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Question 1

a) Create three figures that show the distribution and performance of 10 species along an environmental gradient (coenoclines) in each of the three given cases below. Briefly explain the patterns: 
A) The transition between the terrestrial and aquatic environment at a sea shore.

B) The transition between a grass savanna and semiarid dessert biomes.

C) Two communities with high levels of competitive exclusion.
b) What type of ecosystem do you think these ecological pyramids refer to? Describe them briefly and provide an example of an ecosystem they may represent.
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Figure 1. Ecological pyramids.
c) What kind of tectonic plates boundaries are illustrated in figure 2 (arrows)? What are the geological processes that can be expected along these types of boundaries and their vicinities?
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Figure 2. Tectonic plate boundaries.

d) What are the main pieces of evidence that support the theory of continental drift?

Question 2
a) What is the difference between ecological and biogeographic dispersal? Name three different modes of biogeographic dispersal, explain their characteristics, and give some examples of species experiencing the different dispersal forms.
b) What characterizes barriers? Explain the differences between physiological and ecological barriers, and give some examples of the different barrier types.
c) Explain the three main types of dispersal routes.
d) When organisms have successfully traveled to a new area, what two factors are important in order to efficiently colonize the new area?
Question 3
a) Correct identification (recognition) of homologies is important for reconstruction of the history of lineages (phylogenetics). Explain how homologies can be separated from analogies when selecting morphological characters for phylogenetic analyses. How can you ensure homology in DNA sequence data?
b) The tree in figure 3 shows a dated phylogeny of holometabolous insects and a suggested classification for these insect groups. Use the tree to illustrate examples of monophyletic-, paraphyletic- and polyphyletic groups (e.g. a monophyletic group is a group that includes the taxa X, Y and Z). 
c) Define the term “synapomorphy”. The reduction of the posterior pair of wings to halteres is regarded as a synapomorphy for Diptera. On which branch of the tree in figure 3 would you place this character transformation? Which group is the sister-group of Diptera? 
d) The tree in figure 3 show posterior probability and boostrap values on the branches. What are these used for and how are they calculated?

e) A relaxed molecular clock is used to calculate the divergence time estimates in this tree. Explain what a molecular clock is and what assumptions exist for a strict molecular clock. Give one example of how the use of a molecular clock can be useful in biogeography.
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Figure 3. The phylogeny of holometabolous insects with divergence time estimates. Posterior probabilities/maximum-likelihood bootstrap values are shown at each node. Error bars reflect the 95% confidence interval surrounding each date of divergence. NEU = Neuropterida; AMP = Amphiesmenoptera; ANT = Antliophora. Wiegmann et al. BMC Biology 2009 7:34 doi:10.1186/1741-7007-7-34.
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