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Section 3.2 Freshwater Biodiversity and Ecology  

Freshwater aquaculture is a fast-growing industry internationally, with 

the potential to contribute significantly to food security and economic 

development in many areas. Water is the primary requirement for 

aquaculture and the quality and quantity of the available water source 

determines which species and production systems are suitable and 

can be considered for development in a particular location. There has 

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 aquaculture 

sector, including the development of guidelines for farming certain 

species and to address the potential negative impacts of aquaculture. 

 

Freshwater aquaculture has been established as an industry in South 

Africa for several decades, with production of Rainbow trout 

(Oncorhynchus mykiss) being the oldest and best-established 

aquaculture activity, with commercial production commencing in the 

1960s after nearly a century of trout rearing to support recreational 

trout fisheries. Other freshwater species commonly farmed 

throughout the country include Sharptooth (African) catfish (Clarias 

gariepinus), Tilapia (Oreochromis mossambicus, Oreochromis 

niloticus and Tilapia rendalli), Brown trout (Salmo trutta) and various 

ornamental fish species. Marron crayfish (Cherax tenuimanus) is 

currently the only freshwater crustacean species being cultured 

mainly in the Eastern Cape Province. 

 

Human activities have had a series of profound effects on the 

background water quality in South Africaõs rivers, dams, wetlands and 

reservoirs, as well as adverse impacts on several groundwater 

systems. 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 the 

extent that it poses serious risks to human health and to the natural 

environment. 

3.2.1 Environmental Attributes 

Ecological sensitivity (or fragility) refers to the ecosystemõs ability to 

resist disturbance and its capacity to recover from disturbance once it 

has occurred (resilience) with both abiotic and biotic components 

being taken into consideration in the assessment of ecological 

importance and sensitivity.  

 

 

 

Environmental attributes that were considered in this assessment 

include the National Freshwater Ecosystem Priority Areas (NFEPAs) 

which relates to, at a national level, rivers, wetlands, catchments, fish 

species and distributions, fish species of conservation concern and 

fish sanctuaries, and other relevant aquatic biodiversity data 

including Present Ecological State (river condition), Ecological 

Importance and Ecological Sensitivity data. Additional and 

supplementary fish species information was obtained from the 

International Union for the Conservation of Nature (IUCN), South 

African National Biodiversity Institute (SANBI) and Succulent Karoo 

Ecosystem Plan (SKEP), as well as through consultation with 

provincial conservation agencies such as the Mpumalanga Tourism 

and Parks Agency (MTPA). Furthermore, provincial aquatic Critical 

Biodiversity Areas (CBAs), Ecological Support Areas (ESAs) and the 

South African Protected Areas data was also considered in this 

assessment. 

 

3.2.2 Sensitivity Mapping 

Different freshwater ecosystem types may have different levels of 

sensitivity to impacts likely to be associated with freshwater 

aquaculture development, as will those located in different regions, 

and those in different conditions. Assignment of overarching 

sensitivity scores per study area was based on the highest sensitivity 

rating for any rated attribute i.e. using the maximum rule. Thus, for 

example, if a quaternary catchment 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 whole and reflected in 

the sensitivity maps. 

 

A big challenge undertaking the sensitivity analyses was dealing with 

data that were mapped at different scales. The data have not all been 

mapped at the same scale ð some was mapped at quaternary scale; 

some at sub-quaternary scale; some are linear and some (e.g. 

Protected Areas data) took no cognisance of catchments. Also, 

existing NFEPA data are generally provided at the level of sub-

quaternary catchments, with main stem rivers mapped at a scale of 

1:500 000. The dataset is however far from perfect, and the mapping 

and rating of wetland presence, extent and condition in particular is 

problematic in many areas. The data also considerably under-

represent other watercourse types, such as the ephemeral water 

courses and their alluvial flood plains in specifically drier areas of the 

country (e.g. Northern Cape and parts of the Free State). The accuracy  

 

 

of NFEPA data with regard to fish species distributions and river 

condition was also questioned. 

 

Sensitivity rating types (i.e. biodiversity, water quality, hydrology and 

habitat quality) have provided guidance as to where to focus 

appropriate mitigation in order to reduce risk ratings in different 

sensitivity areas. The derivation of rating scores resulted in ratings of 

Low, Medium, High and Very High sensitivity (Table 3.2-1). The 

following notes apply to specific rated categories: 

¶ In general, aquatic ecosystems categorised as CBAs were rated as 

Very High sensitivity and ESAs as Medium sensitivity, taking 

cognisance of management objectives for these categories; 

¶ 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; 

¶ 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; 

¶ Where supplementary fish data were available (e.g. MTPA data), 

these were rated separately from NFEPA data, to prevent double 

counting and thus possible elevation of sub-quaternary catchment 

importance; and 

¶ Terrestrial (i.e. non-marine) protected areas were all accorded a 

sensitivity rating of Very High, compatible with their status as 

areas in which aquaculture is not promoted. 

 

The sensitivity analysis have produced the following results in terms 

of the nine aquaculture development zones (ADZs) assessed in this 

study (Figure 3.2-1 to 3.2-9): 

¶ Three ADZs comprise only High or Very High sensitivity areas (i.e. 

Richards Bay, Mpumalanga and Limpopo); 

¶ Four ADZs comprise mainly High and Very High sensitivity areas, 

with limited Medium and Low sensitivity (i.e. Eastern Cape, 

Western Cape, GautengðNorth West and Free StateðKwaZulu-

Natal Highlands); and 

¶ Two ADZs comprise mainly areas of Low sensitivity, with limited 

areas of Medium, High and Very High sensitivity (i.e. Vaalharts 

and VanderkloofðGariep). 
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Table 3.2-1: Selected ecological sensitivity indicators and associated sensitivity ratings used in this assessment 

Dataset  Sensitivity Indicator Environmental Attribute Contribution to Sensitivity Rating Type 
Sensitivity 

Rating 

NFEPA (2012) 

NFEPA Rivers 

Flow (Perennial) Water quality, hydrology, habitat quality Medium 

Flow (Ephemeral) Water quality, hydrology, habitat quality High 

Free flowing rivers without flagship status Hydrology Low 

Free flowing rivers with flagship status Hydrology High 

River FEPAs 

[were not used for WC, KZN, EC] 

FEPACODE (FEPA River) 
Water quality, biodiversity, hydrology, 

habitat quality 
Very High 

PHASE2FEPA (Phase 2 FEPA) 
Water quality, biodiversity, hydrology, 

habitat quality 
Medium 

UPSTREAM (Upstream management catchment) Water quality, biodiversity High 

FEPA Wetlands 

RANK 1 & 2 (Wetlands within 500 m of an IUCN threatened frog, threatened water bird point locality / 

quaternary with Crane sightings / breeding areas / intact wetlands) 
Water quality, biodiversity, habitat quality Very High 

RANK 3 & 4 (Wetlands in sub-quaternaries with wetlands of (unstated) biodiversity importance; 

Wetlands in Category A, B or C condition associated with 3 or more wetlands) 
Water quality, biodiversity, habitat quality High 

RANK 5 & 6 (Wetlands in sub-quaternary with Working for Wetland wetlands; other wetlands excluding 

dams) 
Water quality, biodiversity, habitat quality Medium 

WETFEPA (Final selected wetland FEPAs) 
Water quality, biodiversity, hydrology, 

habitat quality 
High 

Fish Sanctuaries 

FISHSANC (Fish sanctuary areas identified for threatened fish species) Biodiversity Very High 

FISHREHAB (Sub-quaternaries identified as necessary for rehabilitation for threatened fish species) Biodiversity High 

FISHFEPA (Fish sanctuary, translocation, relocation zones in AB condition for threatened fish species) Biodiversity Very High 

FISHFSA (Fish sanctuary, translocation, relocation zones NOT in AB condition for threatened fish 

species) 
Biodiversity High 

Fish Sanctuaries All Species 

NOFISSANC (Number of threatened and near-threatened fish species in sub-quaternary = 0) Biodiversity Low 

NOFISSANC (Number of threatened and near-threatened fish species in sub-quaternary = 1-2) Biodiversity High 

NOFISSANC (Number of threatened and near-threatened fish species in sub-quaternary = >2) Biodiversity Very High 

STATUS (At least 1 vulnerable or near-threatened fish species known in sub-quaternary) Biodiversity High 

STATUS (At least 1 endangered or critically endangered fish species in sub-quaternary) Biodiversity Very High 

SANBI/IUCN fish 

data (2018) 

SANBI Supplementary Fish Species: 

Threatened taxa 

BINOMIAL Species Name (Number of threatened species = 0) Biodiversity Low 

BINOMIAL Species Name (Number of threatened species = 1-2) Biodiversity High 

BINOMIAL Species Name (Number of threatened species = >2) Biodiversity Very High 

MPTA (2017) 
MPTA Supplementary Data / Fish Species of 

Concern 

MTPA CONC (Areas where there are concerns with regard to aquaculture but no critical flaws and 

restricted or controlled aquaculture could occur) 
Biodiversity Medium 

MTPA CONC (areas where no aquaculture should occur on account of species of conservation concern 

and biodiversity sector plan) 
Biodiversity Very High 

SKEP (2011) 
SKEP Supplementary Data / Fish Species of 

Concern 

NO_ENDEME (Number of endemics in a mapped polygon = Ó1 ) Biodiversity, habitat quality Very High 

BIODIVERSITY (Polygon is a local centre for aquatic endemism) Biodiversity, habitat quality Very High 

ECape Fish ð 

MARXAN (2017) 

Eastern Cape Supplementary Data / Excel 

spreadsheet with sites and SQHASH links  

OCCUR CODES (Was recorded but probably absent now; include if target canõt be met elsewhere) Biodiversity Low 

OCCUR CODES (Present; Low confidence; Achieve target here THIRD) Biodiversity Medium 

OCCUR CODES (Present; Moderate confidence; Achieve target here SECOND) Biodiversity High 

OCCUR CODES (Present; High confidence; Achieve target here FIRST) Biodiversity Very High 

DWS (2014) desktop 

PESEIS 

PESEIES 

(Present Ecological State; Ecological 

Importance; Ecological Sensitivity) 

Present Ecological State Category E & F  
Water quality, biodiversity, hydrology, 

habitat quality 
Medium 

Present Ecological State Category C & D 
Water quality, biodiversity, hydrology, 

habitat quality 
High 

Present Ecological State Category A & B 
Water quality, biodiversity, hydrology, 

habitat quality 
Very High 
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Mean Ecological Importance Class (Low) 
Water quality, biodiversity, hydrology, 

habitat quality 
Low 

Mean Ecological Importance Class (Moderate) 
Water quality, biodiversity, hydrology, 

habitat quality 
Medium 

Mean Ecological Importance Class (High) 
Water quality, biodiversity, hydrology, 

habitat quality 
High 

Mean Ecological Importance Class (Very High) 
Water quality, biodiversity, hydrology, 

habitat quality 
Very High 

Mean Ecological Sensitivity Class (Low) 
Water quality, biodiversity, hydrology, 

habitat quality 
Low 

Mean Ecological Sensitivity Class (Moderate) 
Water quality, biodiversity, hydrology, 

habitat quality 
Medium 

Mean Ecological Sensitivity Class (High) 
Water quality, biodiversity, hydrology, 

habitat quality 
High 

Mean Ecological Sensitivity Class (Very High) 
Water quality, biodiversity, hydrology, 

habitat quality 
Very High 

WESTERN CAPE CBA 

(2017) 

Critical Biodiversity Areas ð Western Cape 

Sub-Category 2 (Terrestrial Critical Biodiversity Area) 
Water quality, biodiversity, hydrology, 

habitat quality 
Medium 

Sub-Category 2 (River Critical Biodiversity Area) 
Water quality, biodiversity, hydrology, 

habitat quality 
Very High 

Sub-Category 2 (Wetland Critical Biodiversity Area) 
Water quality, biodiversity, hydrology, 

habitat quality 
Very High 

Ecological Support Areas ð Western Cape 

Sub-Category 1 (Aquatic Ecological Support Area) 
Water quality, biodiversity, hydrology, 

habitat quality 
Medium 

Sub-Category 1 (Terrestrial Ecological Support Area) 
Water quality, biodiversity, hydrology, 

habitat quality 
Medium 

KZN (2016) 

KwaZulu-Natal CBA_Optimal_wll_03032016 LEGEND (Ecological Support Area) Biodiversity, habitat quality Medium 

KwaZulu-Natal 

ESA_wll_01022016 
OPTIMAL (Critical Biodiversity Area) Biodiversity, habitat quality High 

GDARD (2014) Gauteng: C-Plan v33 1110ge 

BDF DESC and CATEGORY (Prior Quaternary Catchment Pan cluster & CATEGORY = ESA) 
Water quality, biodiversity, hydrology, 

habitat quality 
Medium 

BDF DESC and CATEGORY (Prior Quaternary Catchment Pan cluster & CATEGORY = CBA) 
Water quality, biodiversity, hydrology, 

habitat quality 
Very High 

EASTERN CAPE: 

AA_CBA_MAP_DRAFT

2 (2017) 

W_CBA1_EC_FreshwaterMARXAN_River_BUFF

ER1km_v1 
W_CBA1 = 3 (Ecological Support Area 1) Biodiversity, habitat quality Medium 

W_CBA1_EC_FreshwaterMARXAN_Rivers_201

70619_v1 

F_CBA1 = 2 & 3 (Ecological Support Area 2 and Critical Biodiversity Area 2, respectively) Biodiversity, habitat quality Medium 

F_CBA1 = 4 Biodiversity, habitat quality High 

F_CBA1 = 5 (Critical Biodiversity Area 1) Biodiversity, habitat quality Very High 

W_CBA4_StrategicWaterAreas_v1 F_CBA4 = 2 & 3 (Ecological Support Areas) Water quality, hydrology Medium 

W_CBA7_EC_Integrated Wetlands_v1 
F_CBA7 = 3 Biodiversity, habitat quality Medium 

F_CBA7 = 4 Biodiversity, habitat quality Very High 

lc_int2014 Image file LC5_CLASS (Natural) 
Water quality, biodiversity, hydrology, 

habitat quality 
High 

SAPAD (2017) South African Protected Areas MAJOR TYPE (Protected Environment)  
Water quality, biodiversity, hydrology, 

habitat quality 
Very High 
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Figure 3.2-1: Ecological sensitivity of the Limpopo Study Area 
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Figure 3.2-2: Ecological sensitivity of the Mpumalanga Study Area 



SEA for Marine and Freshwater Aquaculture Development in South Afr ica 

 
 

 
 

PART 3 , SCIENTIFIC ASSESSMENT OF AQUACULTURE DEVELOPMENT ZONES (Sect ion 3.2  Freshwater  Biod ivers i ty  and Ecology),  Page 8  

  

Figure 3.2-3: Ecological sensitivity of the Gauteng ð North West Study Area 
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Figure 3.2-4: Ecological sensitivity of the Free State ð KwaZulu-Natal Highlands Study Area 
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Figure 3.2-5: Ecological sensitivity of the Vaalharts Study Area 
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Figure 3.2-6: Ecological sensitivity of the Vanderkloof ð Gariep Study Area 
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Figure 3.2-7: Ecological sensitivity of the Richards Bay Study Area 
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Figure 3.2-8: Ecological sensitivity of the Eastern Cape Study Area 
















