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PREFACE

This dissertation is the result of a PhD project that was part of the research program "The

emergence of biocomplexity: a steady state between physical and biotic evolution?". This

program was initiated by Prof. H. Olff (Community and Conservation Ecology Group) and

Prof. F.J. Weissing (Theoretical Biology Group) and funded by the Computational Life Sci-

ences initiative of the Dutch Science Foundation (NWO). The main goal of the program

was to identify emergent properties in complex ecosystems and to understand these prop-

erties on the basis of interactions at lower levels of organization. The working hypothesis

was that despite their inherent complexity, populations and communities must reflect the

restrictions imposed by physico-chemical laws, which affect all ecological and evolutionary

processes. Hopefully, these effects can to a large extent be captured by relatively simple

and general functional relationships, for example scaling laws.

The research program was divided in two projects. The first project focused on the

ecological implications of spatial complexity, such as the spatial patterns induced by the

feedback between the distributions of resources and their consumers. I was in charge

of the second project, aimed at unraveling the ecological implications of compositional

complexity, i.e. the intricacies induced by the fact that typically a huge number of species

interact in even simple ecosystems. This involved studying the dynamics of multi-species

interactions, in particular resource competition. Throughout I neglected the complications

of spatial complexity (which were covered by the first project) and focused on well mixed

environments.

A major problem to be faced by a multi-species approach is the large number of model

parameters. Not surprisingly, the dynamics of multi-species interaction strongly reflects the

assumptions on these parameters (e.g. Huisman et al., 2001). To arrive at general insights,

it is therefore crucial to have a good underpinning for the choice of parameters, prefer-

ably by deriving these parameters from general underlying principles, like physical and

chemical laws or physiological and stoichiometric constraints. However, such principles

can only be applied in mechanistic models of ecological interactions, where all parameters

have a clear-cut interpretation in terms of a priori measurable biological quantities. As a

first step, I therefore decided to base my modeling strategy not on the semi-mechanistic

models that are typically being used in this field, but on the class of storage models, which

is more firmly rooted in physiology and stoichiometry. Although this class of models is in-

herently more complicated than the traditional ones, I hoped that the increased complexity

could later be reduced by the incorporation of simplifying physiological and stoichiometric

principles.

Before thinking of such simplification, I first had to get firm insights into storage models

and, in particular, into storage models of interspecific competition. It turned out that the

analysis of these models is even more intricate than anticipated. In the end, I spent most

of my thesis work on the analysis of multi-species competition in the presence of resource

storage. The results are documented in this thesis, and I hope that I can convince the
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reader that these models are worth a study of their own. This thesis will demonstrate

that multi-species resource competition, with and without storage, is governed by a few

general rules that seem quite robust and not dependent on modeling details. Time did not

permit to attack the more general problem of the implications of compositional complexity

in contexts beyond competition for abiotic resources like mineral nutrients or light. In the

final chapter of this thesis (‘Afterthoughts’) I will speculate a bit whether, and to what

extent, my insights on resource competition can be extrapolated to more general ecological

scenarios.
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