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SUMMARY 

Increased research activities on West African amphibians during the last decade 

have produced compelling evidence for the status of the Upper Guinea forest 

region as a biodiversity hotspot, harboring many endemic and rare species. 

Investigations led to the description of numerous new species and new insights in 

frog systematics, ecology, and behavior. However, quite a few aspects of frog 

biology and conservation in West Africa still remain unexplored. This lack of 

knowledge is especially true for forest frogs. Due to the extreme pressure from 

the human population on West African forests, resulting from logging, forest 

fragmentation, forest conversion into plantations, and mining activities, forest 

amphibians are highly threatened. While we need to realize that many forest 

frogs, as well as unique features of their biology, will never be discovered due to 

the past and future loss of forests, there is an urgent need of exploring the 

remaining forests and their frog communities. Understanding the ecological 

processes that act on the structure and dynamics of amphibian assemblages in 

both pristine and disturbed forest landscapes, as well as understanding whether 

the observed effects can be generalized to other taxonomic groups and other 

geographic regions, will help to formulate valuable conservation strategies.  

This thesis aimed at increasing our knowledge of West African amphibians 

by investigating different aspects of their ecology, taxonomy, diversity, evolution, 

and conservation. The close association of forest frogs with their forest habitat 

thereby plays a key role in the study of the effects of forest fragmentation and in 

the reconstruction of past fluctuations of forest habitats, and it highlights the 

suitability of forest amphibians as model organisms for this kind of research.  

So far, only few studies focused on the consequences of forest 

fragmentation on amphibian survival in tropical regions. Our study on the effects 

of forest fragmentation and habitat degradation on leaf-litter frogs is the first 

dealing with this topic in Africa (CHAPTER 2). We compared forest fragments of 

differing sizes, isolation ages, and distances to the large forest block with the 

undisturbed forest of the Taï National Park in south-western Côte d‟Ivoire. This 

analysis of frog assemblages showed lower species richness and diversity in forest 

fragments as well as an altered species composition. Several true forest species 

were absent from the fragments while savanna and secondary forest species 

invaded the forest fragments. Habitat degradation thereby seemed to be more 
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important in causing these changes than forest fragmentation. The most important 

predictors for the presence of a species were the availability of aquatic sites for 

breeding, vegetation structure, and leaf-litter cover. The smaller impact of 

fragmentation on the leaf-litter frogs might be due to the location of the study area 

in and around the Taï National Park which, compared to other (West) African 

regions, still is characterized by large tracts of continuous forest. These forest 

blocks possibly stabilize the regional rainforest climate and thus may mitigate the 

effects of fragmentation.  

The fact that leaf-litter frogs are more sensitive to forest quality than to 

sheer size and fragmentation level indicated that smaller forests may remain 

suitable habitats for forest frogs as long as these forests are not degraded. This let 

us conclude that leaf-litter frogs might not only be good indicators for quality of 

present forest habitats, but also for past environmental changes of the forest 

habitat. The small body size and the high dependence of these frogs on their forest 

habitat make it likely that they have very low dispersal abilities. We therefore 

assumed that molecular data of leaf-litter frogs, i.e., the spatial and genealogical 

distribution patterns of molecular variation, could reveal past patterns of forest 

fluctuations (CHAPTER 5).  

Changes in forest cover have especially been documented for Plio- and 

Pleistocene glacial times when rainforests were restricted to refugia. Based on 

distribution patterns of different taxonomic groups and palynological data, it was 

so far not possible to exactly identify the position and size of West African forest 

refugia. However, there appeared to be three well-supported refuge areas: the 

Mts. Nimba at the border of Guinea, Liberia, and Côte d‟Ivoire, the Cape Palmas 

at the coastal border of Liberia, and Côte d‟Ivoire, and the Cape Three Points at 

the coastal border of Côte d‟Ivoire and Ghana. It is clear that given the high 

number of threats to West African forests, an optimal priority setting in rainforest 

protection and related organisms, taking into account the knowledge of locations 

of rainforest refugia, is urgently and quickly needed.  

We applied phylogenetic and phylogeographic analyses of partial 

mitochondrial 16S rRNA and cytochrome b sequences of six leaf-litter frog 

species of the genus Phrynobatrachus to detect the position of former West 

African rainforest refugia. These analyses revealed that interspecific splits predate 

Plio- and Pleistocene glacial times, while intraspecific lineages of various species 
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evolved during the Plio- and Pleistocene. However, evolutionary lineages showed 

different patterns between species, suggesting that the traditional idea of only a 

few, rather isolated forest refugia is an oversimplification. Instead, our results 

indicate that a network of smaller forests in a forest-savanna mosaic existed. The 

three previously postulated refugia were part of larger refuge zones. In addition to 

these three areas, we identified four further “macrorefugia”. Independent 

evolutionary lineages of single frog species provided indications of local 

microrefugia within five of the seven macrorefugia. To assure persistence of 

regional biodiversity, it is therefore necessary to protect the total assemblage of 

local and small forests at least within the identified micro- and macrorefugia, 

instead of only protecting the so-far postulated refuge areas. Currently, also the 

latter areas, although partly protected by law, suffer from serious habitat 

destruction.  

I collected the tissue samples for the phylogeographical analyses on several 

field surveys throughout the last 3 years. These surveys often focused on regions 

that had never been sampled for amphibians before, therefore also providing 

valuable data on species distributions and diversity of the respective forest 

communities. As an example for such an amphibian survey, I describe my work in 

the forests of southern Ghana and western Togo (CHAPTER 3). Although, 

compared to other countries in my study area, Ghana and the adjacent Togolese 

highlands have a long tradition of herpetological work, and in my opinion are also 

the „easiest‟ regions to work - in terms of infrastructure and accessibility of study 

sites - our survey revealed new country records (Kassina cf. cochranae for 

Ghana, and Hyperolius sylvaticus sylvaticus for Togo). We further detected 

several species that had not or only rarely been found after they had been 

described. A spectacular finding was the rediscovery of the Critically Endangered 

frog Conraua derooi that had not been recorded for more than 20 years. A high 

percentage of the frog communities comprised species endemic to the Upper 

Guinea forest, to Ghana, or even to a particular region within Ghana (and Togo). 

Most of the recorded species were true forest frogs, being highly dependent on 

forest habitat. In some forest areas, especially in the Togo-Volta Highlands, the 

presence of savanna and farmbush species indicated serious habitat degradation. 

One third of the encountered amphibians were threatened. While this highlights 

the importance of the forest ecosystems of southern Ghana and western Togo for 
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maintenance of the regional biodiversity, our results also indicate the urgent need 

for more efficient protection of these forests.  

Another example of the results obtained from my survey work is the 

description of a new leaf-litter frog species of the genus Phrynobatrachus 

(CHAPTER 4). We found Phrynobatrachus pintoi sp. nov. in a small gallery forest 

during a survey in north-western Guinea. This region had never been searched for 

amphibians before. Distinct morphological characteristics as well as a 

considerable molecular genetic distance to other (West African) Phrynobatrachus 

species identified the collected semi-adult specimen as a species new to science. 

Furthermore, this discovery shows again the urgent need of surveying all 

remaining West African forests - no matter how small they are - as even minute 

forests can provide habitats for so far unknown forest species.  

 

MAIN CONCLUSIONS AND FUTURE CHALLENGES  

 

 We are far from having a complete picture of West African amphibian 

diversity. More survey work needs to be done to get an idea about the real 

biodiversity in order to set priorities for conservation.  

 

 Forest fragmentation and habitat degradation have a negative effect on 

forest amphibians. True forest species are absent from degraded forest 

fragments, while the appearance of savanna and secondary forest species 

indicates disturbance of the forest habitat. The level of degradation is more 

important in structuring frog assemblages than the level of fragmentation. 

The effects of forest fragmentation in West Africa need to be tested also in 

less forested areas to see if larger forest blocks have a stabilizing effect on 

the regional rainforest climate and thus on levels of biodiversity.  

 

 The idea of a few large and rather isolated forest refugia in West Africa 

needs to be revised. We identified seven macrorefugia, most of them 

including microrefugia that were represented by independent evolutionary 

lineages within individual leaf-litter frog species. More molecular data on 

forest amphibians from many more geographic areas, as well as on other 

forest taxa are required in order to better identify the refugia and to prove 
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the general validity of our identified refugia also for other forest taxa. This 

increase in knowledge about the structure of rainforest refugia should then 

be used for future conservation strategies.  

 


