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8 Abstract

9 Cyanobacterial blooms are a current cause for concern globally, with vital water sources 

10 experiencing frequent and increasingly toxic blooms in the past decade. These increases are 

11 resultant of both anthropogenic and natural factors, with climate change being the central 

12 concern. Of the more affected parts of the world, Africa has been considered particularly 

13 vulnerable due to its historical predisposition and lag in social economic development. This 

14 review collectively assesses the available information on cyanobacterial blooms in Africa as 

15 well as any visible trends associated with reported occurrences over the last decade. Of the 54 

16 countries in Africa, only 21 have notable research information in the area of cyanobacterial 

17 blooms within the last decade, although there is substantial reason to attribute these blooms 

18 as some of the major water quality threats in Africa collectively. The collected information 

19 suggests that civil wars, disease outbreaks and inadequate infrastructure are at the core of 

20 Africa’s delayed advancement. This is even more so in the area of cyanobacteria related 

21 research, with 11 out of 20 countries having recorded toxicity and physicochemical 

22 parameters related to cyanobacterial blooms. Compared to the rest of the continent, peripheral 

23 countries are at the forefront of research related to cyanobacteria, with countries such as 
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24 Angola having sufficient rainfall, but poor water quality with limited information on bloom 

25 occurrences. An assessment of the reported blooms found nitrogen concentrations to be 

26 higher in the water column of more toxic blooms, validating recent global studies and 

27 indicating that phosphorous is not the only factor to be monitored in bloom mitigation. 

28 Blooms occurred at low TN: TP ratios and at temperatures above 12°C. Nitrogen was linked 

29 to toxicity and temperature also had a positive effect on bloom occurrence and toxicity. 

30 Microcystis was the most ubiquitous of the cyanobacterial strains reported in Africa and the 

31 one most frequently toxic. Cylindrospermopsis was reported more in the dry, north and 

32 western parts of the continent countries as opposed to the rest of the continent, whilst 

33 Anabaena was more frequent on the south eastern regions. In light of the entire continent, the 

34 inadequacy in reported blooms and advances in this area of research require critical 

35 intervention and action. .

36 Keywords: Cyanobacteria, Africa, Microcystis, Anabaena, Cylindrospermospis, Climate 

37 change

38 1. Introduction

39 Water depletion in developing countries has been a crisis for decades (Falkenmark, 1989). 

40 Over the past decade, substantial evidence has been presented on the looming water crisis in 

41 Africa. Although social factors and energy generation systems contribute to the strain on 

42 water availability, environmental factors are also significant contributors. Some of the factors 

43 attributed to this depletion are anthropogenic activity, pollution, phosphorous and nitrogen 

44 loading (Vörösmarty et al., 2010). In African countries, the supply of potable water is an 

45 eminent issue, with water quality affected by the inadequacy of water purification plants and 

46 lack of knowledge in chlorine dosing being some of the reasons (Momba et al., 2006). These 

47 issues are further compounded by contamination during storage of purified water from plants 
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48 to point-of-use stages (Massoud et al., 2010). The contamination of water results from a 

49 variety of factors, and a more imminent source of contamination in both reservoirs and water 

50 bodies is algal blooms (WHO, 2011).

51 In nature, excessive phosphorous and nitrogen loading have consequently been found to 

52 result in eutrophication, which then cause the proliferation of algae, leading to algal blooms 

53 (Carpenter, 2005, Yang et al., 2008). Algal blooms are a natural phenomenon that 

54 occasionally occurs with nutrient loading from anthropogenic and natural activity in water 

55 bodies. Historically, these blooms were not always considered harmful and were more 

56 prevalent in summer months (Mowe et al., 2015). However, with the rise in global 

57 temperatures through climate change, there has been a rise in algal blooms, particularly in 

58 coastal countries (Oberholster et al., 2009a). Of particular significance are harmful algal 

59 blooms (HABs). The phenomenon of harmful algal blooms came to the fore over fifteen 

60 years ago, when the simultaneous increase in anthropogenic activity and climate change 

61 resulted in an increase in eutrophication and subsequently, algal blooms. These are defined 

62 by having a negative environmental impact and are primarily caused by microalgae (Zingone 

63 and Enevoldsen, 2000). Although various micro-algal species can be present under bloom 

64 conditions, the algae of concern are cyanobacteria, also known as blue-green algae. 

65 Cyanobacteria are a group of microorganisms that exist as filaments or single cell. They may 

66 also present as colonies under different environmental conditions (Ma et al., 2014). They are 

67 larger than bacterial cells but are able to photosynthesize. Their production of the phycobilin 

68 pigment results in a bluish tint at high concentrations, which has led to them being coined as 

69 blue-green algae (Stocks, 2013). These algae are of major concern during algal blooms due to 

70 their potential production of cyanotoxins when in large numbers. Cyanotoxins are released by 

71 cyanobacteria and have potentially fatal effects on human and animals exposed to 

72 contaminated water (Paerl et al., 2001). 
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73 Though Africa has been known to lag behind in research and information sharing, quite a few 

74 countries have reported algal blooms and toxicity, especially in the recent years. 

75 Consolidation of information in this review has been through the assessment of available 

76 journals, theses and reports from various internet sources and contact with relevant authors in 

77 the field of cyanobacterial blooms. This review aims to provide the context of cyanobacterial 

78 blooms in Africa and assess the current state of cyanobacterial blooms in Africa over the last 

79 decade, although in some cases, the information may date as far back as the year 2000. 
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80 2. Overview of global reports of cyanobacteria

81 Increased temperatures, salinity and anthropogenic activities have resulted in cyanobacteria 

82 gaining greater advantage over other phytoplankton in freshwaters (Paerl and Huisman, 

83 2009). Europe, Asia and America have documented just under half of their lakes as eutrophic, 

84 with reports that at least 25% of reported blooms being toxic (Bláha et al., 2009).

85 Over the past decades, blooms have been further classified as harmful algal blooms or 

86 cyanobacterial harmful blooms. The defining factor in the classification of these blooms is 

87 firstly the causative species and the toxin release associated with the bloom (Anderson et al., 

88 2002; Paerl and Huisman, 2009). Generally, algal toxins are either not produced or produced 

89 in high concentrations in surface waters,  remaining at 1 µg.L-1 or less. Harmful algal blooms 

90 are classified as blooms in which the amount of toxin exceeds and reaches or exceeds 10 

91 µg.L-1 concentrations in surface waters, which has a direct negative impact on aquatic and 

92 human life when exposed to the toxic water (Schaedel, 2011). 

93 Toxic blooms have serious human health impacts; of particular significance is an incidence in 

94 Brazil where over a hundred dialysis patients died from cyanotoxin exposure (Azevedo et al., 

95 2002). Initially, they were mapped as occurring in tropical countries due to suitable 

96 temperature and seasonal conditions. However, with climate change and global warming 

97 prevalence, the increase in blooms has resulted in  occurrences all over the world in the past 

98 decade (O’Neil, et al, 2012; Lefebvre et al., 2016).

99 Among the literature on toxic blooms, a lot of research has focused on understanding the 

100 onset of toxic blooms as well as monitoring guidelines. Although it is not exactly clear what 

101 triggers the production of toxins in certain strains, climate change has seen an increase in 

102 bloom occurrence and toxicity globally (Paerl and Huisman, 2008). Some of the greatest 



6

103 lakes around the world from Lake Taihu in China to Lake Eerie in America have experienced 

104 toxic blooms beyond the past decade (International Joint Commision, 2014; Paerl et al., 

105 2014) 

106 In water scarce countries,  increased toxic blooms introduce greater strain in the security of 

107 water for both humans and the environment. Africa is one of the continents comprising the 

108 most developing countries. Amongst the social issues surrounding the countries, water 

109 quality is at the core. The challenge is not only in underdeveloped infrastructure but also in 

110 the political issues affecting service delivery. These issues prevail against a back drop of 

111 poverty and high population growth (Clay, 1994). Four of the southern countries contributing 

112 to the economic development within the continent are described as water scarce in 

113 comparison to the rest of the continent (Turton, 2008). Figure 1 shows an overview of the 

114 affected water bodies within the African continent over the last decade.

115 3. Cyanobacterial blooms in Africa

116 3.1 The African context of cyanobacterial blooms

117 The issues surrounding Africa as a continent are somewhat unique to the rest of the world; 

118 wars, poverty, water pollution and disease outbreaks are common in most African countries 

119 with rapid population increases, as most countries are developing. Numbers of slum 

120 populations in most of the countries are nearing the 50% mark. This of course ties in with 

121 nutrient loading into waters from wastes and emerging contaminants of concern, as well as 

122 added pressures on the efficiency of current wastewater treatment facilities. Cyanobacterial 

123 blooms arise as an area of concern within this context. Based on the Africa water atlas 

124 (UNEP, 2010) and data collected in this review, Table 1 offers brief information relevant to 

125 cyanobacterial blooms and the current water state in Africa. The average values were derived 
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126 from 2008 reports of each country in Africa. Northern Africa is the most water scarce region, 

127 followed by southern Africa. Central and Western Africa have the most rainfall, followed by 

128 the Island regions. The Islands have limited information, with one toxic isolate report, whilst 

129 approximately two bloom reports were from central Africa, in Cameroon specifically. The 

130 more water scarce regions have numerous reports on cyanobacterial blooms compared to 

131 regions with higher rainfall. The urban water access figures indicate that improved drinking 

132 water access in urban areas is over 50% overall in the continent, this excludes water access in 

133 rural areas. Allocation to agriculture in the continent showed that apart from Central Africa 

134 (34%), over 70% of the continent’s water allocation in each region is for agriculture. Heavy 

135 agricultural dependence is also a contributor to nutrient loading into water sources. 

136 Combining the effects of climate change as well as the known erratic rainfall and droughts 

137 occurring in the continent Africa is particularly vulnerable to eutrophication, specifically 

138 cyanobacterial blooms.

139 3.2 Occurrence and diversity of cyanobacteria

140 Presented in Table 2 is a summary of cyanobacterial occurrences over the years in Africa, 

141 specifically the source, species and description of the occurrences in different water sources 

142 For the purposes of this review, 21 countries have information on bloom occurrences relating 

143 to the past decade and a few in the early 2000s. Based on Table 2, the dominant genus in the 

144 blooms overall was Microcystis, with occurrences in various sources, from saline lakes to hot 

145 springs. The description of occurrences indicates nearly all the blooms were toxic or caused 

146 by toxin producing strains.  



8

147 4. Southern Africa

148 Comprising the more water scarce countries, Southern Africa has lower rainfall, and higher 

149 evaporation (Heyns, 2008). This means that in comparison to the rest of the world, water 

150 supply is generally lower (Ashton, 2002). Southern Africa comprises 7 countries with some 

151 of the most frequent reports of cyanobacterial blooms being from South Africa.

152 4.1 Angola

153 Although hardly water scarce (90000-1000 mm per year rainfall) (Turton, 2008), Angola has 

154 water quality issues. A 2009 publication by Vale et al. (2009) investigating paralytic shellfish 

155 poisoning (PSP) in Luanda and Mussulo bays, briefly referred to cyanobacterial or 

156 dinoflagellate blooms as the causative agents. When the screening for the common toxins 

157 associated with PSP produced atypical results, the authors alluded to the possibility of 

158 cyanobacterial toxins being the possible cause. This study is one of the few available relating 

159 to cyanobacteria, although no mention of monitoring programs for PSPs or cyanotoxins was 

160 made in this report.

161 4.2 Botswana

162 Reports on cyanobacterial blooms in the available water bodies are limited to a 2010 

163 publication assessing the presence of algae in stabilization ponds of the Gaborone wastewater 

164 treatment works. The study found cyanobacteria to be more abundant compared to other algal 

165 species, with Microcystis and M. flos-aquae being the most dominant species. This finding 

166 was a key concern as the water from these ponds fed into one of the most important river 

167 sources in south eastern Botswana. The authors postulate that potential illnesses observed 

168 downstream of the ponds may be linked to microcystin toxins, particularly the consumption 

169 of fresh produce exposed to this toxin through irrigation (Lusweti et al., 2010) A more recent 

170 study by Kirumba et al.(2014) found biotoxic Microcystis and Merismopaedia isolates among 
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171 the cyanophyta in the river however, these toxin producers were not the dominant 

172 phytoplankton in the river and overall, the river was considered to be in a fairly good state.

173 4.3 Lesotho

174 A study in 2009 of 3 Dams in Lesotho reported the highest cyanotoxicity to be around 1 

175 µg.L-1, which coincided with the highest chlorophyll measurement (Mohale, 2011). Although 

176 toxic Microcystis and Oscillatoria species were found, the water treatment facility did not 

177 have measures to eliminate toxins and applied pre-chlorination, which seemed to be effective 

178 (Mohale, 2011). 

179 4.4. Mozambique

180 In Mozambique, recent work on toxic cyanobacteria entails the study of microcystin 

181 producing isolates through the use of PCR (polymerase chain reaction) methods. The study 

182 used RFLP (restriction fragment length polymorphism) to differentiate microcystin and non-

183 microcystin producing strains in various water sources. The study found Microcystis to be the 

184 most dominant strain present in three different lake areas, with MC-L-R, R-R and Y-R being 

185 the dominant variants (Pedro et al, 2011).

186 4.5 Namibia

187 There is limited information available on toxic cyanobacterial blooms in Namibia. Among 

188 the available literature is a 2001 paper by Gunnarson and Sanseovic, indicating links between 

189 microcystins and incidences of diarrhoea in Namibia. The recorded concentrations of 

190 microcystins were never beyond the WHO 1 µg.L-1 guideline (WHO, 1998), however there 

191 was a direct relationship between the amount of chlorophyll, rainfall and incidences of 

192 diarrhoea or complaints to the municipality about water quality. A more recent publication of 

193 interest describes a novel species of cyanobacteria from the family of Oscillatoriales, 
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194 Phormidium etoshii, in the Etosha pan of Namibia, with no toxicity reported (Dadheech et al. 

195 (2013). 

196 4.6 South Africa 

197 South Africa has some of the most documented information on cyanobacterial blooms over 

198 the past decade. 

199 The outbreak of cyanobacterial blooms has been recorded across the country, with most 

200 reports initiated by an outbreak of illness or animal death within an area. Microcystis 

201 aeruginosa and Anabaena sp. are the more dominant species in reported toxic blooms across 

202 the country, with Oscillatoria spp. also dominant in certain reports. Reports of 

203 Cylindrospermopsis raciborskii particularly in the Northern part of South Africa have also 

204 been made in the past decade, with increased cell numbers since the early 2000s (Janse van 

205 Vuuren and Kriel, 2008). A list of toxic bloom outbreaks and findings up to the year 2000, 

206 has been listed in a  review by Oberholster et al. (2005).

207 Since then, more reports of cyanobacterial blooms have been reported in Lake Krugersdrift, 

208 over summer months in 2004 coinciding with fish kills, as well as  microcystin levels  

209 reaching as high as 43 µg.L-1 in some sites in 2005-2006 (Oberholster et al., 2009b). Reports 

210 of microcystin concentrations exceeding 20,000 µg.L-1 in 2007 resulted in the death of 

211 wildlife in the Kruger National Park Nhlangezwane Dam, which is a water source for wildlife 

212 in the conservation park (Oberholster et al., 2009c).

213 Cyanobacterial blooms have also been reported beyond the last decade in Hartebeespoort 

214 Dam in 2002 (Oberholster et al., 2004) and has since been plagued with toxic blooms due to 

215 nutrient loading from wastewater effluent from the upper catchment. The dominant species in 

216 toxic algal blooms has previously been reported as Microcystis aeruginosa however a more 
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217 recent study by Ballot et al. (2014) indicates the diversity and abundance of the blooms in 

218 Hartebeespoort may have been underestimated, with 96% of the microbial biomass 

219 comprising cyanobacteria, with Nostoc spp. and Oscillatoria spp. forming part of the 

220 diversity among other species.

221 Although typically known to occur in the warmer months, reports of a winter bloom of 

222 Microcystis in Lake Midmar (Pietermaritzburg, KwaZulu Natal) in 2007 have been a cause 

223 for concern (Oberholster and Botha, 2007). Microcystis blooms have also been reported in 

224 Loskop Dam (Oberholster, 2009; Nchabeleng et al., 2014), with blooms killing wildlife. 

225 These blooms also pose a threat to the eco-tourism industry, due to the contamination of 

226 water bodies in national parks, killing wildlife (Oberholster et al., 2009c). Of greater concern, 

227 are recent reports of Anabaena blooms, which were originally not linked to microcystin 

228 production, showing prevalence in winter and containing microcystin L-R, in 

229 Theewaterskloof, Cape Town (Oberholster et al., 2015).

230 An illustration of toxic bloom occurrences (Figure 2) in the major water sources indicates that 

231 the blooms have occurred in nearly all of the known water sources in South Africa. This 

232 places cyanobacterial blooms amongst the main issues that threaten water quality.

233 4.7 Zimbabwe

234 In Zimbabwe, most of the water crises facing the country are due both to mismanagement as 

235 well as climate change (Brown et al., 2012). Lake Chivero is one of the main water sources 

236 and previously researched eutrophic lakes in Zimbabwe. The lake has been classified as 

237 eutrophic for decades, with recorded blooms of Microcystis spp. and Anabaena sp. in earlier 

238 years (1960s), which were more recently (2003) dominated by Microcystis spp. due to 

239 changing nitrogen levels in the water (Mhlanga et al., 2006). Another study of Lake Chivero 

240 found toxic algal blooms with a mean microcystin concentration of 19.86 µg.L-1 in the year 
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241 2003. The bloom was caused by the inflow of sewage waste upstream of the lake. Although 

242 the findings were not linked to any fish or animal deaths, earlier studies found a link between 

243 gastroenteritis in infants and the occurrence of blooms in Lake Chivero. (Ndebele and 

244 Magadza, 2006). Between the years 2004-2005, Tendaupenyu (2012) assessed five 

245 impoundments, of which Lake Chivero was among the five. Interestingly, Lake Chivero had 

246 the highest diversity of phytoplankton in November, although the majority was 

247 cyanobacteria, namely Microcystis and Anabaena spp. This might indicate that the nitrogen 

248 level changes previously referred to by Mhlanga et al. (2006) may have been favourable for 

249 Anabaena in the rainy season at the time of Tendaupenyu’s assessment. These different 

250 findings on Lake Chivero indicate how crucial season and time are to the phytoplankton 

251 diversity at any given time. Further work supporting the increasing eutrophication, hence 

252 cyanobacteria, in Lake Chivero was a study by Zengeya and Marshall (2007), markedly 

253 showing the shift in diet from various fish species. Fish that were typically feeding on 

254 diatoms in the 1960s have changed their diet to incorporate more cyanobacteria, specifically 

255 resulting in decreases of other fish species and adapting to eutrophic conditions. A 2007 

256 study of a Mazowe River tributary, the Chinyika River, indicated that nutrient loading in this 

257 river needed monitoring as many people in the rural areas of Zimbabwe depend on this water 

258 for consumption (Bere, 2007). Although reports in the past decade are not as extensive, 

259 eutrophication and toxic blooms are a known issue in Zimbabwe.

260 5. Eastern Africa

261 Similarly to Southern Africa, there have been documented reports of blooms and research in 

262 East Africa. This part of the continent is not necessarily water scarce, with most of the 

263 countries having average rainfall slightly lower than 860mm per year, which is the global 

264 average (Turton, 2008). An assessment of cyanobacterial diversity in East Africa reported 
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265 that in comparison to South Africa, Kenya and Morocco, the occurrence and toxicity of 

266 cyanobacterial blooms in the continent was poorly reported or realised as an area of concern 

267 (Haande et al., 2007)

268 5.1 Ethiopia

269 An IFRC (International Federation of Red Cross and Red Crescent Societies) report (2011) 

270 describes Ethiopia and other countries in the horn of Africa as some of the poorest, drought-

271 prone areas. In Ethiopia, Lake Tana is the largest water body and had reports of Microcystis 

272 aeruginosa occurrences, with microcystin concentrations of up to 2.65 µg.L-1 (Mankiewicz-

273 Boczek et al., 2014). 

274 Earlier studies also indicated the presence of microcystin producing strains in seven rift 

275 valley lakes, where analyses were conducted to determine whether prior animal deaths were 

276 due to cyanotoxins. They found microcystins using HPLC and ELISA detection, with Lake 

277 Koka being a high risk lake with cyanobacterial cell numbers exceeding 100 000 cells.mL-1. 

278 This was found in an area of the lake used by human and animals, with Microcystis sp. 

279 occurring in all the lakes, although various other cyanobacteria were also identified in each 

280 lake. (Willen et al.,2011).

281 5.2 Kenya

282 In 2005, a report by Ballot et al. indicated the presence of cyanotoxins in Lake Sonachi and 

283 Lake Simbi, in which the main toxin-producing species were Arthrospira and Anabaenopsis. 

284 Microcystin levels of 12 and 39 µg.g-1 were detected in Lake Sonachi and Simbi respectively. 

285 These species were also found to produce anatoxin-a. This particular report is interesting as it 

286 is one of the few reporting these species as the main toxin producers in Kenyan waters.
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287 The high nutrient loading from sewage and agriculture activities creates optimal conditions 

288 for cyanobacterial blooms. Lake Nakuru, which acts as a water source for endangered 

289 wildlife species and other animals in the National Park, has experienced nutrient loading due 

290 to effluent flowing in from settlements around the area, hence causing excessive 

291 cyanobacterial blooms. Although the study found non-toxin producing strains of Microcystis, 

292 the potential threat of exposure to microcystins by toxin producing strains of Microcystis 

293 remains (Kotut et al., 2010). 

294 Lake Victoria, the largest lake in Africa runs through three countries: Kenya, Uganda and 

295 Tanzania. Reports on the Nyanza Gulf of Lake Victoria, which borders Kenya, state that 

296 toxic algal blooms have been observed from the 1980s, which resulted in massive fish kills. 

297 An  analysis of the Gulf four years ago revealed that Microcystis and Anabaena sp. were the 

298 dominant microcystin producing species; comprising over 50% of the phytoplankton during 

299 cyanobacterial blooms. Blooms and microcystin concentrations were found to be higher in 

300 the wet season than in the dry season (Sitoki et al., 2012). 

301 5.3 Malawi

302 Gondwe et al. (2008) reported the presence of Anabaena sp. heterocysts in Lake Malawi, 

303 indicating one of the very few reports of cyanobacterial occurrences in this country.

304 Not much in the area of technological advances in toxic bloom management has been 

305 reported in East Africa. A study by Okello et al. (2010) assessed the various types of 

306 microcystins present in the lakes of Uganda, linking the microcystin production to the 

307 environmental conditions in water samples. Anabaena, Aphanocapsa, Chroococcus, 

308 Merismopedia, Microcystis, Planktolyngbya, and Pseudanabaena spp. are examples of the  

309 phytoplankton genera found in these waters. The study further indicated that Microcystis sp. 
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310 has the advantage of being able to out-compete other phytoplankton and remain in waters for 

311 longer periods of time while shallow waters are more favourable for bloom conditions.

312 5.4 Uganda

313 Lake Victoria also runs through Uganda and the Ugandan portion of this lake is highly 

314 polluted. Fishing is one of the main means to generate income in Uganda. For decades, 

315 hundreds of people have made their living through the fishing of the Nile perch (Lates 

316 niloticus). The introduction of this species into Lake Victoria as well as its overfishing has 

317 led to excessive algal blooms (Kayombo and Jorgensen, 2006). Regulations to curb the 

318 overfishing of the Nile perch directly threaten the food security of the residents in Uganda as 

319 most of them are not skilled in any other areas and make their living through fishing. The 

320 overfishing also results in the overgrowth of algae, which is further promoted by increases in 

321 phosphorus concentrations from external pollutants (Kayombo and Jorgensen, 2006). As a 

322 result, certain parts of Lake Victoria can no longer sustain life and residents rely directly on 

323 the water from the lake as a potable water supply. This has led to a chain reaction of various 

324 disease outbreaks, which then contributes to nutrient loading, which is coupled with 

325 cyanobacterial abundance (Muyodi et al., 2009). Anabaena and Microcystis spp. were found 

326 to be the abundant cyanobacteria in the Ugandan portion of Lake Victoria (Haande et al., 

327 2011). 

328 Other water sources in Uganda have been affected by cyanobacterial blooms as well. Lake 

329 Mburo and Lake Kachera, which are water sources for residents and animals in the mid-

330 western region of Uganda have also been classified as eutrophic, with Microcystis sp. and 

331 Anabaena sp. being the most dominant and present in all sites sampled in the lakes. Being 

332 shallow lakes, the issue of blooms can persist for years (Havens, 2008). The concern in these 

333 lakes is from the presence of hippos, which then deposit nutrient rich wastes into the water as 
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334 well as the upstream deposit of cattle farm wastes into the lakes. No cyanobacterial toxicity 

335 was recorded in the lakes during the study however, the presence of the cyanobacteria is a 

336 possible threat to the water quality and consequently human and animal life that consume the 

337 water from these lakes (Nyakoojoo and Byarujali, 2010).

338 A previous study by Ndebele-Murisa et al. (2010) assessing the great lakes of East Africa 

339 (Lake Victoria, Malawi and Tanganyika) has indicated that cyanobacterial blooms are mostly 

340 an issue in Lake Victoria and that preventative measures should be taken to preserve the 

341 water quality in Lake Malawi and Tanganyika, which borders Tanzania and Malawi. Limited 

342 literature is available on the cyanobacteria prevalence in other countries in this region 

343 (Ndebele-Murisa et al., 2010), with Sekadende et al. (2005) reporting on the presence of 

344 microcystin-producing Microcystis and Anabaena species, although the recorded toxin level 

345 was not more than 1 µg.L-1.

346 6. West Africa

347 6.1 Burkina Faso

348 h In Burkina Fso, a toxic bloom reported in 2003 found Microcystis and Oscillatoria as the 

349 dominant species (Boelee et al., 2009). A majority of the reports related to cyanobacteria are 

350 not accessible in English however according to Boelee et al. (2009), a study assessing 23 

351 lakes and reservoirs by Cecchi et al (2009), found cyanobacteria present in over 20 of the 

352 water sources and five potentially toxic species were located in 19 of them. Another 2009 

353 publication by Cecchi et al. (2009) offers a practical management tool for cyanobacteria 

354 monitoring, in which it also shows the major water sources affected by cyanobacteria.
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355 6.2 Ghana

356 With Ghana sewage water treatment works failing to supply enough treated water and losing 

357 over 40% of water through illegal access to water (Osumanu et al., 2010), it is not surprising 

358 to have disease outbreaks or indications of cyanobacterial occurrences (Addico et al., 2006), 

359 although the toxicity of the microcystin R-R found in the Weija and Kpong reservoir did not 

360 exceed 3.21 µg.L-1. 

361 6.3 Nigeria

362 In West Africa, Nigeria’s Cross River is a major source of fish and shrimp for daily 

363 consumption as well as on a larger supply scale. The river is one of the biggest in Nigeria 

364 although information on cyanobacteria occurrence is recent (early 2000s). The need for this 

365 knowledge is particularly due to the need to protect the fish and aquatic fauna from potential 

366 toxic blooms (Okogwu and Ugwumba, 2008) The same study found that cyanobacterial 

367 abundance was higher in the rainy season, with cyanobacteria outcompeting other algae due 

368 to increased phosphorous levels in the water-due to anthropogenic activity-and cladocerans 

369 feeding on other more palatable algae species. Phosphate levels in this river were recorded to 

370 be 10-fold higher in 2008 as compared to the last recording in 1992. Similar studies were 

371 conducted in the Nigerian Guinea Savanna. The Savanna is an area of Nigeria which is 

372 subject to dry spells; this means that water contamination becomes a crisis during those 

373 conditions. A study of the cyanobacterial diversity and trends also found higher 

374 cyanobacterial loads of Microcystis during the wet season, with recommendations for further 

375 monitoring. The Samaru stream in Nigeria also showed an abundance of cyanobacteria 

376 species during the wet season and more green algae in the dry season (Tisseer et al., 2008). 

377 Oscillatoria was the most abundant species in Lekki lagoon during a study conducted by 

378 Abosede and Igekwu (2010). This study indicated that the increase or changes in the 
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379 phytoplankton community in the lagoon may be due to physiological changes and not 

380 necessarily nutrient loading in the waters, although no toxicity was reported. However, a 

381 study of the microcystin concentrations in aquaculture ponds in Northern Nigeria found 

382 microcystin concentrations reaching  5.8 µg.L-1, which is a cause for concern if the 

383 microcystins bioaccumulate in the fish tissues (Chia et al., 2009). This is one of the few 

384 reports assessing the toxicity and microcystin related aspects of cyanobacterial blooms. A 

385 review of the cyanobacterial diversity by Akin-Oriola et al. (2006) highlighted the lack of 

386 priority in understanding and reporting of cyanobacteria in sub-Saharan Africa. Most of the 

387 recorded reports of the blooms in this report were mostly from the 1990s, with only one study 

388 conducted in 2005, on Kuramo waters, with Microcystis being the prevalent cyanobacteria 

389 genus. The most recent study of the Niger Delta rivers found that over fifteen species of 

390 cyanobacteria were present in these waters, with Anabaena sp. being the most dominant and 

391 Microcystis the most ubiquitous. Although both species are toxin producers, their abundance 

392 in the water was at 100 000 cells.mL-1, which is at moderate probability of adverse health 

393 effects according to WHO regulations (WHO 2011). This calls for monitoring of the changes 

394 in diversity, however no toxicity was recorded. The lack of phosphorous was one of the 

395 indicated factors that inhibited blooms of the toxic species (Odokuma and Alex, 2015).In 

396 2012, a detailed study of the phytoplankton in Lamingo Reservoir found that Microcystis and 

397 Nostoc sp. were among the potentially harmful cyanobacteria, although no toxicity was 

398 reported (Ajuzie, 2012). Within the same year, Jegede (2012) analysed the use of the green 

399 algae Chlorella spp. and cyanobacteria in the production of biofuels. The scarcity of 

400 information on cyanobacteria in the country of late may be due to blooms not being a 

401 nuisance in the country or they are currently not considered a priority.
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402 6.4 Senegal

403 Lake Guiers in Senegal is the most frequently reported water source in the area with 

404 cyanobacterial blooms. This lake is the largest reservoir supplying freshwater to the capital 

405 city of the country. Although reports are  not  extensive on blooms in the past ten years, toxic 

406 blooms have been recorded in Lake Guiers. In most of Africa, Microcystis and Anabaena 

407 species appear to be the most common cause of nuisance blooms. Senegal, however, is 

408 plagued mainly by Cylindrospermopsis raciborskii (Berger et al., 2006). This species has not 

409 been widely reported in the previously mentioned countries.

410 A study in 2006 assessing the toxicity of Cylindrospermopsis sp. found that no toxins were 

411 produced over the study period in winter. Instead the diatom Fragilaria sp. was more 

412 abundant than Cylindrospermopsis. The authors considered that the low levels of 

413 phosphorous within the water to have been the limiting factor on bloom formation and 

414 toxicity of this species (Berger et al., 2006, Bouvy et al., 2006). A similar study in the same 

415 year of Lake Guiers found that the diversity of the lakes was altered after the impoundment of 

416 certain parts of Lake Guiers. The Northern part of Lake Guiers was found to be more 

417 eutrophic, with cyanobacteria being the dominant species and cladocerans being less 

418 abundant in that region. This was a marked risk to water quality due to the water usage 

419 dependence on the lake (Ka et al., 2006).

420 Two years later, a study by Quiblier et al. (2008) assessing the phytoplankton trends in 2002-

421 2003, found that the cyanobacteria Cylindrospermopsis was dominant in higher  water 

422 temperatures, with Lyngbya sp. being dominant in lower temperatures. The dominance of 

423 Cylindrospermopsis has also been attributed to the reduction in grazing of cyanobacteria by 

424 predators, caused by the impoundment of the dam in the 1990s. A more recent study of 

425 Cylindrospermopsis toxin production reported the adaptation of this strain to more temperate 
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426 regions as opposed to the tropical conditions they were more typically found in. Buford and 

427 Davis (2011) also found that distinguishing between toxin producing and non-toxin 

428 producing strains of these species is difficult as it is not microscopically possible and the 

429 toxin concentrations found in water do not correlate to the number of toxin producing cell 

430 numbers. 

431 7. Northern Africa

432 In Northern Africa, reports on cyanobacterial blooms include countries such as Morocco, 

433 Algeria and Egypt. Morocco is classified as a freshwater scarce country, with water being re-

434 used from human consumption practices (Social Watch, 2012). 

435 7.1. Algeria

436 Nasri et al. (2004) first reported on a microcystin containing strain of Microcystis spp. in 

437 Lake Oubeira, which is a major drinking water source in east Algeria. The study was 

438 conducted over the period 2000 and 2001, between spring and summer. The highest 

439 microcystin concentrations were measured in the late spring and summer months, with an 

440 increase in 2001. The study found four microcystin variants using MALDI-TOF MS, with 

441 concentrations of microcystin L-R reaching as high as 29,163 µg.L-1 in August 2001. As a 

442 result, the water from this lake is no longer used as a drinking water source but is still applied 

443 in irrigation and aquaculture, which is a potential health risk. In the same year, Bouїacha and 

444 Nasri (2004) also reported on the presence of Cylindrospermopsis raciborskii, in co-

445 dominance with Microcystis aeruginosa in Lake Oubeira. Unlike Microcystis, C. raciborskii 

446 peaked in the winter of 2001 (10.2 x 105 trichomes per litre) and November (autumn) of 2000 

447 (43 x 105 trichomes per litre), with lower densities in summer. Two morphotypes of these 

448 species were identified during this study microscopically. The presence of this strain in colder 
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449 months is an indication of climate change, as Cylindrospermopsis is generally described to 

450 occur in typically tropical areas.

451 Further work by Nasri et al. (2007) found a morphotype of Microcystis aeruginosa in the 

452 Cheffia water dam, which was not nearly as toxic as that discovered in Lake Oubeira. The 

453 recorded peak in microcystin concentrations was in October 2004, where levels reached 28.9 

454 µg.L-1. Microcystin concentrations in the study were found to correlate with the cell 

455 abundance, with the toxicity far lower than Lake Oubeira’s peak microcystin concentrations. 

456 In addition, the removal of microcystins was applied through coagulation and flocculation as 

457 well as powder activated carbon. When applied, this treatment was able to remove up to 99% 

458 of microcystins in some instances. 

459 A 2008 study reported 12 turtle deaths linked to microcystins in Lake Oubeira, during a toxic 

460 Microcystis spp. bloom that occurred in 2005, which was the first report of this nature in 

461 Lake Oubeira. Upon further investigation, the death of the terrapins was confirmed to be due 

462 to the direct ingestion of microcystins, with accumulation in the liver and muscle tissues 

463 (Nasri et al., 2008). A water assessment of the Seybouse River in north-east Algeria lists 

464 some of the main water issues as wastewater infiltration, which further strains the limited 

465 water resources available in the country.

466 7.2 Egypt

467 Investigations into the irrigation system applied in the country found that this current system 

468 results in losses of approximately 3 billion litres of water per year (Abebe, 2014). Moreover, 

469 economy development through farming further strains the water supply. In addition to this, 

470 the developing economy through farming also adds strain to water supply. 



22

471 Pollution from direct dumping of wastes into the river is one of the main contributors to 

472 nutrient loading. With this in mind, the rise of cyanobacterial blooms is not surprising. 

473 Extensive research has been done in the area of cyanobacterial blooms in Egypt.

474 Earlier studies have been conducted on the feeding of Daphnia species on Microcystis spp. 

475 and found that Daphnia sp. were able to feed on cyanobacteria, however it is not the first 

476 preference in phytoplankton feed. These filter feeders were able to consume the 

477 cyanobacteria without any observed toxic effects and up to 1.78 µg of microcystins were 

478 accumulated per 25 daphnids (Mohamed, 2001). Other earlier studies include the assessment 

479 of allelopathic relations between Spirogyra species that were found to stimulate the toxin 

480 production and blooms of Oscillatoria agardhii in irrigation canals. The finding indicated 

481 that certain cyanobacteria species produce toxins or thrive better in the presence of other 

482 phytoplankton (Mohamed, 2002).

483 In the last decade, reports on microcystins being produced in oligotrophic waters have been 

484 noted in Egypt. Benthic mats of 19 cyanobacterial species were found to produce toxins in 

485 the Nile River, which is the main water source in the country (Mohamed et al., 2006). 

486 Another interesting study conducted in the same year showed how tilapia fish, under 

487 laboratory conditions, were able to ingest and excrete microcystins up to 1.12mg/g dry 

488 weight. Although the more toxic microcystin L-R was not present in the profile of 

489 microcystins, the fish were able to depurate microcystin R-R, Y-R and W-R and excrete them 

490 through bile into the aquatic environment (Mohamed and Hussein, 2006). This study is an 

491 interesting indication of the ability of some aquatic life to be sustained even in the presence 

492 of toxic cyanobacterial blooms, which is then a cause of concern, firstly because the presence 

493 of live fish does not alert to the toxicity of the water, as well as the fact that the toxins are 

494 released back into the water after being excreted by the fish.
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495 In 2007, Mohamed reported on the presence of Cylindrospermopsis raciborskii and 

496 Raphidiopsis mediterranea, which are hepatotoxic and neurotoxic, respectively in the El-

497 Dowyrat fish pond in Egypt. Toxicity was observed on mice, with the peaks in biomass 

498 occurring in the highest temperature months of May to August. Reasons such as warmth of 

499 the water and the stagnancy of the pond may have contributed to the blooming of these toxic 

500 cyanobacteria. Another study in 2008, by El-Gammal, found that certain concentrations of 

501 potassium sulphate were inhibitory to Microcystis at concentrations as low as 1.5mM.

502 More recent studies in Egypt include the assessment of allelopathic macrophytes as an 

503 inhibitor against toxic cyanobacteria. The study by Ghobrial et al. (2015) investigated the 

504 effects of previously reported macrophyte extracts against Microcystis, Anabaena and 

505 Oscillatoria spp. The study found that the choice of solvent (acetone/ethanol) influenced the 

506 inhibitory effect of the extracts and that based on allelopathy, these extracts may potentially 

507 be applied in place of algaecides to control cyanobacterial blooms. Interestingly, the study 

508 also highlighted that these allelopathic extracts were not effective under eutrophic conditions, 

509 which calls for further investigation into the area of algaecides from macrophytes. 

510 A recent assessment of a hypersaline lagoon in Northern Sinai, found very little 

511 cyanobacteria forming part of the phytoplankton and the lagoon was noted as oligotrophic 

512 and one of the cleaner water sources in Egypt. This is positive information, considering the 

513 economic value of fish exported from this lagoon to European countries. However, the lake is 

514 nutritionally poor, which poses a threat to the ecosystem diversity. The solution may be 

515 introduction of nutrients or fertilizers, which would also imply the potential formation of 

516 harmful algal blooms, which have not occurred under the current conditions (El-Kassas et al., 

517 2016).
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518 7.3 Morocco

519 Publications by Oudra in the early 2000s showed the presence of microcystins from 

520 Microcystis in the eutrophic Lake Lalla Takerkoust in Morocco. The toxicity of the 

521 microcystins in this water was found to be high (> 4 mg.kg-1 body weight), with factors such 

522 as low zooplankton grazing and climate change contributing to blooms lasting all year round 

523 in some parts of the lake (Oudra et al., 2001).

524 Further work by Oudra et al., in 2002 confirmed the presence of toxic cyanobacteria in 

525 drinking water and reservoirs in Morocco, with toxicity ranging from moderate to high. 

526 Microcystis was found to be more toxic than the other 18 strains found in the drinking and 

527 recreational waters. Of interest in this publication is the proposed revision of water treatment 

528 guidelines in the use of algal species as this was partly what introduced toxic cyanobacteria 

529 into treated effluents. Additionally, there were reports of toxic nano-pico cyanobacteria, 

530 Synechococcus sp. and Synechocystis sp., which are not often reported. Recommendations for 

531 a monitoring programme in the occurrence of cyanobacterial blooms were also made. 

532 Sabour et al. (2002) reported on non-toxic strains of Microcystis ichthyoblabe in Lake Oued 

533 Mellah, with slight toxicities occurring during the active bloom. LD50 concentrations were 

534 518 and 1924 mg kg-1 (dry weight). More recent reports in 2009 by Oudra et al. discuss the 

535 presence of hepatotoxic Nostoc muscorum in the Oukaїmeden waters. These Nostoc mats 

536 produced high toxicity similar to previously reported strains of Microcystis spp. in Morocco, 

537 with hepatotoxic and diarrhoeic effects on mice 15 minutes after being injected with the 

538 cyanobacterial extract. These toxic Nostoc species were found in clear, oligotrophic, which 

539 challenged the general theory that toxic cyanobacteria normally proliferate in eutrophic 

540 waters. This drew further attention to benthic cyanobacteria as contributors to toxicity and a 

541 potential health hazard in waters. The current strains on water supply have led to the 
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542 estimation that Morocco will be chronically water stressed by the year 2025 (Social Watch, 

543 2012).

544 7.4 Tunisia

545 A review of Mediterranean countries and their water scarcity issues lists Tunisia among the 

546 countries that have been hampered by drought, being in northern Africa, it is also generally 

547 dry (Iglesias et al, 2007). Two relevant publications to this review detail the occurrence of 

548 cyanobacteria in Tunisia. The first assessed the seasonal occurrence of toxic Microcystis spp. 

549 and Oscillatoria spp in the Lebna Dam. The findings were: that a variety of factors 

550 influenced the diversity of cyanobacteria and that the presence of these toxic strains did not 

551 correspond to high chlorophyll concentrations as expected. The diversity was attributed to 

552 nutrient changes in the water, although it was not clear on the exact factors that contributed to 

553 particular species abundance (El Herry, 2008a). In another study, three morphospecies of 

554 Microcystis were found in the Lebna Dam and found to be potentially toxigenic using the 

555 PP2A inhibition assay. These strains also had mycA, B and C genes present, which is an 

556 indication of microcystin producers. Through the use of restriction fragment length 

557 polymorphisms (RFLP), these isolates showed similarity to Microcystis (El Herry et al., 

558 2008b). Another study in 2009 found Microcystis novacekii in Tunisian waters, which had 

559 also been previously reported in Northern Africa (El Herry et al., 2009).

560 Central Africa and Western Indian Ocean Islands

561 In central Africa, Cameroon is one of the few countries where information regarding 

562 cyanobacteria is readily available. One of the last recorded blooms was in 2006, where 

563 various species of potentially harmful cyanobacteria were isolated along the coast of Guinea 

564 and Cameroon. Prior to this, a publication in the 1970s reported cyanobacterial occurrences 

565 in Cameroon however no toxicity was recorded (Mowe et al., 2015). There is limited 
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566 available information regarding cyanobacterial blooms in this region of the continent. 

567 Language and perhaps local publishing within the countries may have limited the 

568 accessibility of research.

569 In the Western Indian Ocean islands, Andrianasolo et al. (2007) isolated mitsoamide, a 

570 cytotoxic polypeptide which has potential carcinogenic effects, from Geitlerinema sp., in 

571 Madagascan waters, which was a novel discovery. Sporadic seasonal occurrences of blooms 

572 have been reported with no toxicity in Mauritius and Madagascar (Uz, 2007).

573 8. Discussion

574 It is clear, based on Figure 1, that most of the information available is from 20 countries, in 

575 the peripheral parts of the continent, with a large information gap in the more central 

576 countries. This is an improved tally of information in comparison to the 2005 Cyanonet 

577 report (Codd et al, 2005), which tabulated more information for approximately 8 countries, 

578 including Burundi, which has no publications recorded within the scope of this review.

579 The more water-stressed countries such as Egypt and South Africa are at the forefront of 

580 research related to cyanobacterial blooms, as opposed to countries with more available water 

581 such as Angola. Research on the occurrence and frequency of civil war among other issues 

582 indicates that Africa is more likely to continue having civil wars due to social differences 

583 (e.g. religion) as well as economic constraints (Collier and Hoeffler, 2002). Considering that 

584 this assessment of Africa was conducted in the early 2000s, it is evident that civil wars still 

585 play a major role in the delayed progression of Africa and inevitably in the area of 

586 cyanobacterial research.

587 In African countries, the issue of toxic blooms is a compounding one in addition to existing 

588 water issues and challenges. It is not surprising therefore, that there is a lag in research in this 
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589 area. An additional consideration may be the language of research publications in some 

590 countries, since French and Portuguese are among the common languages spoken in Africa 

591 (Lewis et al., 2016). 

592 8.2 Scientific trends observed under bloom conditions

593 8.2.1 Nitrogen and phosphorous

594 Of the available information, some trends are evident in the scientific data of reported 

595 blooms. Data was taken from all the above mentioned literature from different countries and 

596 physicochemical characteristics of the water sources were tabulated and compared. About 

597 thirty bloom reports were used, of which 70% reported total phosphorous and nitrogen. The 

598 available information on toxic blooms in most countries has been expressed as microcystin or 

599 cyanotoxin concentrations in water samples (µg.L-1) or  as the dry weight of cyanotoxins 

600 (mg.g-1). To compare these, they have been plotted against a log scale in comparison to 

601 nutrient, temperature and pH measurements (Figure 3). Scientific assessment of any trends 

602 and ratios in the reported blooms (Figure 3) showed that nitrogen is linked to the toxicity of 

603 the blooms. It appears in most cases, high nitrogen lower phosphorous values are consistent 

604 with toxicity in waters. In addition, the TN:TP ratios measured in most of the blooms were 

605 relatively low (<29), with a majority being lower than 12. Two of these occurrences had 

606 TN:TP ratios of 50 (Loskop Dam B) and 300 (Makhohlolo) however toxicity was below 1 

607 µg.L-1 at similar temperatures for both of them. These findings are in line with earlier studies 

608 that low TN:TP ratios favour blue green algae and that at ratios beyond 29, they are not 

609 dominant phytoplankton (Smith, 1983).  The highest toxicity was recorded in Nhlangazwane 

610 Dam in South Africa, where TN:TP ratios were 11.2, at ambient temperature and neutral pH. 

611 At temperatures beyond 15°C, toxiticy which is in line with earlier findings of low TN:TP 

612 ratios being suitable conditions for bloom formation. This confirms previous 
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613 reports by Davis et al. (2015) and Gobler et al. (2016) that toxicity, or microcystin 

614 concentrations, increase with nitrogen and phosphorous inputs.
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615 Previous publications have mentioned the significance of low nitrogen to phosphorous ratios 

616 in determining optimal conditions for cyanobacterial blooms. A study by Xie et al. (2003) 

617 found that the low TN:TP ratios were not necessarily a cause of Microcystis blooms but a 

618 consequence, Xie et al. (2003) also maintained that these ratios are not applicable in highly 

619 eutrophic conditions. It is of interest to note that only one site in Figure 4 had phosphorous 

620 concentrations indicative of eutrophic waters (30 mg.L-1). The findings in this review support 

621 that of Takamura et al., (1992) which indicated TN: TP ratios of around 10 and lower are 

622 favourable for Microcystis, as seen in most of the occurrences. A study by Oberholster et al. 

623 (2007) found that microcystin content in cyanobacteria was lower at lower nitrogen 

624 concentrations. Dolman et al. (2012) indicated the significance of nitrogen phosphorous 

625 ratios. Since a number of cyanobacterial species are nitrogen fixers, they easily dominate 

626 phytoplankton under low nitrogen conditions. This holds true although it has become evident 

627 that certain species have higher toxicity and dominance at higher nitrogen ratios. The 

628 variation in response to the nitrogen phosphorous ratios indicates that different species react 

629 uniquely to nitrogen and phosphorous loading. Earlier studies similarly supported the 

630 presence of nitrogen as a contributor to toxicity or microcystin content, with a direct 

631 correlation between the two (Lee et al., 2000), the same trend is seen in Figure 3. So although 

632 low nitrogen to phosphorous ratios offers nitrogen fixing cyanobacteria a competitive 

633 advantage, nitrogen is also linked to higher toxicity or cyanotoxin abundance. Based on the 

634 trend in Figure 3, it appears that most of the reported sites showed toxicity relating to higher 

635 nitrogen concentrations. Moreover, the trend is evident in the dry weight of microcystins as 

636 well as the external microcystin concentration (µg.L-1). Toxicity is evident in sites that have 

637 low phosphorous concentrations (lower than the indicated phosphorous concentrations for 

638 eutrophic lakes), indicating the significance of nitrogen in toxicity. 
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639 8.2.2 Distribution of cyanobacteria

640 Previously mentioned reports in this review indicate that Anabaena species are more 

641 commonly reported in the South and Eastern parts of the continent as dominant in blooms. 

642 Cylindrospermopsis is more prevalent in the hotter drier areas, although it has peaked in 

643 winter and autumn in Senegal, as well as the rainy season in Nigeria. However, it occurs in 

644 hot drier conditions in Tunisia and Egypt. Oscillatoria seldom occurs as the dominant species 

645 in a bloom and is more commonly found to be amongst other dominant species. Other species 

646 are not as common, with only one report of a toxic Nostoc bloom. As a nitrogen fixer, 

647 Anabaena is known to be affected by phosphorous inputs in waters, with higher phosphorous 

648 leading to higher toxicity (Rapala et al.,1997), this was seen in Lake Sonachi, Lake Simbi and 

649 in Theewaterskloof, the dominant isolated genus was Anabaena, with temperatures as 25°C 

650 and lower (Figure 4). Microcystis was the most frequently occurring species. These 

651 findings are in agreement with the previous review by 

652 Mowe et al. (2015) which found Microcystis to be the most dominant genus in the African 

653 continent.

654 8.2.3 Temperature and pH

655 Based on Figure 3, there was no clear effect of pH on the toxicity of the blooms, with values 

656 ranging from circum-nuetral to above 9, whilst the toxicity is varied, although five out of 11 

657 blooms with pH values between 7 and 9 had a microvstin concentration higher than 1 µg.L-1. 

658 Temperature ranges appeared to have a direct proportion to toxicity, which is in line with 

659 other study findings (Davis et al., 2009).

660 Blooms occurred from temperatures as low as 10°C, however toxicities beyond 1 µg.L-1 were 

661 observed at temperatures higher than 15°C. The highest toxicity was measured in 

662 Nhlangazwane Dam at a temperature around 30°C.
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663 However, the bloom dominance of Cylindrospermopsis in the North Western regions of 

664 Africa and in the North Western parts of South Africa indicates that temperature influences 

665 the type of cyanobacterial species that are dominant in given water bodies.

666 In some instances in Nigeria and Senegal, the reported temperatures of water sources where 

667 Cylindrospermopsis was isolated were relatively high, going beyond 30°C in some instances. 

668 Berger et al. (2006) found Cylindrospermopsis to be prevalent in the dry seasons, which 

669 explains bloom reports in dryer parts of the continent. With optimum growth conditions being 

670 beyond ambient temperature, it is not surprising that this genus is prevalent in hot, tropical 

671 areas. Moreover, this species also favours alkaline conditions (Antunes et al., 2015).

672 The distribution of Microcystis on all the studied regions of this review is hardly surprising as 

673 this specific genus is known for appearing in a variety of water bodies and having a tolerance 

674 for unfavourable conditions, particularly the toxic strains. So far there is no definite grasp on 

675 the set of parameters that completely exclude the possibility of these blooms in the face of 

676 global warming in freshwaters (Marmen et al., 2016).

677 8.2.4 Identification and toxicity estimation methods in Africa

678 Of the reviewed literature, it appears that there are quite standard methods in reporting the 

679 toxicity of the blooms discussed in this review, a majority of the reports utilize microcystin 

680 ELISA kits, HPLC and chlorophyll measurements. A few publications have made use of 

681 molecular methods (RFLPs, gene markers) and MALDI-TOF MS to determine the toxicity of 

682 the reported cyanobacteria. In addition, bio toxicity assays have also been employed by way 

683 of mouse and terrapin bioassays in the North and Southern regions of Africa. A majority of 

684 these publications has utilized secchi disk measurements to estimate turbidity and have 

685 related these findings to algal biomass.
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686 Monitoring guidelines have also been set out in Burkina Faso (Cecchi et al, 2009) and South 

687 Africa (van Ginkel, 2011) for example, with satellite detection of cyanobacterial blooms 

688 (Matthews et al., 2014; 2015). In some countries, studies are still first reports of 

689 cyanobacteria with recommendations for monitoring guidelines. This shows the wide rift in 

690 advancement of cyanobacteria related research in various regions. 

691 Salinity has been linked to cyanobacterial blooms of Microcystis; however no link has been 

692 made in this review. Overall, despite the missing data from the central region, it is clear that 

693 cyanobacterial research is on-going in Africa and that there is awareness of their potential 

694 impacts, although they may not be considered among the main water issues. 

695 Due to the variation in measurements and reported parameters, it was not possible to make 

696 further conclusions on some of the trends in bloom occurrences thus far.

697
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698 9. Conclusion

699 Based on the available information and findings, there needs to be a serious effort to 

700 consolidate information and technologies available within the continent to aid in curbing the 

701 water issues facing Africa. The consolidation of standard measurements and parameters is a 

702 key factor in having comparable and informative data on the state of toxic blooms in the 

703 continent as a whole. Assessment of standard water physico-chemical parameters and toxicity 

704 concentrations during blooms will aid in the understanding and comparability of the 

705 occurrences and factors that contribute to certain blooms. Although not fully representative 

706 owing to lack of information, the findings of this review indicate that in Africa the most 

707 cosmopolitan species is Microcystis, with Cylindrospermopsis occurring in the dryer, western  

708 parts of the continent and Anabaena occurring randomly in various parts of the countries, 

709 although not as the dominant species, except for in the Malawi reports.

710 Mowe et al. (2015) have found the occurrence of Cylindrospermopsis to be related to higher 

711 temperatures and dry seasons in tropical areas, whilst Microcystis were more prevalent in wet 

712 seasons. The information collected in this review supports these findings, with more reports 

713 of Cylindrospermopsis being in the warm dessert climate areas. 

714 In the area of technological advances and effective monitoring, most countries are in the early 

715 implementation stages and have only recently made efforts into the investigation of 

716 cyanobacterial blooms, with identification and toxicity being the primary information 

717 screened for. With this, current monitoring plans make reference to WHO regulations. A 

718 development of monitoring guidelines specific to particular regions of the continent or of the 

719 entire continent may prove very useful and is strongly recommended. The implementation of 

720 the guidelines and accessibility is also a needed practical intervention.
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721 Nyenje et al. (2010) reviewed the issue of eutrophication and nutrient loading in Sub-Saharan 

722 Africa, identifying a number of intercalating issues linked to this: urban development, 

723 inefficient water treatment due to this, no insight into hydrological cycles and micro-pollutant 

724 monitoring and fate. The loss of aquatic life, particularly fish, increase in toxic blooms and 

725 pathogens are amongst the highlighted issues requiring attention. An offered approach in 

726 solving this issue is the systematic assessment of all the processes linked to eutrophication in 

727 order to have a practical solution. 

728 With climate change particularly in mind, the challenges facing Africa put the continent 

729 against an uphill battle in mitigation. The fact that the continent is heating up faster than the 

730 rest of the world (Collier et al., 2008) with pre-existing water challenges as previously 

731 mentioned, there are a number of socio-political inputs that may have curbed research and 

732 progress in this area. Collectively, the information gathered in this review shows that a lot of 

733 measures are not yet in place for the mitigation of cyanobacterial blooms, particularly in the 

734 implementation of plans for most countries. Research in Africa has been geared more towards 

735 reports and investigations of toxicity in the area of blooms. To say more work needs to be 

736 done would be an emphasis of the obvious. In light of Africa’s unique vulnerability to climate 

737 change, as opposed to other continents, knowledge dissemination and collective research is 

738 critical. Initiatives such as CYANONET are crucial in the collection of a more informed 

739 picture and the establishment of more collaborative research not only on an intercontinental 

740 scale but knowledge sharing within the continent, particularly in the central countries. To our 

741 knowledge, this is the first collective review of cyanobacterial blooms in Africa in the past 

742 decade.
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Figure 1: Summary of areas affected by cyanobacteria blooms in Africa

Table 1: Brief profiles of African regions relating to water and cyanobacteria 

Table 2: Overview of toxic cyanobacterial occurrences in Africa from the early 2000s

Figure 2: Cyanobacteria occurrences in South Africa

Figure 3: Nutrient concentrations (phosphorous and nitrogen), temperature and pH 

measurements during cyanobacterial blooms across Africa in the past decade. The 

dotted line indicates toxicity of 1 mg per gram or 1 µg per litre, comparable to the other 

parameters. The diamond represents phosphorous, the white circles represent nitrogen, the 

squares represent temperature and the asterisk represents pH measurements.









African Region Countries with 

cyanobacteria reports

Water access 

(%) 

Rainfall 

(mm/yr)

Southern 7 67.7 721

Central 1 55.86 1757

Eastern 4 77.97 767

Western 4 69.42 1059

Northern 4 79.67 194

Western Indian 

Ocean Islands 1 83.75 1696



Country Water source

Year 

reported Cyanobacteria 

Description of 

occurrence

Algeria Lake Oubeira 2008 Microcystis spp Turtle death reports

Cheffia Dam 2007 Microcystis sp morphospecies Occurred in treatment plant

Lake Oubeira 2004 Microcystis sp

First report in drinking water 

source

Lake Oubeira 2004

Cylindrospermopsis raciborskii, Microcystis 

spp. First report in freshwaters

Botswana Notwane River 2014 Merismopaedia, Microcystis, Oscillatoria spp.

Presence of toxin producing 

cyanobacteria in treated sewage 

receiving river

Burkina 

Faso Ouahigouya Lake 2010 Microcystis sp

Assessment of sub-saharan 

cyanobacteria strains

Cameroon Gulf of Guinea coast 2006

Phormidium, Heterocapsa, Rivularia, 

Trichodesmium

Harmful cyanobacteria 

occurrences

Yaounde Municipal Lake 2003 Planktothrix mougeotii, Oscillatoria putrida, Cyanobacteria in a hypertrophic 



Microcystis aeruginosa lake

Egypt Domestic water reservoirs 2016 Microcystis aeruginosa

Occurrence of toxic strains in 

domestic water storage reservoirs

Nile River 2015 Microcystis aeruginosa

Microcystins in treated and 

untreated wastewater

El-Khadra 2014 Spirulina, Oscillatoria, Nostoc spp. Marine cyanobacteria evaluation

Nile River 2013 Nostoc, Microcystis

Microcystin-producing Nostoc 

isolated 

Alexandria Coast 2012 Oscillatoria, Lyngbya, Planktothrix spp.

Benthic bloom associated with fish 

deaths

Nile Delta 2008

Microcystis wesenbergii, Microcystis 

aeruginosa, Synechococcus

Assessment of hepatotoxic 

cyanobacteria in the Nile Delta

Nile River 2007 Microcystis aeruginosa

Microcystin measurement and 

removal

El-Dowyrat Fish farm 2007 Cylindrospermopsis raciborskii

Occurrence of toxic cyanobacteria 

in freshwater



Ethiopia Lake Tana 2015 Microcystis aeruginosa Cyanotoxin production in larges

Tigray Reservoir 2011 Microcystis spp

Assessment of Microcystis 

diversity in reservoir

Lake Chamo, Abaya etc 2011 Microcystis aeruginosa

Cyanotoxin production in rift 

valley lakes

Ghana Weija Reservoir 2006

Anabaena flos-aquae, Cylindrospermopsis 

raciborskii, Microcystis 

aeruginosa,Planktothrix agardhii.

Toxin producing species in 

drinking water reservoirs

Kenya Nyanza Gulf 2012 Microcystis spp.

Shallow eutrophic bay in Lake 

Victoria

Nakuru oxidation ponds 2010

Microcystis, Euglena, unkown coccoid 

isolates

Microcystin producers found in 

oxidation pond

Lake Sonachi 2005 Arthrospira fusiformis

Occurrence in alkaline and saline 

lakes

Lake Simbi 2005 A. fusiformis, Anabaenopsis abijatae

Occurrence in alkaline and saline 

lakes



Lesotho Rustfontein Dam 2011 Microcystis sp.

Microcystin L-R production 

during bloom

Mohale Dam 2007 Microcystis aeruginosa Toxic strains found in dam

Madagascar Mitso-Ankaraha Island 2007 Geitlerinema sp Cytotoxic strain found in island

Morocco Mansour Eddhabi 2010 Microcystis aeruginosa

Microcystins in drinking water 

reservoirs

Almasirra 2010 Microcystis aeruginosa

Microcystins in drinking water 

reservoirs

Oukaimeden 2009 Nostoc muscorum

Microcystin producer in water 

source

Mozambiqu

e Various lakes 2011 Microcystis spp.

Microcystin producing strains in 

lakes

Nigeria Lekki Lagoon 2010

Oscillatoria, Microcystis aeruginosa, M. 

flos-aquae, M.wesenbergii and Anabaena 

flos-aquae

Bloom-forming strains found in 

lagoon

Zaria aquaculture ponds 2009 Microcystis, Planktothrix, Nostoc, Microcystins in aquaculture ponds



Anabaena

Senegal Senegal River delta 2008 Cylindrospermopsis Occurrence in drinking water 

Lake Guiers 2006 Cylindrospermopsis raciborskii, Lyngbya 

Phytoplankton assemblage 

analysis 

South Africa Theewaterskloof 2015 Anabaena ucrainica

Microcystin containing strain in 

Theewaterskloof

Loskop Dam 2014 Microcystis aeruginosa

Microcystin accumulation in fish 

tissue after a bloom

Nyala Magnesite Mine 2014 Microcystis, Oscillatoria, Phormidium spp.

Cyanobacterial found in soda pits 

at mine site

Loskop 2014 Microcystis aueroginosa

Assessing daphnia exposed to 

extracellular microcystins

Kruger National Park 2010 Microcystis aeruginosa

Assessment of bloom toxicity after 

wildlife deaths

Nhlanganzwane Dam 2009 Microcystis aeruginosa

Toxigenic strains found after 

animal mortalities



Makhohlolo 2009 Microcystis aeruginosa

Toxigenic strains found after 

animal mortalities

Krugersdrift Dam 2009 Microcystis aeruginosa

Toxic strain influence assessment 

on phytoplankton diversity

Orange River 2007 Cylindrospermopsis raciborskii

Tunisia Hot springs 2013 Oscillatoria spp.

Asessment of thermophillic 

cyanobacteria

Lebna Dam 2008 Microcystis spp. Microcystis morphospecies in dam

 2008 Microcystis spp., Oscillatoria tenuis

Assessment of seasonal occurrence 

in dam waters

Uganda Lake Saka 2011 Microcystis, Anabaena, Planktothrix

Microcystin production in 

Ugandan freshwater lakes

Murchison Bay 2009 Microcystis spp.

Water-related diseases and 

cyanotoxin trend assessment

Zimbabwe Lake  Chivero 2006 Microcystis aeruginosa, M. wesenbergii

Cyanotoxins found in drinking 

water



Lake  Chivero 2006 Microcystis aeruginosa Eutrophic drinking water reservoir


