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Cyanobacterial blooms have become an increasing problem in South African freshwater bodies. Since 
certain species of cyanobacteria are well-known for biosynthesis of potent hepatic and neurotoxins, 
such blooms can pose a significant threat to the health of animals and humans. The massive 
proliferation of these organisms in rivers and lakes is largely due to progressive eutrophication. 
However, a warming trend in the Southern hemisphere, indicated by a threefold increase in the 
minimum temperature compared to maximum temperature between 1950 and 1990, is likely the cause of 
the increasing occurrence of toxic cyanobacterial bloom forming species, previously hampered by low 
water temperatures in different geographical regions of South Africa. 
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INTRODUCTION 
 
Eutrophication and climate change are two key pressures 
impacting on lake ecosystems' structure and function. 
According to the Intergovernmental Panel on Climate 
Change IPCC (2007), current trends of climate change 
could lead to an average global temperature increase of 
2-3°C within the next fifty years. A 2°C increase can lead 
to a 20-30% decrease in water availability in some vulne-
rable regions, such as southern Africa and the Mediter-
ranean. Clark (2006) estimated that runoff from rivers on 
the west and south coasts of South Africa would decline 
by 11-84%, while those on the east coast would generally 
decline by 2-21% (with decreases of 2-10% at St Lucia 
and Mtata estuaries) due to an increase in air tempe-
rature. 

Climate affects lake physics (temperature, mixing), 
chemistry (DOC, pH, nutrients) and biological processes 
both   directly   and   indirectly.  This   can  accelerate  the  
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eutrophication process (Carvalho and Kirika, 2003) e.g. 
phosphorus recycling (number of phosphorus molecules 
recycled per unit time) is more intensive in warmer 
waters, while processes of phosphorus release from lake 
sediment and mineralization are highly temperature 
dependent (Hamilton et al., 2001). Howard and Easthope 
(2002) predicted that the close relationship between 
water temperature and growth rate of cyanobacteria may 
be affected due to climate change. Monthly means of 
daily maximum and minimum temperatures for over 10% 
of the southern hemisphere landmass indicate that an 
increase of minimum temperature has occurred at a rate 
three times that of the maximum temperature during the 
period 1950-1990 (0.84°C versus 0.28°C) (Karl et al., 
1993). While climate change can be described as chan-
ges to temperature averages, the more significant 
impacts will be due to increased variability of climatic 
conditions. These changes will create favourable condi-
tions for cyanobacterial bloom formation extending much 
beyond the conventional seasonal cycles (Paerl and 
Huisman,  2008).   Furthermore,    these   conditions   are    
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becoming increasingly unpredictable, which calls for 
effective early warning systems and risk management 
strategies. 

Eutrophication is generally indicated by accumulation of  
metabolic products (e.g. hydrogen sulphide in deep 
waters), discolouration (low Secchi depth), deterioration 
in the taste of water, dissolved oxygen depletion and an 
enhanced occurrence of cyanobacterial bloom forming 
species (Oberholster et al., 2009a,b). Although eutro-
phication is a natural slow ageing process of lakes, it can 
be greatly accelerated by human intervention in the 
natural biogeochemical cycling of nutrients within a 
watershed (Rast and Thornton, 1996). In South Africa 
most drinking water comes from surface waters, where 
cyanobacteria have been recorded in many, if not most 
instances (Oberholster et al., 2004). The excessive 
development of cyanobacterial blooms is often the main 
symptomatic of uncontrolled eutrophication. Due to 
climatic conditions and excessive nutrient loads from 
agriculture and discharge of treated sewage, Microcystis 
and Anabaena cyanobacterial genera often dominate the 
phytoplankton of reservoirs and rivers in the central and 
northern regions of South Africa (Van Ginkel, 2004). The 
most alarming characteristic of cyanobacteria is the 
ability of many species to produce a range of extremely 
potent low-molecular-weight cyanotoxins. These cyano-
toxins are grouped according to the target physiological 
systems, organs, tissues, or cells. Cyanotoxins that affect 
the nervous system are called neurotoxins, while heap-
totoxins breakdown liver cell integrity. Cytotoxins cause 
necrosis and damage genetic material while lipopoly-
saccharide (LPS) endotoxins can cause inflammation, 
septic shock and liver damage (Sivonen and Jones, 
1999). 

Lipopolysaccharide (LPS) endotoxins are widely pro-
duced by cyanobacteria and are an obligate part of the 
outer cell layer of cyanobacteria. LPS may contribute to 
inflammatory and gastrointestinal incidents and are 
recognized to cause fever in mammals and to be involved 
in septic shock syndrome, which may aggravate toxicant-
induced liver injury (Choi and Kim, 1998; Codd, 2000). 

Concerns over the health risks to humans by these 
cyanotoxins, have prompted the World Health Organi-
zation (WHO) to adopt a provisional guideline value 
(microcystin-LR, 1 µgl-1) for microsytin-LR which is the 
most common variant of microcystins in drinking water 
(WHO, 1998). Due to the lack of reliable data, no 
guideline value is yet set for concentrations of nodularin 
or cylindrospermopsin toxins. In the case of South Africa 
there are guidelines for cyanotoxins in domestic water 
(only for microcystins) but values are not specified for 
drinking water guidelines or national drinking water 
standards (DWAF, 1996). The aim of this study was to 
investigate if there is an increase in trends of toxic 
cyanobacterial bloom incidences in different geographical 
regions of South African since 1990 and whether this 
scenario    could    be   related   to   climate   change  and  

 
 
 
 
eutrophication. 
 
 
INCREASE IN POISONING INCIDENCES FROM 
CYANOBATERIAL BLOOMS IN DIFFERENT 
GEOGRAPHIC REGIONS OF SOUTH AFRICA 
 
Although blooms of cyanobacteria are common in South 
Africa, animal deaths due to hepatotoxins were largely 
confined to the central and northern Provinces of South 
Africa prior to 1994 (Scott, 1987) (Figure 1). This pattern 
changed since 1994, when the first south-western Cape, 
poisonings occurred in the Malmesbury-Darling region. In 
both cases livestock losses (3 cattle plus 5 exhibiting 
photosensitivity and 29 sheep) occurred. Filaments of 
Nodularia spumigena were found in the drinking water 
supplies in both incidents. Poisoning by this species had 
not been recorded previously in water bodies of the area 
(Van Halderen et al., 1995). Numerous incidences 
followed, of which the Kareedouw incident was the worst, 
with the massive live stock loss of 290 in milk dairy cows. 
A further 70 animals were diagnosed with photosensitivity 
and had to be slaughtered. Although the clinical signs 
and symptoms were consistent with acute 
hepatotoxicosis, microscopic examination of the rumen 
contents of two of the dead animals revealed the 
presence of filaments of Anabaena sp. Also, a mat of 
Oscillatoria sp. filaments was found growing on the wall 
of the cement-lined reservoir from which the animals had 
drunk. This was the first incident related to poisoning of 
Oscillatoria sp. in the southern and south-western regions 
of the country (Harding and Paxton, 2001) (Figure 1). In 
2000, the first incidence of fish kills by a bloom of mixed 
species (Cylindrospermopsis raciborskii, Anabaena sp. 
and Oscillatoria sp.) in the Orange River system 
downstream of the confluence with the Harts River in the 
Northern Cape Province of South Africa was reported. 
This was also the first report on the occurrence of a 
bloom of Cylindrospermopsis sp. in South Africa (Harding 
and Paxton, 2001) and is of particular concern from a 
water quality perspective, due to its known ability to 
produce a potent hepatotoxic alkaloid cylindrospermopsin 
(Saker et al., 2003) and the neurotoxic PSP toxin 
(paralytic shellfish poisoning) (Harding and Paxton, 
2001). This freshwater cyanobacteria of tropical origin, is 
not only increasingly found in sub-tropical water bodies, 
but also in temperate regions (Figure 1). 

Moreover, during 2005 rangers of the Kruger National 
Park, South Africa found several carcasses in the region 
of Lake Nhlanganzwane that is situated in the extreme 
south eastern area of the Kruger National Park. The 
cause of death of these animals could not be determined, 
due to the decomposed state of the carcasses. After the 
discovery of a fresh zebra carcass, a full range of clinical 
tests were conducted by the State Veterinary Services 
and the reason of mortality was ascribed to 
cyanobacterial intoxification from a  bloom  of  Microcystis  
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Figure 1. The distribution of recorded cyanobacterial toxicity events in South African water supply impoundments and rivers before 
1990 (� = red dots) and after 1990 (� = yellow dots), which caused the death of livestock, wildlife or domestic animals. 

 
 
 
aeruginosa that occurred in Lake Nhlanganzwane. The 
average surface water temperature of the lake during the 
intoxification incident was 20°C. A total of 52 carcasses 
were detected during the winter month of July 2005 and 
these amounted to 7 white rhinoceros, 2 lions, 2 chee-
tahs, 9 zebras, 23 wildebeest, 1 hippopotamus, 1 giraffe, 
5 buffalo, 1 warthog and 1 Kudu. Two years later, in June 
2007, mortalities of white rhinoceros, zebras and 
wildebeest (22 carcasses) were again discovered in the 
area of Lake Nhlanganzwane. During this period of 
animal intoxification the surface water temperature of 
Lake Nhlanganzwane was between 19 to 21°C . Although 
previous reports of animal mortalities had occurred in this 
geographical region during summer time, this incidence 
represented the first reports in mid winter (Oberholster et 
al., 2009b) (Figure 1). 

In addition, during the onset of autumn March, 2008, 
Lake Loskop in the Mpumalanga province of South Africa 
experience it’s first ever massive Microcystis sp. bloom 
since the construction of the impoundment in 1937. 
Mortalities of fish were reported within the Loskop Nature 

Reserve during the time of the bloom. This mixed bloom 
of Microcystis aeruginosa and Microcystis flos-aquae 
contained a maximum cell concentration of 2.2 x 107 

cells/l in April when chl a concentrations increased up to 
196 µg/l while surface water temperatures ranged bet-
ween 21 and 22°C. Moreover, the occurrence of a bloom 
of the filamentous cyanobacteria Oscillatoria sp. in the 
Tuli block on the border between Botswana and South 
Africa in mid winter July 2008 caused mortalities of more 
than 70 Bushbuck and Impalas over a period of one 
month. This incidence also represent the first ever report 
of bloom formation and intoxification of animals from this 
particular cyanobacterial species in this geographical 
region (Figure 1). 
 
 
CLIMATE CHANGE AND CYANOBACTERIAL 
BLOOMS 
 
Strong evidence exists for a widespread decrease in the 
diurnal temperature range  (DTR)  over  the  past  several  
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Table 1. Trends of South Africa’s temperature (1951 - 1990) for annual and 
three month mean maximum (Max), minimum (Min), as well as diurnal 
temperature (DTR) based on a weight average of 12 meteorological data 
stations, modified after Karl et al. (1993). 
 

Seasons Max (°C) Min (°C) DTR (°C) 
December, January, February 0.8 2.0 -1.2 
March, April, May 2.2 1.7 0.5 
June, July, August 1.3 1.3 0.0 
September, October, November -0.7 1.8 -2.4 
Annual trends 0.9 1.7 -0.8 

 
 
 
decades in many regions of the globe. The mean monthly 
DTR is defined as the monthly mean of the difference 
between the maximum and minimum daily temperatures. 
Analysis by Karl et al. (1993) indicates that strong 
evidence exists for a decrease of DTR (1952 - 1990) 
during the months September, October and November (-
2.4°C) as well as for the months December, January and 
February (-1.2°C) for the region of South Africa (Table 1). 
Furthermore, the data indicates that the decrease of the 
DTR range is approximately equal to the increase of the 
mean temperature, which signifies that the gap between 
maximum and minimum temperatures for the months 
September, October and November is decreasing, while 
the monthly minimum temperature is increasing. This 
increase in daily temperatures will imply, that in the 
future, peak cell concentrations of cyanobacterial blooms 
which occurred in the summer months (November, 
December and January) of South Africa will start 
developing three months earlier in spring, depending on 
the surface water temperature, species diversity and 
environmental conditions of lakes e.g. TP:TN ratio as 
observed by Oberholster and Botha (2007). A earlier 
study (1982-1983) conducted by Robarts and Zohary 
(1984) on Lake Hartbeespoort, showed that the M. aeru-
ginosa population represented between 70 and 90% of 
the total phytoplankton assemblage in the winter months 
June and July and was replaced by the diatom Melosira 
granulata as the dominant population in August 1982 
(Figure 2). In a two year study (2005 - 2006) conducted 
by Oberholster and co-worker on Lake Hartbeespoort, 
South Africa which is known as the most productive lake 
on record (Kalff, 2001) they observed that the phyto-
plankton community structure was dominated during the 
summer months by the cyanobacterial species M. 
aeruginosa (90%) followed by the filamentous cyano-
bacteria Oscillatoria sp. (4%) and Pseudoanabeana (3%). 
In July 2005 and 2006 (midwinter),  average surface 
water temperature was 13.7°C while the total percentage 
of phytoplankton assemblage consist of 70% of M. aeru-
ginosa, 1% of Oscillatoria, 2% of Pseudoanabeana and 
the remaining 21% consist of the diatom sp. M. granu-
lata. However, in August (late winter beginning of spring) 
2005 and 2006 the diatom M. granulata population 
declined to 9% of the total phytoplankton assemblage, 

while the M. aeruginosa population increased to 79% at a 
average surface water temperature of 15.7°C (Figure 2). 
Moreover, a positive correlation (p � 0.05, r = 0.9175) 
between the percentage increase in cyanobacteria M. 
aeruginosa population in August 2005 and 2006 and the 
higher surface water temperature during the same period 
of time was observed. Low average concentrations of 
total microcystin-LR (0.37µg/l) were also recorded during 
July 2005 and 2006 at an average surface water tempe-
rature of 13.7°C. Hence, the total average microcystin-LR 
levels increased to a average of 678 µg/l in November 
2005 and 2006 coinciding with the increase in average 
surface water temperature (25.1°C) for this month over 
the two year study period. A strong positive correlation (p 
� 0.05, r = 0.9201) between the increase in surface water 
temperature and the increase in total cyanobacteria 
Microcystis in Lake Hartbeespoort was observed during 
their study. This phenomenon indicates that cyano-
bacteria respond more strongly to possible rising tempe-
ratures in late winter beginning of spring, resulting in 
higher growth rates in a warming climate (Paerl and 
Huisman, 2008). Theoretically such increase in winter 
surface water temperature could favour cyanobacterial 
dominance, since several cyanobacterial taxa appear to 
perform well at higher temperatures compare to other 
phytoplankton taxa (De Senerpont Domis et al., 2007). 
This change, which causes earlier algal spring bloom 
formation, was also observed in time series analysis of 
lakes in north Western Europe by Gerten and Adrian 
(2000). Although diatoms (Bacillariophyceae) tend to be 
abundant in the mixed water period of spring as observed 
by Robarts and Zohary (1984) in Lake Hartbeespoort, it 
seems from data generated by Oberholster and co-
workers in their study on Lake Hartbeespoort during 2005 
- 2006, that this seasonal phenomena has changed. 
Although, Moss et al. (2003) indicated that phytoplankton 
crop also appears to be controlled extensively by nutrient 
availability it is most unlikely that the switch from a diatom 
to a dominant cyanobacterial lake system in August 2005 
and 2006 was due to nutrient availability. It is known that 
diatoms in eutrophic water, like in the case of Lake Hart-
beespoort, can be inhibited by a low supply of silica, this 
was however not applicable to Lake Hartbeespoort. 
Willen (1991) found in  his  study  that  concentrations  as  
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Figure 2. A comparison between historical data of Lake Hartbeespoort of the total phytoplankton assemblage for the months June, 
July and August 1982 - 1983 and this study (2005 - 2006) which  indicate a extended growing season for M. aeruginosa as well as 
an early spring bloom formation. 

 
 
 
low as 0.2 mg/l - much less (average silica in Lake Hart-
beespoort, 3.1 mg/l) than was measured in August 2005 
and 2006 was sufficient for diatom production. 
 
 
EFFECTS OF SURFACE WATER TEMPERATURE ON 
CYANOBACTERIAL BLOOMS IN DIFFERENT 
GEOGRAPHIC REGIONS OF SOUTH AFRICA 
 
The effects of temperature on the rates of biological pro-
cesses are well known, but the occurrence of particular 
phytoplankton species due to climate change is still 
relative uncertain. Cyanobacterial blooms usually occur 
during warm periods, at temperatures above 20°C 
(Robarts and Zohary, 1987). Response to temperature 
varies among cyanobacterial genera and strains (Table 
2). Microcystis sp. has been observed to be more tempe-
rature sensitive in comparison to Anabaena, Aphanizo-
menon and Planktothrix spp. (Robarts and Zohary, 1987; 
Schreurs, 1992; Oliver and Ganf, 2000) and its  growth 

was found to decline sharply at temperatures below 15°C 
(Robarts and Zohary, 1987). Kruger and Eloff (1978) 
found a correlation between the surface water tempe-
rature and the development of Microcystis blooms in 
eutrophic impoundments in South Africa. They reported 
that Microcystis blooms started to develop in open lake 
water, once water temperatures reach 16 - 17°C. Their 
results showed that the effect of temperature on specific 
growth rate occurs after the upper temperature limit is 
surpassed. From their observations Kruger and Eloff 
(1978) suggested that the low surface water tempe-
ratures in the South African Highveld impoundments in 
winter (7-8°C) may be a barrier to growth of bloom 
forming cyanobacterial species. However, from the 
observations by Botha and Oberholster (2007) it was 
clear that the average minimum surface water tempera-
ture of selective impoundments in the Highveld region of 
South Africa was much higher (average 13°C) than 
indicated by Kruger and Eloff (1978) in their earlier study. 

Climate changes and the  consequent  increase  in  the  
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Table 2. Temperature optima (Topt,°C) for cyanobacterial growth at which the maximum growth rate was 
observed and minimum temperature (Tmin,°C) at which growth ceased in laboratory cultures of various 
cyanobacterial species that dominate South African freshwater impoundments. 
 

Dominant species T min (°C) T opt (°C) Reference 

M. aeruginosa 10.5 – 13.3 28.8 - 30.5 Kruger and Eloff, 1978. 
M. aeruginosa 10 30 Nicklisch and Kohl, 1983; Butterwick et al., 2005. 
A. variabilis <10 30 Collins and Boylen, 1982; Butterwick et al., 2005. 
A. flos-aquae 5 35 Uehlinger 1981; Butterwick et al., 2005. 
O. agardhii <12 23 - 25 Ahlgren, 1978; Coles and Jones, 2000. 
C. raciborskii 15 30 Briand et al., 2004. 

 
 
 
minimum surface water temperatures in South African 
impoundments, can bring about the development of a 
distinct water temperature gradient earlier in the year 
(late winter and spring), when the warm upper water layer 
and cooler bottom layers result in a physically-stable 
(stratified) water body, favouring the growth of various 
toxic bloom forming cyanobacterial species. These 
species would have been previously hampered by low 
minimum water temperature in the surface layer. An 
increase in spring water temperatures could also be 
related to the germination of Cylindrospermopsis racibor-
skii akinetes which allow the species to survive during 
cold months and only germinate when temperature of 
water or sediment reaches 22-23°C (Padisak 1997). 
Furthermore, cyanobacteria have generally higher tempe-
rature optima for growth, photosynthesis and respiration 
than green algae and diatoms (Robarts and Zohary, 
1987). 

Temperature changes were also found to induce 
variations in both the concentration and peptide com-
position of the cyanobacterial toxin (Yokoyama and Park, 
2003). The study by Wicks and Thiel (1990) on environ-
mental factors that affect the production of microcystins in 
M. aeruginosa scum in Lake Hartbeespoort (South Africa) 
confirmed that microcystins were either not detectable or 
occurred at very low concentrations during the winter 
months (May to August). Furthermore, Van der 
Westhuizen and Eloff (1985) found in their study that the 
M. aeruginosa strain UV-006 was twice as toxic when 
cultured at 20°C (LD50 25.4 mg/kg) than at 32°C, but at 
16°C the toxicity was reduced by 35% compared to 20°C. 
This is in line with the study of Oberholster and co-worker 
on Lake Hartbeespoort that showed low toxic concen-
trations of microcystins in the winter months June to July 
2005 and 2006. This is also comparable with results 
obtained from a study by Oberholster and Botha (2007) 
on Lake Midmar in South Africa where low detectable 
levels of microcystin-LR varying from 0.09 to 0.17 µgl-1 
occurred during the cold winter months, in spite of the 
presence of a high cyanobacterial biomass, indicating 
that different temperatures has a pronounced effect on 
the toxicity of cyanobacterial blooms. Oberholster et al. 
(2006a,b) demonstrated that the transcript of the mcy 
genes coding for subunits of the microcystin synthetase 

in M. aeruginosa was expressed at much higher levels 
during summer (23°C), than in winter (4°C), in Lake 
Sheldon, Colorado, using real time-PCR technologies. 

In addition, long-term historical data on animal morta-
lities in South Africa due to cyanobacterial intoxification 
by Oberholster et al. (2005) when compared to new 
reported incidences, also showed an increase in toxics 
bloom appearance during winter months. The recent 
occurrence of toxic blooms of cyanobacterial species, 
previously not reported from many different geographical 
regions in South Africa over the period from 1913 to 
1994, also indicates possible bloom formation of these 
species which were  previously hamper by low  surface 
water temperatures. Although Janse van Vuuren and 
Kriel (2008) indicated that C. raciborskii was first detected 
in South Africa during 2000 in the lower reaches of the 
Orange River, a previous report on this species in Lake 
Rhenosterkop does exist (Scott, 1987), however, no 
bloom formation or intoxification incidence related to this 
species was reported predated 2000. A possible 
explanation for the bloom formation of C. raciborskii in 
the lower Orange River is the similarity with prevailing 
environmental conditions like in the case of the Fitzroy 
River, Australia (Bormans et al., 2004). The stream flow 
of the Orange River system is extremely erratic and 
floods are rapid in summer time containing high silt loads 
(Davies and Walker, 1986). This lead to slow clearing, 
allowing the load of incoming nutrients to be removed 
before light climate conditions is favourable for phyto-
plankton growth (Bormans et al., 2004). Briand et al. 
(2004) suggests that the colonization of the mid-latitudes 
by C. raciborskii may result from a combination of its ability 
to tolerate a rather wide range of climatic conditions and the 
global warming phenomenon. These conditions provide 
this species with better environmental conditions for its 
growth since an increase in spring temperatures, could 
induce germination of akinetes and growth earlier in the 
season. This leads to a competitive advantage for C. 
raciborskii over other temperate phytoplankton species 
(Briand et al., 2002). 
 
 

Conclusion 
 
In line with our results which highlight a  potential  shift  in  



 
 
 
 
certain phytoplankton communities against a background 
of eutrophication, the authors predict an increase in 
blooms of cyanophytes and poisoning incidences by 
previously non dominant species in different geographical 
climatic regions of South Africa in the near future, if the 
current trends in climate change continue. This is due to 
cyanobacterial preference for higher surface water 
temperature ranges. In addition, the occurrence of cyano-
bacteria species that have previously been hampered to 
form blooms due to low temperature and nutrient concen-
trations, may form mix blooms with existing species 
which potentially can lead to the simultaneous occur-
rence of both neuro and hepatic biotoxins in one bloom. 
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