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Goal

To investigate the conditions for evolutionary branching in two-dimensional trait spaces
without assuming infinitesimal mutation probabilities and step sizes.

Background and motivation

Speciation by ecological interaction (Schluter 1994; Feder et al. 1997; Orr and Smith
1998) is one of the important processes underlying the generation of biodiversity.
Recently, theoretical studies based on adaptive dynamics theory (Metz 1996; Dieckmann
& Law 1996; Dieckmann 1997) have provided a general framework for understanding
this phenomenon by introducing the concept of evolutionary branching in a trait space
(Geritz et al. 1998; Dieckmann & Doebeli 1999; Doebeli and Dieckmann 2000). These
studies proposed analytical conditions for branching at evolutionarily singular points
(called evolutionary branching points) in one-dimensional trait spaces, under the
assumption that both the mutation probability and the mutation step size are
infinitesimally small. An asexual monomorphic population situated in the vicinity of a
branching point can then be shown to first converge to that point and then to diverge into
two subpopulations driven by frequency-dependent disruptive selection. Evolutionary
branching points thus are convergence stable fitness minima.

In multidimensional trait spaces, the branching condition is still expected to be
similar to that derived for one-dimensional trait spaces (Dieckmann 2000; Vukics et al.
2003; Egas and Dieckmann, submitted), since a population under the aforementioned
infinitesimal assumptions experiences disruptive selection only if the fitness gradients in
all directions vanish. This formal reasoning, however, implies a serious problem:
evolutionary branching in a focused trait cannot occur if the population simultaneously
experiences directional selection in any other trait that is not considered.

My previous research, and my recent investigations with Ulf Dieckmann, addressed
the adaptive dynamics in two-dimensional trait space and showed that if either mutation
probability or step are not infinitesimally small, evolutionary branching can still arise, if
only the magnitude of the fitness gradient in the other trait is small enough relative to the
curvature of the fitness valley at the branching point in the focal trait,. There appears to
exist a certain threshold for evolutionary branching under such conditions, which depends
on the relationship among the fitness curvature in the focal direction, the fitness gradient,
mutation probabilities, and mutational step sizes. Since both mutation probabilities and
mutational step sizes are not infinitesimally small in real populations, and since such
populations tend to evolve in multidimensional trait spaces, understanding that threshold
is necessary for understanding the mechanism of evolutionary branching in real
populations (Schliewen et al. 1994; Schluter 1994; Feder et al. 1997; Losos et al. 1998).
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Research questions

For simplicity, I will focus on two-dimensional trait spaces and on situations in which a
population experiences frequency-dependent disruptive selection on one trait and
directional selection on the other trait. In this system, I will try to determine the threshold
condition for evolutionary branching.

Methods and work plan

To understand the branching mechanism in detail, I will investigate branching conditions
along an artificial two-dimensional fitness landscape for an asexual population. This
landscape is constructed by combining two one-dimensional fitness landscapes.
Evolution in the first trait is modeled according to a resource competition model in a one-
dimensional trait space that brings about evolutionary branching (Dieckmann & Doebeli
1999). Evolution in the second trait simply follows a constant fitness gradient, which can
prevent evolutionary branching in the first trait when mutation probabilities and
mutational step sizes become too small.

For this project, I plan to utilize three alternative descriptions of the evolutionary process
unfolding in asexual populations:

1. Monomorphic and polymorphic stochastic model on artificial fitness landscape.
To analyze the effects of mutation probability and mutation step separately, 1 will
calculate evolutionary dynamics based on the polymorphic stochastic model and on
the monomorphic stochastic model introduced by Dieckmann & Law (1996). The
purpose of these analyses is to approximate the branching threshold, based on the
shape of the fitness landscape and on the mutation probabilities and steps.

2. Individual based model on natural fitness landscape.
To examine the usefulness of the threshold condition thus obtained, I will apply it to
two different individual-based models defined on two-dimensional trait spaces.
These models were previously constructed in my PhD research project, and are
based on resource competition and predator-prey interactions, respectively.

3. Deterministic description of dynamics based on canonical equation.
I will also try to deterministically describe evolutionary dynamics including
evolutionary branching in the resource competition model and the predator-prey
model, based on the canonical equation of adaptive dynamics.

Relevance and link to ADN’s research plan

This project aims to bridge a gap between analytical predictions and numerical studies of
evolutionary dynamics involving evolutionary branching, and thus directly links to
ADN’s research foci on Adaptive Speciation and on the Foundations of Adaptive
Dynamics.

Expected output and publications

This work is intended for publication as a co-authored research article and will also be
included in my PhD thesis.
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