
Tropical lakes and rivers



Large river phenomenon: extinct and forgotten in Europe







Rio Negro



Variable water flow volumes – large gravel terraces



Thermal 

regime of 

lakes



Temperature –

density relationship 

for water



Stratification in oligothropic and eutrophic lakes



Lake Tanganyika: depletion of nutrients in the euphotic zone



Seasonal succession of phytoplankton with decreasing nitrate levels 



Lake Chad: an example of ‘inverted’ biomass pyramid



Number of freshwater fish species per ecoregion

Abell et al., 2008, BioScience 58:403





Fish species richness in rivers: no clear temperate-tropical gradient



Mayflies in Australia and America: 

no difference between temperate and tropical regions



Lake fishes: species richness and endemism



zooplankton phytoplankton

Species richness of plankton in temperate and tropical lakes:

no big difference



Species richness of benthos in temperate and tropical lakes:

no big difference



Biodiversity in African rift lakes

Salzburger et al. Annu. Rev. Ecol. Evol. Syst. 2014. 45:519–45



a, pelagic zooplanktivore; 

b, rock-dwelling algae scraper; 

c, paedophage (eats young of 

other spp.; not in Tanganyika); 

d, scale eater; 

e, snail crusher; 

f, reef-dwelling planktivore; 

g, lobe-lipped insect eater; 

h, pelagic piscivore; 

i, ancestral river-dweller also in 

lakes
Brawand et al. 2014. Nature 375: 325

Freshwater fishes in rivers and lakes of Africa: cichlids

All fish species:



Lake Malawi



River and lake dwelling lineages shown in proportion to their species 

richness, arrows point to convergent evolution 

Cichlid evolution in Africa

Haplochromini

Salzburger et al. Annu. Rev. Ecol. Evol. Syst. 2014. 45:519–45

Cichlids in three African rift lakes represent ~10% of the world’s 

freshwater fish diversity (14,000 species)



Muschick et al. 2012, Current Biology 22, 2362–2368

Cichlids of the Lake Tanganyika



Lake Victoria cichlids

Lake Victoria 

cichlids 

Why the Tanganyika, Malawi and Victoria lakes, and why the cichlids?

Lake size x depth 

(indicating also their 

stability in time) explain 

biodiversity



African rift lakes during the past 4 million years



Kornfield & Smith 2000

Cichlid radiation: 

a combination of habitat and trophic niche differentiation with sexual selection



Danley & Kocher 2001 Mol. Ecol. 10, 1075 

Malawi speciation: three stages 

combining different mechanisms



Lake Victoria: environmental problems 



Lake Victoria: growing human population and eutrophication



Lake Victoria: dissolved oxygen and chlorophyll in 1961 and 1990

chlorophyll



Lake Victoria: change in N, P and diatoms in 1960s



Oreochromis niloticus (tilapia), introduced

Lates niloticus, Nile perch, introduced

Rastrineobola argentea, dagaa, native

Data: Lake Victoria Fisheries Org., 2011

Fishery in Lake Victoria: raise of perch, recently some recovery of Haplochromines

Haplochromine cychlids, native



Oreochromis

niloticus, tilapia

Lates niloticus, Nile 

perch

Haplochromine 

cychlids

Abundance (kg/hour) of the major demersal stocks in experimental trawl surveys in 

Lake Victoria (Ugandan and Tanzanian waters) in 1969-2008.
Years with no information are interpolated (light colors).

Uganda

Tanzania

Kolding, et al. 2014. In Welcomme et al. FAO Fisheries and Aquaculture Technical Paper 579



Lake Victoria fishery: the usual story of increasing effort, with the 

relative yield first increasing, then collapsing

Attempts to regulate the fishery

Nile perch is also exported:

Brings financial benefits, but 

endangers endemic cichlid species 



Eichhornia crassipes (water hyacinth), Lake Victoria, Madagascar (and elsewhere) 

Freshwater plant species – some of the most serious aliens 

Neocheria eichhorniae weevil as a biological control agent



Salvinia molesta 

and

Cyrtobagous salviniae



Simplification of trophic 

web in Gatun lake, 

panama following 

introduction of top 

predator, Cichla 

ocellaris, from Amazon 


