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Abstract

In South Africa, fish kill events are increasing in frequency because of multiple stressors
associated with managing natural resources. Despite the ecosystem services associated with

fish, South Africa’s progressive legislation towards environmental protection seems to negate

the management of fish kills. In this study, we provide an overview of reports and regulations
associated with acute pollution spills resulting in fish kill events in South Africa. In addition, we
highlight the implication of these using a fish kill event from 2019 on the Msunduzi River, South
Africa, as a case study. The fish kill on the Msunduzi River showed a decline in relative abundance
by up to 41%, and its ecological condition was already impaired by poor management. The

poor condition of the Msunduzi River has jeopardised the recovery of the fish populations, and
intervention is needed to restore the fish population that includes species red-listed as vulnerable
by the International Union for the Conservation of Nature. We found that despite the severity of
fish Kills and the detriment to the fish fauna, including near-threatened species, there is a general
apathy, incapacity and lack of knowledge on managing fish kills in South Africa. In addition,
although several legislated Acts have good intentions for protecting nature, they do not align and
show that a fish kill is an afterthought rather than a need to prevent. Poor management practices
have exacerbated this in an already stressed state from excessive use of environmental water. As a
way forward, the alignment of the various Acts associated with various ministerial departments in
South Africa is needed so that better protection of the environment may occur. Finally, we argue
that the African proverb “/f the fish comes out of the river to tell you that the crocodile has one
eye, you should believe it is not considered when managing water resources and that with the
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present ecological state and water resource use there may be no fish to ‘come out of the water’
warning us that our water is unsafe even for human consumption and use.
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use

1 Introduction

Globally, peri-urban and urban development and infrastructure, mining, agriculture and
industry development have negatively affected water resources on large regional scales
(Jewitt et al., 2015; Rodell et al., 2018; Sibanda et al., 2015; Tickner et al., 2020; Wade
etal., 2021). In a global context, these impacts are considerable (Feio et al., 2022;
Jaureguiberry et al., 2022; Rodell et al., 2018). In southern Africa, including South Africa,
this is no exception since the latter’s environmental performance has recently been listed
as one of the world’s worst-performing nations (Du Plessis, 2019; Feio et al., 2022; Hsu
etal., 2013). Despite South Africa’s progressive legislation, one important indicator of the
poor environmental management of South Africa’s water resources is the occurrence of
anthropogenically driven fish Kill events and the management of these events (Grant et al.,
2014; O’Brien et al., 2019; Wepener et al., 2011).

Fish are ideal ecological indicators of ecosystem well-being as they are relatively long-lived,
well-known, easily identifiable, habitat selective, vary in tolerance to water quality and
move within the aquatic environment (Burnett et al., 2021; Chovanec et al., 2003; Harris,
1995; Lucas & Baras, 2000). These characteristics allow for the adequate assessment of

fish as they respond to their environmental conditions (Burnett et al., 2020; Wepener,

2008). In southern Africa, fish community assessments are used to evaluate the aquatic
ecosystem well-being (Bennett, 1995; Evans et al., 2022; O’Brien et al., 2009), with

the first indices used in the 1990s (Kleynhans, 1999; Kleynhans & Louw, 2007). These
indices and management tools use fish, along with other biota, dependencies on specific
attributes to evaluate ecological well-being and can be used to monitor aquatic environments
for anthropogenic impacts (Dickens et al., 2019; Kleynhans & Louw, 2007; Li et al.,

2010). Unpacking the levels of organisation in freshwater fish communities to determine
adverse outcomes is important when assessing stressor events in the aquatic environment
(Wepener, 2008). Understanding the response sensitivity and ecological relevance of fish
assists managers in determining an acceptable limit to environmental degradation to allow
for sustainable use of a water resource and are used by the Department of Water and
Sanitation (DWS) in South Africa (Dickens et al., 2019; O’Brien et al., 2018; Wepener,
2008). Despite fish indices presently used to detect river degradation (Evans et al., 2022), a
fish kill event is a key indicator of an acute pollution event that can lead to degradation of
river health but does not fall within the scope of routine sampling (Grant et al., 2014).

In southern Africa, fish have contributed to local culture and livelihoods throughout modern
history (Plug et al., 2010; Skelton, 2000a, 2000b). Ancient human middens of fish bones
around shelters and the depiction of fish in rock paintings can be dated over 2000 years back
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and demonstrate the historical value of fish to human communities in the region (Impson

et al., 2008; Mitchell et al., 2012). Today, human communities still depend on fish for food
(Dlamini et al., 2022; Impson et al., 2008; O’Brien et al., 2009), and recreational angling
sectors have high economic values (Du Preez & Lee, 2010; Brand et al., 2013; Potts et al.,
2022). In South Africa, there is a dedicated recreational angling activity targeting one group
or genus of fish, the Labeobarbus spp., established to be worth over ZAR 133 million per
annum (~USD 8.6 million) in 2013 (Brand et al., 2013). Potts et al. (2022) updated the value
of the broader recreational fisheries in South Africa to be an estimated ZAR 32.6 billion
(~USD 2.2 billion) per annum.

Fish kills represent acute pollution events that negatively impact both the social and
economic value of fish worldwide (Grant et al., 2014; La & Cooke, 2011). A fish kill
constitutes a mass mortality of fish or fishes in a short period that is notable and indicates
that the environmental condition has changed to the point that the survival of fish has been
severely jeopardised, rendering the causal activity unsustainable (Grant et al., 2014; La &
Cooke, 2011). To quantify this, it is an amount of more than 25 dead fish per 1 km? of

a lentic ecosystem (such as a lake) or 1-km length of a lotic ecosystem (river) in a 48-h
period, whereby the mortality causation is not linked to part of the life cycle of the fish

(e.g. the death of adult salmon after spawning) or a result of a fisheries harvest (Grant

et al., 2014). The cause of mass fish mortalities may occur naturally, for instance, in the
event of sudden temperature inversions from climatic events, such as an intense hailstorm
(Allanson et al., 1962), the upswelling of deep water in lakes (Ochumba, 1990), or oxygen
depletion arising from algae blooms (Bruton and Taylor, 1979). Unnatural or specifically
anthropogenic fish kills have recently become prevalent because of toxic anthropogenic
inputs into the aquatic ecosystem and are occurring at higher frequencies and are more
intense than some naturally caused fish kills (Grant et al., 2014; Karssing, 2008; Kleynhans
et al., 1992; Riddell et al., 2019; Sibanda et al., 2015). These inputs vary considerably and
can relate to one or more causes that affect the fish’s ability to survive, and examples include
excessive reduction of flows and chemical contamination associated with anoxic conditions,
nutrient enrichment, cyanobacterial blooms, ammonia and metal toxins (Grant et al., 2014;
Sibanda et al., 2015). Although these causes can be natural events, in some cases, they are
often directly associated with the excessive use of or pollution of water resources and are
unnatural events (Riddell et al., 2019; Sibanda et al., 2015). Fish kills visually indicate when
water use is polluted and potentially hazardous for people who physically contact the water
resource and or use the fish as a food source (Dlamini et al., 2022; Grant et al., 2014;
Wepener et al., 2011).

There is no specific “fish kill’ legislation in South Africa, but as a recognised consequence
of the pollution of a water resource in South Africa, the National Water Act 36 of 1996
(NWA) and National Environmental Management Act (NEMA) provide guidelines on the
management of fish kill events (NEMA, 1998). Chapter 3 of the NWA deals with preventing
water pollution and stipulates that resource users responsible for water pollution are also
responsible for remedying the situation (NWA, 1998). As a principle, NEMA requires that
the loss of biological diversity, important habitats and ecosystem processes must be avoided,
and the mitigation and remediation cost of any pollution events, which includes fish kill
events, must be paid for by any and or all parties who caused the degradation to the
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environment (NEMA, 1998). In 2014, NEMA was amended to supersede legislation that
protected directors of companies or members of close corporations from being liable for the
harm caused by their respective entities polluting the environment. This amendment renders
the directors or the members, as the case may be, individually or collectively liable for any
negative environmental impact arising from advertent or inadvertent pollution these entities
may have caused (NEMA, 2014).

1.1 Development of policy on fish Kills

In the early 1990s, South Africa identified the lack of appropriate policy and legislation
pertaining directly to anthropogenically driven fish kills and endeavoured to provide
appropriate management decisions to prevent future incidents. In 1993, the regulators of
water resources in South Africa, the Department of Water and Forestry (DWAF), now the
DWS, released an internal report describing the identification of unnatural fish kills and
their management (Badenhorst, 1993), followed by a field guide for fish kill assessments in
2001 (Hohls & Kiihn, 2001) and sampling protocols in 2004 (DWAF, 2004). These informal
policy documents were developed as guidelines for government regulators but have not
been implemented or enforced. Alternatively, Wepener et al. (2011) used a risk assessment
approach that included higher-tier assessment endpoints to clarify the adverse effects of
multiple stressors resulting in fish kills in aquatic ecosystems to manage these events. In
2014, the Water Research Commission of South Africa developed a national protocol for
fish kill investigations (Grant et al., 2014). This protocol has also not been implemented,
and, as a result, a policy or governance lacuna regarding the prevention and, importantly, the
poor management of fish kills persists in the country.

Against this backdrop, and predictably (Wepener et al., 2011), fish kills have become
frequent events in South African rivers (O’Brien et al., 2014) that are poorly managed.
Consequently, we argue that the age-old African proverb * /f the fish comes out of the river
to tell you that the crocodile has one eye, you should believe it (African Proverb, 2020),
should be amended to be appropriate for our context to, ‘ /f the fish comes out of the river to
tell you it can no longer live there, believe if . This study draws on the impacts of a severe
fish kill event in the chronically stressed Msunduzi River, KwaZulu-Natal Province, South
Africa, to an acute pollution event and highlights the detrimental impacts of this fish kill.

In addition, we reviewed and evaluated existing published literature and reports from the
DWS on how fish kill events in South Africa have historically been managed. Lastly, we
evaluated anthropogenically driven fish kill events management and the appropriate resource
management legislation to protect vulnerable river resources in South Africa.

2 Case Study Methods
2.1 Study area

The case study we rely on includes the fish kill event that occurred in the Msunduzi

River, a significant tributary of the uMngeni River, KwaZulu-Natal. The Msunduzi River
is one of the country’s most socio-economically important rivers (Hughes et al., 20183,
2018b). It originates in the Midlands of the Drakensberg Mountain Range and flows to the
KwaZulu-Natal Provincial capital, Pietermaritzburg, before entering into the mid-reaches
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on the uMngeni main stem (Figure 1). The upper uMngeni and Msunduzi rivers flow
through similar geographical and ecological zones and have similar habitats and fish species
compositions (Evans et al., 2022; Jordaan et al., 2016). The entire uMngeni Catchment
provides water to >4 million people in the eThekwini Municipality (Ethekwini, 2018;
Roberts & O’Donoghue, 2016).

A total of 17 native fish species occur in the Msunduzi River (Skelton, 2001). Today,

four of these fishes have conservation status as threatened on the International Union

for the Conservation of Nature (IUCN) Redlist. These species include Mozambique

tilapia Oreochromis mossambicus (Bills, 2019), the chubbyhead barb Enteromius anoplus
(Chakona et al., 2022) and Enteromius gurneyi (O’Brien et al., 2017) listed as Vulnerable
and one listed as Near Threatened, Amphilius natalensis (Chakona et al., 2022). E. gurneyi
is listed as vulnerable because of increased anthropogenic use in its distribution range and
near-endemic to the Msunduzi River (Evans et al., 2022; O’Brien et al., 2017). A. natalensis
was recently listed as near threatened following a taxonomic review of the species as
endemic to the upper uThukela and uMngeni catchments (Chakona et al., 2022; Mazungula
& Chakona, 2021). The KwaZulu-Natal yellowfish Labeo-barbus natalensis are long-lived,
slow-growing and relatively large fish that, when mature, are important ecological indicators
of ecosystem well-being (Crass, 1964; Karssing, 2008; Skelton, 2000b). Other species of
yellowfish Labeobarbus spp. are known only to mature when older than 5 years (Impson et
al., 2008; Paxton et al., 2013), and this could be similar for L. natalensis (Karssing, 2008).
L. natalensis has recently been highlighted to have high genetic variance, with the potential
of the uMngeni River population being unique to this catchment, increasing the ecological
value of this particular population (Stobie et al., 2018). In addition, L. natalensis is targeted
by subsistence fishers along with other fish species, such as the sharp-tooth catfish Clarius
gariepinus and other Cichlid spp. (O. mossambicus, red-breasted tilapia Coptodon renaalii
and banded tilapia 7ilapia sparmanii) on the Msunduzi River.

The Msunduzi-uMngeni River is also home to one of the world’s most popular and toughest
canoe races, the Duzi Canoe Marathon, which starts in the city of Pietermaritzburg and

ends in the city of Durban (Kruger and Saayman, 2013). This event brings in ca. ZAR 3-6
million (~USD 0.2-0.4 million) per annum through direct spending and a total of ~ZAR

23 million (~USD 1.5 million) per annum combined with the known indirect spending

for KwaZulu-Natal (Houdet et al., 2020; Kruger and Saayman, 2013). There is a growing
concern for this event, given the continual decline in the condition of the Msunduzi and
uMngeni Rivers to human health from increasing levels of pathogens that consistently
exceed recommended guidelines set out by the World Health Organisation and the South
African DWS (Kruger and Saayamn, 2013). Gemmell and Schmidt’s (2013) microbiological
analyses of the Msunduzi River assert the water is unsuitable for domestic, recreational

or agricultural use, given the frequent occurrence and high titre of pathogens in the water
body. Despite the poor water quality of the river, the Duzi Canoe Marathon continues to be
held annually but has been marred with human health incidences (Carnie, 2022). There are
other riverine recreational activities and livelihoods at risk in the area. There is a noticeable
informal subsistence fishery along the Msunduzi River that supports a considerable number
of fishers present in the city of Pietermaritzburg (Makhathini, 2024; Nkomo, 2023). Despite
these rising water quality concerns, the river has been identified as a strategic water resource
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important for potable water, recreational activities and fish health (Figure 1; Houdet et al.,
2020; Le Maitre et al., 2019; Van Deventer et al., 2020).

2.2 An acute fish kill event

A noticeable fish kill event in 2019 occurred in the Msunduzi River that catalysed our
review of the approach taken to address fish kills in South Africa. On the 13th of August
2019, a media statement released by the South African Government first announced

that a support structure of a cooking oil storage tank at a manufacturing plant situated

in Pietermaritzburg city on the Msunduzi River had failed, collapsing the tank into a
neighbouring caustic soda storage tank (Department of Water and Sanitation (DWS), 2019).
On the 13th of August 2019, both tanks ruptured, releasing ~1600 tons (30,000 L) of

a soap derivative composed of crude cooking oil and caustic soda into the Baynespruit
(Bayne’s Stream), 3.7 km upstream of the confluence of the Msunduzi River (Figure 1;
DWS, 2019; Kanyile, 2019a, 2019b; Willowton Group, 2019). The spill affected an 82

km reach of the Msunduzi River downstream of the Baynespruit and the uMngeni River

as far as the inlet to Inanda Dam (Figure 1; DWS, 2019; Graham et al., 2021; Kanyile,
2019a; Mdletshe, 2019; SAPA+, 2019). The soapy mixture spill caused the pH to rise to 8.5,
however, in the heavily polluted areas a pH of 10.78 was recorded (DWS, 2019; Graham
etal., 2021). As the pollutants moved down the river, an anaerobic (<0 mg/L O,) condition
occurred in the water column, which potentially was the main driver of the fish kill. The
following day, water was released from Henley Dam upstream of Pietermaritzburg to dilute
the spill and aerate the affected reach of the river. Despite this intervention, dead fish from
all size classes and species were evident and died en masse, clogging up the river while
some drifted downstream as far as Inanda Dam (Burnett M. J. pers. obs.; Harper, 2019;
Kanyile, 2019b; SAPA+, 2019).

An estimated 15 tons of dead fish carcasses were removed from the river (DUCT, 2019a,
2019b), and a considerable amount of additional dead fish was removed by wildlife and by
people from vulnerable communities for food. Local regulators identified people harvesting
dead fish to eat and so warned all those along the affected river, including residents around
Inanda Dam, not to drink or come into contact with the river or dead fish until the river
clean-up efforts had taken effect (DWS, 2019; Graham et al., 2021; SABC, 2019). The 20
tons of dead fish observed were estimated to have been comprised of >51,000 fish (750 fish
or 294 kg of dead fish per linear kilometre) as calculated using a size class sample and the
species observed in the clean-up (DUCT, 2019a, 2019b). The unfortunate death of a person
was linked to the event when a young cattle herder drowned in suddenly rising water levels
during the “dilution release’ from Henley Dam upstream of the incident. The deceased was
collecting dead fish from the polluted river, presumably for food (Mdletshe, 2019).

2.3 River health sampling

The severity of the fish kill warranted an evaluation of how it impacted the fish community
structures and abundances. Data from various fish community assessment projects on

the uMngeni and Msunduzi Rivers, such as the River Eco-status Monitoring Programme
(REMP) (Dlamini, 2019; Evans et al., 2022; Thirion & Jafta, 2020), were used to evaluate
the fish community composition before the spill at sites shown in Figure 1. Unfortunately,
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no data could be obtained after the fish kill in 2019 because of limited resources and
commitment to address this fish kill event. A river health survey was conducted in 2020
to coincide with previous seasonal surveys on the Msunduzi River and evaluate the post-
spill fish community status. These sites selected for the assessment included a relatively
unimpacted reference site on the uMngeni River to compare with the Msunduzi River
upstream of the spill, impacted sites (FK1-4) and downstream (DSTR) sites, see Figure

1 and Table 1. These sites were surveyed per the REMP approach, previously used in

the Msunduzi River and KwaZulu-Natal region, and described by Evans et al. (2022).
Quantitative fish community data based on species, abundances and size classes were log-
transformed for comparability.

2.4 Fish community data analyses

Descriptive analyses were plotted in MS-Excel, and the statistical data analyses used
CANOCO for Windows (version 4.53) and assessed using redundancy analysis test from
principal component analysis (PCA) testing to evaluate the fish communities’” abundances,
size class structures and habitats pre- and post-impact of the spill (Evans et al., 2022). The
PCA uses the linear response between the fish assemblages and environmental variables
and plots the ordination results as a two-dimensional plot, reflecting the dissimilarities or
similarities between samples (Nasir et al., 2011; O’Brien et al., 2009; van den Brink et

al., 2003). The redundancy analysis tests determine which species, guilds or environmental
variables were probably responsible for these groupings and then presented as biplots onto
the original PCA plot (Shaw, 2003; Ter Braak and Smilauer, 2004).

3 Case Study Results and Discussion

3.1 Environmental response

The analyses from the fish kill event showed that habitat did not affect the fish community
structures between all sites (Figures S1-S3). The multivariate assessment did, however,
result in a significant (o < 0.05) change in the fish communities between sites, which

was correlated with other stressors (Figure 2). When evaluating the pre- and post-spill fish
community structures, the spill was identified as having a significant (p < 0.05) effect on the
fish community (abundance and diversity) for the Msunduzi River in impacted areas (Figure
3). The significant effect of the spill on the fish communities extended downstream to Inanda
Dam, where the extent of the fish kill was observed (Figure 1). There was a significant

(0 < 0.05) decline in the abundance of the southern mouthbrooders Pseudocranulabrus
philander, L. natalensisand C. gariepinus within the impacted areas of the spill (Table 2,
Figures 3 and 4). The size classes of these species were also significantly disrupted with
reduced abundances of adult fish (Figures 5 and 6). This is particularly concerning for L.
natalensis, which are long-lived and mature at 3—4 years (Karssing, 2008). Based on the
upstream sampling site (ASCO, Figure 1), the population structures post-spill showed a
reduction in adult individuals that may have dispersed post the fish kill into the depauperate
affected area. L. natalensis are highly mobile species within the system, seeking refugia

in deeper pools in winter (Burnett et al., 2021). These pool habitats occur predominantly
downstream of the spill site and would have been highly impacted by the spill, as fish
would be in refugia habitat at the time of the spill. Considering that the 2020 survey was
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conducted 9 months later post a summer high flow when L. natalensis migrate and spawn,
it indicated that relatively little recruitment into the upstream area occurred (no adult L.
natalensis were caught in the highly impacted sites (FK1-3), suggesting that no movement
into the impacted area downstream occurred). Three L. natalensis fry (<15 mm in size) were
caught in the uppermost impacted site (BSTW, Figure 1). The low numbers of L. natalensis
fry and their locations suggest that these may have been recruited from fish spawning
upstream of the impacted area. C. gariepinus showed better recovery than L. natalensis,
although adult fish abundance decline was still significant (0 < 0.05). C. gariepinus can
withstand anaerobic conditions better than L. natalensis and is frequently found in poor
water quality areas (Evans et al., 2022). This suggests that C. gariepinus was more resistant
to the spill, although still heavily impacted, and may recover quicker than other species,
such as L. natalensis. The negative effect of the spill on poor water quality tolerant fish
species, such as C. gariepinus, L. natalensisand P. philander, suggests the severity of this
event and consequentially slow recoveries are expected. O’Brien et al. (2014) described how
some populations of Labeobarbus spp. and other fish species can take decades to recover,
especially in areas affected by multiple stressors. In the Msunduzi River, the more cryptic
species that may be undetected during clean-up operations, for example, 2 philander, E.
anoplus and E. gurneyi, are expected to recover relatively slowly, if at all. The absence of
P, philander during the 2020 survey showed how little is known about these species and
warrants further investigation as they are traditionally considered a tolerant species when
relating to water quality conditions (Evans et al., 2022; Kleynhans, 2007).

In addition to the impact of the 2019 spill, the recent monitoring of the Msunduzi River
identified important anthropogenic stressors that affected the river ecosystem (Dlamini,
2019; Ngcobo, 2024; Ngozi, 2024). This was evident by the presence of species intolerant
to poor water quality, such as A. natalensis and E. gurneyi, at the reference sites and not in
the Msunduzi River (Table 2; Figure 2). This was not unexpected considering the plethora of
anthropogenic stressors within the upper catchment of the Msunduzi River before the spill
with periodic minor fish kill events (<100 fish/km) (pers. obs.; DUCT, 2018). £. gurneyi,
for example, has a museum record collection from 1996 from the MOTO site (Figure 1),
where this species was not collected in the present study in the Msunduzi River even when
surveying the same site. Before the fish kill, £. gurneyiwas extirpated from the Msunduzi
River from pre-spill stressors (Evans et al., 2022; O’Brien et al., 2017). There is now greater
uncertainty for this species in the study area, and as an indicator for the sustainable use of
water resources and the region’s biodiversity is in question (Du Plessis, 2019).

3.2 Social-ecological impacts

The 2019 spill was a catalyst to the demise of the fish communities in the already stressed
Msunduzi River, which was jeopardised by the plethora of anthropogenic stressors that go
unchecked (Evans et al., 2022; Fouchy et al., 2019; Hughes et al., 2018a, 2018b). This is
especially true for an urban river that provides direct access to recreational activities (Houdet
et al., 2020; Potts et al., 2022). Recreational value already exists with the Duzi Canoe
Marathon and has potential for other activities if conditions improve, including recreational
angling for L. natalensis if parallelled to the targeted yellowfish fly-fishing industry in the
Vaal River (Brand et al., 2013). The Duzi Canoe Marathon has decreased participants as
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the E. coli counts have risen yearly (Gemmell & Schmidt, 2013; Kruger and Saayman,
2013; Wyllie & Kohler, 2017). Despite the protests from the canoeing community, little has
been done to mitigate this trend, potentially causing a decrease in attendance of 42% from
2010 to 2017 (Wyllie & Kohler, 2017) and a further 7% decrease between 2018 and 2019
(Fischer, 2019; Ngcobe & Tiller, 2019). The condition of the Msunduzi River should not be
overlooked as a factor in deterring participation in the Dusi Canoe Marathon (Houdet et al.,
2020). The river condition pre-spill had unacceptable pathogen levels (Gemmell & Schmidt,
2013). This could be seen in the fish community assessment in the present study, as shown
by the lack of diversity and abundance when compared with the reference sites.

3.3 Potential economic impact

Fish provide for the livelihoods of those with direct access to rivers as a source of protein
(Impson et al., 2008; Skelton, 2000a, 2000b). The >51,000 fish or >20 tons of fish killed

in the Msunduzi River 2019 spill could not be allocated for human consumption because of
health concerns related to the cause of death of the fish, but many of the local communities
along the impacted area of the spill attempted to harvest dying fish, contributing further

to the negative impact of the spill. A quick summary of the monetary value of the 20

fish tonnage lost in the spill had it been sold on the market at a value of ~ZAR 60.00
(~USD 3.28) per kilogram (Kourie & Somyo, 2022) amounts to ~ZAR 1.2 million (~USD
65,633.50). The benefits of this provided at a daily rate over a year can provide ~ZAR
3287.67 (~USD 179.82) worth of fish per day, well above the minimum wage for South
Africa at ZAR 1203.36 per day. Sustainable harvesting suggests that this can be higher and
would contribute to livelihoods indefinitely (McCafferty et al., 2012; O’Brien et al., 2009;
Potts et al., 2022; Weyl et al., 2007). It is estimated that the fish abundance collapse from
the spill amounted to ~31% and 41% when comparing the catch per unit effort for 2020
against the catch per unit effort for 2017 and 2018, respectively. The collapse of abundances
has reduced interest and catch by the informal subsistence and recreational fisheries in the
impacted area (pers. comm. fishers on the Msunduzi River), with successional recruitment
of fish expected to be low, especially for long-lived species like L. natalensis. The exact
contribution this fishery underpins livelihoods along the Msunduzi River remains unknown,
but other studies suggest that it is higher than expected, especially around recreational
(Brand et al., 2013; Britz et al., 2015; Potts et al., 2022) and small-scale fisheries (Ellender
et al., 2009; Tapela et al., 2015).

4 Overview Of Documented Fish Kills In South Africa

While documented recordings of naturally occurring and anthropogenically driven fish
kills in South Africa are available, most relatively smaller fish kills are undocumented
(Cyrus & McLean, 1996; Grant et al., 2014; Whitfield & Paterson, 1995). Examples of
reported anthropologically driven fish kills are available from the DWS in the fish kill
incident reports from 1999 to 2004. These reports detail fish Kills resulting from high levels
of organic material depleting oxygen (DWAF, 1999), dissolved pesticides and herbicides
(Hohls & Van Niekerk, 2000) and contaminants possibly from wastewater treatment works
(Hohls & van Ginkel, 2004). Fish kills in the Vaal River barrage area have also been
attributed to decreasing water quality within the Vaal River (Wepener et al., 2011). Still,
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determining the exact reason for fish kill events (Grant et al., 2014) and whether a

specific land-owner or organisation is responsible is often difficult. More recently, however,
reoccurring fish kills from the Phalaborwa barrage on the Olifants River, Limpopo Province,
have resulted from anoxic sediment sluicing to maintain the water supply that supports the
wider economy around Phalaborwa (Riddell et al., 2019). The largest documented fish kill
event recorded in South Africa from anthropogenic causes occurred in 1989 (Kleynhans

et al., 1992; O’Brien et al., 2014). This accidental effluent spill from a paper mill on the
Elands River severely impacted the fish communities and decimated the sub-population of
Incomati suckermouth Chiloglanis bifurcus (Kleynhans et al., 1992; O’Brien et al., 2014).
This species was already threatened then and is now critically endangered (O’Brien et al.,
2014). This fish kill event was assessed for recovery, and it was found that it would take
decades, and reintroduction would be necessary to assist in the recovery (Kleynhans et

al., 1992). The reintroduction was implemented, yet populations of affected fish species
(including Labeobarbus spp.) have not returned to previously known abundances (O’Brien
et al., 2014). This event has demonstrated aquatic ecosystems’ sensitivity and vulnerability
to significant fish kill events. Although re-introduction has aided recovery, questions have
been raised on the dilution in sub-population genetics (O’Brien et al., 2014), which are being
considered for species-level, especially for the Labeobarbus family (Stobie et al., 2018).

Despite the cases reviewed in the present study, fish kills are seldom documented or
addressed in South Africa. Other than reported by media houses, action is rarely taken
against the polluter (Foord and Fouché, 2016; Karssing, 2008; O’Brien et al., 2014). In
addition, in some instances, fish kills are considered by regulators to include ‘acceptable
losses’ where routine maintenance is carried out on water security infrastructures (Riddell
et al., 2019; Wepener et al., 2011) or when industry processes are in a state of flux after
planned maintenance shutdowns, and effluent does not initially meet required environmental
or licence standards (Wade et al., 2021). The example from the Phalaborwa barrage on the
Olifants River aligns operational procedures to the first summer rains, and high increased
river flows to ensure adequate flushing of the barrage (Riddell et al., 2019). Flushing

the barrage mobilises sediment, creating significant changes in the physical and chemical
characteristics of the river, resulting in low oxygen levels and local and often regional fish
kills (Riddell et al., 2019), potentially impacting 42 known fish species in the conservation-
focused Kruger National Park which occurs downstream of the barrage (Scott et al., 2000).
Riddell et al. (2019) also identified other major industries in the region, including mining
activities that have frequently affected the quality of the Olifants River in the Kruger
National Park, resulting in extensive fish kills. These events have, historically (pre-2010),
not resulted in noteworthy litigation against the polluter. From 2010 onwards, however,
polluters were increasingly held responsible and liable for pollution events. Other fish kill
examples include the operation of a barrage on the Vaal River, Gauteng Province (Wepener
etal., 2011), and pulp and paper mill activities where water quality regulatory requirements
are not met over short to medium terms (hourly to many days) after the process re-starts
(Wade et al., 2021).
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5 Fish Kill Management: Relevant South African Environmental
Legislation
5.1 The Constitution of South Africa

The legislation regulating the use and protection of South Africa’s water resources, as

well as other components that constitute the ‘environment,” is rooted in what is commonly
referred to as the ‘Environmental Right’ (section 24) in the Bill of Rights in the Constitution
of the Republic of South Africa, 1996, which includes the right of South Africans to;

‘(a) an environment that is not harmful to their health or well-being and, (b) to have the
environment protected, for the benefit of present and future generations, through reasonable
legislative and (c) other measures that prevent pollution and ecological degradation,
promote conservation and secure ecologically sustainable development and use of natural
resources while promoting justifiable economic and social development’ (Blackmore, 2018;
Constitution of the Republic of South Africa, 1996; Van der Schyff, 2010).

The environmental rights form the foundation for the establishment of the South African
NEMA 107 of 1998 (NEMA, 1998), which forms the framework for specific legalisation
directed at the protection and sustainable use of the natural environment, and in particular
water (Couzens & Dent, 2006). In addition, this environmental right brings into South
African law and jurisprudence the Roman common law public trust doctrine, which is
articulated in the country’s NEMA as “The environment is held in public trust for the
people, the beneficial use of environmental resources must serve the public interest and
the environment must be protected as the people’s common heritage’ (Blackmore, 2015;
NEMA, 1998).

Fish kills are indicative of degraded environments that are harmful to people, and where
affected ecosystems are unsustainable for present and future generations, and/or when

fish kills are indicative of serious pollution events resulting in ecological degradation, the
constitutional rights of South Africans are applicable, but it seems not implemented. In
addition, environmental legislation that holds valuable ecosystems in public trust that are not
protected should also be triggered after fish kills occur.

5.2 National Environmental Management Act

The South African NEMA was drafted as a ‘framework statute’ that encompasses the core
legal disciplines that constitute the natural environment, including inland water resources.
The NEMA framework encompasses, amongst others, principles to be adhered to when
making decisions that may affect the environment, the need for integrated environmental
management, including the environmental impact assessment process, offences and
penalties. All these components of the framework, where relevant, must be applied when
exercising the provisions of the specific environmental legislation.

Environmental law and the South African NWA 36 of 1998 (administered by the ministry
of the DWS) and Water Services Act 108 of 1997 (WSA—administered water services
institutions and water services intermediaries such as water boards and water services

River Res Appl. Author manuscript; available in PMC 2025 May 27.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Burnett et al.

Page 12

committees) regulate the use and protection of water resources and in many respects overlap
in jurisdiction.

The NWA is administered by the ministry of the DWS, whereas the WSA is administered by
water services institutions and water services intermediaries such as water boards and water
services committees, which are subject to the oversight of and direction by the ministry of
DWS. These institutions and intermediaries may be, depending on the type and scale of the
water resource being used, established at regional (sub-national) to local (e.g. municipal or
sub-municipal) scale. Nevertheless, in terms of fish kills and in simple terms, the NWA is
overarching in that it caters for the use and safe-guarding of the country’s water resources
(i.e. catchment management and the regulation of demand) and the WSA is primarily
focused on the provision of water to people (i.e., the provision of water and the regulation of
supply) (A’Bear & Davis, 2001; Qumbu, 2021). The magnitude of the overlap is determined
by the context in which the legislation is applied. From a fish kill perspective, the two

key domains of overlap are the abstraction of water and its release into the environment
following its use. Thus, to simplify the analysis below, the relevance of the WSA is included
in the scrutiny of the NWA.

The complexity of overlapping legislation is heightened beyond the NWA and the WSA,

in that the remainder of the specific and other environmental laws are generally applied

and administered by the ministry of the Department of Environmental Affairs (presently the
Department of Forestry Fisheries and the Environment) and various provincial conservation
authorities. There are two additional considerations that must be made by the ministry of
the Department of Mineral Resources, which applies to the NEMA Environmental Impact
Assessment (EIA) process with mining applications and DWS in administering the NWA
and WSA must consider the EIA processes in water resource development applications.
Thus, in the context of fish kills, several governmental ministries (i.e. the water and
environmental ministries) and at least one conservation agency in which the event occurs
would need to co-operate to apply the law to its fullest extent. There is evidence that this is
not occurring in South Africa (Grant et al., 2014; O’Brien et al., 2014; Riddell et al., 2019;
Wepener et al., 2011).

5.3 NWA and WSA

The South African NWA is an internationally recognised and progressive water resources
protection legislation (Cullet, 2011; Schreiner, 2013). This accolade is founded on the
post-constitutional democratic incorporation of the public trust doctrine into this Act, section
3 of the Act and complementary environmental law (Adom et al., 2022; Blackmore, 2018;
Feris, 2012). In so doing, the DWS, the custodian of water resources in South Africa

and the ministry responsible for the implementation of the NWA has a fiducial mandate

to achieve from a water management perspective. To achieve this, there needs to be
implementation of Chapter 3 of the NWA, which specifically describes how water resources
can be sustainably developed through careful use, development, conservation, management
and control to ensure sustainable use and protection of the ecological integrity of aquatic
ecosystems (NWA, 1998). The Resource-Directed Measures of Chapter 3 aim to safeguard
South Africa’s water resources, namely by (a) a water resources classification system, (b)
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determining the ecological and useable water reserve and (c) setting the Resource Quality
Obijectives (RQOs) for each class of resource (Pienaar et al., 2020). The Resource-Directed
Measures provisions of the NWA have been established to reach a sustainable balance
between the use and protection of water resources (Pienaar et al., 2020; Xu et al., 2003).
Here, the NWA provides for the mandatory determination of a vision for the sustainable use
and protection of the resource through the Water Resources Classification process and the
‘Reserve’, which defines the quantity and quality required to (a) ‘satisfy basic human needs
and (b) ‘protect the aquatic ecosystems of the water resource’ or the ‘Ecological Reserve’
(NWA, 1998). The flow or quantity of water resources to meet the class or vision of the
resource and quality, habitat and biota characteristics that represent the use and protection
balance are formalised through the RQOs, which are gazetted and binding on all authorities
(Dickens et al., 2019; NWA, 1998). This process, culminating in legislated RQOs, should
afford suitable protection measures, comparable with Sustainable Development Goal targets
(Dickens et al., 2019), to South Africa’s vulnerable water resources and the biodiversity
that lives in them. Importantly, Resource-Directed Measures outcomes are used to allocate
water resource use and thus would need to comply with complementary legislation that
includes the WSA (WSA, 1997) and the NEMA (NEMA, 1998). When fish kills occur,
often representing the excessive use of water resources, the relevance of Resource-Directed
Measures, including water use allocations aligned to the vision of the resources and
associated sustainability requirements, are not evaluated and amended to ensure the balance
between the use and protection of water resources is achieved.

In the WSA, the sustainability of habitat and biodiversity conservation requirements are
established for the water resources through the application of the environmental impact
assessment, resulting in Environmental Authorisation, which is considered when issuing a
Water Use Licence (WSA, 1997) by the custodians of water resources, the DWS (NWA,
1998).

5.4 National Environmental Management: Biodiversity Act

Limited protection of riverine habitats and associated species in South Africa can be
provided in terms of Chapter 4 of the National Environmental Management: Biodiversity
Act (NEM:BA) 10 of 2004, which states that they are either threatened or require protection.
For an ecosystem to be listed, it must be either degraded and in need of protection or be

of high conservation value or high national or provincial importance, such as identified,

for example, as a National Fresh-water Ecosystem Protected Area (NFEPA). Likewise, this
Act identifies a threatening process (i.e. an anthropogenic activity). Regulation of the use

of a listed ecosystem or exercising a threatening process is via the environmental impact
assessment process stipulated in NEMA and through the environmental implementation or
environmental management plans that must be adopted by the municipality (NEMA, 1998;
NEMBA, 2004). Similar provisions apply to listed species, but section 56 NEM:BA provides
the mechanism to identify, regulate and prohibit certain activities that impact the survival of
a listed threatened or protected species (TOPS). Similarly, fish kill events that may indicate
extreme damage to ecosystems and or selected species do not automatically trigger the
NEMA:BA legislation to review and or consider changes in habitat or species sustainability.
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While probably appropriate, regulators have not implemented NEMA:BA legislation and/ or
mechanisms after fish kill events.

5.5 National Environmental Management: Protected Areas Act

Similar circumstances apply to the South African National Environmental Management:
Protected Areas Act (NEM:PAA) 57 of 2003. While it is possible to declare a river or a
portion thereof as a protected area, at the time of this study, this provision of NEM:PAA had
not been exercised. To do so, would require a protected area management authority to be
appointed (NEMPAA, 2003). Hence, it is uncertain whether the powers of the management
authority would conflict with the powers of the various management instruments provided in
the NWA and, therefore, remain unchartered territory. Therefore, the current application of
the NEM:BA and NEM:PAA does not enhance the legal protection afforded by the NWA to
South African rivers and associated fish habitats and populations.

6 Monitoring And Reporting

The monitoring of anthropogenic, and in particular industrial, use of water in South Africa
is ultimately the responsibility of the DWS viz. the NWA, and WSA, and the relevant
national Department of Environmental Affairs and provincial conservation organisations
who assign sustainable water resource use responsibility, and therein liability, to the

holder of the relevant licence or environmental authorisation. The Water Use Licences
includes monitoring requirements that enforce its compliance and stipulations for each
user, which the DWS should align to evaluate and ensure the sustainable use of water
resources (NWA, 1998; Wade et al., 2021; WSA, 1997). Unfortunately, the ability of

the DWS to reconcile the environmental performance of water resource users, integrate
user performances and monitor water resource well-being on a national scale is limited,
and this is hindering the ability of the DWS to hold users accountable for unsustainable
environmental degradation (Dickens et al., 2019; O’Brien et al., 2019; Schreiner, 2013;
Thirion & Jafta, 2020; Van Rooyen et al., 2017). Similarly, the holder of environmental
impact assessment authorisations issued in terms of NEMA would be accountable for any
non-compliance with the Act as well as any conditions the authorisation may have. Both
the NWA and NEMA (see, for instance, s29(1) and 24(10)(a)(iii) respectively) empower the
issuing authority to specify monitoring and reporting requirements the holder of the licence
or authorisation would need to adhere to. These requirements would potentially alert the
respective departments of at least a pollution event.

Notwithstanding the challenges in and around self-incrimination, potential pollution may
arise from sources other than water licence or environmental authorisation holders. In these
instances, section 28 NEMA provides for a ‘duty of care and remediation of environmental
damage’, which requires any person who directly or indirectly causes or may cause, amongst
others, a significant pollution event to ‘take reasonable measures to prevent such pollution

or degradation from occurring, continuing or recurring, or, in so far as such harm to the
environment is authorised by law or cannot reasonably be avoided or stopped, to minimise
and rectify such pollution or degradation of the environment” and in so doing, notify the
relevant department that the event has or is about to occur.
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Furthermore, and as part of the duty of care provisions, section 31 of NEMA provides
whistle-blowers the right to protection for having disclosed any aspect of a potential or
pollution event that has occurred. Such protection is granted where the disclosure was

in good faith and in the public interest, and the whistleblower has followed a particular
process. This process includes the circumstance where the whistle-blower is of the opinion
that approaching the press and popular media is necessary to avert an imminent significant
threat or to ensure that the threat is timeously and appropriately investigated by the relevant
authority (Du Plessis & de la Harpe, 2007). For fish kills, this authority would be the DWS.

7 Liability and Offences

In the case study of the Msunduzi River fish kill, sections 19, ‘Prevention and remedying
effects of pollution” and 20, ‘Control of emergency incidents’, and other legislation
described would apply. In keeping with the prevention of pollution of the environment
provisions within NWA, any person (including juristic persons) who is in control, occupies
or uses the land on which a water-polluting event may occur or has occurred is obligated to
‘take all reasonable measures to prevent any such pollution from occurring, continuing or
recurring’. Furthermore, NWA provides for pollution liability to be jointly and severally
applied. Thus, in simple terms, any person (the polluter) reasonably linked to the
requirement to prevent a pollution event taking place or allowing pollution to take place may
be wholly or partly liable for, at least, the costs for the necessary prevention interventions
and importantly the costs associated with, amongst others, the recovery of the pollution and
any mitigation required to remedy ‘effects of the pollution’ and “any disturbance to the bed
and banks of a watercourse’ (NWA, 1998). Given that the purpose of NWA includes the
obligation to protect aquatic and associated ecosystems and their biological diversity, it is a
common cause that the polluter would be responsible for and, in turn, liable for the fish kills
discussed above (NWA, 1998). Where the polluter fails to fulfil the remediation obligation,
the regulator, in terms of the NWA, may undertake the necessary interventions to remedy the
pollution event and recover the costs thereof, apportioning liability from the polluter (NWA,
1998).

The NWA prescribes an array of offences, two of which directly apply to a pollution event.
The first occurs when the polluter ‘unlawfully and intentionally or negligently commits any
act [...] which pollutes [...] a water resource. The second is a failure of the polluter to
comply with a directive (or a “notice”) issued by a ‘water management institution’, which
includes the DWS (NWA, 1998).

In the instance of the present study’s spill, the public was advised that there was sufficient
bunding on the manufacturer’s premises to contain the contents of one of the storage tanks
deemed sufficient by DWS (2019). Thus, given this circumstance, it is unlikely that the
polluter would have been found to have acted unlawfully or negligently or intentionally
caused the pollution event. A directive was likely issued to the polluter to ensure that

the pollution removal and remediation undertaken meets a reasonable standard set by the
DWS or the catchment management agency. This standard should naturally, in accordance
with the DWS-mandated trusteeship of South Africa’s water resources, be equivalent to or
improve the state and integrity of the river systems that occurred immediately before the
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pollution event (NWA, 1998). Finally, penalties for listed offences range from a fine and/or
imprisonment up to 5 years for a first offence and double this for a second or subsequent
conviction (NWA, 1998).

The obligation to protect the biological diversity in South African water courses is broad and
consequently provides equal weight to common or abundant, endemic, rare and threatened
species. Likewise, the NEMA act does not discriminate between an unspoiled and a
significantly anthropogenically spoilt water course. Should a distinction between important
and lesser important biodiversity be required, such distinction could be exercised at the
discretion of the official in the directive issued to the polluter. Reliance on discretion to
cause a particular outcome is risky on one or more of at least four fronts. These being,

the official is (&) unwilling to apply discretion, (b) cannot appreciate the significance

of the state of the water course before the pollution event, or (c) there is insufficient
defendable information for discretion to be applied with confidence or (d) the directive, and
the discretion therein, may be appealed or taken on review by the courts. Consequently,

it may be argued that the application of NWA is fallible, particularly in those instances
where fish Kills are to be prevented or adequately remedied when significant pollution
events occur. Finally, other than the provision for expropriation of land and that embodied
in the Resource-Directed Measures, the Act does not provide any mechanism to protect
watercourse habitats or water-dependent species in that the modus operandi of the Act is to
manage water quality, quantity and habitat through the regulation of anthropogenic use of
the country’s water resources (NWA, 1998).

In terms of the NEM:BA, a person convicted of an offence involving a listed species or
ecosystem would be liable for a fine not exceeding ZAR 10 million (~USD 595,880.50)
and/or imprisonment for a period not exceeding 10 years. In the case of a subsequent
offence, double these penalties would apply. Eight freshwater fishes are listed in the TOPS
regulations associated with the NEM:BA (DEA, 2015), with more listed as threatened (from
Vulnerable to Critically Endangered) by the IUCN (Chakona et al., 2022). The regulated
activities associated with the listed species are limited to direct consumptive uses, for
example, fishing, capturing and trading. Furthermore, at the time of drafting this manuscript,
publishing the 2009 draft set of listed ecosystems had not progressed further than the

public consultation phase (DEA, 2015). Although rivers are recognised in the preamble

of this notice to contain endangered or threatened ecosystems, none were included in the
list appended to the notice (DEA, 2015). Consequently, in its present form, the NEM:BA
provides little protection to freshwater fish or in-stream habitats.

8 General Discussion

8.1 Environmental effects

The 2019 Msunduzi River fish kill is likely to be the worst fish kill recorded in South
Africa since the 1989 Elands River fish kill, and/ or as severe. Quantifying and comparing
fish Kill severity between different cases is difficult to quantify, especially when monitoring
responses are slow and not formally required. For example, a fish kill in the Murray-Darling
Basin, Australia, in 2018-2019 described >5 millions of fish being killed between 40 and
600 km stretch of river (Koehn, 2021; Stocks et al., 2021). This places the Msunduzi
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River fish kill on the same level of severity, yet little to no attention has been drawn to

the negative socio-ecological and economic implications. The Murray-Darling Basin and
the present study of fish kill events indicate that pre-existing stressors in the system that
were linked to the management of the river were also indicative of a chronically stressed
river impacted by an acute trigger causing a fish kill and have complexities associated

with the river’s management (Jackson and Head, 2020; Stocks et al., 2021; the present
study). It is understood that fish kill incidents are predominantly associated with chronic
anthropogenically inflicted disturbances that stress the affected fish community and are
exacerbated by a subsequent pollution event (Ashton, 2010; Desai et al., 2021; Riddell et al.,
2019; Roux et al., 1995). This observation is not unique to the Msunduzi River as many fish
populations in South Africa are at risk of regional decline and go unnoticed as they are not
aligned with acute fish kill events (Chokona et al., 2022). We advocate that these regional
declines negatively impact the overall well-being of freshwater fish communities in South
Africa, and acute fish kill events can seriously threaten the viability of important populations
and have received little attention (O’Brien et al., 2014). Generally, large growing yellowfish
(Labeobarbus spp.) are the most notable species affected during fish kills (Impson et al.,
2008; Skelton, 2000b). Despite yellowfish’s tolerance to poor water quality (Kleynhans,
2007), cryptic and often more sensitive species that are affected and potentially lost through
fish kills generally go unnoticed (O’Brien et al., 2014). In a multiple-species fish kill,

it is important to consider the rate at which a population may return. This can shift

the conservation status of a species from vulnerable to critically endangered, as with C.
bifurcus in the Elands River fish kill from 1989, with similar cause for concern regarding

E. gurneyi. The age at which Labeo-barbus spp. mature may present slow recovery rates

of species. River connectivity issues in South Africa can further jeopardise the recruitment
and recovery of populations from water protection areas to impacted areas (O’Brien et al.,
2019). There are few published examples of the long-term effects of a pollution event on
fish locally. However, the Msunduzi River fish kill in the present study shows parallels to
the Eland River fish kill in 1989, and the system had not fully recovered 20 years later
(Kleynhans et al., 1992; O’Brien et al., 2014). Macroinvertebrates recover at a higher rate
(approximately a year, Smith et al., 2010) than to fish that can take over 4.3 years until
abundances and species compositions stabilise (Kubach et al., 2011). Remediation should be
required post any fish kill event, either through translocating suitable stock into the impacted
area or ensuring connectivity to a potential source of a fish population upstream of the

fish Kill event. Allowing the system to self-heal may be counterintuitive, especially if the
system is consistently in a poor ecological state and has poor river connectivity. This is
particularly true for the Msunduzi River. The continued stressors impacted South African
rivers, including periodic acute fish Kills, have resulted in the red-listing of several fish
species’ as vulnerable or critically endangered by the IUCN, for example, the red-tailed barb
E. gurneyi (O’Brien et al., 2017) and C. bifurcus respectively (Chakona et al., 2022; Roux
& Hoffman, 2017). The Msunduzi River fish kill may only be lessened to that of the Elands
River fish kill from 1989, because species such as £. gurneyiand A. natalensis have already
been extirpated from the river from previous chronic and acute pollution events and the high
level of alien species present for example, common carp Cyprinus carpio, at least from a
conservation perspective.
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Not knowing or having little understanding of the reference state before a fish kill event
should not excuse polluters from lessening the impact a fish kill may have had or reason
for mitigation. In the event of rivers that are continually in a poor ecological state, as

the case with the Msunduzi River (Dlamini, 2019; the present study), remedial action or
rehabilitation is required to return to the previously known ecological state rather than the
managed ecological state set out by regulators (DWS, 2019). The DWS, through the REMP,
has shown that unacceptable ecological status classes of ‘E” and ‘F’ can be a result of poor
water resource management (Evans et al., 2022). However, management action is needed
to meet the required ecological state or even improve on it (Evans et al., 2022). The DWS
sets out the ecological state necessary for a given site and these are broadscale guidelines
to indicate the overall health of rivers and are not designed to address fish kills specifically
(Avenant, 2010; Kleynhans & Louw, 2007). Areas at risk of fish kills, for example, directly
downstream of industry, should be assessed separately.

8.2 Social impacts

Fish Kills indicate a severely altered state of the ecological health of a river (Grant et

al., 2014; La & Cooke, 2011). In South Africa, the increased frequency and severity of

fish kills and how they are managed are of concern to the future health of its aquatic
ecosystems. South Africa is exploring economic diversification opportunities, including
wild-caught fisheries as they see the value in having healthy fish stocks to support the green
economy (Adeleke et al., 2021; DFFE, 2020), yet fish kills, and the management response
to them does not reflect this. These social benefits related to other recreational activities
that are associated with the river, such as canoeing, fishing and swimming would have a
higher contribution to the economy given a healthy river to facilitate these. The present
study of a fish kill could potentially be a catalyst to highlight the negative impacts on the
river and improve the management of the Msunduzi River after seeing the severity of the
fish Kill. However, this has not been the case. The advocation by polluters and regulators

to rehabilitate the Msunduzi River back to its pre-spill ecological state suggests that
multiple stressors are affecting the Msunduzi River. The chronic levels before the present
study’s fish kill event indicate that water resource use has exceeded the Resource-Directed
Measure targets for sustainability (NWA, 2017) and is seen as ‘acceptable’ with little to

no intervention to improve the ecological state to acceptable water quality to recreation
levels. This challenge would require a collective effort from all stakeholders involved and
increased capacity to monitor environmental conditions and enforce the rule of law to
improve the water quality of the Msunduzi River intentionally. Unfortunately, this currently
seems unlikely as, based on further media reports, little has been done since with several
other pollution events in the same system and fewer, if any, consequences for polluters
(media article: Regchand, 2020). This concern highlights some of the challenges faced in the
Msunduzi River that seemingly undermine the livelihoods of vulnerable human communities
dependent on this aquatic ecosystem’s well-being for, not only for recreational activities,
but also subsistence living that use the Msunduzi River for irrigation, cleaning and watering
livestock.

First and foremost, fish kills should be prevented by determining and managing the potential
risk of fish kill events occurring and should be incorporated into management practice
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where needed. It is important that the DWS put in place fish kill preventative measures and
criteria developed for various Water Use Licences to reduce the risk of potential polluters.
Furthermore, licence providers and regulators must hold users accountable to their licence
requirements and enforce the polluter pays principle when spill events occur (Wade et al.,
2021). Fish kill prevention can be considered through implementing Water Use Licence
restrictions as mitigation practices developed into the Water Use Licence. Often, there is
little previous knowledge of fish communities and populations before a fish kill event,
making assessing the full impact of fish kill events problematic.

The ecological risk assessment on the Vaal River in 2011 indicated that its ecological state
would degrade by 2020 if its wastewater management status quo was maintained (Wepener
etal., 2011). As reported through media outlets, several fish kill events in the Vaal River
have shown its continual degradation despite recommendations to mitigate against operation
at the status quo (Smillie, 2022). These highlight management authorities’ apathy towards
the ecological state of rivers (Wade et al., 2021). A similar case has been in the uThukela
River, where a proposal to create a wetland to rehabilitate and treat wastewater on the
eMadini Stream (heavily augmented by industrial release) before entering the uThukela
River was declined by the DWS (Wade et al., 2021). In the consideration of scientifically
viable solutions not being supported by local regulators in South Africa. There is a concern
that regulators are not supporting sustainable alternative water resource use options because
of the aversion to risk by the regulator out of fear that they may be held personally liable
for adverse impacts from developments they approve. This is suggested to have been the
case for a proposed wetland treatment development on the eMandeni Stream adjacent to
the uThukela River (Wade et al., 2021). Improving water quality and setting measures in
place to prevent fish Kills is important when managing for sustainability and should take
precedence (Dickens et al., 2019).

8.3 Need for management reform

The increase in anthropogenic associated stressors with water resource use reduces refuge
areas for fish (Nel et al., 2011; O’Brien et al., 2019, 2021). South Africa recognises areas

of importance for freshwater fish biodiversity conservation through the NFEPA determined
by identifying where fish are listed by TOPS as critically endangered or endangered are
present (Driver et al., 2011; Nel et al., 2011), but to date, no conservation of these areas

by government or private stakeholders has occurred. In the context of fish kill events, the
NFEPA database provides information on the seriousness of fish kill events when the event
occurs in an NFEPA area, but there is no additional opportunity for action (Driver et al.,
2011). Furthermore, NFEPA and TOPS will need to be updated given the increase in species
moving onto the IUCN threatened list since their latest publication (Chakona et al., 2022).

The disconnect between aquatic scientists, licencing, regulators and ministerial departments
is worrying (Sarakinsky, 2016). Healthy ecosystems can support human livelihoods, and
the authorities’ intention to enhance or protect and the need to be maintained for this
purpose (Jennings et al., 2016; Parkes & Horwitz, 2009). The drive to meet the green
economies should prioritise mitigating practices that do not jeopardise their intended
outcome (D’Amato & Korhonen, 2021) and be driven by all stakeholders to balance the
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use of water resources and protecting freshwater ecosystems (King & Brown, 2006). The
value of inland fisheries around rivers is still largely neglected (Tapela et al., 2015). In South
Africa, an inland policy released in 2022 details the need to address the neglect with an
intention to improve the way inland fisheries are managed (DFFE, 2020). Water resources
are not managed to meet fisheries, biodiversity or conservation endpoints or targets but
rather to ensure that the mechanisms to achieve these targets, such as environmental flow
requirements, are met (King & Brown, 2006) along with other RQO limits, for example
(Evans et al., 2022; Kleynhans & Louw, 2007). This lessens the value of fish in the
freshwater ecosystem, and it is no surprise when a large fish kill happens, little is done

to mitigate it. Polluters are educated to ensure that every effort following a fish kill event
is made to meet the RQOs without considering the object of the RQOs, including the

fish species that have been decimated as a consequence of the pollution. Because of this,
sufficient remedial actions must be taken post a pollution event that causes a fish kill.

As seen with the Msunduzi River fish kill in 2019, the fish population structures and
abundances were severely impacted negatively.

In the event of a fish kill it is important to act swiftly and collect data associated with the
pollution event that caused a fish kill to acquire sufficient evidence for prosecution. Actions
to mitigate the pollution event should be required as soon as possible to reduce further
exposure of the toxicant to the environment. Investigations and associated data should be
collected as soon as possible to adequately determine the drivers of a fish kill event and
link these to the polluter. The training of scientific investigators and or technicians is needed
to collect the evidence base securely while understanding the chain of custody process.
Water quality can determine causal relationships more accurately than symptoms shown by
fish carcasses (Grant et al., 2014). Understanding the pollutant associated with the fish kill
can go a long way to identifying the perpetrator. Therefore, in the event of a fish kill, a
standard protocol should be developed as a “fish kill analyses kit’ that can be operated by
technicians, the public and or concerned citizen, supported by or reported to the authorities,
and form part of a database as a primary means for evidence-based data collection. The
public is often the first to report fish kills and can assess to see if the authorities need to
take the investigation further. Equipping the public with the skills and equipment needed
may go a long way to bridging capacity issues. These “fish kill analysis kits” should be
simple to use and include a protocol for collecting and storing water samples, handling
carcasses for investigation and assessing the source of pollution resulting in where a fish
kill has occurred. Such a tool was developed during the 2011 Vaal River study but is yet

to be published (Wepener et al., 2011; Table S1). This way, acute fish kill events that do
not always get attention from authorities would also have associated data that can be logged
and recorded for prosecution or future understanding of anthropogenic impacts. This can
extend to streams where fish Kills are not evident as fish abundances are naturally low,

but a pollution event has occurred, causing a notable deterioration in the ecological state.
Interestingly, as an incentive, section 34B of NEMA enables the Court to grant an order

of no more than a quarter of the fine to be paid to the person or informant (excluding
government officials) whose evidence led to the conviction or who assisted in bringing the
[polluter] to justice. In the instance where evidence is provided by an informant that a
significant pollution event took place and where this evidence is deemed sub-stantial, the
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legal counsel for the state or the applicants in a civil prosecution may request the Court to
grant this award. This award may be substantial with the understanding that fines associated
with pollution and other environmental crimes are punitive. The quantum granted by the
Court would need to be argued by the prosecuting legal council. For this provision to act

as an incentive, the granted quantum would need to significantly exceed the information’s
costs. When completing this study, it appears that this provision of NEMA remains to be
used in a fish kill case.

8.4 Challenges

When a pollution event occurs, and a resultant fish kill ensues, there is relatively poor
capacity in the DWS to respond as often there is only one aquatic scientist assigned to a
region and therefore under-represented to fill their mandate (King & Pienaar, 2011; Thirion
& Jafta, 2020). As seen in the present study, the lack of capacity carries over into the
prosecution of polluters after a fish kill event, with action often slow or inadequate and
held up in legal constraints. The prosecution should be swift, and measures should be put
in place to know what polluters would be held accountable for. An accepted protocol as a
response to a fish kill should be developed and accepted to ensure adequate documentation
of the event to support the legal battle. For environmental laws, and in this instance,

those laws regulating the quality of South Africa’s water resources to act as a deterrent,
prosecution and criminal sanction must follow the pollution event as quickly as possible.
The corollary is that the longer delay between the cause (the pollution event) and the effect
(prosecution and criminal sanction), the less likely potential polluters will appreciate the
serious consequences resulting from non-compliance with the law (Ariffin, 2019; Qumbu,
2021).

In the event of translocation or restocking of native fish into a river impacted by a severe fish
kill, little infrastructure currently exists to support this. Seemingly lessons from the 1989
Elands River fish kill (O’Brien et al., 2014) are taken lightly, and although some progress is
being made to characterise fish species across the region (Stobie et al., 2018) more work is
needed to guide introduction programmes or breeding of stock to prevent the hybridisation
of species or sub-species as in the case of the 1989 Elands River fish kill.

9 Conclusions

Fish kills highlight the degradation of freshwater ecosystems. They have become the norm
in South Africa with little to no alarm to them by authorities. The fish have come out of

the river and are not just “speaking’ but ‘screaming’ about the excessive use of our water
resources, and unfortunately, this is generally disregarded. If a fish comes out of the river
and speaks, we should believe it and appropriately manage the stressors driving our natural
resources’ impacted state. This study shows that fish kills in South Africa are key indicators
of something seriously wrong with the water resources that needs an appropriate response.
The fish frequently attempt to escape, ‘come out , the waterbody because of the poor water
quality of the country’s rivers and the degraded state of associated ecosystems. Responding
to fish kills timeously and collecting enough evidence to understand the impacts of the fish
kill is important. The continued follow-up of the remedial actions and consequences needs to
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be timely, and parties need to be actively held accountable. Documenting the timing, severity
and species impacted by fish kill events is one step closer to ensuring that polluters can be
held accountable and pollution impacts reduced to improve river health and can be done
using citizen science monitoring tools and trained technicians (Martel & Sutherland, 2019;
Vogel et al., 2016).

Increased frequency of fish Kills reduces fish abundances and ecological conditions in highly
stressed rivers, such as the Msunduzi River, lessening the notable number of fish killed off
in an equally severe pollution event, creating a dead river. Pollution events may become

less notable as the fish population continues to decline because of increased pollution events
and chronic stress, resulting in no fish “fo talk to us’. The plethora of stressors present

in a river system such as the Msunduzi River highlights the importance of accountability
between all stakeholders and for the national government to increase capacity to monitor
such events adequately, timeously, and with consequence to polluters. Presently, the fishers
and concerned stake-holders who often lobby on behalf of the fish have little influence on
pressuring private and public sector water users to reduce the frequency of pollution events.
This is seen by the lack of priority given towards inland fisheries in South Africa (Weyl

et al., 2020). Leadership is risk-averse, with little investment in ecological infrastructure to
improve aquatic environments locally (Wade et al., 2021). This has been seen in the present
case study spill.

Finally, it is important that when “the fish speaks, we believe if . This would lead to action
taken by the relevant authorities and at the appropriate time, leading to future mitigation
against these events. With the case study on the Msunduzi River, the known degraded state
of the river before the fish kill and return to the ‘status quo’ post the fish kill has not

been the desired result from concerned stakeholders that recreationally or subsistently use
the river. Here, if the management of the associated stressors causing fish kills are not
addressed and fish kills are not adequately placed within the context of the law, continued
degradation of the freshwater ecosystems will occur, as seen in Wepener et al. (2011). The
ecological state of the Msunduzi River remains a concern and seemingly is a sacrificed
river for the advancement of unsustainable practices. Alternatively, and ideally, the reverse
would be desired, whereby stakeholders from all disciplines could rally together to restore
the Msunduzi River ecosystem or other river ecosystems in South Africa and implement
sustainable practices.
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Figure 1.
Depicts the location of the case study and shows the sampled sites and the extent of the

fish kill along the Msunduzi and uMngeni Rivers. Sampled sites are labelled according

to their abbreviation used in the statistical component of the study. Sites were grouped

by location to evaluate the pre and post-effects of the spill as follows: Upstream sites
(UPST) included the upstream of the urban centre (EPWR), downstream of the urban
centre (ASCOT) and the cities landfill site (DUMP); Fish kill one (FK 1) included the
river at Darvill wastewater treatment works (WWTW); Fish kill two (FK 2) included the
motorcross racetrack weir (MOTO), Grimthorpe bridge (GBRG), Mpushini conservancy
(MBRG); Fish kill three (FK 3) included Nkanyenzini community (NKAN); Fish kill four
(FK 4) included downstream of the uMngeni and Msunduzi river confluence (MGDZ) and
upstream of Inanda Dam (UINA) and the Downstream site included a site downstream of
Inanda (DINA). See Table 1 for site names, descriptions and abbreviations. [Color figure can
be viewed at wileyonlinelibrary.com]
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Figure2.

The principal component analysis with redundancy analysis bi-plotted for sites surveyed
for the Msunduzi River pre- and post- the 2019 fish kill. The distribution of fish species
abundance is highlighted in the impacted sites and unimpacted sites. DSTR, downstream.
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Figure 3.

The principal component analysis with redundancy analysis bi-plotted for the Msunduzi
River pre- and post-spill on 13th of August 2019. Included is the bi-plot for the abundance
and diversity of fish. DSTR, downstream.
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Figure 4.

The relative abundance data of fish and species composition study for sites sampled
upstream of the fish kill (UPST), at different intervals in the fish kill (FK 1-4) and
downstream of Inanda Dam (DSTR), included are the two reference sites (REF) pre-(2017
and 2018) and post-(2020) the Msunduzi River spill. The fish kill sites in 2020 showed a
decline in species abundance and a shift in fish species composition. [Color figure can be
viewed at wileyonlinelibrary.com]
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(a) Labeobarbus natalensis

Abundance

25
20
15
10
5
0

L TR L .I.”

UPST 18 UPST '20 FK1'18 FK1'20 FK2'17 FK2'18 FK2'20 FK3'17 FK3'18 FK3'20 FK4'20 DSTR'17DSTR '20 REF '17
Site and Year

(b) Clarius gariepinus
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Figureb.
Bar graphs depicting the size class representation for (a) Labeobarbus natalensis and (b)

Clarias garfepinus caught during the surveys for sites sampled upstream of the fish kill
(UPST), at different intervals in the fish kill (FK 1-4) and downstream of Inanda Dam
(DSTR), included are the two reference sites (REF) for periods pre-, 2017 (*17) and 2018
(“18), and post-, 2020 (“20), the spill, while vertical lines depict separation between sites.
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Figure 6.

A principal component analysis with redundancy analysis bi-plotted between the sites
sampled, the size classes where LG, large growing; SG, small growing fish size classes.
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Table 1 Site description and codes used in the Msunduzi River case study.
L ocation

Sitecode  Sitedescription X Y Component Abbreviation

EPWR Msunduzi River upstream of Pietermaritzburg  —29.612663 30.377301  Upstream of pollution UPST
urban centre

ASCOT Msunduzi River downtream of -29.601840 34.404874  Upstream of pollution UPST
Pietermaritzburg urban centre

DUMP Msunduzi River downstream of the landfill -29.602631 30.424797  Upstream of pollution UPST
site

WWTW  Msunduzi River downstream of the —-29.594987  30.439988 Immediate impact without FK1
wastewater treatment discharge site influence of the wastewater

treatment plant

MOTO Msunduzi River at the motorcross racetrack -29.607707 30.450231 Immediate impact with influence of FK 2
gauging weir the wastewater treatment plant

GBRG Msunduzi River at the Grimthorpe low water ~ -29.618312  30.447272  Immediate impact with influence of FK2
bridge the wastewater treatment plant

MBRG Msunduzi River in the Mpushini conservancy  —29.604725 30.482953 Immediate impact with influence of FK 2
area the wastewater treatment plant

NKAN Msunduzi River in the rural community of -29.60638 30.552901  Greater than 10 km downstream of ~ FK3
Nkanyenzini the pollution spill

MGDZ uMngeni River downstream of the confluence  —29.63627 30.68988 Influence of the uMngeni River FK 4
of the Msunduzi River main stem

UINA uMngeni River upstream of Inanda Dam -29.65016  30.78855 Influence of the uMngeni River FK4

main stem

DINA uMngeni River downstream of Inanda Dam -29.719687 30.904102  Downstream of Inanda Dam DSTR

FHES uMngeni River in a biosphere -29.491252  30.492632  Reference site REF

KARK The Karkloof tributary on the uMngeni River ~ -29.443797  30.319403  Reference site REF
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