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Evolution of phenotypic traits in
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Evolution through natural selection is often understood to imply improvement and progress. A heritable trait
that has a higher fitness will spread within the population. The average fitness of the population would
therefore be expected to increase over time. However, this paradigm neglects the evolutionary mechanism:
Although the environment selects the adaptations, these adaptations will change the environmental
conditions. By moving across a fitness landscape, populations change that landscape, new peaks and valleys
form, channeling its further motion. The fitness landscape is shaped by the phenotypic distributions of the
involved populations. This viewpoint affects not only the intuition of evolutionary biologists but also their
theoretical tools. The theory of adaptive dynamics is an appropriate framework developed for understanding
the long-term evolutionary outcomes of small mutations in the traits expressing the phenotypes. If the
environmental conditions necessarily coevolve, then the spectrum of possible dynamical behavior becomes a
lot richer.

In order to understand the mechanisms of evolutionary diversification and evolutionary extinction, in the
last year, | mainly investigated the evolution of phenotypic traits in a predator-prey system subject to Allee
effect. With the methods of adaptive dynamics and bifurcation analysis, we investigated the influence of
Allee effect on the evolution of phenotypic traits of predators and prey. Firstly, we identified the ecological
and evolutionary conditions that allow for continuously stable strategy and evolutionary branching. It was
found that prey population undergoes evolutionary branching if the Allee effect of prey population is not
strong and the frequency dependence in the competitive interactions and predation efficiency is strong.
Secondly, we investigated the conditions that allow for evolutionary suicide and evolutionary cycle. We
found that evolutionary suicide occurs deterministically on prey population if prey individuals undergo
strong asymmetric competition and are subject to Allee effect. Moreover, by using Hopf bifurcation theorem,
we showed that evolutionary cycle is a likely evolutionary outcome, which depends on the strength of Allee
effect and the mutation rates of predators and prey. The analysis revealed that how and why prey population
becomes extinct during the course of evolution. This paper has been published in Journal of Theoretical
Biology (2010, 262 (3): 528-543).

In addition, why and how specialist and generalist strategies evolve remain the important questions in
evolutionary ecology. In the last year, | also investigated the evolution of foraging-related traits in a
predator-prey community with trade-off structure. With the methods of adaptive dynamics and geometrical
argument, first, we identified the ecological and evolutionary conditions that select for specialist and
generalist strategies. Generally, generalist strategy evolves if there is a switching benefit; if there is a
switching cost, both specialists do better than the generalist. Second, we found that if the trade-off curve is
globally convex and the switching cost is large, predators always evolve to the closest specialist strategy.
However, if the switching cost is small, evolutionary branching in the predator phenotype occurs, predator
population eventually branches into two extreme specialists, each completely specializing on a particular
prey species. Third, it was found that after branching in predator phenotype, if the trade-off curve is
concave-convex-concave, then there exists an evolutionarily stable dimorphism in which two predators can
continue to coexist on two competing prey on the long-term evolutionary timescale. The analysis reveals that
an attractive dimorphism will always be evolutionarily stable and that no further branching is possible under
our model.

Overall, during the past year, | have done some interesting work. | greatly improved my research ability and
learned a lot of methods and techniques to deal with the core problems in evolutionary biology.
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10:30 - 12:00 [Mathematical modelling of avascular solid tumour

growth and development |
Mark Chaplain -Division of Mathematics, University of Dundee, UK
13:00 - 14:30 [Early tumour growth models |
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13:00 - 14:30 Mathematical modelling of cancer invasion and metastasis |
Mark Chaplain
14:40 - 16:10 [Vasculogenesis and behaviour of cell aggregates |
Luigi Preziosi
16:20 - 17:50 Mathematical modelling of vascular growth |
Mark Chaplain
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