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South Africa is in the process of developing a National Freshwater (Inland) Wild Capture Fisheries Policy. A 
properly focused research strategy is essential to guide the policy development process, and thus a dedicated 
‘Inland Fisheries’ workshop was convened by the South African Society for Aquatic Scientists in June 2018 to 
update and further develop a list of priority knowledge requirements for inland fisheries in the country. The main 
themes that emerged during the workshop were developed and contextualised as ten research questions. These 
were: (1) What is the exploitation potential of inland fisheries? (2) What are the health risks from consuming 
freshwater fishes? (3) Who currently uses inland fisheries and what are their harvests? (4) What can we learn 
from historical constraints to inland fisheries development? (5) How will governance of fisheries have to change 
in an evolving sectoral environment? (6) What are the options for fisheries enhancement? (7) What are the most 
appropriate fisheries technologies? (8) What value chains and employment opportunities are associated with 
inland fisheries? (9) What is the impact of water level fluctuations on fish production? (10) What are the impacts of 
pathogenic diseases on fish populations?

Keywords: inland fisheries policy, recreational fisheries, research priorities, small-scale fisheries

Global harvest from inland fisheries is reported at 
11.6 million tonnes, mostly by small-scale fishers in 
low-income countries where such harvests contribute to 
food security, livelihoods and income generation (FAO 
2020). In addition, the non-market use value of recreational 
fishing, conservatively estimated (because of a lack of 
data from Africa, Asia and Latin America) at US$ 64 billion 
globally, drives employment in the manufacturing, retail 
and tourism sectors (Thorpe et al. 2018). Inland fisheries, 
therefore, play an important role in achieving the United 
Nations 2030 Sustainable Development Goals (SDGs; see 
https://www.un.org/sustainabledevelopment/) particularly 

with regard to No Poverty (SDG 1), Zero Hunger (SDG 
2), Clean Water and Sanitation (SDG 6), Responsible 
Consumption and Production (SDG 12) and Life on Land 
(SDG 15) (Lynch et al. 2020).

In Africa, inland fisheries employ at least 4.8 million 
people (FAO 2020) and household survey data indicate 
that the total inland fisheries harvests may be twice as 
high as the three million tonnes reported to the FAO 
(Fluet-Chouinard et al. 2018). Although inland fisheries 
harvests in Africa continue to increase and are considered 
an important source of food security and livelihoods, 
particularly for the rural poor (FAO 2020), freshwater 
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ecosystems and the fisheries that they support are under 
increasing pressure from a variety of stressors, including 
overfishing, habitat loss, pollution, the changing climate, 
and species invasions (Jackson et al. 2016). South 
Africa is somewhat anomalous in the African context, 
because inland fisheries are poorly developed from a 
small-scale fisheries perspective (McCafferty et al. 2012). 
This has resulted in ‘missed opportunities for livelihoods 
development’ (Britz et al. 2015: p 210); and the potential for 
inland fisheries to contribute to the National Development 
Plan - 2030 goals of eliminating poverty and reducing 
inequality is gaining recognition, particularly with regard to 
developing the rural economy and social protection through 
food security (National Planning Commission of South 
Africa  2012). In 2016, the country began a consultative 
process to formulate an inland fishery policy aligned with 
democratic South Africa’s development objectives and, as 
a result, the country initiated the development of a National 
Freshwater (Inland) Wild Capture Fisheries Policy. This 
policy, now in a late stage of development under the newly 
established Department of Environment, Forestry and 
Fisheries (DEFF), highlights the potential ‘socio-economic 
benefits including, jobs, rural livelihoods, food security and 
economic development on the small-scale fishing, and 
recreational fishing value chains’ (DEFF 2019). Central to 
the policy are the objectives of FAO’s (2003) ‘Ecosystem 
Approach to Fisheries’ to secure ecologically sustainable 
development and use of natural resources, while promoting 
justifiable economic and social development (DEFF 
2019: Article B 4.5). A key strategy is to use results from 
biological, social, economic and environmental research to 
provide management advice (DEFF 2019: Article B 6.6).

A properly focussed research strategy is essential to 
guide the policy development process, and thus a ‘Inland 
Fisheries’ workshop was convened by the South African 
Society for Aquatic Scientists in June 2018 to update and 
further develop a list of priority knowledge requirements for 
inland fisheries in the country. The 15 participants, who are 
authors of this paper, are life scientists with a broad range of 
experience including aquatic ecology, fish biology, fisheries 
assessment, fisheries management, parasitology, fish health 
and ecotoxicology. Prior to the workshop, each participant 
developed a list of research requirements for inland fisheries 
in South Africa. At the workshop, these topics were collated, 
presented and subsequently evaluated using a combination 
of voting and group discussion, to develop a top-ten list of 
research questions for inland fisheries. A decision was taken 
not to rank the final list of questions, because this would be 
biased by field-specific representation, but rather to organise 
them into immediate, medium (<five years) and later (>five 
years) knowledge requirements.

Immediate knowledge requirements
Immediate knowledge requirements are those that are 
necessary for directing and initiating development. 
Because fisheries in South Africa are currently under 
developed (McCafferty et al. 2012), initial research efforts 
should determine the exploitation potential of fisheries and 
assess the risks associated with consuming fishes from 
different water bodies. Subsequently the evaluation of 
current use, together with knowledge on the constraints to 

the historical development of the sector, and a review of 
governance arrangements is required to provide guidance 
on operational aspects as fisheries are developed.

What is the exploitation potential of inland fisheries?
There is a paucity of information available on inland water 
bodies and the fishes that they support (McCafferty et al. 
2012). Current estimates of the potential yield obtainable 
from inland water bodies in South Africa are generally based 
on empirical models, such as those developed by Ryder 
(1964) from the relationship between known fish yield and 
the morpho-edaphic index, MEI, derived from the physical 
(i.e. mean depth) and chemical (i.e. total dissolved solids) 
characteristics of the waterbody. Yield predictions vary widely 
between models, with those developed from temperate 
datasets (e.g. Ryder 1982) generally more conservative 
than those developed from subtropical and tropical regions 
(e.g. Marshall and Maes 1984). Because the realism of 
these models remains untested in the South African context, 
their utility is limited to providing basic guidance on initial 
exploitation levels (Britz et al. 2015). Recommending 
sustainable harvest rates for fisheries will therefore require 
locality-specific data, because species-specific factors 
(trophic efficiencies and responses to exploitation), climate 
and a variety of anthropogenic factors (e.g. nutrient loading, 
pollution and water abstraction) influence fish production at 
the local level. To achieve this, baseline surveys to determine 
species composition, relative abundance and basic biology of 
fish communities are necessary. Knowledge on biodiversity is 
important, because high-yield fisheries are strongly correlated 
with high fish species richness (Brooks et al. 2016) and 
accounting for collateral impacts on conservation-priority 
species as fisheries develop is an important consideration, 
if South Africa is to meet its international obligations with 
regard to the use of wild species (e.g. CBD 2020). Estimates 
of relative abundance are not only important for better 
understanding the population dynamics of the stock, but also 
to provide input into the economic viability of potential fisheries 
enterprises (Weyl et al. 2007). Knowledge on the rates of 
maturity, growth and natural mortality of the fish species to 
be harvested are fundamental requirements for informing 
sustainable development. The reason is that fisheries located 
in the southern temperate highveld ecoregion (sensu Abell 
et al. 2008), such as the Orange River Basin, where large, 
slow-growing and late-maturing cyprinid fishes dominate fish 
communities will require a management strategy different 
to fisheries in the Zambezian lowveld ecoregion where fish 
faunas include comparatively fast-growing species, such as 
Mozambique tilapia Oreochromis mossambicus (Figure 1; 
Weyl and Cowley 2015).

What are the health risks from consuming freshwater 
fishes?
Human activities in catchments have resulted in a 
deterioration in water quality, as a result of run-off, and 
return flows from urban, mining, industrial and agricultural 
areas across South Africa. As a result, some large rivers, 
such as the Crocodile River and Olifants River (Limpopo 
River Basin) and the Vaal River (Orange River Basin), are 
polluted with metals, organochlorine pesticides, polyaromatic 
hydrocarbons, and other organic pollutants, such as 



African Journal of Aquatic Science 2020: 1–10 3

polybrominated diphenyl ethers, polychlorinated biphenyls and 
perfluorinated compounds (Wepener et al. 2011; Barnhoorn et 
al. 2015; Gerber et al. 2016a; Jordaan et al. 2016; Verhaert 
et al. 2017; Groffen et al. 2018; Pheiffer et al. 2018). Fish 
accumulate these pollutants through biodistribution within 
the body from gills to the liver via the circulatory system for 
detoxification, and then they are gradually released to muscle 
tissue or excreted (Wepener et al. 2001).

Studies on human health risks associated with the 
consumption of contaminated fish in South Africa have 
demonstrated unacceptable hazard quotient values for 
antimony, arsenic, cadmium, chromium, cobalt, lead, 
mercury and selenium for a variety of fish species from the 
Olifants (e.g. Marr et al. 2015; Sara et al. 2017; Verhaert et 
al. 2019) and Vaal (Lynch et al. 2016; Gilbert et al. 2017) 

river systems (see Figure 1 for locations of these river 
basins). Residues of hexachlorhexanes and chlordanes in 
the muscle of African sharptooth catfish Clarias gariepinus, 
a popular food fish in rural areas, from the Klip River (Vaal 
system) were at levels that substantially increase the risk of 
cancer, if consumed regularly (Pheiffer et al. 2018). Similar 
health risks were found for perfluorinated compounds in 
muscle tissue of C. gariepinus from the Vaal River below the 
confluence of the Klip River (Groffen et al. 2018). Human 
health risks associated with consuming C. gariepinus 
from impoundments in the Crocodile River system were 
associated with high dieldrin, endrin and lindane levels 
in fish from the Roodeplaat Dam and high concentrations 
of p,p’-DDT, dieldrin, heptachlor and lindane in fish from 
Rietvlei Dam (Barnhoorn et al. 2015). 
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Figure 1: Location of major river basins, number of fish species (grey bars = native species, black bars = non-native species) and percent 
contribution of each river basin to total annual runoff (diagonally lined bars) in South Africa (adapted from Weyl and Cowley 2015, runoff 
data from Davies and Day 1998). Ecoregions refer to those by Abell et al. 2008)



Weyl, Barkhuizen, Christison, Dalu, Hlungwani, Impson, Sankar, Mandrak, Marr, Sara, Smit, Tweddle, Vine, Wepener, Zvavahera and Cowx4

Gerber et al. (2016) determined a high cancer risk 
associated with consumption of tigerfish Hydrocynus 
vittatus from the Limpopo River system resulting from 
accumulated hexachlorohexanes, chlordanes and DDTs. 
South Africa’s largest floodplain system, the Phongolo 
floodplain, has been the subject of extensive studies related 
to organochlorine pesticides in different fish species in 
the past three years. The traditional floodplain fisheries 
in this region are a major source of protein for the rural 
population (Dube et al. 2015). Dube et al.’s (2015) study 
revealed that consumption of traditional fisheries species, 
such as Mozambique tilapia, redbreast tilapia Coptodon 
rendalii and African sharptooth catfish, pose potential 
term human health risks, as a result of notably high 
levels of DDTs (Volschenk et al. 2019). These studies 
illustrate that consumption of fish from some rivers and 
dams is associated with genotoxic, carcinogenic and 
non-carcinogenic health risks (du Preez et al. 2003). Based 
on the available literature, it is evident that studies related 
to residue levels in fish and potential human health risks 
are limited to a few impoundments and rivers in South 
Africa, and do not cover all the systems with fisheries 
potential. If inland fisheries are to be promoted in South 
Africa, there is an urgent requirement for guidance on 
consumption limits for fish from contaminated catchments 
and quantitative assessments of the risks associated with 
consuming fish from other catchments. Such assessment 
should also include screening for human health risks 
associated with the ingestion of zoonoses (bacteria, viruses 
and parasites that spread between animals and humans). 
Fish-borne zoonotic diseases, including the abdominal 
ailment anisakiasis, caused when the larvae of roundworms 
(nematodes) from the family Anisakidae penetrate the 
gastrointestinal tract of humans (Sakanari and McKerrow 
1989), have already been reported from freshwater fishes in 
Africa (Scholz et al. 2018).

Who currently utilises inland fisheries and what do they 
harvest?
The ability of inland fisheries to provide for food security 
and livelihoods is often compromised by the effects of 
intense fishing pressure, which can depress catch rates 
and affect income for fishers by depleting larger, more 
valuable species from the fishery (Tweddle et al. 2015; 
Irvine et al. 2019). The quantification of harvests in relation 
to estimates of the potential yield from inland fisheries is 
essential for developing a coherent management strategy. 
The current dearth of harvest data severely constrains the 
estimation of potential yields from South African fisheries 
(Britz et al. 2015). Available assessments of current fishing 
effort and harvest are limited to isolated case studies. 
These include estimates of the fishing effort and catch 
rates on roving creel surveys of anglers at Gariep Dam 
(Ellender et al. 2010a), harvests from formal catch returns 
from commercial fisheries (Barkhuizen et al. 2016) and 
participation from the enumeration of angling license sales 
in the Free State Province (Barkhuizen et al. 2017).

Because information on current harvests is important 
not only from a management perspective, but also for 
national-level assessments of food security, developing 
a monitoring system to determine current participation 

and harvests is an urgent requirement. Such monitoring 
systems for small-scale fisheries are relatively well 
developed in countries where inland fisheries are highly 
organised and concentrated on large water bodies, e.g. the 
African Great lakes (Irvine et al. 2019). Much less is known 
about the use of fish from smaller water bodies where 
fisheries are small, participation is more disaggregated 
and the fish are mainly consumed locally and do not pass 
through formal market systems (Fluet-Chouinard et al. 
2018). Developing cost-effective strategies for monitoring 
the state of small-scale and recreational fisheries will 
therefore be important as the inland fisheries sector 
develops.

What can we learn from historical constraints to inland 
fisheries development?
In developing inland fisheries, South Africa has an 
opportunity to evolve its fisheries in such a way that they 
are used in a sustainable manner without compromising 
their ability to provide for food security and well-being of the 
people relying on them. This will require knowledge of the 
conditions that result in the success or failure of fisheries 
development interventions, and an understanding of the 
livelihoods of people already relying on these resources.

This is illustrated by research on Lake Gariep, South 
Africa’s largest reservoir located on the Orange River, 
where all attempts to develop a formal fishery failed despite 
considerable investments that included boats, outboard 
motors, nets, refrigeration facilities and operational costs 
(McCafferty et al. 2012; Barkhuizen et al. 2016). This is 
perhaps fortunate, because some 450 anglers from rural 
settlements in close proximity to the reservoir harvest fish 
for subsistence and for sale (Ellender et al. 2009; 2010a; 
2010b). These subsistence anglers accounted for most of 
the fishing effort (Ellender et al. 2009) and, as a result of 
home consumption and sales of ~80 t y−1, freshwater fish 
was a regular component of the diet in rural households 
in the area (Ellender et al. 2010b). Developing a formal 
fishery here could have negative consequences for 
these anglers, because increasing harvests may result in 
reduced catch rates and increased market competition, 
which may compromise the livelihoods in an already well 
established, albeit informal, small-scale fishery. This 
problem is illustrated by a case study of Lake Malombe in 
Malawi, where the introduction of more efficient seine nets 
resulted in a decline of the catch rates of other gear and the 
appropriation of the fish resource by the new entrants at the 
expense of other, less wealthy, segments of the population 
(Hara and Jul-Larsen 2003).

Given the dire necessity for successful interventions 
to fight poverty and address food insecurity, South Africa 
cannot afford inefficiencies in development, and alternative 
approaches may be necessary. Post hoc assessments 
of development interventions are important, because 
South Africa has a history of failed attempts to develop 
formal small-scale fisheries (see McCafferty et al. 2012; 
Barkhuizen et al. 2016). A comprehensive evaluation of 
the fisheries development attempts over the past 20 years, 
and an in-depth analysis of their success or failure, will 
make a significant contribution to inland fisheries policy 
development in the country.
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How will governance of fisheries have to change in an 
evolving sectoral environment?
Issues of fisheries governance have been dealt with in 
some detail in Hara and Backeberg (2014), Britz (2015), 
Britz et al. (2015) and in the draft National Freshwater 
(Inland) Wild Capture Fisheries Policy (DEFF 2019). While 
we acknowledge a lack of representation from the social 
and economic sciences, the workshop did consider that 
a full sectoral review to position inland fisheries within 
agricultural, social and cultural sector plans for South 
Africa should be an urgent requirement. An inherent part 
of the aforementioned policy is to address the legacies of 
inequity, including the lack of rights of access by historically 
disadvantaged communities to fishing waters and fish 
resources, value chains and markets (DEFF 2019). Thus, 
research into suitable governance arrangements, including 
management and the integration of inland fisheries into 
the Resource Management Plans for dams (National 
Water Act (No. 36 of 1998), is important. These will have 
to address explicitly the potential competition for water use 
between sectors, e.g. agriculture (irrigation), conservation 
(downstream flow requirements) and fisheries livelihoods. 
The sectoral review will also require an assessment of the 
human capacity to manage fisheries, because government 
departments have been steadily eroded since the collapse 
of inland fisheries divisions within provincial departments 
during the 1990s (McCafferty et al. 2012). There is also an 
urgent necessity for research into current revenue streams 
and potential funding mechanisms for inland fisheries 
development and management.

Later knowledge requirements
After the initial establishment phase, knowledge will be 
required on how production and economic gains from 
fisheries might be improved. Researchers will have to 
explore options for fisheries enhancements and develop 
appropriate harvest technologies to increase harvest 
efficiency and investigate value chains to enhance the 
economic potential of fisheries. As fisheries develop, data 
derived from them will help to provide insights into the 
dynamics of fish populations in response to environmental 
drivers, such as water level fluctuations and biotic factors, 
such as diseases.

What are the options for fisheries enhancement?
In the development of South African fisheries, stock 
enhancement to supplement or replenish the wild 
populations beyond the level achievable by capture and 
fishing regulation alone (Smith et al. 2005; Lorenzen 
2008), or to create new fisheries (Cowx 1994), is a likely 
management intervention. In developing countries, this 
has been shown to cascade into improvements of rural 
livelihoods (Marshall and Maes 1994; Garaway 2006), but 
also brings with it considerable environmental problems 
including the decline of native fish populations, as a 
consequence of negative interactions (hybridisation, 
competition, predation) with introduced fish species (Cowx 
1998; Ellender et al. 2014; Ellender and Weyl 2014).

In South Africa, the low diversity of native fish faunas 
and a temperate climate severely limit the options for 
fisheries on native species. As a consequence, non-native 

fishes, including common carp Cyprinus carpio, rainbow 
trout Oncorhynchus mykiss and largemouth bass 
Micropterus salmoides, have been stocked since the 
early 20th century to provide opportunities for sport 
fishing (Ellender et al. 2014). Although this facilitated the 
development of recreational and subsistence fisheries in 
the country (Weyl and Cowley 2015), the introduction of 
non-native fishes resulted in considerable impact on native 
biodiversity (see Ellender and Weyl 2014). The introduction 
of largemouth bass, spotted bass Micropterus punctulatus 
and smallmouth bass Micropterus dolomieu into the 
Olifants Doring system in the Cape Fold Ecoregion for 
example, facilitated the invasion of 81% of the 961 km 
of tributaries and mainstream environment (van der 
Walt et al. 2016). While this resulted in opportunities for 
recreation and economic activities related to angling-
motivated tourism, native small-bodied cyprinid minnows 
(Clanwilliam redfin Sedercypris calidus and fiery redfin 
Pseudobarbus phlegethon) were consistently extirpated 
from black bass occupied reaches. By contrast, larger 
native cyprinid species occurred with black bass, but only 
after the cyprinids were larger than 10 cm (van der Walt et 
al. 2016). Understanding the positive economic and social 
values of these species to South African fisheries, as well 
as their negative impacts on native biodiversity (Canonico 
et al. 2005; Ellender et al. 2014), will be important in 
determining appropriate introductions of non-native fishes 
and for developing strategies to mitigate their impacts in 
conservation priority areas (e.g. Woodford et al. 2017).

Research into the use of native species or species 
incapable of reproduction in the wild will be an important 
component of this. For example, the smallmouth yellowfish 
Labeobarbus aeneus, although popular with recreational 
anglers (Weyl and Cowley 2015), also exerts deleterious 
impacts on native fishes outside of its native range 
(Shelton et al. 2016). From a harvest fisheries perspective, 
marine species, such as flathead grey mullet Mugil 
cephalus that do not reproduce, but grow well in freshwater 
environments are commonly used for stock enhancements 
globally (Crosetti and Blaber 2016). In South Africa, 
experimental stocking of freshwater impoundments 
with wild caught M. cephalus and freshwater mullet 
Pseudomyxus capensis fry resulted in yields of up to 
500 kg ha−1 in the early 1980s (Bok 1983). The recruitment 
of mullet fry into South African estuaries was unfortunately 
too unpredictable to supply wild caught fry for regular 
stocking and a fishery was never developed (Bok 1983). 
Recent successes in the captive breeding of M. cephalus 
(e.g. Crosetti 2016; Soliman and Yacout 2016) suggest 
that research into optimising captive rearing may help 
overcome the erratic supply of mullet fry that constrained 
the historical use of this species for stock enhancement.

What are the most appropriate fisheries technologies?
Inland fisheries development in South Africa will require clear 
development goals and use of gears that are appropriate to 
the fishery. For example, management goals for maximising 
food security would aim to maximise yield by harvesting fish 
at smaller sizes than in fisheries managed for recreation 
where larger size is an important consideration. In public 
waters, current legislation is designed for recreational angling 
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and the use of nets and traps is generally prohibited (Britz 
et al. 2015). Because small-scale fishers generally rely on 
gears such as traps, gill nets, seine nets and lines (Tweddle 
et al. 2010; Weyl et al. 2010), developing small-scale 
fisheries will require allowing the use of these more efficient 
harvesting methods. To ensure that such relaxation of 
regulations does not have unintended consequences, 
research on species and size selection, mitigation of bycatch 
of conservation priority species (including not only imperilled 
fish species, but also non-target taxa, such as birds, terrapins 
and crocodiles; Ellender et al. 2017) is required to guide 
development. In a recent assessment of 20 impoundments 
using fyke nets, for example, Barkhuizen and Weyl (2020) 
demonstrated that, although bycatch was not a concern, 
catch rates in some impoundments were too low to result in 
economically viable fisheries.

What value chains and employment opportunities are 
associated with inland fisheries?
South Africa has been attempting to develop the inland 
fisheries sector for commercial purposes, rural development 
and food security since the 1960s (McCafferty 2012). In an 
assessment of 35 years of data from small-scale commercial 
fisheries in the Free State Province, Barkhuizen et al. 
(2016) demonstrated that most operations failed within five 
years and that only two fishing operations were able to 
remain operational for more than 10 years. The authors 
cited the failure of fisheries to achieve the desired return on 
investment as the most likely cause for exit, because the 
fisheries that persisted did so as small-scale commercial 
enterprises that were unable to fill their relatively small 
quotas, nor were they able to provide fulltime employment. 
This is similar to previous assessments where a variety of 
rural development practitioners retrospectively blamed a 
combination of social factors, perceived and actual low value 
of freshwater fishes, and even the absence of formal market 
chains as reasons for failure (McCafferty et al. 2012).

More recently, overcapitalization, driven by a focus 
on ‘quick fix’ technological solutions to harvest, false 
assumptions of ‘underutilised and abundant’ resources, 
combined with inadequate information on markets and 
value chains, appear to have been identified as potential 
contributors to the failure of inland fisheries in the country 
(Barkhuizen et al. 2016). On Lake Gariep on the Orange 
River basin for example, successive government supported 
small-scale fisheries projects failed to attain even 
conservative initial quotas of 50 t y−1, which combined with 
lower than expected fish prices (ZAR 1.6  kg−1), ultimately 
resulted in their failure (Barkhuizen et al. 2016).

There are, however, indications that functional enterprises 
are present in some localities. Informal interviews and 
observations of the value chains developed around the two 
small-scale commercial seine net operations on Bloemhof 
Dam (Vaal River Basin), yielding ≈200 t  y−1 (Barkhuizen et 
al. 2016), indicated that these were relatively well developed 
with considerable economic multipliers. Fishes, mostly 
C. carpio and C. gariepinus, were purchased by: (1) local 
vendors, mostly women, to supply their ‘fish-and-chips’ 
shops in adjacent towns; (2) external fishmongers from 
Barberton (Mpumalanga) and Polokwane (Limpopo) who 
purchase between one and five tonnes of fish at a time; 

and, (3) foreign nationals, who salt and dry smoke the fish 
for sale in Cape Town or Gauteng. In addition, there was a 
historical market for the export of salted and sundried fish 
to countries in central Africa (L Barkhuizen, unpubl. data). 
Research on these and other economic opportunities, as 
well as comprehensive analyses of all aspects of the inland 
fisheries value chain, are required to inform the sector.

Recreational fisheries value chains are as important 
as the value chains associated with small-scale fisheries. 
There are an estimated 630  000 recreational anglers 
fishing South Africa’s fresh waters (W Potts, Department 
of Ichthyology and Fisheries Science, Rhodes University, 
pers. comm.) and, although the overall economic impact of 
the sector still requires quantification, case studies indicate 
that the economic impact of angling-related expenditure 
in South Africa is considerable (e.g. McCafferty et al. 
2012). Expenditure on recreational fly fishing for yellowfish 
Labeobarbus spp. on the Vaal River, for example, has been 
estimated to be in the region of ZAR 133 million per season 
(Brand et al. 2009). In the rural village of Rhodes, Eastern 
Cape, where only 15% of the population of 600 people were 
formally employed, Du Preez and Lee (2010) estimated 
that angling-motivated tourism generated ZAR 13.5 million 
annually and employed 85 people. A better understanding of 
this sector and its economic impact is vital, if the economic 
benefits from inland fisheries are to be maximised.

What is the impact of water level fluctuations on fish 
production?
South Africa’s inland areas are arid, receiving an average 
of <500 mm of rainfall per year. Rivers draining the central 
and north of the country account for most of the freshwater 
discharge in the country (Figure 1). Other river basins 
typically comprise shorter coastal rivers with seasonal or 
episodic flows. As a result, more than half of South Africa’s 
annual run-off is stored in dams (Weyl and Cowley 2015). 
Highly variable inflows, coupled with high demand for water 
for agricultural and domestic use, result in large fluctuations 
in water level or even complete drying up of reservoirs 
(Barkhuizen et al. 2016). As a result, estimates of potential 
yield has to account for fluctuating water levels (Figure 
2). In large tropical lakes and reservoirs in Asia and Africa, 
Kolding and van Zwieten (2012) demonstrated a strong 
log-linear relationship between mean amplitude of the annual 
or seasonal lake level fluctuations and fish yields. Setting 
sustainable exploitation limits for South African reservoirs will 
therefore require a good understanding of the relationship 
between fish production and water levels in South African 
reservoirs (as shown in Figure 2). In addition, understanding 
how quickly fish populations recover after complete 
desiccation of reservoirs is important, because such events 
are becoming more frequent. During the recent (2017–2019) 
droughts in the Western Cape and Eastern Cape provinces 
for example, many reservoirs were reduced to below 10% 
of their full capacity and some even dried up completely 
(Department of Water Affairs 2020).

What are the impacts of pathogenic diseases on fish 
populations?
The factors contributing to diseases in wild fish populations 
include both non-infectious causes, such as ecosystem 
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alterations, as a result of anthropogenic or natural origins, 
and infectious causes, such as the movement of pathogens 
or vectors via human mediated or natural pathways 
(Williams et al. 2002). The introduction of non-native species 
drives disease emergence in aquatic animal populations 
by both extending the geographic range of parasites 
and pathogens, and facilitating host switching (Peeler et 
al. 2011). Smit et al. (2017) reported 23 protozoan and 
metazoan freshwater fish parasites introduced into South 
Africa. Seven of these have already spilled over to local 
hosts and, in most cases, are causing severe pathology in 
native fishes (Smit et al. 2017). Diseases imported with 
ornamental fishes pose a significant disease risk to wild fish 
populations and aquaculture (Mouton et al. 2001).

The acceleration of changes of the biological and 
physico-chemical properties of aquatic environments, 
together with the anthropogenic translocation of pathogens 
or their vectors, often coalesce in the disturbance of 
the natural dynamic balance between the environment, 
susceptible hosts, and infectious agents. This results in 
disease events that are often difficult to predict and, hence, 
warrant in-depth research (Reno 1998; Adlard et al. 2015). 
An example is the current rapid spread of the water mould, 
Aphanomyces invadans, the causative agent of epizootic 
ulcerative syndrome (EUS), frequently associated with 
large-scale fish mortalities (Huchzermeyer and van der 
Waal 2012), which is spreading rapidly throughout southern 
Africa (Huchzermeyer et al. 2018).

The paucity of historical baseline epidemiological 
information on normal aquatic animal disease levels 

(prevalence, incidence and virulence) in South African 
inland water systems compromises our ability to predict or 
assess changes in the frequency of disease outbreaks or 
the relative contributions of pathogen transmission versus 
decreased host resistance in facilitating these outbreaks 
(Harvell et al. 1999). Because the impact of these parasites 
on fish populations is currently not known, future research 
on the interactions between environmental health, disease 
causing organisms and the health of fish populations 
should be explored. The development of improved methods 
for the rapid detection of new diseases and the accurate 
identification of disease causing organisms, as well as the 
understanding of disease dynamics and trends in disease 
occurrence, are fundamental to conserve inland aquatic 
ecosystems faced with rising anthropogenic stresses 
(Peeler et al. 2011; Adlard et al. 2015).

Conclusions

Inland fisheries in South Africa are in a state of transition. 
Current utilisation is for recreational fisheries and at the 
subsistence end of the small-scale fisheries spectrum 
(McCafferty et al. 2020). As a result, there is some evidence 
that inland fisheries make an important contribution to food 
security and livelihoods, especially in rural areas, contribute 
to informal economies and are pivotal to supporting 
communities with few assets or opportunities for growth. It 
is thus fundamental that these fisheries and the resources 
on which they depend should be maintained in a suitable 
manner, as the country embarks on developing a more 
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Figure 2: In the Bloemhof Dam on the Vaal River in South Africa, low water levels (black line) result in larger catch (grey bars), because fish 
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formal small-scale inland fisheries sector. This will require an 
ecosystem approach that engages all stakeholders to ‘plan, 
develop and manage fisheries in a manner that addresses 
the multiple needs and desires of societies, without 
jeopardizing the options for future generations to benefit from 
the full range of goods and services provided by freshwater/
inland water ecosystems’ (FAO 2003). The South African 
Society for Aquatic Scientists workshop on Inland Fisheries 
provided an opportunity to identify strategic priority areas for 
research to fill gaps in knowledge that are required to inform 
this process. The research requires focus on understanding 
the baseline status and trends in inland fisheries resources, 
threats to their development and constraints on their 
governance structures. Managing inland fisheries in South 
Africa will require investment in primary research, coupled 
with improvements in capacity and infrastructure. Such 
investment will provide long-term benefits to optimise 
resource use in a sectoral water user environment, as 
well as contributing towards achieving South Africa’s 
National Development Plan – 2030 goals relating to the 
rural economy and social protection through food security 
(National Planning Commission of South Africa 2012).
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