for 

many subsistence fishers and has been assessed as a possible important species for 

commercial fisheries (Richardson et al., 2009; Ellender et al., 2010; Gerber et al., 2012). 

Smallmouth yellowfish is a slow-growing species and matures very late with moderate to low 

fecundity, but can reach a weight of up to 9 kg and grows as old as 15 years (De Villiers & 

Ellender, 2008; Ellender, 2008). 

The natural distribution of smallmouth yellowfish is confined to the Orange-Vaal River System 

(OVRS), but over the years they have inhabited some rivers and dams in other regions of South 

Africa, for instance, some of the streams in the Eastern Cape, and the Sterkfontein Dam in the 

Free State (Skelton & Cambray, 1981; Tómasson et al., 1984, 1985; Skelton, 2001; De Villiers 

& Ellender, 2008; Gerber et al., 2009). They are the most abundant indigenous species in the 

Orange River and its tributaries in Lesotho (Arthington et al., 1999; Nthimo, 2000). Smallmouth 

yellowfish is known to occur above 2 200 m amsl in Lesotho rivers, thus making it more adapted 

to higher altitudes than any other fish species found in the OVRS (MacDonald et al., 1990; 

Skelton, 1993; Steyn et al., 1994). 

Typically, the habitat of this species consists of pools, rapids and riffles within the river system 

where they can feed, spawn and swim (De Villiers & Ellender, 2008). Smallmouth yellowfish 

prefer clear fast-flowing water with sand or gravel substrata between rocks, cobbles and 

pebbles, but can thrive in large impoundments as well (Skelton, 1993, 2001; Rall et al., 1995; 

O’Brien & Nel, 2006; De Villiers & Ellender, 2008). Adult and sub-adult fish utilize most of the 

available habitats in both running-water and still-water systems (De Villiers & Ellender, 2008). 

Larger congregations of adult fish may be found in or near riffles during the summer months 

where spawning and feeding take place (De Villiers & Ellender, 2008). Juveniles tend to remain 

near the banks within larger rivers and dams as small shoals in protected habitats with densely 

vegetated water in small tributaries (O’Brien & Nel, 2006; De Villiers & Ellender, 2008). Detailed 
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information on preferred habitats and migration patterns of these species can be determined 

using a telemetry study (De Villiers & Ellender, 2008). Smallmouth yellowfish are able to 

successfully populate both turbid and clear impoundments, although turbid environments are 

less than ideal (Skelton & Cambray, 1981; Tómasson et al., 1984, 1985; O’Brien & Nel, 2006; 

De Villiers & Ellender, 2008). 

Many authors classify this species as an opportunistic, omnivorous feeder, noting that its diet 

varies from benthic invertebrates to detritus (Eccles, 1986; Skelton, 1986). In water depths of 

less than 100 mm it feeds mainly on zoobenthos, while zooplankton is the principal food source 

in depths of 101 mm to 300 mm (Eccles, 1986; Skelton, 1986). However, juveniles rely heavily 

on aquatic and terrestrial invertebrates, with a dietary shift toward filamentous algae and 

macrophytes later in life; detritus becomes increasingly important as well (Eccles, 1986; 

Skelton, 2001; De Villiers & Ellender, 2008). 

Spawning is governed by water temperature and flow regime and may take place anytime 

between early spring and late summer (Tómasson et al., 1984), usually after the first substantial 

rains of the season (Jackson, 1990; Skelton, 2001). The spawning season is driven by optimal 

food sources and environmental conditions and ensures that smallmouth yellowfish will be able 

to reproduce successfully (Tómasson et al., 1984; De Villiers & Ellender, 2008). Female L. 

aeneus are serial spawners, which means they reproduce more than once a season, with the 

first spawning events in October and the second in January. Smallmouth yellowfish are known 

for upstream spawning migrations (De Villiers & Ellender, 2008). 

1.2.2 Austroglanis sclateri (rock catfish) 

The rock catfish (A. sclateri) is a small silurid with strong spines in its pectoral and dorsal fins, a 

smooth dorsal spine and pectoral spines that are serrated on the inner edge (Skelton, 2001). It 

has a large adipose fin and a forked caudal fin (Skelton, 2001). The humeral process is pointed 

with a flat and sloped head and rounded snout (Skelton, 2001). The mouth is inferior with fleshy 

lips and three pairs of short barbels (Skelton, 2001). The rock catfish has an olive-brown colour 

with scattered spots over the body and the species attains a total length (TL) of between 

250 mm and 300 mm (Skelton, 2001). 

The rock catfish is endemic to the OVRS and is widely distributed throughout this system. The 

abundance at specific localities is low in proportion to other species and it is frequently 

associated with rocky stretches and flowing water (Skelton, 2001). However, there is no reliable 

information on small-scale distribution patterns, movement between possible suitable habitats 

and population trends, sizes or quantities (Swartz et al., 2007), but previous studies have shown 

that rock catfish occur only in permanently flowing main streams and larger tributaries in 

Lesotho (Jubb, 1964, 1972; Gaigher et al., 1980; Cambray, 1984).  
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Over the past decade the numbers of rock catfish have declined markedly (Swartz et al., 2007), 

with the possibility existing of it being locally extinct within Gauteng's tributaries of the Vaal 

River due to factors such as pollution and alien fish species (Swartz et al., 2007). Austroglanis 

sclateri has a relatively restricted distribution and needs a suitable habitat with optimal 

environmental conditions, when compared with co-existing fish species (Swartz et al., 2007). 

This species seems to occur in lower numbers in the Vaal River system, but due to its wide 

range, larger population sizes are expected to occur in the Upper and Middle Orange River 

system (Swartz et al., 2007). 

Niehaus et al. (1997) describe the flow-related habitat of rock catfish as rocky habitat in the 

main stream areas of major rivers. Rock catfish, being an omnivorous feeder, mainly feed on 

aquatic larvae, nymphs and insects from rock surfaces, whereas larger specimens feed on 

small fish (Niehaus et al., 1997; Skelton, 2001; Swartz et al., 2007). Although no or very little 

information on the specific breeding requirements of rock catfish exists, it is presumed that this 

species breeds in areas with rubble/cobble/pebble substrate and running water (Skelton, 2001; 

Swartz et al., 2007). Previous surveys conducted in the Lesotho Highlands have shown that 

new recruits favour backwater pools (Niehaus et al., 1997). 

In the Senqu River catchment in the Lesotho Highlands it was found that rock catfish recruits 

(<45 mm standard length (SL)) were consistently sampled in backwater pools with a rubble 

substrate, whereas juveniles (45-140 mm SL) were sampled in shallow rapids (stickles) and 

adults (>140 mm SL) in runs (Niehaus et al., 1997). New recruits seem to move from backwater 

pools to flats to stickles as they grow, indicating that this species is more abundant in wide, 

high-gradient streams (Niehaus et al., 1997; Arthington et al., 1999). Abundance of this species 

was positively correlated with large cobble/boulder substrata, and negatively associated with a 

sandy substratum (Niehaus et al., 1997; Arthington et al., 1999). Rock catfish were more 

common in habitats/biotopes containing aquatic macrophytes and submerged overhanging 

vegetation (Niehaus et al., 1997; Arthington et al., 1999). 

Very little is known of the A. sclateri abundance throughout the major tributaries and the main 

stream of the OVRS, where the known habitat requirements and the ecology of the species is 

poorly studied (Swartz et al., 2007). From a conservation point the concern is that rock catfish 

appear to be rare compared with co-existing fish species (Skelton, 2001). The construction of 

large dams and weirs has adversely affected the abundance and distribution of this species, 

and soil erosion and sedimentation have destroyed much of its habitat (Skelton, 1986; Steyn et 

al., 1994; Swartz et al., 2007). However, recent assessments have shown that this species was 

more common and widely spread than originally thought (Swartz et al., 2007). Rock catfish 

require rocky habitat and good flow and could therefore be used as an indicator species for 
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EWRs as it is sensitive to stream regulations (Swartz et al., 2007). It is therefore important to 

ensure the survival of this species against ever-increasing anthropogenic threats to the aquatic 

environment (Skelton, 1993; Niehaus et al., 1997). 

1.2.3 Labeo capensis (Orange-Vaal River mudfish) 

The Orange River mudfish (L. capensis) has a grey colouration with large pointed fins and a 

depressed head with a thick lipped outer mouth, and two pairs of small barbels (Skelton, 2001). 

It reaches lengths of up to 500 mm (TL) and weighs up to 3.8 kg (Skelton, 2001). Its natural 

distribution is also confined to the OVRS, to which it is endemic (Gaigher et al., 1980; Skelton & 

Cambray, 1981; Tómasson et al., 1984, 1985; Arthington et al., 1999). In Lesotho it has been 

sampled in the Bokong (Katse catchment), Senqunyane, Malibamatso and Senqu Rivers 

(Arthington et al., 1999) and is considered the second most abundant indigenous species in the 

rivers draining into the Katse Dam catchment. It has also been found to be the most abundant 

species in the highly turbid Caledon River (Baird, 1976; Nthimo, 2000). 

This species inhabits running water in large rivers with muddy pools below 1 500 m amsl 

(Arthington et al., 1999), but also thrives in large impoundments (Jubb, 1972; Skelton, 1993; 

Rall et al., 1995; Arthington et al., 1999). It is classified as a detritus or substrate feeder, as it 

grazes on the river bottom and firm surfaces of rocks and plants (Cambray, 1984; Skelton, 

1993, 2001). Mudfish is not a particularly popular angling fish (Mulder, 1973; Nthimo, 2000). 

Breeding takes place in summer, where they gather in large numbers and lay eggs between 

shallow and slow flowing rapids (Cambray, 1984; Skelton, 1993, 2001). Larvae hatch after 3-4 

days and growth is fairly rapid, with young fish reaching 80-90 mm SL after a year (Skelton, 

2001). Males mature at 220 mm standard length (SL) and females at 240 mm SL (Skelton, 

2001). Ages of up to 8-9 years can be attained (Skelton, 2001).  

1.2.4 Oncorhynchus mykiss (rainbow trout)  

Rainbow trout (O. mykiss) are not endemic to the Orange River system. Its natural range is the 

rivers of the pacific coast of North America, from Mexico to Alaska (Welcomme, 1988). It has 

been successfully introduced into temperate and high-altitude regions throughout the world 

(Welcomme, 1988; Skelton, 1993). Rainbow trout were introduced into the highland rivers of 

Lesotho together with brown trout (Salmo trutta) in 1935, where both species were established 

successfully by 1966 (Shortt-Smith, 1963). 

Rainbow trout are distributed in the upper reaches of the Moremoholo, Senqu and Tsoelikana 

Rivers in Lesotho (Pike & Tedder, 1973; Gephard, 1977). Rall (1993) found rainbow trout in the 

Senqunyane River up to the Semongkoaneng Waterfall. The species inhabits the upper Bokong 

(Katse catchment), Malibamatso and Matsoku Rivers (Arthington et al., 1999). Due to the 
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degraded nature of downstream reaches of the rivers in the LHWP study area, downstream 

distribution of trout is limited (Arthington et al., 1999). 

Where distribution ranges of trout overlap with that of smallmouth yellowfish (L. aeneus), it has 

been noted that the trout preys upon young and immature individuals of the latter species, as 

well as on the Maluti minnow (Pseudobarbus quathlambae) (Jubb, 1971). Rainbow trout exert 

severe pressure on indigenous species in the rivers draining into the Katse catchment (Rall & 

Rall, 1997; Arthington et al., 1999; Lintermans, 2007).  

Rainbow trout are slightly more tolerant than brown trout (S. trutta) of higher water temperatures 

and are therefore more successful in the Lesotho Mountains (Arthington et al., 1999; Skelton, 

2001). They prefer clear, well oxygenated waters at temperatures below 21 °C (maximum 25 °C 

for survival), but require water temperatures less than about 16 °C for breeding (Arthington et 

al., 1999; Skelton, 2001). The species preys upon a wide range of zooplankton as well as frogs 

and fish (Eccles, 1986; Arthington et al., 1999; Nthimo, 2000; Skelton, 2001; Lintermans, 2007). 

Individuals in Lesotho mature at 2-3 years of age and spawn from July to October. Females 

construct nursery areas in gravel, where the slightly adhesive eggs are deposited (Lintermans, 

2007). 

1.2.5 Labeobarbus kimberleyensis (Orange-Vaal River largemouth yellowfish) 

The Orange-Vaal River largemouth yellowfish (L. kimberleyensis) is confined to the OVRS, but 

in low numbers, possibly due to its predatory habits and the fact that it is a very slow grower, 

with sexual maturity in females only reached after eight years, and in males after six years 

(Skelton & Cambray, 1981; Tómasson et al., 1984, 1985; Skelton, 2001). Largemouth yellowfish 

has a terminal mouth, and it feeds on large and small aquatic invertebrates and fish (Skelton, 

2001). Largemouth yellowfish are the largest scale-bearing indigenous fish in southern Africa, 

with individuals living 12 years or longer, and reaching lengths of 825 mm fork length (FL) and 

weights of up to 22.2 kg (Arthington et al., 1999; Skelton, 2001). 

In Lesotho the species has been sampled downstream of the Katse Dam in the Malibamatso 

River and is believed to be distributed throughout the lower Malibamatso and Senqu Rivers 

(Skelton, 1986; Arthington et al., 1999). Although it has not been listed as a Red Data species, 

Skelton et al. (1995) described the species as vulnerable. Cambray (1984) suggests that 

increased turbidity levels might limit the sight of piscivorous species (Arthington et al., 1999).  

Adult L. kimberleyensis favour larger permanent bodies of water whereas juveniles are 

generally found in larger numbers in rapids (Mulder, 1971). In rivers, adults prefer flowing water 

in deep channels or below rapids (Skelton, 2001). This species flourishes in dams with a steady 

supply of small fish as food (Arthington et al., 1999; Skelton, 2001). 
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1.2.6 Labeo umbratus (moggel) 

The moggel (L. umbratus) is a widespread species in the OVRS and in some rivers in the 

Eastern Cape (Skelton & Cambray, 1981; Merron & Tómasson; Tómasson et al., 1984, 1985; 

Skelton, 2001). It has a fleshy small sub-terminal mouth with which it feeds in soft sediments 

and detritus for small invertebrates (Skelton, 2001). The species prefers gently flowing water 

and can thrive in small impoundments (Skelton, 2001). Spawning usually takes place after the 

rains in summer, when they migrate upstream to suitable spawning areas (Skelton, 2001). They 

can attain sizes of up to 500 mm (TL) and weights of up to 2.8 kg and can occasionally be 

confused with L. capensis, especially juveniles (Reid, 1985; de Moor & Bruton; 1988; Skelton, 

2001). They can survive in temperatures below 10 0C and are valued as an important food 

source (Reid, 1985; De Moor & Bruton; 1988). Labeo umbratus are also useful for wastewater 

aquaculture in combination with other aquatic organisms (Reid, 1985; De Moor & Bruton; 1988). 

It occurs in the Lower Senqu River, but has not been collected and identified with certainty in 

the Katse catchment (MacDonald et al., 1990; Arthington et al., 1999). To date, this species has 

not been sampled in the Senqunyane and Matsoku Rivers (Arthington et al., 1999). Adults 

prefer standing or gently flowing water, while juveniles exhibit a distinct preference for flowing 

water (Cambray et al., 1978; Arthington et al., 1999).  

1.2.7 Other fish species 

The Maluti minnow (Pseudobarbus quathlambae) is listed as critically endangered and numbers 

have declined over recent decades due to threats posed by alien species (trout) and 

anthropogenic activities (Arthington et al., 1999; Skelton, 2001; Rall, 2014). There are, however, 

known isolated populations present in the highest rivers in Lesotho, namely the Tsoelikana, 

Moremoholo, Upper Senqu, Matsoku and Sani Rivers (Arthington et al., 1999; Skelton, 2001). 

The chubbyhead barb (Barbus anoplus) has been sampled at altitudes as high as 1 775 m amsl 

in the Nqoe River within the Katse catchment, but there are no records of the species from the 

Senqunyane or Senqu Rivers (Steyn et al., 1994). The sharptooth catfish (Clarias gariepinus) 

has not been recorded in the Senqu River or its tributaries (MacDonald et al., 1990; Steyn et al., 

1994). Brown trout (S. trutta) has been known to occur in the Tsoelikana, Moremoholo and 

Senqu Rivers (Jubb, 1972; Rondorf, 1976; Gephard, 1977; Arthington et al., 1999).  

 1.2.8 Threats to fishes of the Orange/Senqu River 

Longitudinally the Senqu River is important for migration and spawning, because some Orange 

River cyprinids migrate upstream in order to find feeding and/or suitable breeding areas 

(Skelton, 1993; Ramollo, 2011). Migration is mainly triggered by an increase in natural flow, due 

to the first summer rains (Benade et al., 1995; Ramollo, 2011). However, dams disrupt these 

migratory fish species through physical barriers and flow alterations; additionally, they create 
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suitable habitat for undesirable species and can cause inbreeding of isolated/fragmented 

indigenous fish populations (Gaigher et al., 1980; Skelton, 2010). Anthropogenic activities have 

already resulted in certain fish species like the Maluti minnow (P. quathlambae), rock catfish (A. 

sclateri) and largemouth yellowfish (L. kimberleyensis) being threatened (Niehaus et al., 1997; 

Arthington, 1999; Skelton, 2001, 2010). Circumstantial evidence suggests that flow provides 

stimulus for spawning of indigenous freshwater fish species in South African rivers, particularly 

those living in the summer rainfall region, including largemouth yellowfish (L. kimberleyensis), 

smallmouth yellowfish (L. aeneus) and moggel (L. umbratus) (Allanson & Jackson, 1983; 

Skelton, 1993). Although it is possible that individuals moving upstream will not have access to 

adequate spawning grounds downstream of, e.g. the Katse Dam, the simplest immediate 

solution to this problem would be to ensure suitable flow releases and management of these 

rivers to stimulate spawning of the downstream populations (Arthington et al., 1999). 

1.3 Habitat preference and the effects of flow alterations on fish 

Freshwater fishes are an extremely diverse group that have evolved to occupy a wide range of 

habitat types, including some extremely harsh environments (Van Morrow & Fischenich, 2000). 

Some fish species can thrive under extreme conditions, including habitats that have been 

influenced by anthropogenic activities (Bjornn & Reiser, 1991; Van Morrow & Fischenich, 2000). 

Such habitats often support large fish communities due to high levels of nutrients present in 

many organically polluted systems (Van Morrow & Fischenich, 2000). 

Fish habitat is defined by Government of Alberta Ministries (2001) as the parts of the 

environment within a river on which fish depend in order to carry out their life cycles and 

includes the water and aquatic life with the total surroundings of these water bodies. This 

habitat includes plants and other life forms that interact with fish life (Government of Alberta 

Ministries, 2001). Good fish habitat is dependent on all the physical, chemical and biological 

features, such as the absence of barriers to upstream and downstream movement, temperature, 

pH, cover, turbidity, depth, water velocity, inorganic and organic nutrient levels, accessibility to 

migration routes, geology, climate, water flow, habitat structure, water quality and sufficient food 

sources with the lack of or protection against predators and competitors (Van Morrow & 

Fischenich, 2000; Thompson & Larsen, 2002). 

Fish have essential habitat requirements for their survival, growth and reproduction and exploit 

available resources within their environment (Van Morrow & Fischenich, 2000; Thompson & 

Larsen, 2002; Aarts et al., 2008). The habitat must further include sufficient oxygen and 

tolerable temperature in waters free of excess sediment and pollutants (Thompson & Larsen, 

2002). In some instances these features are not always present and migrations are needed to 

allow fish to move from one environment to another suitable environment (Van Morrow & 
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Fischenich, 2000; Thompson & Larsen, 2002). However, different fish species have different 

habitat requirements (Government of Alberta Ministries, 2001). The concept of habitat 

preference quantifies the natural requirements of fish as expressed in the environment in which 

they survive, grow and reproduce (Johnson, 1980; Manly et al., 2002; Aarts et al., 2008). 

Krausman (1999) defines habitat preference as the process of habitat selection that results in 

the disproportional use of some resources over others. Habitat preferences are most markedly 

observed when animals spend most of their time in habitats that are most suitable for their life 

cycles (Krausman, 1999). 

Many fish species are endangered or vulnerable due to habitat change and pollution caused by 

human activities (Rosenfeld, 2003). A study of human impacts on fish is essential in order to 

understand the relationship between fish populations and their environment (Rosenfeld, 2003). 

However, the concept of habitat requirement is poorly defined (Rosenfeld, 2003). Broadly 

speaking, habitat requirements can be defined as abiotic and biotic features of the environment 

that are necessary for the persistence of individuals and populations (Rosenfeld, 2003).  

Environmental flow is described by Arthington et al. (2010) as: "the quantity, timing and quality 

of water flows required to sustain freshwater and estuarine ecosystems and the human 

livelihoods and well-being that depend upon these ecosystems". The construction of dams and 

weirs has had substantial negative impacts on the ecological health of rivers, especially the 

interaction between biotic and abiotic components; these impacts can reduce the biological 

diversity and alter ecological processes and patterns of freshwater ecosystems (Arthington et 

al., 2010; King et al., 2010). These threats are exacerbated by over-exploitation, water pollution, 

fragmentation of populations, destruction or degradation of habitat and invasion by alien species 

(Ashton, 2007; Arthington et al., 2010). All of these threats are somehow linked to the 

modification of river flows and wetland inundation regimes (Arthington et al., 2010), as "Land-

use change, river impoundment, surface and groundwater abstraction and artificial inter/intra-

basin transfers profoundly alter natural flow regimes" (Arthington et al., 2010).  

Hydrological and habitat variation can lead to changes in the availability and suitability of 

aquatic habitat, which in turn may result in negative consequences for fish populations and pose 

immediate threats to river biodiversity, with a possible deterioration of water quality and 

decrease in precipitation caused by climate change (Ashton, 2007; Murchie et al., 2008; King et 

al., 2010). Flow variations are known to have both individual and population level effects on 

riverine fish (Ashton, 2007; Murchie et al., 2008; King et al., 2010). This can strongly affect the 

reproductive success, migration, growth, behaviour or larval and juvenile survival of lotic fish 

populations through the generation of food and availability of suitable habitats (Freeman et al., 

2001; Ashton, 2007; Murchie et al., 2008; King et al., 2010). Numerous studies have shown that 

http://onlinelibrary.wiley.com/doi/10.1111/j.2007.0906-7590.05236.x/full#b37
http://onlinelibrary.wiley.com/doi/10.1111/j.2007.0906-7590.05236.x/full#b48
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hydrological variation can repel fish, with the added potential of disturbing their swimming 

motions, while more stable flows can attract fish (Liao, 2007). It is therefore crucial to identify 

aquatic biotopes and habitats for threatened aquatic species and to gain an understanding of 

how the flow regime affects the early life history of fish, which is important in managing fish 

populations within these specific river systems (Ashton, 2007; King et al., 2010). 

1.4 Direct and indirect effects of altered flow and its repercussions on fish 

1.4.1 Direct effects of altered flow on fish 

Numerous studies have concluded that major hydrological variations have an effect on fish as 

individuals, as well as a community (Liao, 2007; Murchie et al., 2008). This includes activities 

such as migration, reproduction, feeding/foraging, growth, year-class strength and overall 

habitat condition (Murchie et al., 2008). Extreme flow, which causes turbulence, can directly 

influence local fish populations and can cause mortalities in both juveniles and adults (Poff & 

Allan, 1995; Liao, 2007). When either the lateral line or vision is blocked (high 

turbidity/suspensoids), turbulence can have broader effects, influencing daily behavioural 

routine, habitat choice and swimming performance; this shows that fish rely on multi-modal 

sensory inputs to survive in these complex flow environments (Bruton, 1985; Liao, 2007).  

Shoaling fish can benefit from altered flows using two distinct, though not mutually exclusive, 

mechanisms (Liao, 2007). Firstly, there is “flow refuging”, which means they migrate to the 

smaller tributaries, which are still largely intact and provide important refugia for other aquatic 

biota, and secondly, there is “vortex capture”, which involves harnessing the energy of 

environmental vortices (Ashton, 2007; Liao, 2007). Vertical flows provide an energy-rich 

environment where fish can take advantage of regions of reduced-flow velocity behind objects 

such as rocks and logs, which enhances swimming performance (Ashton, 2007; Liao, 2007). In 

this case, the average velocity in the turbulent wake is reduced relative to both its steady-state 

condition prior to interaction with the bluff body, and to the earth frame of reference (Liao, 

2007). The energy of these environmentally generated vortices depends on an appropriate ratio 

of vortex diameter to fish length as well as low levels of background turbulence (Liao, 2007). 

These mechanisms are useful categories to evaluate how fish utilise flow alterations, but more 

research is required since river regulation could also be energetically costly to fish species 

(Liao, 2007; Murchie et al., 2008). 

Fish can persist in the flow-regulated regime, but successful juvenile production depends largely 

upon periods of habitat stability created when low rainfall or other factors limit hydro-peaking 

operations, when floods may cause substantial mortality among small fish (Freeman et al., 

2001). This implies that low flows are critical for the survival of small fish and can initiate 

spawning of sexually mature fish (Freeman et al., 2001). Some adult fish species can thrive 
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under high-flow conditions, due to the fact that new nutrients and food sources are being 

imported from tributaries, river banks, etc. (Freeman et al., 2001). 

Fish assembly takes place in a stable environment with slow-moving water and may have 

generalised feeding strategies, depending on species and their environmental parameter 

tolerances and traits (Poff & Allan, 1995). Distinct differences have been found between 

assemblages of indigenous and alien fish, and are associated with environmental variables and 

habitat use (Poff & Allan, 1995). Native fish tend to cluster in areas with specific temperatures, 

lower conductivity, less pool habitat and faster stream flow, whereas non-indigenous fish tend 

not to prefer stream flow (Poff & Allan, 1995). Consequently, flow regime has a major effect on 

fish assemblages, suggesting the separation of indigenous and alien fish species (Marchetti & 

Moyle, 2001). Murchie et al. (2008) reported that an increase in the number of alien species and 

the reduction in the diversity of indigenous species are positively correlated with river regulation 

and flow modification.  

Fausch et al. (2001) observed that the success of rainbow trout invasion might be attributed to a 

match between the timing of fry emergence and months of low flood probability. Colder water 

temperatures, though, which can temper reproduction and biotic interactions with brown trout 

(S. trutta), and whirling disease parasites, may account for low invasion success in European 

regions (Fausch et al., 2001). This is due to the fact that invasions are dominated by species 

that can tolerate flow regulation (Fausch et al., 2001). Results of other studies suggest that, 

following flow regulation, there is a statistically significant increase in growth rate for trout, as 

well as population densities of rainbow trout (Fausch et al., 2001). It is also noted that increased 

flow has very little or no effect on this species (Fausch et al., 2001; Murchie et al., 2008). 

Schlosser (1982) and Freeman et al. (2001) noted that young-of-year fish are most frequently 

correlated with shallow water in extreme flows and that habitat diversity (depth, current, and 

substrate, or DCS) is significantly correlated with fish species diversity (FSD). However, there is 

considerable variation in the relationship between the two variables, including: (i) FSD 

decreases in winter in shallow, less diverse habitats due to migration, and increases in spring as 

fish assemble for spawning; (ii) FSD increases in spring and autumn when resource availability 

increases; (iii) FSD is least predictable from DCS in autumn, when flow regimes are low and 

large numbers of fish recruits are present; and (iv) DCS does not predict FSD as accurately in 

temporally variable upstream areas where large numbers of small fish dominate the community, 

especially in areas with human disturbance (Schlosser, 1982). Fluctuations in rainfall regime 

cause annual variations in habitat, especially in volume. Benthic insect density is highest from 

autumn through spring (Schlosser, 1982). Following the emergence of adults in late spring, 

invertebrate densities are low in summer in areas with riparian vegetation, but are not lower 
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where riparian vegetation is absent and stable substrata are present (Schlosser, 1982). Along a 

gradient of substrata from silt-sand to gravel-rock, insect production increases, as indicated by 

adults and pupae in the drift (Schlosser, 1982). Peak resource availability for 

insectivore/piscivore fish occurs in late summer and autumn, due to increased abundance of 

young-of-year (Schlosser, 1982). Freeman et al. (2001) also observed that fish abundance is 

significantly higher at unregulated control sites than in the regulated river, where lower 

abundances of spring-spawning species are present at the regulated sites. 

1.4.2 Indirect effects of altered flow and its repercussions on fish 

Every river has its own characteristic flow regime and a particular biotic community associated 

with it (Thompson & Larsen, 2002; Clarke et al., 2008). Flow regimes differ in different regions 

of a river, depending on factors such as regional climate and seasonal precipitation, which are 

expressed as “surface water”, “soil water” and “groundwater” (Thompson & Larsen, 2002; 

Clarke et al., 2008). Fish are, however, adapted to this monthly and seasonal variability in flow 

(Thompson & Larsen, 2002; Clarke et al., 2008). The environment shapes individual population 

traits related to body size and reproduction (Thompson & Larsen, 2002; Clarke et al., 2008). 

Rivers are shaped by the interaction between regional climate, geology, topography, soils and 

vegetation, which determines both the supply and runoff of water by which precipitation reaches 

the river channel (Thompson & Larsen, 2002; Clarke et al., 2008). Here the slope, intensity, 

duration and type of precipitation affect the total amount of energy the flow brings to the stream, 

creating structures that are important for fish habitat, such as meanders, pools, riffles, undercut 

banks and gravel substrata of appropriate sizes (Thompson & Larsen, 2002; Clarke et al., 

2008). The food organisms, nutrients and other aspects of fish habitat that support fish 

production in rivers are controlled and influenced by these natural seasonal fluctuations 

(Thompson & Larsen, 2002; Clarke et al., 2008). Flow management can alter the ability of fish 

to access habitats in a variety of ways, namely: (i) longitudinally (upstream or downstream) 

which allows fish to migrate; (ii) laterally with their floodplains which create spawning and 

foraging areas; and (iii) vertically with groundwater which supplies tributaries with water and 

nutrients, which eventually enter main rivers (Thompson & Larsen, 2002; Clarke et al., 2008). 

Flow can have a direct impact (survival) and an indirect impact (growth, reproduction, bio-

energetics) on fish (Clarke et al., 2008). Specific flow-related impacts on fish include habitat 

access, stranding, water temperature, nutrient availability, bio-energetics, and food supply 

(Clarke et al., 2008). Stranding can be considered as the separation of an aquatic organism 

from the main river channel in river discharge (Clarke et al., 2008). Stranding can result in 

beaching, when fish are completely out of the water, or being trapped when fish are isolated in 

small pockets of water completely separate from the flowing river, and are usually targets for 

predators like birds, reptiles, mammals and even humans (Clarke et al., 2008). High-flow 
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velocities cause a higher supply of free-drifting food sources, but – since flow increases turbidity 

and suspended debris, making it more difficult to detect and hunt prey – can cause reductions in 

growth rates of fish that detect their prey by sight (Clarke et al., 2008). 

Increases in flow can have a variety of effects on water temperature, depending on the location 

of the draw and magnitude of the increase in discharge (Clarke et al., 2008). Temperature and 

flow are considered the two most important factors to trigger migration and spawning of fish 

(Clarke et al., 2008). An increase in water temperature will affect the time of migration for 

migratory species, which can affect fish life cycles (e.g. growth, reproduction, survival), change 

fish behaviour and disrupt fish community composition (Clarke et al., 2008). A decrease in water 

temperature can reduce the abundance of bacterioplankton and phytoplankton (Clarke et al., 

2008), while flow can also regulate spawning areas for fish (Bjornn & Reiser, 1991). 

Water quality 

The quality of water (due to its chemical and thermal properties) is as important as the quantity 

and temporal patterns of flow (Arthington et al., 2010). Fish require good water quality in order 

to live, grow, reproduce and feed (Arthington et al., 2010). Poor water quality can affect fish 

directly – through behavioural and physiological changes – or indirectly, by affecting food supply 

or habitat (Government of Alberta Ministries, 2001; Arthington et al., 2010). Rapid or extreme 

water-quality changes may result in diseases, organ damage or death (Government of Alberta 

Ministries, 2001; Arthington et al., 2010). Water-quality parameters that can affect fish include 

water temperature, dissolved oxygen, pH, turbidity, sediments and pollutants within a river 

system (Government of Alberta Ministries, 2001). 

Temperature 

Fishes are ectothermic animals and their body temperatures therefore fluctuate with 

environmental temperatures; however, they can regulate activity and physiological processes, 

and move into more favourable areas of a stream to regulate their body temperature (Thompson 

& Larsen, 2002). Fish can live in a wide range of temperatures, but have optimum temperatures 

as well as low and high lethal temperatures for various activities such as migration, feeding, and 

spawning (Thompson & Larsen, 2002). Some specific fish species can tolerate colder water 

temperatures and some can tolerate warmer water temperatures better than others (Bjornn & 

Reiser, 1991; Van Morrow & Fischenich, 2000; Thompson & Larsen, 2002; Clarke et al., 2008). 

In South Africa, water temperatures rise after the dry season (winter months), enhancing the 

metabolic rates of fish causing and triggering the demand for food, spawning and migration 

(Bjornn & Reiser, 1991; Skelton, 2001; Thompson & Larsen, 2002; Clarke et al., 2008). An 

increase in temperature might increase the incidence of disease outbreaks and can also favour 
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alien species that might be better adapted to higher water temperatures (Bjornn & Reiser, 1991; 

Thompson & Larsen, 2002). 

Water temperatures in streams can change due to the removal of bank vegetation (shade), as 

well as agriculture, mining and reservoir runoff (Bjornn & Reiser, 1991). An ambient water 

temperature and high concentrations of dissolved oxygen, which affect embryo development 

and larval growth rates, are crucial in the early life stages of juvenile fish (Bjornn & Reiser, 

1991). Dissolved oxygen is closely correlated with water temperatures, where low dissolved 

oxygen levels – due to decay of organic materials – can cause an increase in water 

temperatures and high water temperatures can deplete dissolved oxygen as it will dissipate into 

the atmosphere (Dowling & Wiley, 2007). 

Dissolved oxygen 

The presence of dissolved oxygen is critical for fish survival (Joseph et al., 1977; Thompson & 

Larsen, 2002). Oxygen from the surrounding environment dissolves in the river water through 

riffles, rapids, waterfalls, inflow of turbulent water and photosynthesis by aquatic plants 

(Thompson & Larsen, 2002). Dissolved oxygen can be depleted through respiration of fish and 

aquatic plants, decay of organic matter such as faecal matter, direct chemical oxidation and 

outflow of water (Joseph et al., 1977; Thompson & Larsen, 2002; Dowling & Wiley, 2007). 

Supply of dissolved oxygen is important to fish during all stages of life, especially during 

incubation (Thompson & Larsen, 2002). If the dissolved oxygen levels are too low, the embryos 

may be smaller throughout development or die, or hatch either late or prematurely (Thompson & 

Larsen, 2002). Reduced concentrations of dissolved oxygen can affect migration and swimming 

performance in fish (Bjornn & Reiser, 1991). 

Water pH 

Continuingly increasing exploitation of chemical substances to meet the demands of the rapidly 

increasing human population has caused environmental accumulation of heavy metals that are 

of much concern to environmental managers (Mance, 1987; Kelly, 1988; Alloway, 1990). Water 

pH is a crucial factor in aquatic life and thus needs to be a relatively stable parameter within 

river systems (Joseph et al., 1977). Non-point-source water pollutants like acid mine drainage 

can cause major changes in the pH levels and affect the survival, growth, reproduction and 

behaviour of aquatic life, with first apparent effects observed in macroinvertebrates (Joseph et 

al., 1977). Fish accumulate these chemical substances indirectly by means of their food 

sources, e.g. macroinvertebrates (Joseph et al., 1977). These chemicals precipitate on the gills 

and eggs of fish and can be absorbed directly and then enter the organs and tissues of these 

fish via the bloodstream (Joseph et al., 1977; Mance, 1987; Kelly, 1988; Alloway, 1990). As 
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people rely on fish as a food source, it is important to manage and control the pH of water to 

ensure the wellbeing of local communities (Gleick, 1996).  

Riparian vegetation and instream cover 

Fish require suitable and intact riparian vegetation along the stream, where they feed on 

macroinvertebrates and plant material (Thompson & Larsen, 2002; Rosenfeld, 2003). Riparian 

vegetation increases the stability of banks, provides inputs to the stream such as plant material 

for food and logs for cover, reduces sedimentation and erosion, regulates water temperatures, 

dissolves oxygen within the water and promotes recruitment of large woody debris (Government 

of Alberta Ministries, 2001; Thompson & Larsen, 2002; Rosenfeld, 2003). Fish – especially 

juvenile fish in shallow water – need additional cover from predators and competitors. Since 

these areas attract smaller fish where they feed and take cover, they also become feeding 

areas for larger predators (Bjornn & Reiser, 1991; Government of Alberta Ministries, 2001; 

Thompson & Larsen, 2002; Rosenfeld, 2003). Features that provide cover include overhanging 

riparian vegetation, undercut banks, pools, turbulent water, large rocks, aquatic vegetation and 

logs (Bjornn & Reiser, 1991; Government of Alberta Ministries, 2001; Thompson & Larsen, 

2002; Rosenfeld, 2003). 

Riparian vegetation can absorb chemicals from agricultural and urban runoff, thus ameliorating 

the impacts of pollution (Clarke et al., 2008). In headwater streams riparian vegetation provides 

nutrients. As stream size increases, inputs become less important, and aquatic communities 

depend more on these nutrients, which are imported from upstream sources (Clarke et al., 

2008).  

Sediment 

Sediment loads released into a river increase as a result of erosion from ditches, steep slopes, 

industrial discharge and exposed areas; this could be natural or due to the lack of riparian 

vegetation and rocks on the river banks (Joseph et al., 1977; Bjornn & Reiser, 1991; Thompson 

& Larsen, 2002). Generally, relatively low turbidity is best suitable for fish habitat in lotic habitats 

and fish tend not to migrate to areas with high suspended sediment loads (Bjornn & Reiser, 

1991; Van Morrow & Fischenich, 2000). Sensitivity to suspended sediments varies greatly 

among species and susceptibility to sediment depends on sediment concentration and their life 

stages at the time of exposure, where high sediment levels can cause negative impacts such as 

gill damage, but rarely kill adult fish, yet it can harm eggs and larvae (Thompson & Larsen, 

2002). The sediment eventually settles on the stream bottom, burying important food items, as 

well as reproduction and cover habitat (Van Morrow & Fischenich, 2000; Government of Alberta 

Ministries, 2001; Thompson & Larsen, 2002). Excessive sediment in the stream bottom may act 

as a physical barrier by filling in pools and preventing proper flow of water (Van Morrow & 
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Fischenich, 2000; Thompson & Larsen, 2002). It could stop the emergence of fry and also 

indirectly affect fish, as suspended sediment blocks out sunlight decreasing water visibility and 

obscuring vision, thus impeding fish feeding efficiency, especially that of predators (Bruton, 

1985; Van Morrow & Fischenich, 2000; Thompson & Larsen, 2002). Larger fish, however, seem 

to be less affected by high concentrations of suspended sediments (Bruton, 1985; Bjornn & 

Reiser, 1991; Van Morrow & Fischenich, 2000).  

1.5 Hypotheses, aims and objectives 

Based on the information provided above and knowledge gained from previous studies the 

hypotheses set for this study are as follow: 

1. The recruitment period of cyprinids of the Senqu River will occur in November.  

 

2. Labeobarbus aeneus and Austroglanis sclateri will rely on macroinvertebrates as the 

main food source during both winter and summer. 

 

3. Labeobarbus aeneus will be the most abundant species in this study area.  

 

4. Habitat preference of Labeobarbus aeneus and Austroglanis sclateri will depend on flow, 

both preferring clear fast-flowing water at the upstream sites (IFR P1 and IFR P2). 

 

5. Anthropogenic activities will have a greater impact on the wellbeing of fish communities 

at downstream sites (IFR 5 and IFR 6). 

Prior to the launch of Phase II of the LHWP, an evaluation of the cumulative impacts of this dam 

development on the Senqu River and its fish is required to characterise the effect of this 

development on the receiving environment and if possible minimise its impacts. This project was 

therefore commissioned to make a contribution to this overall evaluation. The aim of this study 

is to gain knowledge and develop an understanding of the ecological relationships between the 

fish in the Senqu River, and the state of selected environmental variables that may be affected 

by the construction and operation of the Polihali Dam. To achieve this objective, a range of 

established best scientific practice measures (Lines of Evidence) that consider multiple levels of 

biological organisation of fish, were implemented in the study. The objectives of this study 

established to achieve this aim and to test the set hypotheses included: 

1. Determine the influence of flow and temperature changes on the recruitment of cyprinids 

Labeobarbus aeneus and Labeo capensis in the Senqu River (Chapter 2). 
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2. Determine direct and indirect effects of flow alterations on the feeding biology of selected fish 

of the Senqu River (Chapter 2). 

3. Evaluate the population structures of fishes from the Senqu River to characterise the 

wellbeing of fish communities in the Senqu River (Chapter 2). 

4. Characterise and use the habitat preferences and migration requirements of fish to evaluate 

the effect of flow alterations in the Senqu River (Chapter 3). 

5. Implement the Fish Response Assessment Index and shifts in community structures of fish 

using multivariate statistical techniques to evaluate the effect of anthropogenic activities in the 

Senqu River (Chapter 4). 
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Chapter 2: Recruitment, feeding biology and population structures of 

fish in the Senqu River, Lesotho 

2.1 Introduction 

In general, indigenous fish populations in geographically and temporally separated systems 

evolve under pressures of natural selection (Holmlund & Hammer, 1999). Indigenous fish 

populations in rivers are under pressure due to overfishing, increasing environmental pollution 

load, habitat destruction and introduction of alien species (Malakoff, 1997; Holmlund & Hammer, 

1999). Studies of the age structures and feeding biology of fish populations allow for the 

estimation of growth, mortality and recruitment, which can provide knowledge of the success 

rates of populations (Lou et al., 2005). The availability and connectivity between suitable 

habitats for feeding, spawning and refugia during anthropogenic and natural disturbances are 

important to evaluate the ability of fish populations to survive in their natural environment 

(Schlosser, 1991; Labbe & Fausch, 2000; Fausch et al., 2001; Magoulick & Kobza, 2003; 

Paxton & King, 2009). Modelling of the responses of fish populations to environmental variables 

should focus on potentially elementary responses, such as the relationships between fish 

spawning and recruitment and environmental variables (Rolls et al., 2013). Spawning and 

recruitment of fish populations are triggered by temperature, optimal flow, access to suitable 

spawning beds and the timing, availability and duration of resources (Rolls et al., 2013). Fish 

populations differ between regulated and unregulated rivers, due to the effect of flow and water 

quality alterations (Rolls et al., 2013). Variations have been observed in the successful 

spawning, growth and early survival in the Orange-Vaal River System (OVRS); success 

depends on time and duration of spawning which is influenced by patterns of water releases 

from impoundments on the Orange River (Tómasson et al., 1985), where unseasonal releases 

of cold water from an upstream impoundment may alter reproductive success (Tómasson et al., 

1984). Although growth is very poor at times of high turbidity, mortality remains low and size of 

individuals varies little (Tómasson et al., 1985). 

Fish populations are an essential tool in water management, due to the fact that they play 

essential roles in maintaining ecosystems and can indicate both direct and indirect impacts, as 

well as short- and long-term effects of environmental variables such as altered flows, fish habitat 

and wildlife (Holmlund & Hammer, 1999; Naghibi & Lence, 2012). Fish populations in river 

systems are considered to be in ecological equilibrium under normal river flow conditions, 

unless environmental and ecological factors alter these fish populations, e.g. increased flows 

altering fish populations by scouring eggs, altering fish habitat, and washing larval or juvenile 

fish away from their suitable habitats (Naghibi & Lence 2012). Early dependence on external 

feeding and undependable occurrence of conditions for spawning and juvenile feeding makes 
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for variable reproductive success (Tómasson et al., 1984). Age and growth of these fish 

populations are an essential aspect of their ecology, making studies on these aspects an 

important tool in fishery research, development and management. These types of studies 

provide population data that can be used to evaluate the state of exploited species, especially 

where they have already been impacted by anthropogenic changes to river flow and 

temperature regimes (Pitcher & Hart, 1982; Booth et al., 1995; Booth & Merron, 1996; Pierce et 

al., 1996; Allain & Lorance, 2000; Nthimo, 2000; Campana, 2001; 2005; Potts & Cowley, 2005; 

Gerber et al., 2009; Paxton et al., 2013). The management of southern African freshwater fishes 

has been delayed by the paucity of knowledge of their age, growth and recruitment structures 

(Gerber et al., 2012). One of the methods used to evaluate growth, mortality rates, longevity, 

stock composition and recruitment patterns within fish species is the accurate determination of 

age (Campana, 2001; Campana & Thorrold, 2001; Campana, 2005). Ageing studies can 

provide knowledge of early-life history of daily growth increment formation in otoliths, scales and 

spines of fish, which is dependent on environmental variables such as water temperature, food 

availability and water quality (Pannella, 1974; Savoy & Crecco, 1988; Griffiths, 1988; Bestgen & 

Bundy, 1998; Campana, 2001; Campana & Thorrold, 2001; Campana, 2005; Paxton et al., 

2013). Knowledge of the early-life history of native freshwater fish species in southern Africa is 

therefore considered an essential tool in river management, specifically in terms of recruitment 

(Paxton et al., 2013). 

Structures that have been used for age determination include fin rays and spines, vertebrae and 

opercular bones (Blake & Blake, 1978; Prince et al., 1985; Moksness & Wespestad, 1989; Rien 

& Beamesderfer, 1994; Booth et al., 1995; Buckmeier & Irwin, 2002). The use of increments or 

rings on scales, otoliths or pectoral spines to age fish in South Africa’s inland water ecosystems 

has received considerable attention over recent decades (Van Rensburg, 1966; Straub, 1971; 

Cambray, 1983; Quick & Bruton, 1984; Cambray & Meyer, 1988; Cambray et al., 1997; Winker 

et al., 2010a, 2010b; Paxton et al., 2013). Of all the bony structures currently used for age 

determination of fish, otoliths and scales are the most commonly used (Booth et al., 1995; 

Wischniowski & Bobko, 1998; Campana, 2001). Since otoliths are usually the first calcified 

structures to develop in the early life stages, it has been shown to be more accurate in age 

studies than other structures (Campana & Neilson, 1985; Campana, 2001; Gerber et al., 2009). 

Limited work has been published on the age and growth estimates based on otoliths for African 

cyprinids such as the smallmouth yellowfish (L. aeneus) (Ellender, 2008; Gerber et al., 2012). 

Previous studies have concluded that in some cases the asteriscus otolith is the most accurate 

otolith for determining the age of smallmouth yellowfish populations in the Great Fish River 

system and OVRS (Weyl et al., 2009; Winker et al., 2010b; Gerber et al., 2012). 
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Otoliths occur in a pair of auditory organs (vestibular apparatus/otic capsule) within the cranium 

of the fish, with typically three otoliths found per auditory organ (Jones & Hynes, 1950; 

Campana & Neilson, 1985; Wischniowski & Bobko, 1998; Paxton & King, 2009). These three 

pairs of otoliths are known as the sagittae, lapillus and the asteriscus. The largest otolith – the 

sagittae – is most commonly used when determining the age of fish, but in species such as the 

tigerfish (Hydrocynus vittatus) the asteriscus is the largest, and the sagittae the smallest 

(Gerber et al., 2009). Otoliths tend to increase in size with increasing fish size; however, larger 

fish tend to have proportionately smaller otoliths when compared to smaller fish (Jones & 

Hynes, 1950; Gerber et al., 2009). 

The larval stage of fish is an important component of their life history, and provides valuable 

information about fish population structures (Robinson et al., 1998; Reichard et al., 2002; 

Gilligan & Schiller, 2003; Paxton & King, 2009). The cyprinid fish species of the OVRS are 

important as biological indicators of environmental conditions, with threats to these fish 

populations being: poor water quality, fragmentation of populations, blocking of migration 

routes, destruction of spawning beds and poor utilization of resources and rehabilitation 

(Skelton, 1986; Ramollo, 2011). However, limited work has been published on the ecology and 

biology of L. aeneus, L. kimberleyensis, L. capensis and L. umbratus, in particular on the age 

structures and daily growth increments in otoliths of young fish to reveal aspects of their 

ecology, like optimal flow and temperature requirements for spawning in the OVRS (Skelton & 

Cambray, 1981; Merron & Tómasson; Tómasson et al., 1984, 1985; Weyl et al., 2009; Gerber et 

al., 2012). Larval fish are extremely vulnerable to environmental variations that affect early-life 

history processes, which in the long term play an essential role in determining recruitment 

success of these fish larvae (Pitcher & Hart, 1982; Houde, 1987; Welcomme, 1988; Cushing, 

1990; Fairweather, 1991; Myers, 1998; Britton et al., 2004; Houde, 2009, Paxton & King, 2009; 

Galindo-Cortes et al., 2010; Paxton et al., 2013). 

Only limited studies have been done on daily increments in otoliths of young/larval fish to reveal 

aspects of their biology and ecology-related requirements (Paxton & King, 2009; Paxton et al., 

2013). The validation of daily increment deposition in otoliths is a tool used for age assessment 

of riverine fish species; the age of larvae can be determined by counting these daily increments 

in the otoliths of larval fish (Campana, 2001; Ellender, 2008; Weyl et al., 2009; Paxton et al., 

2013). These data provide valuable information on the stock composition, growth rates, 

longevity, recruitment, frequency and duration of spawning patterns, as well as responses to 

environmental variables like food availability, temperature, turbidity and day length (Ellender, 

2008; Weyl et al., 2009; Paxton et al., 2013). In most cases temperature has an overriding 

effect due to its influence on the rate of metabolism (Graham & Orth, 1986; Savoy & Crecco, 

1988; Bestgen & Bundy, 1998; Nthimo, 2000; Campana & Thorrold, 2001; Campana, 2001; 
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Wilson & Smith, 2002; Humphries, 2005; Koehn & Harrington, 2006; Paxton et al., 2013). 

Physiological processes of adult fish, such as spawning, may also reduce growth (Campana, 

2001). Larval fish are more susceptible to flow alterations and temperature than adults, and 

early-life history processes play a central role in determining recruitment success and survival 

(Pitcher & Hart, 1982; Houde, 1987; Welcomme, 1988; Cushing, 1990; Fairweather, 1991; 

Myers, 1998; Britton et al., 2004, Houde, 2009; Galindo-Cortes et al., 2010). 

The formation of opaque and transparent increments in larval fish otoliths occurs on a daily 

basis, due to diel temperature fluctuations (Paxton & King, 2009). Larval fish inhabit shallow, 

marginal, slack waters where daily temperature ranges are considerably higher than in the main 

river channel (Paxton & King, 2009). This is particularly important for larval fish when 

enumerating the daily increments in their otoliths where there may be some confusion when 

having to distinguish between daily and sub-daily rings (Paxton et al., 2013). However, the 

periodicity of ring formation in smallmouth yellowfish otoliths from Lake Gariep in the Orange 

River as well as the Great Fish River and Glen Melville Reservoir has been validated (Ellender, 

2008; Weyl et al., 2009; Paxton et al., 2013).  

Generally, very little is known about the feeding behaviour of fish in the OVRS (Skelton & 

Cambray, 1981; Tómasson et al., 1984, 1985; Skelton, 2001). Feeding biology of fish can be a 

vital indicator of the environment, thus the diet of some fish species can be analysed to 

determine their spatial distribution and ecological requirements (Mann, 1992). Fish population 

structures can be determined by the study of the diets of fish species within these populations, 

i.e. by analysing their diets, seasonal variation and feeding intensity (Hyslop, 1980; Mann, 1992; 

Lechanteur & Griffiths, 2002). Differences in the behaviour, habitat and time of feeding, as well 

as type and size of prey causes a decrease in the dietary overlap among fishes, resulting in 

feeding habits ranging from detritivores to herbivores and omnivores to carnivores, thus creating 

aquatic food webs within inland waters (Hobson & Chess, 1986; McCormick, 1995; Mihuc, 

1997; Platell et al., 1998). 

Knowledge about the feeding habits of fish species in the Orange-Vaal River System (OVRS) is 

limited to only a few publications (Skelton, 1986). A better understanding of the biology and 

ecology can be gained from information gathered by analysing the gut content of some fish 

species, especially yellowfish (Skelton & Cambray, 1981; Tómasson et al., 1984, 1985; Skelton, 

2001). Gut content analyses can provide information on the spatial distribution and ecological 

requirements of Cyprinidae and Siluridae families, which have a rich diversity in aquatic 

environments (Mann, 1992; Skelton, 2001).  

Some members of the genus Labeobarbus can be described as facultative feeders, having very 

specific and preferred diets, but being able to adapt to other types of diets if there is a change in 
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environments and food availability (Matthes, 1963; Skelton & Cambray, 1981; Tómasson et al., 

1984, 1985; Skelton, 2001). These cyprinids have feeding habits adapted to a broad variety of 

environments, resulting in many specializations (Skelton, 2001). The diet of most Labeobarbus 

species can be classified as opportunistic and omnivorous, consisting of a combination of algae 

(winter months) and aquatic insects (summer months), when they prey upon benthic 

invertebrates; this feeding is done by burying the mouth into the substrate and swallowing part 

of the sediment (Skelton & Cambray, 1981; Tómasson et al., 1984, 1985; Eccles, 1986; 

Skelton, 2001; De Villiers & Ellender, 2008).  

The rock catfish (A. sclateri) are mainly bottom feeders and predominantly feed on algae and 

benthos between rocky surfaces (Skelton, 2001). They are also able to change their diet 

depending on food availability, so will under certain conditions also feed on a variety of 

macroinvertebrates (Gaigher, 1969; Niehaus et al., 1997; Skelton, 2001). Their diets can 

therefore include plant material, algae, aquatic larvae, nymphs and insects, crabs, shrimps, 

mussels, snails, as well as fish and amphibian larvae (Skelton, 2001).  

The objectives of this section of the project were to determine the influence of flows and 

temperature changes on the recruitment of cyprinids in the Senqu River; to determine direct and 

indirect effects of flow alterations on the feeding biology of selected fish of the Senqu River; and 

to use population structures to evaluate the wellbeing of fish populations in the Senqu River. 

2.2 Materials and methods 

2.2.1 Site description  

In this study four sites were selected on the Senqu River System and one on the Linakeng 

River, a Senqu tributary (Figure 2.1). Two sampling surveys were conducted at each of the five 

sites, the first in August 2013 and the second in January 2014. The five sites included three new 

sites (IFR P1, IFR P2 and Linakeng), along with previously established sites IFR 5 and IFR 6. 

The geomorphology for each of the sites was also assessed, as it may have direct and indirect 

effects on the fish of the Senqu River. 
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Figure 2.1: Map indicating the position of the five sampling sites (white stars) along the Senqu and Linakeng Rivers, Lesotho.
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Site IFR P1 

Site IFR P1 (29°21'18.53"S 28°48'15.06"E) is situated 26 km southwest of the town of 

Mokhotlong in the upper reaches of the Senqu River. This river reach is classified as a 

transitional zone between a longitudinal geomorphological zone and a river (Rowntree & 

Wadeson, 1998, 1999; Rowntree & Mzobe, 2013). The lower foothill zone is typically 

characterised by a mobile bed of fine gravel or sand with localized bedrock outcrops forming 

short rapid sections (Rowntree & Wadeson, 1998, 1999; Rowntree & Mzobe, 2013). The banks 

of the channel are composed of various materials (Rowntree & Wadeson, 1998, 1999). 

Upstream the banks are typically sandy (Rowntree & Wadeson, 1998, 1999; Rowntree & 

Mzobe, 2013). The right-hand bank along the edge of the bank comprises medium boulders, 

whereas bedrock outcrops along the left-hand bank downstream of the main riffle, forming a 

narrow ledge between the slope of the hill and the main channel (Rowntree & Wadeson, 1998, 

1999; Rowntree & Mzobe, 2013). Bank erosion is not a significant feature, with water flowing 

fast over cobbles and boulders (Rowntree & Wadeson, 1998, 1999; Rowntree & Mzobe, 2013). 

Deposits of fine gravel and sand are observed within the riffle (Rowntree & Wadeson, 1998, 

1999; Rowntree & Mzobe, 2013). The run downstream of the main riffle also provides key 

habitat, with slower low flow (Rowntree & Wadeson, 1998, 1999; Rowntree & Mzobe, 2013). 

Rock ledges on the left-hand bank provide cover for fish. Land use in the area is confined to a 

small local village nearby with limited agricultural activities, with livestock grazing in the area 

and drinking water from the Senqu River, trampling unstable river banks, thus causing 

additional erosion, resulting in higher sediment loads in the Senqu River (Rowntree & Wadeson, 

1998, 1999). A small dirt road runs down to the site with very little riparian vegetation 

surrounding the area. Despite these activities, this site is generally less disturbed than the other 

IFR sites. Bank slopes range from very steep, moderate to flat (Rowntree & Wadeson, 1998, 

1999). As fish species are present in a variety of habitats/biotopes, individual habitat units were 

defined for comparative purposes. Individual habitat units for sampling were selected based on 

where fish were thought to possibly occur, taking into account different environmental variables 

such as velocity-depth and substrate types, developed by Kleynhans (2007). Historical habitat 

use information available from the literature and results from the initial field survey conducted by 

Arthington et al. (1999) were considered. The length and number of habitat units sampled 

depended on the characteristics of each site, and the habitat units generally ranged between 50 

m and 100 m in length and included the entire stream or river cross-section. 

 

 Habitat unit 1 is characterised by slow-flowing (< 0.3 m/s) shallow water with muddy-

gravel substrata among cobbles and boulders near the river bank. These cobbles and 

boulders create small refuge areas for larval fish. (Figure 2.2.C).  
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 Habitat unit 2 is mainly characterised by fast-flowing (>0.3 m/s) runs and rapids with 

substrata consisting predominantly of large cobbles and boulders in the main stream, 

with pebbles on the water column and depths of up to 1.2 m (Figure 2.2.A).  

 Habitat unit 3 is characterised by flowing water with backwater pools and undercut 

banks, with substrata mainly consisting of bedrock and gravel and sand, with mud in 

some backwater areas (Figure 2.2.D). 

 

Figure 2.2: IFR P1 sampling site, Senqu River: (A) IFR P1 during winter (August), low-flow 
period; (B) IFR P1 during summer (January), high-flow period; (C) habitat unit 1 with slow-
flowing shallow water with muddy-gravel substrata among cobbles and boulders near the river 
bank; (D) habitat unit 3 backwater pools. 

Site IFR P2 

Site IFR P2 (29°33'7.12"S 28°44'40.22"E) is situated 15 km east of the town of Tsaba Tseka in 

the upper reaches of the Senqu River downstream of IFR P1, where the Linakeng River flows 

into the Senqu River (Rowntree & Mzobe, 2013). IFR P2 lies in a confined longitudinal 

geomorphological zone, classifying this river reach as a transitional zone between a longitudinal 

geomorphological zone and a river (Rowntree & Wadeson, 1998, 1999; Rowntree & Mzobe, 

2013). The longitudinal geomorphological zone is characterised by a mobile bed of fine gravel 

or sand with localized bedrock outcrops forming short rapid sections (Rowntree & Wadeson, 

1998, 1999; Rowntree & Mzobe, 2013). Fine gravel and sand from the Linakeng River are 

added to the bed load of the Senqu River (Rowntree & Wadeson, 1998, 1999; Rowntree & 

Mzobe, 2013). For the most part, the channel in the study area consists of a network of small 
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channels separated by small and often temporary islands called braid bars, formed in fine 

gravel and sand (Rowntree & Wadeson, 1998, 1999; Rowntree & Mzobe, 2013). Land use in 

the area is confined to a small local uphill village with limited agricultural activities, with livestock 

grazing in the area (Rowntree & Wadeson, 1998, 1999). Despite these activities, this site is 

generally less disturbed than the other IFR sites.  

 Habitat unit 1 is characterised by slow-flowing deep water between loose cobbles and 

boulders with gravel as main substrate. It is situated near the Linakeng tributary, where it 

joins the Senqu River.  

 Habitat unit 2 is characterised by slow-moving to still water among cobbles and 

boulders, with substrata mainly consisting of gravel, sand and mud with cover for larvae 

in the river bank (Figure 2.3.B-C).  

 Habitat unit 3 is characterised by fast-flowing runs with substrata mainly consisting of 

large boulders and cobbles in the main stream with backwaters forming behind these 

large boulders. Depths range from 500 mm - 1.5 m. 

 

Figure 2.3: IFR P2 sampling site, Senqu River: (A) photo of IFR P2 from a mountain top during 
winter (August), low-flow period; (B-C) habitat unit 2 with slow-flowing shallow water with 
muddy-gravel substrata among cobbles and boulders; (D) IFR P2 during summer (January), 
high-flow period. 

Site IFR 5 (White Hills)  

Site IFR 5 (30° 3'53.61"S 28°24'21.91"E) is situated on the Senqu River at White Hill, 25 km 

west of the town of Qacha's Nek, upstream of the Senqu/Senqunyane confluence. This places 

the site in the longitudinal geomorphological zone category; it was found to be the steepest of 
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the four IFR sites (Rowntree & Wadeson, 1998, 1999). Geologically the site lies in the 

Stormberg Group with exposed Clarens and Elliot Formations (Rowntree & Wadeson, 1998, 

1999; Rowntree & Mzobe, 2013). Instream substrata tend to be finer when compared to bank 

and bar sediments, which are composed of cobbles, boulders and coarse sand (Rowntree & 

Wadeson, 1998, 1999; Rowntree & Mzobe, 2013). Slope failure brings boulders and cobbles to 

both sides of the river banks (Rowntree & Wadeson, 1998, 1999; Rowntree & Mzobe, 2013). 

Riffles/rapids feature in the centre of the site, located at the end of the boulder bar, extending 

downstream on the right-hand bank (Arthington et al., 1999). Boulders and cobble with sand 

and silt deposits indicate inundation by an abundance of immobile coarse material (Rowntree & 

Wadeson, 1998, 1999; Rowntree & Mzobe, 2013). There are significant areas of deposition of 

fines in the riffle areas (Rowntree & Mzobe, 2013). Deposits at the downstream end of the riffle 

extend into the pool. The left bank below the riffle/rapid is steep and unstable, resulting in rock 

falls that bring large and medium boulders to the edge of the channel, where they provide 

important cover for fish (Arthington et al., 1999). This site shows the importance of local tributary 

and hill slope inputs in providing habitat diversity, like coarse materials being deposited by the 

small tributary on the right-hand bank, supplying the riffle, and large boulders falling off the left-

hand slope, providing important refuge habitat for fish (Rowntree & Wadeson, 1998, 1999; 

Arthington et al., 1999). Potholes scoured out in bedrock provide unusual but not well-used 

habitat (Rowntree & Wadeson, 1998, 1999; Rowntree & Mzobe, 2013). Land use is confined to 

agricultural activities, with more extensive grazing areas than at the other IFR sites. 

Anthropogenic activities like a tar road running parallel to the river, sand mining and sheep 

grazing are observed (Arthington et al., 1999). Because of these activities, this site is slightly 

more disturbed than the other IFR sites with weirs upstream and downstream and is therefore 

regarded as only moderately disturbed. Bank slopes range from moderate to steep (Rowntree & 

Wadeson, 1998, 1999). The zone extends from the Senqunyane/Senqu River confluence, 

upstream of the confluence of the Senqu and Malibamatso Rivers (Arthington et al., 1999).  

 Habitat unit 1 is characterised by downstream rapids. Substrata are generally coarse, 

consisting primarily of boulders, cobble and gravel; it is suitable as refuge, feeding and 

spawning area for the rock catfish (A. sclateri) and as feeding area for smallmouth 

yellowfish (L. aeneus) (Arthington et al., 1999).  

 Habitat unit 2 is characterised by a shallow section within rapids on the left-hand bank, 

immediately downstream. Substrate type comprises mainly boulders and cobbles, which 

makes for difficult sampling during high-flow periods (Arthington et al., 1999) (Figure 

2.4.B).  

 Habitat unit 3 is characterised by a shallow section with a pool along the left-hand bank 

of the river, downstream of habitat unit 2. Substrata are generally fine-grained and the 
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area is suitable as nursery zone for smallmouth yellowfish (L. aeneus) and mudfish (L. 

capensis) (Arthington et al., 1999). 

 

Figure 2.4: IFR 5 sampling site, Senqu River: (A) photo of IFR 5 from a mountain top during 
winter (August), low-flow period; (B) habitat unit 2 with slow-flowing shallow water with muddy-
gravel substrata among cobbles and boulders; (C) IFR 5 during winter (August), low-flow period; 
(D) IFR 5 during summer (January), high-flow period; (E) grubbing areas of Labeobarbus 
aeneus; (F) grubbing areas of Labeo capensis. 
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Site IFR 6 (Seaka Bridge) 

Site IFR 6 (30°22'6.77"S 27°34'21.68"E) is situated on the Senqu River at Seaka Bridge, 13 km 

west of the town of Quthing. Due to a sand-dominated bed, this river reach is classified as a 

lowland river with low habitat diversity, but an old cobble bar on the right-hand side supplies 

coarser material to downstream riffles (Rowntree & Wadeson, 1998, 1999; Rowntree & Mzobe, 

2013). High terraces composed of finer sands point to higher river water levels at a much earlier 

time (Rowntree & Wadeson, 1998, 1999; Rowntree & Mzobe, 2013). These sandy terraces are 

now a source of fine material to the river bed (Rowntree & Wadeson, 1998, 1999; Rowntree & 

Mzobe, 2013). Land use in the area includes agricultural activities and livestock grazing 

(Rowntree & Wadeson, 1998, 1999). A dirt road runs parallel to the river, with two bridges 

crossing the Senqu River in that area (Arthington et al., 1999). Sand-mining activities were 

observed during both surveys. Overall disturbance is regarded as very high, compared to the 

other IFR sites. Bank slopes are moderate on both sides and covered in alien plant species 

(Rowntree & Wadeson, 1998, 1999). This extends from the Lesotho border upstream to the 

confluence of the Senqu and Senqunyane Rivers (Arthington et al., 1999).  

 Habitat unit 1 is characterised by shallow runs with substrata being generally fine. It is 

potentially suitable as a possible nursery area for juvenile smallmouth yellowfish (L. 

aeneus) and mudfish (L. capensis), and passage for adults. Sampling of habitat unit 1 

during flood periods is impossible (Arthington et al., 1999).  

 Habitat unit 2 is characterised by shallow riffle areas downstream, just upstream of the 

bridge. Fine to moderate substrata dominate (Arthington et al., 1999).  

 Habitat unit 3 is characterised by undercut banks with instream vegetation – possible 

cover for larvae (Figure 2.5.C). 
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Figure 2.5: IFR 6 sampling site, Senqu River: (A-B) IFR 6 during summer (January), high-flow 
period with the first bridge visible; (C) habitat unit 3 with undercut banks and instream 
vegetation; (D) the second bridge near habitat unit 1. 

Linakeng site 

The Linakeng River (29°32'48.09"S 28°45'37.77"E) is one of the main tributaries of the Senqu 

River, and this site on the Linakeng River is characterized by exposed gravel and cobble bars – 

it serves as reference and refuge site for fish. The cobble and boulder bars often have small to 

fine gravel in the interstitial spaces (Rowntree & Wadeson, 1998, 1999; Rowntree & Mzobe, 

2013). The morphological units at the site are runs, a pool and riffles (Rowntree & Mzobe, 

2013). The entire river width averages 19.5 m and the channel width averages 26 m. The 

cobbles in the channel are well embedded (Rowntree & Mzobe, 2013). Sorting in the bars is 

good, while the channels show poor sorting (Rowntree & Wadeson, 1998, 1999; Rowntree & 

Mzobe, 2013). The right-hand bank has angular boulders and cobbles, whereas the left-hand 

bank is typified by sub-angular and less rounded cobbles (Rowntree & Wadeson, 1998, 1999; 

Rowntree & Mzobe, 2013). The sampling site is just 3.2 km upstream of the confluence between 

the Linakeng and Senqu River. Land use in the area is confined to agricultural activities north of 

the sampling site, with livestock grazing the area. A dirt road runs parallel to and then crosses 

the site by way of a bridge crossing the Linakeng River, with moderate riparian vegetation 

surrounding the area. Bank slopes are moderate to flat. 
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 Habitat unit 1 is characterised mainly by fast-flowing runs and rapids with substrata 

mainly comprising large cobbles and boulders in the main stream, with pebbles at 

depths of up to 500 mm (Figure 2.6.A).  

 Habitat unit 2 is characterised by very slow-flowing deep water with gravel-sand 

substrata.  

 Habitat unit 3 is characterised by moderately flowing water with backwater pools and 

large boulders; substrata consist mainly of bedrock and gravel, with some instream 

vegetation as cover for larvae in the river bank (Figure 2.6.B). 

 

Figure 2.6: Linakeng River sampling site: (A) during winter (August), low-flow period; (B) during 
summer (January), high-flow period. 

2.2.2 Survey and sampling 

Fish were collected during extensive sampling surveys during winter (August 2013), during the 

low-flow period, and again in summer (January 2014), during the high-flow period when the 

rainfall was at its peak. A variety of fish sampling techniques for different habitat types were 

implemented. The diversity, abundance and size classes of collected fish were documented, as 

well as the catch per unit effort. The sampling methods for fish consisted of standard active and 

passive sampling techniques, which included fishing nets and electro-fishing, depending largely 

on the river characteristics of the study areas. All passive-netting techniques (gill nets and fyke 

nets) were monitored continuously to minimize negative impacts on the indigenous fish 

populations. The collection of fish by means of netting included the following techniques:  

 Fyke netting (Figure 2.7.E-F) included the use of fyke nets made with 28 mm mesh, 

containing two traps separated by a guiding net of 700 mm x 12 m; these were deployed 

overnight in deep areas of the study area.  

 Gill nets (Figure 2.7H-I) were deployed (IFR 5 and IFR 6) during the day for 12 hours. 

Gill net segments (25 m each), consisting of various mesh sizes of 95-145 mm mesh 

were used in deep slow-flowing pools to assess the presence of large individuals of 

specific species, where relevant.  
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 Drift netting (Figure 2.7.G) was used where drifting larvae may be captured within water 

currents among large boulders.  

 Cast netting (Figure 2.7.D) was used in deep fast-flowing backwater areas and in pools 

where access was limited.  

 Seine netting was done using a medium-sized seine net, 35 m long, with 35 mm mesh 

and a bag in its centre (2 m deep) was used for large fish. A smaller sized seine net, 7 m 

long, with 1 mm mesh and a 1 m bag in its centre, was used for capturing smaller fish 

(Figure 2.7.C). The latter net was used to trap and capture any schooling fish species in 

deep areas with sluggish, slow or no-flow areas.  

Effective electro-fishing and seine netting were used in shallow habitat types. In deep habitat 

types (> 0.5 m) a medium seine net (35 m) and – if required – a large seine net (50 m), gill nets 

and fyke nets were used to collect fish.  

The main sampling technique used for both surveys was the electro-shocker, where it was 

mainly used for shallow habitat types (< 0.5 m). Electro-fishing apparatus (Figure 2.7.A-B) 

included using a battery-operated SAMUS electro-fisher and a 220 V generator to sample fish in 

shallow pools, backwaters, rapids and riffles. Stunned fish were then collected with a fine-

meshed hand-held scoop-net, after which the fish were kept in buckets of water until 

identification and measurement (SL and TL) were completed. The SAMUS electro-fisher unit 

consisted of a 1 A-pulse converter connected to a 12 V battery, while the generator unit 

generated 220 V. The electrical current was passed through the water by means of two copper 

electrodes set 80-100 cm apart. Depending on water depth, the minimum effective pulse level 

settings varied between 0.2 and 0.6 A for the SAMUS electro-fisher unit. 
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Figure 2.7: The standard fish sampling techniques included active sampling: (A) electro-fishing 
with a 220 V generator; (B) electro-fishing with a battery-operated SAMUS inverter; (C) seine 
netting; (D) cast netting. Passive sampling included: (E-F) fyke netting; (G) drift netting; and (H-
I) gill netting. 

Fish were identified according to Skelton (2001), counted and measured (SL and TL, to the 

nearest mm) in the field for determining the population structure for each fish species All larval 

and juvenile fish were either preserved in 70% ethanol for studies to establish age and selected 

juvenile and adult L. aeneus and A. sclateri or in 10% neutral buffered formalin for gut content 

analysis. The remainder of fish specimens that were not preserved were then released at the 

point of capture. All of the preserved individuals were transported to laboratories at the North-

West University in Potchefstroom for identification. 

During each survey a range of habitat variables was recorded, which included depth, water 

velocity, substrate and cover (Kleynhans, 2007). Habitat preference data for each fish species 

present at each habitat were collected during the sampling surveys at each of the IFR sites. 

Where possible, each stretch of habitat unit was sampled intensively, to prevent fish movement 

into or out of the sampling area. All fish collected within each habitat unit were compared to a 

catch-per-unit effort for each sampling technique. For each individual fish collected, the habitat 

data were collected and recorded on data sheets. The habitat evaluation component of the 

study involved the assessment of available flow-dependent habitat types with associated 
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velocity, depth, substrata (Rowntree & Wadeson, 1998, 1999; Rowntree & Mzobe, 2013) and 

fish cover features: 

 Focal point velocity was determined in metres per second (m/s) using a portable flow 

meter (OTT Hydrometer manufactured in Germany).  

 Focal point depth was determined in metres (m) using a graduated stick (Figure 2.8A). 

 Proportional substrate composition in an area of 1 m2 below the captured fish (i.e. mud, 

sand, gravel, cobbles, boulders and bedrock) (Figure 2.8B) was determined according to 

Table 2.1. 

Table 2.1: A classification of substrata according to their relative sizes (Rowntree & Wadeson, 
1998). 

 

 The type of cover associated with each fish, which included vegetation, undercut banks 

and substrata, was recorded (Figure 2.8D). 

 GPS coordinates were taken for each habitat unit of these points. To achieve this, during 

the field surveys, all of the available habitat types were mapped and characterized using 

an accurate GPS (Trimble® Geo 5T handheld) (Figure 2.8C). 

Velocity-depth classes were categorised into four categories (Kleynhans, 2007): 

 Slow shallow (SS): <0.5 m deep; velocity < 0.3 m/s (shallow pools and backwaters) 

 Slow deep (SD): >0.5 m deep; velocity <0.3 m/s (deep pools and backwaters) 

 Fast shallow (FS): <0.5 m deep; velocity >0.3 m/s (shallow runs, rapids and riffles) 

 Fast deep (FD): >0.5 m deep; velocity > 0.3 m/s (deep runs, rapids and riffles) 
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Figure 2.8: Each habitat unit was recorded where fish were sampled: (A) measuring focal point 
depth; (B) recording the proportion of substrate in 1 m2; (C) measuring focal point water velocity 
and recording GPS coordinates for each of these points; (D) recording the proportion and type 
of cover. 

2.2.3 Recruitment 

Recruitment periods were determined for the L. aeneus, L. capensis, A. sclateri and O. mykiss 

for both the winter and summer surveys. Following the same methods as used by Gerber et al. 

(2012) and Paxton et al. (2013), larvae and juveniles were sampled and their left and right 

sagittal otoliths were removed. These sagittae otoliths were cleaned, air-dried and stored in 

2 mL reaction tubes. The otoliths were obtained by using a sharp pair of scissors to remove the 

head of the fish just behind the operculum, and then removing the otoliths manually or 

chemically. Both left and right sagittae otoliths were extracted from the vestibular apparatus of 

the fish, either by dissection (Figure 2.9B) or using diluted sodium hypochlorite (JIK®) (Figure 

2.9E). This chemical was used as a lysing agent, removing all non-calcareous tissue of the 

larvae. Larvae heads were placed in diluted sodium hypochlorite in a Petri dish and heated on a 

stove plate set at 100 0C, where the material was then dissolved until only the otoliths and other 

bony structures were left. The otoliths were removed with a pair of fine tweezers under a Nikon 

SMZ 445 dissection microscope after which they were rinsed and cleaned with distilled water. 

The otoliths were then baked on a hot plate to darken the annuli (Figure 2.9F) and mounted on 
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a microscopic slide with the bonding agent/thermoplastic cement, Crystalbond 509® (SPI 

Supplies, West Chester, PA, USA) (Figure 2.9G-H). 

 

Figure 2.9: The extraction of otoliths from fish: (A) measurements were taken (SL & TL); (B) 
using a dissection kit to extract otoliths; (C) removal of the head; (D) the removal of the cranium 
and brain of the fish ; (E) using diluted sodium hypochlorite (JIK®) to dissolve fleshy parts and 
extract sagittae otoliths; (F) baking the otoliths to improve visibility of increments; (G-H) 
Crystalbond 509® was used to fix the otoliths to a microscopic slide; (I) microscopic slides were 
labelled and stored in a microscope slide case; (J) otoliths were assessed under a Nikon 
Eclipse 80i transverse light microscope. 

The otoliths of juveniles were viewed under a Nikon Eclipse 80i transverse light microscope 

(Figure 2.9J). Otoliths in the fixing agent with poor visibility required to be polished gently with 

1 500-grade sandpaper until the surface of the otolith was reached. Thereafter 15 μm, 3 μm and 

1 μm lapping film (3M(TM)) and 0.3 μm aluminium suspension polishing compound (Buehler 

Micropolish II) were used to polish/sand the otolith, down to the primordium/nucleus until daily 

increments were clearly visible.  

Once whole otoliths were fixed to a microscope slide, polished and processed, counting of the 

increments was carried out with the aid of a Nikon Eclipse 80i transverse light microscope at 

10x to 20x magnification (Figure 2.9J). Relative age was determined, using incident illumination 

to count annuli/rings on the distal surface of otoliths. The age of otoliths was determined by 
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enumerating daily growth annuli on both the left and right sagittae otoliths (Figure 2.10). Annuli 

were counted from the nucleus towards the outer edge. Annuli were only considered as valid 

growth zones if they were continuous around the diameter of the otolith. Rings that were not 

continuous were considered as false rings. For the counting of the annuli, two readers 

counted/read each otolith in order to get a more accurate age of each otolith. Two age readings 

were taken and noted by each counter/reader. Each reading was done seven days apart in 

order to obtain a mean count of the daily age calculated by the readers for both pairs of sagittae 

otoliths.  

 

Figure 2.10: A sagittae otolith from a Labeobarbus aeneus under a Nikon Eclipse 80i 
transverse light microscope at 20x magnification. Note the daily rings/annuli. 

The recruitment period was determined for each pair of otoliths of each individual used for the 

age study. The recruitment/hatching dates for all individuals were determined by subtracting the 

average age in days calculated by the readers from each individual's date of capture. A bar 

graph was generated in Microsoft Excel to determine over which time intervals recruitment was 

evident for each species. 

2.2.4 Feeding 

Whole stomachs of adult and sub-adult rock catfish (A. sclateri) (n = 29) and the 

foregut/oesophagus/pseudogaster (the anterior 10% of the alimentary canal) of smallmouth 

yellowfish (L. aeneus) (n = 30) were removed by dissection in the field and each stomach was 

preserved in 10% neutral buffered formalin for gut content analysis later in the laboratory 

(Figure 2.11A-B). In the laboratory, the gut contents were removed from each 
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stomach/oesophagus, and the contents preserved in 70% ethanol in preparation for the 

identification and analysis of all gut contents under the microscope (Figure 2.11C).  

 

Figure 2.11: Gut content analysis: (A) removing the stomachs of a in the field and preserving it 
in 10% buffered formalin; (B) foregut/oesophagus/pseudogaster were stored in 10% buffered 
formalin (C) the gut contents were removed from their respective stomachs or oesophagus, and 
placed in 70% ethanol; (D-F) the gut contents were assessed under a Nikon SMZ 445 
dissection microscope. 

Under a Nikon SMZ 445 dissection microscope the stomach contents, which mostly consisted of 

macroinvertebrates, were identified to family level and diatoms or algae to genus level (Figure 

2.11D-F) (Gerber & Gabriel, 2002; Taylor et al., 2007). The proportional percentile was 

determined for each macroinvertebrate family by counting the number of individuals per family 

and percentage of diatoms or algae in accordant relation to the total gut content (only in L. 

aeneus). The data were illustrated using pie charts in Microsoft Excel for the total proportion of 

invertebrates per family level within rock catfish and smallmouth yellowfish. In the case of the 

latter, the proportion in volume of diatoms or algae was compared to the proportion in volume to 

macroinvertebrates. 

2.3 Results 

A total of 520 fish and seven species (212 in winter and 308 in summer) were sampled with the 

majority (93%) consisting of L. aeneus, L. capensis and A. sclateri. The rest of the species 

included L. kimberleyensis, L. umbratus, C. gariepinus and the alien O. mykiss. Only two 

species of fish known to be present within the Senqu River system were not collected, namely 

B. anoplus and P. quathlambae. Population structures were determined for each species 

sampled.  
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2.3.1 Population structures 

Seven species of fish were collected in the study during winter 2013 and summer 2014. The 

abundance and associated population structures for L. aeneus, L. capensis, A. sclateri, L. 

kimberleyensis, L. umbratus, C. gariepinus and O. mykiss were determined for the Senqu River 

system for all the sites per survey (winter 2013 and summer 2014). 

Labeobarbus aeneus was the most abundant species in both the winter and summer surveys. 

The bulk of L. aeneus were collected in the summer survey (n = 292) in comparison to the 

winter survey (n = 120) (Figure 2.12). A total of 312 smallmouth yellowfish were collected in the 

study. During winter the population structure consisted mainly of juvenile individuals, while in 

summer it consisted mainly of juveniles and adults. The most abundant size classes sampled 

ranged from 100-149 mm and 0-49 mm (SL) in the summer survey, and 50-99 mm and 0-

49 mm (SL) for the winter. Most of the L. aeneus specimens were sampled at sites IFR P2 and 

IFR 5 during both winter and summer; large adult individuals were sampled and observed at the 

Linakeng site during the summer survey.  

 

Figure 2.12: The different size classes of all Labeobarbus aeneus sampled at all study sites in 
both high-flow (summer 2014/red bars) and low-flow (winter 2013/blue bars) surveys in the 
Senqu River system. 

A total of 78 A. sclateri specimens were collected during both winter and summer surveys 

(Figure 2.13). Interestingly enough, the population structure of the individuals obtained in 

summer and winter demonstrates the highest concentration of populations occurring in the 150-

199 mm (SL) size class (Figure 2.13). Rock catfish were more abundant in the winter 2013 

survey than in the summer 2014 survey and the most abundant at sites IFR P2 and IFR 5 for 

both winter and summer (Figure 2.13). 
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Figure 2.13: The different size classes of all Austroglanis sclateri sampled at all study sites in 
both high-flow (summer 2014/red bars) and low-flow (winter 2013/blue bars) surveys in the 
Senqu River system. 

Labeo capensis were abundant in both winter and summer surveys, with large numbers 

observed at sites IFR P2 and IFR 5 for both surveys (Figure 2.14). Similar to smallmouth 

yellowfish, mudfish in winter were dominated by juveniles and sub-adults. In summer the most 

abundant size class was 50-99 mm (SL) while in winter it was 0-49 mm (SL) (Figure 2.14).  

 

Figure 2.14: The different size classes of all Labeo capensis sampled at all study sites in both 
high-flow (summer 2014/red bars) and low-flow (winter 2013/blue bars) surveys in the Senqu 
River system. 

A total of 27 O. mykiss individuals were collected in both winter and summer surveys, with 

slightly more in summer (Figure 2.15). During the winter survey the majority of fish sampled 

were adults and in summer the majority were found to be sub-adults and juveniles (Figure 2.15). 
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The most abundant size class was 50-99 mm (SL) for summer and for winter they ranged from 

100-250 mm, but in low numbers. They were most abundant at site IFR P1 for summer and IFR 

P2 (SL) for winter (Figure 2.15).  

 

Figure 2.15: The different size classes of all Oncorhynchus mykiss sampled at all study areas 
in both high-flow (summer 2014/red bars) and low-flow (winter 2013/blue bars) surveys in the 
Senqu River system. 

Labeobarbus kimberleyensis specimens were only collected during the summer survey, with 

only two individuals (a juvenile and a sub-adult) caught at sites IFR 5 and IFR 6, respectively. 

The sizes of these two fish were 93 mm and 170 mm (SL). Both were captured with the use of 

seine netting (Figure 2.16). 

 

Figure 2.16: The different size classes of both Labeobarbus kimberleyensis specimens 
sampled at all study sites in both high-flow (summer 2014/red bars) and low-flow (winter 
2013/blue bars) surveys in the Senqu River system. 
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Figure 2.17: The different size classes of all Clarias gariepinus sampled at all study sites in 
both high-flow (summer 2014/red bars) and low-flow (winter 2013/blue bars) surveys in the 
Senqu River system. 

Clarias gariepinus were collected only at site IFR 6 during the summer survey. Only five 

individuals, ranging between 100 mm and 699 mm (SL), were collected in this study (Figure 

2.17).  

Labeo umbratus were collected only at site IFR 6 during summer, with only seven individuals 

collected with electro-fishing. The moggel sizes ranged from 20 mm to 49 mm (SL) (Figure 

2.18). 

 

Figure 2.18: The different size classes of all Labeo umbratus sampled at all study sites in both 
high-flow (summer 2014/red bars) and low-flow (winter 2013/blue bars) surveys in the Senqu 
River system. 
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2.3.2 Recruitment 

Otoliths were removed from a total of 176 fish consisting of 41 L. aeneus, five L. capensis, nine 

A. sclateri in winter and 87 L. aeneus, 23 L. capensis, one A. sclateri and 10 O. mykiss in 

summer. Based on the age determination data (Appendix B), the main recruitment period in 

winter 2013 for L. aeneus ranged from middle April to middle May, with the bulk between 18 and 

28 April. The main recruitment period in winter for mudfish ranged from early May to early June. 

The main recruitment period in winter for Austroglanis sclateri ranged from end of May to the 

end of June (Figure 2.21). 

 

Figure 2.19: Recruitment period for Labeobarbus aeneus (n = 41), Labeo capensis (n = 5) and 
Austroglanis sclateri (n = 9) for winter 2013 in the Senqu River system. 

 

Figure 2.20: Recruitment period for Oncorhynchus mykiss (n = 9) for winter 2013 in the Senqu 
River system. 
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The main recruitment period for O. mykiss was from the beginning to the end of September 

2013, with all samples caught in January 2014 (Figure 2.22). 

 

Figure 2.21: Recruitment period for Labeobarbus aeneus (n = 84) and Labeo capensis (n = 16) 
for summer 2013 in the Senqu River system. 

The main recruitment period in summer 2013 for L. aeneus stretched from the beginning of 

November to the middle of December with the bulk between 18 November and 4 December. 

The main recruitment period in winter for L. capensis stretched from the middle of November to 

the middle of December with the highest concentration between the beginning to the middle of 

December.  

2.3.3 Feeding biology 

Gut content analysis of A. sclateri collected at site IFR 5 in August 2013 showed that 

Chironomidae (midge larvae) formed the main diet of this fish species, with more than half of the 

stomach contents consisting of small Chironomid larvae (Figure 2.22). The rest of the diet 

consisted of Simuliidae (black fly larvae), Baetidae (mayfly larvae), Hydropsychidae (caseless 

caddisfly larvae), Oligochaeta (aquatic earthworms), Culicidae (mosquito larvae), small cyprinid 

fish and small crabs (Figure 2.22). 
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Figure 2.22: Composition of the gut contents of Austroglanis sclateri (n = 30) in the Senqu 
River system for the winter 2013 survey.  

The gut contents of L. aeneus collected at site IFR 5 in January 2014 consisted mainly of 

diatoms and algae from the genera Nitzschia, Diadesmis, Cymbella, Aulacoseira and Euglena 

(Figure 2.23). The remainder of the gut contents consisted of macroinvertebrates (37%) (Figure 

2.23). 
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Figure 2.23: Composition of the gut contents of smallmouth yellowfish (Labeobarbus aeneus) 
(n=30) in the Senqu River system collected during the summer (January) 2014 survey. 

Approximately 37% of the total gut content of L. aeneus consisted of macroinvertebrates with 

the majority of them from the families Hydropsychidae and Simuliidae, where the remainder 

included Oligochaeta, Baetidae, Chironomidae and Culicidae (Figure 2.24). 

 

Figure 2.24: Composition of the 37% gut contents consisting of macroinvertebrates of 
Labeobarbus aeneus (n = 30) in the Senqu River system. 
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2.4 Discussion 

2.4.1 Population structures 

During 1998, Arthington et al. (1999) conducted two winter surveys – one in April and another in 

June – and one summer survey in November, followed by a single summer survey in 1999. For 

both the winter surveys a total of 270 L. aeneus 43 L. capensis, 32 O. mykiss and three A. 

sclateri were collected. For the summer surveys a total of 1 295 L. aeneus, 147 L. capensis, 84 

O. mykiss, 12 A. sclateri and 20 L. kimberleyensis were collected. Juvenile L. aeneus were the 

most abundant of all the fish collected during the winter survey and in summer the dominant 

size class was 60-100 mm (FL). Juvenile L. capensis were also much more abundant in 

summer than in winter, with the dominant size class being 0-50 mm (FL) in winter and 60-

100 mm in summer. Oncorhynchus mykiss were also much more abundant in summer than in 

winter, but with a much larger size class dominant in winter – 260-300 mm (FL) where adults 

were collected, in comparison to summer (60-100 mm FL) with juveniles. Only 1 juvenile and 

two adult rock catfish (60 mm, 150 mm, 250 mm FL) were collected in winter and 12 adults/sub-

adults in summer with the dominant size class of 110-150 mm (FL). In a study conducted by 

Bok (2013), a total of 51 L. aeneus individuals were collected in May (autumn), which was also 

the most abundant fish species at that time, with the dominant size class being 31-35 mm (FL). 

In addition, a total of 15 O. mykiss were collected by Bok (2013) in May, with the dominant size 

class being 260-270 mm (FL). 

The results of the present study showed that L. aeneus were the most abundant fish species 

throughout the Senqu River system and its tributaries during the periods sampled; these results 

therefore corroborate the findings of Arthington et al. (1999) and Bok (2013). Labeobarbus 

aeneus were most abundant during summer, with the most dominant size class being 50-

100 mm FL for the Arthington (1999) study and 100-149 mm for this study. Larger and more 

individuals were collected by Arthington et al. (1999) – most of these at IFR 6, just downstream 

of IFR 5 where most L. aeneus were sampled for this study. Smaller and fewer L. aeneus were 

collected by Bok (2013) at upstream sites. Lower numbers might be due to predation by O. 

mykiss and smaller size fish are possibly affected by the low water temperatures of the 

upstream sites causing a decline in metabolic rates in L. aeneus. The weirs downstream of the 

sites where Bok (2013) conducted his survey act as physical barriers, preventing upstream 

migration, which thus might further contribute to the low number of L. aeneus sampled by Bok 

(2013).  

A larger number of A. sclateri were collected in the present study when compared to those 

reported by Arthington et al. (1999). Another difference between the two studies is that 

Arthington et al. (1999) collected more individuals in summer than in winter, whereas during the 

present study more were collected in winter. This may be due to the fact that rainbow trout were 



54 

not as abundant in 1999 as presently (Bok, 2013), thus lessening potential predation pressure 

on A. sclateri. Simuliidae larvae, which the data of the present study showed to be the main 

food source of A. sclateri, were found in higher abundance than any other macroinvertebrate 

family during the winter months (Graham, 2014). Bok (2013) did not collect any rock catfish 

(Austroglanis sclateri) during his study, although large O. mykiss individuals were sampled. 

Labeo capensis was found to be the second most abundant species in both the present study, 

and that of Arthington et al. (1999). In the Arthington et al. (1999) study they were most 

prevalent at site IFR 2, which is just below the Katse impoundment; however, during the present 

study most were collected at site IFR 5. Size classes that dominated in both studies were 0-

49 mm and 50-100 mm (SL), although large individuals were collected in both studies 

(Arthington et al., 1999). Bok (2013), however, did not collect any L. capensis during his study 

of the upstream sites, where there was mainly clear fast-flowing cold water. This was not 

surprising as L. capensis traditionally inhabit muddy pools below 1 500 m amsl (Jubb, 1972; 

Skelton, 1993, 2001; Arthington et al., 1999).  

Oncorhynchus mykiss were collected during all three studies – the present one, as well as those 

conducted by Arthington et al. (1999) and Bok (2013). Arthington et al. (1999) collected the 

majority of their specimens during summer at IFR 2 near the Katse Dam. Bok (2013) collected 

most specimens upstream of IFR P1, while for the present study most O. mykiss were collected 

at IFR P1. In both the Arthington et al. (1999) and Bok (2013) studies much larger adult rainbow 

trout were collected, with the 260-300 mm (FL) size class the dominant one, where for the 

present study it was 50-99 mm (SL). The fact that more and larger individuals were caught in 

previous studies may be due to upstream water temperatures being much colder – which is 

favoured by rainbow trout – or more habitat or food being available upstream (Arthington et al., 

1999; Skelton, 2001; Lintermans, 2007).  

Labeobarbus kimberleyensis were collected only during the summer surveys in the present 

study as well as in the Arthington et al. (1999) study. However, Arthington et al. (1999) collected 

more individuals at the same sites (IFR 5 and IFR 6) with the same size classes (50-99 mm and 

100-150 mm SL) and using the same sampling technique as that used in the present study.  

In the Arthington et al. (1999) and Bok (2013) studies no C. gariepinus or L. umbratus were 

collected. This may be due to the fact that the Katse and Mohale impoundments were 

affecting/changing water quality and habitat variables, which is more suitable for these species 

at IFR 6 (Arthington et al., 1999; Skelton, 2001; Freeman et al., 2003; Park et al., 2003; 

Fukushima, 2005). 
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2.4.2 Recruitment 

The average monthly discharges calculated by Stassen (2014) for the Senqu River (for all four 

IFR sites) were used to determine the actual flow that triggered fish spawning in the Senqu 

River (Figure 2.25). These were as follows:  

 The median discharge that triggered winter spawning for smallmouth yellowfish (L. 

aeneus) was 12.715 m3/s (May 2013), and for summer 12.447 m3/s (November 2013).  

 The median discharge that triggered winter spawning for mudfish (L. capensis) was 

8.7 m3/s (May/June 2013), and for summer 12.1 m3/s (November 2013).  

 The median discharge that triggered winter spawning for rock catfish (A. sclateri) was 

4.67 m3/s (June 2013). 

 The median discharge that triggered spring spawning for rainbow trout (O. mykiss) was 

2.087 m3/s (September 2013). 

 

Figure 2.25: Monthly flow discharge of the Senqu River, Lesotho (data from Stassen, 2014). 

The daily water temperature during the spawning period in the Senqu River between the 

months of November 2013 and January 2014 for summer 2013 varied between 18 0C and 25 0C 

(Figure 2.26), thus indicating that this water temperature range is suitable for the spawning of 

smallmouth yellowfish (L. aeneus) and mudfish (L. capensis). 
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Figure 2.26: Daily water temperature for the Senqu River between November 2013 and 
January 2014 (Stassen, 2014), where the arrow indicates daily water temperatures for 
November-December, when spawning takes place for Labeobarbus aeneus and Labeo 
capensis in the Senqu River (Stassen, 2014). 

Similar to the procedure followed for temperature, the average daily water depth for the Senqu 

River between the months of November 2013 and January 2014 was plotted in order to 

determine what the water depth was during that time period (Figure 2.27). For the summer 2013 

spawning periods, the average water depth varied between 700 mm and 1 000 mm, which, 

along with the correct flow and water temperature, seemed ideal to trigger spawning of L. 

aeneus and L. capensis (Stassen, 2014). 
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Figure 2.27: Daily average water depth for the Senqu River between November 2013 and 
January 2014 (Stassen, 2014), where the arrow indicates average water depths for November-
December, when spawning takes place among Labeobarbus aeneus and Labeo capensis in the 
Senqu River (Stassen, 2014). 

From the data presented in Figure 2.19 it is clear that smallmouth yellowfish, mudfish and rock 

catfish had winter spawning periods stretching from April till the end of June. The smallmouth 

yellowfish data show that their winter spawning period occurred from middle April to middle May 

with the mass of spawning taking place between 18 and 28 April. Main winter recruitment for 

mudfish started a little later, lasting from early May to early June. Although the main winter 

recruitment period for rock catfish started in May, it lasted a few weeks longer into June. 

Comparing flow data to spawning data shows the start of the winter spawning in April coinciding 

with the decline in flow, which is similar to the flows observed during November (Figure 2.25). 

The summer spawning period for smallmouth yellowfish and mudfish in this study occurred from 

November till mid-December. Previous authors have shown that both smallmouth yellowfish and 

mudfish are serial spawners, but this was only shown for the summer months stretching from 

October till end of January in shallow running waters, with temperatures of 19 0C to 25 0C 

(O’Brien & Nel, 2006; De Villiers & Ellender, 2008). The results of the present study indicate a 

possible winter spawning period for L. aeneus. This is the first record of a possible winter 

spawning for this species. However, these results should be interpreted with caution since 

Paxton et al. (2013) found that daily increments in cyprinids are only accurate up to 100 days 

and in this study the majority of fish counted were between 120-150 days old. Campana (2001) 

and Paxton et al. (2013) showed that deposition of daily increments in otoliths are dependent on 

temperature and that cold temperatures can cause incorrect counts of daily increments.  
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2.4.3 Feeding biology 

During the August 2013 survey of the invertebrate at site IFR 5, Graham (2014) found that 

Simuliidae (48%) larvae were the most abundant, followed by Baetidae (40%) (Figure 2.28). 

Chironomidae larvae only made up 6% of the total macroinvertebrate composition. The 

remaining 6% was composed of Perlidae, Hydropsychidae, Caenidae and Tricorythidae (Figure 

2.28). During summer (January 2014), also at site IFR 5, Graham (2014) found that 

Tricorythidae (89%) larvae were by far the most abundant (Figure 2.29). Baetidae only made up 

4% and Hydropsychidae another 4% of the total macro-invertebrate composition (Figure 2.29). 

The remaining 3% was composed of Simuliidae, Chironomidae, Caenidae, Gomphidae and 

Perlidae (Figure 2.29). Results of this study showed that Chironomidae form the main diet of 

adult (100-250mm SL) A. sclateri (rock catfish) in winter, with the rest of the diet consisting of 

Baetidae, Hydropsychidae, Oligochaeta, Culicidae, small cyprinid fish and small crabs (Figure 

2.22). Graham (2014) concludes that in winter Simuliidae larvae are some of the most abundant 

macroinvertebrates, along with Baetidae and Chironomidae. Rock catfish feed on Chironomidae 

in winter time – if found in high abundance – or will rely on other food sources like Simuliidae, if 

Chironomidae are found in low numbers. 

 

Figure 2.28: Macroinvertebrate composition sampled with surber sampler and SASS 5 
methodology at site IFR 5 in winter 2013 (Graham, 2014). 
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Figure 2.29: Macroinvertebrate composition sampled with surber sampler and SASS 5 
methodology at site IFR 5 in summer 2013 (Graham, 2014). 

The summer diet of the majority of L. aeneus sub-adults (80-150 mm SL) collected during the 

present study consisted of diatoms and algae belonging to the genera Nitzschia, Diadesmis, 

Cymbella, Aulacoseira and Euglena. The rest of this fish species’ diet consisted of 

macroinvertebrates, making it an omnivorous feeder (Figure 2.23 and Figure 2.24) (Skelton, 

2001; De Villiers & Ellender, 2008). Eccles (1986) and Gaigher & Fourie (1984), working on the 

Vanderkloof Dam, Northern Cape, and Wuras Dam, Free State, both reported that the diet of L. 

aeneus (150 mm to 300 mm FL) changed from planktivorous to plant material at approximately 

300 mm (FL). In a study on this species from the Sterkfontein Dam, Free State, Dörgeloh (1994) 

found that their oesophagi contained zooplankton (almost entirely Cladocera), micro-nekton, 

zoobenthos and Chironomidae larvae. The diet of L. aeneus has been described as a 

combination of algae in winter months and aquatic insects in summer months (Skelton (2001). 

Husted (2009) noted that most riverine small-scale yellowfish, including L. aeneus, have a 

feeding preference for invertebrates, including Baetidae, Hydropsychidae and Simuliidae, which 

are among the preferred macroinvertebrates of this species. Other invertebrates include 

Oligochaeta, Baetidae, Chironomidae and Culicidae (Figure 2.24). A study conducted by 

Stadtlander et al. (2011) found that the diet of L. aeneus populations in the Glen Melville 

Reservoir, Eastern Cape was dominated by terrestrial Hymenoptera and Coleoptera, and to a 

lesser extent by Chironomid and Trichoptera larvae. Graham (2014) concluded that of all the 

macroinvertebrates in summer time, Tricorythidae larvae (89%) are the most abundant (Figure 

2.28 and Figure 2.29). 
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2.5. Conclusion 

The outcomes of this assessment demonstrate that both flow and temperature act as triggers 

for recruitment of L. aeneus, L. capensis and A. sclateri. Consequently, it is crucial to monitor 

and manage the release of water from the proposed Polihali Dam to ensure that spawning of 

these fishes is not affected or disrupted in any way. Labeobarbus aeneus was the most 

abundant species, especially in the summer months, and rock catfish was the only species 

more abundant in winter than in summer. In particular, the migrations of yellowfish into the 

upper part of the study area appear to be limited. The diet of L. aeneus in the Senqu River was 

dominated by plant and diatom material which suggests that the dependence of these fishes on 

invertebrates in the upper reaches during these migrations may be limited. In winter the 

yellowfish rely more on macroinvertebrates. Winter recruitment was evident for all three species 

between April and June, and summer recruitment from November to December. However, more 

work needs to be done to validate the formation of the first otolith annuli by collecting and 

analyzing otoliths from recruits at short time intervals. This applies to validating the number of 

growth increments formed daily in order to do more in-depth studies and research on the 

possibility of winter recruitment within Lesotho fish species. Furthermore, more work needs to 

be done on the biology and ecology of sensitive fish species such as the rock catfish, to ensure 

their successful survival and spawning. 

 

 

  



61 

Chapter 3: The use of habitat preference and migration requirements 

of fish to evaluate the effect of altered flows in the Senqu River 

3.1 Introduction  

Holistic Ecological Water Requirements (EWRs) relate to the whole flow regime and its 

importance to sustain a functional riverine ecosystem (Arthington et al., 1999; Pusey et al., 

1999). For riverine fish assemblages and species, many features of the flow regime are relevant. 

Arthington et al. (1999) and Pusey et al. (1999) have shown that water quality to sustain fish 

populations and assemblages is closely correlated to the maintenance of channel and floodplain 

morphology, hydraulic habitat conditions, opportunities for movement and migration, water 

quality conditions, food resources and energy flow, as well as to other organisms in the riverine 

and riparian environment.  

The flow regimes of most southern African river systems have been altered due to 

impoundments and excessive water abstraction (Davies et al., 1993; Davies & Wishart, 2000). 

Alterations in the flow regimes of rivers have been documented to have a negative impact on 

the conservation status of numerous aquatic organisms, including that of fish (Skelton et al., 

1995). Understanding the potential impacts of flow regulation and habitat degradation on biota 

continues to be a major challenge for river scientists (Smit et al., 2013). Fish are key 

components of river ecosystems and are important indicators of their ecological state 

(Kleynhans et al., 2005). At critical phases of their life history such as spawning, migration and 

during early growth and development, fish are particularly vulnerable to changes in flow and 

temperature (Larinier, 2000; Friedl & Wüest, 2002). Understanding the role of flow-dependent 

habitat variables in sustaining fish population dynamics is essential for the effective 

conservation and management of fish and the systems in which they occur (Smit et al., 2013). 

Habitat variables such as water depth, velocity, substrata, canopy cover, riparian vegetation and 

water quality are essential requirements to maintain quality aquatic habitats for fish communities 

(Rabeni & Jacobson, 1993; Mitchell et al., 2012). The accurate measurement of these physical 

characteristics is therefore essential in order to define habitat availability for fish (Arthington et 

al., 1999). Water quality is one of the most essential factors since it regulates metabolic 

processes of these fish communities (Balon & Coche, 1974; Nthimo, 2000). Alien fish species 

are impacting native fish species either directly or indirectly; directly by preying upon them and 

indirectly by competing for food sources (Fraser & Emmons, 1984; Sih et al., 1985; Hildrew, 

1990; Garvey et al., 1994; Roell & Orth, 1994; Sih & Wooster, 1994; Greenberg et al., 1997; 

Abrams, 2000; Eklov & Svanback, 2006). Cote et al. (2013) suggest that active fish 

communities increase and are more stable in preferred habitats. Habitats with preferred 

structure are known to regulate growth and minimize predation upon local fish communities 
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(Tupper & Boutilier, 1995; Gotceitas et al., 1997; Linehan et al., 2001; Laurel et al., 2004; 

Gorman et al., 2009; Renkawitz et al., 2011; Cote et al., 2013).  

The range of fish cover in the Senqu River is dominated by gravel and sand substrata in the 

slow-flowing pool and backwater areas, and bedrock, boulder and cobble substrata in the fast-

flowing areas (Arthington et al., 1999). This chapter provides an overview of the habitat 

preferences and migration requirements of fish; this information is then used to evaluate the 

effect of flow alterations on the Senqu River. This evaluation is based on the impact of flow 

alterations on fish in the Senqu River associated with the existing Katse and Mohale Dams; this 

information will be extrapolated to predict the potential impact of flow alterations on fish in the 

Senqu River downstream of the proposed Polihali Dam. The aim of this chapter is to use the 

habitat preferences and migration requirements of fish to evaluate the effect of flow alterations 

in the Senqu River. To achieve this aim, an evaluation of the habitat requirements of the fish in 

the Senqu River downstream of the proposed construction site of the Polihali Dam was 

undertaken. Using a hydraulic modelling exercise and associated historical, current and future 

hydrological scenarios, the habitat preference information of the fish was used to evaluate the 

effects of habitat availability related to historical, existing and future flows in the study area. The 

migration requirements of fish in the Senqu River, including the timing, durations, flow 

requirements and barrier considerations, are considered in this chapter and are compared to 

historical, current and future conditions.  

Northcote (1978, 1984) defines migration as the movement between two, or more, separate 

habitats as a result of environmental alteration, which occurs in specific periods in the lifetime of 

any individual or population. Skelton (2001) defines migration as distinct movements of fish 

populations for a specific purpose such as breeding, feeding or dispersal. These movements of 

fish species have been studied by monitoring the population through regular netting 

programmes and by tagging and recapturing individuals later. Implanted radio tags are used to 

record the daily movement of individual fish within an aquatic environment (Skelton, 2001). Most 

fish species have home ranges where they can freely move during their daily activities, but the 

size of these home ranges depends on the fish species and the environment (Skelton, 2001). 

However, there is a paucity of information on the migratory behaviour of cyprinids, with available 

information limited to very few publications (Mills, 1991; Smith, 1991; Lucas & Baras, 2001). The 

decline in some cyprinid populations, especially rheophilic species that prefer fast-flowing water 

in riverine systems, has been caused by the restriction of their migrations due to the 

construction of dams and weirs (Lucas & Baras, 2001). Spring spawning migrations are 

displayed by a large number of rheophilic cyprinid species, particularly towards gravel beds and 

stony habitats (Lucas & Baras, 2001). Adult cyprinids prefer a variety of habitats in winter 

months, where they often move into deeper and slow-flowing areas in the main river, usually 
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into the mouths of tributaries; however, in summer periods they make long migrations upstream 

to find their preferred spawning habitat (Lucas & Baras, 2001). During summer the adults often 

remain in this habitat to feed (Lucas & Baras, 2001). Many of these fish species make seasonal 

migrations in accordance with the seasonal flood cycles of large rivers (Skelton, 2001).  

For larval and juvenile fish with smaller energy reserves and higher susceptibility to predation 

than adult fish, migration periods in most aquatic ecosystems are more essential for survival 

and growth than for larger fish (Lucas & Baras, 2001). According to Lucas & Baras (2001) and 

Northcote (1978) there are three principal functional categories of migration, namely feeding, 

refuge seeking and spawning. 

Feeding migration is defined as: the movement of fish from one point in a river to another point 

in order to find optimum food sources (Lucas & Baras, 2001). Growth of fish is increased by the 

elimination or avoidance of competition for available food sources, optimal water quality and 

environmental conditions, as well as a range of other factors (Lucas & Baras, 2001). Refuge-

seeking migration occurs when environmental conditions become intolerable for survival; 

freshwater fish migrate by taking advantage of more favourable conditions in a different part of 

the system in order to enhance survival (Lucas & Baras, 2001). Refuge-seeking migration is 

therefore essential in minimising loss of fitness during stressful conditions, including seasonal 

fluctuations, severe floods and droughts (Lucas & Baras, 2001; Skelton, 2001). Spawning 

migration among many freshwater fish species occurs over a limited time period of the year; 

therefore spawning migrations are essential, because of the necessity for new recruits (Lucas & 

Baras, 2001). Riverine fish undertake spawning migrations just after the first major rains of 

spring or summer when the rivers are in spate and conditions are suitable for the survival, 

growth and feeding of the new recruits (Skelton, 2001). Most freshwater fish species display 

upstream spawning migrations and such migrations are important for translocation of larval and 

juvenile life stages so as to enhance their distribution in appropriate habitats (Northcote, 1978, 

1984; Linfield, 1985; Lucas & Baras, 2001). 

Habitat modelling has received a lot of attention over recent decades (O'Brien et al., 2013), 

because each species responds to the environment at a distinctive range of scales, while there 

is no single correct spatial scale with which to describe species-habitat relationships (Graf et al., 

2005). The rapid growth of habitat modelling with geographic information system (GIS) 

technology assists in addressing this problem and is used over a range of environments to 

describe species-habitat relationships (Graf et al., 2005). Two-dimensional (2D) models have 

numerous advantages and are able to incorporate spatial referencing, including the ability to 

calculate measures of habitat heterogeneity and enabling queries into habitat connectivity, 

contact zones, the position of hydraulic conditions and different habitat types to incorporate 
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behaviour-based decision rules (Bovee, 1996; Hardy et al., 2006; Paxton & King, 2009). The 

fundamental assumption of these models is that organisms will favour, and therefore be 

associated more frequently with, habitat conditions that promote their survival, growth and 

reproduction (Freeman et al., 1997; Paxton & King, 2009). The past decade has seen the 

increasing use of 2D depth-averaged hydraulic models for flow simulation (Paxton & King, 

2009). Whereas one-dimensional (1D) models depict the river in terms of a number of cross-

sections, 2D models depict it as a continuous grid of computational nodes or cells for each of 

which a depth and depth-averaged velocity is predicted using shallow-water conditions (Steffler 

& Blackburn, 2002; Paxton & King, 2009). Unlike 1D models, 2D models are able to include the 

downstream velocity components between cells or nodes (Paxton & King, 2009). Apart from 

their ability to represent the heterogeneity of conditions in river channels more accurately and at 

much higher resolutions than 1D models, one of the most important advantages of 2D models is 

that they are spatially explicit, having the ability to predict not only the frequency distribution but 

also the location of point depth and velocity values across the modelled reach (Paxton & King, 

2009). Another major advantage of spatially referenced hydraulic models is that they facilitate 

simple validation by correlating predicted habitat suitability with observed fish micro-position 

choice (Paxton & King, 2009). Therefore substantial scope exists for improving confidence in 

South African EWR assessments through more widespread application of 2D hydraulic 

modelling techniques (Paxton & King, 2009). The primary purpose of 2D river modelling is to 

predict the impacts of flow modification on habitat-defining hydraulic conditions in rivers (Paxton 

& King, 2009). The models provide a reasonably accurate indication of habitat quality in rivers, 

and consequently fish distribution (Paxton & King, 2009). 

Multivariate statistical analysis techniques have been widely used to assess fish community 

structures and patterns in various ecosystems (Ter Braak, 1994; Van den Brink et al., 2003; 

O'Brien et al., 2009). The conservation of susceptible fish populations is an increasing demand 

for the study and knowledge of relationships between fish communities and the environment 

(Ferrier et al., 2002; Olden, 2003; Leathwick et al., 2005). Multivariate statistical analysis 

modelling has been popular in determining the relationships and patterns of fish community 

structures and fish abundance (or occurrence) in relation to relevant zonations of environmental 

variables in which fish species are assigned to groupings (Matthews, 1998; Guisan & 

Zimmerman, 2000; Jackson et al., 2001; Olden & Jackson, 2002; Leathwick et al., 2005; Elliott 

et al., 2007; O’Brien et al., 2009; Stojkivica et al., 2013). These techniques allow for the 

assessment of complex responses or changes in community structures obtained in studies in 

order to test the statistical significance of hypothesised differences in the community structures 

(Van den Brink et al., 2003; Ter Braak & Smilauer, 2004). Consequently, constraint-based 

analysis of the community structures can be undertaken, which involves overlaying captured 

variance of explanatory environmental variables such as habitat and water quality variables on 
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fish sample and species ordinations (Van den Brink et al., 2003; O'Brien et al., 2009). This 

approach allows the use of shifts in fish community structures of a riverine ecosystem, such as 

the Senqu River, to statistically evaluate the impacts on fish that are sensitive to flow alterations 

(Van den Brink et al., 2003; O'Brien et al., 2009). Multivariate statistical analysis, such as 

redundancy analysis (RDA) and principal component analysis (PCA), has been used to analyse 

relevant ecological zones using fish community structure data (Bulger et al., 1993; O’Brien et 

al., 2009). Multivariate statistical analysis is used for a range of purposes or processes in 

predicting the distribution of sensitive species across ecologically important/protected areas, so 

as to improve conservation and management of sensitive species (Borchers et al., 1997; Gregr 

& Trites, 2001; Leathwick & Austin, 2001; Austin, 2002; Elith & Burgman, 2002; Growns, 2008). 

Fish species such as L. aeneus (smallmouth yellowfish) are known to migrate into Lesotho from 

the Orange River in South Africa, primarily to spawn (Arthington et al., 1999). These migrations 

have been occurring for thousands of years and have been targeted by local migrating 

communities (Plug, 2008). Many barriers that partially or completely restrict upstream migrations 

of fish into Lesotho now exist (Arthington et al., 1999). It is crucial to manage flow releases from 

dams to ensure there is enough water to provide access to migrating fish from South Africa into 

Lesotho and that flows ensure that spawning events still occur in Lesotho (Arthington et al., 

1999). A better understanding is needed of how aquatic biota respond to these altered flow 

regimes; this is one of the most challenging aspects of the science behind an EWR assessment 

(Gore & Nestler, 1988; Castleberry et al., 1996; Paxton et al., 2009).  

3.2 Materials and methods 

3.2.1 Sites, survey and sampling 

The sites used, fish sampling methods and recording of fish species and environmental 

variables are the same as described in Chapter 2, Section 2.2. All fish for winter 2013 and 

summer 2014 were collected at approximately the same areas of the sites for both surveys. Fish 

community structures, flow-dependent habitat use and a desktop evaluation of habitat 

preferences of Senqu River fish were carried out in order to evaluate the effects of altered flows 

on fish communities in flow-dependent habitats in the Senqu River, based on the assumption 

that a flow-dependent habitat determines the carrying capacity.  

3.2.2 Data analysis 

As part of the fish community assessment analysis of assessment data collected was 

undertaken, during which local fish community structures and environmental variables for each 

IFR site were statistically evaluated using multivariate statistical methods (Section 3.2.4). This 

information was integrated to evaluate the biology and ecology of the fish that occur within the 

study area. Other evaluations included: re-determining of fish community structure shifts 
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compared to historical fish community structure data within the study area. Each habitat unit 

was selected and mapped according to an adapted version of velocity-depth classes of 

Kleynhans (2007). This meant that four velocity-depth classes were added to the original four 

velocity-depth classes described in Chapter 2 (Section 2.2.2) to provide detailed 2D maps for 

sites IFR P1 and IFR P2 of the Senqu River. These four new classes are: slow very shallow 

(SVS), slow intermediate (SI), fast very shallow (FVS), and fast intermediate (FI). The following 

eight velocity-depth classes were therefore used in this study: 

 Slow shallow (SS): <0.5 m deep; velocity < 0.3 m/s (shallow pools and backwaters) 

 Slow deep (SD): >0.5 m deep; velocity <0.3 m/s (deep pools and backwaters) 

 Fast shallow (FS): <0.5 m deep; velocity >0.3 m/s (shallow runs, rapids and riffles) 

 Fast deep (FD): >0.5 m deep; velocity >0.3 m/s (deep runs, rapids and riffles) 

 Slow very shallow (SVS): <0.1 m deep; velocity < 0.3 m/s 

 Slow intermediate (SI): 0.5 m deep; velocity <0.3 m/s 

 Fast very shallow (FVS): <0.1 m deep; velocity > 0.3 m/s 

 Fast intermediate (FI): 0.5 m deep; velocity >0.3 m/s 

Velocity-depth preference of each species was generated in an adapted version of Jordanova et 

al. (2004). This was done by generating a scatter-plot graph of depth (x-axis), velocity (y-axis) 

and species. 

3.2.3 2D river modelling 

Sites IFR P1 and IFR P2 were selected as representative reaches for the important habitat 

types downstream of the proposed Polihali Dam site in the Senqu River. The Senqu River 

contains diverse and abundant pool, riffle and rapid habitat types. The Linakeng site was 

disregarded in this section of the study. 

Following the methods of Smit et al. (2013), the diversity and abundance of flow-dependent 

habitat types, or units, of a reach of the Senqu River were characterised by spatially modelling 

the reach to generate a series of digital terrain models using ArcMap 10 (ArcGIS).  

The following habitat variables were assessed and measured, namely depth, velocities, 

substrate types, flow types and fish cover. The depth was measured using a graduated stick in 

centimetres (accurate to 0.5 cm) (Smit et al., 2013), for velocities a calibrated OTT flow meter 

was used with triplicate readings and the mean velocities were used in the analysis. Substrate 

type classes included silt, sand, gravel, cobble, boulder and bedrock types (Rowntree & 

Wadeson, 1998, 1999), in addition to the surface flow types, namely barely perceptible flow, 

smooth and turbulent flows and undular standing waves in which the crest faces upstream 

without breaking. Fish cover was assessed and documented and included: undercut banks, root 
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wads, deep cover, overhanging riparian vegetation and the occurrence of substrata such as 

cobble and boulder beds preferred by species associated with each of these river reaches 

(Kleynhans, 2007). The data collected were used to generate 2D digital terrain models of the 

study area that were later used in the assessment in order to evaluate and map the habitat 

preference of fish communities and environmental components.  

3.2.4 Multivariate statistical analysis 

Using multivariate statistical analysis of habitat utilization, data were collected for each fish 

species at each site in order to identify any relationship between fish, habitat and important 

variables associated with spatial and temporal variation in fish communities. During this step 

environmental variables (flow, depth, substrate and fish cover features) were statistically 

compared with fish community structures to evaluate species’ preferences for these variables. 

This was done to determine the effects of variable change and was used to characterise the 

differences in fish community structures between flow-dependent habitat units, which would 

allow for the evaluation of habitat preferences of fish in the study area. Fish habitat preferences 

were statistically assessed by PCA using Canoco 5.0 for Windows and were used to statistically 

analyse all the data obtained from this study, as well as historical data. 

The PCA was based on a linear response model relating fish species and environmental 

variables (Van den Brink et al., 2003; Wepener et al., 2011). Results of the ordination were a 

map of the samples being analysed on a 2D basis, where locations of the fish and their 

preferred habitat illustrated the similarities or dissimilarities between study areas and fish 

populations (O'Brien et al., 2009). To determine which fish species, guilds or environmental 

variables were responsible for the structure obtained in the PCA, an RDA assessment was 

performed. For this study the species, guilds and physicochemical variables recorded were 

overlaid on the original PCA. An RDA is an imitative PCA with one supplementary feature: it 

allows for the selection of these fish populations, and habitat variables, intended to be overlaid 

on the PCA (Ter Braak & Smilauer, 2004; O'Brien et al., 2009; Wepener et al., 2011). The 

values entered into the RDA analysis were not the original data but the best-fit values estimated 

from a multiple linear regression between each variable in turn, and a second matrix of 

complementary biological or environmental data (O'Brien et al., 2009; Wepener et al., 2011). 

The represented RDA plots were interpreted through 2D bi-plots presenting the similarities or 

dissimilarities between the analysed samples (Shaw, 2003; O'Brien et al., 2009; Wepener et al., 

2011). 

3.3 Results 

The findings of this study indicate that the bulk of Austroglanis sclateri populations preferred 

water depths of 600-650 mm and >1 m (Figure 3.1), while the bulk of Labeo capensis 
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populations preferred water depths of 200-300 mm (Figure 3.2), and the bulk of rainbow trout 

populations preferred water depths of 300-400 mm (Figure 3.3). 

  

Figure 3.1: Depth preferences of selected Austroglanis sclateri individuals (n = 48) collected in 
the study area at sites IFR P2 and IFR 5 in both winter and summer, indicated with a trend line 
(dashed) overlaid.  

 

Figure 3.2: Depth preferences of selected Labeo capensis individuals (n = 64) collected in the 
study area at sites IFR P2, IFR 5 and IFR 6 in both winter and summer, indicated with a trend 
line (dashed) overlaid.  
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Figure 3.3: Depth preferences of selected Oncorhynchus mykiss individuals (n = 13) collected 
in the study area at sites IFR P1 and IFR P2 in both winter and summer, indicated with a trend 
line (dashed) overlaid.  

When superimposing observed indicator fish species on a plot of depth vs. velocity (Figure 3.4), 

it is evident that the fish from the study area have a high preference for slow-flowing habitats 

less than 1 m deep. Fast-flowing habitats between 300 mm and 900 mm deep were also highly 

favoured by some species. This fast-deep velocity-depth flow preference was also observed to 

be the habitat type required by a small group of spawning L. aeneus collected during the study.  



70 

 

Figure 3.4: Summary of the available velocity-depth preferences of the indicator fish by effort 
(ASCL: n = 106, 23 efforts; LAEN: n = 196, 31 efforts; LCAP: n = 38, 11 efforts; OMYK: n = 12, 
9 efforts) collected in the study overlaid on the eight velocity-depth categories used in the study. 

The PCA and RDA bi-plots and tri-plots of fish species sampled during the entire study of the 

Senqu River, along with the historical data of Arthington et al. (1999), as well as for the tributary 

– the Linakeng River – were plotted and compared with the associated sites and driving 

environmental variables which included velocity-depth classes and substrate variables (Figure 

3.5 to 3.7).  
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Figure 3.5: RDA (unconstrained) tri-plot graph for species (triangles), velocity-depth classes 
(arrows) and sites (squares) for both August 2013 and January 2014 surveys as well as for 
historical data of Arthington et al. (1999) and O’Brien & Nel (2006) of the Senqu/Orange River 
and its tributaries.  

Results regarding the fish community structures presented in Figure 3.5 show that velocity-

depth had a significant influence on the fish assemblages of the study area (p-value = 0.005 on 

all axes). From Figure 3.5 it is also clear that O. mykiss, L. aeneus and A. sclateri prefer deep 

habitats, with O. mykiss and L. aeneus preferring faster flowing and deeper habitats than A. 

sclateri. It is therefore most likely to find O. mykiss populations at site IFR P1 and L. aeneus 

populations at site IFR 4. The bulk of A. sclateri were collected at downstream sites (IFR 7). The 

remainder of the native fish species, namely L. umbratus and C. gariepinus preferred shallow 

waters. 
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Figure 3.6: RDA (constrained) tri-plot graph for species (triangles), velocity-depth (arrows) and 
sites of this study (squares) and historical data of Arthington et al. (1999) of the Senqu River 
and its tributaries.  

Results of the statistical comparison between fish communities and velocity-depth classes were 

significant (p-value = 0.05 on all axes) (Figure 3.6). The ordination explains the variance, with 

21% explained on the first axis and a further 12% on the second axis (Figure 3.6). Sites IFR P1, 

IFR P2 and the Linakeng site were characterised mainly by fast- and slow-flowing shallow 

waters, whereas the majority (especially IFR 5 and IFR 6) of the sites were characterised by fast 

and slow-flowing deep waters. The results also illustrate that L. aeneus and O. mykiss preferred 

fast-flowing deep waters at sites IFR 4 and IFR 5, while A. sclateri preferred fast-flowing deep 

waters at site IFR 5 and the other fish species, L. kimberleyensis, L. capensis, L. umbratus and 

C. gariepinus preferred slow-moving deep waters at site IFR 6.  
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Figure 3.7: RDA (constrained) tri-plot graph for species (triangles), velocity-depth (arrows) and 
sites of this study (squares) of the Senqu River and its tributaries for both August 2013 and 
January 2014. 

Findings of the statistical comparison between fish communities and velocity-depth classes 

were not significant (p-value = 0.37 on all axes) (Figure 3.6). The ordination explains the 

variance, with 26% explained on the first axis and a further 12% on the second axis (Figure 

3.7). The results also illustrate that rainbow trout (O. mykiss) preferred fast-flowing deep waters 

at site IFR P2. Rock catfish (A. sclateri) preferred slow-moving shallow waters at site IFR P2 

and slow-moving deep waters at site IFR 5. Results indicated that L. aeneus preferred slow-

moving shallow waters at site IFR P2, avoiding fast-flowing shallow water. The other fish 

species L. kimberleyensis, L. capensis, L. umbratus and C. gariepinus preferred slow-deep and 

fast-flowing shallow water at site IFR 6.  

3.4 Discussion 

The 2D river model of site IFR P1 (Figure 3.8) shows that in both winter and summer L. 

capensis and L. aeneus were collected among boulders in the boulder bar and L. aeneus 

beneath undercut banks/bedrock ledges on the eastern bank, with slow-moving shallow 

backwaters. However, during summer O. mykiss were collected upstream (north) in the shallow, 

slow-flowing channel/side bar. In neither survey was any fish collected in deep or running water. 
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Figure 3.8: 2D river models of (a) geomorphological (Rowntree & Mzobe, 2013) and (b-c) 
hydrological features of site IFR P1 on the Senqu River, and where fish were collected (red 
arrows) for August 2013 and January 2014.  

The 2D river model of IFR P2 clearly shows the contrast in the habitat types (geomorphology 

and velocity-depth) where fish were collected between winter 2013 and summer 2014. During 

both winter and summer L. capensis and L. aeneus were collected among and behind large 

rocks, cobbles and boulders in slow shallow water and backwaters on the south side (Figure 

3.9). However, in summer L. aeneus were collected upstream (north) in the Linakeng tributary, 

as well as on the west bank where the tributary flows into the Senqu River. Downstream of the 

Linakeng/Senqu River confluence, a large number of sub-adult L. aeneus specimens were also 

collected in summer, using a single seine net, in slow-moving deep water. No fish were 

collected in deep or running water in either survey. 
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Figure 3.9: 2D river models of (a) geomorphological (Rowntree & Mzobe, 2013) and (b-c) 
hydrological features of site IFR P2 on the Senqu River, and where fish were collected (red 
arrows) for August 2013 and January 2014.  

The 2D river model of IFR 5 (Figure 3.10) illustrates that in winter A. sclateri and L. aeneus were 

collected among and behind large rocks, cobbles and boulders in slow-moving shallow water, 

and backwaters on the south bank in slow-moving shallow and slow-moving deep water, where 

for winter L. capensis and L. aeneus were collected on the northern bank among and in 

between cobbles in slow-moving shallow water. However, for summer and winter, only one L. 

kimberleyensis specimen was collected upstream (east) in the large slow-moving deep pool with 

a sandy gravel substrate. In winter large adult mudfish and rock catfish (A. sclateri) individuals 

were sampled with a fyke net in a pool downstream of the riffle/rapid zone with gravel, cobbles 

and boulders as substrate.  
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Figure 3.10: 2D river models of the geomorphological features of site IFR 5 on the Senqu River, 
and where fish were collected (red arrows) for August 2013 and January 2014 (Rowntree & 
Mzobe, 2013).  

The 2D river model of IFR 6 (Figure 3.11) illustrates that in winter very few fish were collected 

(two L. capensis and a single O. mykiss). The rainbow trout was collected in fast-flowing deep 

water in a channel and the mudfish in instream vegetation and among cobbles and boulders 

under the bridge. However, in summer L. capensis, L. aeneus and L. kimberleyensis were 

collected in slow-moving deep pools among sandbars. Clarias gariepinus and L. umbratus were 

collected in summer – mainly in isolated pools. 
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Figure 3.11: 2D river models of the geomorphological features of site IFR 6 on the Senqu River, 
and where fish were collected (red arrows) for August 2013 and January 2014 (Rowntree & 
Mzobe, 2013).  

 

Figure 3.12: Depth preferences of selected Labeobarbus aeneus individuals (n = 258) collected 
in the study area at sites IFR P1 and IFR P2 in both winter and summer, indicated with a trend 
line (dashed). Comparable outcomes (bold overlay) from Phase I assessment by Arthington et 
al. (1999).  



78 

It was found that the bulk of L. aeneus preferred water depths of 200-350 mm; this finding 

corroborates earlier results reported by Arthington et al. (1999) (Figure 2.12).  

3.4.1 IFR P1 

The availability of habitat types for fish at site IFR P1 was limited to shallow-fast and shallow-

slow habitats during the winter survey. Where shallower (<500 mm) habitats occurred in the 

winter period, they were usually associated with physical structure, including undercut banks 

and/or root wads of trees. During the high-flow period, deep habitat was common but always 

associated with fast flows above sandy substrata in the main channel of the river.  

3.4.2 IFR P2 

The available habitat types for fish at site IFR P2 during the winter period were dominated by 

relatively shallower (<500 mm), uniform, fast-flowing areas with sandy substrata. Other habitat 

types available included habitats associated with an isolated rocky outcrops at the site and 

rocky boulders and undercut banks which provided cover features for fish on the left bank. 

During the summer (2014) survey the site was dominated by deep (>500 mm), fast-flowing 

habitat types but with a high diversity of types associated with the rocky outcrops at the site. 

Major shifts in sediment between the winter and summer surveys suggest that there are 

considerable shifts in habitat availability at this site.  

3.4.3 IFR 5 

Velocity-depth data were difficult to obtain/measure for sites IFR 5 and IFR 6, due to a high 

increase in flow and depth for the summer periods at these two sites, resulting in a lack of data 

to construct 2D velocity-depth maps for these sites. The availability of habitat types for fish at 

site IFR 5 was the most diverse obtained in the study. Deep and shallow, slow and fast habitat 

types were available with a diversity of substrata and cover features. These habitat variables 

resulted in the presence of shallow and deep riffles, as well as rapid sections, glides and run 

sections, pools and backwater areas. During winter (2013) the pool, riffle, rapid and downstream 

run complex provided a wide range of velocities, which were effectively sampled using active 

and passive sampling techniques. During summer (2014) the velocities increased considerably, 

resulting in a dominance of fast deep glide habitats at the site; due to difficulties associated with 

the depth and velocities these were not effectively sampled. However, none of the fish sampled 

at this site were associated with these deep fast-flowing habitats, suggesting that they were 

avoided. Similarly, noticeable movements in sediment in the deep areas between the winter and 

summer surveys suggest that habitat availability changed considerably at this site.  

3.4.4 IFR 6 

Availability of different habitat types for fish at site IFR 6 was limited. The Senqu River at this 

site is dominated by sandy substrata in a broad channel with relatively uniform fast-flowing glide 
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habitats. Some root wads on both banks and an isolated rocky outcrop (associated with a 

bridge) provide some cover for fish. The alluvial sand in the river reduces the potential of 

undercut banks forming, which is preferred by many fish in the study area. The velocities were 

found to increase considerably between the winter and summer surveys. This resulted in a 

dominance of fast deep glide habitats at the site during the summer survey that were not 

effectively sampled due to difficulties associated with depth and high velocities. None of the fish 

samples at this site were associated with these deep fast-flowing habitats, suggesting that they 

are avoided. Interestingly, individuals appeared to be migrating upstream along the gradually 

sloping right-hand bank of the river in contrast to the left-hand bank, which was more vertical, 

possibly to avoid the high velocities in the main current.  

3.5 Conclusion  

Multivariate statistical analyses of fish communities and environmental variables showed 

notable differences from this study compared to historical studies (Arthington et al., 1999). 

Multivariate statistical analyses indicated that smallmouth yellowfish (L. aeneus) were 

associated with site IFR 5, whereas rock catfish (A. sclateri) and rainbow trout (O. mykiss) were 

associated with site IFR P2. Largemouth yellowfish (L. kimberleyensis), mudfish (L. capensis), 

moggel (L. umbratus) and sharptooth catfish (C. gariepinus) were associated with site IFR 6. 

This indicates that the environmental conditions at the upstream sites favour smallmouth 

yellowfish and rock catfish populations. Multivariate statistical analyses showed that the state, or 

health, of environmental variables affects the structure of fish assemblages. The majority of the 

downstream IFR sites comprised muddy sediments (IFR 5) with debris at sites IFRs 1, 2, 3, 4, 5, 

7 and 8 (Arthington et al., 1999). Historically, it was a healthy fish habitat; however, the reduced 

flows, especially in the lower section of the Senqu catchment, are affecting the habitat 

availability for fish, with the possibility that conditions could worsen, due to the fact that more 

habitat change and more barriers are affecting the ability of fish to migrate and spawn within the 

study area. It is thus crucial to ensure optimal flow releases from weirs and dams to ensure the 

survival, migration and spawning of fish communities in the Senqu River.  
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Chapter 4: The effect of anthropogenic activities on the wellbeing of 

fishes in the Senqu River 

4.1 Introduction 

It has been well documented that in most cases anthropogenic activities throughout the past 

few decades have had a substantial impact on river systems around the world (Petts, 1984; 

Ligon et al., 1995; Poff et al., 1997; Bergkamp et al., 2000; Revenga et al., 2000; Kingsford, 

2000; Rosenberg et al., 2000; Marmulla, 2001; Bunn & Arthington, 2002; Stein et al., 2002; 

Nilsson et al., 2005). These activities have primarily affected water quality, flow, habitat and 

connectivity (Bunn & Arthington, 2002). These anthropogenic activities are known to affect 

biological assemblages of fish, resulting in spatial and temporal variations in the abundance and 

diversities of species (Heins & Matthews, 1987; Matthews, 1998; Arthington et al., 1999). 

Changes in habitat conditions affect the community structures of local fish communities and 

may result in pressure on the survival, feeding strategies, recruitment or spawning, migration of 

said communities (Cushing, 1975, 1990; Gorman & Karr, 1978; Schlosser, 1982; Balon, 1990; 

Hemminga & Duarte, 2000; Cote et al., 2001, 2013; Linehan et al., 2001; Grenouillet et al., 

2002; Stenseth et al., 2002; Bhat, 2004; Laurel et al., 2004; Simms et al., 2004; Habit et al., 

2007; Ings et al., 2008; Stojkivica et al., 2013). 

Poor land-use practices, barrier establishment and the pollution of headwaters in particular have 

caused habitat destruction and the survivability of intolerant species, resulting in many fish 

species now considered to be threatened and/or endangered (Gaigher et al., 1980; Cambray, 

1984). Activities affecting fish or fish habitat include: physical degradation of habitat through 

afforestation, dry land agriculture, inter-basin transfers, livestock grazing and erosion (Skelton, 

2001). Other anthropogenic activities that affect habitat include point-source and non-point 

source pollution including industrial effluents being discharged, runoff from irrigated agriculture, 

informal urban settlements and roads, mining activities, recreation, sewage works effluents and 

leachate from solid waste sites (Skelton, 2001; Ashton et al., 2008; Oberholster & Ashton, 

2008). The need to conserve the freshwater fish of southern Africa has risen in the past two 

decades in accordance with the increase of global concern with the state of the environment 

(Skelton, 2010). It should be noted that the status of freshwater fish in South Africa declined 

during the second half of the 20th century to the point where specific attention to the issue was 

required by researchers and relevant authorities (Skelton, 2010).  

Point sources of raw or partially treated sewage primarily affect water quality (Fatoki et al., 

2001), where the alteration of flow regimes due to increased runoff and sedimentation can affect 

fish by the removal of native habitat (Jackson, 1997; Boulton & Brock, 1999; Pen, 1999; Stein et 

al., 2002; Ramollo, 2011). Other impacts include fragmentation and isolation of aquatic 
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populations or direct mortality (Vaughn & Taylor, 1999; Lytle & Peckarsky, 2001; Stein et al., 

2002). Other negative impacts can be due to the introduction of –non- native fish for angling or 

aquaculture purposes and may threaten native fish and other aquatic animals directly through 

predation, and can alter habitats and transmit diseases (Skelton, 2001). The invasion of these 

alien fish species has frequently been facilitated by habitat modifications, where these 

disturbances can lead to the decline or eradication of native fish populations within river 

systems (Moyle & Light, 1996; Revenga et al., 2000; Skelton, 2001; Paxton & King, 2009).  

Indicators of river ecosystem integrity, or health, have been developed by scientists and 

managers to assess the impacts of these environmental alterations associated with 

anthropogenic activities (Whitfield & Elliott, 2002). These indicators include physicochemical 

and biological characteristics of habitat variables (Jolly et al., 1996; Liston & Maher, 1997; 

Boulton & Brock, 1999; Brierley et al., 1999; Hart et al., 1999; Ladson et al., 1999; Maddock, 

1999; Maher et al., 1999; Doyle et al., 2000; Stein et al., 2002). However, most recently the 

focus has been on the use of biological indicators at various levels of biological organisation to 

characterise and monitor the individual, population and or community wellbeing and/or 

composition linked to varying states of selected environmental variables (Chessman et al., 

1999; Harris & Silveira, 1999; Smith et al., 1999; Bargagli et al., 2002; Stein et al., 2002; 

Kleynhans, 2007). The response of the biological indicators to these environmental variable 

states can be used to evaluate the impact of anthropogenic activities on ecosystems and the 

animals within them (Kleynhans, 2007). Fish communities are some of the most vulnerable life 

forms and have been identified as useful biological indicators of these altered ecosystems 

(Bargagli et al., 2002; Stein et al., 2002). Fish communities are known to respond to 

environmental change. These responses include loss of spawning, maintenance, refuge and 

feeding habitats, obstruction of migration routes, alterations in water quality and temperatures 

and flow regimes through irregular water releases from dams or reservoirs (Holden & Stalnaker, 

1975; Gaigher et al., 1980; Nesler et al., 1988; Rall, 1993; Walker & Thoms, 1993; Steyn et al., 

1994; Zhong & Power, 1996; Larinier, 2000; Friedl & Wüest, 2002; Paxton & King, 2009). 

The migration of cyprinid species in the Orange/Senqu River system preferring fast-flowing 

water (rheophilic) has been restricted due to barriers (Ramollo, 2011). The biology and ecology 

of aquatic vertebrates, especially cyprinids in the Orange/Senqu catchment are poorly 

documented and are limited to a few publications (Jubb, 1964; Jubb & Farquharson, 1965; 

Jubb, 1971; Van Schoor, 1972; Pike & Tedder, 1973; Rondorf, 1976; Skelton, 1986; 1990; 

Steyn et al., 1994). The implementation of the LHWP has resulted in an increase of construction 

phases of dams, weirs and river modification (Cambray & Meyer, 1988; Skelton, 1990; Steyn et 

al., 1994). Poor agricultural activities have resulted in erosion and overgrazing, which in turn 

have caused habitat destruction and degradation through sedimentation (Pike & Tedder, 1973; 
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Rondorf, 1976; Skelton, 1990; Rall, 1993; Steyn et al., 1994). The presence of alien fish species 

such as rainbow trout (O. mykiss) that prey on native fish species such as the Maluti minnow (P. 

quathlambae) is of concern (Rall et al., 1992; Rall, 1993; Steyn et al., 1994). Lesotho fish 

species, including the smallmouth yellowfish (L. aeneus), are known to migrate upstream in 

order to spawn (Arthington et al., 1999). Unrestricted movements in river channels may be 

important for Lesotho fish species known to migrate upstream to spawn (especially the 

smallmouth yellowfish) (Skelton, 1993; Arthington et al., 1999), where fish passage could be 

restricted to some parts of these rivers if flows in the medium- to high-flow range are inadequate 

or do not occur at the appropriate time of year (spring to early summer) (Arthington et al., 1999). 

With the Katse Dam blocking upstream migration of this species, isolated populations have 

been established upstream of the dam (Arthington et al., 1999). Excessive sedimentation from 

local and upstream sources associated with land-use practices and reduced scour potential of 

flows are of major concern, where land-use practices are primarily impacting downstream sites 

during winter and summer (Arthington et al., 1999). Although it is possible that individuals 

moving upstream will have restricted access to adequate spawning grounds downstream of the 

Katse Dam, it is crucial to ensure suitable flow releases to stimulate spawning for these 

downstream populations (Arthington et al., 1999).  

The aim of this chapter is to implement a fish assemblage metric measure namely the Fish 

Response Assessment Index (FRAI) (Kleynhans, 2007), and using multivariate statistical 

techniques, to evaluate the effect of anthropogenic activities on the fish assemblages in the 

Senqu River. The FRAI is an assessment index based on the environmental intolerances and 

preferences with reference to fish communities and the response of these referenced fish 

communities to specific groups of environmental variables (Kleynhans, 2007). When all of these 

environmental variables have been assessed, a FRAI score is determined, where it is 

categorized into metric groups/ environmental variables with these referenced metrics relating to 

habitat requirements, intolerance and preferences of fish populations (Kleynhans, 2007). 

4.2 Materials and methods 

4.2.1 Sites, survey and sampling 

The sites used, fish sampling methods and recording of fish species and environmental 

variables (except water quality) are the same as described in Chapter 2, Section 2.2.  

4.2.2 Water quality 

At each site a hand-held YSI water quality multimeter was used to measure water pH, electrical 

conductivity, suspended solids and temperatures in the morning between 09:00 and 10:00 for 

each of the selected sites for both winter and summer surveys (Appendix D) along with 

seasonal water quality data from Rossouw (2014) in the same time span as this study, within 
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the same study sites. The water of each site was tested to determine the concentration of 

various parameters in that area and the overall water quality condition. At each site two 500 mL 

plastic bottles were filled with water. These bottles were labelled indicating the number of each 

site. The first step involved the bottles being filled with water, thoroughly shaken and then 

rinsed. Once this was completed the bottles were then filled with water. Whilst filling the bottles 

no air bubbles were allowed to form since this could result in oxygen reacting with the chemicals 

and pollutants in the water thus causing oxidation, which leads to lower concentration readings 

of the parameters. Once the bottles were filled they were sealed and labelled and placed in a 

refrigerator to be kept cool, to prevent chemical reactions, such as oxidation, from occurring and 

to accurately preserve the concentrations.  

In the laboratory, the water samples of both surveys were analysed on a Spectroquant® Pharo 

300 following established standard techniques. All concentration and absorbance values were 

recorded for nitrate, ammonium, phosphate, calcium and magnesium.  

4.2.3 Data analysis 

As part of the fish community composition assessment a range of data analysis assessments 

were undertaken, with local fish community structures and environmental variables for each IFR 

site evaluated statistically. Using multivariate statistical techniques, this information was 

integrated to allow for the evaluation of the biology and ecology of fish that occur within the 

study area and evaluating the importance of upstream (IFR P1 and IFR P2) and downstream 

(IFR 5 and IFR 6) sites to these fish. Other evaluations included community structure shifts 

within the study area and the effects of anthropogenic activities on these fish communities (see 

Chapter 3, Section 3.2). 

4.2.4 Fish Response Assessment Index (FRAI) 

In South Africa, FRAI is commonly used to determine the state of ecological integrity of fish 

assemblages in aquatic ecosystems (usually riverine) and is implemented by the National River 

Health Programme (Kleynhans, 2007). Fish data were collected using the protocol prescribed 

for velocity/depth-categorised habitats (Kleynhans, 1999; 2007). Undercut banks and riparian 

vegetation were identified, their coverage estimated and scored. The fish and environmental 

data collected during this study were used to determine the ecological integrity of the fish 

communities by implementing FRAI and calculating the scores (Kleynhans, 2007). The purpose 

of FRAI is to provide a habitat-based, cause-and-effect underpinning in order to interpret the 

deviation of the fish assemblage from a fish reference frequency of occurrence (FROC) 

database (Kleynhans, 2007). The reference frequency of occurrence developed by Kleynhans 

et al. (2007) was used to determine the reference fish species list in order to calculate the FRAI. 

The FRAI methodology was implemented to evaluate the existing state of the fish communities. 
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This community metric measure allows for the evaluation of a range of metrics (flows, cover 

feature availability, migration impacts, water quality impacts and alien invasive fishes impacts) 

that are known to affect fish community conditions (Kleynhans, 2007).  

The FRAI, as well as multivariate statistical analyses, were used to address specific information 

requirements regarding the response of fish assemblages to changes in the environment 

(Kleynhans, 2007; Venter, 2013). These ecosystem variables usually include physical and 

chemical variables, which are referred to as ‘ecological driver components (Venter, 2013).  

An assessment of the responses of the species metrics to changing environmental conditions 

may be done either through direct measurement (surveys) or are concluded from the change in 

environmental conditions (habitat) (Kleynhans, 2007). Evaluation of the derived response of 

species metrics to habitat changes is based on knowledge of the ecological requirements of 

species. Usually FRAI is based on a combination of fish sample data and fish habitat data 

(Kleynhans, 2007). Changes in environmental conditions are related to fish stress and form the 

basis of ecological response interpretation (Kleynhans, 2007). These metric groups include: the 

available habitats or velocity and depth; a cover metric which considers the preferences of 

overhanging vegetation, aquatic vegetation, water column, substrata as well as undercut banks 

and root wads; flow modifications in terms of volume, timing and the duration of flows; migration 

and introduced species (Table 4.1). 

Table 4.1: The FRAI categories as well as a description of each category, adapted from 
Kleynhans (1999). 
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4.2.5 Multivariate statistics  

In this study, ordination techniques were applied to the original fish community data sets for 

analysis (Van den Brink et al., 2003), allowing for direct interpretation of the community 

structures of fish in terms of species obtained in the study. These techniques made provision for 

the assessment of complex responses or changes in community structures obtained in the 

study; when combined with Monte Carlo permutation testing, the statistical significance of 

hypothesised differences in the community structures could be tested (Ter Braak & Smilauer, 

2004; Van den Brink et al., 2003). Initially, the ordination approach allowed for the expression of 

fish species between sites and surveys without the need for correlating environmental or 

explanatory data. In this approach the variation of the composition of fish species was optimised 

to reflect the underlying structure of the data set (Ter Braak, 1994). In this study, the largest part 

of the total variance of the data sets were used to establish a first latent variable and then a 

second was established that relies on the largest part of the remaining variance in the data set 

(Van den Brink et al., 2003). These two latent variables were used to construct an ordination 

diagram forming two axes. Samples (sites per survey) and species were initially presented in 

the diagram as points at the location of the values on the latent variables. Samples with nearly 

identical or similar species compositions were located close together while samples located far 

apart represented those samples that have differing compositions of species (Van den Brink et 

al., 2003). Thereafter bi-plots were established that presented arrows of environmental data 

which point in the direction of higher values where correlations between the environmental 

variables and the sites occurred (Van den Brink et al., 2003). In this study, direct or constraint-

based analyses were undertaken which involved overlaying captured variance of the 

explanatory environmental variables on fish species ordination diagrams. The linear response 

mode used to achieve this was a redundancy analysis (RDA), a derivative of principle 

component analysis (PCA) using the Canoco version 4.5 software package (Ter Braak, 1994). 

Data sets used in this assessment were obtained from five sites during two surveys in the 

Senqu and Linakeng Rivers in 2013 and 2014 (Chapter 2, Section 2.1).  

4.3 Results 

4.3.1 Fish Response Assessment Index (FRAI) 

Table 4.2 and Appendix C illustrate the automated and adjusted FRAI scores for four IFR sites 

on the Senqu River in low flow (winter 2013) and high flow (summer 2014). At IFR P1, two out 

of six fish species were collected (L. aeneus and A. sclateri) for winter, whereas for summer 

three out of six fish species were collected (L. aeneus, A. sclateri and O. mykiss). The 

ecological integrity of the sites determined using the automated FRAI showed largely natural to 

moderately modified (Class B/C) for IFR P1 for winter, and moderately to largely modified 

(Class C/D) for summer periods. The adjusted FRAI scores for site IFR P1 ranged between 

moderately modified (Class C) for winter and summer, with largely natural to moderately 
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modified (Class B/C). At site IFR P2 four out of seven fish species were collected for both winter 

and summer. The ecological integrity of the fish assemblages determined using the automated 

FRAI for site IFR P2 showed slightly modified (Class C) for winter and moderately to largely 

modified (Class C/D) for summer periods. The FRAI ecological integrity state of the adjusted 

FRAI scores for site IFR P2 ranged between largely natural with moderate modifications (Class 

C) for winter and largely modified in summer. This shows that sites IFR P1 and IFR P2 are very 

similar in terms of ecological state and fish communities. 

Table 4.2: Automated and adjusted FRAI scores for all IFR sites for winter and summer. 

Fish Response Assessment Index (FRAI) 

  

IFR P1 IFR P1 IFRP2 IFR P2 IFR 5 IFR 5 IFR 6 IFR 6 

  

(W) (S) (W) (S) (W) (S) (W) (S) 

Automated FRAI (%) 81.27 61.41 76.5 59.53 64.9 69.2 48.5 69.7 

 

EC : FRAI B/C C/D C C/D C D D C 

Adjusted FRAI (%) 76.5 75.3 71.3 71.3 68.1 67 66.9 66.7 

 

EC : FRAI C C C C/D C C C C 

 

For winter at site IFR 5, three out of ten fish species were collected (L. aeneus, L. capensis and 

A. sclateri), whereas for summer four out of ten fish species were collected (L. aeneus, L. 

kimberleyensis, L. capensis and A. sclateri. The ecological integrity of the fish assemblages, 

determined using the automated FRAI analyses, for site IFR 5 ranged between a moderately 

modified (Class C) for winter and largely modified (Class D) for summer periods. The FRAI 

ecological integrity state of the adjusted FRAI scores for site IFR 5 ranged between slightly 

modified (Class C) for both winter and summer. For winter at IFR 6, two out of ten fish species 

were collected (L. capensis and O. mykiss), whereas for summer six out of ten were collected 

(L. aeneus, L. kimberleyensis, L. capensis, L. umbratus, C. gariepinus and A. sclateri). The 

ecological integrity of the fish assemblages – determined using the automated FRAI analyses – 

for site IFR 6 ranged between moderately modified (Class C) for winter and largely modified 

(Class D) for summer periods. The FRAI ecological integrity state of the automated FRAI scores 

for IFR 6 ranged between largely modified (Class D) for winter and moderately modified (Class 

C) for summer. The ecological integrity of the fish assemblages – determined using the adjusted 

FRAI analysis – for site IFR 5 ranged between largely modified (Class D) for winter and slightly 
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modified (Class C) for summer periods. This shows that sites IFR 5 and IFR 6 are very similar in 

terms of ecological state.  

4.3.2 Multivariate statistical analysis 

The available community structure data were evaluated in order to contribute information to the 

establishment of EWRs for fish of the different IFR sites (Figure 4.1 to Figure 4.6). 

 

Figure 4.1: PCA (unconstrained) tri-plot graph series for species (triangles), water quality 
(arrows) and sites for August 2013 (LF) and January 2014 (HF) (circles) of the Senqu River. 
This ordination explains the variance with 42.46% explained on the first axis and a further 
35.91% on the second axis. 

From the PCA plot (Figure 4.1) it is evident that water quality was suitable for fish at the 

upstream sites (IFR P1 and IFR P2) with optimal pH levels and high dissolved oxygen (DO) 

levels at site IFR P1. Site IFR P2 showed the highest levels of sulphates (SO4) and nitrates 

(NO3), with O. mykiss and A. sclateri preferring these conditions. Downstream sites IFR 5 and 

IFR 6 showed greater levels of suspended solids (SS), higher water temperatures, potassium 

and phosphate (PO4) levels, with cyprinids L. aeneus, L. kimberleyensis, L. capensis and L. 

umbratus along with C. gariepinus preferring these conditions. 

Findings of the statistical comparison between fish communities, sites and cover (p-value = 

0.179 on all axes) (Figure 4.2) are as follows: site IFR P1 was associated mainly with open 

cover, whereas site IFR P2 with undercut banks and substrata. Sites IFR 5 and IFR 6 were 
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more associated with deep waters. The results also illustrate that L. aeneus, A. sclateri and O. 

mykiss preferred undercut banks and substrata, whereas L. capensis, L. kimberleyensis, L. 

umbratus and C. gariepinus preferred deep waters. 

There was no significant statistical correlation between the fish communities and substrata (p-

value = 0.2 on all axes) (Figure 4.3). Site IFR P1 was characterised mainly by gravel, bedrock, 

cobbles and debris, whereas site IFR P2 was characterised mainly by silt. Site IFR 5 was 

characterised mainly by deep waters and muddy substrata. The results also illustrate that L. 

aeneus, A. sclateri and O. mykiss were associated with silt, whereas L. capensis, L. 

kimberleyensis, L. umbratus and C. gariepinus preferred sandy substrata. 

 

Figure 4.2: RDA tri-plot of fish species (triangle), sites and driving environmental variables, 
showing dissimilarity among cover features observed for all efforts carried out in this study. Fish 
and range of environmental data collected during these surveys (arrows) have been overlaid 
onto the RDA to present possible driving variables. In this ordination, 92.7% of the variation 
within the data is presented, 81.7% on the first axis and the remainder on the second axis. 
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Figure 4.3: RDA tri-plot of fish species (triangle), sites and driving environmental variables, 
showing dissimilarity among substrate types observed for all efforts carried out in this study. 
Fish and range of environmental data collected during these surveys (arrows) have been 
overlaid onto the RDA to present possible driving variables. In this ordination, 92.2% of the 
variation within the data is presented, 81.7% on the first axis and the remainder on the second 
axis. 

 

Figure 4.4: RDA tri-plot of fish species (triangle), sites and driving environmental variables, 
showing dissimilarity among velocity depth classes observed for all efforts carried out in this 
study. Fish and range of environmental data collected during these surveys (arrows) have been 
overlaid onto the RDA to present possible driving variables. In this ordination, 91.4% of the 
variation within the data is presented, 72.2% on the first axis and the remainder on the second 
axis. 
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In addition, there were no statistically significant correlations between fish communities, sites 

and velocity-depth classes (p-value = 0.094 on all axes) (Figure 4.4). Sites IFR P1 and IFR P2 

were characterised mainly by slow-moving shallow waters, whereas site IFR P2 was found to 

have undercut banks and substrata. Site IFR 5 was characterised mainly by slow-moving deep 

waters and site IFR 6 with fast-flowing deep water. The results also illustrate that A. sclateri and 

O. mykiss were associated with slow-moving shallow water, and L. aeneus, with slow-moving 

shallow and slow-moving deep waters, while L. capensis, L. kimberleyensis, L. umbratus and C. 

gariepinus preferred fast-flowing deep waters. 

 

Figure 4.5: RDA tri-plot showing sites (square) and fish species (triangle) data for the Senqu 
and Linakeng Rivers high and low flow (arrow), along with Arthington et al. (1999) data. The bi-
plot explains 93.6% of the total variance in the species data, with 86.7% explained on the first 
axis and 6.9% explained on the second axis.  
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Figure 4.6: RDA tri-plot showing sites (square) and fish species (triangle) data for the Senqu 
and Linakeng Rivers (arrow). The bi-plot explains 93.2% of the total variance in the species 
data, with 74.8% explained on the first axis and 18.4% explained on the second axis.  

Temporal and spatial analysis of the fish communities revealed no major temporal differences 

between the high- and low-flow surveys (Figure 4.5) (p-value = 0.078 on all axes), but 

considerable spatial differences were observed between the different IFR sites and the site on 

the Linakeng River (Figure 4.7) (p-value = 0.285 on all axes). The results indicate that fish 

community structures are distinctly different in the upper reaches of the Senqu River than in the 

lower reaches of the Senqu River (Arthington et al., 1999). 

4.4 Discussion 

4.4.1 IFR P1 

The automated FRAI shows moderately modified to natural (Class B/C) for site IFR P1 for 

winter, and moderately to largely modified (Class C/D) for summer periods, with minimal flow 

and physicochemical modifications for both winter and summer periods, but the presence of the 

alien, rainbow trout (Oncorhynchus mykiss), as well as poor land-use practices at this site 

affects site IFR P1. The absence of the Maluti minnow (Pseudobarbus quathlambae) in 

particular may be attributed to direct predation by O. mykiss. Numerous weirs occur in the 

Lower Senqu River in Lesotho and in South Africa (between Xhariep Dam and Lesotho), from 

where main migrations of cyprinids are considered to occur. However, some of these weirs are 



92 

permanent obstacles and impact some native fish populations in the Lower Senqu River 

upstream of the barriers. Catchment-scale migrations of adult cyprinids seem to be hampered. 

The FRAI scores for site IFR P1 ranged between largely natural (Class B) for winter and 

summer, with largely natural to slightly modified (Class B/C). The adjustment of the FRAI scores 

for site IFR P1 included the following: 4.77% for winter and 13.89% for summer, with the 

migration of cyprinids, introduced species and cover metrics adjusted for site IFR P1. 

From the multivariate statistical assessment of the changes in community structures of the study 

area, the state of the fish communities at site IFR P1 was not significantly different from similar 

sites considered to be in pristine state. This assessment revealed that although largely similar to 

natural states, the fish communities in site IFR P1 were significantly correlated (p<0.05) to the 

increase of slow deep velocity depth classes potentially associated with sedimentation of the 

instream habitat, as the shift in fish communities was significantly (p<0.05) associated with 

sandy substrate types. The presence of undercut banks at this site was also significantly 

correlated (p<0.05) to the present state, which may change markedly if this cover feature were 

to be removed.  

Water quality at site IFR P1 was good, with low dissolved salts and high dissolved oxygen 

concentrations (Rossouw, 2014). Nutrient concentrations were low and in the oligotrophic 

(unenriched) range. Water temperatures followed a strong seasonal pattern with summer mean 

temperatures in the order of 20.3 – 22.7 °C and 4.9 – 6.3 °C in winter (Rossouw, 2014). 

Electrical conductivity and major ion concentrations were low, in an ideal range for aquatic 

ecosystems (Rossouw, 2014). It increased slightly during the low-flow season and was inversely 

related to flow in the Senqu River (Rossouw, 2014). Dissolved metal concentrations were low, 

often lower than the laboratory detection limit (Rossouw, 2014). Salts were inversely related to 

flow, increasing during the low-flow winter months, and decreasing with increasing flow; 

suspended sediments were directly related to flows, with clear water observed during the low-

flow winter months and turbid flows during the high-flow summer months (Rossouw, 2014). The 

pH values also indicate that the river reach at site IFR P1 was in an ideal to acceptable state 

(Rossouw, 2014).  

The fish communities at site IFR P1 were in an adequate – largely natural to slightly modified – 

state. The results of this study show that in winter it is important to have limited availability of 

cover features and deep habitats. During summer the effect of downstream barriers potentially 

hampering the upstream migration of cyprinids was found to be of concern.  

4.4.2 IFR P2 

The automated FRAI for site IFR P2 showed moderately modified (Class B/C) for winter and 

moderately to largely modified (Class C/D) for summer periods. Although minimal changes were 
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observed in flows and physicochemical modifications, O. mykiss were still collected upstream 

and at this site. They commonly occur within this area as locals regularly collect them. Local and 

upstream land-use practices have negatively impacted the instream habitat, where migrations of 

adult cyprinids seem to be hampered by downstream dams and weirs. The scores for site IFR 

P2 ranged between largely natural with few modifications (Class B/C) for both winter and 

summer. The adjustment of the FRAI scores for site IFR P2 included the following: 5.2% for 

winter and 11.2% for summer, with the migration of cyprinids, introduced species and cover 

metrics adjusted for site IFR P2. This shows that sites IFR P1 and IFR P2 are very similar in 

terms of ecological state and fish communities. 

From the multivariate statistical assessment of the changes in community structures of the study 

area, the state of the fish communities at site IFR P2 was only slightly different from similar sites 

considered to be in pristine state. This assessment revealed that the fish communities were 

largely similar to natural states and that there were very few shifts in the community between 

winter and summer. These results suggest that the ecologically important changes in 

community structures associated with migrating cyprinids did not occur between the winter and 

summer surveys.  

Water quality at IFR P2 was good, with low dissolved salts and high dissolved oxygen 

concentrations (Rossouw, 2014). Nutrient concentrations were low and mostly in the 

oligotrophic (unenriched) range (Rossouw, 2014). Electrical conductivity and major ion 

concentrations were low, in an ideal range for aquatic ecosystems (Rossouw, 2014). It 

increased slightly during the low flow season and was inversely related to flow in the Senqu 

River (Rossouw, 2014). The seasonal water temperature cycle was indicative of a natural, 

unimpacted river with mean temperatures in the order of 20.3 – 22.7 °C and 4.9 – 6.3 °C in 

winter (Rossouw, 2014). Dissolved metal concentrations were low, often lower than the 

laboratory detection limit (Rossouw, 2014). Salts were inversely proportional to flow, increasing 

during the low-flow winter months, and decreasing with increasing flow; suspended sediments 

were directly related to flows, with clear water during the low-flow winter months and turbid flows 

during the high-flow summer months (Rossouw, 2014). Suspended sediment concentrations 

were slightly lower than those recorded at site IFR P1, probably the result of the Linakeng River 

contributing inflow with a lower suspended sediment concentration (Rossouw, 2014). The pH 

values indicate that the river was in a slightly modified state although most observations (78% of 

the samples) fell in a natural state (Rossouw, 2014). 

Currently, the fish communities at site IFR P2 are in a largely adequate state during winter in 

particular, but deteriorate in summer, presumably due to the inability of migrating cyprinids to 

access the site.  
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4.4.3 IFR 5 

The automated FRAI score for site IFR 5 ranged between a slightly modified (Class C) for winter 

and largely modified (Class D) for summer periods. The Katse Dam and the White Hills weir 

upstream are affecting the flow and this has an effect on velocity-depth preferences of species. 

Land-use practices cause excessive silt to enter the river and flow modifications from Katse 

Dam impact the habitat template, causing a reduction in depth. Instream and riparian habitat 

losses are associated with local and upstream land use (over-grazing) which affects velocity-

depth classes. Limited changes in water quality conditions were observed; sensitive species 

were observed and suggests that if any impacts occur, they would be minimal. Sensitive 

species are affected by temperature fluctuations due to Katse Dam releases. Migrations are 

also affected by upstream and downstream weirs and dams. The FRAI scores for IFR 5 ranged 

between moderately modified (Class C) and largely modified (Class D) for winter and summer, 

respectively. The adjustment of the FRAI scores for IFR 5 included the following: 3.2% for winter 

and 2.2% for summer, with the migration of cyprinids, velocity-depth classes, flow-dependent 

metrics and cover metrics adjusted for site IFR 5.  

From the multivariate statistical assessment of the changes in community structures of the study 

area, the state of the fish communities at site IFR 5 was moderately different from similar sites 

considered to be in pristine state (comparisons made with Arthington et al. (1999) observations). 

From these results the fish communities did not change as expected between summer and 

winter surveys. These results also suggest that the ecologically important changes in 

community structures associated with migrating cyprinids did not occur and affect communities 

as expected between the winter and summer surveys.  

Water quality at IFR 5 was good, with low dissolved salts and high dissolved oxygen 

concentrations (Rossouw, 2014). Nutrient concentrations were low and in the mesotrophic 

(moderately enriched) range (Rossouw, 2014), while all electrical conductivity levels fell within 

the ideal range (Rossouw, 2014). Temperature followed a strong seasonal pattern with summer 

means in the order of 21 – 24 °C and 7 – 9 °C in winter (Rossouw, 2014). Dissolved metal 

concentrations are low (Rossouw, 2014). Salts are inversely proportional to flow, increasing 

during the low-flow winter months, and decreasing with increasing flows; suspended sediments 

are directly related to flows, with clear water during the low flow winter months and turbid flows 

during the high flow summer months (Rossouw, 2014). Suspended sediment concentrations 

were moderately higher than those observed at sites IFR P1 and IFR P2. Most of the observed 

pH values fell within the acceptable range (8.0 -9.0) (Rossouw, 2014). 

The fish communities at site IFR 5 are currently in a moderately modified state, with a further 

reduction in state in summer possibly due to the inability of migrating cyprinids to access the 
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site. Most of the fish collected at this site were juveniles, suggesting that smaller individuals may 

be able to gain access to the site while adults are restricted. During the winter survey a resident 

population of adult yellowfish (Labeobarbus aeneus and Labeobarbus kimberleyensis) and 

mudfish (Labeo capensis) were observed. These species are tolerant of habitat alterations and 

although abundance was low, these populations appear to be resident at site IFR 5. These 

resident populations have potentially contributed to the recruitment of juveniles in summer 2014, 

suggesting that migrations from site IFR 5 downstream of the White Hill gauging weir into the 

upper reaches of the Senqu River are potentially possible during summer (Figure 4.7A).  

4.4.4 IFR 6 

The automated FRAI score for site IFR 6 ranged between a slightly modified (Class C) for winter 

and largely modified (Class D) for summer periods. Katse and Mohale Dams and the weirs 

upstream hamper catchment-scale migrations of L. aeneus, L. kimberleyensis and A. sclateri. 

Excessive siltation and alien riparian vegetation infringement were observed on the river banks 

with gum trees and willow trees. Temperatures changes due to Katse Dam releases are 

affecting sensitive species, but have a limited influence on water quality. The FRAI scores for 

site IFR 6 ranged between largely modified (Class D) for winter and moderately modified (Class 

C) for summer. The adjusted FRAI score for site IFR 5 ranged between a largely modified 

(Class D) for winter and slightly modified (Class C) for summer periods. The adjustment of the 

FRAI scores for site IFR 6 included the following: 18.4% for winter and 3% for summer, with the 

migration of cyprinids, velocity-depth classes, flow-dependent metrics and cover metrics 

adjusted for site IFR 6. This indicates that sites IFR 5 and IFR 6 are very similar in terms of 

ecological state. From the multivariate statistical assessment of the changes in community 

structures of the study area, the state of the fish communities in site IFR 6 was moderately 

different from similar sites considered to be in pristine state (comparisons made with Arthington 

et al. (1999) observations). This assessment reveals that the fish communities were in 

moderately modified states and that the fish assemblages differed between winter and summer. 

These results suggest further that the ecologically important changes in community structures 

associated with migrating cyprinids do still occur at this site, but that this site is possibly 

unsuitable to maintain populations during winter. 

Water quality at site IFR 6 was good, with low dissolved salts and high dissolved oxygen 

concentrations (Rossouw, 2014). Nutrient concentrations were low and in the mesotrophic 

(moderately enriched) range (Rossouw, 2014). Observed electrical conductivities all fell within 

the ideal range (Rossouw, 2014). The seasonal water temperature cycle was indicative of a 

largely unimpacted river with mean temperatures in the order of 21 – 24 °C and 7 – 9°C in 

winter (Rossouw, 2014). Dissolved metal concentrations are low and salts are inversely 

proportional to flow, increasing during the low-flow winter months, and decreasing with 
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increasing flows; suspended sediments are directly related to flows, with clear water during the 

low-flow winter months and turbid flows during the high-flow summer months (Rossouw, 2014). 

Suspended sediment concentrations were moderately higher than those observed at site IFR 5. 

Most of the observed pH values fell within the acceptable range (pH 8.0 - 9.0) (Rossouw, 2014). 

The considerable change in species abundance and numbers of fish collected between the 

winter and summer surveys at site IFR 6 suggests that the populations of fish that make use of 

the Lower Senqu River migrate in winter from suitable refuge areas downstream of the site, into 

the reach of the river considered, and then continue upstream. The high abundance of juveniles 

and the presence of larval fish indicate that recruitment does take place at this site during 

summer. This site should provide a suitable habitat for populations to reside during winter 

(similar to site IFR 5), but the state of the substrata, availability of cover features and reduced 

depths potentially make this reach of the Senqu River unsuitable for permanent populations. 

This is concerning as it suggests that the availability of overwintering refuge areas for 

populations is reduced and potentially shifting downstream and that migration potential is 

greatly reduced with the added threat of barriers and siltation (Figure 4.7A-D).  

 

Figure 4.7: Anthropogenic activities observed above and below IFR 5 and IFR 6 at the Senqu 
River: (A) weir on the Senqu River upstream of IFR 5 at Qacha's Nek; (B) weir downstream of 
IFR 6 at Aliwal North; (C) erosion at IFR 6; and (D) agricultural activities at IFR 6. 

The water-quality results illustrate that sites IFR P1 and IFR P2 were closely associated with 

sulphates and nitrates with high dissolved oxygen levels and optimal pH levels. IFR P1 and IFR 
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P2 were characterised by slow-flowing shallow and open water with undercut banks and various 

types of substrata like gravel, bedrock, cobbles, and debris. Higher phosphate, ammonium and 

potassium levels were observed at sites IFR 5 and IFR 6, as well as higher suspended solids 

and temperature increases. Sites IFR 5 and IFR 6 were characterised by slow- and fast-flowing 

deep water with muddy/sandy substrata. Labeobarbus aeneus, A. sclateri and O. mykiss were 

mainly observed at sites IFR P1 and IFR P2, while L. capensis, L. kimberleyensis, L. umbratus 

and C. gariepinus were more associated with sites IFR 5 and IFR 6.  

4.5 Conclusion 

Using the appropriate models, the effects of barriers, flow and water quality for selected fish 

species are evident in the Senqu River system. Fish assemblages of the Upper and Lower 

Senqu River responded to the quality and state of the environmental driver variables considered 

in the study. A comparison between the automated and adjusted FRAI integrity classes showed 

clear differences between automated and adjusted FRAI scores, with adjusted FRAI scores 

being consistently higher, leading to ecological integrity classes being ranked higher, due to the 

adjustment of specific metric groups such as the migration of cyprinids, velocity-depth classes, 

flow-dependent metrics and cover metrics. The multivariate statistical analysis results indicate 

that there are clear differences between the upstream and downstream sites, with the 

anthropogenic activities upstream having few/moderate impacts when compared to downstream 

sites, which were found to be moderate/largely modified when compared to their natural state. 

The results also indicate that sensitive species like A. sclateri prefer the upstream reaches of 

the Senqu River, due to the fact that the upstream sites are less disturbed than the downstream 

sites, the latter being affected by barriers and siltation, resulting in a loss of cover for fish. The 

analyses of water quality and fish communities illustrated the differences between upstream and 

downstream sites, namely higher water temperatures, as well as an increase in the amount of 

suspended solids, sedimentation and organic materials at the downstream sites on the Senqu 

River; these cause higher turbidity, affecting sight predators and the wellbeing of fish 

communities at these sites.  
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Chapter 5: Conclusion: Management of fish in the Senqu River, 

Lesotho 

Mismanagement of water resources due to interbasin water transfers or over-exploitation is a 

global problem affecting the quantity and quality of water for aquatic habitats (Arthington et al., 

1999; Ostrom et al., 1999; Kobza et al., 2004). While management agencies strive for efficiency 

in developing monitoring programmes, inadequate resources for monitoring and follow-up 

actions may result in mismanagement and insufficient mitigation of environmental losses 

(Arthington et al., 1999; Quin & Kwak, 2011).  

When determining the EWR for fish it is essential to gain an understanding of the ways in which 

aspects of river flow and habitats interact to potentially influence the distribution and 

assemblage structure of the fish (Arthington et al., 1999). Historically, fish were the main focus 

of most EWR studies (Stalnaker & Arnette, 1976; Arthington et al., 1999). Determining the EWR 

for fish still remains essential to holistic environmental flow assessments, because fish are key 

biological components of aquatic environments and perform a number of important ecological 

functions; consequently, management of fish species is a high priority (Karr, 1993; Arthington et 

al., 1999). 

The management of fish species requires an understanding of the biology, ecology and 

establishment success of these fish communities (National Environmental Management: 

Biodiversity Act, 2004; Weyl et al., 2009). The integration of all the information on the responses 

of riverine biota to flow modifications is essential for the sustainable management of river 

systems (Arthington et al., 1999). Information on the following key issues is required: species 

composition at representative sites along the river; habitat preferences and water quality 

tolerances of each species; early development; migrations and passage requirements; diet and 

foraging behaviour; reproductive biology; spawning habitats; and larval/juvenile requirements 

(Arthington et al., 1999). Fish release their eggs into the environment in accordance with the 

availability of suitable temperatures, habitats and food sources that promote the growth and 

development of their progenies (Potts & Wootton, 1984; Cushing, 1990; Jobling, 1995; 

Arthington et al., 1999). Therefore an understanding of the frequency and duration of spawning 

is a major management tool for year-class strength in fish populations, which is crucial for their 

effective management (Arthington et al., 1999; Bok, 2013).  

The inclusion of small-bodied fish in EWR assessments is essential to gain an understanding of 

fish assemblage structure and dynamics, and may be particularly important in detecting the 

more subtle effects of impoundment and discharge regulation on stream habitats and ecological 

processes (Sparks, 1992; Arthington et al., 1999; Pusey et al., 1999). The study of smaller 
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species is also essential in developing finely tuned EWR recommendations. A prime objective of 

EWR allocations is to preserve biological diversity and to protect rare and threatened species of 

high conservation significance, like Pseudobarbus quathlambae (Arthington et al., 1999). 

Anthropogenic activities like the construction of barriers, stocking programmes and controls on 

recreational fishing may have the same or even higher impact on the presence and abundance 

of native fish species (Arthington et al., 1999).  

Relating flow characteristics to the habitat, food and spawning requirements of fish is crucial in 

the success of these species, especially in remote and poorly studied rivers of the Lesotho 

Highlands (Arthington et al., 1999). Often, the minimum suitable flow is based almost completely 

on predictions of instream habitat availability matched against the habitat preferences of one or 

a few fish species (Arthington & Pusey, 1993; Petts & Maddock, 1996; Jowett, 1997; Pusey, 

1998; Arthington et al., 1999). These aspects help to identify appropriate scales of management 

and to explain range restrictions and local declines in fish abundances (Paxton & King, 2009). 

More specific conservation and management actions relating to aquatic habitat in the Senqu 

River and its tributaries are important (Paxton & King, 2009). According to Nel et al. (2006), the 

successful management and conservation of fish species depend on education and awareness, 

protection and rehabilitation, fish sanctuaries, enforcement, monitoring and alien fish 

eradication. 

The maintenance of fish populations and assemblages ensures that the recreational fishing 

potential of waterways and the production of fish for human consumption will be preserved, and 

the biological integrity of the aquatic ecosystem maintained (Arthington et al., 1999). The 

concentration is often focused on the conservation of large-bodied fish and their habitats in 

order to increase public awareness of the aquatic environment and its values (Arthington et al., 

1999). Without a basic ecological understanding of how every fish species or community 

responds to changes in flow, levels of confidence in the predictions of EWR assessments – 

which include measured depth and velocity data, cross-sectional profiles, flow duration curves 

and flood-class frequencies (Brown et al., 2006; Paxton & King, 2009) – will remain low (Paxton 

& King, 2009). This may be particularly important in water-stressed catchments where fish or 

invertebrates are accorded high conservation status, or may be in imminent danger of extinction 

(Paxton & King, 2009). These methods are especially useful in situations where medical and 

environmental scientists, engineers, planners and policy-makers have to make urgent decisions 

about the protection of human health and the management of natural resources on the basis of 

uncertain, complex and incomplete information (Roe & Van Eeten, 2001; Paxton & King, 2009). 
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The following list of information requirements has been proposed by Pusey et al. (1999) as part 

of a protocol for assessing the flow requirements for fish at various spatial scales within the 

landscape:  

 composition of the fish fauna,  

 species distributions in the catchment and relationships between hydrology and 

distribution patterns,  

 quantitative data on the habitat requirements of each fish species and of each life cycle 

history stage of each species and relationships with hydrology,  

 dietary requirements of fish species and the influence of hydrology on production and 

availability of food resources,  

 an understanding of patterns of fish movement and their relationship to hydrology,  

 the basic life history of each species and its relationship to hydrology,  

 an understanding of inter-specific interactions between fish species and their relationship 

to hydrology, including the effects of alien species, and 

 an understanding of ecological linkages between the surrounding landscape, hydrology 

and community metabolism in rivers. 

Prior to the launch of Phase I of the Lesotho Highlands Water Project (LHWP) in the 1990s, 

very little local ichthyological information was available. Although limited, interest in the fish of 

Lesotho was initially associated with the establishment of trout populations for a local angling 

industry from the 1930s to the 1960s. Only in the 1960s the attention of fishery research shifted 

towards local species and included initial research on the biology and ecology of local species. 

During this period, the research focused on the now endangered Maluti minnow and on the 

migration ecology of cyprinids which migrated in great numbers from the Lower Senqu/Orange 

River into Lesotho. From the late 1990s, with the launch of the Lesotho Highlands Water 

Project, the interest in the fish species of Lesotho changed radically after considering the 

approaches established in Phase I and the outcomes of the use of fish to contribute to the 

establishment of EWRs for the construction of the Katse and Mohale Dams. Prior to the launch 

of Phase II of the LHWP in March 2014 by the LHDA, an overall evaluation of the cumulative 

impacts of the Polihali Dam on the Senqu River and its fish was required. This study (M.Sc. 

project) was commissioned by the LHDA to form part of this overall evaluation and to make a 

contribution towards determining the EWRs in the Senqu River downstream of the proposed 

construction site of the new Polihali Dam. The aim of this study, as stated in Chapter 1, was to 

use fish as ecological indicators to evaluate the present ecological state and to determine the 

EWRs in the study area. To achieve this aim the following objectives and hypotheses were 

respectively set and tested for this study:  
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5.1 The influence of flow and temperature changes on the recruitment of cyprinids in the 

Senqu River 

The first objective of this study was to determine the influence of flows and temperature 

changes on the recruitment of fish in the Senqu River. This was achieved by determining the 

age of 198 larval L. aeneus and L. capensis by means of their sagittae otoliths in order to 

determine their respective recruitment periods, and relating the data to annual water discharge 

and temperatures (Chapter 2). The results illustrated that flow and temperature affect 

recruitment periods of L. aeneus and L. capensis. The corresponding hypothesis (Hypothesis 1) 

was that the recruitment period of cyprinids of the Senqu River will occur in November and is 

dependent on temperature. Winter recruitment was evident between April and June periods, 

and summer recruitment between November and December. These fish species require optimal 

water temperatures (at least 18 0C) and water flows (12.5 m3/s) to reproduce successfully and 

ensure new recruits, but water temperatures varied between 4.9 °C and 6.3 °C in winter and 

between 20.3 °C and 22.5 °C in summer at upstream sites IFR P1 and IFR P2. At downstream 

sites IFR 5 and IFR 6 the higher water temperatures, which is caused by weirs/impoundments 

and the increase in the amount of suspended solids, sedimentation and organic materials in the 

Senqu River, as these particles absorb sunlight, varied between 7 °C and 9 °C in winter and 

between 21 °C and 24 °C in summer (Rossouw, 2014). The hypothesis was thus rejected. 

5.2. Direct and indirect effects of flow alterations on the feeding biology of selected fish 

in the Senqu River 

The second objective of this study was to determine the direct and indirect effects of flow 

alterations on the feeding biology of selected fish of the Senqu River. This was achieved by 

performing a gut content analysis of L. aeneus and A. sclateri (Chapter 2). Hypothesis 2, related 

to this objective, was that L. aeneus and A. sclateri will rely on macroinvertebrates as the main 

food source during both winter and summer. Only 37% of the diet of L. aeneus (mainly 

Hydropsychidae and Simuliidae) consisted of macroinvertebrates with 63% of the diet consisting 

mainly of diatoms and algae belonging to the genera Nitzschia, Diadesmis, Cymbella, 

Aulacoseira and Euglena. In winter, the diet of A. sclateri consisted mainly of 

macroinvertebrates, namely Chironomidae, Simuliidae, Hydropsychidae, Oligochaeta and 

Culicidae, when water flow, water temperatures and turbidity decrease, conditions particularly 

favourable for Simuliidae larvae. However, L. aeneus relied more on macrophytes and diatoms 

as food source in summer periods. The hypothesis was thus rejected. This section of the study 

also clearly demonstrated that it is crucial to manage/monitor the discharge of the water to 

optimum levels, because it affects not only the spawning and behaviour of these fish, but also 

the food sources of these fish species. Injudicious flow releases from these impoundments may 

lead to these preferred food sources being washed away or being buried deep under the river's 

substrates.  
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5.3 Population structures and fish assemblages in the Senqu River 

The third objective of this study was to use population structures to evaluate the wellbeing of 

fish communities in the Senqu River. This was achieved by collecting fish at five sites during 

winter 2013 and summer 2014 within the study area (Chapter 2). Hypothesis 3, relevant to this 

objective, stated that L. aeneus would be the most abundant species in this study area. A total 

of 312 L. aeneus were collected for winter and summer, making it the most abundant species 

and corroborating the findings of the Bok (2013) and Arthington (1999) studies. Juveniles (100-

149 mm) formed the bulk of the populations that were sampled mainly at sites IFR P2 and IFR 

5. The hypothesis was thus accepted. Labeo capensis was the second most abundant fish 

species collected. Austroglanis sclateri, however, was the only fish species that was found in 

higher numbers in winter than in summer, and was the third most abundant fish species 

collected. Oncorhynchus mykiss were found only at the upstream study areas, where other fish 

species were found in very low numbers at sites IFR 5 and IFR 6. The correct management of 

these Lesotho rivers is crucial to ensure the wellbeing of the indigenous fish species in the 

Senqu River, which are under stress from anthropogenic activities, such as impoundments 

which cause siltation and fragmentation, water quality alterations and an increase in water 

temperatures. Poor land–use practices eventually lead to erosion, which also increases siltation 

and loss of habitat of fish populations (Chapter 4).  

5.4 Habitat preferences and migration requirements of fish in the Senqu River 

The results presented in Chapter 3 demonstrated that fishes have habitat preferences (based 

on habitat preferences using fish data per effort) and that reduced flows (currently applicable to 

sites) affect habitat availability and diversity that, if reduced, would affect fish. Thus this chapter 

deals with the instream flows needed to maintain populations based on habitat preferences 

alone. The fourth objective of this study was to use the habitat preferences and migration 

requirements of fish to evaluate the effects of flow alterations on the Senqu River. This was 

achieved by multivariate statistical analyses of fish communities, habitat and important variables 

associated with spatial and temporal variation in these fish communities. Hypothesis 4, related 

to this objective, stated that the habitat preference of L. aeneus and A. sclateri will depend on 

flow and both species preferring clear fast-flowing water at the upstream sites (IFR P1 and IFR 

P2). The results clearly showed that L. aeneus was associated with shallow, slow-moving and 

fast-flowing habitat types, where available, with a diversity of substrata and cover features, while 

A. sclateri and O. mykiss were associated with shallow, uniform, fast-flowing areas with sandy 

substrates. The hypothesis was thus accepted. The remainder of the fish species sampled, 

such as L. kimberleyensis, L. capensis, L. umbratus and C. gariepinus were associated with 
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sandy substrata in a broad channel with relatively uniform fast-flowing glide habitats. It is 

evident that the upper sites are more favourable for L. aeneus and A. sclateri populations, and 

that those downstream fish communities and their migrations are affected by these 

environmental driver variables.  

The loss of habitat within the Senqu River caused by the construction of upstream and 

downstream dams and weirs has disrupted the migration of cyprinid species within the system, 

namely L. aeneus, L. kimberleyensis, L. capensis and L. umbratus. Increasing demand for water 

due to population growth will eventually lead to the construction of more water storage 

reservoirs. This situation will not only alter the flow of the Senqu River, but can cause further 

fragmentation, which eventually leads to loss of river habitat. This will affect the spawning 

behaviour of fish, but will also affect riparian vegetation. Weirs can act as migratory barriers and 

could prevent local migratory fish species from migrating for breeding and dispersion purposes. 

The absence of fish species that are dependent on flow for breeding such as L. aeneus, L. 

kimberleyensis and A. sclateri is a further indication that flow has diminished. Flow alterations 

due to sedimentation and barriers are affecting the habitat availability for fish at these 

downstream sites. Consequently, it is important to manage/monitor the effects of anthropogenic 

activities on these fish communities, and to ensure the conservation of endangered fish species. 

However, injudicious management of the dam releases could negatively impact the seasonality 

and flow regime of the Senqu River. 

5.5 The effect of anthropogenic activities on fish in the Senqu River  

In comparison to Chapter 3, this chapter showed which variables affect which community shifts 

and which habitats are important, because important existing habitat availability affects the 

community structure at each site. The fifth objective of this study was to use the Fish Response 

Assessment Index (FRAI) and shifts in fish community structures to evaluate the effects of 

anthropogenic activities on fish in the Senqu River. This was achieved by applying FRAI and 

multivariate statistical analyses of the relationships between fish communities and habitat 

variables (Chapter 4). Hypothesis 5 stated that anthropogenic activities would have a greater 

impact on the wellbeing of fish communities at downstream sites (IFR 5 and IFR 6). In 

particular, the state of the fish communities at site IFR P1 directly below the proposed site of the 

Polihali Dam has deteriorated to a moderately modified state. Main determinants (or driver 

variables) contributing to the altered state of the fish communities were identified as habitat 

state alterations – including sedimentation and a reduction in cover features – and the effect of 

barriers on the upstream migration of cyprinids, in particular on the Upper Orange River and 

Lower Senqu River.  
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Likewise, the state of the fish communities at site IFR P2 was observed to occur in a moderately 

modified state (slightly worse than IFR P1). In similar fashion, the main drivers contributing to 

the altered state of the fish communities at this site included habitat modifications, reduction in 

the abundance of cover features and the effect of barriers on the migration of cyprinids in 

summer.  

The fish communities at site IFR 5 have been reduced to a moderately modified to largely 

modified state. The main drivers contributing to the altered state of the fish communities at site 

IFR 5 include modifications to the distributions and abundances of velocity-depth habitat types 

associated with altered flows from the Katse Dam, and upstream land-use practices primarily 

impacting the site during winter, as well as the effect of barriers on upstream migrations of 

cyprinids in summer. Interestingly enough, within the vicinity of site IFR 5, it was found that 

some adult yellowfish (L. aeneus and L. kimberleyensis and L. capensis) individuals maintain 

viable populations in the Senqu River and do not migrate into the lower reaches of the river or 

into the Orange River in South Africa.  

The fish communities at site IFR 6 were also observed to be in a moderately modified to largely 

modified state (worse in winter). Here the extensive alterations to instream habitats, particularly 

substrate types, have reduced the average depth and altered the flow-dependent habitat 

profiles at the site. Downstream barriers were again identified as important driver variables 

affecting fish wellbeing. Hypothesis 5 is thus accepted. 

5.6 Recommendations 

In consideration of the availability of evidence for this study, the approach established and the 

outcomes of the study, it is recommend that:  

 additional research be carried out to improve our understanding of the relationships 

between the flow and the biology and ecology of the fish that occur in, and migrate into, 

the study area; 

 an evaluation of the effect of the existing barriers to cyprinid migrations be undertaken 

as a matter of urgency, as these barriers were identified as major variables negatively 

impacting the wellbeing of the fish communities, and the availability of fish for 

subsistence fisheries; 

 monitoring data be continuously collected to further understand the relationships 

between the changes in flows in the study area and the response of local fish, in the 

context of the endpoints considered in the study; and 

 more in-depth research be conducted on the biology and ecology of the rock catfish (A. 

sclateri). 
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APPENDICES 

APPENDIX A: FISH DATA COLLECTION SHEETS USED IN THE STUDY FOR THE FISH 

ASSESSMENT  
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E
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No of efforts/time:

Start date/time
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Species
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No

S

E
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No of efforts/time:

Start date/time

End date/time
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Cover 
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distribution)
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distribution)

Sampling method
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Effectiveness
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Sizes (SL - mm), abnormalities (A) 
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GPS Co-ordinate system:
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velocity (m/s)
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New Effort

Habitat variables

System

Sizes (SL - mm), abnormalities (A) 

/additional information

Average 

depth (mm):

Substrate (% 
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Sampling method

Effort Number

New Effort

Average 

depth (mm):

Average 

velocity (m/s)

Effort Number

GPS Co-ordinate system:
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APPENDIX B: FISH AGEING DATA FOR DETERMINING RECRUITMENT OF SELECTED FISHES IN THE SENQU RIVER, LESOTHO 

CODE Meaning 

Species LAEN; LCAP; ASCL and OMYK 

SL Standard length 

Date Date of collection 

1 Otolith left 

2 Otolith right 

C1(1) Counter 1 (first count) 

C2(1) Counter 2 (first count) 

C1(2) Counter 1 (second count) 

C2(1) Counter 2 (second count) 

Mean Mean of both otolith counts 

Average Mean of all counts by both counters 

Recruitment Date subtracted by average (days) 
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August 2013 
 

 
Site: IFR P1 

 
1 2 

 
1 2 

 
1 2 

 
1 2 

   

Species Date SL C1(1) 
 

C1(1) 
 

Mean C2(1) 
 

C2(1) Mean C1(2) 
 

C1(2) 
 

Mean C2(1) 
 

C2(1) 
 

Mean Average Recruitment 

LAEN 1 06/08/2013 58 108 
 

105 
 

106.5 122 
 

105 113.5 110 
 

110 
 

110 118 
 

106 
 

112 111 2013/04/17 

LAEN 2 06/08/2013 55 113 
   

113 103 
  

103 111 
   

111 105 
   

105 108 2013/04/20 

LAEN 3 06/08/2013 58 109 
   

109 99 
  

99 105 
   

105 100 
   

100 103 2013/04/25 

LAEN 4 06/08/2013 55 125 
   

125 109 
  

109 125 
   

125 114 
   

114 118 2013/04/10 

LAEN 5 06/08/2013 55 110 
 

107 
 

108.5 115 
 

109 112 105 
 

106 
 

105.5 111 
 

106 
 

108.5 109 2013/04/19 

LAEN 6 06/08/2013 50 105 
   

105 97 
  

97 106 
   

106 101 
   

101 102 2013/04/26 

LAEN 7 06/08/2013 48 95 
   

95 93 
  

93 98 
   

98 95 
   

95 95 2013/05/03 

LAEN 8 06/08/2013 47 86 
   

86 83 
  

83 87 
   

87 85 
   

85 85 2013/05/13 

                        
  

ASCL 1 06/08/2013 60 68 
   

68 59 
  

59 66 
   

66 61 
   

61 64 2013/06/03 

ASCL 2 06/08/2013 63 70 
   

70 62 
  

62 75 
   

75 65 
   

65 68 2013/05/30 

ASCL 3 06/08/2013 30 51 
   

51 47 
  

47 53 
   

53 50 
   

50 50 2013/06/17 

 

Site: Linakeng  
1 2 

 
1 2 

 
1 2 

 
1 2 

   

Species Date SL C1(1) 
 

C1(1) 
 

Mean C2(1) 
 

C2(1) Mean C1(2) 
 

C1(2) 
 

Mean C2(1) 
 

C2(1) 
 

Mean Average Recruitment 

LAEN 1 07/08/2013 60 105 
 

112 
 

108.5 120 
 

107 113.5 113 
 

106 
 

109.5 116 
 

105 
 

110.5 111 2013/04/18 

LAEN 2 07/08/2013 55 104 
 

107 
 

105.5 84 
 

90 87 107 
 

111 
 

109 92 
 

95 
 

93.5 99 2013/04/30 

LAEN 3 07/08/2013 60 98 
   

98 84 
  

84 98 
   

98 90 
   

90 93 2013/05/06 

LAEN 5 07/08/2013 50 90 
   

90 111 
  

111 100 
   

100 108 
   

108 102 2013/04/27 

LAEN 6 07/08/2013 30 79 
   

79 73 
  

73 75 
   

75 75 
   

75 76 2013/05/23 

LAEN 7 07/08/2013 47 90 
 

94 
 

92 89 
 

92 90.5 100 
 

103 
 

101.5 90 
 

92 
 

91 94 2013/05/05 

LAEN 9 07/08/2013 45 75 
   

75 69 
  

69 71 
   

71 72 
   

72 72 2013/05/27 

LAEN 12 07/08/2013 28 60 
   

60 67 
  

67 65 
   

65 66 
   

66 65 2013/06/03 
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LAEN 13 07/08/2013 30 57 
   

57 55 
  

55 58 
   

58 55 
   

55 56 2013/06/12 

LAEN 14 07/08/2013 34 61 
   

61 51 
  

51 62 
   

62 53 
   

53 57 2013/06/11 

LAEN 15 07/08/2013 30 65 
   

65 54 
  

54 63 
   

63 55 
   

55 59 2013/06/09 

LAEN 16 07/08/2013 33 67 
   

67 60 
  

60 67 
   

67 62 
   

62 64 2013/06/04 

 

 

 

 

 

Site: IFR P2  
1 2 

 
1 2 

 
1 2 

 
1 2 

   

Species Date SL C1(1) 
 

C1(1) 
 

Mean C2(1) 
 

C2(1) Mean C1(2) 
 

C1(2) 
 

Mean C2(1) 
 

C2(1) 
 

Mean Average Recruitment 

LAEN 1 08/08/2013 50 115 
   

115 110 
  

110 115 
   

115 111 
   

111 113 2013/04/17 

LAEN 2 08/08/2013 57 112 
   

112 108 
  

108 120 
   

120 110 
   

110 113 2013/04/17 

LAEN 3 08/08/2013 50 114 
   

114 110 
  

110 110 
   

110 111 
   

111 111 2013/04/19 

LAEN 4 08/08/2013 57 101 
   

101 114 
  

114 99 
   

99 110 
   

110 106 2013/04/24 

LAEN 6 08/08/2013 45 93 
   

93 92 
  

92 92 
   

92 93 
   

93 93 2013/05/07 

LAEN 7 08/08/2013 45 90 
   

90 81 
  

81 85 
   

85 87 
   

87 86 2013/05/14 

LAEN 8 08/08/2013 45 100 
   

100 95 
  

95 105 
   

105 99 
   

99 100 2013/04/30 

LAEN 9 08/08/2013 40 90 
   

90 92 
  

92 100 
   

100 96 
   

96 95 2013/05/05 

LAEN 10 08/08/2013 40 94 
 

86 
 

90 88 
 

95 91.5 105 
 

94 
 

99.5 90 
 

93 
 

91.5 93 2013/05/07 

LAEN 11 08/08/2013 45 103 
   

103 105 
  

105 95 
   

95 104 
   

104 102 2013/04/28 

LAEN 12 08/08/2013 39 96 
 

93 
 

94.5 90 
 

93 91.5 101 
 

102 
 

101.5 92 
 

92 
 

92 95 2013/05/05 

LAEN 13 08/08/2013 45 102 
   

102 100 
  

100 104 
   

104 102 
   

102 102 2013/04/28 

LAEN 14 08/08/2013 40 110 
 

114 
 

112 112 
 

113 112.5 108 
   

108 110 
   

110 111 2013/04/19 

LAEN 15 08/08/2013 35 102 
 

103 
 

102.5 98 
 

108 103 106 
 

105 
 

105.5 106 
   

106 104 2013/04/26 
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LAEN 16 08/08/2013 48 113 
 

109 
 

111 106 
 

108 107 110 
 

115 
 

112.5 110 
 

110 
 

110 110 2013/04/20 

LAEN 17 08/08/2013 45 104 
   

104 95 
  

95 110 
   

110 100 
   

100 102 2013/04/28 

LAEN 18 08/08/2013 40 104 
   

104 98 
  

98 112 
   

112 99 
   

99 103 2013/04/27 

LAEN 19 08/08/2013 48 100 
 

103 
 

101.5 93 
 

107 100 105 
   

105 96 
 

104 
 

100 102 2013/04/28 

LAEN 20 08/08/2013 50 110 
 

116 
 

113 111 
 

120 115.5 110 
 

114 
 

112 110 
 

109 
 

109.5 113 2013/04/17 

LAEN 21 08/08/2013 43 88 
   

88 98 
  

98 90 
   

90 95 
   

95 93 2013/05/07 

LAEN 22 08/08/2013 40 112 
 

107 
 

109.5 107 
 

111 109 111 
 

106 
 

108.5 111 
 

105 
 

108 109 2013/04/21 

LAEN 23 08/08/2013 43 103 
   

103 93 
  

93 100 
   

100 95 
   

95 98 2013/05/02 

LAEN 24 08/08/2013 45 115 
   

115 110 
  

110 108 
   

108 110 
   

110 111 2013/04/19 

LAEN 25 08/08/2013 43 114 
 

116 
 

115 111 
 

110 110.5 108 
 

110 
 

109 111 
 

113 
 

112 112 2013/04/18 

LAEN 26 08/08/2013 45 112 
 

112 
 

112 92 
 

100 96 109 
 

125 
 

117 98 
 

102 
 

100 106 2013/04/24 

LAEN 27 08/08/2013 41 101 
 

105 
 

103 102 
 

98 100 109 
 

100 
 

104.5 106 
 

99 
 

102.5 103 2013/04/27 

LAEN 28 08/08/2013 43 103 
 

99 
 

101 108 
 

102 105 100 
 

98 
 

99 105 
 

97 
 

101 102 2013/04/28 

LAEN 29 08/08/2013 38 105 
 

107 
 

106 92 
 

95 93.5 97 
 

102 
 

99.5 100 
 

101 
 

100.5 100 2013/04/30 

LAEN 30 08/08/2013 37 100 
 

100 
 

100 91 
 

96 93.5 102 
 

92 
 

97 95 
 

95 
 

95 96 2013/05/04 

                        
  

ASCL 1 08/08/2013 45 60 
 

63 
 

61.5 57 
 

58 57.5 55 
 

54 
 

54.5 59 
 

59 
 

59 58 2013/06/11 

ASCL 2 08/08/2013 40 52 
   

52 49 
  

49 48 
   

48 50 
   

50 50 2013/06/19 

ASCL 3 08/08/2013 38 58 
   

58 57 
  

57 56 
   

56 57 
   

57 57 2013/06/12 

ASCL 4 08/08/2013 43 60 
   

60 53 
  

53 52 
   

52 54 
   

54 55 2013/06/14 

ASCL 5 08/08/2013 35 44 
 

45 
 

44.5 40 
 

44 42 42 
 

44 
 

43 40 
 

44 
 

42 43 2013/06/26 

ASCL 6 08/08/2013 38 57 
 

52 
 

54.5 45 
 

48 46.5 55 
 

50 
 

52.5 47 
 

49 
 

48 50 2013/06/19 

 

Site: IFR 5  
1 2 

 
1 2 

 
1 2 

 
1 2 

   

Species Date SL C1(1) 
 

C1(1) 
 

Mean C2(1) 
 

C2(1) Mean C1(2) 
 

C1(2) 
 

Mean C2(1) 
 

C2(1) 
 

Mean Average Recruitment 

LAEN 1 10/08/2013 55 100 
   

100 60 
  

60 90 
   

90 70 
   

70 80 2013/05/22 

LAEN 2 10/08/2013 55 115 
   

115 95 
  

95 110 
   

110 100 
   

100 105 2013/04/27 

LAEN 3 10/08/2013 35 90 
 

90 
 

90 89 
 

89 89 88 
 

86 
 

87 90 
 

89 
 

89.5 89 2013/05/13 

LAEN 4 10/08/2013 30 60 
   

60 59 
  

59 66 
   

66 60 
   

60 61 2013/06/10 
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2013/08/10 

LCAP 1 10/08/2013 50 80 
   

80 84 
  

84 75 
   

75 82 
   

82 80 2013/05/22 

LCAP 2 10/08/2013 46 99 
   

99 90 
  

90 95 
   

95 93 
   

93 94 2013/05/08 

LCAP 4 10/08/2013 40 66 
   

66 66 
  

66 65 
   

65 66 
   

66 66 2013/06/05 

 

 

 

 

 

January 2014 

Site: IFR P2  
1 2 

 
1 2 

 
1 2 

 
1 2 

   

Species Date SL C1(1) 
 

C1(1) 
 

Mean C2(1) 
 

C2(1) Mean C1(2) 
 

C1(2) 
 

Mean C2(1) 
 

C2(1) 
 

Mean Average Recruitment 

LAEN 1 23/01/2014 30 72 
 

68 
 

70 70 
 

67 68.5 71 
 

(break) x 
71 71    

71 70 2013/11/14 

LAEN 2 23/01/2014 27 65 
   

65 74 
  

74 75 
 

x 
 

75 72 
  

72 72 2013/11/12 

LAEN 3 23/01/2014 27 62 
 

64 
 

63 60 
 

66 63 65 
 

66 
 

65.5 68 
 

68 
 

68 65 2013/11/19 

LAEN 4 23/01/2014 25 61 
   

61 64 
  

64 66 
 

x x 66 57 
   

57 62 2013/11/22 

LAEN 5 23/01/2014 27 60 
 

59 
 

59.5 58 
 

66 62 61 
 

66 
 

63.5 70 
 

67 
 

68.5 63 2013/11/21 

LAEN 6 23/01/2014 26 55 
 

58 
 

56.5 62 
 

60 61 64 
 

60 
 

62 62 
 

59 
 

60.5 60 2013/11/24 

LAEN 7 23/01/2014 22 55 
 

60 
 

57.5 66 
 

65 65.5 63 
 

63 
 

63 64 
 

66 
 

65 63 2013/11/21 

LAEN 8 23/01/2014 27 57 
   

57 55 
  

57.5 58 
   

58 56 
   

54 57 2013/11/27 

LAEN 9 23/01/2014 25 55 
 

57 
 

56 60 
 

60 63 62 
 

57 
 

59.5 52 
 

54 
 

58.5 59 2013/11/25 

LAEN 10 23/01/2014 26 65 
 

58 
 

61.5 66 
 

63 64.5 65 
 

66 
 

65.5 65 
 

60 
 

62.5 64 2013/11/20 

LAEN 11 23/01/2014 25 63 
 

64 
 

63.5 68 
 

66 67 67 
 

65 
 

66 67 
 

66 
 

66.5 66 2013/11/18 

LAEN 12 23/01/2014 22 57 
   

57 60 
  

60 59 
   

59 58 
   

58 59 2013/11/25 
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LAEN 13 23/01/2014 25 46 
 

57 
 

51.5 
  

63 63 72 
 

64 
 

68 65 
 

68 
 

66.5 62 2013/11/22 

LAEN 14 23/01/2014 26 59 
 

62 
 

60.5 67 
 

65 66 68 
 

66 
 

67 70 
 

64 
 

67 65 2013/11/19 

LAEN 15 23/01/2014 28 66 
   

66 66 
  

66 66 
   

66 69 
   

69 67 2013/11/17 

LAEN 16 23/01/2014 27 56 
 

60 
 

58 59 
  

59 72 
 

65 
 

68.5 70 
 

64 
 

67 63 2013/11/21 

LAEN 17 23/01/2014 24 68 
 

68 
 

68 71 
 

70 70.5 75 
 

70 
 

72.5 72 
 

70 
 

71 71 2013/11/13 

LAEN 18 23/01/2014 22 60 
 

58 
 

59 64 
 

63 63.5 65 
 

61 
 

63 64 
 

62 
 

63 62 2013/11/22 

LAEN 19 23/01/2014 23 59 
 

58 
 

58.5 64 
 

62 63 62 
 

62 
 

62 60 
 

65 
 

62.5 62 2013/11/22 

LAEN 20 23/01/2014 25 59 
 

60 
 

59.5 71 
 

63 67 62 
 

64 
 

63 69 
 

64 
 

66.5 64 2013/11/20 

LAEN 21 23/01/2014 23 64 
 

66 
 

65 70 
 

67 68.5 65 
 

71 
 

68 64 
 

62 
 

63 66 2013/11/18 

LAEN 22 23/01/2014 24 65 
 

70 
 

67.5 72 
 

66 69 67 
 

64 
 

65.5 65 
 

66 
 

65.5 67 2013/11/17 

LAEN 23 23/01/2014 23 67 
   

67 67 
  

67 68 
   

68 66 
   

66 67 2013/11/17 

LAEN 24 23/01/2014 25 62 
 

64 
 

63 56 
 

60 58 65 
 

65 
 

65 64 
 

65 
 

64.5 63 2013/11/21 

LAEN 25 23/01/2014 25 65 
 

64 
 

64.5 62 
 

62 62 64 
 

63 
 

63.5 63 
 

62 
 

62.5 63 2013/11/21 

LAEN 26 23/01/2014 19 40 
   

40 56 
  

56 67 
   

67 58 
   

58 55 2013/11/29 

LAEN 27 23/01/2014 23 60 
 

65 
 

62.5 36 
 

64 50 58 
 

66 
 

62 60 
 

62 
 

61 59 2013/11/25 

LAEN 28 23/01/2014 23 60 
 

58 
 

59 56 
 

63 59.5 62 
 

59 
 

60.5 58 
 

63 
 

60.5 60 2013/11/24 

LAEN 29 23/01/2014 24 58 
 

61 
 

59.5 
  

65 65 62 
 

64 
 

63 60 
 

66 
 

63 63 2013/11/21 

LAEN 30 23/01/2014 30 66 
 

62 
 

64 66 
 

56 61 65 
 

58 
 

61.5 62 
 

58 
 

60 62 2013/11/22 

  

Site IFR P2  
1 2 

 
1 2 

 
1 2 

 
1 2 

   

Species Date SL C1(1) 
 

C1(1) 
 

Mean C2(1) 
 

C2(1) Mean C1(2) 
 

C1(2) 
 

Mean C2(1) 
 

C2(1) 
 

Mean Average Recruitment 

OMYK 1 23/01/2014 100 127 
   

127 140 
  

140 133 
   

133 134 
   

134 134 2013/09/11 

OMYK 2 23/01/2014 90 145 
   

145 135 
  

135 155 
   

155 135 
   

135 143 2013/09/02 

OMYK 3 23/01/2014 100 130 
   

130 136 
  

136 143 
   

143 133 
   

133 136 2013/09/09 

OMYK 4 23/01/2014 80 120 
   

120 121 
  

121 133 
   

133 122 
   

122 124 2013/09/21 

OMYK 5 23/01/2014 70 120 
   

120 137 
  

137 135 
   

135 135 
   

135 132 2013/09/13 

                        
  

ASCL 1 23/01/2014 100 126 
   

126 111 
  

111 138 
   

138 120 
   

120 124 2013/09/21 
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Site: IFR 5  
1 2 

 
1 2 

 
1 2 

 
1 2 

   

Species Date SL C1(1) 
 

C1(1) 
 

Mean C2(1) 
 

C2(1) Mean C1(2) 
 

C1(2) 
 

Mean C2(1) 
 

C2(1) 
 

Mean Average Recruitment 

LAEN 1 26/01/2014 30 65 
 

66 
 

65.5 81 
 

85 83 79 
 

70 
 

74.5 79 
 

84 
 

81.5 76 2013/11/11 

LAEN 2 26/01/2014 28 74 
   

74 71 
  

71 69 
   

69 72 
   

72 72 2013/11/15 

LAEN 3 26/01/2014 22 64 
   

64 75 
  

75 69 
   

69 69 
   

69 69 2013/11/18 

LAEN 4 26/01/2014 23 69 
 

67 
 

68 70 
 

71 70.5 68 
 

68 
 

68 71 
 

67 
 

69 69 2013/11/18 

LAEN 5 26/01/2014 28 61 
 

59 
 

60 65 
 

73 69 66 
 

65 
 

65.5 70 
 

74 
 

72 67 2013/11/20 

LAEN 6 26/01/2014 24 65 
   

65 83 
  

83 79 
   

79 78 
   

78 76 2013/11/11 

LAEN 7 26/01/2014 28 67 
 

68 
 

67.5 54 
 

87 70.5 77 
 

74 
 

75.5 64 
 

85 
 

74.5 72 2013/11/15 

LAEN 8 26/01/2014 30 68 
 

66 
 

67 
  

83 83 73 
 

77 
 

75 76 
 

80 
 

74 75 2013/11/12 

LAEN 9 26/01/2014 26 72 
 

58 
 

65 79 
  

79 75 
 

84 
 

79.5 72 
 

78 
 

77.5 75 2013/11/12 

LAEN 10 26/01/2014 29 73 
   

73 84 
  

84 76 
   

76 83 
   

83 79 2013/11/08 

LAEN 11 26/01/2014 26 64 
 

71 
 

67.5 85 
 

79 82 78 
 

72 
 

75 81 
 

86 
 

83.5 77 2013/11/10 

LAEN 12 26/01/2014 29 67 
 

65 
 

66 89 
 

73 81 81 
 

72 
 

76.5 87 
 

78 
 

82.5 77 2013/11/10 

LAEN 13 26/01/2014 29 73 
 

66 
 

69.5 78 
 

70 74 75 
 

67 
 

71 80 
 

74 
 

77 73 2013/11/14 

LAEN 14 26/01/2014 29 80 
   

80 89 
  

89 78 
   

78 84 
   

84 83 2013/11/04 
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LAEN 15 26/01/2014 26 66 
 

57 
 

61.5 73 
  

73 69 
 

68 
 

68.5 69 
   

69 68 2013/11/19 

LAEN 16 26/01/2014 30 79 
 

75 
 

77 85 
 

83 84 79 
 

79 
 

79 80 
 

80 
 

80 80 2013/11/07 

LAEN 17 26/01/2014 29 78 
 

71 
 

74.5 90 
 

83 86.5 80 
 

77 
 

78.5 88 
 

87 
 

87.5 82 2013/11/05 

LAEN 18 26/01/2014 26 68 
 

64 
 

66 73 
 

65 69 69 
 

68 
 

68.5 64 
 

62 
 

63 67 2013/11/20 

LAEN 19 26/01/2014 20 70 
 

68 
 

69 72 
 

70 71 73 
 

69 
 

71 70 
 

69 
 

69.5 70 2013/11/17 

LAEN 20 26/01/2014 25 63 
   

63 70 
  

70 68 
   

68 66 
   

66 67 2013/11/20 

LAEN 21 26/01/2014 25 64 
 

63 
 

63.5 67 
 

67 67 66 
 

65 
 

65.5 64 
 

65 
 

64.5 65 2013/11/22 

LAEN 22 26/01/2014 22 69 
 

59 
 

64 68 
 

65 66.5 65 
 

62 
 

63.5 63 
 

67 
 

65 65 2013/11/22 

LAEN 23 26/01/2014 26 60 
 

67 
 

63.5 69 
 

73 71 67 
 

67 
 

67 69 
 

72 
 

70.5 68 2013/11/19 

LAEN 24 26/01/2014 25 56 
 

61 
 

58.5 54 
 

59 56.5 55 
 

59 
 

57 50 
 

57 
 

53.5 56 2013/12/01 

LAEN 25 26/01/2014 23 68 
 

71 
 

69.5 76 
 

88 82 69 
 

70 
 

69.5 72 
 

80 
 

76 74 2013/11/13 

LAEN 26 26/01/2014 26 67 
 

60 
 

63.5 67 
 

72 69.5 66 
 

61 
 

63.5 57 
 

65 
 

61 64 2013/11/23 

LAEN 27 26/01/2014 20 55 
 

57 
 

56 61 
 

60 60.5 59 
 

57 
 

58 65 
 

58 
 

61.5 59 2013/11/28 

LAEN 28 26/01/2014 22 44 
   

44 55 
  

55 50 
   

50 51 
   

51 50 2013/12/07 

LAEN 29 26/01/2014 23 56 
   

56 62 
  

62 59 
   

59 61 
   

61 60 2013/11/27 

LAEN 30 26/01/2014 25 60 
   

60 67 
  

67 62 
   

62 67 
   

67 64 2013/11/23 

                        
  

LCAP 1 26/01/2014 27 51 
   

51 40 
  

39.5 49 
   

49 46 
   

46 46 2013/12/11 

LCAP 2 26/01/2014 27 
        

69 
          

69 2013/11/18 

LCAP 3 26/01/2014 30 55 
   

55 39 
  

52.5 53 
   

53 53 
   

53 53 2013/12/04 

LCAP 4 26/01/2014 25 61 
   

61 69 
  

63 65 
   

65 67 
   

67 64 2013/11/23 

LCAP 5 26/01/2014 25 64 
   

64 66 
  

67 65 
   

65 64 
   

64 65 2013/11/22 

LCAP 6 26/01/2014 30 56 
   

56 57 
  

57 57 
   

57 57 
   

57 57 2013/11/30 

LCAP 7 26/01/2014 30 59 
   

59 68 
  

77 62 
   

62 73 
   

73 68 2013/11/19 

LCAP 8 26/01/2014 29 50 
 

50 
 

50 
  

50 57 50 
 

49 
 

49.5 50 
 

51 
 

50.5 52 2013/12/05 

LCAP 9 26/01/2014 30 71 
 

70 
 

70.5 86 
 

71 74 76 
 

70 
 

73 81 
 

77 
 

79 74 2013/11/13 

LCAP 10 26/01/2014 26 51 
 

65 
 

58 57 
 

65 56 55 
 

65 
 

60 60 
 

67 
 

63.5 59 2013/11/28 

LCAP 11 26/01/2014 27 55 
 

62 
 

58.5 62 
 

60 58.5 57 
 

60 
 

58.5 60 
 

57 
 

58.5 59 2013/11/28 

LCAP 12 26/01/2014 27 59 
 

60 
 

59.5 55 
 

70 60 56 
 

62 
 

59 54 
 

57 
 

55.5 59 2013/11/28 

LCAP 13 26/01/2014 28 52 
 

65 
 

58.5 55 
 

64 59.5 57 
 

64 
 

60.5 58 
 

60 
 

59 59 2013/11/28 
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LCAP 14 26/01/2014 28 52 
 

58 
 

55 65 
 

54 65 54 
 

56 
 

55 62 
 

55 
 

58.5 58 2013/11/29 

LCAP 15 26/01/2014 24 48 
 

58 
 

53 64 
 

61 63 50 
 

59 
 

54.5 62 
 

66 
 

64 59 2013/11/28 

                        
  

ASCL 1 26/01/2014 37 60 
   

60 62 
  

62 69 
   

69 
  

3 
 

3 49 2013/12/08 

 

Site IFR 5  
1 2 

 
1 2 

 
1 2 

 
1 2 

   

Species Date SL C1(1) 
 

C1(1) 
 

Mean C2(1) 
 

C2(1) Mean C1(2) 
 

C1(2) 
 

Mean C2(1) 
 

C2(1) 
 

Mean Average Recruitment 

LCAP 3 26/01/2014 70 122 
   

122 130 
  

130 130 
   

130 130 
   

130 128 2013/09/20 

LCAP 4 26/01/2014 70 126 
   

126 132 
  

132 128 
   

128 130 
   

130 129 2013/09/19 

LCAP 6 26/01/2014 70 125 
   

125 127 
  

127 126 
   

126 126 
   

126 126 2013/09/22 

LCAP 7 26/01/2014 60 90 
   

90 87 
  

87 103 
   

103 91 
   

91 93 2013/10/25 

LCAP 9 26/01/2014 60 105 
   

105 93 
  

93 101 
   

101 95 
   

95 99 2013/10/19 

 

Site: IFR 6  
1 2 

 
1 2 

 
1 2 

 
1 2 

   

Species Date SL C1(1) 
 

C1(1) 
 

Mean C2(1) 
 

C2(1) Mean C1(2) 
 

C1(2) 
 

Mean C2(1) 
 

C2(1) 
 

Mean Average Recruitment 

LAEN 1 28/01/2014 29 66 
 

58 
 

62 82 
 

58 70 78 
 

60 
 

69 76 
 

59 
 

67.5 67 2013/11/22 

LAEN 2 28/01/2014 32 74 
 

74 
 

74 71 
 

81 76 81 
 

83 
 

82 69 
 

74 
 

71.5 76 2013/11/13 

LAEN 3 28/01/2014 26 50 
   

50 59 
  

59 58 
   

58 
     

56 2013/12/03 

LAEN 4 28/01/2014 21 42 
   

42 48 
  

48 49 
   

49 45 
   

45 46 2013/12/13 

LAEN 5 28/01/2014 18 40 
   

40 65 
  

65 58 
   

58 55 
   

55 55 2013/12/04 

LAEN 6 28/01/2014 25 49 
 

47 
 

48 57 
 

54 55.5 55 
 

55 
 

55 52 
 

53 
 

52.5 53 2013/12/06 

LAEN 7 28/01/2014 15 42 
   

42 45 
  

45 42 
   

42 44 
   

44 43 2013/12/16 

LAEN 8 28/01/2014 25 53 
   

53 50 
  

50 68 
   

68 52 
   

56 57 2013/12/02 

LAEN 9 28/01/2014 28 61 
 

58 
 

59.5 71 
 

61 66 71 
 

60 
 

65.5 60 
 

62 
 

60 63 2013/11/26 

LAEN 10 28/01/2014 28 55 
 

54 
 

54.5 55 
 

50 52.5 55 
 

53 
 

54 
     

54 2013/12/05 

LAEN 11 28/01/2014 26 41 
   

41 46 
  

46 47 
   

47 47 
 

42 
 

44.5 45 2013/12/14 

LAEN 12 28/01/2014 25 69 
   

69 70 
 

76 73 79 
   

79 
     

74 2013/11/15 

LAEN 13 28/01/2014 31 56 
   

56 54 
  

54 65 
   

65 60 
 

59 
 

59.5 59 2013/11/30 
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LAEN 14 28/01/2014 27 40 
 

52 
 

46 
  

58 58 50 
 

52 
 

51 x 
    

52 2013/12/07 

LAEN 15 28/01/2014 27 54 
   

54 46 
  

46 60 
   

60 49 
   

49 52 2013/12/07 

LAEN 16 28/01/2014 26 33 
 

38 
 

35.5 
  

48 48 48 
   

48 50 
   

50 45 2013/12/14 

LAEN 17 28/01/2014 37 74 
   

74 70 
  

70 73 
   

73 71 
 

50 
 

60.5 69 2013/11/20 

LAEN 18 28/01/2014 30 62 
 

70 
 

66 46 
 

56 51 61 
 

73 
 

67 67 
   

67 63 2013/11/26 

LAEN 19 28/01/2014 35 60 
   

60 51 
  

51 53 
   

53 60 
   

60 56 2013/12/03 

LAEN 20 28/01/2014 21 35 
   

35 
         

60 
   

60 48 2013/12/11 

LAEN 21 28/01/2014 24 53 
   

53 56 
  

56 53 
   

53 65 
 

63 
 

64 57 2013/12/02 

LAEN 22 28/01/2014 24 58 
   

58 56 
  

56 59 
   

59 
     

58 2013/12/01 

LAEN 23 28/01/2014 24 52 
   

52 57 
  

57 53 
   

53 55 
   

55 54 2013/12/05 

LAEN 24 28/01/2014 28 62 
   

62 57 
  

57 59 
   

59 
     

59 2013/11/30 

                        
  

LCAP 1 28/01/2014 28 49 
   

49 41 
  

41 47 
   

47 41 
   

41 45 2013/12/14 

LCAP 2 28/01/2014 24 50 
   

50 40 
  

40 51 
   

51 45 
   

45 47 2013/12/12 

LCAP 3 28/01/2014 26 46 
   

46 53 
  

53 60 
   

60 55 
   

55 54 2013/12/05 



144 

APPENDIX C: FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLES 

FOR ALL SITES 

FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFR 

P1 (WINTER 2013 SURVEY) 

     SPECIES AND FREQUENCY OF OCCURRENCE (OBSERVED, ACTUAL AND ASSESSED) 

Species  
EXP. 
FROC 

Actual. 
FROC 

OBS. FROC 
(FRAI) 

JUSTIFICATION 

AUSTROGLANIS SCLATERI 5 5 5   

LABEOBARBUS AENEUS 1 3 3   

LABEO CAPENSIS 1 0 0   

ONCORHYNCHUS MYKISS 5 0 5 

Although not sampled, OMYK 
were collected upstream and 
downstream of the study area and 
considered to commonly occur in 
the sampling area as local 
stakeholders regularly collected 
them.  

PSEUDOBARBUS QUATHLAMBAE 1 0 0   

SALMO TRUTTA LINNAEUS 1 0 0   

     ADJUSTMENT JUSTIFICATIONS  

 
VELOCITY-DEPTH CLASSES 
METRICS 

RANK %WEIGHT RATINGS JUSTIFICATION 

FAST-DEEP 1 100 -1 Minimal modifications in flows in 
the Upper Senqu River currently, 
prior to the construction of the 
Polihali Dam. 

FAST-SHALLOW 1 100 -1 

SLOW-DEEP 2 80 0   

SLOW-SHALLOW  2 80 0   

  
   

  

COVER METRICS RANK %WEIGHT RATINGS JUSTIFICATION 

Overhanging vegetation 3 60 0 Species preferences based on 
FRAI data (Kleynhans, 2007) and 
local observed data and historical 
data (Arthington et al., 1999). 
Local (and upstream) land use 
practices have negatively 
impacted on the instream habitat 
template primarily in the form of 
excessive sedimentation. This has 
resulted in a loss of instream 
habitat (Rowntree and Mzobe, 
2013).  

Undercut banks and root wads 1 100 -2 

Substrate type 2 80 -2 

 Instream vegetation 
   

Water column  3 60 -1 

  
     

 
FLOW DEPENDENCE METRICS 

RANK %WEIGHT RATINGS JUSTIFICATION 

Intolerant spp. response 3 50 0 
No present changes in "no-flow" 
conditions. 

Moderately intolerant spp. response 1 100 0   

Moderately tolerant spp. response 2 80 0   

Tolerant spp. response 3 50 0   

     
  

 
PHYSICOCHEMICAL METRICS: 

RANK %WEIGHT RATINGS JUSTIFICATION 

Intolerant species response 1 100 -1 Limited changes in water quality 
conditions were observed 
(Rossouw, 2014); sensitive Moderately intolerant spp. response 2 80 -1 
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Moderately tolerant spp. response 3 60 0 species observed suggests that if 
any impacts occur they would be 
minimal. Tolerant spp. response 3 60 0 

 

FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFRP1 (WINTER 2013 SURVEY) 
Continued. 

ADJUSTMENT JUSTIFICATIONS Continued. 

MIGRATION METRICS: RATINGS     JUSTIFICATION 

Weirs and causeways 3     

Numerous weirs occur in the 
lower Senqu in Lesotho and 
in South Africa (between 
Xhariep Dam and Lesotho) 
from where main migrations 
of Cyprinids are considered 
to occur. Although some of 
these weirs are permanent 
obstacles some populations 
maintain viable populations 
in the Lower Senqu River 
upstream of the barriers. 

Impoundments 0 
  

  

Physicochemical barriers 0 
  

  

Flow modifications  3     

Below the confluence 
between the Malibamatso 
and Senqu Rivers the flow 
reductions in the Senqu 
River attributed to the 
establishment of the Katse 
Dam may be negatively 
impacting on the migration 
potential of cyprinids in the 
study area. 

  
   

  

 
MIGRATION METRICS: 

RANK %WEIGHT RATINGS JUSTIFICATION 

Catchment-scale migration responses 1 100 3 
Catchment-scale migrations 
of adult cyprinids seem to be 
hampered.  

Reach-scale migration responses 2 60 0   

Within reach-scale migration responses 3 50 0   

  
   

  
INTRODUCED ALIEN PREDACEOUS 
SPP 

IMPACT 
SCORE   

  

ONCORHYNCHUS MYKISS 5 
  

OMYK are common 
throughout the study area. 

  
   

  

INTRODUCED SPECIES METRICS: RANK %WEIGHT RATINGS JUSTIFICATION 

Impact of competing/predaceous spp. 1 100 3 

Absence of PQUA in 
particular may be attributed 
to direct predation from 
OMYK. Other indigenous 
fishes (ASCL, LAEN, LCAP) 
may also be negatively 
affected. 

Distribution competing/predaceous spp. 2 80 2 

OMYK are common in the 
study area and recruiting 
successfully into the study 
area. 

Impact of habitat modifying spp. 2 80 0   

Distribution of habitat modifying spp. 2 80 0   

     FRAI SCORES 

METRIC GROUP WEIGHT (%)   AUTOMATED   

VELOCITY-DEPTH 85.7 
 

FRAI (%) 81.27 

COVER  78.6 
 

EC: FRAI  B/C 

FLOW MODIFICATION  100.0 
 

ADJUSTED   

PHYSICOCHEMICAL 92.9 
 

FRAI (%) 82.28 

MIGRATION  85.7 
 

EC: FRAI  B 
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IMPACT OF INTRODUCED 85.7       

 
 

 
 
 
FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFRP1 
(SUMMER 2014 SURVEY)  

     SPECIES AND FREQUENCY OF OCCURRENCE (OBSERVED, ACTUAL AND ASSESSED) 

Species  
EXP. 

FROC 
Actual. 
FROC 

OBS. FROC (FRAI) JUSTIFICATION 

AUSTROGLANIS SCLATERI 5 3 5   

LABEOBARBUS AENEUS 5 5 3   

LABEO CAPENSIS 3 0 1 

Although no LCAP were 
collected in summer at P1 
many were collected at 
P2 using fyke nets. No 
barriers etc. would 
hamper upstream 
movement and as such 
species should be 
collected with more effort. 

ONCORHYNCHUS MYKISS 5 3 5 

Although few OMYK were 
collected upstream and 
downstream of the study 
area, they are considered 
to commonly occur in the 
sampling area as local 
stakeholders regularly 
collected them.  

PSEUDOBARBUS QUATHLAMBAE 1 0 0   

SALMO TRUTTA LINNAEUS 1 0 0   

     ADJUSTMENT JUSTIFICATIONS  

 
VELOCITY-DEPTH CLASSES METRICS 

RANK %WEIGHT RATINGS JUSTIFICATION 

FAST-DEEP 1 100 -1 Minimal modifications in 
flows in the Upper Senqu 
River currently, prior to 
the construction of the 
Polihali Dam. 

FAST-SHALLOW 1 100 -1 

SLOW-DEEP 2 80 0   

SLOW-SHALLOW  2 80 0   

  
   

  

COVER METRICS RANK %WEIGHT RATINGS JUSTIFICATION 

Overhanging vegetation 3 60 0 
Species preferences 
based on FRAI data 
(Kleynhans, 2007) and 
local observed data and 
historical data (Arthington 
et al., 1999). Local (and 
upstream) land use 
practices have negatively 
impacted on the instream 
habitat template primarily 
in the form of excessive 
sedimentation (reduced 
impact in winter with more 
flow). This has resulted in 
a loss of instream habitat 
(Rowntree & Mzobe, 
2013).  

Undercut banks and root wads 1 100 -2 

Substrate type 2 80 -3 

 instream vegetation 
   

Water column  3 60 0 

  
   

  

FLOW DEPENDENCE METRICS RANK %WEIGHT RATINGS JUSTIFICATION 

Intolerant spp. response 3 50 0 
No present changes in 
"no-flow" conditions. 

Moderately intolerant spp. response 1 100 0   

Moderately tolerant spp. response 2 80 0   

Tolerant spp. response 3 50 0   
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PHYSICOCHEMICAL METRICS RANK %WEIGHT RATINGS JUSTIFICATION 

Intolerant species response 1 100 -1 Limited changes in water 
quality conditions were 
observed (Rossouw, 
2014); sensitive species 
observed suggests that if 
any impacts occur they 
would be minimal. 

Moderately intolerant spp. response 2 80 0 

Moderately tolerant spp. response 3 60 0 

Tolerant spp. response 3 60 0 

FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFRP1 (SUMMER 2014 SURVEY) 
Continued. 

ADJUSTMENT JUSTIFICATIONS Continued. 

MIGRATION METRICS: RATINGS     JUSTIFICATION 

Weirs and causeways 3 
  

Numerous weirs occur in 
the Lower Senqu River in 
Lesotho and in South 
Africa (between Xhariep 
Dam and Lesotho) from 
where main migrations of 
Cyprinids are considered 
to occur. Although some 
of these weirs are 
permanent obstacles 
some populations 
maintain viable 
populations in the Lower 
Senqu River upstream of 
the barriers. 

Impoundments 0 
  

  

Physicochemical barriers 0 
  

  

Flow modifications  3 
  

Below the confluence 
between the Malibamatso 
and Senqu Rivers the flow 
reductions in the Senqu 
River attributed to the 
establishment of the 
Katse Dam may be 
negatively impacting on 
the migration potential of 
cyprinids in the study 
area. 

  
   

  

 
MIGRATION METRICS: 

RANK %WEIGHT RATINGS JUSTIFICATION 

Catchment-scale migration responses 1 100 3 
Catchment-scale 
migrations of adult 
cyprinids seem to be 
hampered.  Reach-scale migration responses 2 60 3 

Within reach-scale migration responses 3 50 0   

  
   

  

INTRODUCED ALIEN PREDACEOUS SPP 
IMPACT 
SCORE 

      

ONCORHYNCHUS MYKISS 5 
  

OMYK are common 
throughout the study area. 

  
   

  

INTRODUCED SPECIES METRICS: RANK %WEIGHT RATINGS JUSTIFICATION 

Impact of competing/predaceous spp. 1 100 3 

Absence of PQUA in 
particular may be 
attributed to direct 
predation from OMYK. 
Other indigenous fishes 
(ASCL, LAEN, LCAP) 
may also be negatively 
affected. 

Distribution competing/predaceous spp. 2 80 2 

OMYK are common in the 
study area and recruiting 
successfully into the study 
area. 

Impact of habitat modifying spp. 2 80 0   

Distribution of habitat modifying spp. 2 80 0   

     FRAI SCORES 
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METRIC GROUP WEIGHT (%)   AUTOMATED   

VELOCITY-DEPTH 85.7 
 

FRAI (%) 61.41 

COVER  78.6 
 

EC: FRAI  C/D 

FLOW MODIFICATION  100.0 
 

ADJUSTED   

PHYSICOCHEMICAL 92.9 
 

FRAI (%) 80.01 

MIGRATION  85.7 
 

EC: FRAI  B/C 

IMPACT OF INTRODUCED 85.7       

FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFRP2 
(WINTER 2013 SURVEY)  

     
SPECIES AND FREQUENCY OF OCCURRENCE (OBSERVED, ACTUAL AND ASSESSED) 

Species  
EXP. 

FROC 
Actual. 
FROC 

OBS. FROC 
(FRAI) 

JUSTIFICATION 

AUSTROGLANIS SCLATERI 5 3 5 
ASCL FROC should be greater. 
Sampling effort was limited. 

CLARIAS GARIEPINUS 1 0 0   

LABEOBARBUS AENEUS 3 5 5   

LABEO CAPENSIS 1 0 0   

ONCORHYNCHUS MYKISS 5 1 5 

Although few OMYK were collected 
upstream and downstream of the 
study area, they are considered to 
commonly occur in the sampling 
area as local stakeholders regularly 
collected them.  

SALMO TRUTTA 1 0 0   

     ADJUSTMENT JUSTIFICATIONS  

VELOCITY-DEPTH CLASSES 
METRICS 

RANK %WEIGHT RATINGS JUSTIFICATION 

FAST-DEEP 1 100 
   

FAST-SHALLOW 1 100 
 

SLOW-DEEP 2 80 0   

SLOW-SHALLOW  2 80 0   

  
   

  

COVER METRICS RANK %WEIGHT RATINGS JUSTIFICATION 

Overhanging vegetation 3 60 -2 Species preferences based on 
FRAI data (Kleynhans, 2007) and 
local observed data and historical 
data (Arthington et al., 1999). Local 
(and upstream) land-use practices 
have negatively impacted on the 
instream habitat template primarily 
in the form of excessive 
sedimentation (reduced impact in 
winter with more flow). This has 
resulted in a loss of instream 
habitat (Rowntree & Mzobe, 2013).  

Undercut banks and root wads 1 100 -2 

Substrate type 2 80 -3 

 Instream vegetation 
   

Water column  3 60 -1 

  
   

  

FLOW DEPENDENCE METRICS RANK %WEIGHT RATINGS JUSTIFICATION 

Intolerant spp. response 3 50 0 
No present changes in "no-flow" 
conditions. 

Moderately intolerant spp. response 1 100 0   

Moderately tolerant spp. response 2 80 0   

Tolerant spp. response 3 50 0   

  
   

  

PHYSICOCHEMICAL METRICS RANK %WEIGHT RATINGS JUSTIFICATION 

Intolerant species response 1 100 -1 Limited changes in water quality 
conditions were observed 
(Rossouw, 2014); sensitive species 
observed suggests that if any 
impacts occur they would be 
minimal. 

Moderately intolerant spp. response 2 80 0 

Moderately tolerant spp. response 3 60 0 

Tolerant spp. response 3 60 0 
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FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFRP2 (WINTER 2013 SURVEY) 
Continued. 

ADJUSTMENT JUSTIFICATIONS Continued. 

MIGRATION METRICS: RATINGS     JUSTIFICATION 

Weirs and causeways 3 
  

Numerous weirs occur in the 
lower Senqu in Lesotho and in 
South Africa (between 
Xhariep Dam and Lesotho) 
from where main migrations of 
Cyprinids are considered to 
occur. Although some of 
these weirs are permanent 
obstacles some populations 
maintain viable populations in 
the Lower Senqu River 
upstream of the barriers. 

Impoundments 0 
  

  

Physicochemical barriers 0 
  

  

Flow modifications  3     

Flow reductions in the Senqu 
River attributed to the 
establishment of the Katse 
and Mohale Dams may be 
negatively impacting on the 
migration potential of 
cyprinids in the study area. 

 
MIGRATION METRICS: 

RANK %WEIGHT RATINGS JUSTIFICATION 

Catchment-scale migration responses 1 100 3 Catchment-scale migrations 
of adult cyprinids seem to be 
hampered.  Reach-scale migration responses 2 60 3 

Within reach-scale migration responses 3 50 0   

  
   

  

INTRODUCED ALIEN PREDACEOUS SPP 
IMPACT 
SCORE   

  

ONCORHYNCHUS MYKISS 5 
  

OMYK are common 
throughout the study area. 

  
   

  

INTRODUCED SPECIES METRICS: RANK %WEIGHT RATINGS JUSTIFICATION 

Impact of competing/predaceous spp. 1 100 3 

Absence of PQUA in 
particular may be attributed to 
direct predation from OMYK. 
Other indigenous fishes 
(ASCL, LAEN, LCAP) may 
also be negatively affected. 

Distribution competing/predaceous spp. 2 80 2 

OMYK are common in the 
study area and recruiting 
successfully into the study 
area. 

Impact of habitat modifying spp. 2 80 0   

Distribution of habitat modifying spp. 2 80 0   

     FRAI SCORES 

METRIC GROUP WEIGHT (%)   AUTOMATED   

VELOCITY-DEPTH 85.7 
 

FRAI (%) 78.98 

COVER  78.6 
 

EC: FRAI  B/C 

FLOW MODIFICATION  100.0 
 

ADJUSTED   

PHYSICOCHEMICAL 92.9 
 

FRAI (%) 80.03 

MIGRATION  85.7 
 

EC: FRAI  B/C 

IMPACT OF INTRODUCED 85.7       
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FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFRP2 
(SUMMER 2014 SURVEY)  

     SPECIES AND FREQUENCY OF OCCURRENCE (OBSERVED, ACTUAL AND ASSESSED) 

Species  
EXP. 

FROC 
Actual. 
FROC 

OBS. FROC 
(FRAI) 

JUSTIFICATION 

AUSTROGLANIS SCLATERI 5 3 3   

CLARIAS GARIEPINUS 1 0 0   

LABEOBARBUS AENEUS 5 5 5   

LABEOBARBUS KIMBERLEYENSIS 1 0 0   

LABEO CAPENSIS 3 3 3   

ONCORHYNCHUS MYKISS 5 3 3   

SALMO TRUTTA 1 0 0   

     ADJUSTMENT JUSTIFICATIONS  

VELOCITY-DEPTH CLASSES 
METRICS 

RANK %WEIGHT RATINGS JUSTIFICATION 

FAST-DEEP 1 100 -1 Minimal modifications in flows in the 
upper Senqu currently, prior to the 
construction of the Polihali Dam. FAST-SHALLOW 1 100 -1 

SLOW-DEEP 2 80 0   

SLOW-SHALLOW  2 80 0   

  
   

  

COVER METRICS RANK %WEIGHT RATINGS JUSTIFICATION 

Overhanging vegetation 3 60 -2 

Species preferences based on FRAI 
data (Kleynhans, 2007) and local 
observed data and historical data 
(Arthington et al., 1999). Local (and 
upstream) land-use practices have 
negatively impacted on the instream 
habitat template primarily in the form 
of excessive sedimentation (reduced 
impact in winter with more flow). This 
has resulted in a loss of instream 
habitat (Rowntree & Mzobe, 2013).  

Undercut banks and root wads 1 100 -2 

Substrate type 2 80 -3 

 Instream vegetation 
   

Water column  3 60 -1 

          

 
FLOW DEPENDENCE METRICS 

RANK %WEIGHT RATINGS JUSTIFICATION 

Intolerant spp. response 3 50 0 
No present changes in "no-flow" 
conditions. 

Moderately intolerant spp. response 1 100 0   

Moderately tolerant spp. response 2 80 0   

Tolerant spp. response 3 50 0   

  
   

  

 
PHYSICOCHEMICAL METRICS: 

RANK %WEIGHT RATINGS JUSTIFICATION 

Intolerant species response 1 100 -1 Limited changes in water quality 
conditions were observed (Rossouw, 
2014); sensitive species observed 
suggests that if any impacts occur 
they would be minimal. 

Moderately intolerant spp. response 2 80 0 

Moderately tolerant spp. response 3 60 0 

Tolerant spp. response 3 60 0 
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FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFRP2 (SUMMER 2014 SURVEY) 
Continued. 

ADJUSTMENT JUSTIFICATIONS Continued. 

MIGRATION METRICS: RATINGS     JUSTIFICATION 

Weirs and causeways 3 
  

Numerous weirs occur in the 
Lower Senqu River in 
Lesotho and in South Africa 
(between Xhariep Dam and 
Lesotho) from where main 
migrations of Cyprinids are 
considered to occur. 
Although some of these 
weirs are permanent 
obstacles some populations 
maintain viable populations 
in the Lower Senqu River 
upstream of the barriers. 

Impoundments 0 
  

  

Physicochemical barriers 0 
  

  

Flow modifications  3     

Below the confluence 
between the Malibamatso 
and Senqu Rivers the flow 
reductions in the Senqu 
River attributed to the 
establishment of the Katse 
Dam may be negatively 
impacting on the migration 
potential of cyprinids in the 
study area. 

 
MIGRATION METRICS: 

RANK %WEIGHT RATINGS JUSTIFICATION 

Catchment-scale migration responses 1 100 3 Catchment-scale migrations 
of adult cyprinids seem to be 
hampered.  Reach-scale migration responses 2 60 3 

Within reach-scale migration responses 3 50 0   

  
   

  

INTRODUCED ALIEN PREDACEOUS 
SPP 

IMPACT 
SCORE   

  

ONCORHYNCHUS MYKISS 5 
  

OMYK are common 
throughout the study area. 

  
   

  

INTRODUCED SPECIES METRICS: RANK %WEIGHT RATINGS JUSTIFICATION 

Impact of competing/predaceous spp. 1 100 3 

Absence of PQUA in 
particular may be attributed 
to direct predation from 
OMYK. Other indigenous 
fishes (ASCL, LAEN, LCAP) 
may also be negatively 
affected. 

Distribution competing/predaceous spp. 2 80 2 

OMYK are common in the 
study area and recruiting 
successfully into the study 
area. 

Impact of habitat modifying spp. 2 80 0   

Distribution of habitat modifying spp. 2 80 0   

     FRAI SCORES 

METRIC GROUP WEIGHT (%)   AUTOMATED   

VELOCITY-DEPTH 85.7 
 

FRAI (%) 59.53 

COVER  78.6 
 

EC: FRAI  C/D 

FLOW MODIFICATION  100.0 
 

ADJUSTED   

PHYSICOCHEMICAL 92.9 
 

FRAI (%) 80.03 

MIGRATION  85.7 
 

EC: FRAI  B/C 

IMPACT OF INTRODUCED 85.7       
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FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFR5 
(WINTER 2013 SURVEY)  

     
SPECIES AND FREQUENCY OF OCCURRENCE (OBSERVED, ACTUAL AND ASSESSED) 

Species  
EXP. 

FROC 
Actual. 
FROC 

OBS. FROC 
(FRAI) 

JUSTIFICATION 

AUSTROGLANIS SCLATERI 3 5 5   

LABEOBARBUS AENEUS  5 5 5   

BARBUS ANOPLUS  1 0 0   

LABEOBARBUS KIMBERLEYENSIS  1 0 0   

CYPRINUS CARPIO 1 0 0   

CLARIAS GARIEPINUS  3 0 0   

LABEO CAPENSIS  5 3 3   

LABEO UMBRATUS  1 0 0   

MICROPTERUS SALMOIDES 1 0 0   

ONCORHYNCHUS MYKISS 3 0 3   

     
ADJUSTMENT JUSTIFICATIONS  

VELOCITY-DEPTH CLASSES 
METRICS 

RANK %WEIGHT RATINGS JUSTIFICATION 

FAST-DEEP 1 100 -2 

Katse Dam and the White Hills 
weir upstream are affecting the 
flow and have an effect on 
velocity depth preferences of 
species. Land-use practices 
cause excessive silt to enter the 
river and flow modifications 
from Katse Dam affect habitat 
template. This all affects 
velocity depth classes.  

FAST-SHALLOW 2 80 -1 

SLOW-DEEP 2 80 -3   

SLOW-SHALLOW  3 60 1 
Elevated sediment levels cause 
reduction in depth (Rowntree & 
Mzobe, 2013). 

  
   

  

COVER METRICS RANK %WEIGHT RATINGS JUSTIFICATION 

Overhanging vegetation 3 60 -1 
 Instream and riparian habitat 
loss associated due to local and 
upstream land use (over-
grazing), flow reduction from 
Katse Dam and siltation from 
upstream land use.  

Undercut banks and root wads 1 100 -2 

Substrate type 2 80 -2 

 Instream vegetation 
   

Water column  2 80 -3 

  
   

  

FLOW DEPENDENCE METRICS RANK %WEIGHT RATINGS JUSTIFICATION 

Intolerant spp. response 3 50 0   

Moderately intolerant spp. response 1 100 -1 
Flow modifications due to Katse 
Dam, weirs, and considerable 
decrease in abundance.  

Moderately tolerant spp. response 2 80 -1 

ASCL, BAEN & BKIM species 
with preferences for fast-flowing 
water were not found, due to 
flow alterations by Katse Dam. 

Tolerant spp. response 3 50 0   
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FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFR5 (WINTER 2013 SURVEY) 
Continued. 

ADJUSTMENT JUSTIFICATIONS Continued. 

PHYSICOCHEMICAL METRICS RANK %WEIGHT RATINGS JUSTIFICATION 

Intolerant species response 1 100 -2 Limited changes in water 
quality conditions were 
observed (Rossouw, 2014); 
sensitive species observed 
suggests that if any impacts 
occur they would be 
minimal. Temperature 
affecting sensitive species 
due to Katse Dam releases. 

Moderately intolerant spp. response 2 80 0 

Moderately tolerant spp. response 3 60 0 

Tolerant spp. response 3 60 0 

MIGRATION METRICS: RATINGS     JUSTIFICATION 

Weirs and causeways 3 
  

Numerous weirs occur in 
South Africa (between 
Xhariep Dam and Lesotho) 
from where main migrations 
of Cyprinids are considered 
to occur.  

Impoundments 0 
  

  

Physicochemical barriers -1 
  

Abnormal frequent 
temperature alterations 
associated with upstream 
dam releases may affect 
ecological processes slightly 
at this site. 

Flow modifications  3 
  

Below the confluence 
between the Malibamatso 
and Senqu Rivers the flow 
reductions in the Senqu 
River attributed to the 
establishment of the Katse 
Dam may be negatively 
impacting on the migration 
potential of cyprinids in the 
study area. 

 
MIGRATION METRICS: 

RANK %WEIGHT RATINGS JUSTIFICATION 

Catchment-scale migration responses 1 100 2 Catchment-scale migrations 
of adult cyprinids seem to be 
hampered.  Reach-scale migration responses 2 60 2 

Within reach-scale migration responses 3 50 0   

          

INTRODUCED ALIEN PREDACEOUS SPP 
IMPACT 
SCORE 

    JUSTIFICATION 

ONCORHYNCHUS MYKISS 5 
  

OMYK are common 
throughout the study area. 

  
   

  

INTRODUCED SPECIES METRICS: RANK %WEIGHT RATINGS JUSTIFICATION 

Impact of competing/predaceous spp. 1 100 1 
Predation by OMYK has 
impact on cyprinids and 
ASCL. 

Distribution competing/predaceous spp. 2 80 1 

OMYK are common in the 
study area and recruiting 
successfully into the study 
area. 

Impact of habitat modifying spp. 2 80 0   

Distribution of habitat modifying spp. 2 80 0   

     
FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFR5 (WINTER 2013 SURVEY) 

Continued. 

ADJUSTMENT JUSTIFICATIONS Continued. 

FRAI SCORES 

METRIC GROUP WEIGHT (%)   AUTOMATED   
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VELOCITY-DEPTH 85.7 
 

FRAI (%) 64.90 

COVER  78.6 
 

EC: FRAI  C 

FLOW MODIFICATION  100.0 
 

ADJUSTED   

PHYSICOCHEMICAL 92.9 
 

FRAI (%) 72.50 

MIGRATION  85.7 
 

EC: FRAI  C 

IMPACT OF INTRODUCED 85.7       

 

FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFR5 
(SUMMER 2014 SURVEY)  

     
SPECIES AND FREQUENCY OF OCCURRENCE (OBSERVED, ACTUAL AND ASSESSED) 

Species  
EXP. 
FROC 

Actual. 
FROC 

OBS. FROC 
(FRAI) 

JUSTIFICATION 

AUSTROGLANIS SCLATERI 3 1 5   

LABEOBARBUS AENEUS  5 5 5   

BARBUS ANOPLUS  1 0 0   

LABEOBARBUS KIMBERLEYENSIS  3 1 3   

CYPRINUS CARPIO 1 0 0   

CLARIAS GARIEPINUS  3 0 0   

LABEO CAPENSIS  5 5 3   

LABEO UMBRATUS  1 0 `   

MICROPTERUS SALMOIDES 1 0 0   

ONCORHYNCHUS MYKISS 3 0 3   

     ADJUSTMENT JUSTIFICATIONS  

VELOCITY-DEPTH CLASSES 
METRICS 

RANK %WEIGHT RATINGS JUSTIFICATION 

FAST-DEEP 1 100 -1 

Katse Dam and the White Hills 
weir upstream are affecting the 
flow and have an effect on 
velocity depth preferences of 
species. Land-use practices 
cause excessive silt to enter the 
river and flow modifications from 
Katse Dam affect habitat 
template. This all affects velocity 
depth classes.  

FAST-SHALLOW 2 80 -1 

SLOW-DEEP 2 80 0   

SLOW-SHALLOW  3 60 1 
Elevated sediment levels cause 
reduction in depth (Rowntree & 
Mzobe, 2013). 

  
   

  

COVER METRICS RANK %WEIGHT RATINGS JUSTIFICATION 

Overhanging vegetation 3 60 -1 
 Instream and riparian habitat 
loss associated due to local and 
upstream land use (over-
grazing), flow reduction from 
Katse Dam and siltation from 
upstream land use.  

Undercut banks and root wads 1 100 -2 

Substrate type 2 80 -2 

 Instream vegetation 
   

Water column  2 80 -3 

  
   

  

FLOW DEPENDENCE METRICS RANK %WEIGHT RATINGS JUSTIFICATION 

Intolerant spp. response 3 50 0   

Moderately intolerant spp. response 1 100 -1 
Flow modifications due to Katse 
Dam, weirs, and considerable 
decrease in abundance.  
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Moderately tolerant spp. response 2 80 -1 

ASCL, BAEN & BKIM species 
with preferences for fast-flowing 
water were not found, due to 
flow alterations by Katse Dam. 

Tolerant spp. response 3 50 0   

 

FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFR5 (SUMMER 2014 SURVEY) 
Continued. 

ADJUSTMENT JUSTIFICATIONS Continued. 

PHYSICOCHEMICAL METRICS RANK %WEIGHT RATINGS JUSTIFICATION 

Intolerant species response 1 100 -2 Limited changes in water 
quality conditions were 
observed (Rossouw, 2014); 
sensitive species observed 
suggests that if any impacts 
occur they would be minimal. 
Temperature affecting 
sensitive species due to Katse 
releases. 

Moderately intolerant spp. response 2 80 0 

Moderately tolerant spp. response 3 60 0 

Tolerant spp. response 3 60 0 

MIGRATION METRICS: RATINGS     JUSTIFICATION 

Weirs and causeways 2 
  

Numerous weirs occur in 
South Africa (between 
Xhariep Dam and Lesotho) 
from where main migrations of 
Cyprinids are considered to 
occur.  

Impoundments 0 
  

  

Physicochemical barriers -1 
  

Abnormal frequent 
temperature alterations 
associated with upstream dam 
releases may affect ecological 
processes slightly at this site. 

Flow modifications  0     

Flow reductions in the Senqu 
River at this site attributed to 
the establishment of the Katse 
Dam may be negatively 
impacting on the migration 
potential of cyprinids in the 
study area. 

 
MIGRATION METRICS: 

RANK %WEIGHT RATINGS JUSTIFICATION 

Catchment-scale migration responses 1 100 3 Catchment-scale migrations of 
adult cyprinids seem to be 
hampered.  Reach-scale migration responses 2 60 3 

Within reach-scale migration responses 3 50 0   

  
   

  

INTRODUCED ALIEN PREDACEOUS SPP 
IMPACT 
SCORE   

  

ONCORHYNCHUS MYKISS 5 
  

OMYK are common 
throughout the study area. 

  
   

  

INTRODUCED SPECIES METRICS: RANK %WEIGHT RATINGS JUSTIFICATION 

Impact of competing/predaceous spp. 1 100 3 
Predation by OMYK has 
impact on cyprinids and 
ASCL. 

Distribution competing/predaceous spp. 2 80 2 

OMYK are common in the 
study area and recruiting 
successfully into the study 
area. 

Impact of habitat modifying spp. 2 80 0   

     
FRAI SCORES 

METRIC GROUP WEIGHT (%)   AUTOMATED   

COVER  78.6 
 

EC: FRAI  D 
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FLOW MODIFICATION  100.0 
 

ADJUSTED   

PHYSICOCHEMICAL 92.9 
 

FRAI (%) 73.00 

MIGRATION  85.7 
 

EC: FRAI  C 

IMPACT OF INTRODUCED 85.7       

 

FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFR6 
(WINTER 2013 SURVEY)  

     SPECIES AND FREQUENCY OF OCCURRENCE (OBSERVED, ACTUAL AND ASSESSED) 

Species  
EXP. 
FROC 

Actual. 
FROC 

OBS. FROC (FRAI) JUSTIFICATION 

AUSTROGLANIS SCLATERI 3 0 1 

Sampling was limited and 
found ASCL upstream, 
difficult to sample effectively 
in fast-deep water. 

LABEOBARBUS AENEUS  5 0 3 

Sampling was limited and 
found LAEN upstream, 
difficult to sample effectively 
in fast-deep water. 

BARBUS ANOPLUS  1 0 0   

LABEOBARBUS KIMBERLEYENSIS  1 0 0   

CYPRINUS CARPIO 1 0 0   

CLARIAS GARIEPINUS  3 0 1 

Sampling effort was limited, 
habitat suitable and 
established population 
downstream of the site.  

LABEO CAPENSIS  5 1 3 

Sampling limited, found 
LCAP upstream, difficult to 
sample effectively in fast-
deep water. 

LABEO UMBRATUS  1 0 0   

MICROPTERUS SALMOIDES 1 0 0   

ONCORHYNCHUS MYKISS 3 1 3 

Sampling was limited, found 
OMYK upstream, difficult to 
sample effectively in fast-
deep water. 

     ADJUSTMENT JUSTIFICATIONS  

VELOCITY-DEPTH CLASSES 
METRICS 

RANK %WEIGHT RATINGS JUSTIFICATION 

FAST-DEEP 2 80 -1 

Katse Dam and Mohale Dam 
and the weirs upstream are 
affecting the flow and have 
an effect on the species with 
preference to fast-flowing 
water. Land use is causing 
excessive silt and flow 
alterations from Katse Dam. 

FAST-SHALLOW 2 80 -1 

SLOW-DEEP 1 100 -3 
Elevated sediment levels 
cause reduction in depth 
(Rowntree & Mzobe, 2013). 

SLOW-SHALLOW  3 60 0   
  

   
  

COVER METRICS RANK %WEIGHT RATINGS JUSTIFICATION 

Overhanging vegetation 1 100 1 

Alien riparian vegetation 
encroachment on the river 
banks with gum trees and 
willow trees. 

Undercut banks and root wads 2 80 -2 Excessive sedimentation 
and flow alterations from 
upstream dams and weirs. Substrate type 3 50 -2 

 Instream vegetation 3 60 0   

Water column  2 80 -1 
Sedimentation and reduced 
flows causing a reduction in 
scouring. 

  
   

  

FLOW DEPENDENCE METRICS 3 %WEIGHT RATINGS JUSTIFICATION 

Intolerant spp. response 3 50 0   
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Moderately intolerant spp. response 1 100 -1 

Flow modifications due to 
Katse Dam, weirs, and 
considerable decrease in 
abundance.  

Moderately tolerant spp. response 2 80 -1 

ASCL, BAEN & BKIM 
species with fast-flowing 
water preferences were not 
found, due to flow alterations 
by Katse dam. 

Tolerant spp. response 3 50 0   

          

FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFR6 (WINTER 2013 SURVEY) 
Continued. 

ADJUSTMENT JUSTIFICATIONS Continued. 

PHYSICOCHEMICAL METRICS RANK %WEIGHT RATINGS JUSTIFICATION 

Intolerant species response 1 100 -2 Limited changes in water 
quality conditions were 
observed (Rossouw, 
2014);sensitive species 
observed suggests that if any 
impacts occur they would be 
minimal. Temperature affecting 
sensitive species due to Katse 
releases. 

Moderately intolerant spp. response 2 80 0 

Moderately tolerant spp. response 3 60 0 

Tolerant spp. response 3 60 0 

MIGRATION METRICS: RATINGS     JUSTIFICATION 

Weirs and causeways 3 
  

Numerous weirs occur 
upstream and downstream 
(between Xhariep Dam and 
Lesotho) from where main 
migrations of Cyprinids are 
considered to occur from.  

Impoundments 0 
  

  

Physicochemical barriers -1 
  

Abnormal frequent 
temperature alterations 
associated with upstream dam 
releases may affect ecological 
processes slightly at this site. 

Flow modifications  2 
  

Below the confluence between 
the Malibamatso and Senqu 
Rivers the flow reductions in 
the Senqu River attributed to 
the establishment of the Katse 
Dam may be negatively 
impacting on the migration 
potential of cyprinids in the 
study area. 

  
   

  

 
MIGRATION METRICS: 

RANK %WEIGHT RATINGS JUSTIFICATION 

Catchment-scale migration responses 1 100 2 Catchment-scale migrations of 
adult cyprinids seem to be 
hampered.  Reach-scale migration responses 2 60 2 

Within reach-scale migration responses 3 50 0   

  
   

  

INTRODUCED ALIEN PREDACEOUS SPP 
IMPACT 
SCORE 

    JUSTIFICATION 

ONCORHYNCHUS MYKISS 5 
  

OMYK are common throughout 
the study area. 

CYPRINUS CARPIO 5 
  

Large population of CCAR 
occurs downstream of the 
study area. Individuals should 
frequent the site. 

  
   

  

INTRODUCED SPECIES METRICS: RANK %WEIGHT RATINGS JUSTIFICATION 

Impact of competing/predaceous spp. 1 100 1 
Predation by OMYK has 
impact on cyprinids and ASCL. 

Distribution competing/predaceous spp. 2 80 1 

OMYK are common in the 
study area and recruiting 
successfully into the study 
area. 
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Impact of habitat modifying spp. 2 80 1 

CCAR should occur here, 
habitat modifying impacts 
expected to be low. Especially 
in comparison with upstream 
effects of land-use practices 
and flow reductions from 
dams. 

Distribution of habitat modifying spp. 2 80 1 

 

FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFR6 (WINTER 2013 SURVEY) 
Continued. 

ADJUSTMENT JUSTIFICATIONS Continued. 

FRAI SCORES 

METRIC GROUP WEIGHT (%)   AUTOMATED   

VELOCITY-DEPTH 85.7 
 

FRAI (%) 48.50 

COVER  78.6 
 

EC: FRAI  D 

FLOW MODIFICATION  100.0 
 

ADJUSTED   

PHYSICOCHEMICAL 92.9 
 

FRAI (%) 78.10 

MIGRATION  85.7 
 

EC: FRAI  B/C 

IMPACT OF INTRODUCED 85.7       

 

FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFR6 
(WINTER 2013 SURVEY)  

     SPECIES AND FREQUENCY OF OCCURRENCE (OBSERVED, ACTUAL AND ASSESSED) 

Species  
EXP. 
FROC 

Actual. 
FROC 

OBS. FROC (FRAI) JUSTIFICATION 

AUSTROGLANIS SCLATERI 3 0 1 

Sampling was limited and 
found ASCL upstream, 
difficult to sample 
effectively in fast-deep 
water. 

LABEOBARBUS AENEUS  5 0 3 

Sampling was limited and 
found LAEN upstream, 
difficult to sample 
effectively in fast-deep 
water. 

BARBUS ANOPLUS  1 0 0   

LABEOBARBUS KIMBERLEYENSIS  1 0 0   

CYPRINUS CARPIO 1 0 0   

CLARIAS GARIEPINUS  3 0 1 

Sampling effort was limited, 
habitat suitable and 
established population 
downstream of the site.  

LABEO CAPENSIS  5 1 3 

Sampling limited, found 
LCAP upstream, difficult to 
sample effectively in fast-
deep water. 

LABEO UMBRATUS  1 0 0   

MICROPTERUS SALMOIDES 1 0 0   

ONCORHYNCHUS MYKISS 3 1 3 

Sampling was limited, 
found OMYK upstream, 
difficult to sample 
effectively in fast-deep 
water. 

     ADJUSTMENT JUSTIFICATIONS  

VELOCITY-DEPTH CLASSES 
METRICS 

RANK %WEIGHT RATINGS JUSTIFICATION 

FAST-DEEP 2 80 -4 

Katse Dam and Mohale 
Dam and the weirs 
upstream are affecting the 
flow and have an effect on 
the species with preference 
to fast-flowing water. Land 
use is causing excessive 
silt and flow alterations 
from Katse Dam. 

FAST-SHALLOW 2 80 -3 
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SLOW-DEEP 1 100 -3 
Elevated sediment levels 
cause reduction in depth 
(Rowntree & Mzobe, 2013). 

SLOW-SHALLOW  3 60 0   
  

   
  

COVER METRICS RANK %WEIGHT RATINGS JUSTIFICATION 

Overhanging vegetation 1 100 2 

Alien riparian vegetation 
encroachment on the river 
banks with gum trees and 
willow trees. 

Undercut banks and root wads 2 80 -4 Excessive sedimentation 
and flow alterations from 
upstream dams and weirs. Substrate type 3 50 -4 

 Instream vegetation 3 60 0   

Water column  2 80 -2 
Sedimentation and reduced 
flows causing a reduction in 
scouring. 

  
   

  

FLOW DEPENDENCE METRICS 3 %WEIGHT RATINGS JUSTIFICATION 

Intolerant spp. response 3 50 0   

Moderately intolerant spp. response 1 100 -1 

Flow modifications due to 
Katse Dam, weirs, and 
considerable decrease in 
abundance.  

Moderately tolerant spp. response 2 80 -1 

ASCL, BAEN & BKIM 
species with fast-flowing 
water preferences were not 
found, due to flow 
alterations by Katse Dam. 

Tolerant spp. response 3 50 0   

          

FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFR6 (WINTER 2013 SURVEY) 
Continued. 

ADJUSTMENT JUSTIFICATIONS Continued. 

PHYSICOCHEMICAL METRICS RANK %WEIGHT RATINGS JUSTIFICATION 

Intolerant species response 1 100 -2 Limited changes in water 
quality conditions were 
observed (Rossouw, 2014); 
sensitive species observed 
suggests that if any impacts 
occur they would be minimal. 
Temperature affecting 
sensitive species due to 
Katse Dam releases. 

Moderately intolerant spp. response 2 80 0 

Moderately tolerant spp. response 3 60 0 

Tolerant spp. response 3 60 0 

MIGRATION METRICS: RATINGS     JUSTIFICATION 

Weirs and causeways 3 
  

Numerous weirs occur 
upstream and downstream 
(between Xhariep Dam and 
Lesotho) from where main 
migrations of Cyprinids are 
considered to occur. 

Impoundments 0 
  

  

Physicochemical barriers -1 
  

Abnormal frequent 
temperature alterations 
associated with upstream 
dam releases may affect 
ecological processes slightly 
at this site. 

Flow modifications  2 
  

Below the confluence 
between the Malibamatso and 
Senqu Rivers the flow 
reductions in the Senqu River 
attributed to the establishment 
of the Katse Dam may be 
negatively impacting on the 
migration potential of 
cyprinids in the study area. 

  
   

  

 
MIGRATION METRICS: 

RANK %WEIGHT RATINGS JUSTIFICATION 
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Catchment-scale migration responses 1 100 2 Catchment-scale migrations 
of adult cyprinids seem to be 
hampered.  Reach-scale migration responses 2 60 2 

Within reach-scale migration responses 3 50 0   

  
   

  

INTRODUCED ALIEN PREDACEOUS SPP 
IMPACT 
SCORE 

    JUSTIFICATION 

ONCORHYNCHUS MYKISS 5 
  

OMYK are common 
throughout the study area. 

CYPRINUS CARPIO 5 
  

Large population of CCAR 
occurs downstream of the 
study area. Individuals should 
frequent the site. 

  
   

  

INTRODUCED SPECIES METRICS: RANK %WEIGHT RATINGS JUSTIFICATION 

Impact of competing/predaceous spp. 1 100 1 
Predation by OMYK has 
impact on cyprinids and 
ASCL. 

Distribution competing/predaceous spp. 2 80 1 

OMYK are common in the 
study area and recruiting 
successfully into the study 
area. 

Impact of habitat modifying spp. 2 80 1 

CCAR should occur here, 
habitat modifying impacts 
expected to be low. Especially 
in comparison with upstream 
effects of land-use practices 
and flow reductions from 
dams. 

Distribution of habitat modifying spp. 2 80 1 

FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFR6 (WINTER 2013 SURVEY) 
Continued. 

ADJUSTMENT JUSTIFICATIONS Continued. 

FRAI SCORES 

METRIC GROUP WEIGHT (%)   AUTOMATED   

VELOCITY-DEPTH 85.7 
 

FRAI (%) 48.50 

COVER  78.6 
 

EC: FRAI  D 

FLOW MODIFICATION  100.0 
 

ADJUSTED   

PHYSICOCHEMICAL 92.9 
 

FRAI (%) 67.10 

MIGRATION  85.7 
 

EC: FRAI  C 

IMPACT OF INTRODUCED 85.7       

 

FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFR6 
(SUMMER 2014 SURVEY)  

     
SPECIES AND FREQUENCY OF OCCURRENCE (OBSERVED, ACTUAL AND ASSESSED) 

Species  
EXP. 
FROC 

Actual. 
FROC 

OBS. FROC 
(FRAI) 

JUSTIFICATION 

AUSTROGLANIS SCLATERI 3 1 3 

Sampling was limited and found 
ASCL upstream, difficult to 
sample effectively in fast-deep 
water. 

LABEOBARBUS AENEUS  5 3 5 

Sampling was limited and found 
LAEN upstream, difficult to 
sample effectively in fast-deep 
water. 

BARBUS ANOPLUS  1 0 0   

LABEOBARBUS KIMBERLEYENSIS  1 1 1   

CYPRINUS CARPIO 1 0 1   

CLARIAS GARIEPINUS  3 3 3 

Sampling effort was limited, 
habitat suitable and established 
population downstream of the 
site.  
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LABEO CAPENSIS  5 3 3 
Sampling limited, found LCAP 
upstream, difficult to sample 
effectively in fast-deep water. 

LABEO UMBRATUS  1 1 1   

MICROPTERUS SALMOIDES 1 0 0   

ONCORHYNCHUS MYKISS 3 0 1 

Sampling was limited, found 
OMYK upstream, difficult to 
sample effectively in fast-deep 
water. 

  
   

  

ADJUSTMENT JUSTIFICATIONS  

 
VELOCITY-DEPTH CLASSES 
METRICS 

RANK %WEIGHT RATINGS JUSTIFICATION 

FAST-DEEP 2 80 -3 

Katse Dam and Mohale Dam 
and the weirs upstream are 
affecting the flow and have an 
effect on the species with 
preference to fast-flowing water. 
Land use is causing excessive 
silt and flow alterations from 
Katse Dam 

FAST-SHALLOW 2 80 -2 

SLOW-DEEP 1 100 0   

SLOW-SHALLOW  3 60 1 
Elevated sediment levels cause 
reduction in depth (Rowntree & 
Mzobe, 2013). 

  
   

  

COVER METRICS RANK %WEIGHT RATINGS JUSTIFICATION 

Overhanging vegetation 1 100 2 

Alien riparian vegetation 
encroachment on the river 
banks with gum trees and willow 
trees. 

Undercut banks and root wads 3 60 -4 Excessive sedimentation and 
flow alterations from upstream 
dams and weirs. Substrate type 3 50 -4 

 Instream vegetation 3 60 -2   

Water column  2 80 -1 
Sedimentation and reduced 
flows causing a reduction in 
scouring. 

 

FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFR6 SUMMER 2013 SURVEY) 
Continued. 

ADJUSTMENT JUSTIFICATIONS Continued. 

 
FLOW DEPENDENCE METRICS 

3 %WEIGHT RATINGS JUSTIFICATION 

Intolerant spp. response 3 50 0   

Moderately intolerant spp. response 1 100 -1 

Flow modifications due to 
Katse Dam, weirs, and 
considerable decrease in 
abundance.  

Moderately tolerant spp. response 2 80 -1 

ASCL, BAEN & BKIM species 
with fast-flowing water 
preferences were not found, 
due to flow alterations by 
Katse Dam. 

Tolerant spp. response 3 50 0   

          

 
PHYSICOCHEMICAL METRICS: 

RANK %WEIGHT RATINGS JUSTIFICATION 

Intolerant species response 1 100 -1 
Limited changes in water 
quality conditions were 
observed (Rossouw, 2014); 
sensitive species observed Moderately intolerant spp. response 2 80 0 
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Moderately tolerant spp. response 3 60 0 
suggests that if any impacts 
occur they would be minimal. 
Temperature affecting 
sensitive species due to 
Katse releases. 

Tolerant spp. response 3 60 0 

  
   

  

MIGRATION METRICS: RATINGS     JUSTIFICATION 

Weirs and causeways 3 
  

Numerous weirs occur 
upstream and downstream 
(between Xhariep Dam and 
Lesotho) from where main 
migrations of Cyprinids are 
considered to occur. 

Impoundments 0 
  

  

Physicochemical barriers -1 
  

Abnormal frequent 
temperature alterations 
associated with upstream 
dam releases may affect 
ecological processes slightly 
at this site. 

Flow modifications  3 
  

Below the confluence 
between the Malibamatso and 
Senqu Rivers the flow 
reductions in the Senqu River 
attributed to the 
establishment of the Katse 
Dam may be negatively 
impacting on the migration 
potential of cyprinids in the 
study area. 

  
   

  

 
MIGRATION METRICS: 

RANK %WEIGHT RATINGS JUSTIFICATION 

Catchment-scale migration responses 1 100 2 Catchment-scale migrations 
of adult cyprinids seem to be 
hampered.  Reach-scale migration responses 2 60 2 

Within reach-scale migration responses 3 50 0   

  
   

  

INTRODUCED ALIEN PREDACEOUS SPP 
IMPACT 
SCORE   

  

ONCORHYNCHUS MYKISS 5 
  

OMYK are common 
throughout the study area. 

CYPRINUS CARPIO 5     

Large population of CCAR 
occurs downstream of the 
study area. Individuals should 
frequent the site. 

FISH RESPONSE ASSESSMENT INDEX (FRAI) JUSTIFICATION TABLE FOR SITE: IFR6 SUMMER 2013 SURVEY) 
Continued. 

ADJUSTMENT JUSTIFICATIONS Continued. 

INTRODUCED SPECIES METRICS: RANK %WEIGHT RATINGS JUSTIFICATION 

Impact of competing/predaceous spp. 1 100 1 
Predation by OMYK has impact 
on cyprinids and ASCL. 

Distribution competing/predaceous spp. 2 80 1 
OMYK are common in the study 
area and recruiting successfully 
into the study area. 

Impact of habitat modifying spp. 2 80 0 
CCAR should occur here, 
habitat modifying impacts 
expected to be low. Especially in 
comparison with upstream 
effects of land-use practices and 
flow reductions from dams. 

Distribution of habitat modifying spp. 2 80 0 

     
FRAI SCORES 

METRIC GROUP 
WEIGHT 

(%) 
  AUTOMATED   

VELOCITY-DEPTH 85.7 
 

FRAI (%) 70.30 

COVER  78.6 
 

EC: FRAI  C 

FLOW MODIFICATION  100.0 
 

ADJUSTED   
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PHYSICOCHEMICAL 92.9 
 

FRAI (%) 74.70 

MIGRATION  85.7 
 

EC: FRAI  C 

IMPACT OF INTRODUCED 85.7       
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APPENDIX D: WATER QUALITY DATA FROM EACH SITE FOR AUGUST 2013 AND 

JANUARY 2014 

Monitoring point IFR P1 IFRP2 IFR 5 IFR 6 IFR P1 IFRP2 IFR 5 IFR 6 

Date 
06 
August 
2013 

08 
August 
2013 

10 
August 
2013 

12 
August 
2013 

21 January 
2014 

24 January 
2014 

27 January 
2014 

28 
January 
2014 

Time 10:30 10:00 10:30 13:58 7:53 9:00 9:38 9:00 

Temperature (oC) 9.1 9.1 8.7 10.13 19.8 20.5 22.7 25.2 

Conductivity mS/m 20.1 24 14.1 14.9 15.99 14.78 15.56 16.41 

pH 6.06 7 7.12 7.17 7.48 6.94 7.27 6.56 

Dissolved oxygen (mg/L) 10.3 8 8.8 11.25 8.7 8.2 7.8 7.6 

Ammonia mg N/L <0.08 <0.08 <0.08 0.17 0.08 0.12 <0.08 0.14 

Chloride mg Cl/L <5 <5 <5 <5 <5 <5 <5 7 

Conductivity mS/m 23 24 22 23 17 16 17 18 

Dissolved calcium mg 
Ca/L 

22 21 22 24 15 14 15 16 

Dissolved iron 
mg Fe/L 

0.04 0.04 0.05 0.11 <0.01 <0.01 <0.01 <0.01 

Dissolved magnesium 
mg Mg/Ll 

11 12 11 10 7.8 6.9 6.9 7.1 

Dissolved manganese mg 
Mn/L 

<0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

Fluoride μg F/L <50 <50 <50 60 230 110 230 400 

Nitrate/Nitrite mg N/L 0.69 0.55 0.26 0.09 0.58 0.4 0.44 0.5 

Orthophosphate mg P/L <0.002 <0.002 <0.002 0.014 <0.002 0.012 0.018 0.019 

pH at 25°C 8 8 8 7.9 7.8 7.8 7.9 7.8 

Potassium mg K/L 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.7 

Sodium mg Na/L 4.9 5.1 5 5.2 3.6 3.3 3.5 3.8 

Sulphate mg SO4/L 11.8 11.1 8.39 6.94 8.46 8.36 8.46 8.47 

Suspended solids mg/L <10 14 <10 19 193 294 296 602 

Total alkalinity mg 
CaCO3/L 

90 100 100 110 74 70 74 78 

Total hardness mg 
CaCO3/L 

100 102 100 101 70 63 66 69 

Total phosphate μg P/L <15 <15 <15 19 220 <200 <200 450 

Turbidity NTU 0.8 0.7 2.2 4.7 138 184 318 873 

 

 


