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SEA Strategic Environmental Assessment
SKEP Succulent Karoo Ecosystem Plan
TIN Total Inorganic Nitrogen
wC Western Cape
WMA Water Management Area
WWF World Wildlife Fund
Alienspecies: Means a) a species that is not an indigenous species; or b) an indigeno

species translocated or intended to be translocated to a place outside i
natural distribution range in nature, but not an indigenous species dh has
extended its natural distribution range by natural means of migration ¢
dispersal without human intervention.

Alien invasive species: See definition for O0OAlien speciesbo

Aquatic critical biodiversity areas: ~ The linkages between catchment, imptant rivers and sensitive estuaries
whose safeguarding is critically required in order to meet biodiversity patte
and process thresholds and are spatially defined as part of a bioregional plan
systematic biodiversity plan, available on the South Afaic National Biodiversity
Instituteds BGI S website.

Benthic organisms: Aquatic organisms which live on, in, or near the bottom of water bodies.
Benthic flora: Comprises plants that belong to the benthos.
Biodiversity: Means the variability among livingorganisms from all sources including,

terrestrial, marine and other aquatic ecosystems and the ecological complex:
of which they are part, and also includes diversity within species, betwes
species, and of ecosystems.

Carrying Capacity (water resources) The maximum sustainable socieconomic scale that can be supported by
available water resources while maintaining defined environmental conditions.

Critically endangered species: Means any indigenous species listed as a critically endangered specin terms
of section 56 of NEMBA (2004).
DDT: Dichlorodiphenyltrichloroethane is a colourless, tasteless, and almost odourle:

crystalline organochlorine known for its insecticidal properties and advers
longHasting environmental impacts.

Dense NonrAgueous Phase Liquids: A dense noraqueous phase liquid or DNAPL is a densitan-water NAPL, i.e. a
liquid that is both denser than water and is immiscible in or does not dissolve
water. The erm DNAPL is used primarily by environmental engineers al
hydrogeologists to describe a particular class of contaminants in groundwate
surface water and sediments.

Ecological Importance and Key indicators in the ecological classification of water resources.

Sensitivity (EIS): The ecological impognce of a river is an expression of its importance to the
maintenance of biological diversity and ecological functioning on local and wid
scal es. Ecol ogi cal sensitivity (or

disturbance and itscapability to recover from disturbance once it has occurre
(resilience). Both abiotic and biotic components of the system are taken in
consideration in the assessment of ecological importance and sensitivity.

Ecosystem function: Describes a process thttakes place in an ecosystem as a result of the
interactions of plants, animals, and other organisms in the ecosystem with eac
other and/or their environment.
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Ecosystem goods and services: The socially valued aspects or outputs of ecosystems that demkron self
regulating or managed ecosystem structures and processes.
Ecological infrastructure: The naturally functioning ecosystems that produce and deliver services that a

of value to society- fresh water, climate regulation, soil formation andisaster

risk reduction. Ecological infrastructure is the naturbased equivalent of built

infrastructure, thus equally important for providing services and underpinnin
--------------------------------- sociceconomic development.

Ecosystem structure: Refers to boththe composition of the ecosystem (i.e. various parts) and th
physical and biological organisation defining how those parts are organized.

Endangered species: Means any indigenous species listed as an endangered species in terms
section 56 of NEMBA (2004).

Endocrinedisrupting chemicals: These are chemicals that can interfere with endocrine (or hormone) systems

humans and animals at certain doses. These disruptions can cause cancero
tumours, birth defects, and other developmental disorders.

Eutrophic: Excessive richess of nutrients in a lake or other body of water, frequently du
to run-off from the land, which causes a dense growth of plant life and algs
and usually resulting in a depletion of dissolved oxygen.

Freshwater ecosystems: All inland water bodiesvhether fresh or saline, including rivers, lakes, wetlands
subsurface waters and estuaries.

Freshwater Ecosystem Priority Area FEPA identified in terms of the National Freshwater Ecosystem Priority Ar
(FEPA): project (NFEPA) and represents strategicpatial priorities for conserving
freshwater ecosystems and supporting sustainable use of water resource
These are categorised in the NFEPA River FEPA layer available on the S

African Nati onal Bi odiversity I n
Information Systems) website and includes the associated sujuaternary
catchment.

Hydrological drought: Occurs when low water supply becomes evident, especially in strean
reservoirs, and groundwater levels.

Hypereutrophic: Lakes that suffer fromproblems arising due to excessive plant and algal growt

due to a high supply of growth nutrients. These lakes have little transparen
due to the dense overgrowth of algae or aquatic flora. The overgrowth of alg
often suffocates the fauna below the watedepths, and this might create dead
zones beneath the water surface.

Indigenous species: Means a species that occurs, or has historically occurred, naturally in a fre
state in nature within the borders of the Republic of South Africaut excludes a
species that has been introduced in the Republic as a result of human activity.
Introgression, also known as introgressive hybridization, is the movement of

Introgression: gene (gene flow) from one species into the gene pool of another by the repeat
backcrossing of an interspecific hybrid with one of its parent species (e.g. N
tilapia and Mozambique tilapia).

Invasive species: Means any species whose establishment and spread outside of its natur
distribution range (a) threaten ecosystems, habitats or other species or hav
demonstrable potential to threaten ecosystems, habitats or other species; ar
(b) may result in economic or environmental harm or harm to human health.

IUCN Red List of Threatened Also known as the IUCNRed List or Red Data List is the world's mos

Species: comprehensive inventory of the global conservation status of biological specie

Lighter nonagueous phase liquids: A groundwater contaminant that is not soluble in water and has lower densi
than water, in ®ntrast to a DNAPL which has higher density than water.

Mesotrophic: Lakes with an intermediate level of productivity. Mesotrophic lakes are in tt
boundary between oligotrophic lakes and eutrophic lakeShese lakes have
mediumevel nutrient concentratons and are usually clear water with
submerged aquatic plants.
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Mountain catchment areas: High water yield areas, located in the mountains that contribute significantly
the overall water supply in the country.

Nor+target species: Species not specifictly targeted, but which may be affected by an action.

Oligotrophic: A lake characterized by a low accumulation of dissolved nutrient salt

supporting only a sparse growth of algae and other organisms, and having
high oxygen content owing to the loarganic content.

Phytoplankton: Also known as microalgae are freely floating, often minute organisms that dr
with water currents. Like land vegetation, phytoplankton contains chloroph:
and uses carbon dioxide, releases oxygen, and converts minerats & form
which animals (e.g. fish) can use.

Polyculture: Polyculture is the production of two or more cultured species in the san
physical space at the same time, often with the objective of producing multip
products that have economic value. They maye a combination of animals,
plants and animals, aquatic species only, or aquatic and terrestrial species.

Precautionary principle: A concept whereby uncertainty regarding consequences leads to a decision
forego an activity, even one with benefits, if the consequences might be seriot
or irreversible.

Present Ecological State (PES): The current state or condition of a water resource in terms of its
biophysical components (drivers) such as hydrology, geomorphology
and water quality and biological respwses viz. fish, invertebrates, riparian
vegetation). The degree to which ecological conditions of an area have be
modified from natural (reference) conditions.

Resource Directed Measures: To ensure the protection of water resources, by protectingcosystem
functioning and maintaining a desired state of health of aquatic ant
groundwater dependent ecosystems.

Risk assessment: A process for determining the nature, severity and probability of risks.

Resilience: The capacity of a system to absorb distbance and reorganize while
undergoing change so as to still retain essentially the same function, structur
identity, and feedbacks.

Source Directed Controls: Controlling impacts on the water resource through the use of regulato
measures such as registration, permits, directives and prosecution, anc
economic incentives such as levies and fees, to ensure that the Resour
Quality Objectives are met.

Triploid fish: Are sterile because they have 3 sets of chromosomes instead of two and for tt
reason are not able to reproduce. Sometimes used with invasive aquacultu
species to minimize the impacts of escapes on wild populations.

Water Management Area: An area established as a management unit in the National Water Resour
Strategy within which acatchment management agency will conduct the
protection, use, development, conservation, management and control of wat
resources.

Water Reserve: Defined as the quantity and quality of water required to (a) provide a bas
water supply for all people,ad (b) to oOprotect aqglt
secure ecologically sustainable development and use of the relevant wat
resourceo.
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1 SUMMARY

This Specialist Study Report presents a strategic assessment of the potential implications for freshwater
biodiversity and ecology that may be caused by proposed future aquaculture operations in nine selected study
areas of South Africa.

The introduction provides an overview of freshwater aquaculture in South Africa, set against the context of
freshwater biodiversity, water resources, climate chan
2). This provides the backdrop for the subsequentestions of this report that focus on the nine specific study

areas and their particular opportunities and constraints for possible freshwater aquaculture developments and
operations.

The descriptions of the freshwater systems and the aquatic biota preséntthe aquatic ecosystems in each of the
nine study areas provide an overview of the potential opportunities and constraints that characterize each of the
areas selected for evaluation (Section 4). It is crucial that these opportunities and constraints gperly
considered by both project proponents and relevant authorities before any proposed aquaculture project is
allowed to proceed in terms of this SEA.

For each of the nine study areas, a description is provided of the existing aquatic ecosystems afdhe
sensitivities of each area or parts of each area to potential aquaculture operations (Section 4). Data availability
and data uncertainty (i.e. limitations of existing data) are detailed for each of the nine study areas and provide the
basis for recanmendations on sourcing the best possible information to support decision making on sustainable
aquaculture operations.

A wide range of potential impacts associated with different types of freshwater aquaculture production systems
affecting aquatic ecosystms and freshwater biota are described, in Section 5.

In the case of smalscale orsec al | ed ©O6artisanal d operations, great car
proposals for new aquaculture operations are able to adapt to the existing circumstas (especially water
availability and prevailing water quality considerations), comply with the requirements of applicable legislation,

and are sustainable in the longerm. In the case of largescale operations, or groups of sma#icale operations, it

may be possible to 6éstreamlinedéd the planning, construc
(or groups of operations) so that there is a greater degree of synergy, while economies of scale can be achieved

with regard to all operational ativities.

The risk and opportunity assessments presented in this report (Section 6) provide details of the potential
outcomes, likelihood of occurrence, and consequences should such risks eventuate. Key risks are the release (or
escape) of cultured specis and associated parasite / disease communities and their potential loAagrm impact

on aquatic ecosystems; and the risks associated with different aquaculture production systems and their water
use, effluent discharge, and general management during operans. An associated issue is the need for qualified
food health experts to ensure that aquaculture products do not pose any health risks to those individuals and
communities that consume the products.

Mitigation measures that cover the planning, constructh, operation and decommissioning phases of possible
aquaculture operations are presented in Section 7. Note however that the availability of water resources and the
water quality characteristics of several of the study areas pose constraints that will beth technically difficult
and expensive to resolve. Best management practices and principles that underpin effective and efficient
management of freshwater aquaculture operations are provided (Section 8). The proponent for each new
freshwater aquaculture facility should demonstrate clearly how the project will be operated and managed,
including details of their monitoring activities (Section 9). These monitoring activities must be captured formally,
such as in a detailed Environmental Management ProgramnigMPr).

The section on gaps in knowledge provides an overview of the sufficiency of the available data and knowledge,
while emphasizing the need to source or generate particular types of additional information that would provide
greater certainty for decign making (Section 10).
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Finally, this project component provides an interactive dime tool that allows interested parties to interrogate
sensitivity data for a particular area and see which particular variables / rated criteria are driving the assessed
Sensitivity ratings. This should inform actions around how to reduce assessed risk in any area. The interactive
tool can be accessed via the following linkhttps://www.smsgis.co.zalseafor-aguaculturein-rsa/

2 INTRODUCTION

This Specialist Study Report investigates the potential implications of inland freshwater aquaculture on freshwater
aguatic ecosystems and surface water resources. This is done for each of the proposed aquaculture species and
production systems and in ealg of the nine study areas. Both national and international literature sources have
been reviewed and several discussions have been held with personnel from provincial departments involved with
aquaculture.

2.1 Changes in this document

This (third draft) repat has incorporated a number of changes, some of which have stemmed from stakeholder
engagement since submission of the second draft report, and some of which have resulted from innovation within
the project team. The outputs presented here include thelfowing main changes since the last draft report was
submitted for comment, namely:

1 The Sensitivity rating tables (Appendix 2) have been critiqued and some ratings have been adjusted as
deemed appropriate (e.g. SANBI IUCN fish data and NFEPA FishsancAldappsensitivity ratings have
been adjusted, such that the lowest rated variable is Low, as opposed to Medium in previous drafts);

1 Modified terrestrial areas have been mapped, using data from the SANBI (2017) modified habitat lager
these maps have beenprovided for information purposes only. While they do provide an indication of
catchments where the terrestrial sensitivity of an actual lardased aquaculture facility siting may be low,
it is however stressed that the landuse layer has little bearing dhe aquatic sensitivity layer, and so has
not been used in the sensitivity ratings (see Section 3.4.1);

1 The assignment of Sensitivity Scores per area has been adjusted, so that where a part of a quaternary
has been rated with regard to a particular varidé (e.g. Protected Areas data), only that portion of the
quaternary is accorded this value, as opposed to the whole quaternary;

1 More accurate assessment of Sensitivity data has been allowed for, by development of spatial GIS
mapping tools, to ensure thathe highest rated Sensitivity category for any area is shown in the hard copy
maps;

1 Allowance has been made for more detailed interrogation of the variables driving the actual rating of each
area d an interactive link has been provided, allowing users toddtify their quaternary of concern and
query the rating of different variables (see Section 4.3.6 for link;

1 Summary data for each study area have been provided, highlighting the proportion of each area rated
Low, Medium, High or Very High for each of thesessed rating categories;

f Trout and Tilapia OPresenced6 data have been 4nclud
while these data do not have status as scientifically validated data, they do, however, provide a useful
layer against which ¢ interpret some of the sensitivity data relating to this study.

T The assumption of oO6no aquaculturedé in protected ar
NEM:PAA (Act 57 of 2003), namely that aquaculture activities are not permitted insidetected Areas
without written Authorisation through the relevant authorities.
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T The definitions of respectively OAlien speciesédé a
changed and aligned with NEM:BA (Act 10 of 2004).

2.2 Overview of the ecologicdaimplications of freshwater aquaculture as experienced internationally

Freshwater aquaculture is a fasgrowing industry internationally, with the potential to contribute significantly to
food security and economic development in many areas (Boyd and MchkeV2015). Water is the primary
requirement for aquaculture and the quality and quantity of the available water determines which species and
production systems are suitable and can be considered for a particular location. There has however also been a
growing concern around the past and potential future impacts of aquaculture on aquatic ecosystems, which have
triggered numerous studies and calls for tighter controls on the industry, including the development of global
standards for farming certain species iad to address the potential negative impacts of aquaculture (e.g. WWF,
2006, 2009; IFC, 2007). Internationally, aquaculture operations using alien species have proved to be very
successful in places such as the Far East.

Concerns around the ecological imgets of freshwater aquaculture systems include biodiversity impacts and
losses associated with the accidental or intentional release of alien species into native systems, and the potential
changes in water resource quality as a result of introductions (Dgebn et al., 2006). The ecological impacts of
invasive and alien species span all levels of biological organization from genetic level impacts to ecosystem level
and may involve cascading ecosystemide impacts (Ciruneaet al., 2004). However, there are aaumber of other
issues, relating to freshwater resources that are frequently raised and highlighted in the literature; these include:

1 Land use modifications, which include alterations to wetlands and pans and the conversion of cropland to
accommodate aquaulture facilities or its water requirements (MartinePorchas and MartinezCordova,
2012);

1 Excessive use of freshwater (Boyd and McNevin, 2015);

1 Nutrient pollution 8 the passage of excess food and fish waste into natural surface water ecosystems
increases the levels of nutrients in the water, potentially increasing plant productivity, affecting grazer
biomass and faunal community structure and changing aquatic habitat type / condition. Excessive
organic nutrients may also increase biological and chemicakygen demand, thus potentially reducing
oxygen to critical levels and stressing aquatic life (Serpa and Duarte, 2008);

1 Chemical inputs including antibiotics, arnfioulants and pesticides that may have unintended
consequences for freshwater organisms, asedt as human health in receiving environments (Science for
Environment Policy, 2015); and

1 Diseases and parasites that transfer between farmed and wild speciésPeeler and Feist (2011) note
that high stocking densities in many aquaculture systems and geimthomogeneity among farmed
populations can increase disease prevalence, the passage of which into natural systems cannot readily
be controlled, while the introduction of alien aquaculture species into new geographic areas will inevitably
also increase therange of their pathogens and may result in hostwitching in new environments.

The actual ecological impacts of aquaculture on inland water ecosystems have been found globally to vary
significantly depending on the aquaculture species, the production sgst, and the vulnerability, rarity and
sensitivity of the affected ecosystem (Pillay, 2004). It must be noted that labdsed farming systems, whilst
transforming landscapes, have evolved over time to improve production efficiency and not necessarily twmize
impacts on natural systems. Inevitably, the development of laftihsed agriculture systems far prelates more
recent public concerns about potential impacts on natural resource systems.

In an effort to collect data on the distribution and possiblenvasion of alien species globally, the Food and
Agriculture Organisation of the United Nations (FAO) initiated a Database on Introductions of Aquatic Species
(DIAS), which includes records of species introduced or transferred from one country to anothke &ffects of
aquaculture and, in particular, the spread of invasive aquaculture species that pass across or through
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international boundaries, and their impacts on aquatic ecosystems, has also been raised as a complicating aspect
of freshwater aquaculture(Cirunaet al., 2004), where aquaculture may result in unintended consequences on an
international scale, complicating control and management options.

With regard to the spread of nomative aquaculture species into natural aquatic ecosystems, Cirugaal. (2004)
stress the need for comprehensive biodiversity risk and benefit assessments prior to the introduction of any new
species that might become invasive in some areas, as well as the need to curb or prohibit the further spread of
aquaculture speciesthat are known to be invasive. Not all alien species are invasive or cause ecological damage,
and many provide considerable economic benefits.

2.3 Freshwater aquaculture in South Africa

2.3.1 Biodiversity implications

Freshwater aquaculture has been established aan industry in South Africa for several decades, with production

of rainbow trout Oncorhynchus mykisy being the oldest and beststablished aquaculture activity, with
commercial production commencing in thel960s after nearly a century of trout rearingo support sport trout
fisheries (Stander and Brink, 2009). According to the Department of Agriculture, Forestry and Fisheries (DAFF)
2016 Aquaculture Yearbook (DAFF, 2016) the following freshwater species were farmed per province during
2015:

1 Sharptooth (African) catfish Clarias gariepinu3 8 Eastern Cape, Free State, Gauteng, Limpopo and North
West provinces;

i1 Tilapia ©reochromis mossambicus, Oreochromis niloticus, Tilapia rendgli Eastern Cape, Gauteng,
KwaZuluNatal, Limpopo, Mpumalanga, Northernape, North West, Western Cape provinces;

1 Marron crayfish Cherax tenuimanu$ & Eastern Cape.

1 Brown trout Salmo trutta) and Rainbow trout ©@ncorhynchus mykiss- Eastern Cape, KwaZuliatal,
Mpumalanga, Western Cape provinces; and

1 Ornamental speciesd Free State, Gauteng, KwaZulatal, Limpopo, Western Cape provinces.

Of the South African aquaculture farms identified by DAFF (2015 data), the greatest number (74) produce Tilapia,
followed by 38 that produce trout (rainbow or brown trout), with the othermibuting species being produced at a
limited number of farms (<15 farms nationally) (Figure 1).

Sharptooth catfish and Mozambique tilapia are indigenous to at least parts of South Africa, while all of the other
species are alien, with numerous speciesf fish and invertebrates included in the ornamental category.

Of the potential crustacean aquaculture species, only marron crayfishherax tenuimanu$ are included in DAFF
records of freshwater aquaculture systems in South Africa (DAFF, 2016). HowgeWar Preez and Smit (2013)
noted that at least four freshwater crayfish species have been imported or considered for importation into South
Africa, including redclaw crayfishGherax quadricarinatu3, red swamp crayfish Rrocambarus clarkj, yabby
(Cherax destructor) and marron Cherax tenuimanu3. As a result of such imports, breeding populations of
redclaw have established in the Komati River system and of red swamp crayfish in an impoundment on the
Crocodile River near Dullstroom (Du Preez and Smit, Z)1 Although yabby are also farmed in the Free State, this
species has not yet established populations in the wild (Picker and Griffiths, 2011).
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= Mozambique and Nile Tilapia
Brown and rainbow trout
Catfish

Marron crayfish

= Carp
= Koi-Carp

m Ornamental species

38

Figurel. Number of aquaculture farms for different freshwater species in Soutfrica* (DAFF, 2016).

* Species included in the scope of this assessment are: Sharptooth (African) catfish, Marron crayfish, Mozambique tilapike, Ni
tilapia, and brown and rainbow trout.

Issues of parallel introductions of disease and parasites have alé®en raised, with Du Preez and Smit (2013)
reporting the occurrence of breeding populations of the invasive alien parasitic platyhelminffemnocephala
chaeropsison red swamp crayfish irKwaZuluNatal. Two other species of temnocephalan parasites haveén
found in South Africa in the Free State and Gauteng, both associated with imports of marron crayfish. These
parasites also parasitise freshwater crabs and shrimps, and their introduction via alien crayfish potentially poses a
significant threat to indgenous freshwater crustaceans.

Picker and Griffiths (2011) associate all of the above parasite species with populations in the wild outside of their
natural range. African sharptooth catfish, indigenous to the warmer edkiwing watercourses and the @nge-
Vaal River system are now commdnfoundin some of the major river systems of the Eastern and Western Cape.
Although thisspecies is fully established in the Berg and Breede mainstream rivers in tiiéestern Cape their
invasion status in the Olifand-Doring Gouritz systems still needs to be determined. Also,stimportant to note
that while their ability to invade headwater/tributary habitat has been scientifically proven, very little is known
about the potential impacts n these sensitive habitats(Ellenderet al., 2015). Some of these translocations is a
result of interwater basin water transfers; others have been deliberate translocations for food and angling
purposes (RoodWilding et al., 2010). Mozambique tilapia, which have been translocated widely, now occur in
extralimital populations in all major river systems in the country, although their inland extent is limited by low
winter temperatures. Nile tilapia were initially introducethto dams in KwaZuldNatal, however seksustaining wild
populations have since managed to establish in the Komati River and Limpopo Rivers (Picker and Griffiths 2011).
Invasion of the Limpopo system has also occurred, this time via tributaries of the popo River in Zimbabwe
(Canonicoet al., 2005), emphasising the vulnerability of shared rivers to management activities in neighbouring
countries. The wide environmental tolerances, trophic adaptability, and high reproductive rates of many tilapia
species predispose them for success as invasive species (Canoniebal., 2005), and one of the adverse effects

of Nile tilapia is in altering habitat quality through feeding aggressively on aquatic vegetation.

One of the biggest threats posed by Nile tilapia lowever its ability to hybridize with the native Mozambique

tilapia. In the Limpopo River system, for example, native Mozambique tilapia have been replaced throughout their
natur al range in this system by 0r ed, whhyabsubseduenplogs ofl at i o
genetic integrity (van der Waal and Bills, 2000).
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Brown trout have also been linked to a population decline of several indigenous fish species in cold water habitats
(e.g. Small scale redfin and Slender redfin), as have rainbéwut. Sheltonet al. (2015a) found that the densities

of small fish species endemic to the Cape Floristic Region were 897% lower in streams invaded by rainbow
trout than in streams where these aliens did not occur, citing sizelective predation asthe main reason for the
decline in indigenous fish in this region. Predation by both brown and rainbow trout also affects aquatic
invertebrate community structures, resulting, in some systems, in changes in habitat quality, where grazing
invertebrates areremoved from the system, and benthic rocks and cobbles become overgrown with meaalgae

as a result (Cambray, 2003). Other habitatltering aquaculture species include the red swamp crayfish
(Procambarus clarki) which burrows into river banks and eartlam walls (Picker and Griffiths, 2011), causing
bank collapse, erosion and sedimentation. Nunest al. (2016) describes this species as a higimpact invader
that alters the structure and functioning of the ecosystems it invades. It spread swiftly after introduction into
Kenyads Lake Naivasha, destroying its floating and sub
fish and other aquatic animals.

Australian red claw crayfishCherax quadricarinatushave also been described by severaltsdies as highly
destructive habitat altering species, feeding voraciously on plants and destroying indigenous fish nesting sites and
habitat (e.g. Picker and Griffiths, 2011; Nunest al., 2016) as well as affecting local fisheries by feeding on fish
caught in nets (De Moor, 2002; Nunest al., 2016).

Expansions of populations of alien species into Western Cape waters, often as a result of aquaculture activities
and deliberate introductions by anglers, are of particular biodiversity concern, given thahast all indigenous fish

in river systems in this area are rangeestricted endemics (Tweddlet al., 2009; Garrow and Marr, 2012; Ellender

et al., 2017), and that of the 19 recognised indigenous species in the Cape Floristic Region, 70% are listed as
Criically Endangered or Endangered (Picker and Griffiths, 2011; Garrow and Marr, 2012). De Moor (2002) notes
that the naturally depauperate (in terms of indigenous fish) waters of the Western Cape are particularly vulnerable
to invasion by alien fish specie.

The previous discussion highlights that, despite current relatively limited freshwater aquaculture production,
aquaculture activities in South Africa are nevertheless associated with similar concerns from a freshwater
ecosystem perspective to those raéd in international literature. These include:

1 Impacts on indigenous fauna including endemic and/or IUCN listed red data fish species as a result of
competition, predation or habitat alteration and fragmentation (e.g. tilapia, trout, sharptooth catfish,
carp);

1 Water quality effects, with the water quality downstream of aquaculture production systems being
associated with elevated nutrients, low concentrations of dissolved oxygen, and high levels of suspended
organic sediments that reduce instream habitat cality;

1 Imports of disease and parasites; and

1 Habitat-altering fauna (e.g. common carpCyprinus carpiochange aquatic habitats by increasing turbidity
which can affect aquatic plant growth and change habitat quality for indigenous fish and other taxa). The
red swamp crayfish, Rrocambarus clarkij is present in southern Africa and poses risks to the intégy of
farm dam walls and aquatic vegetation (Picker and Griffiths, 2011; Nunesal., 2016)

Additionally, many of South Africaé6s inland aquatic ec
invasion by alien species including aquacultarescapees. Invasion of many rivers by alien wattle trees (efgacia

saligna and Acacia mearnsiiin the Western Cape) means that indigenous riverine vegetation is often reduced or

absent as a result of shading, and cover and shelter in instream habitagése thus reduced, making indigenous

fish increasingly vulnerable to predation, while erosion or sedimentation of fine silt as a result of poor land use
practices may alter substrate type in pools and backwaters, reducing the availability of suitable bragdinesting

areas for some indigenous fish species (Le Maitet al., 2000).
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Poor ecosystem resilience as a result of such impacts potentially renders aquatic ecosystems more vulnerable to
invasion by introduced species. This issue is explored in matetail in the following section, in the context of
water resources as a whole in South Africa.

2.3.2 Water resource context

All aquaculture production systems require water resources and many aquaculture operations may affect the
quality of the resource for danstream users. Water resource condition, availability and sensitivity thus become
critical components to address in any consideration of the implications of different aquaculture activities in
different parts of the country. This section provides bacl@mmd context to surface water resources in South
Africa.

South Africa is an arid country with a mean annual precipitation (MAP) of 490 mm, which is well below the world
average of 860 mm (DWAF, 1986). The rainfall is unevenly distributed both seasonali apatially, and the
mean annual potential evaporation across the country exceeds MAP by a factor of at least three (Midetel.,
1994). These climatic features result in surface freshwater resources that are in relatively short supply, and which
are unevenly distributed across the country. The total mean annual runoff (MAR) of the country is estimated at
approximately 50 000 Mn#/year (Bassonet al., 1997; Pitman, 2011), of which about 60% originates from less
than 20% of t he c ougldyetyld $9943 uMoffe signdicard peenaps i§é e fect that many
areas of the country experience high inteannual and intraannual variability in precipitation, as reflected in the
high coefficient of variation (CV) of annual precipitation. Large tts of South Africa display an inteannual
rainfall CV >40%, which is high by global standards (Ottet al., 2007). Generally, the country displays a
westward increase in the CV of rainfall from less than 20% in the higher rainfall areas mainly alorg ¢astern
seaboard, to over 40% in the Northern Cape (Schulze, 2011). This is amplified in the CV of runoff§(800%),
largely as a result of high rates of evaporation across most of South Africa. Furthermore, the CV of runoff
increases with reducing rean annual precipitation. The implication of this is that drier areas of the country are
likely to be additionally impacted by greater levels of rainfall inconsistency from year to year, and substantially
greater inconsistency in runoff. This needs to Heorne in mind in siting of aquaculture industries with an inherent
reliance on streamflow.

At present, South Africa is well past the halfway mark in terms of the exploitation of its conventional freshwater
resources (largely surface water) (DWA, 2012).aMy regions of the country already experience severe water
shortages and the demand for freshwater far exceeds the local supply in the large inland economic centres and

some coastal metros, such as Cape Town, Port Elizabeth and Durban. The problem of émguinat an adequate

water supply is available to meet societyds needs is w
problem is also accentuated by the continued growth in
estimatedto be approximately 55 million, and by increased rates of urbanisation and water use (StatsSA, 2017).

In past decades, water resource development focused predominantly on structural solutions such as the
construction of water storage reservoirs and largecale water transfer schemes (DWAF, 1986; Bassast al.,

1997). The combined capacity of large and small water supply reservoirs in South Africa amounts to some 37 000

Mms; this is equivalent to al most 74 pericemtl eofelt hef cdrn
capturedé (Ashton and Ha a s Wefidemtknlandzreas 6f ) South Kfdca turremtly reteivee wa t
major proportions of their water via large and expensive intbasin transfers, and a high degree of reliance on

structural (construction) solutions still dominates water resources planning approaches in the country. Many of

these structures are likely to facilitate the transfer of aquaculture escapees and other potentially invasive alien

aquatic species into new river sstems. Estimates made in 1996 of the anticipated future water use in the

country suggest that demands for water will likely increase by between 28% (agricultural sector) and 219%
(domestic use) by 2030 (Bassoret al., 1997). Such predictions imply thath e ef fecti ve | i mit 0
exploitable water resources will be reached within the next 15 to 20 years, and that freshwater availability is likely

to continue to decline. This implies that South Africa will experience a worsening chronic wateradtam future. It

will therefore no longer be possible to reconcile future water demand and supply without the development of

further high-cost supply options, or the development of new and innovative water supply and water reuse options

such as desalinaion and water imports from other African countries to the north (Smakhtet al., 2001). This

situation highlights the pressing need for the national Department of Water and Sanitation (DWS) to continue to
ensure that alll us es wdter resbwcescare legittmatyi@.stheys areaprogedy lidemced¥ h
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and sustainable. This has application to both abstractive and nastractive (e.g. polluting, diverting, altering)
uses of surface water for aquaculture activities. In the case of trout agculture activities, these species have a
high reliance on cold water of a high qualit¥ thus often targeting water from mountain catchment areas with high
sensitivity.

2.3.3 Climate change context

Climate change has been i de nthréafsioreits pathsdowards sustarfabletfuluee c o u n
development and an equitable society (DEA, 2011). Climate change is not however expected to have a uniform
impact across the country and is projected to be accompanied by increased variability in preciptatand
temperature, adding another layer of uncertainty to the availability and acceptable use of scarce and increasingly
unpredictable water resources (Stuattlill et al., 2012). Schulze (2011) found for example that the transitional

zone between the witer and summer rainfall area (Figure 2a; 2b; 2c) in the western interior of South Africa
appears to be an area of high sensitivity and of inconsistent change. This inconsistency has the potential to
reduce the certainty of water supply in this transitionazone, which includes portions of three study areas
considered in this assessment (i.e. parts of the Western Cape, Eastern Cape and Vaalharts areas).

Schulze (2011) furthermore found that in general, modelled results showed an often, substantial increaseear
to-year variability of hydrological responses into the future as a result of climate change. Some of the more
sensitive components of the hydrological cycle assessed were found to be changes in base flows, hydrological
droughts and surface runofiosses from irrigated lands, which changed dramatically across sometimes very short
distances and in some cases reversed trends (e.g. from positive to negative). Again, this has relevance for
planning of aquaculture production systems, and the wider ladzhsed agriculture system, where water resource
availability will be increasingly uncertain going into the future.

From a fish biodiversity perspective, climate change predictions highlight severe levels of potential threat to some
indigenous populations. Reizenberget al. (2018) for example note that predicted increases in water temperature
and rainfall variability, and decreases in total runoff may have severe consequences for Cape Floristic Region
fishes, where the remaining endemic fish populations arnow largely restricted to headwater habitats where
small changes in river temperature or rwoff could have dramatic effects on abundance, distribution and species
survival. These authors also note that the interplay between predicted hydrological chasmg@d the impacts of
alien invasive fish is a further cause for concern, with the distributions of key alien species apparently largely
driven by temperature thresholds.

Stuart-Hill et al. (2012) set water resource availability against a backdrop of othéactors, such as the need to

meet resource requirements of high numbers of impoverished populations and thaater quality in South Africa is
deteriorating; this is likely to be exacerbated by a @ 3°C increase in temperature that will speed up most

chemi c al reactions markedl y. The study highlights a nu
climate change adaptation, including the following measures, all of which have great relevance to the freshwater
aquaculture industry:

1 Water allocation reform approaches designed to improve the equity of water allocations must be updated
to take account of climate change adaptation requirements;

91 lllegal water abstractions must be reduced;

i1 Deteriorating water quality must be curbed;

1 Ecosystem services mst be enhanced to aid poor and vulnerable communities;

i1 Biodiversity conservation must be actively promoted when development is plann@dhis is because

biodiverse catchment areas are essential to maintaining and improving the resilience of ecological
communities to climate change and in reducing climate related risks and vulnerabilities; and
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1 The importance of the wateenergyfood security nexus must be appreciated, given that the production of
food (including, clearly, from aquaculture) relies stronglyndhe availability of sufficient waterd in both
guantity and quality, as well as a reliable source of energy.

It must be noted that a 2 to 3°C rise in water temperature also offers an opportunity for aguaculture to farm with
species in an expanded areaf warmer water (this increase in temperature can also provide opportunities for
such species to invade new territories as well).
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Figure2a. Example of the transitional zone between the winter and summer rainfall area (a) being an area of inconsistent change bet@esareral Circulation Models (GCMSs).
After Schultze (2011).
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Figure 2b. Example of the transitional zone between the winter andisimer rainfall area and of high sensitivity to climate change (RP: Return Period).
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Figure 2c. Example of the transitional zone between the winter and summer rainfall area by the low index of consistency of change.
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2.4 Legalcontext

The legal framework underpinning freshwater aquaculture development in South Africa primarily consists of the
following National Acts of Parliament:

The National Environmental Management Act (NEMA) (Act 107 of 1998);

The National Environmental Masgement: Biodiversity Act (NEM:BA) (Act 10 of 2004);

The National Environmental Management: Waste Act (Act 59 of 2008);

The National Environmental Management: Protected Areas Act (NEM:PAA) (Act 57 of 2003); and

= =/ =2 4

The National Water Act (NWA) (Act 36 of 1998)

These Acts are supported by numerous national and provincial policies, gazetted regulations, and development
planning documentation (DAFF, 2013), of which the most relevant to freshwater aquaculture activities revolve
around the Environmental Impact Asssment (EIA) regulations (NEMA, 1998), the issues related to the use of

alien species (NEMBA, 2004) and issues around water use (NWA).

This section is not a comprehensive review of all the legal requirements for authorisation associated with
freshwater aquaculture activities and studies such as Rana (2010) should be consulted for more detailed
information. The South African legislation is moreover subject to ongoing review and revision and the triggers and
thresholds presented in this document might ab change in the future. Nevertheless, and in some cases
depending on the scale of the activity or extent of resources affectefiable 1 summarises key components of
legislation that would need to be considered in proposals for aquaculture activities, or in planning the earehing
legal context of the assessment. Table 1 should be used as a guideline, and moreover that it also excludes the
plethora d authorisations required for the building of roads and other infrastructure for aquaculture operations,
as well as buildings and other structures outside of the floodplain or riparian areas. Section 3 in Part 1 of the
Strategic Environmental AssessmenSEA) Report provides further legal context regarding aquaculture as a whole.

Tablel. Summary of key legislation for consideration in planning freshwater aquaculture systems. Note that this table is

intended to be informative raber than exhaustive and that legislation is subject to ongoing change that might outdate this

information.
Act Application
1. Environmental legislation

National Environmental Environmental authorisation is requiredor listed and specified activities. Triggers fo
Management Act (NEMA) (Act 107 o| authorisation in terms of NEMA vary between provinces and in different zones (e.g
1998) or near Protected Areas, urban areas, agricultural areas etc., depending on the acti

and its proximity to a waterourse & for example, outside of urban areas the trigger fo
environmental authorisation for Activity 12 in Listing Notice 1 is within 32m of
watercourse, but in urban areas the trigger is only within the watercourse itself) a
are currently included inthe updated EIA Regulations of April 2017 (see Listing Noticg
1 and 2 of April 2017).

The development and related operation of facilities, infrastructure or structures f
aquaculture (Activity 6 of Listing Notice 1 of 2014 as amended) will likely triger an
application for authorization.

Any activities that entail movement (including infilling or excavation) of sedime
(rocks, sand, roots etc.) from in or next to rivers or wetlands potentially trigger this g
The volume of sediment that triggers thact variesd currently 5 n® or 10 m3 for non-

1 This information adapted from Rountreet al (2016)
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Act Application

urban and urban areas.

Activity 6 of Listing Notice 1 pertai
facilities, infrastructure or structures for aquaculture éf

@) finfish, crustaceans, reptiles or ampibians, where such facility, infrastructure o
structures will have a production output exceeding 20 000 kg per annum (w
weight);

(i)  molluscs and echinoderms, where such facility, infrastructure or structures
have a production output exceeding 3000 kg per annum (wet weight); or

(i)  aquatic plants, where such facility, infrastructure or structures will have
production output exceeding 60 000 kg per annum (wet weight); excludin
where the development of such facilities, infrastructure ostructures is for
purposesofseabased cage culture in which

Listing Notice 3 relates to triggers for environmental authorisation for various activitig
in specific identified geographical areas, with Activity 13 in particulgoroviding
restrictions on the |l ocation of o0The

any size for any form of aquacultureo

National Water Act (NWA) (Act 36 ( Licensing and/or registration of water uses is reqred, depending on the use
1998) contemplated and (in some situations) the scale of use, where water use is broa
defined in Section 21 of the NWA as follows:

21(a) taking water from a water resource;

21(b) storing water;

21(c) impeding or diverting the flowof water in a watercourse;

21(d) engaging in a stream flow reduction activity contemplated in section 36;

21(f) discharging waste or water containing waste into a water resource through
pipe, canal, sewer, sea outfall or other conduit;

21(g) disposing of waste in a manner which may detrimentally impact on a wat
resource;

21(i) altering the bed, banks, course or characteristics of a watercourse

The National Environmental Regulates the usemanagement and control of alien and invasive species. Indicatq
Management: Biodiversity which species are prohibited and species for which permits are required prior

farming and associated activities being implemented. Indicates what level of farmiy
Act (NEM:BA) (Act 10 of 2004) activities (including whattypes of systems) are acceptable in specific areas in Sou

Africa, for each alien/invasive species.

Section 57(1) of the National Environmental Management: Biodiversity Act, Act 10
2004 (NEM:BA) prohibits the carrying out of a restricted activity ilvimg a specimen
of a olisted protected or threatened
protected species include those listed by the Minister in terms of section 56(1) an
include species described as critically endangered, endangered, vedable and
protectedo.

Listing Notice 598 of 2014 (Alien and Invasive Species Regulations, 2014) defing
alien species and outlines permitting and other requirements for their cultivation
any).

LN 864 of 2016 (Alien and Invasive Species Lists, 201@jsts (currently) registered
alien and invasive species.
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Act

Application

The National Environmental
Management: Protected Areas Act
(NEM:PAA) (Act 57 of 2003)

This is the primary statute for the regulation and administration of protected areas,
it provides for the manner in which the different statutes governing protected ared
should interact. The NEM: PAA not only deals with national parks, but also withenot
protected areas.

Section 50(5) prohibits development, construction and farming in a national par
nature reserve and world heritage site unless prior written approval has been obtain
from the management authority.

The National Environmental
Management: Waste Act (Act 59 of
2008)

This legislation outlines requirements for the disposal of wast in an aquaculture
context, this might pertain to the disposal of sediment and sludge from ponds as w
as the disposal of animal waste, effluent and othesroducts.

2.

Aquaculture / Agriculture specific legislation

The Animal Diseases Act (Act 35 of
1984)

Provides for the control of animal diseases and parasites and includes measures
promote general animal health

The Genetically Modified Organisms
Act(Act 15 of 1997)

Provides for measures to promote the responsible development, production, use a
application of genetically modified organisms.

The Animal Improvement Act (Act 62
of 1998)

Provides for the breeding, identification, and utilisation of getically superior animals
in order to improve their production and performance

6. Animals Protection Act (Act 71 of
1962)

Consolidates and amends the law relating to the prevention of cruelty to animals

Conservation of Agricultural
Resources Act (Act3 of 1983)

Provides for control over utilisation of natural agricultural resources in order
promote the conservation of the soil, water resources and vegetation

Agricultural Pests Act (Act 36 of
1983)

Provides for measures by which agricultural pestsay be combated and/or prevented

Draft Aquaculture Bill

To promote the development of an equitable, diverse, viable and competiti
aquaculture sector; to create a harmonised enabling regulatory environment.

It includes the provision that each municipalt must ensure that its integrated
development plan in terms of the Municipal Systems Act, 2000 (Act 32 of 2000)

other applicable municipal legislation recognises and includes the nation
aquaculture development plan and any applicable provincial aqudtwre development
plan; where suitable.

Most aquaculture ventures would be unlikely to proceed without the need for an authorisation in terms of the
above legislation, or at least for some level of sigpecific groundtruthing and risk assessment (e.gin terms of
NEMA, NEMBA and the NWA), including a license for water allocation. This is particularly necessary in light of the
scale at which this particular assessment has been carried od often at sub-quaternary or even quaternary
scale. A requiremento undertake groundtruthing at a sitespecific scale also offers potential relief to prospective
aquaculture developers who may have been prejudiced by the conservative approach of this assessment, which is
overtly riskaverse, and thus is more likelya have classified some areas as sensitive due to uncertainty.
Therefore, the Planning Phase Best Practice and Mitigation Measures (Section 6.1 of this report) require
verification of actual key freshwater aspects pertaining to the assessed study areasisTsaid, it is also noted that

2 This information adapted from DAFF (2017)
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in the ornamental fish industry it is legal to breed and sell listed, permitted exotic fish, provided they are kept in
tanks (D. Impson, CapeNature, pers. comm.). South Africa, as many other countries, is in the processaking
specific regulatory provision for aquaculture and a Draft Aquaculture Bill is currently available.

South Africads National Water Act (NWA)

South Africads political transition to democr acded

to redress the inequities of previous political dispensations and to take account of its unique situation. A la
part of this realization was based on the pressing need to redress the many inequalities of the past and to pro
safe and wholesome spplies of water to those communities that previously had to rely on unreliable wat
sources of dubious quality (Asmal, 1998). The increased demand for water has escalated rapidly and

increased the pressure on dwindling resources. While the volume oéter required to meet the basic human
needs of all South Africans is relatively small, a relatively large volume of additional water is needed to grow

and provide for the material needs of the growing South African population.

In response to this needa comprehensive process of public participation led to the development of new wa
resource management policies and legislation (DWAF, 1996; DWAF, 1997; 1998a; 1998b; 1998c; 1994
1999b; Republic of South Africa, 1998). The present South African NatanNater Act (NWA, Republic of Soulf
Africa, 1998) ranks among the best in the world in terms of its scope and intent, as well as the democratic 3
participative manner in which it was developed. In essence, the Act aims to balance the kargn protection of all

surface and groundwater resources with prudent water resource utilisation, while promoting economically so
development, and ensuring that all water use is equitable and sustainable.

Importantly, the National Water Act has replaced all earlieights to the use of water based on land ownershi
with a system of administrative authorisations. This is a fundamental and critically important change to 1
country®6s water resource management pol i ci e sterpisindw
to be managed within the framework of the Integrated Water Resource Management (IWRM) philosophy.
basic approaches of IWRM promote equitable access to and sustainable use of water resources by
stakeholders at catchment, regional, natioal and international levels (Harris and Haasbroek, 1999). Statuto
Catchment Management Agencies (CMAS) are being formed to manage all water resources within defined V|
Management Areas (WMASs), a tangible move towards implementing the strategies dRMVand achieving the
objectives outlined in the National Water Act (Harris and Haasbroek, 1999). The Department of Water

Sanitation retains the overall (national ) respons

The NWA mandates th&linister and the Department of Water and Sanitation (DWS) to evaluate every applicat
to use water, including, but not restricted to applications to:

1 Modify streamflow volumes and patterns by ichannel operations;

I Extract water from a watercourse fause in offchannel operations;

1 Modify the channel form (width, depth and direction of flow) of a stream or river; and

91 Discharge any effluent after use to a watercourse.

In addition, the NWA requires the Minister and the DWS to provide a clear and unequaVagesponse to every
applicant who applies for a water use permit or an effluent discharge permit. In the case of each succes
application, the DWS must provide the applicant with a clear set of guidelines or measurable limits regarding th

1 Volume of vater that can be used and any timing or duration limits to such use;

9 Details of any special actions that must be taken when withdrawing or storing the water;
i Details of any monitoring of water quantity or water quality that may be needed;
1

Any specific coditions or limitations that may apply with regard to the proposed water use in the event
prolonged local or regional drought, or other natural disaster; and

91 Details of any pretreatment that must be undertaken before any effluent is discharged to thersam or
river where the water was originally drawn from.
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A project is currently being undertaken by DWS to develop rAsksed inland water quality guidelines for South
Africa which will eventually replace the current Water Quality Guidelines series, idiclg Volume 6, Agricultural

Use: Aquaculture (DWAF, 1996). Guidelines and standards for aquaculture effluent quality (and quantity)
monitoring have however been developed by organisations such as the Global Aquaculture Alliance (GAA), the IFC
(e.g. enviromental, health, and safety guidelines for aquaculture) and the Aquaculture Stewardship Council and
could possibly be adapted for South African conditions. Key variables (at different threshold levels), related to
aquaculture practices are considered in thee standards such as pH, total suspended solids, phosphorus, total
ammonia nitrogen, biochemical oxygen demand, dissolved oxygen and salinity (Betyal., 2008a).

2.5 Key links to other Specialist Studies of this SEA

The following important issues are linkedo the Marine Biodiversity and Ecology and Sodiwonomic Specialist
Studies:

1 The effects of freshwater aquaculture on estuarine and marine ecosyste@®shanges in water quality as
well as potential biodiversity changes as a result of escapee aquacultuspecies may affect estuarine
and potentially even marine ecosystems downstream. Such effects are not specifically considered in this
study, but are addressed in the Marine Biodiversity and Ecology Specialist Study;

1 The effects of aquaculture waste on humahealth 8 parasites, bacteria and other waste generated in
aquaculture systems may have knoeckn human health impacts for downstream water users. These
issues are addressed in the Soci&conomic Specialist Study of this scientific assessment.

3 SCOPE OHIS STRATEGIC ISSSBJDY

This study focuses on freshwater aquaculture activities in South Africa, where the term freshwater is used
interchangeably with oinland aquebtd.i(201l)eand hysexcledesadl as d
marine/estuarine based aquaculture systems and the effects of inland aquaculture on estuarine and marine
ecosystems.

The term ol nland aquatic ecosystemsd includes watercou
of 1998) and their riparian areas up to thel:100 year floodline, or the outer edge of the riparian area, whichever
is the greater; and all other natural wetlands (see definitions in Section 2.1).

The scope of this study covers nine strategic freshwater aquaculture focus areas and five target agltare
species (i.e. Nile tilapia, Mozambique tilapia, African sharptooth catfish, Brown and Rainbow trout and Marron
crayfish), as well as various production systems (instream dams and-cffinnel systems) that are proposed per
study area (refer to Partl: Section 4 of the SEA Report), all of which are briefly described in the sglations
below. Each of these aspects is then considered and its implications are assessed from an ecological point of
view by taking into account the following factors:

1 Ecologcal sensitivities of the nine selected study areas;

I Water resource quality impacts associated with each production system (includingsite harvesting,
cleaning and live packaging of aquaculture products, but excluding processing);

1 Threats posed to indignous instream biota;
1 Risks and opportunities presented under different scenarios; and

1 Mitigation and best management practices to be considered for different aquaculture practices.
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The information presented in thisSpecialist Study Reporis derived fran international and local studies and
assessments; the experience and learning that have been documented in a number of peer reviewed journal
articles, books and reports; and available spatial data relating to various aspects of aquatic ecosystem sensitivi
and importance in South Africa. These materials are listed in the reference list contained in Section 12 of this
report.

3.1 Definitions

The following definitions have been applied to this study:

i) Resource qualityd the NWA defines this as the quality of all the aspects of a water resource including:
€)) the quantity, pattern, timing, water level and assurance of instream flow;
(b) the water quality, including the physical, chemical and biological characteristio§ the water;
(c) the character and condition of the instream and riparian habitat; and
(d) the characteristics, condition and distribution of the aquatic biota.
i) Watercourse as defined by the NWA, refers to:

a river or spring;
a natural channel in whichwater flows regularly or intermittently;
a wetland, lake or dam into which or from which water flows; and

any collection of water which the Minister may, by notice in the Gazette, declare to be a watercourse, and
a reference to a watercourse includesyhere relevant, its bed and banks.

iii) Water Resourced according to the NWA, this includes a watercourse, surface water, estuary or aquifer
and is thus assumed in this study to include the bed, banks, instream and riparian habitat, and
associated plant andanimal communities. Aquatic ecosystems are the resource base on which all other
uses depend (Rowlston, 2011) and an important component of the Ecological Reserve is to protect
aquatic ecosystems.

iv) Wetland- the NWA defines wetlands as:

dand which is tiansitional between terrestrial and aquatic systems, where the water table is usually at, or near
the surface, or the land is periodically covered with shallow water and which land in normal circumstances
supports, or would support, vegetation typically agided to life in saturated soil 6

V) Aquatic ecosystemd the South African National Classification System for wetlands and other aquatic
ecosystems (Olliet al., 2013) defines an aquatic ecosystem as follows:

OANn ecosystem t h agperiodically ipurdatedaoy flowinglorystammding water, or which has
soils that are permanently or periodically saturat e

Rivers, wetlands, estuaries and marine systems are all included in the definition of Aquatic Ecosystems
The National Classification system does however make a primary differentiation between Inland,
Estuarine and Marine systems, with rivers and wetlands both falling into the definitioninfand aquatic
systems defined as follows:
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dan aquatic ecosystem \ith no existing connection to the ocean. These ecosystems are characterised by

the complete absence of marine exchange and/ or

Estuaries and marine areas that conform to the definition of wetlands lie outside of Inland areas and are

not considered in this study.

3.2 Study Areas

Nine study areas have been stipulated for inclusion in this assessment, as showrrigure 3(refer to Part 2 of the

SEA Report). These fall within and/ or acr oMAs)arllall
nine South African provinces.

Gauteng.--North West

35 Mpumalanga

Mpumalanga

)

Vaalharts Free State ~KZN'Highlands

Free State KwaZulu-Natal,

Richards Bay
Northern Cape

Vanderkloof-Gariep

Eastern[Cape]
Eastern Cape

Western Cape
Western Cape

Legend

N D Study areas

I Quaternary catchments
2 18 il SOEm |:] SA province

Figure3. Extent of the quaternary catchments linked to in the nine study areas.
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3.3 Inclusion of aquaculture species and production methodologies

This assessment focuses on six targetdshwater aquaculture species only (refer to Part 1: Section 4 of the SEA
Report), namely:

African sharptooth catfish Clarias gariepinus;

Mozambique tilapia (Oreochromis mossambicus);

Nile tilapia (Oreochromis niloticus)

Marron crayfish Cheraxtenuimanus);

Brown trout Galmo trutta);

= = =4 4 -4 -4

Rainbow trout (Oncorhynchus mykiss).

Error! Reference source not foundsummarises the target aquaculture species and production methods proposed
or consideration in each of the nine strategic aquaculture focus areas (or study areas).
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Summary of target freshwater aquaculture species and potential production methods proposed for consideration in each of théysareas.

Species

Study Areas

Production System

Eastern Cape

()

Free Stated
KwaZuluNatal
Highlands

@

Gauteng- North
West

(©)

Limpopo

Q)

Mpumalanga

®)

KwaZuluNatal -
Richards Bay

(6)

Western Cape

0]

Free Stated
Vaalharts

®

Free Stated
Vanderkloof
Gariep

©)

African Sharptooth catfish

Dam cageculture

Ponds

Recirculating aquaculture system (RAS)

Flowthrough (tanks)

X[ X | X[ X

Mozambique tilapia

Ponds

x

Recirculating aquaculture system (RAS)

Nile tilapia

Recirculating aquaculture system (RAS) |

x

Rainbow and Brown trout

Dam cageculture

Ponds

Recirculating aquaculture system (RAS)

Flowthrough (raceways and tanks)

X | X | XX

X[ X | X|[X

X[ X | X[ X

X[ X | X|[X

X[ X | X|[X

X[ X | X|[X

Marron

Recirculating aquaculture system (RAS) |

x
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3.4 Assumptions and Limitations

This Specialist Study Report must be read with the following assumptions, limitations and exclusions in
mind.

3.4.1 Exclusions

This study focuses on inland surface water resources only and excludes other aqueggources such as
groundwater, estuarine or marine ecosystems. It is however clear that the impacts of freshwater
aquaculture activities could well extend to estuarine and potentially even to marine systems, where these
are located at the outflows of affeted rivers. Such impacts, particularly in the case of estuaries located
near to freshwater aquaculture activities, could have profound ecological implications for estuary function
and condition. This issue must be addressed in the broader assessment.

Groundwater is considered only briefly, from the perspective of possible impacts of the infiltration of
polluted aquaculture effluent into groundwater resources. No consideration has been made of the
potential use (or implications) of either groundwater odirect precipitation as sources of water for
aquaculture.

Terrestrial areas are not considered in this assessm
(i.e. transformed) terrestrial areas, using data from the SANBI (2017) modified habitatday These maps
have however been provided for information purposes only. While they do provide an indication of
catchments where the terrestrial sensitivity of an actual laddased aquaculture facility siting may be low,

it is however stressed that thednduse layer has little bearing on the aquatic sensitivity layer, and so has
not been used in the sensitivity ratings. This is because the sensitivity ratings are driven by mainly
instream factors, that consider amongst other issues fish species of conogrdownstream catchments,
conservation planning domains and priorities and other factors outlined in detail in Section 4.3. Thus even
where terrestrial areas are heavily modified, instream parameters could (and often do) result in high
sensitivity ratings The modified terrestrial area maps do however help to highlight the fact that although
the scale of mapping of sensitivity (at quaternary catchment scale) means that the whole quaternary
appears to be implicatedthe sensitivity ratings apply only to warcourses within these areas

.The study furthermore considers the risk of only the most significant activities associated with aquaculture
production. Activities such as the construction of facilities and infrastructure could clearly also result in
significant impacts. These would, it is assumed, be managed through detailed design and planning
permission and mitigation measures on a site by site basis.

3.4.2 Selection of study areas

The study area identification process was carried out prior to any involvemenft the authors of this
Specialist Study. Although the selection process (refer to Part 2 of the SEA Report) considigrted alia
aquatic ecosystem sensitivity and the presence of species of concern with regard to their biodiversity or
other impacts, thenine study areas of this specialist assessment do not represent areas that have any
strategic significance from the perspective of the protection or management of inland aquatic resources.
As a result, they are considered independently in this assessmeat separate study areas.

3.4.3 Data limitations

One of the outputs of this study is the spatial mapping of sensitive aquatic ecosystems. These maps are
used in the Risk Assessment, to determine areas where there is high confidence that impacts to aquatic
ecosystems associated with aquaculture activities would be low. However, the accuracy of the spatial data
used is in many cases limited by the scale at which the data are availaldl€uaternary and subguaternary
level data, as well as the generally low lels of groundtruthing that have informed the collation of these
data. A limitation of the outputs of this study is thus the lack of structured, consistent groutrdthing of

any of the study areas.This means that sensitivity maps may ov&@mphasise theextent of areas of high
and very high sensitivity. This limitation is an important one and can be addressed only by gremmithing

and the collection, collation and verification of more accurate data.
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3.4.4 Use of these findings

Finally, it is emphasised thathis assessment is made from the perspective of freshwater resources, and
highlights areas where different aquaculture activities would potentially be associated with lesser or
greater degrees of environmental risk or risk to the water resource. The assment is not intended to
provide guidelines as to where aquaculture activities might or might not be financially or practically vigble
for example, with regard to meeting the water quality or quantity requirements for different target species.

tisalso noted that the intended purpose of the SEA is t
new freshwater aquaculture facilities, where the environmental Risk of such facilities is considered
acceptable (with criteriadéddeéirmedi hgtwhat ni $ hdacecep
proposed facilities to meet these criteria does not mean that the proposed facilities may not proce®dt

means simply that they may not proceed in terms of the legislative fast tracking enabled by thSE

4 DESCRIPTION OF STURREAS

This section describes the location of the nine study areas, the main catchments that occur in each study
area, how the natural water quality is impacted by human activities and land use, and the associated
implications forthe proposed aquaculture activities.

4.1 General water quality considerations

Human activities have had a series of profound effec
rivers, dams, wetlands and reservoirs, as well as adverse impacts on seveyaundwater systems. These

impacts are superimposed onto natural water quality condition&igure 4 that characterise different river

systems across the country.
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Figure4. Map showing the different types of natural backgroundater types in South Africa (adapted from Dallas
and Day, 2004).
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In many areas, several different sets of activities have combined to exert complex changes in water quality
resulting in the water quality of many areas of the country being compromised to tnetent that it poses
serious risks to human health and to the natural environmentFigure 5illustrates the distribution of the
different types of natural and anthropogenic effects on water quality across the country in relation to the
nine study areas onsidered in this SEA.

The details of the background water quality issues that characterise the study areas are showiEiror!
eference source not found. The approximate locations of the nine study areas are numbered 1 to 9 in
Figure 5
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Figureb. Map showing the various types of background water quality issues tletve been recorded for the nine
study areas, with study areas numbered: (1) Queenstod#ast London, (2) Free Stat&waZuluNatal highlands, (3)
GautengNorthWest, (4) Limpopo, (5) Mpumalanga, (6) Richards Bay, (7) Western Cape, (8) Vaalharts and (9) Free

State VanderkloofGariep. Data from DWS.

4.2 Description of the Study Areas

Supporting baseline maps showing these study areas and their main hydrological and other relevant
features are provided inAppendix 1 (Figure A1.B 1.9) to this Specialist Study Repo. Indigenous fish
species of concern listed per study area are species that have, according to the Red List of South African
Fish Species, been categorised to be either Critically Endangered, Endangered, Vulnerable or Data
Deficient. The assessment was initiated in 2016 and completed in March 2018
(http://speciesstatus.sanbi.org/partners/).

4.2.1 Eastern Caped Buffalo River system (Study Area 1)

1 Water Management AreaMizimvubu to Keiskamma (#12)
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1 Affected primary catchmentsBuffalo River and Great Kei River catchments.
1 Overview of river systems:

o Rainfall, though often variable between years, is received during every month of the year
ensuring that river flows are less seasonally variable than elsewhenethe country.

o Rivers flow southeastwards towards the coast, entering estuaries.

0 The upper catchment areas are relatively heavily populated and sustain extensive areas of
intensive livestock ranchingd principally sheep, goats and cattled as well as extensive
forestry areas where rainfalls are higher. Subsistence agriculture characterizes most of the
Great Kei catchment.

o Numerous small and large dams on the river systems provide crucial sources of water to the
larger towns, farms and some informakettlements close to towns. Many smaller rural
communities rely on rurof-river for their water supplies.

1 Indigenous fish species of concernEnteromius amatolicus (O'Brien et al., 2017), Enteromius
pallidus (Chakona, 2018a), Oreochromis mossambicus (in g&s), Pseudobarbus sp nhov
keiskamma (Ellender et al., 2017), Pseudobarbus trevelyani (Chakona, 2018c), Sandelia bainsii
(Chakona et al., 2018).

1 Existing water quality conditions:

o Saline effluents di scharged from tanaedri es ir
concentrations of dissolved salts and metal ions in the middle and lower reaches of the
Buffalo River.

o Discharges of treated, partially treated and untreated urban and industrial effluent, as well as
contaminated runoff from urban centres and informasettlements, result in the Buffalo River
containing large numbers of pathogenic organisms and high concentrations of nutrients, salts
and Endocrine Disrupting Chemicals (EDCSs).

0 Toxic blooms of the cyanobacteriumMicrocystis aeruginosaoccur frequently inthe major
water supply reservoirs located close to East London.

o0 Vulnerable soils and relatively soft geological formations (e.g. sandstone and siltstone)
characterize much of the Great Kei River catchment. Poor agricultural practices and heavy
rainfall events cause extensive soil erosion throughout the area. The eroded soil is
transported as high concentrations of suspended sediment in the Great Kei River and its
tributaries.

1 Main threats affecting aquatic ecosystems:
o Discharge of tannery effluents and dmestic plus light industrial effluents in the Buffalo River
system; uncontrolled discharge of contaminated runoff and sewage effluent from formal and
informal settlements.

0 High concentrations of suspended sediments in the Great Kei River system.

1 Estuariesincluded in study areaBuffalo River and Great Kei River.
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|l

Water quality implications for proposed aquaculture operations in this area:

Cool water temperatures and lower concentrations of dissolved salts in the headwater reaches of
feeder streams tothe Buffalo River system make these streams suitable for the cultivation of trout.

Lower interannual variability in rainfall across the Buffalo River system plus the prevalence
numerous farm dams and small impoundments make the area less vulnerable teater supply
problems.

High concentrations of dissolved salts and high water temperatures make most of the lower react
of the rivers and streams forming the Buffalo River system unsuitable for trout cultivation.

The cultivation of marron and catfish is gssible in carefully controlled ofthannel systems along the
river (which may require water temperature adjustments during winter months). However, the p
quality of the water available from the lower reaches of the Buffalo River indicates that it wolikely
need to be pretreated before being used for aquaculture operations, if the final product is to pas
food safety tests.

High concentrations of nutrients and resulting blooms of toxic cyanobacteria in dams along the lo
reaches of the Buffalo Rive mean that all fish cultured in untreated river water could b
contaminated and therefore pose a potential health risk to humans.

Any uneaten fish food and fish waste (e.g. faeces) could further enrich the already eutrophic water
the lower Buffalo Rier system and accentuate the problems caused by toxic cyanobacteria blooms
downstream water supply reservoirs, and their associated human health risks.

4.2.2 Free Stated KwaZuluNatal Highlands (Study Area 2)

1 Water Management AreaUpper Vaal (#8) and Tugela (#7)
1 Affected primary catchmentsupper Vaal River and Tugela River catchments.

1 Overview of river systems:

0 The area receives relatively high rainfall (75900 mm/year); the Tugela and Upper Vaal rivers
are crucial sources of reable water for the Witwatersranddt he countryds economi

0 The upper catchment areas of the two river systems are not heavily populated and support

large areas of forestry as well as tourism and some livestock ranchi@grincipally sheep and
cattle. The many rural communities rely on subsistence agriculture for their livelihoods.

1 Indigenous fish species of concern: Enteromius pallidus (Chakona, 2018b) Labeo
rubromaculatus (Chakona and Bills, 2018) Oreochromis mossambicugin press).

1 Existing waterguality conditions:

0 Atmospheric depositions derived from the Highveld cd#ded power plants and heavy

industries contain low concentrations of sulphur and nitrogen oxides and have a moderately

acidic pH (5.50 6.5). When the natural buffering capacitjrom the carbonate salts in the soil

is exhausted, the excess acid interacts with clay particles. Silica, iron, manganese and
aluminium ions are released into the soil water and washed into streams and rivers, leading

to a gradual buildup of aluminium, manganese and iron in the surface waters.
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0 The stream and river waters in this area have low concentrations of total dissolved salts and
nutrients, with almost no detectable concentrations of pesticides except for streams located
near intensive feedlot operéions.

1 Main threats affecting aquatic ecosystems:
0 Gradually increasing concentrations of aluminium manganese and iron caused by acidic

atmospheric deposition; slowly increasing concentrations of suspended sediments as a result
of stream and river bank ersion.

Water quality implications for proposed aquaculture operations in this area:

1 The cool, highly oxygenated waters of the headwater streams and rivers are suitable for cultivaj
of trout.

1 Any uneaten fish food and fish waste (e.g. faeces) releaseto the waterbodies could gradually
enrich the nutrientpoor waters of these rivers and streams, which would gradually increase t
concentrations of nutrients.

I Importantly, these mountain river and dam systems are a critical water supply area for t
Witwatersrand. As a result, it may be difficult to obtain the necessary water use licences from D
to conduct aquaculture operations in any of the main public water supply reservoirs.

1 In the case of privately owned dams / reservoirs on farms, all of thesessgms have to be licenced
by DWS and subject to a dam safety inspection certificate if the volumetric capacity of a damn
greater than 50 thousand cubic metres at full supply level. Farm dams that are smaller than the
thousand cubic metre limit could aply for exemption and be used for aquaculture operation
provided that any effluent that is discharged from these operations complies with effluent dischar
licence conditions.

4.2.3 Gautengd NorthWest: Crocodile (West) and Marico river systems (Study ABga

1 Water Management AreaCrocodile (West) and Marico (#3).
1 Affected primary catchmentsGroot Marico, Magalies and Mooi River systems.
1 Overview of river systems:

0 The Marico River flows in a nortivesterly direction from its headwaters to its confluenceith
the upper Limpopo River on the border with Botswana.

0 The Mooi River flows in a westouth-westerly direction from its Witwatersrand headwaters to
the Vaal River.

0 The Magalies River flows eastwards from its headwaters to Hartbeespoort Dam.
0 The upper cathments are heavily urbanized, while intensive agriculture and mining occurs
along most of the middle reaches. The lower reaches sustain large areas of game ranching

and some iron and platinum mines.

o0 The upper reaches of the Mooi River contain several largold and uranium mines, as well as
several large towns and cities.
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Many rural communities rely on the three rivers for their water supplies and depend on
subsistence agriculture.

The upper reaches of the Magalies River support a few small aquaculture ogg@ns where
trout and carp are raised (e.g. Mal oneyds Eye).

Indigenous fish species of concern:Enteromius pallidus (Chakona, 2018b), Oreochromis
mossambicus(in press).

Existing water quality conditions:

(0]

The many chrome and platinum mines produce acidéfluent and acid mine drainage (AMD),
though the quantities are far lower than those associated with Witwatersrand gold mines or
the Mpumalanga coal mines.

Return flows and seepage from agricultural lands result in elevated concentrations of
pesticides, salts and nutrients reaching the rivers and their tributaries, eventually flowing into
the Crocodile, Mooi and Groot Marico rivers.

Discharges of large volumes of treated, partially treated and untreated urban effluent,
especially from the northern and wdsern areas of the Witwatersrand, as well as contaminated
runoff from urban centres and informal settlements, result in the Crocodile River containing
large numbers of pathogenic organisms and high concentrations of nutrients, salts and low to
moderately hgh concentrations of EDCs. All of these substances pose health risks to humans
and livestock that may consume the water.

Discharges of partially treated and untreated light industrial effluents result in elevated
concentrations of metal ions in the main viers draining the Witwatersrand area to the north
west and west.

Dense blooms of the toxic cyanobacteriumMicrocystis aeruginosaoccur annually in the
hypereutrophic (extremely enriched) Hartbeespoort Dam.

Main threats affecting aquatic ecosystems:

(0]

High concentrations of nutrients and pathogenic organisms derived from urban waste
discharges; presence of metal ions; presence of pesticides and increasing concentrations of
dissolved salts.

1

Water quality implications for proposed aquaculture operations ihis area:

High concentrations of dissolved salts, nutrients and metal ions and high water temperatures ma
most of the rivers and streams forming the Crocodile (West) and Marico River systems unsuitable
trout cultivation.

In some of the cooler headwadr streams of the upper Magaliesberg tributary to the Crocodile Riv
(West), the cooler water temperature and relatively good water quality is suitable for the cultivatiorn
trout (e.g., at Maloneyds Eye).

The cultivation of tilapia and catfish is possib in carefully controlled ofthannel systems along the
rivers. However, the poor quality of the water available from most of the rivers indicates that the we
would likely need to be prereated before being used for aguaculture operations, if the fih@roduct is
to pass food health safety tests. In addition, low to very low water temperatures during the win
months mean that water in an aquaculture operation might need to be heated during this period
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avoid fish deaths.

T Relatively oOoacuUurdamemmtastéersucntp as those | ocated
slopes of the Magaliesburg Mountains (e.g., Buffelspoort Dam catchment) have good water quality
could be suitable for aquaculture operations. However, high water temperatures woutdke it very
difficult to culture trout in these rivers and impoundments, but other fish species may be suitable.

1 High concentrations of nutrients and the resulting blooms of toxic cyanobacteria in many small g
large water supply reservoirs in the areatthe south of the Magaliesberg Mountains mean that all fis
cultured in untreated river water could be contaminated and therefore pose a potential health risk
humans.

1 The Mooi River receives runoff that is contaminated with radionuclides from mines ita upper
catchment. These radionuclides pose a health risk to humans if fish are cultured in aquaculty
operations that use radionuclide contaminated water.

1 Any uneaten fish food and fish waste (e.g. faeces) could further enrich the already eutrophitevsaof
the lower reaches of these river systems and accentuate the problems caused by toxic cyanobact
blooms in water supply reservoirs, with their associated human health risks.

1 High concentrations of dissolved metal ions in the main stem of the Coulile River mean that any fish
species cultivated in untreated water from this river system are likely to be contaminated and may
pass food safety tests.

4.2.4 Limpopo: LevhuvhtMutale / Letaba-Shingwedzi river systems (Study Area 4)
1 Water Management Area.impopo (#1) and Levhuvhu and Letaba (#2).

1 Affected primary catchmentsupper Levhuvhu and Mutale catchments; Sand River catchment;
Great Letaba River and upper Shingwedzi catchment.

1 Overview of river systems:

o Almost all of the riers drain northwards or nortkeastwards towards the Limpopo River
system, except the Shingwedzi River which drains eastwards to the lower Limpopo River
system. The upper catchment areas receive moderate to good rainfalls (4800 mm/year),
with rainfall decreasing steadily to the north and east, reaching 25800 mm/year close to
the Limpopo River. Summer (rainy) season river flows are high whilst winter (drier) season
river flows often decrease almost to zero or near zero, particularly in the lower reacléshe
rivers.

0 The upper catchment areas are heavily populated and sustain extensive areas of intensive
agriculture d principally citrus and sulropical fruits d as well as extensive forestry. The upper
catchments also contain several small and mediumsized mines that produce gold, some
silver and tin, and corundum.

o The lower (drier) portions of the catchments support numerous small and large communitdes
most of the residents rely on subsistence agriculture for their livelihoods. Some of the drier
portions of the lower catchments support game farming.

o Numerous small and large dams on the river systems provide crucial sources of water to the
larger towns and rural communities, while groundwater supplies are utilized by farming
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operations and smaller commuiiies. The smaller rural communities rely on handug wells
and the runof-river for their water supplies.

1 Indigenous fish species of concernEnteromius pallidus(Chakona, 2018b) Labeo ruddi(Marr et
al., 2018), Oreochromis mossambicugin press)

1 Existing water quality conditions:

0 The necessity to control the mosquito vector of malaria by spraying with DDT has resulted in
the presence of DDT and its breakdown components in the lower Mutale and Levhuvhu rivers.

0 The extensive areas of subsistence ttivation and poor land management techniques have
resulted in elevated concentrations of suspended sediments in the middle and lower reaches
of the Mutale, Levhuvhu and Great Letaba rivers.

o Return flows and seepage from the extensive orchards and agricuwll lands result in
elevated concentrations of pesticides, salts and nutrients reaching the Great Letaba River and
its tributaries.

o Discharges of urban and industrial effluents, as well as contaminated runoff from the towns,
smaller urban centres and infamal settlements (many lacking access to functioning
sanitation systems) pollute the Levhuvhu and Great Letaba rivers and their tributaries.
Pollutants include large numbers of pathogenic organisms and high concentrations of
nutrients and low concentratios of salts and EDCs. All of these substances pose health risks
to humans and livestock that may consume the water.

o Extensive areas of ovegrazing plus areas where land management practices are not
effective, contribute elevated concentrations of suspendeskdiments to the river systems.

o Many of the illegal gold mining activities in the Giyani Greenstone Belt (Shingwedzi catchment)
use mercury to recover alluvial gold. This results in periodic concentrations of mercury in the
river water.

o High concentratims of nitrate and fluoride are present in many groundwater aquifers. Almost
all the nitrate is of natural origin with a few small areas showing minor or moderate elevations
in nitrate concentrations caused by human agricultural activities.

1 Main threats affecting aquatic ecosystems:

0 Abstraction of large volumes of water during the dry season results in very low river flows,
particularly in their lower reaches. Presence of urban effluents with bacterial contaminants,
and elevated concentrations of suspendedediments. Presence of breaklown products of
DDT from malaria control programmes.

Water quality implications for proposed aquaculture operations in this area:

9 High concentrations of DDT and its breakdown products make it very difficult to culture any f
species if the water is not treated to remove these organic contaminants. Fish cultured in untreat
water would likely contain unacceptable concentrations of organic contaminants and may therefore
unfit for human consumption or for export.

1 The high anbient water temperatures make most of the rivers and streams in these river syster
(except, perhaps, the headwaters of the Mutale River) unsuitable for trout. However, the culture
tilapia and sharptooth catfish is possible in ofthannel systems usinghese warmer waters.
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1 The presence of pathogenic organisms in the rivers makes it imperative that all water to be useq
aquaculture operations is evaluated and, if necessary, pteeated to remove high concentrations o
dissolved salts, nutrients and patbgens.

1 The presence of pesticide residues in rivers and streams draining intensively cultivated areas me
that all fish that are cultured in untreated water probably would likely be unfit for human consumptio

1 The presence of mercury residues in rivegdraining the Giyani Greenstone belt towards the Shingwed
River mean that fish cultured in these waters could be unfit for human consumption.

1 Any uneaten fish food and fish waste (e.g. faeces) could further enrich the waters of the lower reac
of theseriver systems and could lead to water quality problems for downstream communities.

4.2.5 Mpumalangad Eastern Highveld river systems (Study Area 5)
1 Water Management Arealnkomati (#5), Usuthu to Mhlatuze (#6), and upper Vaal (#8).

1 Affected primary catchments:upper Komati and Vaal catchments plus upper Crocodile (East)
catchmentd these are all part of the larger Komati River basin.

1 Overview of river systems:
0 The upper reaches of streams and rivers in the Inkomati system provide critically important
water supgies to the Witwatersrand via the Vaal River water transfer system, as well as

essential water supplies for several thermal power plants.

0 Several opencast coal mines are located in the upper reaches of the Komati River system
and in the upper reaches oflie Vaal River system.

0 Many shallow natural lakes (pans) occur across the upper reaches of the three river
catchments.

o Small towns and rural communities obtain the water from the streams and rivers in the three
catchments.

o Extensive areas of maize and potatfarming are slowly being converted to open cast coal
mining areas.

o Extensive areas of forestry are present in the upper reaches of the three catchments.

1 Indigenous fish species of concernChetia brevis (Roux and Hoffman, 2017a),Chiloglanis
emarginatus (Roux and Hoffman, 2018) Enteromius pallidus (Chakona, 2018b) Enteromius
treurensis (Roux and Hoffman, 2017b)Kneria sp nov South AfricdRoux and Hoffman, 2017¢)
Labeo ruddi(Marr et al., 2018), Oreochromis mossambicugin press).

1 Other important / endangered biota:Bullfrog populations near Lake Chrissie.

1 Existing water quality conditions:

o Due to the varying levels of iron pyrite in the Highveld coal dredies, the numerous operating

and defunct coal mines contribute large volumes of acid mine drainage (AMD) to the river
systems. The presence of AMD results in lowered pH values (sometimes/eéry low values
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around pH 3.0), and elevated concentrations of metal ions (especially aluminium, iron,
manganese, cadmium, zinc and cobalt) and total dissolved salts, dominated by sulphate.

o Acidic atmospheric depositions from the large cofited power gants on the Highveld deplete
the buffering capacity of the upland soils and contribute to the acidic soil water which
releases heavy metals (especially iron, manganese and aluminium) that eventually are
washed into all the rivers.

o Return flows and seepage from commercial agricultural lands result in elevated
concentrations of pesticides, salts and nutrients.

o Discharges of urban and industrial effluents, as well as contaminated runoff from larger
towns, smaller urban centres and informal settlements (manyadking proper and/or
functioning sanitation systems and wastewater treatment systems), contribute large numbers
of pathogenic organisms and high concentrations of nutrients, salts and low to moderate
concentrations of EDCs to the rivers.

o Many residents ofthe smaller urban centres and rural communities located in the catchment
lack access to appropriate sanitation and wastewater treatment systems or, where these
systems are present, they seldom work effectively. Discharges of treated, partially treated and
untreated urban effluent, as well as contaminated runoff from urban centres and informal
settlements, result in many of the rivers containing large numbers of pathogenic organisms
and high concentrations of nutrients, salts and low to moderately high comteations of
EDCs.

0 Intensive beef cattle production units produce effluents that contain nutrients, and varying
concentrations of pharmaceutical compounds (e.g., antibiotics), as well as pathogenic
organisms (e.g.Giardig Cryptosporidiun), that could posesignificant adverse health effects
to humans and wildlife.

1 Main threats affecting aquatic ecosystems:

o0 Presence of acidic seepage from coal mining operations, together with raised concentrations
of metal ions; Presence of DDT and its breakdown productsviraters draining rural and peri
urban areas where malaria is controlled; Presence of increased concentrations of nutrients
and pathogenic organisms derived from domestic effluent discharges.

Water quality implications for proposed aquaculture operations this area:

9 The cool, highly oxygenated waters of those headwater streams and rivers which do not receive
acidic mine drainage are suitable for the cultivation of trout.

1 The warmer, lower reaches of streams and rivers in this area appear to be suitatdethe culture of
catfish and tilapia. However, care must be taken to ensure that all water used in any aquaculty
operations has been certified as free from pesticide residues.

I Any uneaten fish food and fish waste (e.g., faeces) released into the watadties from offchannel
and inchannel aquaculture operations would gradually enrich the nutriepbor waters of these
rivers and streams. In turn, this could gradually increase the concentrations of nutrients in the wa
supply to downstream communities.

1 Importantly, the mountain river and dam systems are important sources of potable water for a wi
range of downstream users and for transfer to the Witwatersrand. Therefore, it will be necessary
ensure that all water discharged from aquaculture operatins is pretreated to ensure that that it
meets the effluent discharge criteria set by DWS.
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4.2.6 KwaZuluNatal, Richards Bay ared Umfolozi and Lower Mkhuzi river systems (Study Area 6)
1 Water Management ArealJsuthu to Mhlatuze (#6)

1 Affected primarycatchments:catchments of the lower Mhlatuze and Nseleni rivers.
1 Overview of river systems:

o0 The rivers in this area flow in a southasterly direction towards the coast, draining large areas
of catchment that support numerous scattered communities. Most dfiese communities rely
on water drawn by hand from the rivers and streams, and practice extensive subsistence
agriculture and raising of small livestock herds (mainly goats and sheep).

o Closer to the coast, there are extensive areas of irrigated sugar cane
0 Also close to the coast, there are extensive areas of forestry.
0 The coastal Lake Mzingazi near Richards Bay is one of very few natural lakes in South Africa.

1 Indigenous fish species of concernCtenopoma multispine(O'Brienet al., 2017), Enteromius
pallidus (Chakona, 2018b), Marcusenius caudisquamatus (Maake, 2017), Oreochromis
mossambicus(in press).

1 Existing water quality conditions:

o Irrigation of commercial croplands is extensive and return flows and seepage from the
agricultural lands (sugar cane dofnating) and forestry areas result in elevated
concentrations of salts, pesticides and nutrients reaching the rivers.

o While the lower reaches of the rivers in question are affected by water quality impacts such as
untreated effluents and agrichemical polltants, many tributaries and headwaters are
unaffected by these impacts and are relatively pristine.

o Many residents from the numerous small urban centres and the large rural population do not
have access to appropriate sanitation systems or effective wastater treatment systems.
Discharges of treated, partially treated and untreated urban and light industrial effluent,
combined with contaminated runoff from urban centres and informal settlements, result in
the rivers containing large numbers of pathogenicrganisms and high concentrations of
nutrients, salts and EDCs.

1 Main threats affecting aquatic ecosystems:

o Reduced volumes of water available for other uses after irrigation abstractions during winter
months;increased concentrations of salts, pesticidegjutrients and suspended sediments.

Water quality implications for proposed aquaculture operations in this area:

1 The high ambient water temperatures make most of the rivers and streams in these river syste|
unsuitable for trout.

I The cultivation of marrontilapia and catfish is possible in carefully controlled affhannel systems
along the rivers. However, the poor quality of the water available from the rivers indicates tha
would need to be tested and, if necessary, piteeated before being used for agaculture
operations, if the final product is to pass food safety tests.
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1 The presence of pathogenic organisms in most of the rivers makes it imperative that all water to
used in aquaculture operations is préreated to reduce the high concentrations oflissolved salts,
nutrients and pathogenic organisms.

1 The presence of pesticide residues in rivers and streams draining intensively cultivated areas m¢
that all fish that are cultured in untreated water would likely be unfit for human consumption.

1 Any unaten fish food and fish waste (e.g. faeces) could further enrich the waters of the low
reaches of these river systems and could lead to water quality problems for downstre
communities.

4.2.7 Western Capéd River Systems in Cape Town to Swellendam a&tudy Area 7)
1 Water Management AreaBreede (#18) and Berg (#19).

1 Affected primary catchmentsEerste River, Berg River and Breede River.
1 Overview of river systems:

o The Eerste River flows westouth-westwards to the coast, passing through extensive
vineyards around Stellenbosch.

0 The Berg River flows northorth-westwards from the mountainous areas near Stellenbosch, to
the Atlantic Ocean north of Cape Town.

0 The Breede River flows in an easbuth-easterly direction to the Indian Ocean.

0 The headwatersof the three river systems provide crucial water supplies to the Greater Cape
Town Metropolitan area and towns such as Stellenbosch, Paarl, Wellington and Vredenburg
Saldanha.

0 The headwaters of the three catchments also support some large areas of commaic
forestry and agriculture (e.g. vineyards and orchards).

0 The study area receives very variable rainfalls with high ineetnual variability as well as
spatial variability across the study area. This makes the entire area vulnerable to the adverse
effects of periodic droughts, which would likely be exacerbated by climate change.

1 Indigenous fish species of concernGalaxias sp nov breede (Chakona and Jordaan, 2017),
Galaxias sp nov riviersonderend (Chakona, 2017Fseudobarbus burgi (Jordaan et al., 2017),
Pseudobarbus capensis (Impson et al., 2017), Pseudobarbus skeltoni (Chakona et al., 2017),
Pseudobarbus sp nov breede (Jordaan and Chakona, 2018yandelia capensis (Chakona,
2018d).

1 Existing water quality conditions:

0 Most of the rivers to the east of theCape Town metropolitan area (e.g. Eerste River) receive
large volumes of contaminated surface runoff from urban areas and informal settlements in
their mid to lower reaches, including discharges of treated, partially treated and untreated
domestic and industrial effluent. The receiving urban rivers contain large numbers of
pathogenic organisms and high concentrations of metal ions, nutrients, salts and Endocrine
Disrupting Compounds (EDCSs).
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o In the Breede River system, the elevated concentrations of dissadivsalts from the naturally
saline soils and groundwater are aggravated by saline return flows of groundwater from the
intensive irrigation agricultural lanelise in this catchment.

o Irrigation return flows from areas of intensive agriculture in the Breedevier valley contain a
wide variety of agrechemicals (fertilisers and pesticides) and high concentrations of dissolved
salts.

o The lower reaches of the Berg River receive naturally saline groundwater inflows that are
worsened during dry periods and periodidroughts by evaporative concentration effects.

o0 The upper reaches of the Berg River feed into the Berg River Dam which is a critical water
supply element for the greater Cape Town metropolitan area.

1 Main threats affecting aquatic ecosystems:

0 Increased conentrations of nutrients and pathogenic organisms derived from urban effluent
discharges; Presence of increased concentrations of dissolved salts and pesticides derived
from irrigated areas.

o Overabstraction of surface wateris a significant threat, especially for tributary streams.

0 A potential future threatis groundwater abstraction andthe excessiveuse thereof.

o0 Invasivealien vegetationis considered a major threat taquatic ecosystems.

1

Water quality implications for propsed aquaculture operations in this area:

High concentrations of dissolved salts and high water temperatures (except in the cooler, hig
oxygenated headwater streams of, for example, the upper Berg River) make most of the rivers
streams forming theseriver systems unsuitable for trout.

The cooler waters of the upper Berg River and the upper Eerste River suggest that these woul
suitable for the culture of trout. However, it will be important to ensure that any aquacultu
operations do not jeopardie the quantity or quality of the water in these two systems because th
are crucial for the supply of potable water to Cape Town.

The cultivation of tilapia and catfish is possible in carefully controlled @fiannel systems along the
lower reaches of thestreams and rivers, where the water is warmer. However, the poor quality
the water available from the rivers indicates that the water would likely need to be greated
before being used for aquaculture operations, if the final product is to pass foedfety tests.

High concentrations of salts, nutrients and pesticide residues in the lower reaches of the Breeg
River mean that all fish cultured in untreated river water could be contaminated and therefore pog
a potential health risk to humans.

The midlle reaches of the Berg River provide water for extensive vineyards. These warmer wa|
would likely be suitable for the cultivation of tilapia, provided that the concentrations of dissolv
salts and nutrients do not exceed the limits specified for aquatture operations. Importantly, river
flows in the middle reaches of the Berg River are becoming increasingly variable and this n
jeopardize aquaculture operations.

The water would have to be tested for undesirable contaminants and, if necessary, -peated
before use.
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1 Any uneaten fish food and fish waste (e.g. faeces) could further enrich the waters of the lo
Breede River system and Berg River system, and could lead to unacceptable water quality|
downstream communities.

4.2.8 Vaalharts river systemsgtudy Area 8)

1 Water Management Area: Lower Vaal (#10)
1 Affected primary catchmentsLower Vaal and Harts river catchments.
1 Overview of river systems:

o The lower Vaal River flows in a sououth-westerly direction from the Witwatersrand area to
its confluence with the Gariep/Orange River.

o0 The lower Vaal River is a crucial source of water to many towns and smaller communities
along its length, as well as numerous farming operations (maize cultivation as well as cattle
and sheep ranching).

o Several mires located relatively close to the lower Vaal River also rely on the river for their
water supplies and for the discharge of their effluents. The Harts River is a tributary of the
lower Vaal River and the catchment supports extensive areas of irrigatediagiture.

1 Indigenous fish species of concern: None.
1 Existing water quality conditions:

0 The numerous active and defunct gold and uranium mines in the Witwatersrand complex
contribute large volumes of AMD to the middle and lower reaches of the Vaal Rivestesy 0
both passively and by activedevat er i ng of mi nes. Large vol umes
leak from the potable water supply reticulation systems across the Witwatersrand complex,
enter the active mines and mineebut areas, and aggravate the AMDrpblem. The AMD
results in lowered pH values and elevated concentrations of metal ions and total dissolved
salts, dominated by sulphate, as well as relatively high levels of radioactivity in certain
tributary riversd such as the Mooi Rived that flow into the Vaal River.

o0 The numerous cities, towns and smaller urban centres are surrounded by informal
settlements; many of these settlements lack formal sanitation systems.

o Many of the wastewater treatment plants within the Witwatersrand compléx particulady
those that serve smaller communitied do not function effectively with the result that large
volumes of treated, partially treated and untreated domestic and industrial effluent enter the
Vaal River system.

o Return flows and seepage from agriculturalahds result in elevated concentrations of
pesticides and nutrients reaching the Vaal River and its tributaries.

o Discharges of urban and industrial effluents, as well as contaminated runoff from larger cities,
smaller urban centres and informal settlements contribute large numbers of pathogenic
organisms and high concentrations of nutrients and salts, as well as low to moderately high
concentrations of EDCs to the Vaal River.

o Blooms of the toxic cyanobacteriumMicrocystis aeruginosahave been recorded fom
impoundments located along the Vaal River (e.g. Bloemhof Dam).
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o0 Heavy industries in the Vanderbijlpark areé principally iron and steel worksd contribute
additional quantities of inorganic and organic compounds to the Vaal River. There is also a
growng concern around the presence of Dense Nekgueous Phase Liquids (DNAPLS) in
groundwater around the iron and steel mills. The presence of DNAPLs makes the groundwater
unfit for all human uses. In addition to the DNAPLSs, the groundwater in many areas corga
the lighter nonaqueous phase liquids (LNAPLS) typically associated with leakage from
underground fuel storage depots.

o Discharges of treated, partially treated and untreated urban effluent, as well as contaminated
runoff from urban centres and informé settlements, result in the rivers containing large
numbers of pathogenic organisms and high concentrations of nutrients, salts and low to
moderately high concentrations of EDCs in the Vaal River.

o Return flows and seepage from intensively farmed agricuttl lands along the Harts River
system result in elevated concentrations of salts, pesticides and nutrients reaching the Harts
River, and eventually flowing into the lower Vaal River system.

1 Main threats affecting aquatic ecosystems

o Presence of low radiactivity levels in the Mooi River and in the lower Vaal River water;
Increased concentrations of dissolved salts and organic compounds derived from mining and
industrial operations; Presence of increased concentrations of nutrients and pathogenic
organisns derived from urban effluent discharges; Presence of toxic cyanobacteria growths;
Presence of increased concentrations of dissolved salts and pesticides derived from irrigation
return flows.

Water quality implications for proposed aquaculture operations this area:

1 High water temperatures in these river systems make the waters unsuitable for the culture of trou

9 High concentrations of dissolved salts, nutrients and metal ions and high water temperatures mg
most of the rivers and streams forming the \é& and Harts river systems unsuitable for aquacultur
operations.

1 The cultivation of tilapia and catfish is possible in carefully controlled affiannel systems along the
rivers. However, the poor quality of the water available from the rivers indicatesatththe water
would need to be tested and, if necessary, properly pneated before being used for aquaculture
operations, if the final product is to pass food health safety tests.

9 High concentrations of nutrients and pesticide residues in the many smald large water supply|
reservoirs in this area mean that all fish cultured in untreated river water could be contaminat
and therefore pose a potential health risk to humans.

1 Any uneaten fish food and fish waste (e.g., faeces) could further enrich the ablg eutrophic waters
of the lower reaches of the Vaal River system and accentuate the problems caused by t(
cyanobacteria blooms, with their associated human health risks.

9 Data from the Department of Water and Sanitation water quality database have domied that high
concentrations of dissolved salts and metal ions, as well as low concentrations of radionuclides,
present in the Vaal River. This means that any fish species that is cultivated in untreated water fr
this river system could be contamiated by metal ions especially, as well as radionuclides. If th
happens, it is possible that the final products would be unlikely to pass food safety tests.

1 Careful checks need to be made to ensure that no DNAPL or LNAPL contaminants are prese
water used for aquaculture operations, because these compounds could render all cultured fi
unsafe for human consumption.

9 Careful checks need to be made of radioactivity levels in water drawn from the Vaal and Mooi r
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systems to make sure that the water iit for use in aquaculture operations.

4.2.9

Vanderkloofd Gariep System (Study Area 9)

Water Management Area: Lower Orange (#14)

Affected primary catchmentsGariep / Orange River system.

Overview of river systems:

o

(0]

The Gariep / Orange River flows in a westerto northwesterly direction from the Lesotho
border to the very large Gariep and Vanderkloof dams. Many of the tributary rivers feeding into
the upper reaches of the Gariep / Orange River (e.g. Caledon and Kraai rivers) drain areas
that are underlain by vulnerable, soft mudstone, siltstone and sandstone geological
formations. This results in naturally high loads of suspended sediments in all these rivers.

Small towns along the Gariep / Orange River (e.g., Bethlehem) rely on the river for their water
supplies.

Extensive areas of sheep and goat ranching occur in the catchment.

Indigenous fish species of concerrEnteromius pallidus(Chakona, 2018b).

Existing water quality conditions:

(0]

Overgrazing of vegetation on the easily erodible rocks and soils of feeder catchments that
flow into the Caledon and Kraai rivers, together with heavy summer rainfall events, increase
the already naturally high concentrations of suspended sediments, which make their way
downstream to the Gariep Dam.

Many smaller urban centes and rural communities in the upper catchment of the Caledon
and Kraai rivers lack access to appropriate sanitation systems and, where systems are
present, they seldom work effectively. Inflows from these areas contribute low concentrations
of nutrients and salts to the Gariep / Orange River.

Discharges of treated, partially treated and untreated urban effluent, as well as contaminated
runoff from urban centres and informal settlements along the Caledon River (including
Maseru in Lesotho), result in theCaledon River containing large numbers of pathogenic
organisms, high concentrations of nutrients and salts, and moderately high concentrations of
EDCs. These are washed into upper Gariep / Orange River and then into the Gariep Dam
downstream.

Most of the suspended sediment that is washed into the Gariep Dam is retained within the
basin of this dam and the outflow from the Gariep Dam to the Vanderkloof Dam downstream
contains noticeably less suspended sediment.

Main threats affecting aquatic ecosystems:

(0]

Presence of increased concentrations of nutrients and pathogenic organisms derived from
urban effluent discharges; Increased concentrations of dissolved salts and pesticides derived
from irrigated areas.
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Water quality implications for proposed aquacultureperations in this area:

1 High water temperatures and high concentrations of suspended sediment in the Gariep Dam mj
the waters unsuitable for the culture of trout, especially during the warmer summer months.

1 Extremely high concentrations of suspended dament in the Gariep Dam make the reservoi
unsuitable for aquaculture operations except, possibly, for efhannel cultivation of catfish and/or
tilapia, using water that has had the suspended sediment removed.

1 The cooler waters of the Vanderkloof Dam artie dramatically lower concentrations of suspende
sediment make the waters of this reservoir theoretically suitable for the cage culture of tro
However, there is still a risk that water temperatures may be too high for trout to tolerate, especia
during the summer months.

1 The cultivation of tilapia and catfish is possible in carefully controlled affiannel systems along the|
interconnecting river between the Gariep and Vanderkloof dams. However, the water should
checked regularly to ensure that & quality is suitable for an aquaculture operation.

1 Any uneaten fish food and fish waste (e.g. faeces) would further enrich the waters of the lo
reaches of the Gariep / Orange River system and could disadvantage nearby downstre
communities and farmingoperations that rely on the river for their water. Communities locatg
further away downstream are unlikely to be affected because of the dilution factor with distance.

4.3 Identification of ecologically sensitive areas

The study areas included in this asssment include a wide variety of aquatic ecosystems, each of which
may have different sensitivities to the kinds of impacts that are likely to be associated with freshwater
aquaculture ventures. This section outlines the approach taken to, and the outcosnef, identifying areas
within each of the nine selected study areas that have varying sensitivities to the likely impacts of
freshwater aquaculture. The resultant sensitivity layers form a critical informant of the Risk Assessment
outlined in Section 6 @ this report, and also provide a useful spatial guide to mitigation, since impacts on
some sensitive areas may be avoidable through mitigation rather than through site avoidance. Note
however the impact of limitations in data accuracy on the assignment gensitivity to different areas (see
Section 3.4.3).

4.3.1 What is meant by sensitivity?

Ecol ogi cal sensitivity (or fragility) refers to the
recover from disturbance once it has occurred (resilience)ggh et al., 1988) with both abiotic and biotic

components being taken into consideration in the assessment of ecological importance and sensitivity
(Kleynhanset al., 2005a).

Freshwater ecosystems (rivers and wetlands) are considered to be sensitivehe following key impacts
associated specifically with aquaculture, and described in more detail in Section 5 of this report:

1 Water quality changes (including turbidity, nutrient enrichment and associated changes in
dissolved oxygen availability);

i Biodiversity changes as a result of:

o Changes in the genetic structure of wild populations of indigenous species that may result
from species introduced into the system from aquaculture;
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o Invasion by alien aquaculture species with the resulting displacemeot indigenous species;
and

o Invasion by alien or indigenous parasites or diseases associated with the aquaculture species;
1 Hydrological changes; and

1 Changes in habitat quality as a result of any of the above changes (e.g. increased sediment,
changes in wate flows and nutrients, aquatic plant or animal community structure), as well as
changes that affect bank and bed stability and morphology (e.g. as a result of dn nearchannel
construction).

The extent to which the above issues are likely to be of comnés likely to vary spatially, depending on the
type, condition and sensitivity of the affected system. This section outlines an approachspatial mapping

of agquatic ecosystem sensitivity, using rated categories to illustrate the sensitivity of differameas / river
reaches to the above key impacts. Four levels of sensitivity have been mapped, as listed below, using the
rating criteria and mapping approaches outlined in Section 4.3.2:

1 Very High sensitivityy any of the above impacts would potentiallpe associated with changes in
ecosystem drivers or responses that would be associated with very high levels of ecological
significance - avoidance, mitigation or management of such impacts to acceptable levels of risk
would be realistically unlikely, albéinot impossible;

1 High sensitivityd potentially associated with changes in ecosystem drivers or responses that
would be considered of high (negative) ecological significana® avoidance, mitigation or
management of such impacts to acceptable levels ofsk would be realistically unlikely, albeit not
impossible;

1 Moderate sensitivity 8 potentially associated with moderate but still significant changes in
ecosystem drivers or responsesd the likelihood of achieving effective mitigation through
reasonable design or management interventions is however high;

1 Low sensitivityd the above impacts would be unlikely to be associated with any change in
ecosystem drivers or responses in these areas.

4.3.2 Methodology for sensitivity mapping

4.3.2.1 Approach overview

In this study, available relevant spatial data were rated as to their sensitivity (as defined in Section 4.3.1)
to the impacts likely to be associated with aquaculture development. Assignment of overarching sensitivity
scores per area was based on the highest sensiity rating for any rated attributed i.e. using the maximum
rule. Thus, for example, if a quaternary was rated Low sensitivity for some criteria, Medium for others and
High for one criterion, the rating of HIGH would be accorded that quaternary as a letend reflected in the
Sensitivity Maps provided in Appendix 3 to this report.

In order to allow a more irdepth analysis of the Sensitivity maps produced in this exercise, which do not (in
hard copy) indicate which factors drive the assignation of pamtilar sensitivity ratings to a particular area,
two additional approaches were included in this study, namely:

1 Interrogation of spatial data to allow for summary data to be derived, showing the proportion of
each study area that has been assigned Low, Miesn, High and Very High sensitivity ratings for
each rated attribute; and

T The compil at i oline nap that allodvé usere th interrogate the data driving the
assignment of an overarching sensitivity score for any areéh this system, developed forthis
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project by Spatial Modelling Solutions (SMS), allows users to click on any quaternary within the
study areas and see on a putlown list what variables are driving its Sensitivity scores.

4.3.2.2 Data availability

The following spatial data were utiliseth the development of sensitivity layers:
i. National Freshwater Ecosystem Priority Area (NFEPA) data:

Since these data are available at a national level, and include spatial data relating to rivers, wetlands,
catchments, fish and other biodiversity data, #y were used as the default spatial layer in this
assessment. However, as a result of some of the data constraints (see Box below), NFEPA data were
supplemented or exchanged for more accurate or more recent data where these were available. Thus
provincid Critical Biodiversity Area (CBA) data were utilised instead of NFEPA wetland data for assessment
areas in KwaZuldNatal, Eastern Cape, Western Cape and Gauteng; more recent (DWS, 2014) data relating
to modelled river condition were used instead of NFEPA&esent Ecological State (PES) data and provincial
conservation officials were asked to provide updated / groudduthed data regarding threatened (and
other) fish distributions (see sections below for further discussion as to each of these supplementary
datasets and their application in the sensitivity assessment).

The following NFEPA datasets were used in deriving sensitivity maps, using the specific data fields and
ratings outlined in Appendix 2 to this report, namely:

NFEPA Rivers
River FEPAS
Fishsanc

Fishsanc All spp

= =4 =4 4 -4

NFEPA Wetlands.

Note that even where supplementary fish data were available, NFEPA Fish Sanctuary and Fish Species
data were in all cases retained in the system, as these datasets cover the full study area.

NFEPA data constraints:

NFEPAdata are generally provided at the level of sufpuaternary catchments, with main stem rivers
mapped at a scale of 1:500 000. However, the dataset is far from perfect, and the mapping and rating
wetland presence, extent and condition in particular isrpblematic in many areas. The data als
considerably undefrepresent other watercourse types, such as the ephemeral water courses and th
alluvial flood plains in drier areas of the country in particular (e.g. Northern Cape and parts of the H
State).

Concerns have also been raised by some specialists in this field as to the accuracy of NFEPA data|
regard to fish species distributions and river condition. No spatial data can confidently be considered 1
% accurate, and always requires grourduthing/ in-field verification if it is to inform projecievel decision
making.
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ii. SANBI supplementary fish species data:

This dataset comprised only taxa for which the status had been-assessed between 2016 and 2018
(http://speciesstatus.sanbi.org/partners/). These taxa have been rated as to the degree of threat to each,
using the IUCN Red List species data.

iii. Supplementary provincial fish species data:

Provincial conservation agencies were approached for additional data regarding fish species distributions
and/or other concerns. Of these, only the Mpumalanga Tourism and Parks Agency (MPTA) provided such
data, which have been incorporated as a rated supghentary dataset (MPTA data of conce® Appendix

2). These data are mainly at a suquaternary level, and include MPTFgenerated ratings of areaswvhere

no aquaculture should occur (primarily because of the occurrence of species of conservation concerd an
the Mpumalanga freshwater biodiversity sector plan), and areas where restricted or tightly controlled
aquaculture activities could be supported, subject to detailed risk assessments. In addition, fish species
occurrence and conservation status data at aub-quaternary level were provided from the MARXAN data,
used in the generation of the Eastern Cape CBA maps (Department of Economic Development,
Environmental Affairs and Tourism EDEAT), 201Y,

iv.  Additional fish data included in the Succulent Karoo Ecaggm Plan (SKEP):

These data (Driveet al., 2003) relate to the presence and number of endemic fish species in the SKEP
planning domain were also utilised,;

V. Present Ecological State (river condition) as well as Ecological Importance and Ecological
Sensitivity data:

These measures of river condition, importance and sensitivity were modelled at a national level for the
main river channels through quaternary catchments (DWS, 2014). It is acknowledged that under ideal
circumstances they should be grounttuthed and are inherently inaccurate at the level of individual sites.
In the context of the current project, they do however represent the best available mapped measure of
river condition and ecological importance and sensitivity.

Vi. Critical Biodiversity Areassessments (CBAS):

Aquatic CBA data exist for all provinces except the Free State. In the case of Limpopo, North West,
Northern Cape and Mpumalanga, the aquatic CBAs are however derived wholly from the NFEPA data and,
for this reason, only NFEPA dataere used for these provinces. In th&ree State, CBAs do not include
aquatic ecosystems, other than at the level of FEPA catchments and wetland clusters, with NFEPA data
believed to considerably underepresent aquatic ecosystem extent in this area. Meraccurate aquatic
CBAs are currently being finalised in this province but were not available in time for this assessment, and
NFEPA data were thus used.

More detailed provincial CBAs however have been produced for Gauteng, Eastern Cape, Western Cape and
KwaZuluNatal, and in these cases, the relevant provincial CBA and Ecological Support Area (ESA) data
were utilised, in place of FEPA data, as follows:

0 Gauteng d The Gauteng @lan v3.3 Critical Biodiversity Area data were utilised these
include CBAs ad Ecological Support Areas (ESAs). The identified CBAs include 32% of the
FEPA priority catchments, while an additional 24% are included as ESAs. In all, over 56% of
the FEPA priority catchments are included in Protected Areas, CBAs and Ecological Support
Areas (GDARD, 2014);

o Eastern Caped The CBA plan for this province is currently being prepared, but the data
themselves were made available, courtesy of Dr P. Desmet (NMU) and Dr G. Havld®H(
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Coastal & Environmental Servicgs Terrestrial landusedatal e | i neati ng édnatural 6
also included as a surrogate measure to infer likely leashpacted river condition;

0 Western Caped The Western Cape used FEPAs, supplemented with Fine Scale Planning data
to derive provincial CBAs and ESAs (P&hanvlietet al., 2017).

Vii. Protected areas:

Aquaculture activities are not permitted inside
Protected Areas without written Authorisation through
these authorities. This means that the shoxtircuiting

of application processes sought through the SEA
might not apply to applications for infrastructuer

development within conservation areas. For this
reason, Protected Areas were included in theg ) - A
sensitivity layer, noting that in the event that the| Marine protected areas and sensitive estuaries

relevant authorities approved a proposed aquaculture or conservation worthy catchment areas)
facility, the osensitivilty®gauiesiheydignauthorisatioqofthe,
location within a Protected Area would fall away. Th Management auth.orlt'y, which will .usuaIIy .be
spatial extent of Protected Areas was obtained fromj SANParks or a provincial conservaticauthority.
the South African Protected Areas Database
(SAPAD,2017).

The National Environmental Management:
Protected Areas Act, 2003 (NEMPAA) NEMPA
was enacted to regulate the system of protecteq
areas in South Africa and to provide for their
management. Any commercial activity carried
out in a protected area (which would include

|t of

N
T

The above datasets represent the most comprehensive set of data that could be gathered by the st
team within the timeframes of this assessment. It is recognised that in some cases there may
additional data that have not been included, and that ther are some mapping and data collation
processes currently under way that may outdate the data utilised here. For this reason, the sensiti
assessment has striven to be as transparent as possible, and to avoid the development of comp
weighting or dat amalgamation systems. This means that the Sensitivity Layers should be reac
interpretable and could also be easily updated as better and more accurate data become available, or
circumstances change.

4.3.2.3 Dealing with data mapped at different scales

The data used in the sensitivity analyses have not all been mapped at the same sa&@lsome have been
mapped at quaternary scale; some at sufjuaternary scale; some are linear and some (e.g. Protected
Areas data) take no cognisance of catchments. In ondéo develop sensitivity maps that included all of
these data without losing resolution, the following measures were adopted:

i1 Data that extended over parts of quaternaries were left as such, and sensitivity mapping, which
reflects the highest sensitivity ategory assigned per area, takes cognisance of rated categories
that extend only partially into quaternaries, by assigning scores for that category only to the
portion of the quaternary to which the rated scores apply this is a different approach to that
taken in the previous version of this assessment, which extrapolated scores applied to a partial
area of the quaternary to the whole quaternary;

1 River data that are linear (e.g. PES data) remain linear in the Sensitivity assessments.
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4.3.2.4 Data not included insensitivity mapping

1 Resource Quality Objectivesin addition to the data used above, it was initially proposed that the
Ecological Target Categories for meeting gazetted Resource Quality Objectives should also inform
sensitivity mapping. However, theseatfa are limited in current application and were not readily
available as mappable units within the time frames of this study, and have thus rather been
referred to in the preapproval checklist for proposed aquaculture activities, rather than being
mapped spatially;

1 DWS water quality data Water quality data for routine DWS river and dam monitoring sites in the
study areas were provided by Resource Quality Information Services (RQIS) (was RQS, IWQS, HRI),
Department of Human Settlement, Water and Sanitan (was Department of Water and Sanitation
and previously Department of Water Affairs). Although these data were initially included in early
drafts of the sensitivity layers, they are too spatially sparse to be really useful in an assessment
such as this and moreover did not lend themselves to mapping at similar scales to the other
variables. They were thus excluded.

4.3.3 Criteria for mapping sensitivity to key impacts

Table A2.2 (in Appendix 2 to this report) provides the rating scores and other criterigléga to the data
used in the development of the various sensitivity layers presented in Appendix 3 to this report (Figure A3.1
0 3.19). The scale and origins of these data are summarised in Table A2.1Appendix 2 which also
indicates which data are aplicable to the rating of which particular impact sensitivities.

The derivation of rating scores was carried out by the project team, resulting in ratings of Low, Medium,
High and Very High sensitivity as defined in Section 4.3.1. Where data already uitiet! scores /
qualitative categories, these were used e.g. Ecological Importance (El) and Ecological Sensitivity (ES) data
are presented in LOW to VERY HIGH classes, and these were retained. The following notes apply to
specific rated categories:

1 In generl, aquatic ecosystems categorised as CBAs were rated as Very High sensitivity and ESAs
as Moderate sensitivity, taking cognisance of management objectives for these categories, as
presented by Jobet al. (2008) for the Western Cape finescale conservation planning
assessments;

1 NFEPA data were rated considering the biodiversity implications of impacts to important fish
populations, and both the number of affected threatened species and their threat status were
individually considered, as shown in Table A2(2ppendix 2);

1 Other biodiversity factors, including the proximity of important frog or bird habitats or Ramsar
wetlands, were also included using NFEPA RANK data from the NFEPA wetlands layer;

1 Where supplementary fish data were available (e.g. MPTA dathise were rated separately from
NFEPA data, to prevent double counting and thus possible elevation of sulaternary catchment
importance;

i1 Terrestrial (i.e. nommarine) protected areas were all accorded a sensitivity rating of Very High,
compatible withtheir status as areas in which aquaculture is not promoted (but see notes on the
implications of proposed aquaculture sites located in Protected Areas in Section 4.3.2).

4.3.4 Dealing with issues of data uncertainty

Many of the data accessed in the sensitivity assessment are presented at sgiaternary or even
guaternary level only, and there are some systems for which there were no data available. Sensitivity
rating in this study has taken a deliberately riskverse approach to addressing these issues. Thus, some
areas may be accorded a higher sensitivity than they may actually warrant. Such issues usually relate
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either to the scale of existing data on which the sensitivity assessment has been based, or to the pisuuf
data for some areas. In such cases, grourduthing and /or the collection of additional verified data would
be necessary informants to adjust the sensitivity of a particular area under consideration. It must also be
borne in mind that although se&eral criteria have been considered in the assignment of sensitivity ratings,
the highest sensitivity rating for any of the criteria for which data are available has in all cases been
allocated to the system or sukguaternary catchment.

4.3.5 Dealing with mitgation in sensitivity mapping

Different freshwater ecosystem types may have different levels of sensitivity to impacts likely to be
associated with aquaculture activities, as will those located in different regions, and those in different
conditions 6 for example, aquatic ecosystems that support remnant populations of threatened fish or other
species may have very high sensitivity to biodiversity change as a result of alien invasion. It is however
clear that some of the above impacts lend themselves to tigation, which would decrease the risk of the
impact occurring. Table A2.1 in Appendix 2 highlights the sensitivity rating type (i.e. biodiversity, water
quality, hydrology and habitat quality) most applicable to each rated variable. These rating $sypsovide
guidance as to where to focus appropriate mitigation to reduce Risk ratings in different areas. For
example, if the Sensitivity Type driving the overarching Sensitivity Rating in a particular area is water
quality, then mitigation measures shod focus on addressing threats to water quality.

4.3.6 Outputs of Sensitivity Assessments

The sensitivity assessment process was intended to generate multiple maps for each assessment criteria,
showing sensitivity to water quality, biodiversity, hydrology andhitat quality changes. The initial results
showed the layers were very similar across all groupings, largely reflecting the issue of data scale, as well
as the links between the above impact categories. Therefore, single sensitivity maps were developed for
each study area. To improve clarity and allow some differentiation between different drivers of sensitivity
to be identified, these layers are also with Protected Area layers turned off.

The following sections provide a summary of the sensitivity arsdyg for each study area and should be
read with the associated maps (see Appendix 3: Figures A843.19) and study area descriptions included
in Section 4.2 of this report.

More detailed interrogation of the variables driving the actual rating of eaclugy area can be derived
through the following link, which allows users to identify their quaternary of concern and query the rating of
different variables:

Summary data for each study area are also provided, highlighting the proportion of each areaddtew,
Medium, High or Very High for each of the assessed rating categories.

4.3.7 Results of Sensitivity Assessments

The results of the Sensitivity Assessments are shown in Appendix 3 to this report, as a series of coded
maps.

Appendix 3 also includes sepate figures for each study area, showing the extent of Protected Areas as
well as NFEPA flow data (ephemeral or perennial rivers), Free Flowing rivers and rivers with Flagship status.
Note that only NFEPA rivers are shown, and not all drainage lideBIFEPA rivers being the largest of the
rivers, shown at a scale of 1:50 000 maps.

The following sections provide quick summaries of the results of the Sensitivity assessments. These differ
from those presented in previous drafts in that they now include uptal IUCN national fish data
[http://speciesstatus.sanbi.org/taxa/lineage/538/ ], as provided to this study team in July 2019.

The section includes summary graphs, showing for which propomtoof the study areas as a whole each
attribute was rated Low, Medium, High or Very High. These graphs allow for the main drivers of
overarching sensitivity per study area to be readily identified.
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4.3.7.1 Eastern Cape (Figure A3.43.2 and Figure 8)

FigureA3.1 shows most of the study area as having been accorded a high sensitivity rating, with portions in
the south eastern and north western parts of the site being rated as Very High Sensitivity and only a
relatively small area in the north east of the sitbeing accorded Moderate sensitivity. No areas are rated
of Low sensitivity. Main stem rivers throughout the study area are rated high and very high, reflecting their
(modelled) PES categories of A, B and C, D respectively and /or their seasonal natuguf€iA3.2). In
addition, some of the perennial rivers to the south might afford limited opportunities for aquaculture water
supply even if ofichannel cultivation of lowrisk species is considered.

The Nahoon/ Buffalo systems in the nortlvest of the study area have a very high rating and the inset to
Figure A3.2 indicates that this is driven largely by the importance of these and their upstream catchments
as fish support areas in the NFEPA and datasets.

No assigned Free Flowing or Flagship rivers occin the study area (Figure A3.2) and the extent of
protected areas is limited and does not play a major role in determining high sensitivity areas. Ephemeral
rivers are abundant in the drier northern parts of the study are@these systems would both bet higher
risk of impact from some aquaculture activities (e.g. abstraction and water quality impacts) but would also
themselves potentially pose a risk to sustainable aquaculture production systems, if water supply is not
assured.

Figure 6 illustrates that the revised SANBI IUCN threatened fish species data resulted in most of the site

being rated as of High or Very High sensitivity as shown in Figure A3.1 (Appendix 3), with Table A2.2
showing that oO0Highdé and 0V e fegtthélpregdnde ofrtadr »2rthgeatenédor t hi s
fish species at a quaternary level. Note that the Eastern Cape Fish MARXAN data, from the Eastern Cape

CBA layers, show a much lower area scored as High and Very High at agsilbernary scale. However,

these data , as shown in Table A2. 2, reflect different asp
Cape data reflecting at least one fish species of concern in the area, but where confidence in its presence

is Low. High and Very High Sensitivity ratings fthis category in fact reflect Moderate and High

Confidence that the fish species is present. This means that the two datasets must be regarded as
complementary and one cannot be used in place of the other. It does however indicate that greund

truthing of river reaches downstream, at and upstream of a proposed site would need to be carried out in

this study area, to improve data confidence in the allocation of area sensitivity.
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Eastern Cape
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Figure6. Summary data for the Eastern Cape studyrea, showing sensitivity ratings for each attribute considered
in the assignment of overall sensitivity scores, and the geographical extent (% of the whole study area) that each
assigned sensitivity class for each attribute occupies.

4.3.7.2 Free Stated KwaZuluNatal Highlands (Figure A3.8 3.4 and Figure 7)

Sensitivity data for this study area show High and Very High sensitivity ratings across much of the southern
portion of the site, although the northern (Free State) section of the site is primarilyedium sensitivity
only. This might reflect a paucity of data in the Free State, where in the absence of a detailed CBA layer,
the sensitivity assessment had to rely mainly on NFEPA data.

The High and Very High sensitivity ratings are driven in part byportant rivers in highlying mountain
stream areas (e.g. the Meul River and Pleasant Gift River in the north east, which flow into the Wilge River
(Upper Vaal catchment), the Majeneni River, Putterill River and associated tributaries that flow into the
Thukela catchment to the east, and the Boesmans, Mooi and Rensburgspruit rivers and minor tributaries
that flow eastwards.

Figure 7 shows however that again SANBI IUCN Fish data account for most of the rating of the study area
as High or Medium.
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Free State - KZN Highlands
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Figure?. Summary data for the Free Stat® KwaZuluNatal Highlands study area, showing sensitivity ratings for
each attribute considered in the assignment of overall sensitivity scores to different parts of the study area rated.

4.3.7.3 Gautengd North-West (Figure A3.5 3.6 and Figure 8)

The sensitivity map (Figure A3.5) shows areas of High and Very High sensitivity in the northern (Elands,
Kosters and Groot Marico rivers), eastern (Skeerpoort, Sterkstroom, Hex rivers) and south eastern pudrts
this study area (Mooi, Loopspruit, Rooikraalspruit rivers) with areas of Medium and (limited) Low sensitivity
occurring in the west, draining into the Middle Vaal catchment.

Figure 8 shows that High and Medium sensitivity rating by area is driven nigiby SANBI IUCN national
data, while NFEPA FEPA and fish support areBsteromius motebensi$ drive the allocations of Very High
sensitivity.

There are a few protected areas in this study area, but they are relatively small. No flagship or free flowing
rivers occur in the area (Figure A3.6).
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Gauteng - North West
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Figure8. Summary data for the Gauten@ North-West study area, showing sensitivity ratings for each attribute
considered in the assignment of overall sensitivity scores, and the geoghégal extent (% of the whole study area) that
each assigned sensitivity class for each attribute occupies.

4.3.7.4 Limpopo (Figure A3.73.8 and Figure 9)

The sensitivity of this study area is accorded wholbf the study area has been mapped as upstream
management areas in the Sand River catchment, protecting the FEPA sulaternary downstream of the
Sand / Brak River confluence in the northern part of the study area. These areas are ratedbaig of
High sensitivity (Table A2.2). However, Figure 9 also shows that 100% of the study area has High
Sensitivity by virtue of the presence of Red List Fish species
(http://speciesstatus .sanbi.org/taxa/lineage/538/ ) in the rivers. There is no confidence rating attached

to these data, but for the purposes of this assessment, it must be assumed that, unless shown otherwise,
these systems are important for the conservation of one or morgecies of threatened fish species and
this warrant concern.

Relatively small areas of the site have been coded Very High Sensitiditthese ratings are all based on
FEPA data.

The only fish sanctuary sulguaternaries in this area are in the northern seatn in the Mdodi and Nwanedi
(and minor tributary) sukcatchments, supporting the indigenous fistClarias theodorae (NFEPA data),
while the FEPA sulquaternary of the nearby Mutale River supports the indigenous speci&nteromius
lineomaculatusand Opsaridum peringueyi

The Mutale River has also been classified in NFEPA data as a flagship / free flowing river (Figure A3.8) and
has Lake Funduzi, one of the only natural lakes in the country. These factors are further supporting its Very
High sensitivity statis.
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Limpopo
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Figure9. Summary data for the Limpopo study area, showing sensitivity ratings for each attribute considered in the
assignment of overall sensitivity scores, and the geographical extent (% of the whole study area) that essigned
sensitivity class for each attribute occupies.

4.3.7.5 Mpumalanga (Figure A3.93.10 and Figure 10)

The whole of this study area has been rated High and Very High sensitivity in Figure A3.9. Figure 10 shows
that SANBI Red List Fish species data resutt 100% of the area being rated High on account of the
mapped presence of 12 fish species of concern in all quaternaries. The FEPA aylmternaries of the
upper Blyde, the Ohrigstad, Spekboom, Alexanderspruit and other similarly rated systems draimtmthe
Steelpoort (and then Olifants) river systems to the north west drive the very high sensitivity ratings of these
areas, while in the northern parts of the area, very high sensitivity ratings are contributed to by the FEPA
status of subcatchments ofthe upper Crocodile (East) and Lunsklip, Klein Komati and Witkloofspruit rivers
draining into the Komati River to the east, as well as the fish support sgbaternary systems also draining

into the Komati system.

Fish support areas also contribute to th High and Very High sensitivity ratings, as do the MPTA -sub
quaternary data for fish of concern (Very High sensitivity). No flagship rivers occur in the study area, but
large areas of the northern (Blyde River) and south eastern parts of the study area &rotected Areas,
with Very High sensitivity status.
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Mpumalanga
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Figurel0. Summary data for the Mpumalanga study area, showing sensitivity ratings for each attribute considered
in the assignment of overall sensitivity scores, and thgeographical extent (% of the whole study area) that each
assigned sensitivity class for each attribute occupies.

4.3.7.6 KwaZuluNatal d Richards Bay (Figure A3.113.12 and Figure 11)

Figure A3.11 shows that the whole study area is rated as of High or Veightsensitivity. Summary data
presented in Figure 1 show that these ratings are driven primarily by the (updated) SANBI IUCN fish data,
which indicate indigenousfish species of conservation importance throughout the study area. Section
4.2.6 notes that these fish species includeCtenopoma multispine,Enteromius pallidus, Marcusenius
caudisquamatusand Oreochromis mossambicus

No flagship or Protected Areas occur within this study area.
It should be noted that the sensitivity of estuaries and marine areancluding and / or abutting onto this

study area have not been included in this assessment, but must be considered as part of the overarching
assessment (see Section 2 of this report).
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Richards Bay
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Figurell. Summary data for the KwaZuiNatal 6 Richards Bay study area, showing sensitivity ratings for each
attribute considered in the assignment of overall sensitivity scores, and the geographical extent (% of the whole study
area) that each assigned sensitivity class for each attribute capies.

4.3.7.7 Western Cape (Figure A3.133.14 and Figure 12)

This study area includes portions of the Berg and Breede River catchments, as well as parts of the Eerste
and upper Mosselbank rivers.

Most of the areas that have been marked in Figure A3.13 asibg of High or Very High sensitivity comprise
high-lying areas, much of which also lie in Protected Areas and are thus automatically considered of High
sensitivity in this project, and include the upper reaches of the Berg, Eerste, Molenaars (Smalblaaonkr
Elands) and Wit rivers (Figure A3.15). Many of these sgbaternaries support endemic fish species, some

of which have High IUCN threat status.

Largely urban rivers in the Cape Town metropolitan area such as the Lourens, Sir Lowrys Pass and
Steenbras rivers have also been accorded High sensitivities to aquaculture activiti@sthe scale of
assessment at subguaternary level does not take cognisance of the fact that within the urban areas of
Cape Town these particular rivers are unlikely to have algoMedium sensitivity to aquaculture activities.

LoweHying areas within the Upper, Central and Lower Breede Valley, many of which have been exposed to
high levels of disturbance associated with agricultural activities as well as alien plant infestatiohayve
largely been rated as of Medium sensitivit§ although it is noted that the main stem Breede River is rated

as at High sensitivity throughout its reaches.
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Figure 12 shows that some 33% of the study area lies within Protected Areas, while just ov@¥5of the
area has been rated as of High sensitivity as a result of SANBI Red List Fish species data attributes.

Western Cape
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Figurel2. Summary data for the Western Cape study area, showing sensitivity ratings for each attribute considered
in the assignment of overall sensitivity scores, and the geographical extent (% of the whole study area) that each
assigned sensitivity class for each attribute occupies.

4.3.7.8 Vaalharts river systems (Figure A3.18.16 and Figure 13)

Most of this study areahas been rated as of Low sensitivity to aquaculture activities, with the only areas of
High and Very High sensitivity being the catchments of the Leeu River (a river FEPA draining into the Vaal
River) and the Steenbok, Klein Riet and a number of other tenmed small tributaries of the Vaal River,
classified as river FEPAs and mostly accorded a high PES condition rating. All of these tributaries are
mapped as seasonal to ephemeral rivers, and the rivers are also considered of High sensitivity to
aquaculture activities (andvice versg. The subguaternaries of the Upper Orange in the southern portion

of the study area derive their High sensitivity status from their NFEPA categorisation as fish sanctuary
areas.

Figure 13 shows that no fish species of conseniah concern have been highlighted in the SANBI Red List
Fish species dataset for this study area, indicating that it appears to be one of the more suitable
aquaculture focus areas.
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Vaalharts
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Figurel3. Summary data for the Vaalhartgiver systems study area, showing sensitivity ratings for each attribute
considered in the assignment of overall sensitivity scores to different parts of the study area rated.

4.3.7.9 VanderkloofGariep System (Figure A3.173.18 and Figure 14)

This study areawhich includes a long reach of the Upper Gariep / Orange River, has been mapped with
large areas of Low sensitivity to aquaculture activities, although the Gariep / Orange River itself is of High
sensitivity. Again, the tributaries entering the Gariep /rénge in this area are all ephemeral to seasonal,
and have been accorded High sensitivity ratings on this account. The sjuaternaries mapped as of High
and Very High significance include the Van der Waltsfonteinspruit, Donkerpoortspruit, Gansgatspruit,
Palmietspruit and Moddebultspruit systems.

The Gariep Dam is included in an area mapped as High to Very High sensitivity as well. This is driven by
the extent of the Oviston and Gariep Nature Reserves (Protected Areas).

Figure 14 shows thatSANBI Red kst Fish speciesdata for this study area showed that there are no fish
species of concern in this study area (Low sensitivity rating), although there are some areas coded Medium
sensitivity for data deficient.

Again, the sensitivity layer for this studyraa indicates that it is, from an aquatic ecosystems perspective, a
largely appropriate aquaculture focus area.
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Vanderkloof - Gariep
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Figurel4. Summary data for the VanderklogBariep System study area, showing sensitivity ratings for each attridut
considered in the assignment of overall sensitivity scores to different parts of the study area rated.

4.3.8 Overview

The Sensitivity data presented in Section 4.3.7 show that of the nine study areas:
1 ThreecompriseonlyHigh or Very Higlsensitivity areas (Rchards Bay; Mpumalanga and Limpopo);

1 Four comprise mainly High and Very Higkensitivity, with limited areas of Medium and Low
sensitivity (Eagern Cape; Western Cape; Gautenflorth West and Free Stated KwaZuluNatal
Highlands);

1 Two comprise mainly areas of Low sensitivity, with limited areas of Medium, High and Very High
sensitivity (Vaalharts and Vandet&of-Gariep).

The above data may prove disheartening to the Aquaculture Industry, suggesting substantial environmental
impediments to fasttracking aquaculture development in some areas through this SEA. Past engagement
with stakeholders has raised requests that the criteria for Sensitivity Mapping should be revisited, and the
stakes lowered. While in some instances the Sensitiw Rating Criteria outlined in Table A2.2 (Appendix 2)
have been revised since the previous draft of this report, it is strongly argued that the rating criteria
presented in this report are appropriate for a nationacale SEA of this nature. The sensilly data
presented here suggest that Vaalharts and Vanderklo@Gfariep are appropriate focus areas offering high
levels of opportunity for aquaculture through an SEA, while Western Cape and Free S{ateZulu Natal
Highlands offer a reduced level of oppamity, but still include substantial areas for consideration. The
remaining four areas are, on the basis of best available data, not really appropriate for S&|
consideration without significant effort to groundruth and finetune available data.
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5 KEY POTENTIAL IMPACTS

5.1 Resource quality and management

Water resource management, including aquaculture management in South Africa should be approached
from the perspective of the National Water Act (NWA) (Act 36 of 1998) by considering resource quality
characteristics, namelyflow regime, water quality(physical and chemical)habitat and biota. One other
very important suite of resource quality characteristics that is not explicitly defined in the NWA but rather is
implied are the geomorphological processesrelated to the rest of the defined resource quality
characteristics. Flowing water inevitably results in movement of sediments / particles and variability in flow
results in hydraulic sorting of the particles into areas of stones, cobbles, gravel, sanddamud, typical
biotopes for instream biota. It is therefore safe to infer that the variable flow of water (flow regime) of a
particular water quality (water quality), in sorting particles and sediments hydraulically (geomorphological)
act as Ecosystem Drers, and the subsequent response in habitat (habitat) creation / maintenance and
colonisation by biota (biota) agEcosystem Responses

Resource quality characteristics are the foundation blocks on which the NWA was built, and resource
quality characteridics are used in the Resource Directed Measures (RDM) and Source Directed Control
(SDC) processes of the NWA.

These oO0ecosystem driversdé and Oecosystem responsesao,
are interdependent and affect each otherand in so doing provide important ecosystem services to society

(e.g. water purification, sediment control, biodiversity maintenance, flood attenuation, subsistence
resources).

The schematic below (Figure 15) shows the interactions between these resauguality characteristics,

and it is clear that both oO0ecosystem driversdé and o0e
type of aquaculture operation. It is therefore critical to determine to what extent the proposed aquaculture
projectwillmodf y eit her or both the Oecosystem driverso6 and
modification can be mitigated or reduced. This will enable water use authorisation decisions to ensure that

the regulator can still achieve gazetted Resource Qualidpjectives (RQOs).

] IMPACT RECEPTOR | l IMPACT RECEPTOR ‘

Flow regime/Flow Habitat

ECOSYSTEM RESPONSE
[Ecosystem process, pattern, connectivity etc.]

—J | Water quality

ECOSYSTEM DRIVERS

‘ Geomorphology

—

Figurel5. Ecosystem drivers and ecosystem responses are interdependent and affect each other, and in so doing
provide important ecosystem services to society.
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5.2 Impacts of freshwater aquaculture

Aquaculture has been described as a doubledged sword, not only is it the fastest developing food
production system in the world with several benefits for society, but the pollutants generated and impacts
on the environment, especially water resources cahave severe consequences for aquatic ecosystem
health and human health (Martineorchas and MartineZordova, 2012).

Resource quality issues of concern, as a result of freshwater aquaculture practices, include land use
modifications, change in hydrologal patterns, excessive use of freshwater, water pollution, habitat
modification and destruction, and negative impacts on biodiversity (Boyd, 2003; Boyd and McNevin,
2015). The magnitude of these changes and impacts are usually catchment or site specifidare largely
determined by the farm location, the type and intensity of the aquaculture production system and the
operational management thereof (Serpa and Duarte, 2008).

Sustainable aquaculture practices will ensure that no irreparable harm will be caubs to aquatic
ecosystems by restricting inevitable changes within limits of natural fluctuation (Pillay, 2004). Every effort
should be made to integrate aquaculture into local settings in a manner that minimises conflicts over land
use and water use and miimises negative environmental impacts and changes in the landscape (Boyd
and McNevin, 2015). This will require suitable guidelines and the enforcement of appropriate control and
mitigation measures (IFC, 2007).

The main negative impacts on water resoues attributed to freshwater aquaculture in general, are
described below, while impacts associated with the proposed aquaculture species and production systems
as part of this assessment, are summarised in SuBection 4.3. Where relevant, mitigation measas to
reduce impacts of concern are summarised at the end of this Section.

5.2.1 Impact: Altered Water Quality

Water quality includes all physical, chemical and biological factors that influence the beneficial use of
water (Jegatheesaret al., 2011). When polluaints such as chemicals or other substances are present in
concentrations greater than would occur under natural conditions for a particular region, they will cause
water quality degradation. Pollutants arising from aquaculture activities due to, for ingt&, high stocking
densities and oveffeeding, may require more frequent water exchanges to maintain water quality in
certain production systems, and could result in high pollutant loads being discharged. This has negative
consequences for the structure ad functioning of aquatic ecosystems and subsequently the goods and
services provided by these ecosystems (Beardmoed al., 1997; Grizzeti,et al., 2016). Water quality
impacts typically associated with freshwater aquaculture are discussed below.

5.2.1.1 Nutrientenrichment

Aquaculture effluents are generally rich in nutrients and comprise a solid particulate fraction mainly
consisting of uneaten and undigested feed and faeces, as well as a dissolved fraction comprising
metabolic byproducts, mainly ammonia, urea ad phosphate (Bergheim and Brinker, 2003).

Inorganic compounds (e.g. ammonia, nitrates, nitrites and phosphates) as a result of organic matter
breakdown may have potentially deleterious effects on the surrounding environment (Serpa and Duarte,
2008). The pimary source of nitrogen and phosphorus is derived from feed application. This is largely due
to the inefficient utilization of aquaculture feeds (whether fertilizers or manufactured feeds) and is
regarded as one of the major challenges in sustainable fkwater aquaculture (Boyd, 2003; Shipton and
Hecht, 2013). It is estimated that 70 to 80% of nutrients in feed are released as waste (via uneaten food
and fish waste products) into the production systems (Tucker and Hargreaveas, 2008).

However, the qualityand quantity of the effluent varies and is determined by a number of factors, including
the culture species, the type of production system, the nutritional composition of the feed and its rate of
application and uptake, as well as on site cleaning and pkaging of aquaculture products.
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When partially treated or untreated nutrienbaded effluent is released into surface water bodies, it has a
high pollution potential, which often leads to undesirable consequences. High nutrient loads have the
potential to cause eutrophication in water resources which can result in a depletion of dissolved oxygen
with repercussions for instream biota and human users of water (IFC, 2007).

Eutrophication triggers a significant increase in phytoplankton growth and productiyie.g. excessive algal
blooms (Pillay, 2004). Blue green algae, known as cyanobacteria, are naturally present in dams, lakes and
streams in low numbers, but can bloom when large amounts of nutrients are present and could produce
toxins that pose health ks and be detrimental to aquatic organisms as well as humans and animals that
are exposed to or drink the water (Jegatheesaet al., 2011). High nutrient loads also contribute to
increased or excessive growth of higher plants such as water hyacinth whichs been particularly
problematic in dams (e.g. Hartbeespoort Dam).

5.2.1.2 Organic matter enrichment

Particulate organic matter released from aquaculture operations into water resources, results in the
stimulation of phytoplankton and bacterial development, wth subsequently reduces light penetration into
the water column, affecting benthic flora (Serpa and Duarte, 2008). Particles that settle may be
incorporated into the sediment and transformed by microbial activity. Changes in the physical and
chemical charateristics of sediment can have a significant impact on the structure of benthic
communities (Serpa and Duarte, 2008). Organic enrichment of sediments, leads directly to an increased
oxygen consumption rate, and when the oxygen demand is more than thatetthis available, the sediment
becomes anoxic. This influences biological and chemical processes in the sediment and changes the
ecology of benthic organisms. The same occurs in areas of low turbulence and high organic input where
the sediment / water interface can also become anoxic (e.g. below fish cage cultures or near the effluent
discharge point). In such oxygedepleted sediment environments, ammonia, hydrogen sulphide and
methane are produced, which may be released into the water column. Ammonia disss in the overlying
water and adds to the nitrogenous concentration while most of the hydrogen sulphide and all the methane
produced are released in gaseous form to the detriment of aquatic organisms (Pillay, 2004).

5.2.1.3 Chemical contamination

Various chenical contaminants are associated with aquaculture practices and can be introduced into
water resources as a result of their overuse and misuse (Tucker and Hargreaveas, 2008). The application
of these chemicals is mainly dependent on the type of producti®system, and the indiscriminate use
thereof may lead to deteriorating water quality, lethal or sdbthal effects on nontarget organisms,
development of resistance by pathogenic organisms, and interference in biochemical processes. These
chemicals furthemore can have various fates when released from aquaculture production systems to the
environment, so their environmental persistence is often variable. These chemicals include:

1 Antibiotics

Antibiotics are chemicals that are produced to kill or inhibit thgrowth of bacteria and other micre
organisms. There is widespread concern about the discharge of antibiotics into the environment because
they pose a diversity of risks to the environment, to both wild and cultivated species as well as humans
(Serpa and Duarte, 2008). Antibiotics can be toxic to natural organisms and repeated exposure of bacteria
to a particular antibiotic can lead to development of resistance making the antibiotic less effective for its
intended purpose. Furthermore, antibiotics used incuaculture could potentially be endocringlisrupting
chemicals and pose a risk to instream biota and human health (Jegatheesanal., 2011).

f Hormones

Hormones are used to make captive broodstock breed by injecting fish with hormones that stimulate the
production of eggs and sperm (RFP, 2010). The use of hormoiraduced sex reversal in fish can be used
to produce samesex fingerlings for stocking thereby avoiding reproduction in culture systems (Pillay,
2004). In most cases hormonally sexeversed fish may grow faster than normal fish. Neither the common
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use of hormones in spawning nor the experiments on growth hormones have elicited much environmental
or food safety concern; however, the use of lmethyltestosterone for hormonainduced sex reversal in
fish has been much more controversial (Boyd and McNevin, 2015). Concerns about the use of this
hormone relates to the release of pharmaceutically active compounds into the environment via effluents
from certain production systems (Boyd and McNevin, 2015).

1 Antifouling agents

AntiHfoulants are chemicals applied to aquaculture equipment, such as cages and ropes, to reduce
6bi of & thé unwamtdédd growth of plants or organisms on these structures (Science for Environment
Policy, 2015). Most of the older atifoulants use copper as active ingredient, but other metals are now
used as well. When copper and metal salts leach into the environment, they can be toxic to-tawget
organisms. However, the toxicity and bioavailability of these metals to aquatictBiare dependent on their
degradation, accumulation and dispersion rates (Serpa and Duarte, 2008). With increasing public
awareness and concern for environmental protection, a gradual phasiogt of antifouling agents in the
aquaculture sector is foreseerand environmentally benign alternatives is increasingly being used (Chen
and Qian, 2017).

9 Disinfectants and pesticides

Chemical disinfectants and pesticides that are used to eliminate pathogens or control phytoplankton, can
have severe negative effects orthe environment. Pesticides in particular may be toxic to ndarget
species and may affect instream biodiversity (Serpa and Duarte, 2008).

5.2.1.4 Salinization

In coastal areas, where over abstraction of groundwater for agriculture and lamaised aquaculture may
occur, saltwater intrusion from the sea to the groundwater aquifer, may lead to groundwater salinization
(Jegatheesanet al., 2011). This may affect other water users that rely on groundwater for drinking
purposes or agriculture and may also limit the usef water for aquaculture.

5.2.2 Impact: Threats to Biodiversity

Loss of biodiversity inevitably leads to ecosystem degradation and subsequent loss of important ecosystem
services (Rouwet al., 2006). Freshwater ecosystems are regarded as the most endangered sgstems in

the world, with declines in biodiversity significantly greater than in the most adversely affected terrestrial
ecosystems (Dudgeoret al., 2006). In South Africa, the situation is no different and concerted efforts are
being taken to protect thefreshwater resources and the services they provide, including water for food
production, which humans rely on for their wdtleing (Driveret al., 2005; Rouxet al., 2006; Nel et al.,
2011).

The threats that freshwater aquaculture poses to biodiversigre mainly associated with the conversion

and destruction of natural habitat, the potential release of alien species and genetically modified
organisms, and the development of antibioticesistant pathogenic bacterial strains (IFC, 2007), and are
briefly dscussed in the section below.

While the focus of this section relates mainly to threats posed to fish and maénvertebrate biodiversity,
evidence shows that disturbances caused by the location of aquaculture farms close to the feeding and
breeding grourds of aquatic mammals and birds, as well as the ampredator measures taken by
aquaculture farmers, can affect the population size or habitats of these animals as well (Pillay, 2004).

5.2.2.1 Conversion or destruction of instream and riparian habitats

The lossor degradation of habitats is one of the major adverse impacts of aquaculture (Serpa and Duarte,
2008). Riparian and instream habitats as well as wetlands and pans may be irreversibly transformed or
impacted to various extents when aquaculture facilitiesral production systems are being constructed (e.g.

channels, dykesand ponds). This has a negative impact on both terrestrial and instream ecosystems.
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Aquaculture production systems constructed at inappropriate sites can furthermore lead to habitat
converson and ongoing operational impacts (Jegatheesant al., 2011).

Sediment loads that are discharged during harvesting and pdsarvesting when systems are cleaned
disrupt benthic communities and may have negative consequences for higher trophic levels whiedd on
these organisms (Serpa and Duarte, 2008).

Alien and invasive species that establish in nearby water resources can cause habitat fragmentation and
this will threaten the existence of indigenous species. The marron crayfisBhérax tenuimanu$ for
instance, is an omnivore and feeds on both dead and living aquatic plants. Impacts caused when Marron
are introduced include destruction of living aquatic macrophytes, which could lead to a small but possible
disturbance of bottomspawning fish (DAFF, 2012¢ Rainbow trout can cause a substantial impact on
native species due to predation, competition and/or habitat alteration (Cambray, 2003).

5.2.2.2 Introduction of alien and invasive species

Alien and invasive species are recognised globally as direct drivers afdiversity and ecosystem service
loss that pose substantial threats to freshwater ecosystems, especially fragile ecosystems and threatened
and endangered species (Ricciardi, 2007). However, invasive and Aowmasive alien species have proved
to be successtll in aquaculture operations.

In South Africa, invasive alien fishes are regarded as a significant threat to native freshwater fishes, as well
as other biota such as algal biomass and invertebrate taxa with likely negative consequences for
ecosystem stricture and functioning (Sheltoret al., 2015a; Jacksonet al., 2016; Marr et al., 2017). Alien
species include species that are not indigenous to the geographic borders of South Africa (e.g. trout,
marron, Nile tilapia) while species that are native to StiuAfrica, but have been translocated into areas
introduced outside their native ranges, where they do not occur naturally, are referred to as elitratal
species (e.g. African sharptooth catfish and Mozambique tilapia) (Ellender and Weyl, 2014).

Thesespecies are introduced via several pathways including stocking for angling, idtesin transfers, bie
control, ornamental fish trade and aquaculture (Ellender and Weyl, 2014). The introduction of the brown
trout, Salmo trutta, and the rainbow trout,Oncahynchus mykiss into natural water bodies for angling
purposes and due to aquaculture practices, have been reported to have several negative impacts on native
fishes and have caused the disappearance of several of these species (Cambray, 2003; Woodford an
Impson, 2004; Sheltonet al., 2014). The popular aquaculture species Nile tilapi@dfeochromis niloticu$,

is described as highly invasive particularly in areas with suitable habitat and environmental conditions
(Weyl, 2008; Zengeyeaet al., 2013). Thisis as a result of their hybridisation potential with other tilapia
species (e.g.0. mossambicu3. Also, because of their wide environmental tolerances, trophic adaptability
and high reproductive rates, they often outcompete other native species for fooddahabitat, which may
have dire consequences for indigenous biota (Canoniai al., 2005; Ellender and Weyl, 2014). The
African sharptooth catfish Clarias gariepinu3 is spreading rapidly through the Eastern and Western Cape,
outside its natural range ofoccurrence, where it threatens native fishes and has had a negative impact on
recreational angling in several impoundments (Kimbemgg al., 2014). Because these species are native to
South Africa, they are often difficult to manage.

Escapees from aquaculire facilities, accidental or otherwise, are inevitable and the potential for this to
happen be largely determined by the production system used and the preventative measures that are in
place (Beveridge, 2004; Boyd and McNevin, 2015). In this regard, cagdtured fish are particularly
susceptible. For example, invasive alien fish eggs can be introduced into the environment even when no
fish escape. This has been referred to as oOescape by
While some alien pecies may find the conditions unsuitable for building up a sizeable spawning
population, and as a result not become a dominant species, others may, under the same conditions,
reduce or eliminate constituents of the local fauna including fish, frogs (tadps) and invertebrate
communities, through competition or predation (Pillay, 2004; IFC, 2007). The extent, to which escapees
compete with native species, depends on their feeding habits and the ecological niches they occupy (Pillay,
2004; Zengeyaet al., 2011). Species such as marron and catfish can survive out of water for several days
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and escapees from aquaculture facilities can travel over land and end up in water resources where they
have the potential to establish and reproduce (e.g. Picker and Grhfit 2011; Weylet al., 2016; Nuneset
al., 2017).

5.2.2.3 Introduction of genetically modified species

Selective breeding and genetic manipulation of a domesticated. gariepinusstrain (e.g. Dutch catfish)
from the Netherlands that is imported for aquaculture faming, has potential negative ecological impacts
and poses a threat to nativeC. gariepinuspopulations (RooddWilding et al., 2010). There have therefore
been calls to ban aquaculture imports from the Netherlands and to remove existing stocks of these
domesticated strains of fish (Cambray and van der Waal, 2006).

Sharptooth catfish as well as artificially hybridize@€. gariepinusand Heterobranchus longfilisescapees
pose a threat to native species because this hybrid is known to have viable offspringsitegarded as a
species with a risk of hybridisation or genetic contamination which could ultimately lead to the loss of local
genetic adaptions within populations (Roodwildinget al., 2010).

5.2.2.4 Hybridisation and alteration of genetic structure of wild nae populations

Interbreeding of escapees with wild populations and the subsequent altering of the genetic maie of
wild populations, by introducing genes that are less suited for local conditions, is of great concern and
contributes to the loss of gendt biodiversity. In South Africa, the introduction @. niloticusposes severe
threats to O. mossambicusdue to its extensive hybridisation and introgression ability with nativ@.
mossambicus(Firmatet al., 2013).

Hybridisation poses a primary threatat native O. mossambicusand they are consequently listed on the
| UCN Red Lifbteasené&lddar(Van der Waal and Bills, 2000).

5.2.2.5 Transmission of diseases and parasites

Highdensity living conditions, and an increase in animal stress due to overcrowding could lead to
outbreaks of disease that would normally not occur in wild populations (Huntingtehal., 2006). Disease
causing micreorganisms include bacteria, virusesfungi and parasites. The parasites and diseases from
aquaculture species are mainly disseminated to wild stocks through effluent water, escapees or
contaminated aquaculture stock being imported from other countries (Serpa and Duarte, 2008). The effect
that parasites from alien fishes may have on indigenous fish populations is often neglected. It is well
recorded in South Africa and abroad that the biggest pathological and subsequent mortality of freshwater
fishes caused by parasites mainly occurs when thaye infected by alien parasites (Kimbergt al., 2014).

Besides their environmental risks, diseases and parasites could cause adverse health effects when
humans come into contact with them (due to handling and consumption of infected fish) (Avenrant
Oldewaye, 1993; Jegatheesaret al., 2011; Amer, 2014).

5.2.3 Impact of target species and production systems

The six target species that are considered in this assessment and the nine study areas of concern are
summarised in the study scope (Section 2 of this report)Species such as the African sharptooth catfish
and Mozambique tilapia, which are indigenous to Southern Africa, are regarded as alien species when they
occur outside their natural distribution range and, where they are invasive, they pose a biodivertitgat

to native biota of that area.

The biodiversity threats posed by escapees of the target freshwater species examined in this study are
summarised inTable 3 The potential of these escapees to establish in the study areas of concern are
summarised in Table 4Error! Reference source not found.based on the compatibility of the species to
ocal conditions, which was derived from the draft Biodiversity Risk and Benefit Assessment (BRBA)
prepared by Anchor Environmental Consultants for the Department of Agriculture, Forestry and Fisheries
(DAFF2012a-e). In the BRBAS, the compatibility of the different species to local environmental conditions
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was evaluated by comparing the ambient annual temperature ranges of the 31, Level 1 terrestrial
ecoregions of South Africa (Kleynhanst al., 2005b) (Figure 16) with the known environmental tolerance
ranges for the respective species (FAO, 2012).

Ecoregions Level 1 - 2005

Ecolevi-0704.shp
1 LIMPOPO PLAIN
2 SOUTPANSBERG
3 LOWVELD
4 NORTH EASTERN HIGHLANDS
5NORTHERN PLATEAU
© WATERBERG
7 WESTERN BANKENVELD
8 BUSHVELD BASIN
9 EASTERN BANKENVELD
10 NORTHERN ESCARPMENT MOUNTAINS
1 HIGHVELD
12 LEBOMBO UPLANDS
13 NATAL COASTAL PLAIN
14 NORTH EASTERN UPLANDS
15 EASTERN ESCARPMENT MOUNTAINS
16 SOUTH EASTERN UPLANDS
17 NORTH EASTERN COASTAL BELT
18 DROUGHT CORRIDOR
19 SOUTHERN FOLDED MOUNTAINS
20 SOUTH EASTERN COASTAL BELT
21 GREAT KAROO
22 SOUTHERN COASTAL BELT
23 WESTERN FOLDED MOUNTAINS
24 SOUTH WESTERN COASTAL BELT
25 WESTERN COASTAL BELT
20 NAMA KAROO
27 NAMAQUA HIGHLANDS
28 ORANGE RIVER GORGE
20 SOUTHERN KALAHARI

10 GHAAP PLATEAU

31 EASTERN COASTAL BELT

water & forestry

Department:
Water Affairs and Forestry
REPUBLIC OF SOUTH AFRICA

Albers Equal Area 24°E Std|| 18°S 32°S

2006-04-12

Figurel6. Level 1 Ecoregion map for South Africa (Kleynhaasal., 2005b).
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Table3.

Summary of the potential biodiversity threat posed by the target freshwater aquaculture species.

Species

Biodiversity threat

Transmission of diseases and parasites

Introduction of alien species

Introduction of genetically
modified species

Conversion /
destruction of
instream and riparian
habitats

Hybridisation and
alteration of
genetic structure of
wild native
populations

Marron crayfish
(Cherax
tenuimanus)

Freshwater crayfish are carriers of several
pathogens which include viruses, bacteria, fungi,
and protozoan and metazoan parasites (du Preez
and Smit, 2013). Undesirable parasites may pose
health risk and can cause mortality of native
aquatic populations (e.g. freshwater crayfish
species, macroinvertebrates, crabs, decapods)
especially specimenghat are imported (from
Australia) for culturing purposes may be infected
with the &cr ayfAphanbmypes a ¢
astaci, and temnocephalan worms. It may cause 4
longterm detrimental impact on river ecology
(AvenantOldewage, 1993; DAFF, 2012c; dBreez
and Smit, 2013; Tavakokt al., 2016).

C. tenuimanuscould colonise and establish
in any previously uAnvaded streams
across some areas of the country,
especially the Highveld, and in the southerr
and southwestern Cape (de Moor 2002). In
these areas, introduced crayfish will
predate on or compete with indigenous
species and will pose a localised ecological
impact and risk (albeit small) to the
continued survival of native species
especially those that are already rare or
range restricted (Zengeyat al., 2017). The
risk can be reduced if biesecure production
systems are used.

Not known.

Destruction of living
aguatic macrophytes
could lead to possible
disturbance of
bottom-spawning fish
(Nuneset al., 2017).

No hybridisation will
occur with
indigenaus species
as there are no
native freshwater
crayfish species in
South Africa (DAFF,
2012c).

African sharptooth
catfish

(Clarias gariepinu3

Diseases, pathogens or parasites of escaped
organisms likely to be transferred to wild
indigenous populations. At least 20 parasite
species are associated wittC.gariepinusof which
Argulus japonicusis alien to South Africa and has
the potential to infectmany fish species (DAFF,
2012a).

There may be escapees (fish and eggs)
from any established culture facilityC.
gariepinusthat escapewill rapidly colonise
and establish in any previously winvaded
river catchments across most, if not all, of
the country as it is a very hardy species
(that can survive outside water) with a very
high potential to establish in areas where it
does not occur naturally (Cambray, 2003;
Weylet al., 2016).. In these areas,
introduced catfish will compete with and/or
predate onindigenous species and will
pose a risk to the continued survival of
native fish species especially those that are
already rare or range restricted. Can as a

Artificially hybridizedC.
gariepinusand C. londfilis
escapees pose a threat to
native species as this hybrid
is known to have viable
offspring. It is regarded as a
species with a risk of
hybridisation or genetic
contamination. Selective
breeding and genetic
manipulation of a
domesticatedC. gariepinus
strain from outside of South
Africa (e.g. the Netherlands)
that is imported for

Can cause habitat
fragmentation of
native fish species.

Hybridisation will
occur with native
populations which
can have an impact
on the genetic
fitness of these
populations (Roodt
Wilding et al.,
2010).
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Species

Biodiversity threat

Transmission of diseases and parasites

Introduction of alien species

Introduction of genetically
modified species

Conversion /
destruction of
instream and riparian
habitats

Hybridisation and
alteration of
genetic structure of
wild native
populations

result disrupt ecosystem functioning.

aquaculture farming, poses a
threat to native species and it
has been proposed that all
imports from the Netherlands
be banned and all existing
domesticated animals be
removed.

Brown trout
(Salmo trutta)

Some of the parasits which affect trout may also
affect other freshwater finfish.

There will most likely be escapees from any
established culture facility. S. trutta could
potentially colonise and establish in
previously uninvaded river catchments
where it is introduced ad conditions are
suitable (ability to spread is high).
Introduced trout will compete with and/or
predate on indigenous species in the area
and may pose a widespread impact and
high risk to the continued survival of native
fish species especially those thizare
already rare or range restricted (DAFF,
2012b; Zengeyaet al., 2017). The invasive
potential of S. truttais depicted as an
upper medium risk (Marret al., 2017).

Not known.

Can cause habitat
fragmentation of
native fish species.

No hybridisation wil
occur with
indigenous species
as there are no
native Salmonidae
in South Africa.

Rainbow trout

(Oncorhynchus
mykiss)

High stocking densities commonly found in
hatcheries can lead to outbreaks of parasites and
diseases. Some of the parasites which affect trout
may also affect other freshwater finfish. If unknowr
diseases are introduced, indigenous species may
not have anadequate immune system to cope with
them, and as a result it can lead to their demise. T
date, no diseases have been found in South Africal

salmonids (DAFF, 2012b).

Rainbow trout which escape from
aquaculture farms have been found to
travel up to 360 kmand have a 50%
chance of survival, with some individuals
surviving up to five years in the wild (DAFF
2012c). It may pose a widespread
ecological impact (Zengeyeat al., 2017)

and the invasive potential of the species is
depicted as a high risk (Maret al., 2017).

Not known.

Can cause habitat
fragmentation of
native fish species.
Flow regimes are
altered as a resitit of
trout dams, as well as
by inundating riverine
habitats and
wetlands (DAFF,

No hybridisation will
occur with
indigenous species
as there are no
native Salmonidae
in South Africa.
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Species

Biodiversity threat

Transmission of diseases and parasites

Introduction of alien species

Introduction of genetically
modified species

Conversion /
destruction of
instream and riparian
habitats

Hybridisation and
alteration of
genetic structure of
wild native
populations

Therefore, the impacts of an introduction
could potentially spread across an entire
river catchment very rapidly if water
temperatures are suitable. There is
evidence that rainbow trout have an impact
on native fish populations. Mean density
and biomass of the Breede River redfin
(Pseudobarbus burchelli)Cape kurper
(Sandelia capensisjnd Cape galaxias
(Galaxias zebratus)was 540 times higher
in streams without rainbow trout than in
streams with rainbow trout (Sheltoret al.,
2015b). Invertebrate species assemblages
in streams with trout differed consistently
from those in streams without trout. More
herbivorous invertebrate species are found
where trout is present (Sheltoret al.,
2015a). Impact on environmental
processes as a result of algebiomass,
which was significantly higher at sites
containing trout than at sites without. This
was most likely caused by differences in
grazing pressure.

2012D).

Nile tilapia
(Oreochromis
niloticus)

Diseases or parasites coul be transferred to
populations of indigenous fish species when Nile
tilapia escapes, from aquaculture facilities.

Escapees from any established culture
facility could occur.O. niloticuscould
potentially colonise and establish in
previously uninvaded rigr catchments
where this species is able to reproduce
successfully. In these areas, introduced
tilapia will compete with and/or predate on
indigenous species and as such may pose

Not known.

Habitat overlaps,
habitat destruction,
and habitat
fragmentation of
native fish species
may occur as well as
competition for
spawning sites

These is a high
likelihood that
hybridisation will
occur with
Oreochromis
species.
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Biodiversity threat

Conversion /

Hybridisation and
alteration of

Species . . . . . . Introduction of genetically destruction of )
Transmission of diseases and parasites Introduction of alien species ope . . L genetic structure of
modified species instream and riparian . -
. wild native
habitats .
populations
risk to the continued survival of these (Canonicoet al.,
native fish species especially thasthat are 2005). Can cause
already rare or range restricted (DAFF, habitat fragmentation
2012d) of native fish species.
Mozambique Diseases and parasite typically associated with When introduced outside its natural range, | Strains that have been bred | Can cawse habitat Regarded as
tilapia cultured tilapia can be transmitted to nave fish Mozambique tilapia may be a possible to have very large fillets and a| fragmentation of primary threat to

(Oreochromis
mossambicug

species when escapees from aquaculture facilities
come into contact with native indigenous species.

threat to native species through
competition for food and nest space.
Juveniles have been documented to feed
on other fish (de Moort al. 1986);
Mozambique tilapia are particlarly hardy,
resistant to wide varieties of water salinity,
oxygen and pollution levels, and can
migrate long distances. They occupy a wide
range of habitats, and reproduce rapidly
and successfully (Canonicet al., 2005).

more rounded body form, will
unlikely survive outside a
farm. Alkmale populations,
developed from hybrids, sex
reversal or genetically male
parentage, are less likely to
establish a breeding
population when they escape.

native fish species.

the species
(Cambray and
Swartz, 2007).
Highest
hybridisation risk is
posed by Nile
tilapia.
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Table4. Ability of escaped (targgtspecies to establish in the respective study areas based on compatibility with local
environmental conditions. The study areas (shaded grey blocks) are limited to those listed in the Terms of Reference and
ignore other areas where one or more species mapw occur after their introduction.

African sharptooth S ) Mozambique Rainbow and
Study area catfish N2 R LA Y tilapia Brown trout
Occur | Survive| Occur | Survive| Occur | Survive| Occur | Survive| Occur | Survive
naturally | inwild | naturally | inwild | naturally | inwild | naturally | inwild | naturally | in wild
Limpopo Y Y N Y Y Y
Mpumalanga N Y Y Y N Y
Gautengd North v v N v v v
West
Free Stated
Vaalharts Y Y
Free Stated Kwa
Zulu Natal N Y
Highlands
Free Stated Van N N
derkloof-Gariep
Richards Bay N Y Y Y
Eastern Cape N Y N Y Y Y N Y
Western Cape N Y
KEY:

Occur naturally, i.e. Occurring naturally in proposed study area: Y = Yes; N = No
Survive in wild, i.e. Ability of escapees to establish in the wild based on suitability of environmental conditions: Y s\red\lo

5.2.4 Aquaculture production systems

The aquaculture production systems for consideration in this assessment, as described in Part 1 of the SEA
Report, are discussed (Section 4). The practice of freshwater aquaculture varies widely with each method having
its own set of benefits, issues andmpacts on the environment. Aquaculture can be broadly grouped into three
different intensities (Anraset al., 2010; DAFF, 2013):

1 Extensived This uses large stagnant or slowly circulating ponds that allow only a low stocking density and
rely on natural poduction to feed the animals (i.e. there is no supplemental feeding). Management and
skills input are low.

1 Semiintensive & This is much like extensive culture, however there is a greater degree of intervention
either through feeding and/or improvement ofvater quality through aeration and partial water exchange.
This allows for an increase in the production of livestock when compared to extensive systems.
Management and skills input occur at a medium level.

1 Intensived Livestock are maintained at high steking densities and feeding comes solely from introduced
feeds. The culture systems tend to be highly technical and rely on electricity to operate. The space
required is relatively small and the system is designed to optimize water use and quality. Managem
and skills input are high.

One would expect extensive and serritensive systems to have a lesser effect over a greater area; while
intensive systems tend to have a more severe, but localises effect (Sabal., 2007). The scale of effect and
scale ofthe impact on aquatic ecosystem drivers and responses are categorised as Low, Medium and High, and
are summarised inTable 5
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Table5. The scale of effects and impacts of the type and intensity of production systems on freshwatensystems.
Scale of effect Scale of impact on drivers and responses
i (]
Production g Intensity
System u - ; Effiuent | .
onsumptive scapee Con . .
AR D and potential Biodiversity | Habitat Water quality Hydrology
waste
g Intensive LOW ME#Dl|UM MEDIUM MEDIUM LOW
Dam Cage @
Culture o
5 Intensive LOW
-
Extensive LOW MEDIUM | MEDIUM MEDIUM MEDIUM
T Semk
e | . . MEDIUM MEDIUM MEDIUM MEDIUM MEDIUM LOW
& | intensive

Intensive MEDIUM MEDIUM MEDIUM MEDIUM MEDIUM LOW

Pond Culture

Extensive MEDIUM MEDIUM | MEDIUM MEDIUM MEDIUM MEDIUM MEDIUM

Semk

intensive MEDIUM MEDIUM MEDIUM MEDIUM MEDIUM

Large

Intensive MEDIUM MEDIUM MEDIUM MEDIUM MEDIUM
Semk MEDIUM MEDIUM MEDIUM MEDIUM MEDIUM
intensive

Small

Intensive MEDIUM MEDIUM MEDIUM

Flowthrough

Semk
intensive

Large

Intensive

§ intseig‘i:/e LOW LOW | MEDIUM| MEDIUM | MEDIUM LOW LOW
Recirculating Semi
Aquaculture ot LOW MEDIUM | MEDIUM| MEDIUM | MEDIUM| MEDIUM MEDIUM
System (RAS) o
s
Intensive LOW MEDIUM | MEDIUM| MEDIUM | MEDIUM| MEDIUM MEDIUM

#1 This comment applies to small dams; in large and ultra large dams, timepact will be small.
#2 This high rating is normally applicable, but is only medium if the species is already present in the catchment.
#3 This impact depends on the size of dam and fish stocking density. Impacts will be lower in large dams.
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6 RISK AND OPPORTUNASSESSMENT

Environmental impacts and risks associated
with inland freshwater aquaculture relate
primarily to the siting, design and operational
management of aquaculture enterpries and

their varied interactions with the surrounding
environment, particularly water, land and
biodiversity (Phillips and Subasinghe, 2008).

6.1 How risks were determined

A structured Risk Assessment has been
carried out which allows Risk to be determined

Risks to human health

Note that environmental risks may also extend ti
human communities in downstream reaches, wher
there is any reliance on the aquatic resource, and
should be stressed thatmost natural resources used by
aquaculture are shared with other water users that rel
on the goods and services provided by such ecosyster
for their survival and welbeing. This may include
human food safety as water resource health aspect
pertaining to downstream users and communities
These aspects are not assessed in this document.

on the basis of a consideration of the

likelihood or probability of an impact occurring (see Box below as provided by CSIR), anddbesequences

for the water resource ifit did occur. Consequences have been defined from the perspective of surface

freshwater resources and are outlined in the following section.

Box:
Assessment of Risk based on
Likelihood and Consequence

Likelihood
Very likely L h.]gh
1:1 negative
Likely
1:2
moderate
Not likely negative
1:20
Very unlikely low
1:100 negative
Extremely
unlikely
110000 | Verylow
negative
0 10 25 50 80 100
Slight Moderate Substantial Severe Extreme
RISK
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Other potential risks to consider

Other potential risks that arenot addressed or assessed in this document, but that should be taken int
account when considering an aquaculture operation, include the following:

1 The cost of electricityd especially in remote rural areas where instalment of specific Esko
power lines or reaewable energy facilities may be required;

i  Whether there is a sustainable market for freshwater fish in the area;

91 Distance from a market or ofset area and what the quality and packaging requirements
the product are; and

1 Unsuitable quality of onsite wter as a result of upstream water users.

6.1.1 Determining consequence

Integral to the determination of levels of Risk to surface water resources as a result of different
aquaculture activities or aspects (including location) must be an understanding of howesle activities
and/or aspects affect resource quality characteristics. Impacts on ecosystem drivers and responses and
the resultant implications for ecosystem services should all be considered. These effects are considered in
Table 6, which provides créria to define different levels of consequence to the resource, based on
different levels of change to ecosystem drivers and responses. Consequences are defined for a number of
key potential impacts, which fall broadly into the impact types identified 8ection 5.2 (water quality, flow,
biodiversity and habitat quality). Determination of consequence in each case takes cognisance of the
importance and condition of the affected resource, and thescale (or magnitude) andduration of impacts

to both ecosysten drivers and receptors.

In this study, the practical determination of the consequences likely to be associated with different impacts
uses a multitiered approach, as follows:

i1 Different production systems are first considered, using the ratings already presented in Section
5.2.3. These are expanded on in Table 7, to include consideration of the degree to which different
issues could potentially be mitigated with reasonable tedology / operational inputs, with single
overall ratings being derived for each system, based on thrstrating for any one criterion.

Note that the implications for biodiversity of escapees of fish species or their associated diseases and
parasites ae likely to be very different depending on whether the fish species already occurs in the river
reaches (either because it is indigenous to the affected system or because it has already been introduced),
or whether it would be a new potential invader of #se waters. In order to address this issue,
consequence levels were determined separately for systems assuming biodiversity impacts associated
with escapees into the river system, and excluding such effects. This also allowed differentiation between
aquaculture species that are not likely to establish in river systems (e.g. trout into warm rivers) and those
that are, using the same production methods.

1 Theproduction systemratings are then considered in relation to thaensitivity of receiving areas
as shown in Table 8, which is used to deriv€onsequencelevels. The different consequence
levels allocated are assumed to represent the conditions defined in Table 6.

1 The above consequence ratings were used with consideration of likelihood, to determine Rigk
associated with different production systems, regardlessf the aquaculture species used in
production. Consequences associated with the use of different aquaculture species in different
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areas were then determined, using a similar matrix that weighbd invasive capacityof different
target species, against thesensitivity of different environments (see Table 9).

The significance level of species establishing in the wild in different areas was rated as follows:

1 Low: Not likely to establish wild populabns in this aread aquatic ecosystems not suitable to
support wild populations;

1 Moderate: Within its natural range and may invade into the wild; and
1 High:Alien species that has the ability to establish populations in the wild in this area.
The above ating criteria are included in Table 9.

Indirect biodiversity impacts relating to water quality, water quantity and habitat changes are assumed to
be included in the ratings outlined in Table 8.

The main reason for separation of consequence levels fanpacts associated with production systems
(water quality, water quantity, habitat changes and biodiversity impacts in the form of bacteria and
pathogens) as opposed to biodiversity changes as a result of escapees, is that the former impacts are
largely miigable with changes in production technology and operational practice. The latter (escapee
impacts) are considered unlikely to be practically mitigable in the lotgrm with any confidence, and
mitigation measures revolve around impact avoidance.
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Criteria for the assignment of different levels of Consequence for surface aquatic ecosystems, as used in the freshwater@djume Risk Assessment.

Impact

Consequence level

Slight

Moderate

Substantial

Severe

Extreme

Water Quality

Not impacted beyond
allowable limits.

May be impacted; not more
than one water quality class.

Will be affected.

Noticeably deterioration in
water quality.

Adverse ecosystentevel
changes as a result of water
quality impads.

Water Quantity: flow regimes
and geomorphological
processes

Not impacted beyond
allowable limits.

Not affected.

May be slightly affected.

Likely to be adversely
impacted.

Adverse ecosystentevel
changes as a result of water
guantity change.

Faunaland Floral
communities and overall
ecosystem structure and
function

Floral and faunal
communities and
overall ecosystem
structure and function
remain within
acceptable limits.

Floral and faunal
communities and overall
ecosystem structure and
function may ke impacted,
but impacts are reversible
once the activity ceases.

Floral and faunal
communities and overall
ecosystem structure and
function may be impacted
with probable loss of
sensitive biota; impacts are
reversible with direct
management intervention
once the activity ceases;
Impacts beyond the
adaptive capacity of the
users relying on the
resourced hence need for
active rehabilitation
intervention

Floral and faunal
communities and overall
ecosystem structure and
function will be adversely
impacted; impacts are only
reversible with significant
and prolonged management
intervention after the
activity has ceased, to
restore the system to its
original state.;

Impacts well beyond the
adaptive capacity of the
users relying on the
resourced hence need for
active rehabilitation
intervention.

Floral and faunal communities
and overall ecosystem structure
and function are adversely
impacted and are likely not to be
reversible except with extensive
and prolonged management
intervention after the activities
have ceased.

Resource impacts irreversible
and remediation likely to be
impractical.

Red data and/or endemic
taxa and/or unique
populations, biodiversity
sustainability (reflected in
CBA impacts)

None

None

No more than site specific,
impacts to relativelysmall
ecosystem components that
support known red data
and/or endemic taxa and or
unique populations.

Sub-quaternary catchment
specific, or affecting more
than one river reach,
extending beyond ten
kilometres. OR

Impact is reachspecific and
affects ecosystem portions
that support known red
data and/or endemic taxa
or unique populations. OR
Impacts located in or
upstream of aquatic CBAs
and likely to exert prolonged

adverse effects on these

Impacts greater thanreach-
specific, and more persistent
and affecting ecosystems that
support known red data and/or
endemic taxa and or unique
populations OR less than reach
scale but adversely affecting
ecosystems that support red
data or endemic taxa or unique
populationswith very limited
natural range.

Impacts located in or upstream
of aguatic CBAs and likely to
exert prolonged adverse effects
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Consequence level

Impact : :
Slight Moderate Substantial Severe Extreme
CBAs or other sensitive or | on these CBAs or other sensitive
strategic areas or strategic areas
. . e . . Up to reach level, but affect
Extent leltge_d in extent: Site | Possibly affecting up to reach red data species at a site Reachspecific Impa_c_ts greater than reach
specific level | specific
evel
- Somediscernible degradation Severedegradation in Dramatic and prolonged change
Existing resource ; .
in resource ecostatus / resource ecostatus by to resource ecostatus relative to
ecostatus class would . . . . - T ;
not deteriorate; change p033|blg change in class C or| Marked degradation in between two to three its pasellne condltlgn, change is
Ecostatus readil reversiﬁle at any| Worse river, no change in resource ecostatus, by at categories in a C or worse | unlikely to be practically
time gnd/or of short Y Class A or B watercourse, least one category. class river, or any adverse | reversible without extensive and
term duration change is of short duration deterioration in a Class A or| prolonged management
and reversible. B river. intervention.
Impacts only reversible with The effects of tlhebadverse d
Impacts are naturally Impacts are reversiblewith | significant and prolonged Impacts canonly be reverse
reversible during the Impacts are naturally direct management management intervention with extensive and prolonged
Reversibility 9 reversible once the activity 9 9 management interventions after

lifetime of the
operation

ceases.

intervention once the
activity ceases.

after the activity has
ceased, to restore the
system to its original state.

the activity has ceased, and the
aquatic ecosystem is unlikely to
be restored to its original state.

Affected areas

Impacts on areas of low

sensitivity in terms of
main drivers

Impacts on areas with
Sensitivity ratings not higher
than Moderate

Impacts on areas with
Sensitivity ratings of
moderate to high but
biodiversity remains

moderate

Impacts on areas with
Sensitivity ratings of
moderate to high-
biodiversity is high

Impactson areas with Sensitivity
ratings that are very high with
regard to biodiversity
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Table7. Adapted from Table 5, to show overarching potential impact intensity and the required mitigation of effects and impattse type and intensity of production systems on
aquatic ecosystems.
Scale of impact on drivers and responses Overarching Mitigation
impact intensity Overarching potential of
Production . q Escapee (including impact intensity | . . .
System I Lz sl potential Biodiversity Habitat Water Hydrology consideration of | ignoring escapee [BSELS (Lgn(;rlng
quality escapee impacts Impacts o
impacts) escapees)
Dam Cage Small Intensive MEDIUM MEDIUM LOW MEDIUM Low potential
Culture Large Intensive LOW Low potential
Extensive MEDIUM LOW MEDIUM LOW LOW MEDIUM MEDIUM High potential
Small i nfeen”;; . MEDIUM | MEDIUM | MEDIUM | MEDIUM Low MEDIUM MEDIUM High potential
3Pond Intensive MEDIUM MEDIUM MEDIUM MEDIUM LOW MEDIUM MEDIUM High potential
Culture Extensive MEDIUM MEDIUM MEDIUM MEDIUM MEDIUM MEDIUM MEDIUM High potential
Large Semi High potential
intensive MEDIUM MEDIUM MEDIUM
Intensive MEDIUM MEDIUM MEDIUM High potential
i L tential
_Semr MEDIUM | MEDIUM MEDIUM MEDIUM oW potenta
Small intensive
Intensive MEDIUM MEDIUM MEDIUM MEDIUM Low potential
Flowthrough - -
Semt Low potential
Large intensive
Intensive Low potential
Semk High potential
Recirculating| ~ Small infensive MEDIUM MEDIUM MEDIUM LOW LOW MEDIUM MEDIUM
Aquaculture : Hiah potential
System ] imseen”;it/e MEDIUM | MEDIUM | MEDIUM | MEDIUM MEDIUM MEDIUM MEDIUM an potema
RAS arge _ _
( ) Intensive MEDIUM MEDIUM MEDIUM MEDIUM MEDIUM MEDIUM MEDIUM High potential

3 Note that ratings pertaining to the ofthannel productions systems are based on the assumption that these systems are not located in a riparian zox/ or that the necessary precautionary measures are in
place to secure the operations during extreme events (e.g. floods) when ponds and other systems may overflow.
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The assessment conventions applied to different production systems are defined in Table 8.

Table8. Assignment of potential consequence levels (as defined in Table 6) to different ratedgurction systems
(as rated in Table 7), in areas with different sensitivity ratings with regard to (combined) water quality, hydrology and
habitat changes (as mapped and described in Section 4.3.7).

PROD.U(.:TION SYSTI.EMS: SEN.SITNM- LAYEI.R‘.S.: POTENTIAL CONSEQUENCE LEV\
Potential impact intensity Receiving area sensitivity
Low Low Slight
Low Medium Slight
Low Moderate
Medium Low Slight
Medium Medium Moderate
Medium Substantial
Medium Very High
Low Moderate
Substantial

Very High Extreme

The assessment conventions applied to the assessment of Consequences associated with aguaculture
with different target species in areas of different sensitivity are outlined in Table 9.

Table9. Assignment of potential biodiversitgonsequence levels to the use of different target aquaculture species
(as rated in Table 4), and where used in areas of different sensitivity ratings with regard to biodiversity (as determined
in Section 3). See Table 12 for list of species and areaswdich the invasive capacities outlined below apply. Note
that assignment of Medium invasive capacity to species that are already present in the river reach requires
independent confirmation of the presence of the species of concern within the potentialfjested river reaches and
those in the upstream quaternary this is to reduce the potential indirect impact of this SEA in encouraging the
establishment of alien fish species in river reaches in order to promote aquaculture.

TARGET SPECIES: POTENTIAL CONSEQUENCE:
SENSITIVITY OF RECEIVINEAR G S C S © C.O .S Q.U ¢
Invasive capacity Impacts to biodiversity
Low Low Slight
Med Low Slight
Low Moderate
Low Moderate
Medium (home range or already .
Low present) Slight
Medium (home range or already
present(confirmed presence in river Moderate
reach and upstream quaternary)
Medium (home range or already
present (confirmed presence in river Substantial
reach and upstream quaternary)

Medium (home range or already
Very High present (confirmed presence imiver
reach and upstream quaternary)

Moderate

Substantial

|
Very High

Extreme
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The consequence ratings outlined in Table 8 and Table 9 were applied to each of the impacts described in
Section 5, consideredwith and without implementation of mitigation / best practice methods. Each of the
production systems and each of the five target aquaculture species considered in this assessment were
assessed separately, with the assessment taking into account differesxbetween study areas in terms of
likelihood of invasion into each (see Table 4), and hence in terms of biodiversity consequence.

6.2 Risk Assessment Results

This section presents the results of the Risk Assessments, carried out separately for the production
systems (including and excluding escapee biodiversity impacts), and thentimget aquaculture species.

Since the sensitivity assessment presents areas of varying sensitivity across all nine study areas, there is
no necessity to assess each study areaeparately. However, different study areas are associated with
different degrees of risk of target species escaping into the wild, and this issue is considered in the risk
assessments with regard to the different areas.

Note that this study considers theisk of only the most significant activities associated with aquaculture
production. Activities such as the construction of facilities and infrastructure could clearly also result in
significant impacts. It is assumed that these would be managed througtetailed design and planning
permissions, on a siteby-site basis.

6.2.1 Risk assessment for production methods

Tables 10 and 11 present the risk assessments of different production methods, respectively with and
without consideration of the biodiversity impactassociated with the ease of escape from the system.
Where species araunlikely to establish populations in the wildthe risk assessment presented in Table 11
would be applicable. Where a species can be shown to have already established populationfénriver
system and upstream quaternary of a proposed new facility, which have been there 10 years or longer,
then Table 11 is also applicable. Note that the reason for the inclusion of a time criterion in this instance
in the determination of whether aralien species is deemed established in a system or not is intended to
address the otherwise unintended consequence of fish being introduced into areas to facilitate
aquaculture expansion.

Table 12 shows which target species and study areas these ratingpply to. The table does not show
where some target species may already have established populations in thddw(e.g. brown and/or
rainbow trout and tilapia). Although existing data for these species at least are presented in Appendix 1 for
each study aea, the data are not considered accurate enough for application here. Prospective
aquaculturalists would need to show through an independent specialist assessment that the system under
consideration met the above criteria, in order to be treated as alrdg within the system and therefore not
associated with additional biodiversity risk.

Note that the assessments owith mitigationd assume:

1 Complete implementation of all Best Practice and other mitigation measures outlined in Sections
7 and 8;

1 Abstractin from rivers to be such that the full ecological reserve is allowed to pass through the
river in accordance with the outcomes of a Reserve Determination for the affected system;

1 A flexible production system should be devised that allows for (and requires)stem closure
during drought periods;

1 Installation of water level (or similar) telemetry in all inlet systems, to allow auditing of abstraction
rates, relative to river flows;

1 Monitoring of downstream aquatic ecosystems for river condition (water qualifyow regime,
macro-invertebrate community structure and fish assemblages) would be necessary on a regular
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activities.

1 Note that whereproduction systems are associated with Sensitivity adjustments
Medium or High Risk, avoidance mitigation ithe form of _ . _
selection of alternative technologies would be required Potential applicants do have an option
to reduce the assessed risk. In many cases, this Risk i| 0 query the assigned Sensitivity
driven by the sensitivity of the receiving environments iz)ar:g:rnm thelquteFr)r?)gIgtLijcl)?lr of
'Lhe RhlskaatrlceIi in T?ble ilo .'and' Tat:le 11 bothlshov Sensitivity maps at a more detailed
that the aSt—traC'lng of aut Orlsat'lon or a.qua(?u ture scale is enabled thrOUgh the link
sought through this SEA would be inappropriate in areal gutlined in Section 4.3.6. This allows
mapped as Very High sensitivity, as well as in area identification of the
mapped as having High sensitivity. It has however bee| attributes driving assignment of High
acknowledged that there is uncertainty in the sensiity | and Very High sensitivity scores.
maps, and that they are thus likely to be conservative. || Where these can be shown through
aquaculture in High Sensitivity areas is requested fo| independent specialist input to be
authorisation despite its sensitivity status, then the| I nval i d i n an
merits and likely ecological impacts of the proposed adjustment of the Sen5|t|\_/|ty score for
activities, with their propogd mitigation measures that area could be considered.

Id ' d b idered th h the f !I noted however that this process might
would need to be considered through the formal . ho theaper or faster than taking
Env_lronmenta_l Impact Assessment processes of thq ihe application through the current
National Environmental Management Act (NEMA) an| requirements for
the National Water Act (NWA). consideration in terms of NEMA and

the NWA.

I Fasttracking of authorisation through the SEA would be
appropriate for flowthrough systems and irstream
dams only in areas mapped as being of Low sensitivity. In areas of Medium sensitivity; alternative
off-channel production systems would be required to reduce levels of Risk to Low.

In summary:

1 In terms of area and production methods, Low and Very Low Risks (i.e. scenarios that would fall

readily into the ambit of the SEA) would be associated with:
0 Areas of Low and Medium Sensitivity in the case of mitigated dam cage culture systems;
o0 Areas of Low, Mediunor High Sensitivity in the case of mitigated pond culture systems;
0 Areas of Low sensitivity in the case of Flahwrough systems
o Areas of Low, Medium or High Sensitivity in the case of RAS systems.
1 Medium Risk would be associated with:

(monthly to quarterly) and ongoing basis and any deterioration linked to the aquaculture facilities
would be reported to the appropriate authorityrad acted upon, with the assumption that failure to
do so would result in an automatic revoking of licensing for the facility and a requirement to cease

area of
the

particular

apf

It is

authorisation

o Areas of Very High Swsitivity in the case ofmitigated small pond and extensive pond culture

systems;

o Areas of Very High Sensitivity in the case pfitigated small pond and extensive large pond

culture systems;

0 Areas of Medium Sensitivity in the case @fitigated small and large flowthrough systems;

0 Areas of Very High Sensitivity in the case miftigated RAS systems.

All other production system and sensitivity area combinations have been rated as of High or Very High Risk.
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Tablel0. Risk Assessment for different production system8 including biodiversity impacts associated with escapeesThis table thus represents a worstase scenario, compared with
Table 11, which excludes biodiversity considerations associated with fish speciesaddtictions and pathogens. Sensitive areas as mapped in Section 4.3 and Appendix 3. Consequence
ratings from Table 7 and 8.

Note that mitigation measures assumed to include best practice measures outlined in Sections 7 and 8, but assume locasensitivity remains the same.
Mitigation measures also do not consider changing production system typevhich might reduce potential impact significantly in some cases.
Table 7 indicates potential for impacts associated with different production systems be mitigated.

Size of Intensity of 4lmpact Sensitive Without mitigation With mitigation
operation production |  intensity areas sConsequence | Likelihood Risk "':;Fr’]"f‘sftty Consequence | Likelihood Risk
Impact Degradation of instream habitatjuality as a result of changes in biodiversity (associated with fish or pathogen escapees) as well as changes in wateryjaatikt/ or hydrology
High Low Moderate Very likely Low Medium Slight Very likely Very low
Dam Cage High Medium Substantial Very likely Moderate Medium Moderate Very likely Low
Small large ALL : - - - -
Culture High High Severe Very likely High Severe Very likely
High Very high Extreme Very likely Very high Extreme Very likely
Medium Low Slight Very likely Very Low Low Slight Very likely Very low
Small Any Medium Medium Moderate Very likely Low Low Slight Very likely Very low
Medium High Substantial Very likely Low Moderate Very likely Low
Medium Very high Severe Verylikely Low Substantial Very likely Moderate
Medium Low Slight Very likely Very Low Low Slight Very likely Very Low
Pond culture Extensive Med?um Meqlum Moderat_e Very I?kely Low Low Slight Very I!kely Very Low
Medium High Substantial Very likely Low Moderate Very likely Low
Large Medium Very high Severe Very likely Low Substantial Very likely Moderate
) High Low Moderate Very likely High Moderate Very likely
inter?s?\g and High Medium Substantial Very likely High Substantial Very likely
intensive High High Severe Very likely High Severe Very likely
High Very high Severe Very likely High Severe Very likely
Flowthrough Small Any High Low Moderate Very likely Low High Moderate Verylikely Low
4Derived from Table 7 (0Overarching i mmadtdeirmmtte moani toff efscmrpedu dtmparc tsyYyt esme (aigrdInsdi mgange of recei vi |
SDerived from Table 8 (o0l mpact intensity of producti omronseguenceg mso6 set against range of receiving area
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; : .. Without mitigation With mitigation
Size of Intensity of 4lmpact Sensitive
operation production intensity areas 5Consequence | Likelihood Risk |rl1rtT<IeFr)1as(|:tty Consequence | Likelihood Risk
High Medium Substantial Very likely Moderate High Substantial Very likely Moderate
High High Severe Very likely High Severe Very likely
High Very high Extreme Very likely e g High Extreme Very likely
High Low Moderate Very likely Low High Moderate Very likely Low
Large Any High Medium Substantial Very likely Moderate High Substantial Very likely Moderate
High High Severe Very likely High Severe Very likely
High Very high Extreme Verylikely e g High Extreme Very likely
. . Medium Low Slight Likely Very Low Low Slight Very likely Very low
zza’;iﬂll?ﬂ%” Small and Any Medium Medium Moderate Likely Low Low Slight Very likely Very low
systems (RAS) Large Medium High Substantial Likely Moderate Low Moderate Very likely Low
Medium Very high Severe Likely Low Substantial Very likely Moderate
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Tablell. Risk Assessment for different production systents excludingbiodiversity impacts associated with escapees. Sensitive areas as mapped in Section 4.3 and Appendix 3.
Consequence ratings from Table 7 and 8. Production system mitigation sensitivity taken from Table 7.

Note that mitigation measures assumed to includbest practice measures outlined in Sections 7 and 8, but assume location sensitivity remains the same.

Mitigation measures also do not consider changing production system ty@&vhich might reduce potential impact significantly in some cases.

. . - Without mitigation With mitigation
Impact Slze_d Intensity of SImpact Sensitive — : e — _
operation production intensity areas 7Consequence Likelihood Risk intensity Consequence Likelihood Risk
Impact Degradation of instream habitat quality as a result of changéas water quality and /or hydrology that is, ignoring biodiversity impacts
Medium Low Slight Very likely | Very Low Low Slight Very likely Very low
Small Intensive Medium Medium Moderate Very likely Low Low Slight Verylikely Very low
Large Extensive Medium High Substantial Very likely Low Moderate Very likely Low
Dam Cage Medium Very high Severe Very likely Low Substantial Very likely Moderate
Culture High Low Moderate Very likely Low Slight Very likely Very low
. High Medium Substantial Very likely Low Slight Very likely Low
Large Intensive - - - - - -
High High Severe Very likely Medium Substantial Very likely Moderate
High Very high Extreme Very likely High Very likely _
Medium Low Slight Very likely Low Slight Very likely Very low
Small Any Medium Medium Moderate Very likely Low Slight Very likely Very low
Medium High Substantial Very likely Low Moderate Very likely Low
Medium Very high Severe Very likely Low Substantial Very likely Moderate
Medium Low Slight Very likely | Very Low Low Slight Very likely Very Low
Pond culture Extensive Medium Mec.iium Moderat'e Very I?kely Low Low Slight Very Iikely Very Low
Medium High Substantial Very likely Low Moderate Very likely Low
Large Medium Very high Severe Very likely Low Substantial Very likely Moderate
_ High Low Moderate Very likely High Moderate Very likely Low
. Sem' High Medium Substantial Very likely High Substantial Very likely
intensive and - - - - -
intensive High High Severe Very likely High Severe Very likely
High Very high Severe Very likely High Severe Very likely
Flowthrough Small Any Medium Low Slight Very likely | Very Low Low Slight Very likely Very low
Derived from Table 7 (0Overarching impact intensity odganstrange ofceteiviagarea serssitivéies $o détermine tonsdquence consi der at i on
"Derived from Tabl e 8 ( 0l mgamsttangedf reqeivimy dreacsensitvities) o yletermenmcodseqsiende
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. . - Without mitigation With mitigation
Impact Size d Intensity of SImpact Sensitive — : e — _
operation production intensity areas 7Consequence Likelihood Risk intensity Consequence Likelihood Risk
Medium Medium Moderate Very likely Low Low Slight Very likely Very low
Medium High Substantial Very likely Low Moderate Very likely Low
Medium Very high Severe Very likely Low Substantial Very likely Moderate
High Low Moderate Very likely Low Medium Substantial Very likely Very low
Large Any High Medium Substantial Very likely Medium Moderate Very likely Low
High High Severe Very likely Medium Substantial Very likely Moderate
High Very high Severe Verylikely Medium Severe Very likely
Recirculation Medium Low Slight Likely Very Low Low Slight Likely Very low
aquaculture Small and Any Medium Medium Moderate Likely Low Low Slight Likely Very low
systems Large Medium High Substantial Likely Moderate Low Moderate Likely Low
(RAS) Medium Very high Severe Likely Low Substantial Likely Moderate
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6.2.2 Risk assessment for aquaculture species

Table 12 (adapted from Table 4) provides a summary of which species &kely to invade into which of the
study areas for which they are proposed.

Tablel2. Biodiversity threat of aquaculture species by study arén(i) High: Alien species likely to establish
populations in the wild; (i) Medium: Lodly indigenous species (to that catchment) likely to establish populations in
the wild; OR alien specie8proven to have been established in the affected river reach and upstream quaternary for a

period of at least 10 years, and (jii) Low: Unlikely &stablish populations in the wild.

Sugaes | Aemstan | Me | Meron | vosambioue s antowen
Limpopo Medium Medium
Mpumalanga Medium -
Gauteng- North West Medium Medium
Free Stated Vaalharts Medium
Free Stated KwazZulu _
Natal Highlands
\F/':nedgrlztsc?fGariep = (e
Richards Bay Medium Medium
Eastern Cape Medium
Western Cape -

Table 13 provides Risk Assessments for the biodiversity impacts of the different aquaculture species,
regardless of production methods used. It considers the biodiversity threats outlined in Table 3, which
must be interpreted for the species listed above.

Given that the eventual escape of aquaculture species into downstream systems is considered inevitable
in all production approaches proposed, this impact is considered largely immitigable, although there are
design, operation and technology approaches dh will minimise this risk, and are assumed will be
incorporated into standard aquaculture design as outlined under Best Practice (Section 8).

Assessments Oowith mitigationd assume the foll owing:

1 Complete implementation of all Best Practice and other ng&tion measures outlined in Sections
7 and 8;

1 Monitoring of downstream aquatic ecosystems for river condition (water quality, flow regime,
macroinvertebrate community structure and fish assemblages) would take place on a regular
(monthly to quarterly) and ongoing basis and deterioration linked to the aquaculture facilities
would be reported to the appropriate authority and acted upon, with the assumption that failure to
do so would result in an automatic revoking of licensing for the facilithéa requirement to cease
activities.

8 Note that assignment of Medium invasive capacity to species that are already present in the river reach requires independent
confirmation of the presence of the species of concern within the potentially affected river reaches and those in the upstrea
quaternary d this is to reduce the potential indirect impact of this SEA in encouraging the establishment of alien fish species in river
reaches in order to promote aquaculture.
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Table13. Risk Assessment for production of different aquaculture speciéssensitive areas as mapped in Section 4.3 and Appendix 2. Species and study areas as listed in Table 12.
Consequenceratings from Tables 8 and 9. Areas wiuth high sensitivity usually driven by the presence of fish species of concern.
| . Without mitigation With mitigation
cr:;)a:(lz‘i{(?/ Sensitive areas
Consequence Likelihood Risk Consequence Likelihood Risk
Impact: Biodiversity loss or change as a result of aquaculture escapees establishing in river systems
Low Slight Not Likely Very Low Slight Very unlikely Very low
Medium Moderate Not Likely Low Moderate Very unlikely Low
Low
High Severe Not Likely Moderate Substantial Very unlikely Low
Very high Extreme Not Likely Moderate Severe Very unlikely Low
Low Slight Very likely Very Low Slight Very likely Very low
Medium Moderate Very likely Low Moderate Very likely Low
Medium
High Moderate Very likely Low Moderate Very likely Low
Very high Moderate Very likely Low Moderate Very likely Low
Low Slight Very likely Very Low Slight Likely Very Low
. . Likely
Medium Moderate Very likely Low Moderate Low
High -
High Severe Very likely Severe Likely
. . . Likely
Very high Extreme Very likely Very High Extreme
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The risk assessment outlined in Table 13 shows that fagtacking of authorisation through the SEA would
be appropriate for:

1 Species that are not likely to establish wilgpopulations in areas of Low, Medium and High
sensitivity d this in fact applies only to trout in the Free State (VanderklodfGariep) study area.
Note that the outcomes of the Production Risk Assessment could also influence the applicability of
the SEA ér new facilities in areas of High Sensitivity;

1 Species that occur naturally in the catchment or that have been shown to have been established
there for at least ten years (e.g. trout in certain rivers in Mpumalanga and the Eastern Cape)
including in the ypstream quaternary could in theory be established in all areas. However, the
Production Risk assessments ofables 10and 11 pose restrictions in some areas on the basis of
the production system utilised;

1 Alien species that are likely to establish wild populations in new areas or areas where there is low
certainty as to their longerm past presence could only be used in new aquaculture facilities in
terms of the fast tracking of authorisation processes iahded as an outcome of this SEA, in areas
mapped as of Low or Medium sensitivity.

Based on the information provided in the previous sections, assuming full mitigation measures are
implemented and drawing on the sensitivity maps of Appendix 3, the follogiirecommendations are
proposed based on the Risk Assessment:

1 Limpopo

o African sharptooth catfish and Mozambique tilapia are locally indigenous species likely to
invade into catchments and thus would be suitable (in terms of the authorisation
dispensations intended by the SEA outcomes) only for areas of Low and Medium
sensitivity OR where the nearest watercourses to the operation already have this species
naturally occurring, and only local stock is used, to prevent impacts on genetic stock;

o In all cases, ful mitigation and Best Practice measures would be required;
1 Mpumalanga

0 Mozambique tilapia are likely to invade into catchments and thus would be suitable (in
terms of the SEA) only for areas of Low and Medium sensitiidR where the nearest
watercourses to the operation already have this species naturally occurring, and only local
stock is used, to prevent impacts on genetic stock;

o Nile tilapia and rainbow and brown trout pose a high biodiversity threat in this area and
are not locally indigenous. They are suitable (in terms of the SEA) only for areas of Low
and Medium sensitivity. Rainbow and brown trout may also be used in verified existing
trout presence areas;

o Inall cases, full mitigation and Best Practice measures wiokbe required;
1 Gautengd North West
o0 Again, African sharptooth catfish and Mozambique tilapia are locally indigenous species
likely to invade into catchments and suitable for areas of Low and Medium sensitiv@R

where the nearest watercourses to the opation already have this species naturally
occurring, and only local stock is used, to prevent impacts on genetic stock;
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o Nile tilapia pose a high biodiversity threat in this area and are suitable only for areas of
Low or Medium sensitivity;

o Inall cases, ful mitigation and Best Practice measures would be required;
1 Free StatedVaalharts

0 Again, African sharptooth catfish are locally indigenous species likely to invade into
catchments and suitable (in terms of the SEA) for areas of Low and Medium sensiti@ig/
where the nearest watercourses to the operation already have this species naturally
occurring, and only local stock only is used, to prevent impacts on genetic st@tkn all
cases, full mitigation and Best Practice measures would be required,;

1 Free Stated KwaZuluNatal Highlands

o Rainbow and brown trout pose a high biodiversity threat in this area and are not locally
indigenous. They are suitable (in terms of the SEA) only for areas of Low and Medium
sensitivity with full mitigation and Best Practice nasures;

1 Free Stated VanderkloofGariep

o Rainbow and brown trout pose dow biodiversity threat in this area and although not
locally indigenous, they are unlikely to establish populations in the wild because of high
water temperatures. They are suitablén terms of the SEA) for areas of Low and Medium
sensitivity;

o Inall cases, full mitigation and Best Practice measures would be required;
1 Richards Bay

o African sharptooth catfish and Mozambique tilapia are locally indigenous species likely to
invade into cachments and are suitable (in terms of the SEA) for areas of Low and
Medium sensitivityORwhere the nearest watercourses to the operation already have this
species naturally occurring, and only local stock is used, to prevent impacts on genetic
stock;

o Nile tilapia pose a high biodiversity threat in this area and are not locally indigenous.
They are suitable (in terms of the SEA) only for areas of Low sensitivity, and should be
used only with systems (e.g. RAS) that pose low risk of escapees;

o Inall cases, full mitigation and Best Practice measures would be required;
1 Eastern Cape

o Mozambique tilapia is a locally indigenous species likely to invade into catchments and is
suitable (in terms of the SEA) for areas of Low and Medium sensitivity;

o Nile tilapia ard brown and rainbow trout pose a high biodiversity threat in this area and
are not locally indigenous. They are suitable (in terms of the SEA) only for areas of Low
sensitivity;

o Marron are proposed for this area as well. They too pose a high biodiversity threat in this
area should they escape from aquaculture facilities. Therefore, their production is
promoted only in areas of Low sensitivity. Given the biodiversity threats pdsby this
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species, flowthrough and dam cage culture production approaches, all associated with
bio-security risk, would not be appropriate to their culture in terms of the SEA,;

o Inall cases, full mitigation and Best Practice measures would be required;
1 Western Cape

o Brown and rainbow trout pose a high biodiversity threat in this area and are not locally
indigenous. They are suitable (in terms of the SEA) only for areas of Low and Medium
sensitivity, where any of the production systems could be used onderified existing trout
presence areas. Where these are located in Medium or High sensitivity areas, only RAS is
promoted ¢ it is noted that in some verified trout presence areas (e.g. the Molenaars
River system), trout pose high biodiversity threats tmdemic fish species Also, vhile RAS
poses low escape risk there is still a possibility of accidental or deliberate release of fish
and ideally if trout are not present in a catchment and the catchment is ecologically
sensitive, then aquaculture should notbe supported in that catchment. The industry
should rather aim to intensify their operations in areas that are already ecologically
compromised bythe presence of trout. In very sensitive catchments where trout are
already present, any further developmerghould only be RAS.

NB: The above recommendations are relevant to sensitivities that have been confirmed at finer scales, and
infield. An area identified that is classified as high sensitivity based on the available spatial data in this
assessment may irreality be confirmed as low sensitivity on the ground, andce versa

In areas where target species and production systems do not lend themselves for fast tracking,
applications would need to be considered on a site by site basis through an EIA.

6.3 Summary

This section has outlined an approach to determining Risk, where there are multiple factors to consider. A
tiered approach has been used, with aquaculture production types and fish species being considered
separately in terms of the Sensitivity of the aeein which the facility is proposed. Generally, the fast
tracking of aquaculture authorisation sought through this SEA process would not be applicable to fish
species or production systems that are rated as Medium (or higher) Risk.

Where Risk is deternmied as Low or Very Low, for all aspects, then fasacking an application through the
SEA would be considered appropriate. Note that in cases where overarching Risk is Moderate, High or Very
High, the applicant should consider:

1 Checking on the factors dving the assignment of spatial sensitivity to the river / catchment in
guestion d this can be done through the link in Section 4.3.6, and with reference to Table A2.1 in
Appendix 2. Where an independent aquatic specialist can show that the factors driyvithe
assignment of Medium or higher sensitivity do not apply to the river reach in question, then
motivation for the applicability of the SEA allowances should be possible;

1 Checking whether the target species is present already in the river reach and upatn
qguaternary, and has been there for 10 years or longer, as this could reduce the biodiversity threat
rating of the species;

1 Checking the aguaculture production process and what additional mitigation measures could be
introduced in design to drive dowthe production risk rating.

It must also be stressed that if a proposed project is associated with a Moderate or higher Risk after
mitigation, it does not mean that the project may not proceed. It means rather that the fasicking
allowed by the SEAsinot appropriate for this application, as there are environmental or other complexities
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which need to be considered more carefully and specifically through an EIA and / or Water Use Licence
process, than through the high level generalised approach thatishSEA has had to reply on. More
particular Mitigation or Design measures might, for example, be required through such a process.

7 MITIGATION MEASURES

Sustainable development of freshwater aquaculture is focused on the protection and preservation of
natural resources and their ecosystems. With this in mind, the planning and management of facilities have
to adopt approaches that aim to safeguard ecosystem integrity and protect human health. The
development and implementation of Standard Operating ProcedurdSOPs) and mitigation measures
serve this purpose.

Freshwater aquaculture farms can vary significantly in terms of their size and type of infrastructure,
production intensity, types of input, and level of management. During the construction and operationa
phase as well as the decommissioning phase, suitable measures therefore have to be taken to mitigate
and reduce key impacts and reduce or minimise risks posed to the receiving aquatic environment.

Mitigation measures presented below from IFC (2007) am@med at reducing impacts on and risks posed
to the resource quality of receiving environments during the various phases of aquaculture farming.

7.1 Planning and Construction Phase

7.1.1 The species

i Biosecurity covers all activities aimed at managing or preventitige introduction of new species
to a particular region and mitigating their impacts. Routine application of biosecurity at
appropriate levels would minimize new introductions, spread and impacts and should therefore
carefully be considered during the planing phase.

7.1.2 The site

1 When selecting a site, cognisance should be taken of water availability and assurance.

1 Impacts may be insignificant when an individual farm is considered, but cumulative impacts of
multiple farms that are located in the same area couldotentially be highly significant. .

1 Before an aquaculture facility is constructed, the biodiversity importance and sensitivity of the
area and water resources in close proximity to the proposed facility should be assessed and
verified at a local scale.

1 Aquaculture facilities and production systems should be sited away from natural water courses,
including riparian areas and be above the 1:50 year flood line; all infrastructure should be able to
resist the impacts of floods or flood conditions.

7.1.3 The aquaailture production system

1 Consider production systems where resource consumption (e.g. water) and waste discharge could
be minimised / optimised.

1 Where possible polyculture should be considered.

1 Perform construction during the dry season to reduce sedimeri¢h runoff that may pollute nearby
water resources.

1 Install temporary silt fences during construction, to slow down or catch suspended sediments.
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1 Design facilities in such a way that as much as possible of the natural vegetation habitat is left
intact and that conversion and degradation of the natural habitat is minimised.

1 Risk of escapes could be decreased if production systems are designed and built with stable walls
(free from tree roots and burrowing animals) at a suitable gradient; high biosecuritgiféies (e.g.
RAS) should be prescribed in certain areas.

7.1.4 The scale / size of the operation

1 Considerations regarding the design and type of production systems should be determined by the
opportunities and constraints posed by the local environment.

1 Avoid/ limit pond and canal construction in areas that have a slope of more than 2%, as this will
require energyintensive construction and maintenance.

i Stabilize banks to prevent erosion, if appropriate, with the support of an EMPr.

7.2 Operational Phase

7.2.1 Conditims and environmental monitoring

9 Careful consideration and adherence with local regulations should be taken with the culture of
invasive and alien invasive species, especially in production systems such as cage cultures that
pose a high risk for organismsa escape and establish and / or hybridize with native species.

1 Where alien species are to be farmed, careful consideration should be given to their compatibility
with local conditions.

7.2.2 Biodiversity

1 Clarias gariepinusis a NEMBA List 3: Category 2 invasispecies which needs to be managed by
area because it has a high potential negative impact on the environment where it occurs outside
its native range. Farming only with the native strai@. gariepinusshould be allowed and triploids
or monosex culturesshould be encouraged.

i1 Tilapia species are known to reproduce prolificaly Oreochromis species excluding O.
mossambicusand O. placidusare NEMBA List 3: Category 2 (for permitted aquaculture facilities).
One solution to avoid reproduction of escapees areas outside their natural range is triploidy, the
production of sterile offspring. However, it is important that the sterility of the triploid progeny be
confirmed before they are used in an aquaculture operation.

1 Control access to aquaculture facilitie to prevent intentional removing of live fish is important.
9 Biosecurity culture practices, which include preventative measures to reduce escapee risk, should
be undertaken where appropriate for brown and rainbow trout in particular due to the threat that

they pose to native biodiversity

1 Installation and maintenance of screens with mesh is required to prevent escapees from entering
water resources.

1 Measures and the necessary structures must be put in place to deal with high rainfall events and
extreme flooding events to prevent escape.

9 Category / Area: a. 3; b. 2 for permitted aquaculture facilities; Scope of exation from the provisions of Section 71(3) / prohibition
in terms of Section 71A(1)
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1 Regularly inspect production systems such as cages for tears and-maling.

7.2.3 Water and waste

1 Ensure that saline or brackish water discharges are appropriately treated and disposed of in an
environmentally responsible manner

1 During harvesting, contain and disinfect bloedontaining water and effluent to reduce the risk of
disease spread and to contain effluent matter.

1 Slaughter and carcass processing must take place in a contained area.
1 Avoid discharging water from pondwhile harvesting takes place.

i1 After harvesting, use partial draining techniques to empty ponds to avoid a nutrient influx into
receiving water resources.

I Solid waste matter such as dead stock and dewatered pond sludge should be composted, then
either applied to land, or exported off site for a useful purpose, or if these options are not viable,
disposed of at a suitable waste landfill site.

7.2.4 Animal health and welfare

1 Diseases and parasites can largely be avoided if Best Management Practices are adopted, ahd
individuals are certified as disease free by suitably qualified veterinarians prior to introduction.
This is particularly important when importing aquaculture species and their ova from other
countries.

1 To avoid the introduction of diseases and parasits , ova should be certified
the supplier. Ova should also be disinfected on export or import.

7.2.5 Drugs, feeds and fertilizers

1 A clear understanding of the impact of feeds (nutrient loading) is essential for sustainable
practices.

1 Plan the rate and mode of applying fertilizers to maximise utilisation and prevent owagaplication.
1 Avoid the use of fertilizers containing ammonia or ammonium with pH of 8 or above to avoid the
formation of toxic unionized ammonia; aim to use environmental dridly feeds that are obtained

from reputable suppliers.

1 Avoid or limit the use of antfoulants to treat cages and pens. Rather clean the nets manually with
hot water or pressure tools.

i Efforts should be made to reduce or limit the quantities of antibias and hormones released, by,
for instance, holding water in a waste treatment pond (where applicable), to allow time for natural
degradation.

7.2.6 Food safety and traceability

T Match food pell et scyclestagswi th the speciesd 1ife
1 Monitor feed uptake and ajust feeding rates accordingly to prevent ovdeeding.

1 Use floating feed pellets where possible.
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1 Stop feeding at a suitable time interval before harvesting.

7.3 Decommissioning Phase

Postoperation mitigation measures should include restoration of habitatsr @ffset of losses through the
creation of ecologically comparable areas managed for biodiversity.

Avoid the need to abandon and replace improperly designed and built aquaculture facilities by assessing
soil properties of the site beforehand to establish kether seepage and possible groundwater
contamination would occur (e.g. ponds); and assess the soil for the presence of existing anthropogenic
pollutants that may hinder the viability of production systems where applicable. When facilities are
abandoned, ®me of the culture organisms inevitably find their way into local water resources.

8 BEST PRACTICE GUIDHES

In the preceding sections, the potential adverse impacts of aquaculture and the risk posed to aquatic
ecosystems, have been discussed. It is cledhat the impacts of aquaculture have broad spatial and
temporal scales. In order to prevent, reduce, limit or mitigate anticipated impacts of freshwater
aquaculture on natural resources, it is important to change or improve the environmental performande o
aquaculture practices. Where possible, aquaculture practices should be integrated into other systems (e.g.
hydroponics) and effluents reused for other purposes, such as irrigation where appropriate. It is further
important that water shortages will becora a limiting factor in many areas of South Africa and careful
consideration should be given to efficient use of freshwater.

A Best Management Practice (BMP) is considered to be the best available and practical means of
preventing a particular environmentalimpact while still allowing production to be conducted in an
economically efficient manner (Boyd, 2003). The BMPs for aquaculture are increasingly regarded as
meaningful goals in the overall reduction of ofarm and processing impacts and, by extension,ng
cumulative impacts that might occur as a result of aquaculture. The adoption and encouragement of
aquaculture BMPs are regarded as means to achieve continuous improvement in environmental
performance by putting management activities in place that wouldnsure ongoing minimisation of
environmental harm posed by aquaculture activities through cesffective and continually assessed
measures (Hinrichsen, 2007).

Regulators are increasingly interested in finding ways to use BMPs to improve performance andiced
waste and pollution. For many, BMPs are a proxy for achieving regulatory compliance and/or a condition of
permitting or licensing (Clay, 2008). However, the mere adoption of BMPs will not always yield an
improvement in performance and ensure that impds on the environment are meaningfully reduced.
BMPs should therefore not be seen as being prescriptive, but rather as tools to help producers improve the
performance of their aquaculture activities against a baseline and to give them the flexibility tovdp
their own sitespecific ways to improve performance. This will enable them to continuously and proactively
respond to environmental concerns and to develop more ecologically responsible production systems
(Boydet al., 2008a).

An effective approachto voluntary regulation of an industry is for its members to adopt codes of practice
that contain BMPs, which are aimed at reducing and minimising environmental impacts (Batdal.,
2008a). BMPs could also assist in setting standards for specific cultusystems and species that could
serve as conditions for permits and licenses and references for monitoring compliance (NMFS, 200R)e

to the varied nature of aquaculture practices in terms of sites, species, operational scale, techniques,
financial posifons, markets and environmental conditions, not all principles and management practices
can be applied across the board in the same way. It should be guided by and tailored to the hazards and
risks established on a case by case basis and on the basis bktresults of an environmental assessment

in which sitespecific variables, the assimilative capacity and sensitivity of the environment, and other site
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specific factors, are taken into account (IFC, 2007). BMPs that improve performance will ultimatetjuee
some, if not most, of the risks associated with aquaculture.

The importance of BMPs in aquaculture, according REA (Hinrichsen, 2007) i$rom the perspective that:

Aquaculture must be in compliance with all legal obligations;
There is a need foresource protection and conservation;

1

1

1 Resource use must be equitable, responsible and sustainable;

1 The aquaculture sector must be recognized as environmentally responsible and sustainable;
1

The aquaculture sector needs to provide independent norms and staards by which it can be
held accountable; and

1 The sector needs to illustrate adequate environmental due diligence.

BMP guidelines must therefore aim to:

Be relevant to the nature of the aquaculture sector;
Be practical and easily implementable;

Provide opions for management;

Be flexible;

Provide a mechanism for environmental sefegulation;

= =4 =4 -4 -a -

Fall within the legal requirements for aquaculture development and operation (although it does
not provide any exemption from legislative matters);

=

Provide clear stadards for performance and monitoring; and

1 Be reviewed regularly and updated where relevant.

8.1 Development of Best Management Practices

Internationally, there has been much effort towards developing BMPs for various aquaculture species and
productions sysems (e.g. WWF, 2006; IFC, 2007; Tucker and Hargreaves, 2008; WWF, 2009; FTAD,
2010). This includes developing measurable and performandmsed standards for responsible
aquaculture and global standards, and certification programmes for accreditation anddiupurposes (e.g.

by the Food and Agriculture Organization of the United Nations (FAQ), the Aquaculture Stewardship Council
cofounded by the WWF, and the World Bank Group).

Standards are captured in formal documents that are approved and gazetted (anck @herefore legally
enforceable) by a recognized organization, authority or entity that provides, for common and repeated use,
rules, guidelines or characteristics for products or related processes and production methods. Standards,
when adopted, can helgreassure buyers, retailers and consumers that the impacts related to aquaculture
are minimized. Standards can also provide aquaculture industry stakeholders, as well as consumers, with
the confidence that compliance with government and intergovernmentaquirements has been achieved.

The credibility and effectiveness of BMPs and standards will increase greatly if stakeholders are involved in
the development process (Boyét al., 2008a). It is therefore important to involve a variety of stakeholders
from the start, including producers, scientists, aquaculture experts and representatives of communities
situated near aquaculture farms.
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In South Africa, commercial aquaculture is increasingly receiving greater emphasis. However, current
shortcomings, accordig to Hinrichsen (2007) include limited awareness and understanding of
aquaculture practices, including technologies and methods, and marketing and business principles and
impacts (financial, social and environmental). Aquaculture is however viewed as diaal development

i ssue and, as part of the South African governmentds
focus areas for implementation. Generic BMPs that are available for freshwater aquaculture in South Africa
ar e I i mi t e derida Bnvirdniental 8d3te Management Practice Guideline for Aquaculture
Devel opment and Operation in the Western Capedé (Hinri

Aquaculture in South Africa is also currently being developed (DAFF, 2017). Theee feowever useful

guideline reports (e.g. by the Rural Fisheries Programme at Rhodes Unive&iFP, 2010) that provide

gui delines for freshwater aquaculture in South Africe
(Act No. 107 of 1998): Draft Néional Standards for Laneb ased Abal one Aquacul tured ¢
norms and standards for a marine species that have been developed (and have been gazetted for

comment (Government Gazette n®9971) to regulate the development, expansion and operatioof land-

based abalone aquaculture facilities at the coast.

Internationally there is a clear trend towards the development and establishment of various types of
aquaculture BMPs and related codes of conduct and standards that are monitored and certifichtiey
independent bodies (Bostocket al., 2010). These can be adjusted and adopted for use in the South
African context (Table 14).

Tablel4. International organisations and institutions (with website references) that are involvedthe
development of guidelines, BMPs and codes of conduct for responsible aquaculture.

Institution Website Key focus

Aquaculture Stewardship Council Standards for responsible
(ACS) aquaculture farming

Food Agricultureorganisation of Code of conduct for responsible
the United Nations (FAO) fisheries

https://lwww.asc-aqua.org/

www.fao.org/aquaculture

http://www.globalgap.org/uk_en/for-
producers/globalg.a.p./integratedfarm- Aquaculture certification
assuranceifa/aquaculture/

Global Good Agriculture Practice
(GLOBALG.A.P.)

Environmental Health and
www.ifc.org Safety Guidelines for
Aquaculture.

Principles and standards for
World Wildlife Fund (WWF) http://www.worldwildlife.org responsible aquaculture, e.g.
tilapia and trout.

International Finance
Corporation (IFC)

8.1.1 Key considerations and information required for developing BMPs

BMPs should inform freshwater aquaculture practices from the planning phase, through to rehabilitation
as part of the decommissioning phase. In doing so, several categories of possible impacts should be
considered.

Information to be considered and obtaing in the development of BBPs for the different phases in
aquaculture farming are summarised iTable 15below (adapted from IFC, 2007; Boyelt al., 2008a-b).
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Table1l5. Information to be considered and obtained for the developmenf BMPs.

Planning phase

1 General information: species to be farmed, total area in production, total annual production, value of producti
size of the operation, employment opportunities, major milestones in terms of marketing and sales, fut
prospects,and climate information.

1 Site specific information for individual farms:

0 Location

o Significant features, i.e. terrain, soils, elevation, vegetation, proximity of other aquaculture faciliti
likelihood of pollution from other land and water users; delinéa natural and modified habitats; identify
unique and protected areas; presence of red data species and unique populations

Aquaculture system (cages, ponds, raceways, RAS, etc.)

Area in production (size)

Source of water

Culture species (sterile or singleex organisms recommended)

Annual production volumes

Source of power supply for aquaculture operation.

O OO0 O oo

Construction phase

9  Soil erosion and sedimentation:
o Extent of earth excavation and moving activities
Slope where construction is taking place
Bank stabilization measures
Construction of structures (e.g. weirs) for diversion / embankment of water
Preventative measures for soil erosion and siltation.

O O O O

Operational phase

1  Production system:
o Description of production system
Quality of source water
Wateruse rate
Water intake and distribution
Water released frequency, volume, quality
Retention time
o Condition of facilitiesd maintenance of facilities, erosion control, general tidiness.
1  Production methodology:
0 Species
Source of seed and stocking density
Fetilizers and liming materialsd types, amounts, application frequency
Feedd type and protein, P and N content
Feedingd frequency, amount per day, method of application, amount per crop
Mechanical aerationd type of aerators, amount of aeration per pondperating schedule
Water exchanged method of application, amount per day, use in response to water quality emergenci
total water use
Species health management (including information on the use of antibiotics and hormones)
0 Water quality management(e.g., copper sulphate, zeolite, sodium chloridefidoses, frequencies,
methods of application
0 Use of particular approaches (e.g., sand filters) to minimize pollution and transmission of fish ova
receiving streams
0 Monitoring frequency to facilitate earlyletection of disease and / or other red flags
0 Harvest datdiharvest method and harvest statistics.
1 Effluents:
o Annual volume and frequency of discharge
0 Average quality and maximum concentrations of nutrients, suspended solids, biochemical oxy:
demand, dissolved oxygen, pH
Annual loads of N, P, TSS, andday BOD
Treatment of effluent before final discharge
Conditions around final discharge point
Receiving watersd area, volume, flushing rate, quality, other users, other pollution sources

O O O oo

O OO0 o0 oo

o

O O oo
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o0 Licence and permitconditions and monitoring.
1 Miscellaneous:
o0 Use of pesticides
Predator control method (e.g., nets to prevent piscivorous birds from eating stock)
Storage of materials e.g., feeds, fertilizers, liming materials, fuels
Waste disposal mortalities, used oil,expired or unwanted chemicals, refuse, sewage
Observations of surrounding environment evidence of eutrophication or sedimentation in receivin
water body, damage caused by improper waste disposal, ecological nuisances

O O oo

Rehabilitation and post closure

1 Design and implement mitigation measures to achieve no net loss of biodiversity where feasible for post opera|
restoration of habitats.
o Offset of losses through the creation of ecologically comparable area(s) managed for biodiversity.

9 MONITORING

To ensure effective environmental management when it comes to aquaculture practices, a sound
monitoring programme is required. Without monitoring, very little will be understood about the key
environmental issues relevant to a given location or understamdj of the effectiveness of any
management interventions.

Here, it is important to emphasize that effective monitoring requires resources of many different types:
trained personnel, equipment, analytical facilities and money. These requirements would gppbth to the
aquaculture producer and to the relevant authorities tasked with authorizing and approving the
aquaculture operation. In the current situation, the regulatory authorities are hamstrung by lack of
resources, so this monitoring requirement wodlrequire the authorities to expand their existing monitoring
efforts and expertise.

Environmental and water resource monitoring programmes for freshwater aquaculture should therefore be
designed and implemented with the aim to address all activities thatave been identified to have
potentially significant impacts on the receiving environment (IFC, 2007) and which should be aligned with
BMPs. The frequency at which monitoring is conducted should be sufficient to provide representative data
for the parametrs being monitored. Monitoring should be conducted by suitably trained individuals using
calibrated and maintained instruments. Data should be analysed frequently and appropriately and
compared with the necessary guidelines and standards so that any neesary corrective actions can be
taken timeously (Murrayet al., 2010). Proper record keeping of data and information is equally important.

The type and frequency of monitoring required will be determined by applicable approvals, authorisations
and licencing conditions (Hinrichsen, 2007).

9.1 Monitoring framework and requirements

The process to develop an appropriate, broad framework for all monitoring in relation to aquaculture
activities is hampered by the sheer variety of the possible aquaculture activitighe different organisms
intended for culture, the specific issues linked to the intended location of operations, and by the range of
sizes of possible aquaculture operations. This matter is particularly problematic when considered at a
strategic leveld as addressed in this assessmend and the likely outputs in terms of a targeted monitoring
system would be far too generic, and therefore ineffectual, to be of practical use to any proposed
aquaculture operation.

A far more useful approach would be to spé#y the types of considerations that need to be borne in mind
when considering the need for monitoring of aquaculture operations. In this way, the fideand more
practical 8 level of detail that would be needed for a monitoring programme could then befthed clearly
during the screening and impact assessment phases for a specific proposed aquaculture operation. This
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approach would allow proper consideration to be given to the scale of the proposed operations, the
characteristics of the intended site(sjor the operations, and the specific risks associated with the type(s)
of organisms proposed for culture in the given location.

This approach would then also allow decisions to be taken to exempt particular types of aquaculture
operations based, for examm@, on their size, proposed location, and low potential to cause negative

impacts. In this way, proposed smaficale aquaculture operations that perhaps have a low to very low
potential to cause negdgataickes diobmpgaoat datppuleniakd lbiger aRd fogp0ts a
more complex aquaculture project® with a much higher potential to cause negative impactd could be

processed via the routine environmental impact assessment (EIA) route. In both of the types of cases
mentioned above, simple gigdelines for best practice would inform the project proponents clearly on what

activities (including any mandatory monitoring) would need to be undertaken by the proponent.

It is important to note that a sound environmental assessment of a particular peoj requires good
(reliable) data. In order to ensure that good quality data are collected, standardised monitoring protocols
and quality control and assurance procedures have to be followed both in the collection and analysis of the
samples by trained pesonnel. These data should include sufficient background data on seasonal
variations in water flows and water quality, the existing populations of aquatic biota, potential health
threats posed to a proposed aquaculture operation by existing (upstream) watdaracteristics and uses,
and information on other (downstream) water users and their sensitivities to specific water quality issues.

These data would then provide a clear planning framework for the proposed aquaculture operation during
the planning, corstruction, operational and decommissioning phases of the project. In turn, it would allow
the project proponent and local, provincial and national authorities to reach agreement as to precisely
what parameters should be monitored, how often (frequently) miboring should be carried out, and how
(and by whom) the information will be usedMonitoring undertaken by the project proponent must be
verified and aaudited by the relevant authority as required.

In those cases where the available data are judged to lesufficient to guide a firm decision as to whether

or not a proposed aquaculture operation should be allowed to proceed, a decision can be taken to proceed
with a project under a strict set of conditions that would require reasonably intensive monitoribgth
upstream and downstream of a facility. Where such monitoring revealed unacceptable levels of impacts
caused by the operation, then remedial management actions could be set in place to reduce the negative
impacts. Here, subsequent monitoring would pwide crucial information as to the efficacy of the
management actions. If these management actions yielded a sufficient improvement in the state of the
operations, then monitoring could be reduced to a more practical level.

In those cases where a proposedquaculture operation is considered to be small in area and isolated from
other operations, it is likely that the impact of the operation would be localized and low. In contrast to such
small operations, two possible scenarios could occur that might ina®e concerns about negative
environmental impacts;

1. The first scenario relates to largscale commercial aquaculture farms which, because of their
large size, could have a greater risk of negative impacts. Despite this, laggpale aquaculture
operations have ready access to a range of technologies that could mitigate or eliminate these
risks. It is this category of largscale aquaculture operations that a proper EIA process is needed
and should be followed.

2. The second scenario occurs when a number of smhatale aquaculture operations are
concentrated in a relatively small geographical area. Individually, each aquaculture operation may
have very little impact and pose low to very low environmental risks.

However, in the second scenario, if each of the inidual aquaculture operations is successful and
profitable, their combined or aggregated impact could be expected to pose greater environmental risks and
potentially lead to greater negative impacts than a single operation. In this type of situation, cemional
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EIA processes are difficult to implement because each small farm may be judged to be too small to warrant
a separate EIA of the operation. Here the EIA process would need to be adapted so that the cumulative or
aggregated impacts of the individuahquaculture operations could be properly assessed.

The typical sets of parameters that would need to be considered for inclusion in a monitoring programme
designed for a specific aquaculture operation would include:

1 Seasonal variations in water flow of #hsource water to be used in the operation;

1 Seasonal variations in the water quality of the source water and the potential risks to humans, the
environment and aquaculture product quality posed by particular water quality variables in the
source water;

1 Volumes of water taken into the aquaculture operation;
1 Volumes of effluent (or througHlow water) discharged from the operation;

1 The quality of the water discharged from the operation, and the degree to which the quality
parameters comply with specific wateuse and effluent discharge licence conditions;

I The efficacy of any water treatment process used to improve source water for use in the operation,
or reduce high concentrations of specific water quality variables in the discharge water;

1 The efficacy of almeasures put in place to prevent the transfer of cultured organisms or their ova
and offspring from the aquaculture operation to the natural environment;

1 Water quality parameters within the aquaculture operation that have any positive or adverse
impact onthe viability and growth of the organisms being cultured; and

I The microbiological quality of the final product(s) produced by the aquaculture operation.

Where smaller operations have been aggregated or located close to one another, the monitoring
programme could be adapted to consider the combined characteristics of the inflow water and effluent
quality, as well as the quality of the product(s) produced by the grouped operations.

10 GAPS IN KNOWLEDGE

I One of the outputs of this project is spatial mapping aensitive aquatic ecosystems. These maps
are used in the Risk Assessment, to determine areas where there is high confidence that impacts
to aquatic ecosystems associated with different aquaculture activities would be low. However, the
accuracy of the spaal data used is in many cases limited by the scale at which the data are
available, namely quaternary and sufjuaternary catchment level data, as well as the generally
low levels of groundruthing that have informed the collation of these data. A maj@hortcoming
of the outputs of this desktopbased assessment is thus the lack of structured, consistent ground
truthing of any of the study areas. This means that sensitivity maps probably egerphasise the
extent of areas of High and Very High sensitiyit This constraint in data and information is an
important one and can be addressed only by grousduthing and the collection and collation of
more accurate, verified data.

1 NFEPA data are generally provided at the level of sgbaternary catchments, Wh main stem
rivers mapped at a scale of 1:500 000. However, the dataset is far from perfect, and the mapping
and rating of wetland presence, extent and condition in particular, is problematic in many if not
most areas. The data also considerably undegpresent other watercourse types, such as the
ephemeral water courses and their alluvial flood plains in drier areas of the country in particular
(e.g. Northern Cape and parts of the Free State). Concerns have also been raised by some
specialists in thisfield as to the accuracy of NFEPA data with regard to fish species distributions
and river condition.
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1 Aguatic CBA data exist for all provinces except the Free State. In the case of Limpopo, North West,
Northern Cape and Mpumalanga, the aquatic CBAs anewever derived wholly from the NFEPA
data, and for this reason, only NFEPA data were used for these provinces. In the Free State, CBAs
do not include aquatic ecosystems, other than at the level of FEPA catchments and wetland
clusters, with NFEPA data lieved to considerably underepresent aquatic ecosystem extent in
this area. More accurate aquatic CBAs are currently being finalised in this province but were not
available in time for this assessment, and NFEPA data were thus used. Where more detailed
provincial CBAs were produced, these data were used.

1 Water quality data (especially parameters of importance in aquaculture effluents such as
nutrients) would have been a valuable consideration in the sensitivity layers. However, the
available data were patially too sparse to be considered.

1 Many of the data accessed in the sensitivity assessment are presented at syiaternary or even
quaternary catchment level only, and there are some systems for which there are no data at all.
Sensitivity rating in tlis study has taken a deliberately precautionary approach to addressing these
issues. Thus some areas may be accorded a higher sensitivity than they actually warrant. A clear
way forward is required from the relevant authorities with regards to addressitigese existing
data gaps.

i Fish data used in the sensitivity ratings comprised only taxa for which the status had been re
assessed during the 2017 IUCN South African Freshwater Fish Workshop. Provincial conservation
agencies were approached for additionalata regarding fish species distributions and/or other
concerns. Of these, only the Mpumalanga Tourism and Parks Agency (MTPA) provided such data,
indicating the general paucity of such information nationally.

1 The effects of freshwater aquaculture on estume and marine ecosystems changes in water
quality as well as potential biodiversity changes as a result of escapee aguaculture species may
affect estuarine and potentially even marine ecosystems downstream. Such effects are not
considered in this stud, but must be raised in the assessment as a whole.

1 The potential risk that parasites, bacteria and other waste generated in aquaculture systems (e.g.
antibiotics, hormones) pose to human health, especially downstream water users, was not
considered in ths study and was taken into consideration in the Soctkconomic and Human
Health related study.

I This study focused orinland surface water resourcesand no specific consideration was given to
the potential impact on groundwater and groundwater dependent ecosystems, as well as
estuaries and marine ecosystems even though it is clear that freshwater aquaculture activities in
close proximity to these resorces, may have significant impacts and profound ecological
implications for these ecosystems.

I Terrestrial ecosystems, the biota and flora of importance in these ecosystems, as well as the
sensitivity of these ecosystems in terms of, for instance, soil aion potential, have not been
considered as part of this study. These and several other aspects related to terrestrial ecosystems
should be taken into account during site selection and the selection of aquaculture production
systems.

I The target aquacultwe species (with the exception of the African sharptooth catfish and
Mozambique tilapia) are alien invasive species that pose a biosecurity risk should they escape or
are introduced into freshwater ecosystems. It is therefore important that native fish and
crustacean species are rather considered for aquaculture where possible before introducing ion
native species.

1 In South Africa, geographic data on invasive and alien species such as the marron crayfish, trout
and Nile tilapia refer largely to the distoution of the species and no information is available on
their abundance at these locations. This information is important to develop a clear understanding
of the extent of their current impact and potential future impact.
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1 Despite the recognition that higtprevalence and abundance of introduced parasites and diseases
pose significant threats to native fish communities in South Africa, studies have thus far failed to
highlight populationlevel impacts.
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Figure A1.1A: Eastern Cape Baseline information
River condition / Present Ecological State (PES)

28°200°E 2'00E
I

Eastern Cape SEA Base Map L

30vs

": AquaSEA Study Area
DWS PES EIS Category B Cities & Towns
o Road Network

e [ﬂ Local Municipalities
NFEPA Rivers

s’ sere Ephemeral

Dams & Lakes
CZ3 Quatemary Catchment

¥ LT N
00 %\5
DamB? Ig;!e(lin' Yethu s S

32008

32'300's

b = o
}Nkcnkbby.‘;ﬁm -

33o0s

0 5 10 20 30 40 50 60
N W om eters

FRESHWATEBIODIVERSITY AND ECOLOSPECIALISASSESSMENT

APPENDIX &, Page 121



STRATEGIC ENVIRONMENTAL ASSESSMENT FOR MARINE AND FRESHWATER AQUACULTURE DEVELOPMENT IN SOUTH AFRICA

Figure A1.1B: Eastern Cape
Habitat modification layer (SANBI 2017)
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Figure A1.1C: Eastern Cape Baseline information
Known trout presence (SANBI 2016) with aquaculture facilities overlay (CSIR 2017) showing all mapped facilities
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Figure A1.1D: Eastern Cape Baseline information
Known tilapia presence (SANBI 2018) with aquaculture facilities overlay (CSIR 2017) showing all mapped facilities

No data for this study area - assumed too cold to support tilapia in the wild
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Figure A1.2A: Free State — KwaZulu-Natal Highlands Baseline information
River condition / Present Ecological State (PES)
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Figure A1.2B: Free State — KwaZulu-Natal Highlands Baseline
Habitat modification layer (SANBI 2017)
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Figure A1.1C: Free State — KwaZulu-Natal Highlands Baseline information
Known trout presence (SANBI 2016) with aquaculture facilities overlay (CSIR 2018) showing all mapped facilities
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Figure A1.1D: Free State — KwaZulu-Natal Baseline information
Known tilapia presence (SANBI 2018) with aquaculture facilities overlay (CSIR 2017) showing all mapped facilities

No data for this study area - assumed too cold to support tilapia in the wild
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Figure Al1.3: Gauteng — North-West Baseline information
River condition / Present Ecological State (PES)
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Figure A1.3B: Gauteng North West Baseline information
Habitat modification layer (SANBI 2017)
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