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Project objectives:  

Biodiversity at the genetic (intraspecific) level is important in conservation, but difficult to quantify. It is therefore 
necessary to assess whether species (taxonomic) richness is reliable as indicator of genetic diversity. As a model we use 
the unique afro-alpine ecosystem, which occurs on the isolated high mountains of East Africa and Ethiopia and is 
essential for water resources and agriculture. The highest peaks form biologically isolated ‘sky islands’ in a ‘sea’ of 
lowlands. The system has been shaped through a dramatic history of repeated climate changes and is ideal as a natural 
laboratory for the study of biodiversity dynamics. Using high-throughput molecular techniques and modern taxonomic 
and phylogeographic approaches, we 1) address whether high plant species diversity (based on traditional taxonomy 
and DNA barcoding) is correlated with high genetic diversity (based on AFLP fingerprinting), 2) infer responses to past 
climate change based on comparative phylogeography, and 3) build a DNA barcoding reference library coupled with 
DNAbanks in four African countries to facilitate automatic species identification. The data will be used to suggest 
conservation strategies, identify hotspots of diversity, predict responses to future climate change, and support political 
efforts to ensure sustainable human use of the afro-alpine ecosystem. 

Results:  

Ph.D. candidates by funding: 

Awarding Institution NUFU  Quota funding Other funding Total 

Female  Male Female Male Female Male Female Male 

Addis Ababa University, Ethiopia 1 1     1 1 

Sokoine University of Agriculture, Tanzania 1      1  

Makerere University, Uganda 1      1  

The project team has carried out physically demanding field campaigns over two years in difficult accessible areas in 11 
main high mountain systems, including Kilimanjaro, Ruwenzori Mts, Mt Kenya, Bale Mts and Simen Mts. The result is a 
unique natural history collection with ecological data from the afro-alpine ecosystem, including 9.000 museum 
specimens and 50.000 DNAbank samples distributed among the main national museums in the four network countries. 
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This collection is not only intended for the current project but will serve as a long-term infrastructural resource for 
future research and nature management.  

The four PhD students stay(ed) in Norway for 1.5-2 years after the field period for theoretical, laboratory, and 
data analysis training, and for producing molecular data sets and manuscripts. Each student has contributed with parts 
of the main joint project datasets as well as carried out their own ‘special project’. The ‘special projects’ address history 
and evolution of selected species groups (including the famous landmark species of the afro-alpine, the giant senecios 
and giant lobelias, and the genera Lychnis and Swertia). 

The project has been delayed, mainly because of the political problems in Kenya and because of maternity leave, 
and the project period is extended to 2012. Currently (August 2011) three of the students are back at their home 
institutions to finalize data analyses, manuscripts and theses, whereas the fourth student still prepares her datasets in 
Oslo. So far, preliminary results have been presented by the students and seniors at several international conferences, 
and manuscripts for three ‘special projects’ are close to submission to refereed journals.  The main project datasets, 
consisting of DNA barcodes for all afro-alpine plant species and DNA fingerprint datasets for 25 species, are close to 
completion in the laboratory and not yet analyzed. These datasets are intended for publications in high-impact journals.  

Although the final data analyses addressing the main questions in the project are not yet carried out,  the results 
so far add nicely to the new knowledge obtained in our previous five-year NUFU project and a parallel project carried 
out by our Swiss partner. The new molecular data unravel a highly dynamic and diverse scenario of afro-alpine plant 
origins, long-distance dispersals, colonizations, diversification and speciation. The main findings are 1) the isolated 
African mountains have been colonized by long-distance seed dispersals from remote mountains in other regions of the 
world, such as the Himalayas and mountains in Europe/Western Asia; 2) colonizations have occurred multiple times in 
several plant groups, demonstrating that such long-distance dispersals are more common than traditionally believed; 3) 
colonizations have occurred in several time periods, ranging from several million years ago to much more recent; 4) 
after initial colonization of the afro-alpine, plants spread by stepwise expansion to new mountains as well as by 
occasional long-distance dispersals, often resulting in rapid evolution of new species; 5) the consequences of climate 
changes on genetic diversity were distinctly different from those in northern Eurasia (where plants recolonized rapidly 
after glaciations over large distances, resulting in loss of local diversity); afro-alpine plants tend to retain more localized 
and distinct genetic diversity because they largely remained in local refugia and migrated locally along the mountain 
slopes in response to climate change; 6) in some cases, molecular data demonstrate that traditional taxonomy has 
underestimated species diversity (so-called ‘cryptic species’ discovered); in other cases, species delimited by molecular 
data correspond well to traditionally recognized species. 

The establishment of African DNAbanks coupled with curated museum specimens and automatic species 
identification tools will not only be important for future research and nature management, but can also aid in controlling 
biopiracy and pests and in forensics, and will thus lead to increased recognition of the societial importance of natural 
history museums in Africa.  
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