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OPENING ADDRESS 

 
 
Welcome to the 18th Yellowfish Working Group Workshop. As things stand now this might be our 
last YWG workshop depending on what your sentiments are when we discuss this later during our 
programme. It took Peter and I a while to put a decent programme together and there was a period, 
a few short months ago, when we thought the workshop would not happen. Well, we did manage to 
cobble a decent programme together with a more than adequate turnout.  Thanks for being here. 
  
The first yellowfish working group workshop was held in 1997 with the sole purpose of popularising 
fly-fishing for indigenous yellowfish. This was at a time when trout was the preferred target of fly 
anglers and only a few pioneers were targeting other species like tigerfish, yellowfish and salt water 
species. At those early meetings we probably would see about 50% anglers, 25% conservation 
officials, 25% scientists and landowners. The initial reason for establishing the working group was 
instigated by the decision of various conservation departments to abandon the management of trout 
and focus on indigenous biodiversity.  A mandate that is now commonplace within formal 
conservation and in line with current thinking around biodiversity management issues. A move, that 
many fly anglers did not, and still do not understand, many of them failing to adjust to shifting 
conservation paradigms. In 1986 the then Cape Department of Conservation initiated the process by 
realising that it was not their mandate to conserve an alien species.  It was at that time that 
conservation management philosophy was being moulded after the release of the World 
Conservation Strategy, by the IUCN, in 1980. Since then all signatory states have changed their 
understanding about what they should be conserving and have adjusted to a dynamic philosophy 
about how natural resources are, and should be managed and this includes a shifting understanding 
of what conservation targets should be. Biodiversity (when referring to the conservation of it), is 
often misunderstood by layman as meaning all species, as opposed to referring to "native" animals in 
the natural distribution range.  
 
While FOSAF was established to protect the interests of the trout angler the organisation was 
farsighted enough to establish a forum where the fishing of indigenous fish should be encouraged 
and thereby extending the range of angling species targeted by fly anglers. This is not a small thing.  
  
It is appropriate at this time to remember those who have contributed meaningfully to this forum 
but who have sadly passed away. My we remember Johan Engelbrecht, Rob Karsing and Erwin 
Schroeder and honour them for their contribution to the sport of angling and aquatic sciences.  
 
Today this forum attracts mainly scientists, some consultants, a smattering of landowners and very 
few anglers. So what has changed?  Conservation and government departments like Water Affairs 
were always important contributors and well represented at these working groups. The regional 
reports also constituting an important component to the workshops agenda with many of the 
provinces being well represented. The Northvaal Chapter was also able to sponsor accommodation 
and sometimes even important delegates who were unable to fund themselves. The cost of transport 
has escalated drastically over the past years making any journey more than 500 km an expensive 
venture. Furthermore, membership is entirely voluntary and attendance totally at the discretion of 
the participant and based entirely on goodwill. The Working Group is also not an important event 
on the scientific aquatic calendar so scientists are not obliged to attend either. Finally, fishing for 
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yellowfish has become commonplace and one could surmise that we have achieved our initial 
objective so there is no longer an urgency to attend this forum like there was few years ago.   
 
What have we achieved?  As I have mentioned earlier fly fishing for yellowfish is now very popular 
and anyone going to the Vaal on any given day, especially weekends, will be amazed at the number 
fly anglers on the water. Numerous scientific and angling articles have been published covering 
biology, status and fishing. A number of genetic and behavioural reports and papers have been 
produced based on the findings of scientific studies undertaken on the Vaal, Orange and KZN 
rivers. Although not directly relevant additional scientific work has been undertaken on tigerfish 
which, incidentally, has become the other local sporting fish that is now regularly taken on fly 
anglers. This work has been represented here to. The publication of the yellowfish status reports 
(scientific and popular versions) are probably one of the highlights of the working group 
achievements.  Along the Vaal, and to a certain extent, the Orange a number of new yellowfish 
venues are opening up. But anyone who cares to look around will discover many new spots out 
there.  So while the popularity of fishing for yellows is now unprecedented growth may now be 
found in finding more venues.   
 
The YWG is an informal structure but has been highly acclaimed over the years for the good work it 
has been doing.  However, we cannot take direct credit for the work being done on the ground 
which can largely be attributed to "the members", who are out there, doing their daily jobs or 
exercising their favourite pastime. The value to fishing and to science is the work done by them, the 
YWG merely providing a forum for sharing knowledge gained during the year. 
 
So what now? Think about this question as we progress through the programme so that we can end 
the day debating the future of the working group.   
 
Peter Mills 
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STATE OF RIVERS, KRUGER NATIONAL PARK 
 

Robin Petersen 
SANParks, Pvt Bag X402, Skukuza 1350. Email: Robin.Petersen@sanparks.org 

 

 
Background and rationale 
The Kruger National Park (KNP) is located in the Lowveld and is the ‘downstream user’ of six 
major rivers that traverse or border the park. A key issue for the KNP has been the progressive 
decline in water quantity, quality and associated fauna and flora of the rivers that traverse its area 
from west to east. All the rivers have experienced flow and water quality modifications due to 
increasing and changing upstream demands, including agricultural abstraction which is by far the 
largest water user, afforestation, mining and the construction of dams. Additionally, a wider view 
recognises that South Africa and the KNP lie upstream of or adjacent to international neighbours 
with whom water must be shared and managed (Pollard and du Toit, 2007).  
The purpose of this report is to inform conservation management on the integrity of the rivers in 
KNP. This report is based on the findings of river surveys that were conducted since the 1990’s as 
part of the implementation of the River Health Programme (RHP) in the KNP and includes the 
most recent survey done in September 2013.  
A number of factors determine the health of a river ecosystem and its ability to provide various 
goods and services.  These range from geomorphological characteristics, hydrological and hydraulic 
regimes, chemical and physical water quality and the nature of the in-stream and riparian habitats.  
The RHP focuses on selected ecological indicators that are representative of the larger ecosystem 
and are practical to measure. Since resident aquatic communities reflect the effects of chemical and 
physical impacts in a time-integrated manner, they are regarded as good indicators of overall 
ecological integrity. Indices such as fish, aquatic invertebrates and riparian vegetation are assessed 
together with river habitats, flow and water quality drivers.  This is then expressed in a continuum 
from A to F, where A represents conditions close to natural and F being critically modified 
conditions 
Previously the drivers and bio-responders of aquatic ecosystems were reported separately; here we 
try to integrate them across space and time to allow for a holistic interpretation of the State of the 
Rivers in the KNP.   The new reporting format will assist in identifying areas of success as far as 
resource utilization and protection as well as areas of unacceptable ecological degradation.   
 
KNP’s Rivers  
 Though the KNP serves an important “watchdog” role in the 5 major catchments that traverse the 
park, it often inherits water quality and resource over-allocation issues created in the upper and 
middle catchments.  Through monitoring and informed decision making, the KNP plays a key role 
in ensuring that the riverine and aquatic biodiversity is protected and that the water resource is able 
to deliver on national and international obligations.   
The freshwater ecosystems of the Lowveld are experiencing declines in Ecological Condition as a 
result of anthropogenic activities such as mining, agriculture, impoundments, dysfunctional waste 
water treatment works, overexploitation, flow modification and the degradation of habitats. 
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Figure 1: Eco-status summary of five major perennial rivers in the KNP. 
Luvuvhu River 
The Luvuvhu River is currently in a Class C (moderately modified). The water quality shows signs of 
deterioration as the electrical conductivity, nitrate and phosphate levels have been increasing over 
the last two years.  Although these parameters have not exceeded the tolerable limits, the negative 
trend in the fish integrity and the macroinvertebrate TPCs which has been exceeded is cause for 
concern and urgent attention is required. The major land use in the catchment is agriculture (20%) 
and forestry (11%).  The destruction of riparian zone, increasing silt loads and planting of fruit 
orchards close to the water’s edge, with herbicide and insecticide spraying, together with increasing 
abstraction in the upper and middle catchment results in negative impacts on water quality.   
 The Letaba River  
The Letaba River is currently in a Class C (moderately modified). The fish and macroinvertebrate 
communities are exhibiting a stable trend.   The Letaba River system is highly developed and 
regulated, through various large storage dams, weirs, river abstractions as well as institutionally 
through various water user agencies and irrigation boards.  There is however concern that increased 
development and expansion of urban centres in the middle catchment will result in further resource 
demand and failure to meet the ecological reserve allocation in the KNP.  It is also anticipated that 
under the new operating scenario, decrease in flood events through controlled releases from dams 
will decrease the sediment scouring and result in deterioration in ecological condition on the Letaba 
River in the KNP.     

Luvuvhu- Class C (75.4%) 

Letaba – Class C (66.9%) 

Olifants- Class C/D (60.2%) 

Sabie- Class B/C (79.4%) 

Crocodile- Class C/D (59.8%) 
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The Olifants River 
The Olifants River is currently in a Class C/D (modified). The fish and macroinvertebrate 
communities are exhibiting a deteriorating trend. The trend needs to be monitored over time in 
order to establish whether the recent flooding events that took place in 2013 which scoured the river 
(down to bedrock) resulting in large loss of suitable/preferred habitats are the cause of the 
deterioration. Severe algal blooms that occur during the low-flows also threaten critical habitat for 
biota.  The filamentous algae form a thick mat-like layer covering cobble-boulder habitats, preferred 
habitats for various sensitive taxa of fish and macroinvertebrates.  Several effluent spills from 
industries and mines in the Phalaborwa area result in severe deterioration of water quality in the 
Selati River, and the effects are not attenuated by the time the Olifants enters the KNP at Mamba 
Weir.  The long-term ecological effects of these spills remain undetermined, but are suspected to 
have contributed to oxidative stress to the system.   
The Sabie River 
The Sabie River is experiencing increased incidences of flow and water quality TPCs not being met. 
The drop in Class for fish (to a B/C) can be attributed to flow modification, particular low-flows not 
meeting the reserve. The electrical conductivity and incidence of Sulphates exceeding the TPC is of 
concern and close attention is required over the next years, especially if there is further development 
in the upper catchment.  The anticipated expansion of Corumana Dam, downstream of the KNP 
will cause damping of seasonal flow fluctuations, reduced flow velocity in the Sabie Gorge and 
increased deposition of sediments which will results in loss of habitats, affecting sensitive stream 
communities in the Sabie.   
The Crocodile River  
The Crocodile River is currently in a Class C/D (modified). The fish communities are exhibiting an 
alarming deteriorating trend. The decrease in abundance and ecological condition of fish and 
macroinvertebrate communities is the result of deteriorating water quality and destruction of 
habitats by the excessive filamentous algal blooms that occur during the low-flows.    Increased 
abstraction for agriculture and domestic water use, increased agricultural run-off and removal of 
riparian vegetation for citrus, sugar farming and tourist lodges, have resulted in inability of the river 
to meet its needs.  With the newly formed InKomati-CMA, it is hoped that strengthened compliance 
monitoring and enforcement in the catchment will result in improvements in flow and quality.   
 
Conclusion and Recommendations: 
Meeting the Flow requirements in the rivers has improved over the last few years. This can be 
attributed to SANParks building and maintaining good working relationships with broader 
stakeholders in these catchments such as dam operators, river forums, the DWA and CMAs. 
Increasing development and agricultural needs will continue to put additional pressure on South 
Africa’s Rivers. It is therefore imperative that SANParks plays a pivotal role in ensuring that the 
Ecological Reserve is met, because in doing that we not only ensure protection of the biodiversity 
estate, but that the River is able to deliver on ecological goods and services required by all its 
citizens.  
References 
1. Biggs, H.C and Rogers, K.H. 2003. An adaptive system to link science, monitoring and 

management in practice. Chapter 9 in "The Kruger Experience: Ecology and Management of 
Savannah Heterogeneity" edited by J T du Toit, H C Biggs and K H Rogers. Pages 189-218. 
Published by Island Press, Washington. ISBN 1-55963-981-4. 

2. Department of Water Affairs and Forestry (DWAF), 2008. National Aquatic Ecosystem Health 
Monitoring Programme (NAEHMP): River Health Programme (RHP) Implementation 
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Manual. Version 2. ISBN No. 978-0-621-383343-0. Department of Water Affairs and 
Forestry, Pretoria, South Africa. 

3. Kleynhans, C.J. 2007. Module D: Fish Response Assessment Index. In River EcoClassification: 
Manual for EcoStatus Determination (version 2).Water Research Commission Report No. 
TT 330/08. Joint Water Research Commission and Department of Water Affairs and 
Forestry report, Pretoria, South Africa. 

4. State of the River Report (2001). Letaba and Luvuvhu River systems. WRC report no: TT 165/01. 
Water Research Commission Pretoria. ISBN No: 1868458253 

5. State of the River Report (2001). Crocodile, Sabie-Sand and Olifants River systems. 
6. Thirion, C. 2007. Macroinvertebrate Response Assessment Index. In River EcoClassification: 

Manual for Ecostatus Determination (version 2). Water Research Commission Report No. 
TT 333/08. Joint Water Research Commission and Department of Water Affairs and 
Forestry report, Pretoria, South Africa. 

 
(For those who would like to read a slightly more detailed version of this Management Brief, please 
refer to the related State of Rivers in KNP Report)   
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DEVELOPMENT OF A FISH KILL INVESTIGATION PROTOCOL FOR SOUTH AFRICA 

 

 

B. Grant1*, B. Hohls2 & D. Huchzermeyer3 

S.E.F. Box 74785, Lynnwood Ridge 0040. Email: byron@sefsa.co.za 

 

Abstract 

The occurrence of large-scale fish kills has become a common phenomenon that is increasing 
internationally, and has been attributed to natural causes, rapid environmental changes, disease 
incidents or pollution events, or a combination thereof. An understanding of the causes of fish kills 
and why they occur is fundamental in order to implement preventative measures to reduce their 
frequency and magnitude. However, despite the advancements in fisheries and aquatic sciences, the 
science of fish kill investigations at an international level is still considered rudimentary, having 
advanced little since the 1960s despite significant economic damage to fisheries and disruption of 
aquatic ecosystem dynamics. The purpose of this study therefore seeks to adapt and refine current 
internationally-applied protocols and local guidelines for fish kill investigations specifically for the 
South African context, taking into consideration recent critical commentary on the key challenges 
that need to be addressed in order to advance the science and practice of fish kill investigations 
internationally. In doing so, this study seeks to promote a consistent national approach in response 
to the investigation of such incidents and improve the management thereof through recommended 
minimum requirements for each stage of such investigations.  
 
As part of the study, a formal fish kill investigation was conducted utilizing the phased approach 
developed following the reporting of a fish kill event in the North West Province. Results obtained 
following the fish kill investigation conducted validated the need to follow a holistic approach in 
order to determine the mechanism, and ultimately the cause, of a fish kill event, and the importance 
of placing a fish kill event into context regarding the associated ecosystem. 
 

*Author to whom correspondence should be addressed 
1 

Strategic Environmental Focus (Pty) Ltd 
2 

Department of Water Affairs – Resource Quality Services 
3 

Sterkspruit Veterinary Clinic 
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PHYLOGEOGRAPHIC STRUCTURE IN THE KWAZULU-NATAL YELLOWFISH 
 
 

Connor Stobie*, Kerry Reid, Carel Oosthuizen, Paulette Bloomer 
*University of Pretoria, Private Bag X20, Hatfield 0028 

 
 

The KwaZulu-Natal yellowfish (Labeobarbus natalensis), or scaly, is a common endemic to KwaZulu-
Natal. It is a popular angling species and, like all South African yellowfishes, a good freshwater 
indicator and flagship species. Although currently listed as abundant, it is vulnerable to pollution, 
habitat transformation, hybridization and predation by alien species (Karssing 2008; Skelton 2001). 
The current drainage systems of KwaZulu-Natal arose approximately 5.1 million years ago (mya) 
(Partridge & Maud 2000; Rivers-Moore et al. 2007). Ancestors of the KwaZulu-Natal yellowfish are 
thought to have invaded the system about 2-3 mya (Bloomer et al. 2007; Skelton 2001). These rivers 
are characterized by deep riverine valleys and a very large number of barriers such as waterfalls and 
weirs. The natural features likely had a great impact on the evolutionary history of the species, as it 
would be difficult for fish from one river system to move into a new one. Even fish in the same 
river may have experienced limited gene flow since barriers (such as waterfalls) may restrict 
upstream migrations.  
The aim of this study is to identify the phylogeographic history of the KwaZulu-Natal yellowfish. 
We seek to build on previous work conducted by the Molecular Ecology and Evolution Programme 
(MEEP) laboratory on the KwaZulu-Natal yellowfish which used a single mitochondrial DNA 
marker on samples collected from the different drainage systems within the province. This initial 
work resulted in a haplotype network identifying six genetically distinct lineages divided by river 
system – these are Mzimkulu/Mtumvana, Mbokodweni, Mkomaas, Umfolozi/Mkuze, 
Buffalo/Vryheid, and a large group of Tugela/Mvoti/Molweni/Mooi River. Each of these groups 
had a large number of differences separating them – more so than had been found previously 
between the two Orange-Vaal yellowfish species, L. kimberleyensis and L. aeneus. A genealogy 
produced from the mitochondrial data indicates that these groups are roughly divided into a 
northern group (the large Tugela group, Umfolozi/Mkuze and Buffalo/Vryheid) and a southern 
group (Mbokodweni, Mkomaas, Mzimkulu/Mtumvana). Results from Barrier analyses (Manni et al. 
2004) supported this by identifying the largest differences in genetic diversity to occur between the 
northern and southern groups, then within the southern groups, and finally within the northern 
groups. 
For the present study, we seek to identify whether the mitochondrial data discussed thus far are 
representative of the genetic history of these populations and we seek to identify the processes 
which have resulted in the phylogeographic pattern we have observed. Mitochondrial genetic 
analysis is generally used for a more historical viewpoint – for a more contemporary timeframe, 
nuclear genetic data are preferred. It should be noted, however, that a major complicating factor of 
looking at the genetics of South African yellowfishes is that they are hexaploid – meaning that they 
have six sets of genetic information. We as humans are diploid: we have two sets of genetic material, 
one from our mother and one from our father. This raises an important question: can we use 
nuclear DNA markers which have been designed for use in diploids in this hexaploid fish? Although 
initial results are looking positive, we do have some other options, such as extending the 
mitochondrial DNA work and looking at transcriptomics, that is, the protein products of genes 
which are expressed in the fish. The latter bypasses the number of copies which the fish possesses, 
and should circumvent having complications due to the ploidy level. 
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In the current study, we explore four different types of nuclear molecular markers for use in the 
KwaZulu-Natal yellowfish. These are: 

• Microsatellites – short sequence repeats of 2-5 bases and popularly used as a ‘DNA 
fingerprinting’ marker in human and wildlife forensics 

• Exons – parts of a gene that code for proteins 

• Introns – noncoding parts of a gene flanking the exons 

• Restriction-site Associated DNA (RAD) tags 

For microsatellites, we have newly developed twelve sets of primers for use in the KwaZulu-Natal 
yellowfish. Two of these loci have proven to be polymorphic, or yield variants (called alleles) of 
different sizes in different individuals. Each of these loci appears to be informative at different levels 
of analysis, that is, the one locus appears to group individuals into the major lineages we have 
mentioned previously using mitochondrial DNA, while the other locus appears to distinguish 
between individuals within these groups. 
We also sequenced a large number of individuals from the different localities for the exon marker 
RAG1, which is frequently used in the literature, e.g. (Bufalino & Mayden 2010; Fugmann et al. 2006; 
Yang et al. 2012; Yang & Mayden 2010). These sequences obtained were highly similar, resulting in 
very few haplotypes. Surprisingly, the sequences contained a large number of ambiguous bases at the 
same sites for each individual. However, because each of these ambiguous bases only had two 
options, this might be indicative of two highly conserved sequences, as was also found in the intron 
marker. 
The intron marker S7 has often been used in fish, particularly Cyprinids (Bufalino & Mayden 2010; 
Chow & Hazama 1998; He et al. 2008; Houston et al. 2010; Xuzhen et al. 2002). We found that the 
intron amplifies consistently in the KwaZulu-Natal yellowfish. We cloned the sequences to obtain 
each of potentially six different sequences present in one individual (due to the hexaploidy). To our 
surprise, we obtained only two different sequences for the initial two individuals, instead of the 
anticipated six. The two sequences were highly similar for the two individuals, and may be different 
paralogs (two or more sections of DNA which share similarity through a duplication event). 
Sequencing the more prevalent read from a small number of individuals in the northern and 
southern lineages allowed us to construct a haplotype network. The network shows a large 
insertion/deletion event separating the northern and southern groups. The three Mkuze samples 
formed a northern group, although one of the samples had quite a different sequence compared to 
the other two. The samples from Mzimkulu clustered close to the sample from Mkomaas, forming a 
distinct southern group. This appears to agree with the pattern we observed for the mitochondrial 
data – that is, a split between the northern and southern groups, and within these a number of 
lineages separated by river system. However, more S7 sequences are required for any authoritative 
conclusions in this regard. 
 
RAD-sequencing is a new Next-Generation Sequencing (NGS) technology (Baird et al. 2008; Miller 
et al. 2007). The double-digest approach makes use of a pair of restriction enzymes to cut a large 
number of pooled samples at exactly the same place. Approximately 100 base pairs are then 
sequenced from the cut end of the DNA strand. It is important to note that these fragments are 
obtained from throughout the entire genome. This makes it a superior method to the previous three 
nuclear marker approaches, which focus on single, very short, specific fragments of the genome – 
with RAD-sequencing, millions of base pairs are analysed in order to find tens to hundreds of 
thousands of potential diagnostic markers, known as Single Nucleotide Polymorphisms (SNPs). This 
genome-wide approach was tested in 23 KwaZulu-Natal yellowfish samples, for which extracted 
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DNA was sent to the Beijing Genomics Institute (BGI) in Shenzhen, China for analysis. RAD-seq 
has previously been performed in other polyploid fish species such as trout (Hohenlohe et al. 2011), 
salmon (Houston et al. 2012) and sturgeon (Ogden et al. 2013). We have just received word that the 
RAD-seq and data analysis have been completed, although we have yet to receive the majority of the 
data. Thus far it appears that ~300,000 SNPs have been identified in the study, although these will 
have to undergo extensive filtering for identifying those which could be used for further analysis. 
In conclusion, we have successfully identified a number of nuclear genetic markers from the 
different types of markers that we investigated. In addition, the initial results from a number of these 
markers have raised an interesting question regarding the ploidy-level of the fish. For S7, only two 
different sequences were recorded for the initial specimens, where a maximum of six were expected 
due to the known hexaploid status of the fish (karyotypic studies have shown the fish to possess 150 
chromosomes (Naran et al. 2007)). The ambiguous bases in the RAG1 sequences may also indicate a 
maximum of two sequences found, and the microsatellites generally returned 2-3 alleles per 
individual, also indicating possible diploidy or triploidy. This may indicate that the KwaZulu-Natal 
yellowfish (and possibly other species from its genus) may have undergone a process known as 
functional diploidisation – where the polyploid genome accumulates mutations in its ‘additional’ 
chromosomes over millions of years, until such a point is reached where each pair of chromosomes 
is different to the original pair. Although it still physically has the number of chromosomes one 
would expect in a hexaploid, the genetic information is no longer repeated on more than two 
chromosomes, and so it is functionally a diploid again. This is a fascinating area for future research 
which I hope to address by applying a panel of nuclear markers to yield a conclusive answer.   
Baird NA, Etter PD, Atwood TS, et al. (2008) Rapid SNP Discovery and Genetic Mapping Using 

Sequenced RAD Markers. PLoS ONE 3, e3376. 
Bloomer P, Bills IR, van der Bank FH, et al. (2007) Multidisciplinary investigation of differences and 

potential hybridization between two yellowfish species Labeobarbus kimberleyensis and L. aeneus 
from the Orange-Vaal system. Follow-up study 2004-2007, p. 68. Yellowfish Working 
Group. 
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The freshwater fishes of the Cape Floristic Region (CFR) are characterised by high endemism and 
restricted ranges, which makes them vulnerable to environmental threats such as pollution, habitat 
destruction, and alien invasive fishes (Tweddle et al. 2009). Since the majority of headwater streams 
in the CFR contain threatened native freshwater species, these water bodies are priorities for 
conservation management (Impson et al. 2002). The CFR is an freshwater fish invasions hotspot 
(Leprieur et al. 2008), with the majority of the environmentally damaging species being introduced 
for recreational angling (Cambray 2003). The Rondegat River, a second order tributary of the 
Olifants-Doring river system, provides a classic example of the problems caused by invasive sport 
fishes, as well as a unique example of a direct intervention by conservation authorities to remove the 
invasive fishes and rehabilitate the threatened fish community. 
The Rondegat River is home to five native fish species, namely the Clanwilliam yellowfish 
(Labeobarbus capensis), the Clanwilliam redfin (Barbus calidus), the fiery redfin (Pseudobarbus phlegethon), 
the Clanwilliam rock catfish (Austroglanis gilli) and the Cape galaxias (Galaxias zebratus). Surveys 
conducted in 2003 and 2011 showed the lower 4km of the river to be invaded by the North 
American smallmouth bass (Micropterus salmoides), with all but large adult Clanwilliam yellowfish 
excluded from the invaded reach as a result of decades of predation by the bass (Woodford et al. 
2005, Weyl et al. 2013). Due to the relatively small length of the invaded reach (four kilometres) and 
the fact that it was bounded by two barriers to upstream movement (a waterfall that prevented the 
further encroachment of bass, and an abstraction weir that could block re-invasion), CapeNature 
embarked on a programme to eradicate the bass from the Rondegat River, a process that included a 
comprehensive EIA (Marr et al. 2012) and a biological monitoring programme. The monitoring 
programme was undertaken by the South African Institute for Aquatic Biodiversity (SAIAB) with 
funding from the Water Research Commission (Project K8-922). Comprehensive surveys of the fish 
and aquatic macroinvertebrates were carried out in the stream before and after the rotenone 
treatment, so that the collateral impacts and long term effect of the piscicide on the stream 
ecosystem could be addressed. 
  On 29 February 2012, rotenone was applied to the stream from multiple drip cans for a period of 
six hours. In the days following the rotenone treatment, it was confirmed that no live fish were 
present in the treated area (Weyl et al. 2013). Pre-treatment monitoring had revealed significant 
natural variability in the invertebrate diversity of the treated reaches, but an assessment of 
statistically rarefied species counts did show a significant decline in diversity immediately following 
the rotenone treatment (Woodford et al. 2013). Half of the apparently extirpated insect species had 
returned to the monitoring sites by May 2012, though data analysis of insect diversity is still on-
going. 
Assessment of insect densities on individually sampled stones revealed a significant decline in the 
abundance of Ephemeroptera (mayfly nymphs), whereas other groups did not significantly decline in 
abundance in response to the piscicide treatment (Woodford et al. 2013). Follow-up surveys in May 
2012 revealed mayfly densities to have returned to pre-treatment levels (Figure 1). These data 
indicate that the mayflies were resilient to the impact of rotenone, while other groups such as aquatic 
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beetles, caddisfly larvae and other fly larvae were generally resistant to the piscicide (Woodford et al. 
2012). 
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Figure 1: Invertebrate densities on stones before and after rotenone treatment, indicating 
decline followed by rapid recovery in numbers of Ephemeroptera occurring on the stones. 
 
One year after the first rotenone treatment, a comprehensive follow-up survey assessed fish 
densities and diversity above, within and below the treated reach. Snorkelling, electrofishing and 
underwater video analyses showed no smallmouth bass remaining in the treated reach, and that large 
numbers of juvenile Clanwilliam yellowfish, together with smaller numbers of other native fish, had 
successfully colonised the formerly invaded sites (Weyl et al. 2014; Figure 2). A second rotenone 
treatment in March 2013 confirmed the total absence of bass from the Rondegat River, indicating 
the operation to have been a success. On-going monitoring under a new Water Research 
Commission project (K5-2261) will assess the long-term recovery of the fish and insect communities 
following the successful eradication of bass. 
The Rondegat River provides a good example of a comprehensively planned, well executed, and 
properly followed-up conservation intervention, which has resulted in range expansions for several 
threatened fish species with a CFR mountain stream. It is hoped that this success story can serve as 
a comprehensive case study on which to base future alien fish eradication projects in small mountain 
streams, many of which represent the last refuge for some of South Africa’s most threatened native 
fishes. Only through active management will these streams remain refuges for our national 
biodiversity heritage, and the Rondegat River rehabilitation programme represents a significant first 
step in this long and difficult task. 



17 
18th Yellowfish Working Group Conference 

Site

1 11 21 31

D
e
n
s
it
y
 (

fi
s
h
/m

2
)

0.0

0.5

1.0

1.5

2.0

2.5

C
la

n
w

ill
ia

m
 D

a
m

D
e
n
s
it
y
 (

fi
s
h
/m

2
)

0

1

2

3

4

Invaded zone

Rooidrai

waterfall
Waterfall

C
la

n
w

ill
ia

m
 D

a
m

Barbus calidus (N) 

Pseudobarbus phlegethon(N)

Labeobarbus capensis (N)

Micropterus dolomieu (A)

Other alien fishes

Weir

Invaded 

zone
Rooidrai

waterfall
Waterfall

Weir

Pre-treatment (February 2012)

1 year post-treatment (February 2013)

 
Figure 2: Densities of fish species at monitoring sites in the Rondegat River before and after 
rotenone treatment, indicating contraction of the invaded reach to below the barrier weir 
and the recoloisation of the treated reach by native fishes (from Weyl et al. 2014). 



18 
18th Yellowfish Working Group Conference 

 
References 
Cambray J. 2003. Impact on indigenous species biodiversity caused by the globalisation of alien 

recreational freshwater fisheries. Hydrobiologia 500: 217–230. 
Impson ND, Bills IR, Cambray JA. 2002. A conservation plan for the unique and highly threatened 

freshwater fishes of the Cape Floral Kingdom. In: Collares-Pereira MJ, Coelho MM, Cowx 
IG (eds). Conservation of freshwater fishes: options for the future, Blackwell Science. pp 
432-440. 

Leprieur F, Beauchard O, Blanchet S, Oberdorff T, Brosse S. 2008. Fish invasions in the world’s 
river systems: when natural processes are blurred by human activities. PLoS Biology 6: e28. 

Marr SM, Impson ND, Tweddle D. 2012. An assessment of a proposal to eradicate non-native fish 
from priority rivers in the Cape Floristic Region, South Africa. African Journal of Aquatic 
Science 37: 131–142. 

Tweddle D, Bills I, Swartz E, Coetzer W, Da Costa L, Engelbrecht J, Cambray J, Marshall B, 
Impson N, Skelton PH, Darwall W, Smith K. 2009. The status and distribution of freshwater 
fishes. In: Darwall W, Smith K, Tweddle D, Skelton PH (eds). The status and distribution of 
freshwater biodiversity in southern Africa. IUCN Red List of Threatened Species. Regional 
Assessment. pp 21–37. 

Weyl OLF, Ellender BR, Woodford DJ, Jordaan MS. 2013. Fish distributions in the Rondegat River, 
Cape Floristic Region, South Africa, and the immediate impact of rotenone treatment in an 
invaded reach. African Journal of Aquatic Science 38: 201–209. 

Weyl OLF, Finlayson B, Impson ND, Woodford DJ, Steinkjer J. 2014. Threatened endemic fishes in 
South Africa’s Cape Floristic Region: a new beginning for the Rondegat River. Fisheries 39: 
270–279. 

Woodford DJ, Weyl OLF, Cunningham M, Bellingan TA, de Moor FC, Barber-James HM, Day JA, 
Ellender BR, Richardson NK. 2012. Monitoring the impact and recovery of the biota of the 
Rondegat River after the removal of alien fishes. Water Research Commission Report KV 
304/12, Pretoria, SA. 

Woodford DJ, Barber-James HM, Bellingan TA, Day JA, de Moor FC, Gouws J, Weyl OLF. 2013. 
Immediate impact of piscicide operations on a Cape Floristic Region aquatic insect 
assemblage: a lesser of two evils? Journal of Insect Conservation 17: 59–973. 

 
 
 
 

 

 



19 
18th Yellowfish Working Group Conference 

YELLOWFISH BEHAVIOURAL WORK IN SOUTH AFRICA: PAST, PRESENT AND 
FUTURE RESEARCH. 

 
Gordon O’Brien1&2 & Francois Jacobs3 Matthew Burnett4 

1 Institute of Natural Resources NPC, PO Box 100396, Scottsville, 3209, South Africa. gobrien@inr.org.za  
2University of KwaZulu-Natal, School of Life Sciences, PO Box X01, Scottsville, 3209, South Africa.  
3Breaching the Surface, Oude Molen 104, 83 Molen street, Potchefstroom 2531, South Africa. jacobsf06@gmail.com  
4University of Johannesburg, Zoology Department. PO Box 924, Auckland Park, 2006. 

 
 
Background 
Fish are fascinating animals that dominate the rivers and lakes (or dams) of South Africa. They 
provide us with food and entertainment and form an important part of our natural environment. In 
southern Africa more than 350 species of fishes exist, some of which are in great need of protection 
along with the ecosystems they live in.  The use of telemetry tracking devices to monitor the location 
and behaviour of fishes was initiated in the 1950s. Fish telemetry methods have developed rapidly 
within the last 20 years and now these techniques are being used all over the world to monitor the 
behaviour of fishes so that we can learn more about what they need to survive and how changes in 
water quality, quantity and habitat affects their biology. The FISHTRAC programme has been 
established to develop and use locally manufactured radio telemetry technology to monitor the 
behaviour of our local fishes and the environmental conditions of the rivers and lakes that they live 
in. 
 
The FISHTRAC programme was developed by 
scientists from South African universities and 
institutions in collaboration with Wireless Wildlife 
International. The programme development included 
dedicated research studies that were funded by the 
Water Research Commission of South Africa.  For 
more information and a free copy of the final report 
of this study visit www.wrc.org.za.   
 
Fish are good ecological indicators, in that by 
understanding what the ecological conditions are 
that they need to live in; we can evaluate the current 
conditions and manage the ecosystem so that the 
fish and other aquatic animals will survive. The use 
of fish as indicators requires an understanding of the biology and ecology of the fish before it can be 
used to manage ecosystems. We need to understand how natural and artificial changes in 
environmental variable states affect the biology and ecology of fishes. One of the most effective 
ways to evaluate the ecological consequences of changing environmental variable states to fishes, is 
to monitor their behavioural responses to these changes. 
In the FISHTRAC programme we monitor fish behaviour to evaluate the variety of ecological 
components including:  

• home range of different species,  

• timing, duration and purpose of migrations,  

• daily, lunar and seasonal life cycle patterns,  

• feeding, spawning and other activity patterns,  
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• habitat use and habitat requirements of species, 

• and effect of water quality, quantity and habitat changes on fish movement. 
 

This information helps us conserve species, manage fisheries and the use of fish as natural products 
for food and recreational activities (angling). It also allows us to manage flows, water quality and 
habitat altering activities that pollute our ecosystems. This technique can also provide information 
on the effect of disturbance to wildlife impacts of alien fishes and anglers for example to ensure that 
our fisheries remain sustainable.   
 
How it works:  
The FISHTRAC programme makes use of radio telemetry tracking techniques developed by 
Wireless Wildlife to track the location, movement, activity and habitat use of fish tagged with small 
transceivers (tags). These “smart” tags can receive and transmit information obtained by 
components that are built into the tags. This allows the tag to transmit digital coded messages which 
are used to locate the tags or fish, monitor the movement of the fish and the water temperature and 
depth use profiles of the tagged fish. The tagged fish can be tracked manually or remotely using 
Wireless Wildlife technology from 1 to 3 years! Due to the size of the tags fish larger than 500g are 
usually used in the FISHTRAC programme. Water quality and depth monitoring tags or probes that 
use of the same technology are also usually used in FISHTRAC studies. This allows the method to 
be used to evaluate the effects of changing water quality and depth in real time! Tags can be 
externally attached to the fish or inserted internally into the abdominal cavity of fish. The fish are 
anesthetised during the attachment procedure and released after recovering. Remote monitoring 
systems can track the fish in real time using base and relay receiver stations which are deployed into 
the study area. These stations are solar powered and transmit data automatically to a data 
management system which can be accessed remotely via the internet using a smart phone, tablet or 
computer. The remote monitoring data is available immediately following transmission (usually 
every 30 min) from tags that are in range of a station. If the fish is too deep (>2m) or out of range 
of a station the data is stored on the tag and downloaded when the fish moves into coverage of a 
station or if tracked manually. Fish can also be manually tracked using a manual receiver from land, a 
boat or from the air. The FISHTRAC scientist then analyses the data and generates important life 
cycle biology and ecology information about the tagged species and can use the method to evaluate 
the effect of pollution and habitat alterations to freshwater ecosystems 
 
Case studies 
The first case study presented is titled: Habitat use, home ranges, migrations and general behaviour of 
yellowfishes in the Vaal River, with management considerations for the river (O’Brien et al., 2013). The 
yellowfishes of the Vaal River (Labeobarbus kimberleyensis and L. aeneus) are charismatic, socially and 
economically important fishes, but very little is known about their interspecies habitat preferences 
and movement. This study is the first behavioural study of yellowfish in the Vaal River using radio 
transmitters to characterise habitat preferences and movement patterns. A total of 22 adult L. 
kimberleyensis and 13 adult L. aeneus individuals were tracked for between1 month and 1 year from 23 
September 2006 to 16 May 2010. Radio telemetry revealed that yellowfish established routine daily 
behavioural patterns through which the habitat preferences and movement of the species could be 
established. Home ranges of the yellowfish ranged from 1 km to more than 12 km in the Vaal River 
depending on the species and habitat availability. Habitat preferences varied between species and 
included deep slow-flowing habitats with associated cover features particularly in winter for L. 
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kimberleyensis, and shallow fast-flowing habitats particularly for L. aeneus in spring, summer and 
autumn. Changes in flows, habitat availability and atmospheric pressure affected the movement of 
yellowfish. The biology and ecology of the yellowfish in the Vaal River is noticeably more 
complicated and dynamic than previously documented. We recommend that the behavioural ecology 
of these and other yellowfish populations in the Vaal River should continue to be characterised, and 
the use of the movement of yellowfish be developed as an indicator of ecosystem change. 
 
The second case study is titled: Characterisation of the health, habitat use and movement of adult Lowveld 
largescale yellowfish (Labeobarbus marequensis, Smith 1841) and other fishes in the Crocodile River, Kruger 
National Park (Burnett et al., 2013). The aim of the study was to determine the influence of changing 
water quantity and quality in the Crocodile River on adult Labeobarbus marequensis. This was achieved 
by evaluating altered flows (discharge) on the behaviour of adult L. marequensis in the Crocodile 
River using biotelemetry over a two year period. Biotelemetry was used on 16 L. marequensis and 12 
H. vittatus to determine the habitat use and movement responses of the species. Fish were tagged 
with Advanced Telemetry Systems (ATS) and Wireless Wildlife (WW) tags and tracked remotely and 
manually. Home ranges were determined using Arc GIS ®, Habitat uses were analysed using 
Windows Excel (© 2011, Microsoft Inc.). Environment variables recorded were scored as primary 
and secondary and then combined with a weighting variable 2:1 ratio (primary variable: secondary 
variable). A mixed-model analysis of variance (ANOVA) approach with a random co-efficients 
model and Akaike’s information criteria (AIC) were used to test for significance. Analyses were 
conducted using SAS version 9 (SAS institute, Cary, NC). The habitat use of L. marequensis included 
cobble and boulder dominated flowing habitat biotopes. A strong affiliation for cover features 
including rocky outcrops, undercut banks and submerged woody and rock structures were also 
observed. Foraging behaviour took place predominantly within these habitat types. A single 
spawning event was observed within a fast flowing, boulder dominated and 1-2m deep run. Seasonal 
habitat utilization differed significantly (p=0.04). Changes in discharge significantly (p=0.001) 
effected behaviour. During high flow periods the movement of fish decreased. Significant (p=0.05) 
changes in movement were observed during rapid moderate (increase of 11m3/s) and high (61 
m3/s) changes in discharge. The study indicates that habitat available for L. marequensis is low within 
KNP and the focal area is important to the species. Reduction in habitat diversity could impact the 
behaviour of the species. The management of the timing, duration and frequency of flows are 
important for the biology and ecology of L. marequensis. 
 
Fishes are widely used by biologists as ecological indicators that measure key elements of complex 
systems, without having to capture the full complexity of a specific system. The Vaal River in South 
Africa is classified as Africa’s hardest working river and is home to two yellowfish species that are 
socially and economically important. Both these yellowfish species are considered to be sensitive to 
changes in water quantity and quality, habitat destruction and utilisation pressure and are often used 
as ecological indicators to manage aquatic ecosystems. Very little however, is known about their 
movement, response to changing environmental variables and interspecies habitat preferences. This 
study therefore aims to use radio telemetry as a method to characterise and evaluate how yellowfish 
behaviour is influenced by changing environmental variables. To characterise the behavioural 
ecology of the Vaal-Orange River yellowfish species in lentic and lotic ecosystems, Labeobarbus aeneus 
(n=18) and L. kimberleyensis (n=3) were fitted with externally attached radio transmitters in Boskop 
Dam (L. aeneus, n=4) and the Vaal River (L. aeneus, n=14) (L. kimberleyensis, n=3). Various methods 
were used to collect yellowfish species including: gill nets, to target mobile individuals in deep 
habitats, electro-fishing (electro-narcosis) to collect yellowfish in shallow habitats and angling 
techniques in a wide variety of habitats. Thereafter yellowfish species were sedated and tagged with 
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externally attached radio transmitters, before being released back into the system. Yellowfish were 
monitored for eleven months using a remote monitoring system together with manual monitoring 
surveys. Analyses of data collected showed that L. aeneus follows distinct behavioural patterns, with 
some individual variations in behaviour. Labeobarbus aeneus exhibited higher movement that are 
associated with deeper water during daylight hours (04:00-16:00). During nocturnal periods (20:00-
04:00) L. aeneus showed a decrease in movement activity and preferred shallower water compared to 
daytime. However, L. aeneus in the Vaal River seems to be less influenced by bright daylight and this 
might be due to the turbidity of the river water. Labeobarbus aeneus in Boskop Dam showed higher 
movement counts during full moon phases whereas L. aeneus in the Vaal River showed higher 
movement counts during new moon phases. All tagged fishes in Boskop Dam and in the Vaal River 
preferred deeper water during full moon 
 
Yellowfish telemetry research in KwaZulu-Natal. 
Currently the FISHTRAC programme is being developed within KwaZulu-Natal. This includes the 
establishment of a manual for the use of radio telemetry techniques for water resource 
conservationists and managers to monitor fish behaviour in river and lake ecosystems in the 
province. In addition, two case studies have been established within the programme to monitor the 
behavioural ecology of yellowfishes in the Umgeni River in real time in response to water quality and 
quantity changes. For more information contact a FISHTRAC programme representative.  
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Abstract 
Results from fish surveys conducted during the 2012/2013 and 2013/2014 summer seasons at 21 
state dams in the Orange Vaal River system (OVRS) indicate that the smallmouth yellowfish 
Labeobarbus aeneus and the largemouth yellowfish Labeobarbus kimberleyensis occur in most dams. At 
most dams the smallmouth yellowfish were abundant, while very few largemouth yellowfish were 
caught. Various initiatives, notably the Yellowfish Working Group and Orange Vaal River 
Yellowfish Conservation and Management Association, have been established to ensure the 
collaborative conservation and protection of both fish species by the different angling sectors and 
conservation bodies. Management and protection measures for especially the smallmouth yellowfish 
differ between the six Provinces that lie within the OVRS, while the largemouth yellowfish is listed 
as a protected species in the draft TOPS list. Despite these measures, regular reports are received 
about illegal fishing of both species which ultimately causes conflict between the yellowfish anglers, 
fish poachers and conservation bodies. In this paper the results of the 2013/2014 season’s fish 
surveys at 20 dams will be presented, highlighting the distribution and relative abundance of the two 
OVRS’s yellowfish species. Based on the results recommendations will be made for the future 
conservation and utilization of especially the smallmouth yellowfish. 
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Abstract 
Yellowfishes (Labeobarbus) are characterized by fleshy lips whereas chiselmouths (Varicorhinus) bear a 
keratin ridge on the anterior edge of their lower jaw. Both are hexaploid and recent mitochondrial 
DNA results suggest that chiselmouths and yellowfish are not reciprocally monophyletic lineages, 
but instead appear congeneric. As a result their synonymy has been proposed.  
Research on the Inkisi River (Lower Congo basin, DR Congo) illustrates that apart from specimens 
that can unambiguously be assigned to a Labeobarbus or Varicorhinus mouth morphotype, individuals 
displaying a large variety of intermediate mouth morphotypes can be found. Although these 
morphotypes cannot be distinguished using mt-DNA, multi-locus nuclear (AFLP) data revealed 
these to belong to two ancestral species with the intermediates being ‘intergeneric’ hybrids.  
Seven valid Labeobarbus species and four Varicorhinus species are known from Southern Africa. At 
least three of these Labeobarbus species, i.e. L. aeneus, L. marequensis and L. natalensis, exhibit 
substantial ‘intraspecific’ variation in mouth morphotype, similar to the Inkisi case, i.e. including 
specimens with a typical “Labeobarbus” and “Varicorhinus” mouth. In the light of the nuclear DNA 
results of the Inkisi basin specimens pointing to a complex of two parental species with 
‘intergeneric’ hybrids, intraspecific polymorphism as an explanation for the South African cases 
seem highly unlikely. Instead, these observations point to the occurrence of major unsettled α-
taxonomic problems, possibly both including unjustified lumping and yet unrecognized cryptic 
species diversity. Given the well-documented anthropogenic threats to some of this 
yellowfish/chiselmouth diversity in South Africa, this situation is highly unsatisfactory from a 
conservation view point and begs for a national interdisciplinary taxonomic and conservation 
initiative.  
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Introduction 
In South Africa, many of the river systems have been contaminated due to increases in mining, 
agricultural, industrial and domestic releases into freshwater bodies. The Olifants River, a tributary 
of the Limpopo River in eastern South Africa, has been systemically impaired by acidification and 
industrial, agricultural and domestic pollution and is now one of the most polluted river systems in 
South Africa, particularly the Upper Olifants River sub-catchment (Heath et al., 2010; Ashton & 
Dabrowski, 2011). Acid mine drainage seeping from abandoned mines and smouldering mine 
dumps in the upper catchment is resulting in the acidification of rivers and the mobilisation of 
metals from the sediment (McCarthy, 2011; Netshitungulwana & Yibas, 2012). Although most 
metals naturally occur in the biogeochemical cycle, many are released into the environment as 
industrial, mining, agricultural and domestic effluents containing complex mixtures of chemicals, 
many of which do not occur naturally at measurable quantities in aquatic ecosystems and are toxic 
even at low concentrations e.g. Cd, Pb and Hg (Davies & Day, 1998; Dallas & Day, 2004). Chronic 
exposure to sub-lethal metal concentrations can result in the loss of sensitive life stages, disturbed 
ion regulation, reduced swimming speed and reduced growth and condition in freshwater fish 
(Bervoets et al., 2005). 
 
Freshwater organisms absorb pollutants from the environment (sediment and water) and their food 
(Chen et al., 2000; Warren & Haack, 2001). Metals do not degrade in the environment but 
accumulate (di Toro et al., 2001) and are incorporated into aquatic food webs (Chapman & Wang, 
2000), concentrating up the aquatic food chain, posing a toxicity risk to organisms higher in the food 
chain: predatory fish, fish eating birds, mammals and humans (Goodyear & McNeill, 1999). Fish 
form a vital food for many rural communities, especially low income groups (Sayer & Cassman, 
2013), as they are a rich source of protein, micronutrients and essential fatty acids (Beveridge et al., 
2013), cheaper than other protein sources, and available from local lakes, rivers and impoundments. 
Communities who regularly consume contaminated fish are at risk to the toxic health impairment of 
long-term exposure to toxic contaminants (du Preez et al., 2003). Freshwater ecosystems are 
becoming increasingly polluted and it has become necessary to assess whether fish from degraded 
river systems are suitable for human consumption (Heath et al., 2004). Our study assessed the 
potential risk to human health posed by consuming four native fish species from two 
impoundments in the middle and lower Olifants River System, Limpopo Province, South Africa. 
 
Materials and Methods 
Study Sites 
Four major impoundments have been constructed on the main-stem of the Olifants River: Witbank, 
Loskop and Flag Boshielo dams in South Africa and Massingir Dam in Mozambique (Figure 1). In 
addition, a water extraction barrage has been constructed near the border of the Kruger National 
Park near Ba-Phalaborwa; the Phalaborwa Barrage (Figure 1). This study compared the 
concentration of metals in the muscle tissue from four common native fish species at two 
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impoundments in the Olifants River, Limpopo province: Flag Boshielo Dam 24°46'51.46"S; 
29°25'32.57"E (May 2009 – April 2010) and Phalaborwa Barrage 24°4’12’’S; 31°8’43’’E (April 2010 
– January 2011); Figure 1. 
 
Fish Collection and Analysis 
Four species of fish, Mozambique tilapia Oreochromis mossambicus (Peters, 1852), sharptooth catfish 
Clarias gariepinus (Burchell, 1822), rednose labeo Labeo rosae Steindachner, 1894 and silver catfish 
Schilbe intermedius Rüppell, 1832, were collected using gill nets (single net 50 m long, 3 m drop, 
composed of 10 m panels of 50 to 150 mm mesh, set overnight) in autumn 2010. Live fish were 
held in aerated tanks until processing. The fish were sacrificed by severing the spinal cord. A skinless 
sample of the muscle tissue (±15 g) was collected from a subset of the fish and frozen on site. The 
samples were stored at -80°C prior to analysis at a SANAS accredited laboratory. The muscle tissue 
samples were dried, digested and analysed for metal using inductively coupled plasma - optical 
emission spectrometry (Perkin Elmer Optima 2100 DV) according to the methods of Bervoets and 
Blust (2003). Box plots were plotted using R statistical software (R Development Core Team, 2014). 
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Metal Bioaccumulation 
To evaluate differences in the multivariate metal concentrations of the four species between the two 
impoundments, a resemblance matrix was constructed using Euclidian distance and a non-metric 
multi-dimensional scaling (NMDS) plot prepared to visualise the results using the metaMDS 
function in the VEGAN package for R (Oksanen et al., 2013). The metal concentrations were 4th 
root transformed to reduce the confounding effect of metals that were present in high 
concentrations (e.g. iron and aluminium).  
 

 
Figure 1: Map of the Olifants River system showing the location of major towns, impoundments 
and tributaries. Major impoundments are depicted by numbers: 1) Witbank Dam, 2) 
Bornkhorstspruit Dam, 3) Middelburg Dam, 4) Loskop Dam, 5) Flag Boshielo Dam, 6) Phalaborwa 
Barrage and 7) Massingir Dam. The Olifants River and its tributaries are depicted by letters: a) 
Olifants mainstem, b) Wilge, c) Klein Olifants, d) Elands, e) Steelpoort, f) Blyde, g) Ga-Selati, h) 
Lethaba and i) Shingwedzi. The study sites, Flag Boshielo Dam and the Phalaborwa Barrage, are 
circled. 
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Human Health Risk Assessment 
A human health risk assessment was carried out using the methodology of the US Environmental 
Protection Agency (US-EPA, 2000) as revised for South Africa by Heath et al. (2004). The risk of 
chronic non-cancer health effects from oral exposure was calculated using the Average Daily Dose 
(ADD) and expressed in mg/kg body mass per day: 

 
where the average metal concentration is in mg/kg, mass of portion in kg, adult body mass in kg and 
no. of days between fish meals in days (US-EPA, 2000). In order to calculate the ADD, a number of 
assumptions are required to characterize the population at risk: 150 g portion of fish muscle once a 
week; 70 kg adult; and 30 year exposure (not used in the calculation, but the basis of the risk 
assessment) (Heath et al., 2004). All four species targeted in this study are native to the Olifants River 
system and regularly consumed by the rural communities. In order to represent an average dietary 
exposure to metal contaminated fish, the average metal concentration in muscle tissue, based on the 
relative biomass of the four species in fish catches at each impoundment, was used in the risk 
assessment (Table 1). The composition of the biomass was L. rosae (31%), O. mossambicus (27%), C. 
gariepinus (24%) and S. intermedius (18%) for Flag Boshielo Dam and L. rosae (51%), S. intermedius 
(27%), C. gariepinus (21%) and O. mossambicus (1%) for the Phalaborwa Barrage. 
Risk assessments evaluating non-carcinogenic toxic effects of contaminants use Reference Doses 
(RfD) as thresholds above which adverse health impacts could be expected. A Hazard Quotient 
(HQ) was calculated to estimate the risk to human health: 

                     (2) 

where HQ < 1 suggests adverse health effects are unlikely and HQ > 1 suggests a high probability 
of adverse health effects (US-EPA, 2000). Reference Dose levels published by the US-EPA were 
used (US-EPA, 2012). 
 
Results 
Metals in Muscle Tissue 
The average metal concentration in Labeo rosae muscle tissues from Flag Boshielo Dam were in most 
cases higher than those from the Phalaborwa Barrage  (ANOVA p < 0.05, Figure 2), the exceptions 
being arsenic, barium, boron, strontium and zinc. The NMDS plot shows a clear separation in the 
metal concentrations in muscle tissues between the two impoundments (Figure 3). 
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Figure 2: Box plots of metal concentrations in the muscle tissue of Mozambique tilapia, rednose 
labeo, sharptooth catfish and silver catfish at Flag Boshielo Dam and the Phalaborwa Barrage 
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Figure 3: Non-metric multi-dimensional scaling plot showing the multivariate grouping of 
Mozambique tilapia, rednose labeo, sharptooth catfish and silver catfish at Flag Boshielo Dam and 
the Phalaborwa Barrage 
 
Human Health Risk Assessment 
The recommended HQ of 1 was exceeded for antimony and lead at Flag Boshielo Dam and lead at 
the Phalaborwa Barrage for all four fish species, for chromium in rednose labeo and silver catfish, 
and for cobalt in sharptooth catfish (Figure 4). The recommended HQ of 1 was exceeded for 
antimony, chromium and lead at Flag Boshielo Dam and lead at the Phalaborwa Barrage for the 
combined diet of the four fish species (Table 1). If fish from these impoundments are consumed 
more than once a week, then the recommended HQ of 1 would be exceeded for cobalt and 
vanadium at Flag Boshielo Dam and for arsenic at the Phalaborwa Barrage. For Flag Boshielo Dam, 
the contributions of the metals to the HQ value were as follows: Pb > Sb >> Cr > Co > V. For the 
Phalaborwa Barrage, the contributions of the metals to the HQ value were as follows: Pb >> As >> 
Cr > Sb. 
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Figure 4: Hazard Quotients for Mozambique tilapia, rednose labeo, sharptooth catfish and silver 
catfish from Flag Boshielo Dam and the Phalaborwa Barrage based on consumption of a single 150 
g fish meal weekly and the average concentration of the respective metals in the fish muscle tissue 
for the respective species. 
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Table 1 The Hazard Quotients for a combined diet of Mozambique tilapia, rednose labeo, sharptooth catfish and silver catfish from (a) Flag Boshielo 
Dam and (b) the Phalaborwa Barrage, calculated based on the average metal content in the muscle tissue assuming one fish meal (150 g) consumed on 
a weekly basis 

a) Flag Boshielo Dam Al Sb As Ba B Cr Co Cu Fe Pb V Zn 

Metal concentration 
(mg/kg fw)  

16.2 6.4 0.2 27.4 6.5 10.5 0.9 1.9 246.2 1.0 7.7 13.3 

Average Daily Dose 
(µg/kg) 

4.94 1.97 0.06 8.39 2.00 3.21 0.27 0.58 75.37 0.31 2.35 4.08 

Reference Dose (µg/kg) 1000 0.4 0.3 200 200 3 0.4 40 700 0.057 5 300 

Hazard Quotient 0.00 4.91 0.22 0.04 0.01 1.07 0.69 0.01 0.11 5.48 0.47 0.01 

 

b) Phalaborwa Barrage Al Sb As Ba B Cr Co Cu Fe Pb V Zn 

Metal concentration 
(mg/kg fw) 

11.6 0.3 0.6 68.1 54.3 3.2 0.0 0.9 23.6 0.5 0.3 46.3 

Average Daily Dose 
(µg/kg) 

3.55 0.08 0.20 20.8 16.6 0.99 0.01 0.29 7.23 0.14 0.10 14.18 

Reference Dose (µg/kg) 1000 0.4 0.3 200 200 3 0.4 40 700 0.057 5 300 

Hazard Quotient 0.00 0.21 0.65 0.10 0.08 0.33 0.04 0.01 0.01 2.43 0.02 0.05 
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Discussion 
An analysis of historical data shows that the metal concentration in the muscle tissue of 
Mozambique tilapia and sharptooth catfish appear to be increasing at both impoundments, in 
particular the concentrations of aluminium, chromium, copper and iron (Addo-Bediako et al., 
2014; Jooste et al., 2014b) and it could be argued that a similar trend would be observed for the 
other species. Acid mine drainage, prevalent in the upper catchment (Ashton & Dabrowski, 
2011; McCarthy, 2011), is mobilizing metals from the sediment and bedrock in the Olifants River 
(McCarthy, 2011; Netshitungulwana & Yibas, 2012) and is the main driver for the increases in 
metal concentrations in fish muscle tissue.  
 
Human Health Risk Assessment 
The human health assessment revealed that certain metals, viz. lead, antimony, and chromium, 
for a combined diet of Mozambique tilapia, rednose labeo, sharptooth catfish and silver catfish 
exceeds international levels for safe consumption of fish such that an adult consuming a modest 
150 g portion once a week may be placing themselves at a serious health risk. The overall health 
risks associated with consuming fish from Flag Boshielo Dam was 50% greater than those for 
the Phalaborwa Barrage. 
 
Antimony is a suspected human carcinogen and effects observed in animal studies showed 
significantly reduced life spans, cardiovascular, gastrointestinal, hematological, hepatic, and other 
systemic effects (ATSDR, 1992). Chromium is a recognised human carcinogen and oral 
exposures to chromium (VI) compounds are associated with respiratory, gastrointestinal, 
haematological and reproductive effects (ATSDR, 2008). Lead is a major concern because it acts 
through multiple modes in biological systems and could potentially affect any system or organs 
in the body, the most sensitive being the developing nervous system, hematological and 
cardiovascular systems, and kidneys (ATSDR, 2007). Some US-EPA researchers have concluded 
that certain haematological and neurological health impacts of lead occurred at such low levels 
that they may be without threshold (US-EPA, 2004).  
 
If the trend of increasing pollutions levels in the Olifants River continues, it is predicted that the 
risks to human health posed by the consumption of contaminated fish would also increase. 
Considering that the rural populations will continue to increase and that poverty will increasingly 
necessitate the supplementing of dietary protein requirements, an increase in the frequency of 
consumption of fish from the impoundments may occur. This is of great concern because of the 
potential health impacts to children and adults in rural areas. 
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Abstract: 
During the monitoring of the Xikundu Fishway in the Luvuvhu River adults and juveniles of the 
majority of expected fish species were present in the fishway and two major upstream migrations 
were observed. Labeo and Chiloglanid species moved in late summer and autumn and Barbus and 
Glossogobius moving upstream in spring. There was also a strong interannual variation among 
species. The fishway functioned poorly as significantly higher abundances of fish were only able 
to ascend the full length of the fishway when the discharge and turbulence were low (70 Wm-3). 
More experimental research on fishway design is recommended for South African fishes.  
 
 
Introduction 
A river is a linear ecosystem where the zones along a river’s length form a continuum of abiotic 
features that provides the living environment for aquatic biota.  Not only are rivers longitudinally 
connected but are also laterally and vertically connected with the surrounding environment. This 
connectivity is a prerequisite for energy, water, sediment and nutrient flows as well as for the 
movement of biota (Rohde et al. 2006, Freeman et al.2007).  Although migration is traditionally 
regarded as the “annual movement of the major proportion of a population” the current view is 
more complex and includes a spectrum of times, distances and proportions of the population 
(Northcote 1998). The implication is that even when a few individuals of a population, including 
species that are traditionally regarded as “non-migratory” or “resident”, move it can be regarded 
as a “migration” regardless the distance of the movement. 
 
All fish move to some degree and while some movements are associated with spawning, others 
are for feeding, dispersal and recolonisation as well as for avoiding predation and competition 
(Northcote 1998). Movement, even of a few individuals of a population, could be critical in 
maintaining populations through recolonisation and gene flow. The wider significance is that fish 
movement maintains natural life history processes that ensure resilience for changes in flow 
caused by human needs or changes in climate that may affect rainfall patterns or temperature 
(Northcote 1998).  
 
Fish utilise different habitats at different times of their life histories and movement between 
habitats is often essential (Dudgeon 2006).  Longitudinal movement within a river may form an 
obligatory component of a life process, such as breeding (Singkran 2007). For freshwater fish, 
movement among habitats is now recognised as the norm rather than the exception across many 
taxa (Lucas and Baras 2001). In addition maintaining connectivity is a standard and essential goal 
of freshwater conservation planning (Balcombe et al. 2006). 
Factors that threaten longitudinal connectivity in rivers include river regulation as well as the 
construction of weirs and large dam walls that impede the movement of fish and other 
organisms.  Fishways, which are also known as fish ladders or fish passages, restore connectivity 
and allow migration by allowing passage across a weir or dam. 
 
The fishway at the Xikundu Weir in the Luvuvhu River is one of the fishways that formed part 
of a Water Research Commission funded project aimed at developing design criteria for fishways 
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in South African rivers (Heath et al. 2005) and the University of Venda was commissioned to 
monitor the functionality of the fishway. In order to determine the functionality of the fishway, 
the aim of the current project, based on the criteria set by Louw (1995) was to establish: a) which 
species of fish, and in what abundance, use the fishway and compare this with the known fish 
assemblage of the reach of the river, b) when these species move, c) whether the fishway allows 
movement in both directions and d) the hydraulic and conditions of the fishway associated with 
movement.  
 
Material and methods 
The Xikundu Weir (S 22o 48΄ 36˝, E 30o 47΄ 44˝) forms part of the Luvuvhu River Government 
Water Scheme and became operational by mid 2003. The fishway, which forms part of the weir 
structure, is a pool- and- weir fishway (Bok et al. 2007) that consists of 23 pools forming three 
distinct sections (Figure 1) with ten pools in the upper, four in the middle and nine in the lower 
section. The individual pools are 1.8 m long, 2.4 m wide and 1.2 m deep and are separated by a 
slope crested baffle. Each baffle has a notch  0.5m wide and 0.6m high through which water 
flows. Between consecutive pools the notches are offset to assist with energy dissipation (Heath 
et al. 2005).  
 

 
Figure 1: The design and lay-out of the fishway at the Xikundu Weir in the Luvuvhu 
River. 
 
The historical and expected fish diversity in the Luvuvhu River in the specific river reach was 
established from the literature and recent surveys following Deacon et al. (1995) and the 
migratory ecology of each species was determined from Bok et al. (2007) and Kleynhans (2007). 
Monitoring of the fishway occurred monthly, extending over two years from May 2004 to 
October 2006. In the first year, referred to as the Low Intensity (LI) sampling period, the aim 
was to establish migration patterns while in the second year, the  High Intensity (HI) period,  the 
direction of fish movement and total daily passage was determined (Fouché and Heath 2013).  
The sampling of fish abundance within the fishway for both periods was done by collecting fish 
from four three-pool sets, with one set in each of the lower and middle sections and two in the 
longer upper section. Each set of pools was electro-fished for ten minutes and sampling was 
repeated every four hours for a 24-hour period. This also provided data on diel movement.  In 
the HI sampling period, total daily upstream movement was assessed using a cone trap placed in 
the third pool from the upstream end of the fishway. The trap was assessed every six hours over 
a 24-hour period. Downstream movement was assessed hours using a long-bagged net at the 
downstream entrance of the fishway, which was also inspected every six hours for the next 24 
hours.  
 
During each survey the water height in the notch, the height of the water on the baffle and the 
water velocity in the notch, in meters per second, was measured. Discharge was then calculated 
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using the formula Q = Cd V A where Q is discharge (m3s-1), Cd the coefficient of discharge, V 
the velocity (ms-1) in meters per second and A the cross sectional area of water (m2) passing 
through the slot.  Turbulence, was expressed as power dissipation per cubic meter (kilowatt m-3) 
and was calculated from the table provided in Heath et al. (2005) based on the formula T = 
(Q∆hγ)/pool volume where T is turbulence, Q is discharge (m3s-1), ∆h is the head loss per pool 
(m) and γ is the specific weight of the water. 
 
The temporal structuring of the fish assemblages were visually examined using Multidimensional 
Scaling (MDS) with Primer v.6 (Plymouth Routines in Marine Ecological Research) that 
constructs matrices summarizing Bray-Curtis similarities (Clarke and Ainsworth 1993). 
Significance of the differences in the mean abundances of fish in the upper, middle and lower 
sections of the fishway was tested with ANOVA in Ecosim (Entsminger 2012). 
 
Results 
A survey of the literature (Fouché et al. 2005, Gaigher 1969, 1998, 1999, State of the Rivers 
Report 2001) showed that a total of 35 species have been historically recorded in the river reach 
where the weir is situated (Table 1). The importance of migration for each species and the extent 
of migration of each species are also shown in Table 1 and both aspects are based on 
requirements of species listed by Kleynhans (2007) and Bok et al. (2007). Migration can be 
related to breeding, feeding and survival life-history strategies. According to Skelton (2001) only 
Anguilla mossambica is catadromous and migrates over long distances with Chiloglanis paratus, C. 
swierstrai, C. pretoriae, Hydrocynus vittatus, Labeobarbus marequensis, Labeo cylindricus, L. molybdinus, 
Micralestes acutidens, Marcusenius macrolepidotus and Petrocephalus wesselsi being local migrators that 
migrate for reproductive reasons during late spring or summer. The migratory classification of 
species is often also based on expert opinion and it should also be noted that Deacon et al. 
(1995) for example regarded Amphilius uranoscopus, Clarias gariepinus, G. giuris, O. peringueyi, Tilapia 
rendalli and T. sparrmanii as migratory species but classified C. swierstrai, M. macrolepidotus and P. 
wesselsi as non-migratory. 
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Table 1: The historical and current fish biodiversity of the reach of the Luvuvhu River where      
the Xikundu Weir is situated and the migratory classification and spatial range of the 
Species.  (Abundance is indicated as: Rare, <10,  = ����; Present, 10 -100,  = �������� ; 
Abundant, >100, = ������������). 

Species Historic
al 

Expected 
(Probably 
still 
present) 
(Gaigher 
1998, 1999) 

Recorde
d in 
2000. 
(SoRR 
2001) 

Abundanc
e in 
present 
study 

Importance 
of 
migration   
(4 – 5 = 
critical. 3 
moderately 
important. 
1 – 2 not 
important) 
(Bok et al. 
2007) 

Spatial range     

 (5 = catchment 

wide. 3 between 

reaches . 1 

within reaches) 

(Bok et al. 2007) 

 

Chiloglanis paratus  � � � ●●● 3 3 
Labeobarbus marequensis  � � � ●●● 5 3 
Barbus trimaculatus  � � � ●●● 4 3 
B. viviparus  � � � ●●● 4 3 
C. swierstrai  � � � ●●● 4 3 
L. cylindricus  � � � ●●● 4 3 
L. molybdinus  � � � ●●● 4 3 
Mesobola brevianalis  � � � ●●● 4 3 
Micralestes acutidens  � � � ●●● 4 3 
C. pretoriae  � � � ●●● 3 3 
Glossogobius giuris  �   ●●● 3 1 
Oreochromis mossambicus  � � � ●●● 2 3 
B. unitaeniatus  � � � ●● 4 3 
Opsaridium peringueyi  �   ●● 4 3 
Marcosenius 
macrolepidotus  

� � � ●● 3 3 

Tilapia rendalli  � � � ●● 3 3 
Anguila mossambica  � � � ● 5 5 
Petrocephalus wesselsi  � � � ● 3 3 
Synodontis zambezensis �   ● 3 3 
Clarias gariepinus  � � � ● 2 3 
Schilbe intermedius  � �  ● 2 3 
Pseudocrenilabrus 
philander  

� � � ● 1 1 

Amphilius uranoscopus  � �  ● 1 3 
Anguila marmorata  �    5 5 
Hydrocynus vittatus �    5 3 
B. paludinosus  � � �  4 3 
B. toppini  � �   4 3 
L. rosae  � �   4 3 
L. ruddi  � �   4 3 
L. congoro  � �   4 3 
B. radiatus  �    3 3 
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Brycinus imberi  �    4 3 
B. annectens  �    4 3 
T. sparrmanii  � �   2 3 
Aplocheilichthys johnstonii  �    2 1 

 
 
The presence of O. peringueyi and G. giuris, both categorized by Gaigher (1999) as “species that 
may have occurred”, during February, March and April 2005 should be noted. Six of the species 
the “expected” category (Table 1) were not collected in the fishway but H. vittatus and Labeo rosae 
were collected upstream of the weir during the current survey while Schilbe intermedius is routinely 
collected at a site ca 20km upstream (Fouché et al. 2010). Differences in the number of 
specimens collected occurred  and increased numbers are regarded to reflect increased 
movement through the fishway which in turn is regarded as migration.  Results also show that  
specimens of a range of body length sizes that represent both adults and juveniles were recorded 
in the fishway. 
 
                 
 
 

 
 
 
 
 
 

 

 

 
Figure 2: Calculated discharge through the fishway and energy dissipation within the 
pools of  the Xikundu Fishway for the period May 2004 to October 2006. 
 
 
 
The water in the fishway did not stop flowing in the study period although the discharge during 
September 2005 was as low as 0.02 m3s-1 (Figure 2) and the depth over the baffle was only 0.1 m. 
The fishway discharge in the LI period showed a steady decline, reflecting river discharge, with a 
temporary increase in September 2004 (Figure 2). The discharge in the HI period increased from 
September 2005 and reached a peak of over 0.24 m3s-1 in March 2006 (Figure 2). The energy 
dissipation within the fishway varied with fishway discharge.   
 
A time series plot of the total number of different species moving through the fishway per 
month shows what appear to be two major migration patterns of the abundant species. The first 
is an upstream migration in late summer and autumn of the Labeo and Chiloglanid species (Figure 
3) and the second is an upstream migration in spring in the other species (Figures 4 and 5). There 
is also evidence of inter-annual variation in upstream movement of some species when the 
results of the electro-fishing results of the LI and HI sampling are compared. 

DISCHARGE (cumec) and 

 TURBULENCE (kW/m
3
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Figure 3: Time series plot of two labeo and three chiloglanid species in the Xikundu 
Fishway  
               of the pooled fish numbers in the months from September to October. 
 
 

 
 
 
 
 
Figure 4: Time series plot of a number of species in the Xikundu Fishway of the pooled 
fish 
               numbers in the months from September to October. 
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The results of the multidimensional scaling (MDS) show temporal changes in the fish 
assemblages over the whole HI period with a structuring of the fish assemblages into three 
clusters with a distinct annual pattern (Figure 6).  Classification of fish species based on temporal 
change in their abundance suggest that some species have the same or a similar temporal pattern 
of movement through the fishway while  M. acutidens does not group with any of the other 
species (Figure 7). The chiloglanids are distinctly grouped together and L. marequensis and 
Mesobola brevianalis are very similar and form a group as is the case with L. cylindricus and L. 
molybdinus.  

 
Figure 5: Time series plot of Micralestes acutidens and Mesobola brevianalis in the 
Xikundu  
               Fishway of the pooled fish numbers in the months from September to October. 
 

 
Figure 6: MDS ordination of all the dates of the surveys during which fish was collected 
using the high intensity (HI) protocol in the Xikundu Fishway from October 2005 to 
October 2006. 
 
 
When comparing the abundances of fish in the upper, middle and lower sections of the fishway 
collected in both the HI and LI sampling periods more fish were collected in the lower section 
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than in the other two sections.  Analysis with ANOVA indicates that the difference in the fish 
abundance of the three different sections were significant (p = 0.041).  
 

 
Figure 7: Cluster analysis of the similarities between the species collected in the Xikundu 
Fishway from October 2005 to October 2006. 
 
Fish abundance is best correlated with discharge in the fishway which directly affects turbulence 
or energy dissipation.  Figure 8 shows  a strong  relationship between energy dissipation and fish 
passage with high numbers of fish that were able to ascend the full length of the fishway when  
turbulence was low (70 W m-3) but when the turbulence was over 125 W m-3 there were less than 
20 fish per 24 hours ascending the fishway. 
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Figure 8:  The relationship between turbulence and fish passage based on the data collected in 
the cone-trap in the Xikundu Fishway during the period October 2005 to October 2006. 
 

 
Discussion and conclusion 
The snapshots of LI sampling period showed that large numbers of fish were present in the 
lower sections of the fishway with fewer fish in the upper section. The results obtained with the 
cone-trap, indicating fish ascending the fishway, had even lower numbers.  This shows that the 
fishway is not allowing large numbers of fish to move upstream through the fishway and this is 
mostly attributed to the fact that the maximum water velocities and turbulence within the 
fishway pools could be too great for the swimming ability of the fish.  Behavioural impediment 
to passage within the fishway such as the depth through the notched weir, lack of cover from 
predators or lack of space in the fishway pools can be contributing factors.  
 
Although the recorded turbulence in the fishway was well below the suggested value of 200 W 
m-3  (Bok et al. 2007) the findings of the study strongly suggests that a turbulence of 70 W m-3 or 
lower is needed to pass native fish. The suggested value of less than 200 W m-3 is used in 
northern America (Clay 1995) and France (Larinier 2002) for salmon and a lower value of 150 
W-3 has been suggested in France for smaller species (Larinier 2002).  Mallen-Cooper (1999)  and 
Barrett and Mallen-Cooper (2006) has shown  that  a turbulence of 93 Wm-3 is needed to pass 
non-salmonids as small as 100 mm  in Australia while values as low as 42 W m-3  will enable  fish 
as small as 50 mm to pass. Further experimental research on the effects of turbulence and the 
interaction with maximum water velocity on the passage of South African fishes is likely to 
produce more effective designs. The design of the fishway in the present study did result in 
increased discharge and turbulence with increasing headwater. A vertical-slot design that has a 
slot the full depth of the baffle and that provides a consistent turbulence with variable headwater 
may be more appropriate for South African rivers.  
 
With exception of O. mossambicus very few fish used the fishway for downstream movement. 
These low numbers do not indicate that downstream movement does not occur, but it is 
postulated that fish utilise the flow over the weir face as the preferred route.  
 
Despite the low numbers of fish moving through the fishway it would be meeting the ecological 
objective of maintaining genetic heterogeneity, as few fish are needed per generation. The 
fishway is however not likely maintaining connectivity for other life history processes, such as 
dispersal of juveniles from adult spawning areas, adult spawning migrations and dispersal from 
or return to dry season refugia. 
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The time series plot shows what appear to be two major migration patterns of the abundant 
species: i) upstream migration in spring and ii) upstream migration in late summer and autumn 
(Fouché and Heath 2013). Irrespective of the reasons for these movements it is important for 
environmental flow and fishway assessments that these major periods should be included while 
taking cognisance of the fact that there are species that do not conform to this model.  In the 
same vein it should be noted that i) environmental flow assessments need to encompass all diel 
periods, ii) that fishway assessment needs to include a night period, which could be till midnight, 
and a day period but that the late afternoon added no extra data on fish assemblage and iii) 
fishways need to be designed so that fish complete their ascent in one diel period otherwise they 
might move back down the fishway (Mallen-Cooper 1999).  
 
It should be noted that this study only addresses the essential element of the passage of fish 
through the fishway. One major aspect needs to be highlighted namely that the present study 
does not have a sample of the migratory population immediately below the weir and fishway. 
This should be strongly considered for future assessments. Without it, the researchers do not 
know if fish can locate or enter the fishway or if the migratory population is small or large.   
 
As pointed out by Fouché and Heath (2013) the fact that expected migratory fish species were 
not found in the fishway can be attributed to the fact that the fishway does not suit them or they 
are not present and this needs further investigation. Because the fishway picked up species that 
were not observed in preceding studies it can be it can be a useful sampling tool.  As most 
“expected” species were collected in the fishway, it confirms that movement of freshwater fish is 
a key ecological process of all species.  Despite the fact that the majority of species and sizes 
were present within the fishway, the low abundances of fish in the upper section and the higher 
abundances that were present when turbulence was lower, strongly suggest the fishway is passing 
a small proportion of the migratory population and is not optimised for passage of fish.  
 
In this study it is highlighted that further design development is needed to provide fishways that 
provide connectivity and sustainability for fish populations in South African rivers. These issues 
will become increasingly important as demand for water resources increases and climate change 
adds another layer of complexity on natural resource management.  
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REPORT ON THE VANDERKLOOF DAM 
 

Francois Fouché 
Secretary of the Vanderkloof Angling Club. Email: francoissf@vodamail.co.za 

 
 

Francois introduced himself and thanked FOSAF for the invitation to attend the YWG conference.  He 
gave a brief description of their angling club and said that the club was established in November 2012 and 
that they were primarily bank anglers, or as he termed pap gooiers (bait anglers).  He said that the grounds 
that they used locally known as the Free State side were closed in December 2012 by the local 
Department of Water Affairs as they alleged that the anglers polluted the area, but this statement from 
the department was challenged. The club has already had a few open angling competitions as well as boat 
angling competitions due to the fact that there are no bank angling grounds available at the dam. He 
mentioned that they also angled in the Rolfontein nature reserve, but since it was closed for the public 
due to renovations, they could not fish there at the moment. The club could get permission from the 
department to fish at the Free State side after they obtained the necessary permit from them for the day’s 
angling. However, the area is currently full of water grass and algae and it is basically impossible to angle 
there.  
 
The protection of the yellowfish species, especially the largemouth is important to them. He said that in 
May 2013, Mr Qurban Rouhani and a colleague from the Rhodes University did a study over a period of 
three (3) days on the dam and came to the conclusion that there is an abundance of fish in the dam. They 
held a public meeting after this study and told the public that there is potential for a small scale fishery at 
Vanderkloof Dam and that about 150 tons of fish could be netted and also caught by the means of long 
lines to catch barbel. The fish that were the most abundant and causing a biological problem were the 
smallmouth yellowfish. Mr Rouhani mentioned that the smaller smallmouths were eating all the food and 
this has an effect on the other species and could also be the reason why not a lot of them reach 
adulthood. Mr Rouhani also said that the project will be funded by the National Department of 
Agriculture. Francois confirmed that about 70% of their club catches were the smallmouth yellows, but 
since the club decided that no yellowfish will count for points in the club, the anglers changed their types 
of bait and the species is not targeted anymore, although they still catch some when angling for carp. 
Francois further mentioned that since the public meeting, no official feedback was received from Mr 
Rouhani, but on at unofficial visit by Mr Rouhani he was told that the draft plan was already handed in at 
the national department. The club is against the current the process that is being followed. The three day 
study and the last study that was done in 1983 is apparently being used by Mr Rouhani as motivation. The 
club feels that a full scientific and socio-economic study has to be done at the Vanderkloof Dam before 
any such small scale fishery can be implemented. Francois also referred to the presentations by Sean Marr 
and Leon Barkhuizen as examples of studies that must be done before any draft plan can be presented to 
government for implementation. The club is not against any form of job creation or sustainable business, 
but then the project must be done and handled in the correct way from the beginning. He requested the 
help of the YWG to address this issue and for assistance. 
 
Francois further mentioned that there is a problem with the legislation as well. The Northern Cape 
proclamation on angling regulations in terms of the Northern Cape Nature Conservation Act, Act 2 of 
2009, Schedule 1b, for the angling season proclaimed for 2013 (that is yet to be amended for 2014) states 
that all yellowfish caught must be handled as ‘catch and release’. This however differs from other 
provinces. In the Free State you are allowed to keep smallmouths that are over 45cm. Technically 
speaking, the Northern side of the Vanderkloof dam is on the Free State side and the Northern-Cape is 
on the south side, but it’s the same dam. Club members are not happy with the fact and there will be 
confrontations between anglers in general and the small scale fishery staff if they are allowed to catch the 
smallmouths, but other anglers are prohibited from doing so. The question is asked why government 
cannot change the laws after a full scientific study has been done in order to allow all anglers to catch and 
take fish species that is deemed to be overstocked or a threat to other fish species. Francois again placed 
the emphasis on the fact that a full scale study needs to be done to allow government to make informed 
decisions. 
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Francois closed by thanking Dirk Human, Fishtube.TV and various businesses in Vanderkloof in their 
united effort to protect the yellowfish in the Vanderkloof and for the support against the netting. He 
mentioned that an electronic petition was established on the Vanderkloof tourism website 
(www.vanderkloof.com) where people can sign the petition against the netting. Information boards on 
the way to handle yellowfish safely and to adopt the catch and release method will also be erected in the 
coming month at various areas around the dam where anglers and the public has access to and some of 
the boards will also be displayed at participating guest houses and other businesses. Interested people can 
also join the club on face book at Vanderkloof Hengel Klub 
(https://www.facebook.com/pages/Vanderkloof-Hengel-Klub/565956236776379). for more 
information. 
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THE KAROO SEEKOEI RIVER NATURE RESERVE (KSRNR) 
 

PC Ferreira 
Chairperson KSRNR project, PO Box 10, Hanover 7005. E-mail: info@karoogariep.co.za 

 
Introduction 
During 2013 a group of  local conservation minded landowners in the Hanover district 
developed a vision for the establishment of  the Karoo Seekoei River Nature Reserve (KSRNR). 
Their vision was to initiate the transformation of  the Seekoei River and associated areas into the 
pristine wilderness that Robert J. Gordon* witnessed during his well documented 1778 
expedition. The project area totals about 450 000 ha comprising 57 properties either bordering 
or straddling the Seekoei River. This is the entire length of  the Seekoei from the upper 
catchment in the south near Nieu Bethseda to where it enters the Van der Kloof  Dam in the 
north at the Doornkloof  Nature Reserve with Hanover to the west and Colesberg to the east in 
the central area. 
 
Vision: 
To establish and maintain a natural free-range economically viable reserve, spanning the entire 
Seekoei River, and to conserve and protect that natural environment, thereby encouraging the 
social and economic advancement of  the associated communities. 
 
Mission:  
To be a major role player in the South African conservation arena by facilitating the 
reintroduction of  regionally extinct species into the project area and to contribute exponentially 
to the conservation targets of  the Republic. Also to create a potential tourism industry 
environment, that would result in improved quality of  life for the people of  the area. 
 
Strategic objectives: 

• To increase and supplement all the endemic species populations of  the Karoo Seekoei River 
Nature Reserve, if  necessary with further reintroductions; 

• to reintroduce regionally extinct species; 

• to encourage every landowner in the project area to form part of  the KSRNR; 

• to manage, protect and maintain the biodiversity of  the Karoo Seekoei River Nature Reserve, by 
ensuring that all developments are to the benefit of  the environment and the inhabitants; 

• to manage, protect and maintain the biodiversity of  the Karoo Seekoei River Nature Reserve; 

• to formally proclaim (Protected Areas Act) all the properties in the project area as Nature 
Reserves; 

• to manage game numbers in order to keep veldt in optimum condition; 

• to develop and promote tourism activities in the Karoo Seekoei River Nature Reserve; 

• and to develop and expand tourism facilities in the Karoo Seekoei River Nature Reserve. 
 

*Cape Travels, 1777 to 1786 by Robert Jacob Gordon. 
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Map of  Project area 
 

 
KSRNR Timeline  

The KSRNR Land Owners Association (LOA) was established July 2013 and an Executive 
Committee was elected in the same month. By October 2013 there were 5 formal requests 
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for Nature Reserve proclamations and these were lodged in February 2014 with the 
Northern Cape Government. This represents a total area of  29 000 ha with a core area of  
24 000 ha. The Executive Committee is currently in process of  drafting the LOA 
Constitution. 

 
Rural economy of  the area 

The Seekoei River valley supports about 90 000 small and 10 000 large stock units, producing 
about R100 million per annum. In order for the project to be successful this R100 million 
will have to be generated through alternative means. This will mean changing the income 
base from stock farming to tourism and game associated activities. The concept will be to 
replace the income from stock farming with high value species and finance the 
reintroduction of  endangered species e.g. rhino and locally extinct species e.g. hippo. To 
facilitate this the land owners association will attempt to enter into high value game loan 
schemes with willing entities e.g. DENC (Northern Cape Department of  Environment and 
Conservation). 

 
Game Loan Schemes 

Once obtained the Land Owners Association will relocate founder herds of  high value 
species (buffalo) as the first phase. First phase landowners will be obliged to replace the 
loaned animals as per loan agreement. Once loan obligations are fulfilled, the first phase 
beneficiaries will need to relocate a set percentage of  their herds to the second phase 
landowners. The second phase landowners will then be obliged to relocate animals to the 
third phase properties etc. until all properties in the KSRNR have benefitted. As the high 
value species income increase the stock farming activities will be decreased. 

 
KSRNR income base 

The KSRNR will attempt to create opportunities whereby at least 50% of  the stock farming 
income will be replaced through tourism related activities. 
There are basically three possible income sources: 

• Tourist accommodations 

• Live game sales 

• Hunting excess game 

•  
Benefits to landowners 

• The landowner diversifies his income base. 

• The landowner will receive high value game species at no cost. 

• Possible assistance for fencing costs from other entities (e.g. DENC). 

• The possibility of  reduced property tax. 

• The possible increase of  land value. 

• The landowner will be able to graze less animals without reducing income (much more 
sustainable in low rainfall areas). 
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Social upliftment and job creation 
 

• The project could provide good benefits to the local communities by stimulating the 
local economy e.g.: 

• Hundreds of  km of  game fencing to be constructed; 

• Eradication programs for alien plants;  

• Rehabilitation projects on the Seekoei River; 

• Employment of  Field Rangers; 

• Construction of  lodges and guesthouses; 

• Employment as tourism staff  e.g. cleaners, cooks, field guides etc. 
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DEPARTMENTAL REPORT: BIOMONITORING IN THE LOWER ORANGE RIVER 

WITHIN THE BORDERS OF NORTHERN CAPE PROVINCE 
 

Peter Ramollo 
Department of Environment and Nature Conservation, Private Bag X6102, Kimberley 8300, South Africa. 
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ABSTRACT 

Macro-invertebrates have remained a key biological indicator of assessing changes in the 
perennial aquatic ecosystems. Due to the increase of human population and changes in land use, 
the Orange River has been under constant pressure which might likely affect the aquatic 
ecosystems and human beings. This study was conducted in the reaches of the Orange River to 
bioassess the ecological status of the system using macro-invertebrates, potential impacts and 
where possible recommends mitigation measures. Macro-invertebrates were sampled using a 
SASS 5 net and physical water parameters were taken using a YSI instrument. The macro-
invertebrates indicated that the present ecological status of the Orange River is in good to 
pristine condition while the physico-chemical water parameters were within the acceptable 
aquatic ecosystem guidelines as described by the Department of Water Affairs and Forestry. 
 
1. INTRODUCTION 
The Orange River is the largest and longest perennial river in South Africa. It emanates from 
the Maluti mountains in Lesotho, meandering through a variety of geological formations. It 
flows west through the semi-arid and arid Southern Free State and Northern Cape provinces 
flowing  into the Atlantic Ocean  at Alexander Bay and is the major water resource of the 
Northern Cape Province. Four countries border the Orange River, namely Botswana, Lesotho, 
Namibia and South Africa. It is highly regulated through several weirs and major dams such as 
the Gariep and Vanderkloof dams built to provide enough water for human consumption, 
electricity generation, mining and agriculture which supports the economy of South Africa 
(Earle et al. 2005; Ramollo 2010). 

 
The major tributaries of the system include the Caledon, Kraai, Seekoei, Ongers, Sak, Molopo, 
Fish and Hartbees Rivers. Most of these rivers are ephemeral flowing during rainy seasons. The 
Fish River that emanates from Namibia contributes 60% percent of the environmental flows in 
the Lower Orange River (DWAF 2004). The water quality of the upper Orange River is generally 
good while in the lower Orange River is impacted by upstream activities and the inflow of poor 
quality water from its principal tributary, the Vaal River. Although the Orange River is the 
longest and largest in South Africa the fish and invertebrate diversity is relatively low for the 
river of its size. 
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Most of the impacts in the catchment are anthropogenic in nature coupled with natural activities. 
The agricultural activities along the banks of the Orange River are dominated by crops such as 
maize, wheat, lucerne, pumpkins, tomatoes, nuts, olives, figs, pecans and grape. Though 
agriculture is the backbone economy of our country, it is also a major contributor in water 
pollution. The pesticides that the farmers use to control insects from damaging their crops end 
up washed into the system during rainy seasons and settle in the sediments. The fertilisers used 
to enhance crop growth are also washed into the waterway during rainy seasons and contribute 
to nutrient enrichment of the river. Fertilisers combined with other environmental factors such 
as temperature can stimulate algal growth that can result in massive fish kills. 
 
The following invasive plants have colonised the large area of the riparian zones in the Lower 
Orange River namely: Ricinus communis, Acacia saligna, Prosopis spp., whilst Eucalyptus spp. and 
Sesbania punicea are scattered in distribution. The Prosopis spp. has invaded large area of riparian 
vegetation along the banks of the Orange River between Onseepkrans and Vioosdrift. These 
plants consume more water resources than indigenous plants and more measures are needed to 
control and eradicate them. Sewage on the other hand runs into the rivers in the country if not 
managed properly. This is because some of the sewage infrastructures are old and need 
refurbishment. Though sewage is associated with algal blooms and eutrophication, these are less 
in the Lower Orange River, and most are up to standard. The sewage works that are not 
functioning are in the Vaal River (a principal tributary of the Orange River). The pollution 
emanating from upstream is properly managed at the Douglas Weir, Vaal River in a manner that 
a limited amount of pollution flows into the Orange River (Benade 1993). 
The mining activities consist mainly of the extraction of alluvial diamonds, copper, asbestos, 
Tiger’s eye, alumni silicate, dolomite, and other minerals and precious metals (DWAF 2004). 
Alluvial Diamond Mining on the other hand is very common in the Lower Vaal River, a 
principal tributary of the Orange River. The riparian vegetation is severely impacted and 
dominated by a mixture of Searsia pendulina, Acacia karoo, Acacia erioloba, Olea europaea, Salix 
mucronata, Boscia albitrunca and Ziziphus mucronata. The river is illegally diverted without a water use 
licence and illegal structures like the low water bridges are erected with scrap metals and culverts. 
The waste recovered during excavation of diamonds is stock-piled along the river banks, and 
during rainy seasons is washed into the waterway thus preventing spawning habitats of fish, and 
also posing a serious threat to recreational and ordinary users. Presently mining is encroaching 
along the river banks of the Orange River between Douglas and Prieska and has severely 
destroyed the Upper Gariep Alluvial Vegetation listed as Vulnerable by Musina and Rutherford 
(2006).  
 
2. AIM AND OBJECTIVES 

 

• To bio-assess the ecological status of the Lower Orange River invertebrates. 

• To assess the potential impacts and where possible recommend mitigation measures. 
 
3. THE STUDY AREA 
The Orange River Basin has a total catchment of approximately 1000 000 km2, of which 600 000 
km2 is in South Africa and the rest in Namibia, Lesotho and Botswana.  The study is located in 
the reaches of the Orange River within the borders of the Northern Cape. 12 sites were assessed 
during the winter and spring seasons. 
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Figure 1: Sampling sites in the Orange River within the borders of Northern Cape 
Province. 
 

 
4. METHODOLOGY 

 
4.1 PHYSICO-CHEMICAL WATER PARAMETERS 
The pH, water temperature, salinity, total dissolved solids (TDS) and electrical conductivity (EC) 
were determined in situ by means of a hand-held multi parameter instrument (YSI) at 12 
sampling sites along the Orange River (Groblershoop to Richtersveld) during August in winter 
and November in spring 2013. 
 
4.2 MACRO-INVERTEBRATES 
The freshwater macro-invertebrate communities of the Orange River were assessed using the 
standardised SASS 5 method (Dickens and Graham 2002), which has been accredited and widely 
used in the River Health Programme (RHP). The system was designed for low to moderate flow 
hydrology. The index is ideally suited for the assessment of flowing systems with a diversity of 
habitats, specifically riffles and rapids.  

 
SASS 5 scores were calculated and the Ecological Categories were determined according to 
interpretation guidelines for Nama Karoo Aquatic Ecoregion and the Orange River Gorge as 
described by Dallas (2007). The interpretation is  based on the premise that if either SASS5 Score 
or Average Score per Taxon (ASPT) is above the Band value it will fall within the Band. 
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Fig 2: Reference state conditions for the Nama Karoo Aquatic Ecoregion (Dallas 
2007). 
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 Fig 3: Reference state conditions for the Orange River Gorge Aquatic Ecoregion 
(Dallas 2007). 
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5. RESULTS AND DISCUSSIONS 

 
Table 1: Physico-Chemical Water Parameters of August 2013, Winter and November 
2013, Spring. 

 Winter Spring Winter Spring Winter Spring Winter Spring Winter Spring 
 pH pH Salinity  

(ppm) 
Salinity 
(ppm) 

EC 
(µS) 

EC 
(µS) 

Temperature 
(°C) 

Temperature 
(°C) 

TDS 
(ppm) 

TDS 
(ppm) 

S1 8.8 8.9 213 122 403 263 16.1 24.5 286 185 
S2 8.96 8.96 234 238 434 238 16.3 24.7 311 341 
S3 8.95 8.9 264 268 496 268 14.5 24.6 356 366 
S4 9.0 9.3 229 40 425 60 15.0 24.3 302 302 
S5 8.9 8.5 227 181 433 334 13.0 24 303 234 
S6 8.8 9.3 308 63.6 572 160 17.5 24.0 403 104 
S7 8.8 8.4 336 288 632 533 15.2 23.0 444 372 
S8 8.8 8.7 323 269 607 488 13.8 27.4 430 346 
S9 8.8 8.8 308 272 572 529 17.5 24.2 403 378 
S10 7.9 8.8 338 309 562 569 18.6 26.2 431 399 
S11 8.96 8.7 333 376 612 682 17.8 24.6 433 484 
S12 8.1 8.7 363 373 622 632 18.0 25.1 443 448 

S1= Groblershoop, S2= Gifkloof, S3 =Upington, S4= Kanon Island, S5= Keimoes, S6 
=Bloupots, S7=Onseepkrans, S8=Pelladrift, S9 =Goodhouse, S10= Vioolsdrift, S11= 
Sendelingsdrift, S12= Richtersveldt. 

 
 
The pH in the Orange River has remained more or less constant during the two surveys. The 
highest pH (9.3) amongst all the sampled sites was recorded at site S6 (Bloupots) during spring 
(Table 1). The pH readings recorded during the Winter flows were the same with those recorded 
during Spring flows. The measurements of pH along the stretches of the Orange River showed 
that the water is generally alkaline. This can be attributed to the geological formation of the area. 
During the Winter survey the salinity ranged from 213ppm to 363ppm (Table 1).  
 
During Spring survey it ranged from 40ppm to 376ppm (Table 1). Generally there was an 
increase in the salinity from the upstream to downstream along the reaches of the Orange River. 
This is due to irrigation return flows and evaporative losses along the river. In South Africa 
salinity shows a general trend of increasing in low flow and decreasing in high flow as salts 
become diluted (Malan and Day 2002). During the Winter survey the water temperatures ranged 
from 13°C to 17.5°C and were within the targeted range as described by DWAF (1996) water 
quality guidelines while in Spring ranged from 23°C to 27.4 °C (Table 1) and was influenced by 
sunlight/ day time. 
The electrical conductivity range between 403µS to 632 µS during Spring and did not exceed 650 
µS. The EC levels ranged between 60 µS to 682 µS during Spring and were thus considerably 
higher (Table 1). These high concentrations can be attributed to the high total dissolved salt 
concentrations in the water emanating from geological weathering and anthropogenic activities. 
During Winter survey the Total Dissolved Solids (TDS) concentrations ranged from 286 ppm to 
444 ppm, and did not exceed 450 ppm (Table 1).  In Spring the concentrations ranged from 104 
ppm to 484 ppm (Table 1). The high levels of TDS during this study can be ascribed to both 
natural and anthropogenic activities.  
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Table 2: Sampled sites in the Orange River during August in Winter and November in Spring 
2013. 
 

 
Winter 
 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 

Quaternary 
Catchment 

D73B D73E D73E D73F D73F D81B D81B D81F D81F D82F D82F D82F 

 
SASS Score 

 
104 

 
123 

 
107 

 
136 

 
97 

 
106 

 
90 

 
106 

 
97 

 
102 

 
151 

 
120 

No of 
Taxa 

16 19 16 22 16 18 19 18 16 18 24 19 

ASPT 6.5 6.5 6.7 6.2 6.1 5.9 4.7 5.9 6.1 5.7 6.3 6.3 

EC Dallas 
2007 

B A B A C B B B B B A A 

Ecoregion Nama 
Karoo 

Nama 
Karoo 

Nama 
Karoo 

Nama 
Karoo 

Nama 
Karoo 

Orange 
River 
Gorge 

Orange 
River 
Gorge 

Orange 
River 
Gorge 

Orange 
River 
Gorge 

Orange 
River 
Gorge 

Orange 
River 
Gorge 

Orange 
River 
Gorge 

             
Spring 

 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 
             
Quaternary 
Catchment 

D73B D73E D73E D73F D73F D81B D81B D81F D81F D82F D82F D82F 

SASS Score 143 126 135 67 121 121 102 104 124 100 136 125 

No of 
Taxa 

121 20 21 13 21 20 17 19 20 18 20 20 

ASPT 6.8 6.3 6.4 5.2 5.8 6.8 6.0 5.5 6.2 5.6 6.8 6.3 

EC Dallas 
2007 

A A A D A A B B A B A A 

Ecoregion Nama 
Karoo 

Nama 
Karoo 

Nama 
Karoo 

Nama 
Karoo 

Nama 
Karoo 

Orange 
River 
Gorge 

Orange 
River 
Gorge 

Orange 
River 
Gorge 

Orange 
River 
Gorge 

Orange 
River 
Gorge 

Orange 
River 
Gorge 

Orange 
River 
Gorge 
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S1= Groblershoop, S2= Gifkloof, S3 =Upington, S4= Kanon Island, S5= Keimoes, S6 
=Blouputs, S7=Onseepkrans, S8=Pelladrift, S9 =Goodhouse, S10= Vioolsdrift, S11= 
Sendelingsdrift, S12= Richtersveldt. EC= Ecological Category, ASPT= Average Score Per 
Taxon, A=Pristine, B=Good, C=Fair, D=Poor, E/F=Very poor. 
 

 
The biotopes in the Orange River are dominated by stones and bedrock followed by marginal 
vegetation. The vegetation present varied from one reach to another. The marginal vegetation 
appears to be dominated mostly by Cyperus marginatus and Phragmites australis while Gomphostigma 
virgatum appeared in-between boulders or cracks in the bedrocks. At the sites where the river 
was flowing moderately an in-stream mat of Potamogeton spp. were noted. SASS scores and the 
number of taxa were high as reflected in the Average Score per Taxon (ASPT). During Winter 
survey the ASPT scores for all the sites did not differ considerably and indicated that the 
Ecological Category for most of the sites were Class A and B refer to (Table 2) according to the 
eco-region classification adapted from Dallas (2007) Figure (1 & 2). Only one site S7 
(Onseepkrans) showed a decline in SASS Score and ASPT, refer to (Table 2). This can be 
attributed to poor habitat diversity at the site because the biotopes are dominated by bedrock. 
During the sampling, the site at Kanon Island had no in-stream vegetation, the site is generally 
dominated by the bedrock biotope and this appeared to have influenced the SASS score. Again 
the low score can be attributed to the poor land management practices of controlling reeds 
through burning. 
 
Most of the sites during the two seasons showed good and pristine conditions; refer to (Table 1). 
At sites where the vegetation biotope was limited (poor) or not prevailing well, even the 
invertebrates that are associated with it were not present and that definitely influenced the SASS 
scores. The high abundance of invertebrates in the soft-bottom substrates were dominated by 
the tolerant Chironomidae, Huridenea and Oligochaeta. This is an indication of nutrient 
enrichment in the Orange River, probably as a result of agricultural and natural activities. The 
gravel, sand and mud were dominated by Corbucilidae and Gomphidae. A diversity of sensitive 
invertebrates such as Perlidae, Hydropsychidae >2pp, Baetidae >2pp, Trichorythidae, 
Heptageniidae and Leptophlebiidae were consistently found in most of the sites in between 
stones in-current and out-of-current. The aforementioned families are associated with good 
water quality, and once the water is polluted their numbers decline dramatically. Less sensitive 
invertebrates e.g. Simulidae, Huridenea and Ancylidae were attached to the surface of stones in-
current and out-of-current. The families such as Atyidae, Coenogrionidae, Naurocidae, 
Belostomatidae and Gyrinidae were frequently recorded in the vegetation biotope. A greater 
dominance of Velidae and Gyrynidae were recorded in surface of the river long the marginal and 
aquatic vegetation. The biotopes availability also affected the final SASS scores, as a lack of 
habitat resulted in less biota being recorded in most of the sites. The S11 (Sendelingsdrift) was 
the only site were Thiriadae were recorded and were recorded in high numbers. Overall, the sites 
in the SANParks Site 11 (Sendelingsdrift) and Site 12 (Richtersveldt) showed pristine conditions 
throughout the Winter and Spring seasons. These two sites showed high SASS scores 
throughout the surveys. 
 
It is generally believed that macro-invertebrate assemblages are best characterised by combining 
data collected from different seasons. Combining seasonal data increases the diversity of taxa 
observed at a site in two ways: Firstly, as with any increased sampling effort, more habitats are 
sampled and therefore more taxa are collected; secondly, because of the variability in life cycles 
and turnover in different macro-invertebrate groups, some taxa are collected in one season but 
not in another. This information would furthermore be crucial for management purposes to 
prevent further degradation of this important aquatic ecosystem. Overall, the water quality of the 
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Orange River system is still in a good state. It is recommended that a more intensive study be 
conducted in this river system, so as to accomplish better baseline information of expected 
conditions for rivers of the region. 
 

6. CONCLUSION 
The aquatic macro-invertebrates at all the sampled sites were found to be in good condition, but 
the habitat in some of the sites was poor and the physical water parameters were generally in 
good conditions. 

 
7. MANAGEMENT RECOMMENDATIONS 
 
The mining activity in the Orange River is very few limited (not rife) as compared to the Vaal 
River, therefore the Northern Cape Department of Environment and Nature Conservation 
(DENC), Compliance and Enforcement unit should liaise with the Department of Water and 
Sanitation (DWS) and Department of Minerals and Regulations (DMS) to stop all illegal mining 
in the system. DENC should liaise with Working for Water for invasive clearing. The current 
clearing programme along the banks of the Orange River appears to be less effective as the 
targeted species like Prosopis spp. are difficult to control and eradicate because of its mode of 
multiplication. After clearing there should be regular follow ups to monitor the effectiveness of 
the clearing and for any alien recruitment.  
 
DENC should collaborate with members of SAPS to monitor and control illegal netting in the 
system at least twice in a month. DWS and DENC should increase environmental awareness and 
that should include raising awareness of the value of our yellowfish as an indicator species. Also 
raise the awareness of the potential environmental problems such as destruction of riparian 
vegetation and in stream habitat, physical barriers, water abstraction, pollution and enrichment of 
water resources. This will improve and even change the way people think about the 
environment. The environmental awareness should also be extended to farmers, industries and 
mining companies because these are people who significantly pollute our rivers rather than poor 
people in the area. 
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APPENDIX A  
MONITORING POINTS IN THE ORANGE RIVER WITHIN THE BORDERS OF 
NORTHERN CAPE 

Sites                                        Latitude                                     Longitude 

S1 ( Groblershoop  S28°51'59.5      E022°02'32.8 

S2 (Gifkloof)    S28°25'42.4      E021°24'00.1 

S3 (Upington)  S28°27'09.2      E021°15'35.7 

S4 (Kanon Island)  S28°38'09.3      E021°05'26.9 

S5 (Keimoes)  S28°4340.7      E020°5906.5 

S6 (Blouputs)  S28°30'35.1      E020°10'19.1 

S7 (Onseepkans)  S28°44'27.3      E019°20'01.9 

S8 (Pelladrift)  S28°57'49.7      E019°08'41.0 

S9 (Goodhouse)   S28°53'42.3      E018°13'15.7 

S10 (Vioolsdrift)  S28° 45' 43.2      E017° 43' 34.3 

S11 (Sendelingsdrift)  S28°04'38.5      E016°56'36.6 

S12 (Richtersveldt)  S28°06'24.7      E016°53'07.1 
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FREE STATE REPORT 

 
Leon Barkhuizen 

Principal Nature Conservation Scientist, Free State Department of Economic Development, Tourism and 
Environmental Affairs, Private Bag X20801, Bloemfontein 9300. Email: barkhl@detea.fs.gov.za 

 
1. Introduction 

 
During the 2012/2013 and 2013/2014 summer seasons, 41 fish surveys had been done at 21 
state dams situated in the main river systems in the Free State Province. During July 2013, 13 
research reports on the occurrence, distribution and population structure of freshwater fish 
species at 12 state dams were completed with preliminary recommendations for the conservation 
and management of fish species at these dams. All historical data on the commercial and inland 
fisheries dating back as far as 1979 that took place at certain state dams were summarized and 
processed. Data of sport and recreational angling based on the results of angling competitions 
that took place since 1974 have also been summarized and processed. All the above will 
eventually assist in better understanding the freshwater fish communities and to what extent it 
has been and are currently been used at state dams. The results of this provincial level project 
will eventually assist in drafting recommendations for a Free State Inland Fisheries Policy.  
 

2. Legislation pertaining to the catch and keep of Orange Vaal River yellowfish 
species 

 
For a number of years there has been confusion amongst sport and recreational anglers in the 
Free State regarding the size and bag limits for yellowfish caught in the Free State. This matter 
has been raised during various meetings with the Free State Freshwater Bank Anglers 
Association. After a thorough investigation, it was determined that the restrictions as it appears 
on the current Free State Angling License is indeed incorrect regarding the size and bag limits for 
smallmouth yellowfish. All smallmouth yellowfish smaller than 45cm fork length must be 
returned to the water from where it is caught, but anglers are allowed to keep 10 smallmouth 
yellowfish that is larger than 45cm fork length per day. As largemouth yellowfish is listed as a 
Threatened or Protected Species (TOPS), it may not be kept or killed but should be returned to 
the water immediately from where it is caught. The information on the back of the Free State 
Angling Licenses has been corrected as from 1 April 2014. 
Unfortunately the legislation pertaining to catch and keep of smallmouth yellowfish still differs 
from neighbouring provinces and after further investigations it was determined that it is nearly 
impossible to change the different provincial legislations. 
 

3. The Orange Vaal River Yellowfish Conservation and Management Association 
(OVRYCMA) 

 
The last meeting of OVRYCMA was held on 7 February 2013 with only a handful of people 
attending. During November 2013 and May 2014 two newsletters have been compiled and sent 
to all members as well as other stakeholders. Despite urgent requests for more member 
involvement, commitment and support for OVRYCMA and yellowfish conservation in both 
newsletters, there was hardly any reply from members. During May 2014 there was suddenly a 
new surge of interest in yellowfish conservation in light of what is happening at Vanderkloof 
Dam with the proposed gillnet fishery targeting especially smallmouth yellowfish.  
 
The following have been identified as the main challenges faced by OVRYCMA: 
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• Limited to no more support from neighbouring provinces. This is due to personnel 
shortages, no ichthyologist/aquatic scientists left in some conservation departments in 
provinces, severe budget and administrative constraints. 

• Meetings are not well attended. 
• There are hardly any area coordinators left. 

• Time = money and volunteers have other commitments/priorities. 

• There seems to be conflict/competition amongst different groups within the yellowfish 
fly fishing community. 

• There is a need for a full time technician/official whose sole responsibility is 
OVRYCMA/yellowfish conservation. 

• There was a breakdown in communication and the planned cooperative work with the 
EWT and the Orange Senqu River project will no longer take place. 

 
Fortunately, Mr. Dirk Human came to the forefront and mention that he is willing to take over 
the future management of OVRYCMA. 
 

4. Illegal fishing at Sterkfontein Dam, but what about bass? 
 
According to reports, more yellowfish fly fishermen are flocking to this dam and the dam is 
getting “crowded”. Unfortunately illegal fishing is continuing at Elizabeth and Nuwejaarspruit 
and many complaints have been received. Despite a process that was put in place during 2013 to 
report illegal fishing, the reserve personnel of Sterkfontein Dam Nature Reserve are still not 
contacted. Sometimes when they are contacted, it is expected that they must act NOW and if 
this does not happen, nature conservation/environmental affairs and its officials are attacked on 
the social media and are called amongst others “nature constipation” etc.  
 
Most fishermen at the dam are worried about removal of adult fish, but very few recognize and 
are concerned about the sharp increase in the numbers of largemouth black bass in the dam. 
Previous research has shown that all indigenous fish species in the dam have a very low 
recruitment and therefore species which succeed in spawning, the juveniles may end up as food 
for the bass. Recent surveys have indicated that bass are breeding successfully in dam and their 
numbers are on the increase. 
 
People, understandably, get emotional when they see illegal fishing taking place, but they need to 
be realistic. For example a report was received about “1 000’s of smallmouth yellowfish caught 
and killed”, but when an (immediate) inspection was done, very few smallmouth yellowfish were 
found, and it is legal to catch and keep 10 smallmouth yellowfish larger than 45cm fork length 
per day.  
 
The only solution is that fly fishermen must take hands with nature conservation and bring some 
resources to the table, for example appoint security guard/s during summer months to patrol the 
area. Something also needs to be done to decrease the numbers of bass in the dam. 
 

5. Poaching and illegal fishing 
 
Fewer reports have been received about illegal fishing at the weir at the bridge near Frankfort. 
The owner of the land adjacent to the river wants to develop a resort and seemingly a security 
company assists in chasing away illegal fishers. 
 
Reports have been received that just below the Vaal Dam, “100’s” of immigrants from 
Zimbabwe and Mozambique from informal settlements at Oranjeville and Deneysville are 
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“jigging”. The adjacent landowners next to the river are desperate but when they confront the 
people, they are threatened.  
 
A member of the public discovered a supermarket in Bloemfontein that was selling small and 
largemouth yellowfish that were seemingly caught illegally in the Orange River at Gariep Dam. 
The matter has been reported to the Green Scorpions and is also been investigated by the 
Hawks.  
 
It needs to be noted that all cases of poaching and illegal fishing are reported immediately to the 
Environmental Management Inspectorate Directorate of the FS DETEA and if EMIs are 
available, immediate attention is given to all cases. 
 

6. The Free State River Health Programme 
 
The final report back meeting of 2011/2012 RHP was held on 6 February 2013 in Bloemfontein 
during which the final report and results was discussed and presented. The Free State RHP has 
been moved to a new section within the Free State Regional Office and it is unclear if it will 
continue. 
 

7. Aquaculture programmes 
 
The operational phase of the China South Africa Agricultural Technology Demonstration Centre 
was officially opened by the then Minister of the Department of Agriculture, Forestry and 
Fisheries and her Chinese counterpart on 30 October 2013. Although no fish breeding has 
started yet, the centre will focus on sharptooth catfish, carp, Koi carp, Mozambique tilapia, and 
possibly native goldfish and tropical fish. There are however still a number of challenges before 
the centre will become fully operational. 
 
The six Recirculating Aquaculture Systems established in the small rural towns in the Xhariep 
district of the Province which were originally earmarked as outgrow facilities for sharptooth 
catfish, are also experiencing a number of challenges and despite receiving large numbers of 
catfish fingerlings in the past two and a half years, no fish have been sold so far and various 
flaws have been identified in the systems which is currently been investigated. 
 

8. Conclusion and way forward 
 
The next few months Mr. Barkhuizen will focus on compiling various research reports and his 
thesis. 
 
A meeting will be held with Mr. Dirk Human to hand over the administrative matters of 
OVRYCMA. 
 
Once the major research project comes to an end by March 2015, attention will be given to those 
areas where challenges and lack of information regarding freshwater fish and aquatic matters 
have been identified and new research projects will be implemented. 
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PROVINCIAL REPORT - LIMPOPO PROVINCE 
 
 

Paul Fouché 1 and Stan Rodgers2 

1Zoology Department, University of Venda. Email: paulus.fouche@univen.ac.za 
2 Limpopo, Department of Economic Development, Environment & Tourism, Polokwane 

 
 

Although not directly related to yellowfish there are a number of aspects, such as research and 
monitoring, of freshwater resources in the Limpopo Province that have been receiving attention. 
In addition there are plans in place to do follow-up monitoring and to align these actions with 
current trends in the Department of Water Affairs. 
 

1. Ongoing research – registered projects 
1.1 University of Limpopo and University of Venda (Prof Wilmien Powell and Prof Paul 
Fouché) 

a. Fish health (Health Assessment Index and biomarkers) and parasites of selected fish 
species from Flag Boshielo Dam (and water quality) (four M.Sc. students). This includes 
the health status of alien species (e.g. silver carp) due to sporadic deaths of this species. 
The work at FBD further includes bioaccumulation levels of metals and the human risk 
assessment.  

b. Assessing the ecosystem health of four small tributaries of the Luvuvhu River using the 
Fish Health Assessment Index and diatoms (Two M.Sc. and one Honours student) 

 
1.2 University of Limpopo (Prof Wilmien Powell and team) 

a. Fish health (Health Assessment Index) and parasites of selected fish species from 
Luphephe-Nwanedi Dam (and water quality) and Nwanedi River (three MSc students). 

b. Fish health (Health Assessment Index) and parasites in smaller dams – Houtrivier Dam 
and Molepo Dam.  (Five Honours projects 5). 
 

1.3 University of Venda 
a) Prof Irene Barnhoorn: Fish Health Assessment Index and edibility of selected fish 

species from the Albasini Dam (Two honours students).  
b) Prof Paul Fouché:  

i) An investigation of the genetic integrity of Oreochromis species occurring in 
Nandoni and Albasini dams, Limpopo Province, South Africa, using 
microsatellite markers (One MSc student). 

ii) An investigation into the extent and duration of ecosystem regime shifts caused  
by regulated water release from dams (Two MSc students). 

c) Prof Stefan Foord 
iii) Determining the effect of alien vegetation clearing in the riparian zone on river 

functioning using adult Odonata. (One MSc student). 
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2. Ongoing monitoring 

LEDET  
Mr. Stan Rodgers  

1. 3rd follow-up cycle of RHP monitoring in selected rivers of the Limpopo Province. 
 

2. Planned monitoring 
University of Venda and LEDET 
Prof Paul Fouché and Mr. Stan Rodgers (in conjuction with RQS of DWA)  
 
Determining the health of the Luvuvhu River – using the PESEIS models (Present Ecological 
State and Ecological Importance and Ecological Sensitivity). 
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CONFERENCE SUMMARY 
 

 
A short discussion was held at the end of the proceedings and the following notes were taken 
during the day highlighting the main issues raised and that might require further attention by 
the YWG members.  
 

1. There is different legislation regarding fish quotas in the various provinces 
regarding the number of yellowfish that may be kept by any angler. This is 
very confusing for the angler who firstly, finds it difficult to obtain the 
relevant information on this and secondly, it is even more confusing for 
those fishing in areas like the Vaal where one might fish any of three 
provinces during a day’s fishing, each with its own regulations. 
 

2. Growth of inland fisheries in terms of job creation and food security is 
receiving national attention for obvious reasons.  While the development of 
aquaculture should be encouraged sight must not be lost of the possible 
negative impact on aquatic biodiversity if the industry does not take into 
account biological principles. The development of aquaculture in the country 
is an agricultural and fisheries activity which means it will be easy for that 
industry to progress without necessarily considering best practice 
conservation management principles. Possible conflict therefore exists with 
fish conservation objectives as proposed by the Biodiversity Act and the 
production of fish by the aquaculture industry.  
 

3. The capacity of the provincial conservation authorities to exercise their 
conservation mandate is a growing concern.  Very few departments these 
days have any aquatic scientists with the result that very little or no river 
conservation is happening at provincial level. Furthermore, the very 
successful River Health Programme run by the Department of Water Affairs 
is virtually defunct.  
 

4. Because there is poor control over our water resources there is a general (at 
national level) decrease in water quality mainly due to AMD, (mining areas 
leading to the high presence of sulphates and heavy metals in affected areas.)  
The exposure of communities to fish carrying heavy metals posed a health 
risk to them as well as to a proposed burgeoning aquaculture industry.  More 
research is required here. 

 

5. Cooperation between anglers, conservation and aquaculture industry should 
be encouraged as the interests between parties often clash.  

 

6. The evaluation of the Rondegat rehabilitation programme and the fish survey 
at Vanderkloof Dam highlights two extremes of the conservation continuum.  
In the one situation we have a project designed to rehabilitate the river while 
the other study aims to utilise the fish resources.  Both are potentially useful 
endeavours, but could go completely wrong from a biodiversity point of view 
if not based on proper science.  As a working group and as anglers we must 
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be vigilant of such projects and participate where possible ensuring that 
proper science takes place and the due process is followed.  
 

7. The idea that fish sanctuaries and conservation areas are suitable for fly 
fishing and should be encouraged for that purpose.  

 

8. The role of involving all relevant stakeholders in projects like the one at 
Vanderkloof Dam should be encouraged. 
 

9. The role of the YWG as an informal coordinator and information sharing 
forum arose on various occasions throughout the proceedings.  
 

10. The River Health Programme was a very good Water Affairs initiative and 
should be reinstated.  
  

11. The establishment of the structures like the KZN River Forum should be 
encouraged. 
 

12. The future of the Orange/Vaal conservancy seems to be in the balance.  All 
effort should be made to ensure that this project grows again so that the 
original angling/conservation objectives are able to persist.   
 

13. Conservation authorities should focus on pristine areas as a priority in order 
to secure the conservation of aquatic biodiversity. 

 
Future of the YWG 
 
The closing discussion about the future of the YWG raised the following questions:  

• Grow the interface between angling, science and conservation.  This should include 
the strengthening of networks between scientists, anglers and landowners.  Find 
greater synergy between anglers and scientists.   

• Undertake an informal survey in order to establish why anglers no longer wish to 
attend the YWG conference. 

• The forum should engage with other relevant angling bodies like artlure, carp and 
bass anglers and encourage their participation 

• Expand the mandate to include a broader river conservation theme and consider a 
possible name change.  However, the YWG had a well-known and respected brand 
name and should be retained. 

• Perhaps a revision of the YWG mission that will gain support and buy-in from 
anglers 

 
As was the case during the previous year’s discussion on the same matter there was full 
support for the continuation of the Yellowfish Working Group.  
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DISCUSSIONS AND COMMENTS FOLLOWING PRESENTATIONS. 
 
 
State of the rivers in the Kruger National Park – Robin Petersen. 
Paul Fouche stated that scientists working in the areas outside the Park where the rivers 
originated should work more closely with the SanParks scientists while Gordon O’Brien referred 
to the degradation of the Sabie River which was once the Park’s most pristine. 
 
A fish kill protocol for South Africa – Byron Grant 
Leon Barkhuizen asked whether Byron’s company had done any training and he said they had 
not but DWA were interested and Peet Venter confirmed this. 
Robin Petersen asked whether they were communicating with the Olifants River Forum and 
Byron confirmed they were. 
Gordon O’Brien said that lack of funds was always a problem but now that the public were 
holding the authorities to account we could expect a better response from the DWA. 
 
Phylogeographic structure in the KZN yellowfish – Connor Stobie 
In answer to a question from Bruce Ellender Connor stated that they were still fine tuning their 
systems. 
 
General comment at the end of Session 1 
Gordon O’Brien stated that there was an incredible need to implement legislation but a lack of 
resources to carry this out. Olaf Weyl said that whereas there appeared to be funding to start 
fisheries there appeared to be a lack of money to employ the right people to run them. Both Olaf 
and Gordon emphasized that angling organisations need to pressure government to ensure that 
properly qualified personnel were employed. 
 
Restoration of native fishes in the lower Rondegat River after alien fish eradication: overview of 
a successful conservation intervention. – Darragh Woodford. 
In answer to a question from Olaf Weyl it was stated that 2 treatments of rotenone were used as 
the first might have missed bass in backwaters etc. Peter Arderne asked about the availability of 
rotenone and Sean Marr replied that the product was freely available. Furthermore he said that 
the product should only be applied by staff who had been properly trained in an approved 
course. Peter Mills stated that the angling fraternity should be encouraged to participate in future 
projects and Darragh added that they needed to identify similar situations as this project was a 
win/win result with the treated section fully rehabilitated with no effect on the bass downstream. 
 
Yellowfish behavioural work and future work in the KZN. – Gordon O’Brien 
Leon Barkhuizen asked what contribution does this work make to the conservation of 
largemouth yellowfish and Gordon replied that the information was there, but it just needed 
someone to implement it. With regard to a question on costs by Robin Petersen Gordon said 
that between R50 00 and R100 000 was required for a project of this size. 
 
The occurrence and distribution of yellowfish in State dams in the Free State - Leon Barkhuizen. 
Peter Arderne asked about the risk of drowning otters in fyke nets and Leon said that this was a 
risk but only 2 otters had been killed during the whole survey. Olaf Weyl added that although 
one could attach otter guards these also excluded the capture of larger fish while Sean Marr 
stated that when otters were prevented from entering these nets they often chewed through the 
nets to reach the fish. 
Gordon asked whether any hybrids had been captured and Leon replied that although none were 
seen there was a major variation in shapes. 
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Yellowfishes and chiselmouths: Biodiversity Research and its conservation implications. – 
Emmanuel Vreven. 
Connor Stobie asked some technical questions about his morphological analysis - basically 
whether the main morphological parameters he identified were head shape and dorsal fin. 
Emmanuel replied that they were. Connor then queried why he had used AFLP nuclear markers, 
whether this was because the fish is hexaploid, and he said yes they were and they hadn't tried 
any other nuclear markers. Connor then asked if what the main message was whether 
Varicorhinus and Labeobarbus are the same genus. He replied that this was a pilot study, but it 
certainly did suggest this possibility. And finally Connor asked whether he had done any scenario 
model testing for his genetic markers such as using a program called DIYABC. Emmanuel said 
he had not, but because it was only initial work they could look into it for the main paper 
 
Gordon remarked that you could place labeobarbus and chiselmouths in the same dam and after 
a year you could not differentiate. 
 
Metal contamination of fish in the Olifants River & the potential human health impact – Sean 
Marr. 
Olaf commented that this type of study should be a prerequisite for all fisheries development 
projects. 
Byron asked whether local fishermen had been interviewed and Sean replied that this had not 
been done as all the work had been carried out by zoologists and social studies represented a 
separate field of research. In addition for the unskilled interviewer respondents tended to tell you 
what they thought you required. 
Sean also said that further studies were required to measure seasonal fluctuations in residues but 
this was expensive costing about R1 000 per fish. 
In answer to a question from Robin about the source of the elements Sean said that AMD was 
the driver and the sources were the mines in the catchment. 
Gordon stated that new legislation had come through to ensure that fish were fit for human 
consumption. 
 
A review of research findings on the Xikundu Fishway and its implications for fishways in future 
– Paul Fouche. 
Leon Barkhuizen stated that any dam built from 1990 required a fishway and Paul replied that 
apparently this requirement had not been implemented, and where there were fishways these had 
to be monitored. Sean Mills pointed out that the very big and recently built De Hoop Dam had 
no fishway and Paul said that we needed to pursue this matter in future. Olaf stated that fishways 
were vital for upstream migrations whereas fish could always go over the dam wall downstream. 
 
Managing fish issues at Ingula. – Peter Nelson – (Paper not submitted in time) 
In answer to a question from Dirk Human Peter said that they had blocked off the migration of 
yellows into the dam on the Free State side and any fish passing up from the bottom dams 
would not survive the journey. Peter also said that most of the water came from the catchment at 
the bottom and that water was so precious this was one of the reasons why they needed to 
eradicate alien vegetation. 
 
Report on the Vanderkloof Dam – Francois Fouche´. 
In reply to Gordon regarding the beneficiaries of the proposed commercial fishery Francois said 
that in theory these were community members who were protein deficient. 
Peter Ramollo stated that a tender had been issued, but pointed out that this was based on the 
1983 study which showed that between 100 and 250 tons could be harvested annually. All 
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comments received queried the wisdom of basing a fishery on such out of date data. Moreover 
this study should be made available for public scrutiny. In addition it was asked how one could 
exploit a ‘protected species’ and that Largemouth yellows was a TOPS species and a reduction in 
the population of the indigenous species would create a vacuum which would be filled by bass 
and carp. Yellows are also very vulnerable to gill netting. Apparently a study Benade concluded 
that the dam was nutrient poor.  
What was required was a thorough EIA plus a socio-economic study comparing the value of the 
fish harvested to the value of tourism with all segments of the local community consulted. 
 
Karoo Seekoei River Nature Reserve – PC Ferreira 
Dirk Human asked about the presence of freshwater muscles and PC said they needed 
researchers find such colonies and in fact there was plenty of scope for such studies. 
Paul Fouche´ asked whether they would declare it a conservancy or Protected Environment as 
the proclamation would allow for most of the land uses to continue. Peter Ramollo stated that 
the N. Cape government needed more of such land to be proclaimed. 
 
Northern Cape report.- Peter Ramollo 
Robin Petersen asked about the frequency of SAS monitoring and Peter said this was once a 
year. 
 
Free State report – Leon Barkhuizen. 
Gordon mentioned the conflicts arising from water use and asked how one could protect the 
fish if an owner wished to drain a dam. 
 
Limpopo Report – Paul Fouche´. 
In answer to a question from Peter Mills about the RHP programme in the province Paul said 
this was undertaken by Stan Rogers who was not an aquatic scientist but did the work as an add-
on. 
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FOSAF FLYFISHING MILESTONES 

Since its inception FOSAF (Federation of Southern African Flyfishers) has led and continues to 
lead a series of initiatives of benefit to fly fishing in particular and to the aquatic environment as 
a whole. Including: 

• Negotiating with Government and Provincial Authorities on the situation in the Cape 
where angling for trout was deregulated. As a result of these negotiations and 
discussions, suitable arrangements have been worked out between the Cape 
Department of Nature Conservation and the Cape Piscatorial Society who now control 
these waters.  

• Publishing an official journal which has grown into the popular bi-monthly magazine 
Fly Fishing. A magazine that, although we no longer have a financial interest in, 
continues to play a role in disseminating FOSAF communications to our members and 
the fly fishing public in general.  

• Making donations to various organisations for research projects of benefit to 
flyfishing. These include cost effective breeding of trout, genetic selection and 
breeding tigerfish, and research on population genetics of yellowfish.  

• Holding discussions with timber companies to promote flyfishing as a sport and to 
obtain concessions for fly fishers on their land or waters.  

• Organising flyfishing expositions which have been held in Grahamstown, Barkly East, 
Stutterheim, King William's Town and Somerset East.  

• Liaising with Provincial trout hatcheries and authorities regarding the breeding and 
stocking of trout.  

• Organising a tour of prominent international flyfishers to South Africa to promote the 
sport of flyfishing and local flyfishing opportunities as a tourist attraction.  

• Rendering advice and guidance to authorities and anglers concerning the ethics and 
discipline of trout fishing.  

• Supporting the efforts of the Eastern Cape Chapter which has facilitated cost effective 
methods for rearing trout as well as researching and recommending the merits and 
value of stocking remote areas with trout fry.  

• Assisting in funding and obtaining displays for the flyfishing section of the Knysna 
Angling Museum.  

• Making important submissions to government on white papers on Forestry, Water 
Affairs and Environmental Affairs.  

• Hosting a watershed workshop entitled "TROUT '94" where 33 presenters from 
government departments, researchers and other interested parties produced papers 
from which 61 issues emerged which were handled at a further workshop in August 
'95 and resulted in the formulation of FOSAF Policy Guidelines in 1996.  

• Negotiating with the Mpumalanga Parks Board to prevent the de-regulation of the 
protection of trout waters which now have protection as flyfishing waters. Providing 
advice and guidance on the debate which resulted in permission being granted for the 
stocking of trout in Wakkerstroom.  

• Producing and publishing the first comprehensive guide on flyfishing venues in 
Southern Africa, The Nedbank Guide to Flyfishing Venues in Southern Africa in 1996 
with four subsequent editions published with sponsorship from Nedbank. This was a 
milestone in the promotion of and association with fly fishing by major sponsors.  

• Obtaining a sponsored vehicle from Samcor for the Dept. of Ichthyology and 
Fisheries Science at Rhodes University in Grahamstown, for work on behalf of the 
Eastern Cape Chapter of FOSAF.  
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• Holding Trout '97 Workshop and developing proceedings on small scale breeding of 
trout, weed control, stocking strategies, managing high and low intensity fisheries and 
improving the productivity of man-made impoundments in Mpumalanga.  

• Commissioning, also in 1997, a study on the economic benefits on flyfishing in South 
Africa by a researcher at Stellenbosch University, and a major market research project 
by Markinor in 2001.  

• Founding the Yellowfish Working Group (YWG) to uplift the status of this 
magnificent indigenous freshwater game fish as an angling species and to promote its 
conservation, protection and re-habilitation. The first National YWG Conference was 
held in 1997 and subsequently conferences are held on an annual basis.  

• Producing the highly acclaimed report State of the Yellowfish in South Africa - 2007 
with sponsorship from the Water Research Commission, the Department of 
Environmental Affairs and Tourism and the River Health Programme. This was 
followed by the Technical Report of 2008.  

• Providing guidance and encouragement for the development of flyfishing facilities in 
all provinces of which the very successful Wild Trout Association of the Eastern Cape 
is a good example.  

• Making financial contributions to conservation departments such as the CapeNature to 
help fund the attendance of scientific officers at international conferences important to 
flyfishers.  

• Liaising and co-operating with other NGO's with similar interests such as the 
Endangered Wild Life Trust, Birdlife SA, EEPOG, Mpumalanga Wetland Forum, Eco 
Care Trust and Save the Vaal Environment.  

• Instituting FOSAF Exemplary Service Awards. These have been awarded to Prof 
Kadar Asmal for his Working for Water Project, to Dr Louis Wolhuter and Garth 
Brook for their contribution in the production of the Nedbank Guide to Flyfishing 
Venues in Southern Africa, to Dr Douglas Hey of CapeNature for his massive 
contribution to conservation and to Andy Lawlor for pioneering work on introducing 
paraplegics to fly fishing. Other notable recipients are Fred Croney, Ed Herbst, Bill 
Barnes, Pierre de Villiers, Dave Rorke, Brian von Holdt, Bill Bainbridge, Dean 
Impson, Harvey Venter, Jake Alletson, Theo van Niekerk, Mark Yelland, Thomas du 
Toit, Trevor and Sue Babich and Andre and Moira van van Winkel and Bob Crass. 
Ronnie Pitt, Koos Pretorius and Mariette Lieffrink. 

• Co-operating with the Endangered Wildlife Trust and the Highland Crane Group by 
funding and advising on workshops on the situating of eco friendly dams and assisting 
with the pioneering Mpumalanga Highlands Wetland Study with a project cost of R100 
000.  

• Assisting the Free State Chapter with the stocking of the Swartwater impoundment 
that produced the incredible 18lb. 2½oz. Rainbow trout caught by Mike Posthumous.  

• Assisting a faculty member of Stellenbosch University to attend a conference in 
Australia to present a paper on small development programmes for aquaculture in 
South Africa.  

• Providing funding to the Wild Trout Association and Rhodes University for their 
Geographical Information System project to help to manage fly fishing waters and 
provide useful information to anglers.  

• Providing funding to the KwaZulu-Natal Chapter of FOSAF and the School of 
Environment and Development to assess and develop the potential of fly fishing in the 
Underberg district with community-based resource management strategies.  

• Sponsoring renowned international anglers and authors Darrel Martin (USA) and Taff 
Price (UK) to fish for our indigenous yellowfish and saltwater species and promote 
South African flyfishing in the international press.  
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• Developed a FOSAF Website that provides up-to-date reports on angling conditions 
and other vital environmental and fly fishing news throughout the country.  

• Initiating in 2001, through the Yellowfish Working Group, a major study on the 
population genetics of the two Orange-Vaal yellowfish species. This study was 
undertaken mainly with funding by AngloGold-Ashanti and Lesotho Highlands 
Authority while much of the initial sampling was undertaken by YWG volunteers. The 
study was finalized in 2007 and these findings have led to other organizations carrying 
out similar studies on other yellowfish species.  

• Helping job creation by supporting the Highlands Academy, set up to train previous 
disadvantaged youngsters as fly fishing guides.  

• Publishing various papers and bulletins including The Yellowfish Working Group 
Newsletter and The Tippet (a general newsletter to FOSAF members) as well as 
various pamphlets of interest to fly fishermen in general.  

• Publishing a popular series of books titled Favoured Flies & Select Techniques of the 
Experts, Volumes 1 to 5.  

• Launched in late 2010 the FOSAF Guide to Flyfishing Destinations which replaced 
the very successful Nedbank Guide series. 

• In 2011 formed a coalition, the Steenkampsberg Environmental Initiative, together 
with environmental organisations such as EWT, WESSA, Birdlife SA and also with the 
MTPA to protect the Dullstroom plateau from the threat of mining. 

• Commissioned the University of Johannesburg to undertake a study of the tourist 
industry in Dullstroom and surrounding region. Results available on this website at 
http://www.fosaf.co.za/tourist.   

• For the last 8 years have been negotiating with the authorities with regard to the 
provisions of the National Environmental Management:Biodiversity Act (NEM:BA) 
with particular reference to those fishes classified as alien/invasives and in particular 
trout. 

 

NOTE: Further information on the Yellowfish Working Group and related matters may be 
obtained by visiting the FOSAF website at www.fosaf.co.za. 
 


