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catchments were first identified, and then used at a second level for 
selecting priority sub-catchments, which served as planning units 
at a finer scale.  Quantitative targets were set for defined freshwater 
biodiversity features, which included landscape level surrogates for 
biodiversity types (primary catchment types, river types and wetland 
types) as well as individual species from a range of phyla based on lo-
cation data (22 species including macroinvertebrates, wetland plants, 
birds and reptiles all associated with aquatic systems).  Weighted “dis-
counts” and “penalties” (including the presence of priority estuaries 
and free-flowing rivers, planning units falling within priority primary 
catchments, planning units identified as important in an existing 
terrestrial conservation plan, and the degree of catchment degrada-
tion) were used to distinguish between planning units with similar 
features but potentially different conservation values.  Ecological 
processes (such as connectivity in the hydrological cycle, nutrient 
flows and energy fluxes) are important to include in a conservation 
plan because they help to ensure biological community persistence.  
However, spatially representing such processes are not easy, and it is 
typically pragmatic to select surrogates for these processes, which can 
be mapped; in the case of this exercise, surface and groundwater yield 
zones were incorporated into the conservation plan by discounting 
planning units where these zones exist.  

Being scattered over different river systems, planning units  
present a problem of mitigating or controlling both  upstream 
and downstream impacts because of increase in costs increase with 
length.  To reduce these externalities, upstream-downstream connec-
tivity was achieved by linking adjoining sub-catchments associated 
with main rivers and wetlands, and enhanced by setting high targets 
for sub-catchments through which eels (Anguilla mossambica) must 
migrate.  Eels were chosen as a practical way of explicitly building 
connectivity into the plan for a number of reasons.  Firstly, the 

sampling of 
eels within the 
province has 
been exten-
sive so that 
good local-
ity data exists.  
Secondly, 
because migra-
tory habits of 
eels are known, 
the uppermost 
point for locat-
ing them in 
any river sys-
tem indicates 
the minimum 
level of system 
connectivity re-
quired for eels 
to complete 
their lifecycle.  
The current 
version of the 
plan identified 
1445 planning 
units out of 

a total of 4600 for the province which are important focal areas for 
future aquatic conservation efforts (Figure 2).
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Impact on Ecotourism by Water  
Pollution in the Olifants River  
Catchment, South Africa
Ecotourism has developed rapidly in recent years to become one 
of South Africa’s largest income generator. State and private game 
reserves have become global players in attracting tourists from 
around the world. In addition to possessing two of the world’s 
most renowned wildlife reserves, the Kruger National Park and the 
Kgalagadi Transfrontier Park, South Africa contains over 20 National 
Parks, about 30 smaller regional parks and numerous private game 
reserves and game lodges. The Olifants River, often described as one 
of the most “hard-working” rivers in South Africa, is one of the main 
river basins in the Mpumalanga Province and is regionally important 
to the ecotourism industry as source of water. Lake Loskop, a reser-
voir situated in the Mpumalanga Province is fed by the Olifants and 
Wilge Rivers, and serves as a large repository for pollutants from the 
upper catchment of the Olifants River system. Lake Loskop forms 
part of the 25,000 ha Loskop Nature Reserve, which is situated in 
the upper Olifants River catchment. The total area of the catch-
ment draining into Lake Loskop is 11,464 km2. Land use in the 
catchment is dominated by extensive coal mining in the Witbank 
Coalfields, which are located in the headwaters of the Olifants River, 
upstream of Lake Loskop, as well as mineral processing (Oberholster 
et al., 2009a) (Fig 1).

Over the past fifteen years isolated incidents of fish mortality 
have been recorded in Lake Loskop and such incidents have become 

Figure 2. Summed solution output from MARXAN 
conservation planning software to achieve targets for a 
freshwater conservation plan in KwaZulu-Natal, with 
water management zones incorporated, where the higher the 
summed solution is, the greater the conservation priority.
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Figure 1. Sketch map showing the Upper Olifants River catchment with Lake 
Loskop. Inset map shows the area within South Africa; the dashed line separates 
the Wilge sub-catchment from the Olifants sub-catchment.
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more frequent during the past five years. There was a 14 tonne fish 
die-off during October 2007 (Driescher, 2008). Such fish die-offs 
have coincided with mortalities of Nile crocodiles and serrated hinged 
terrapins. The crocodile population in Lake Loskop has declined 
from about 80 animals in 2003 to just 4 in 2009; the mortality  was 
ascribed to pansteatitis, i.e. the intake of rancid fish fat after a fish 
die-off resulting in reduction in mobility and inability to swim (Fig 2) 
(Myburgh & Botha, 2009). The fish die-offs in Lake Loskop were due 
to both sporadic incidents of acid mine drainage, nutrients flowing 
into the Lake, and large mixed blooms of Microcystis aeruginosa and 
Ceratium hirundinella (Oberholster et al. 2009a). In July 2008, at 
least 160 crocodile carcasses were counted in the Olifants River Gorge 
300 km downstream of Lake Loskop in the Kruger National Park.

The Kruger National Park is one of the largest conservation areas 
(19,485 km2) in Africa (Oberholster et al., 2009b). In this area the 
total number of crocodile population declined due to pansteatitis 
from over a 1000 in 2008 to only 347 in 2009. Interestingly, a large 

bloom of Microcystis sp. as well as low numbers of Ceratuim sp. were 
reported to coincide with the period of crocodile mortalities.

The situation has aggravated even more due to decline of water-
bird numbers along the Olifants River down to Kruger National Park. 
White-breasted cormorants numbers declined in this area compared 
with 20 years ago. In the Kruger National Park downstream of Lake 
Loskop there was recently a 35 % decline of in African fish eagle 
numbers comparing with reports from 1992. The number of White-
crowned lapwings also dropped from 104 birds counted in 1992 
to only 67 birds, while Goliath heron are rare nowadays. Scientists 
are speculating that the reduction in Goliath heron can possibly be 
caused by pansteatitis (Myburgh & Botha, 2009).

The lack of continuous assessment of surface waters for the ap-
pearance of cyanobacterial blooms, as well as the limnological drivers 
behind the development of cyanobacterial blooms in national parks is 
major problem. Death of wildlife due to cyanobacteria has a negative 
impact on the growing economy of South Africa, as ecotourism rely 
on wildlife (i.e. game farming) as the main tourist attraction. 
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Inter-Basin Water Transfer Between  
the Modder and Caledon River Systems, 
South Africa
South Africa is a semi-arid country where the mean annual precipita-
tion for the subcontinent is 497 mm (40% below the world average).  
Sixty-five percent of the country receives < 500 mm of rainfall annu-
ally and 21% receives < 200 mm . The western part of the country 
is more dry (Department of Water Affairs and Forestry (DWAF), 
1994).  Of the annual rainfall, only 8.6 % is converted to runoff.  
The remainder is lost through evaporation and groundwater sources.  
In fact, South Africa has one of the lowest conversions of rainfall to 
runoff in the world, with a total surface run-off of only 51-53 km3 per 
annum.  Owing to the variability and the high evaporation losses from 
dams, only about 62% (33 km3) of the average annual runoff can 
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Figure 2. Cross section of crocodile tails from, (A) a healthy crocodile, and (B) a 
crocodile with pansteatitis (Photos: Jan Myburgh).

Figure 3. Overview of the sequence of interacting factors and the potential 
consequences of nutrient enrichment of freshwater in man-made impoundments 
and rivers.


