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Chris CANNINGS University of Sheffield

NETWORKS IN BIoLOGY

Networks occur in biology as genealogies, food-webs, protein-protein inter-
action networks, metabolic nets, neural nets and in many other contexts.
These are often modelled using random graph models (i.e. we have some
probability distribution over the possible graphs). There are a variety of
such models, e.g. Erdos-Renyi, small-world, geometric, Cannings-Penman.

This presentation will begin by discussing some of these models and variants
of them, describe some of their properties, how these properties might be
used to distinguish between the models and mechanisms which can generate
these models. We shall then apply some of these notions to the biological
areas mentioned above. Finally we shall see how some of the biological in-
sights can be applied in the context of amorphous computing.

Sergey GAVRILETS University of Tennessee

DYNAMICS OF COALITION FORMATION AND THE EGALITARIAN REVOLU-
TION

This presentation is of work carried out jointly with Edgar A. Duenez-
Guzman and Michael D. Vose

Arguably the most influential force in human history is the formation of
social coalitions and their impact on individual power. Understanding the
dynamics of coalition formation and its consequences for biological, social,
and cultural evolution is a formidable theoretical challenge. In most of the
great ape species, coalitions occur at individual and group levels and among
both kin and non-kin. Nonetheless, ape societies remain essentially hierar-
chical, and coalitions reinforce social inequality. In contrast, human hunter-
gatherers show a remarkable tendency to egalitarianism, and human coali-
tions occur not only among individuals and groups, but also among groups
of groups. These observations suggest that the evolutionary dynamics of
human coalitions can only be understood in the context of social networks
and cognitive evolution. Here we develop a stochastic model describing the
emergence of networks of allies resulting from within-group competition for
status or mates between individuals utilizing dyadic information. The model
shows that coalitions often emerge in a phase transition-like fashion if the
group size, awareness, aggressiveness, and persuasiveness of individuals are
large and the decay rate of individual affinities is small. With cultural in-
heritance of parental social networks, a single leveling coalition including all
group members can emerge in several generations. Our results suggest that
a rapid transition from a hierarchical society of great apes to an egalitar-
ian society of hunter-gatherers (often referred to as ’egalitarian revolution’)
could indeed follow an increase in human cognitive abilities.



Patsy HAccou Leiden University

GENERALIZED WARS OF ATTRITION IN BIOLOGY

This presentation is of work carried out jointly with C. Cannings (University
of Sheffield, Britain), O. Glaizot (museum of Zoology, Lausanne, Switzer-
land), and M. Sjerps (Forensic laboratory, Rijswijk, the Netherlands).

The War of Attrition is a model for contests where players choose a max-
imum investment time. The player who chose the largest time wins a re-
source, the other leaves at its chosen times. Cost is proportional to time
investment and the resource has a fixed value. This implies that the pay-
offs (gain minus cost) of the players are parallel, linear, decreasing functions
of the duration of the game. In a Generalized War of Attrition, payoff
functions may be non-linear, and increasing during part of the trajectory.
Furthermore, after a certain duration of the game, the payoff of the first to
leave may become equal to the payoff of the player who chose the largest
leaving time. (Generalizations of these models to more than two players are
straightforward.) Generalized wars of attrition arise quite naturally in biol-
ogy, in the context of patch exploitation of foraging individuals. There are
plenty of species where several individuals deplete local resources together.
Striking examples are insect herbivores such as aphids. Such competition
causes a dilemma: Individuals who leave the patch early get less than the
ones that remain, who get more than the expected gain in the environment.
All payoffs are, however, decreasing in time. Thus, the longer an individual
remains in a patch the lower its payoff will be, but, on the other hand, if
it manages to remain longer than the rest it might gain much. This situa-
tion corresponds to a generalized war of attrition. The evolutionarily stable
patch leaving tendency can be calculated from the payoff fucntions. A spe-
cial form of competition occurs when several individuals leave their offspring
on a single resource. Then the remaining competitors affect an individualOs
gain from a patch even after its departure. For instance, several butterflies
may deposit their eggs on a single host plant. Parasites often lay additional
eggs in hosts that were previously parasitized by another. It can be shown
that this type of interference causes an asymmetric generalized war of at-
trition. Leaving strategies now depend on perceived differences in arrival
times of competitors, and on the accuracy of this perception. Some analyt-
ical results on the form of the evolutionarily stable strategy can be derived.
From numerical analysis we furthermore find that individuals whose per-
ceived arrival time is early should be prepared to stay the longest. Mistakes
in perceived differences also affect persistence times. If the possibility of
such mistakes is large, the variance in persistence time is low.

Yoh Iwasa Kyushu University
THE LEADING EIGHT: SOCIAL NORMS THAT CAN MAINTAIN COOPERATION
BY INDIRECT RECIPROCITY
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Theory of indirect reciprocation explains the evolution of cooperation among
unrelated individuals, engaging in one-shot interaction. Using reputation, a
player acquires information on who are worth cooperating and who are not.

1. We formalized the reputation dynamics, a rule to assign a binary repu-
tation (good or bad) to each player when his action, his current reputation,
and the opponent’s reputation are given. We then examined all the possible
reputation dynamics, and found that there exist only eight reputation dy-
namics named ’leading eight’ that can maintain the ESS with a high level of
cooperation, even if errors are included in executing intended cooperation
and in reporting the observation to the public.

2. We also study the nature of these successful social norms. We characterize
the role of each pivot of the reputation dynamics common to all of the leading
eight. We conclude that keys to the success in indirect reciprocity are to be
nice (maintenance of cooperation among themselves), retaliatory (detection
of defectors, punishment, and justification of punishment), apologetic, and
forgiving. Second we prove the two basic properties of the leading eight,
which give quantitative evaluation of the ESS condition and the level of
cooperation maintained at the ESS.

3. Third, we explore the global dynamical behavior of multiple behavioral
strategies by replicator dynamics. When private errors exist to a small
extent, the stable coexistence of unconditional and conditional cooperators
under suitable norms.

4. Finally we extend the results to the situations in which players can choose
costly punishment, as well as cooperation and defection. Results remain un-
changed qualitatively.

John MCNAMARA University of Bristol

THE IMPORTANCE OF INDIVIDUAL DIFFERENCES FOR GAMES OF CONFLICT,
AND THE EVOLUTION OF COOPERATION

Game theoretical models often ignore differences between individuals. Us-
ing a series of examples I will demonstrate that such differences are not
innocuous noise, but can fundamentally change the nature of a game. Differ-
ence can completely reverse the direction of evolution in a simple prisoner’s
dilemma game. Differences can necessitate negotiation between parents over
care of their young, and can interact with lifespan to determine how cooper-
ative parent are with each other. Finally, differences in personality promote
the need to be socially sensitive; and once individuals are socially sensitive,
this can lead to the maintenance of differences.

Karl SieMUND University of Vienna

BETWEEN FREEDOM AND COERCION: THE EMERGENCE OF COSTLY PUN-
ISHMENT

Using evolutionary games in finite populations, a model is analysed which
shows that if participation in a joint game is voluntary (rather than com-



pulsory) cooperation based on peer-punishment can emerge.

Steve ALPERN London School of Economics

WHEN DOES MALE CHOICE PLAY A ROLE IN MATE SELECTION?

In recent years much attention in the mate selection literature has focused
on mutual mate choice for monogamous species. We consider the titled ques-
tion in the context of a dynamic game model. Initial cohorts of males and
females are randomly paired in each of n periods, and mate following mu-
tual acceptance; otherwise they go into the next period unmated. Equilibria
can be of two types: female choice (where males always accept) and mutual
choice (where they don’t). We determine which type occurs in terms of two
parameters: the sex ratio and a paremeter which measures female quality
and its variation. We assume that indiviuals in each sex have common pref-
erence over the other sex.

Peter BEDNEKOFF FEastern Michigan University
THE VALUE AND EVOLUTIONARY STABILITY OF SENTINEL BEHAVIOR

Animals frequently lift their heads to scan for predators. Early work sug-
gested that animals would always do best to take turns in scanning and that
the value of coordination decreases with group size. I show that this early
work confounded changes in group size with changes in scanning rates. For
any group size n, the value of coordination peaks when each individual scans
1/n of the time. For a set scanning rate, the value of coordination can both
decrease and increase with group size.

I examine the evolutionary stability of coordinated vigilance. The bene-
fits of coordinated vigilance potentially accrue to all group members, yet
individuals pay the cost of generating coordination. Under plausible cost
functions, coordinated vigilance is evolutionarily stable for only part of the
region where it is valuable.

Rachel BENNETT University of Liverpool

MODELLING THE CO-EVOLUTION OF HOSTS AND PATHOGENS

A baseline criterion for pathogen evolution in a fixed (non-evolving) host is
that the strain with maximum R0 out-competes all others. Similarly there
is a less well known criterion for host evolution in a fixed (non-evolving)
pathogen where the strain with minimum basic depression ratio, D0, behaves
similarly. We present results for co-evolution obtained from a system which
marries these two phenomena. Of particular interest are dimorphism (and
higher morphisms), contingency and cyclic behaviour of the strains.

This presentation is of work carried out jointly with Prof. R.G. Bowers.

Ludek BEREC Institute of Entomology, Biology Centre ASCR
MULTIPLE ALLEE EFFECTS
Allee effects occur whenever fitness of an individual in a small or sparse
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population decreases as the population size or density also declines. These
effects, strongly related to the extinction vulnerability of populations and
gradually becoming acknowledged by both theoretically oriented and ap-
plied ecologists, have already been shown to have important roles in the
dynamics of many populations. Although not yet widely recognized, two
or more Allee effects can occur simultaneously in the same population. I
will present some evidence for multiple Allee effects and show, by means of
mathematical models, that their interactions can take several forms, many
of which are far from trivial. Model predictions suggest that more research
is needed to assess the prevalence and interactions of multiple Allee effects,
as failing to take them into account could have adverse consequences for
the management of threatened or exploited populations. The core of this
presentation will be based on the following paper: Berec L, Angulo E and
Courchamp F (2007). Multiple Allee effects and population management.
Trends in Ecology Evolution, 22, 185-191.

Roger BOWERS The University of Liverpool
THE EVOLUTION OF HOST-RESISTANCE TO INFECTION

We use the general framework of adaptive dynamics and in particular the
method of trade- off and invasion plots (TIPs) to analyze the evolution of
host resistance to microparasites. TIPs are an extension of reciprocal inva-
sion plots which include the trade-off between the evolving characteristics.
Host resistance can be achieved through the innate mechanisms of avoidance
of infection and reduced pathogenicity once infected, through recovery from
infection and through remaining immune to infection: acquired immunity.
We assume that each of these mechanisms is costly to the host and use inva-
sion analysis to investigate circumstances under which (i) resistance is likely
to evolve, (ii) resistance is likely not to evolve and (iii) polymorphism be-
tween resistant and susceptible strains is favoured. Our investigation makes
possible a comparison between various mechanisms of resistance.

Nicolas CHAMPAGNAT I[INRIA, Sophia Antipolis
INCLUDING GENETIC DRIFT IN ADAPTIVE DYNAMICS: THE CANONICAL DIF-
FUSION

This is joint work with Amaury Lambert (ENS, Paris).

The theory of adaptive dynamics proposes a description of evolution which
relies on three assumptions : large populations, rare mutations and small
mutation steps. Under these assumptions, the evolution of a quantitative
dominant trait in an isolated population is described by a deterministic
differential equation called ‘canonical equation of adaptive dynamics’. In
this work, we consider instead finite, randomly fluctuating populations to
allow for the action of genetic drift and weak selection.

Our model includes general ecological interactions (e.g. competition), with
density-dependent reproduction depending on the individual trait (selec-



tion), featuring possible mutations.

Applying a limit of rare mutations to this model leads to a jump process on
Dirac measures with oscillating mass, where evolution proceeds by succes-
sive invasions and fixations of mutants. Rescaling mutation steps then yields
a diffusion on the trait space christened ‘canonical diffusion of adaptive dy-
namics’, in which genetic drift (diffusive term) is combined with directional
selection (deterministic term) driven by the gradient of the mutant invasion
fitness.

In the logistic branching case, invasion fitness factorises as a function of the
initial mutant frequency times ‘invasibility coefficients’ of the resident (fer-
tility, defence, aggressiveness, isolation, survival).

Victor CHINA Ben Gurion University

THE BIOLOGICAL MARKET OF CLEANER WRASSE AND THEIR REEF-FISH
CLIENTS CHINA V KIFLAWI M

In the cooperation between the cleaner wrasse (labroids dimidiatus) and its
reef-fish aclientsa, cleaners remove parasites off their clients, while enjoying
the energetic reward from the parasites removed. The asymmetry in benefits
to each of the two players has led to the suggestion that the system is driven
by ’(biological) market selection’, in which the price of the commodity being
exchanged is determined by supply and demand. While some behavioral
aspects of the interaction seem consistent with qualitative predictions of
market models, to date no attempt has been made to model the factors that
lead to the putative supply-and-demand dynamics.

In this study we make such an attempt, by modeling client arrival as a Pois-
son process with an intensity that is proportional to the number of potential
clients (market size), and their ’satisfaction” with the service; as measured
by the length of the interaction. Cleaners are modeled as experiencing di-
minishing returns on the time they spend cleaning, while maximizing one
of several possible fitness surrogates. In other words, we assume that the
conflict of interests which underlies the market revolves around the duration
of the interaction.

The models make two main testable predictions, some of which were later
supported by field data on 1870 interactions; involving 10-15 cleaners at
4 cleaning stations in the northern Gulf of Aqaba, the Red Sea. Namely
- cleaning time decreases with market size, and is independent of the idle
time that precedes the interaction.

Moreover, we used path analysis to test - at the level of single interactions
- the effect of market size on behavioral parameters that can determine the
length of a cleaning bout. Among other behavioral pathways, the analysis
shows that the decrease in cleaning time with increasing market size is me-
diated primarily by a negative effect that the latter has on the probability
with which cleaner ’solicit’ clients (i.e. offer tactile stimulation).
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Sean COLLINS University of Bristol

A REINFORCEMENT-LEARNING MODEL FOR POPULATION GAMES

This presentation is of work carried out jointly with David Leslie, Depart-
ment of Mathematics, University of Bristol.

We consider the evolution of a population game in which each animal plays
one of a finite set of actions, and receives a reward that depends on the ac-
tions played by the other animals in the population. We develop a reinforcement-
learning model in which animals are not assumed to perform any game-
theoretical calculations, or even to know the payoff structure of the game,
but simply estimate the values of actions using payoff observations. We
show that under our model the population state will track the smooth best
response dynamics, and will thus converge to a Nash distribution in the
same games as the fictitious play models, despite the individual population
members having minimal information about the game.

Larissa CONRADT University of Sussex

CONSENSUS DECISIONS IN ANIMALS.

A consensus decision is when the members of a group choose, collectively,
between mutually exclusive actions. In humans, consensus decisions are of-
ten made democratically or in an equally- shared manner: that is, all group
members contribute to the decision. Biologists are only now realising that
shared consensus decisions also occur in social animals (other than eusocial
insects). Sharing of decisions is, in principle, more profitable for groups
than accepting the unshared decision of a single dominant member. How-
ever, this is not true for all individual group members, posing a question
as to how shared decision- making could evolve. Here, I use a game theory
model to show that sharing of decisions can evolve under a wide range of
circumstances but especially when groups are heterogeneous in composition;
when alternative decision outcomes differ in potential costs and these costs
are large; when grouping benefits are marginal; or when groups are close
to, or above, optimal size. Since these conditions are common in nature, it
easy to see how mechanisms for shared decision-making can have arisen in
a wide range of species, including early human ancestors.

lain CouzIN Princeton University
COLLECTIVE MOTION AND DECISION-MAKING IN ANIMAL GROUPS

Collective organization is everywhere, both around us and within us. Our
brains are composed of billions of interconnected cells communicating with
chemical and electrical signals. Our bodies are formed from clustering, com-
municating cells, and we ourselves are integrated in our own collective human
society. Elsewhere in the natural world hundreds of thousands of blind army
ants coordinate a massive raid across the rainforest floor, a flock of birds
arcs and ripples while descending to roost and a fish school convulses, as if



one entity, when attacked by a predator. How can animal groups move in
unison? How does individual behaviour produce group dynamics? How do
animal societies make informed unanimous decisions? From ant swarms to
flocking birds, from consensus decision-making in fish schools to that among
humans, I will discuss how, and why, coordinated collective patterns are
generated in biological systems.

Harold DE VLADAR University of Groningen

FREE FITNESS, ENTROPY AND EVOLUTIONARY POTENTIALS OF QUANTI-
TATIVE TRAITS

Selection, mutation and drift are three of the main forces driving microevo-
lution. Even when we know how the distribution of allelic frequencies evolve,
if selection is acting over a polygenic quantitative trait, predicting the out-
comes of the evolutionary process is not a trivial task. Because different
distributions of allelic frequencies lead to the same set of traits, then the
change in these frequencies can follow many possible paths. However, all
these paths ultimatelly reach the same equilibrium. In this work we show
that if evolution starts from an initial equilibrium state, we can actually
predict the new expected equilibrium value, given only the change in the
evolutionary forces. We perform these caculations averaging over an en-
semble of independent populations (set of replicas) that are constrained to
have the same average value of the traits subject to evolutionary change.
From this averaging we first obtain a natural measure of genetic distance
that is analogous to entropy in physics, and from which we can formulate
potential functions that describe the change of the traits. From our results
we re-derive Iwasa’s free fitness. We present as well numerical examples and
discuss data that supports our view.

Inez DEMON Rothamsted Research

INTROGRESSION OF RESISTANCE GENES BETWEEN POPULATIONS: A MODEL
STUDY OF INSECTICIDE RESISTANCE IN THE SWEET POTATO WHITEFLY
This presentation is of work carried out jointly with Dr Patsy Haccou and
Dr Frank van den Bosch.

Introgression is a key process in conservation biology, genetic modification
of (crop) species and in the evolutionary ecology of many species. Here we
consider the case of introgression of insecticide resistance in the whitefly,
Bemisia tabaci. B. tabaci is a species complex consisting of a range of bio-
types, known to have a high degree of inter-biotype reproductive isolation.
In areas where insecticide resistant and susceptible biotypes of B. tabaci
coexist, introgression of the resistance gene will have considerable conse-
quences for whitefly control. Using a stochastic branching process model
we calculate the relative importance of life-history traits in determining the
probability of introgression given that a hybridization event has occurred.
We show that a fitness cost expressed through the average number of eggs
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laid, has the largest effect on the introgression probability as compared to
fitness costs expressed through other life-history parameters. These results
change when we consider a reproductive isolation mechanism, for which we
show that the fitness cost expressed through the male survival and mating
probability have the largest effect on the probability of introgression.

Michel DURINX Leiden University

ASSORTATIVE MATE CHOICE AND DOMINANCE MODIFICATION: ALTERNA-
TIVE WAYS OF REMOVING HETEROZYGOTE DISADVANTAGE.

With a protected dimorphism of two alleles at a locus, three discrete phe-
notypes will naturally be present in sexually reproducing populations, and
heterozygous individuals may or may not be at a disadvantage. We compare
the evolution of two obvious alternative ways to remove this phenotype from
the population, namely mating assortatively and making one of the alleles
completely dominant.

We study this issue in discrete generation models, excluding models with
sex-specific selection. We focus on small evolutionary steps in large resident
populations (i.e., the adaptive dynamics approach) and on mutations that
lead to complete assortative mate choice or dominance. All calculations are
kept analytical to allow for as general conclusions, predictions and criteria as
possible, as deriving from the invasion chances of alleles which either change
the tendency to mate assortatively or are dominance modifiers, whether or
not the heterozygote is at a disadvantage.

James DYKE University of Sussex

INCREASING COMPLEXITY CAN INCREASE STABILITY IN A SELF-REGULATING
ECOSYSTEM

This presentation is of work carried out jointly with Jamie McDonald-
Gibson, Ezequiel di Paolo and Inman Harvey.

A long standing debate within ecology is to what extent ecosystem complex-
ity and stability are related. Landmark theoretical studies claimed that the
more complex an ecosystem, the more unstable it is likely to be. Stability
in an ecosystems context can be assessed in different ways. Here, I measure
stability in terms of a model ecosystem’s ability to regulate environmental
conditions. I will show how increasing biodiversity in this model can result
in the regulation of the environment over a wider range of external per-
turbations. This is achieved via changes to the ecosystem’s resistance and
resilience. This result crucially depends on the feedback that the organisms
have on their environment.

Sirot ETIENNE Universite de Bretagne Sud
TALK 1: CAN GAME THEORY HELP TO UNDERSTAND WHY BIRD FLOCKSO
TOLERANCE TO DISTURBANCE IS SO VARIABLE 7

Studies of flightiness in social birds show that this trait is extremely vari-
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able between species, and this variability is difficult to explain. High levels of
flightiness certainly limit predation risk, but also lead to superfluous flights,
especially if non-lethal disturbance is frequent. Because individual decisions
to flee or stay in front of a potential danger are certainly dependent on one
another within a bird flock, it is proposed that game theory could help to
understand the evolution of fearful behaviour in these animals. The present
model considers bird flocks that are the object to both real predatory at-
tacks and non-lethal disturbance, undistinguishable at first sight. Birds may
either be fearful, and take flight at every alert, or be bold, and stay on the
ground until identification of threats. Bold individuals do not take flight use-
lessly, but have more chance of drawing predator attention on themselves.
The model determines evolutionarily stable levels of fearfulness as a function
of birdsO ability to detect and escape predators, flock size, and level of real
predation risk. Depending on the parameter values, all levels of fearfulness
are possible, ranging from extreme fearfulness to total boldness. Multiple
equilibria are also possible.

Sirot ETIENNE Universite de Bretagne Sud

TALK 2: PREDICTING THE OCCURRENCE OF CONFLICTS AND THE STRENGTH
OF INTERFERENCE IN SOCIAL FORAGERS WITH A GAME-THEORETIC MODEL
OF AGGRESSION.

When two animals covet the same resource, the chance of winning for each
of them depends on the level of aggressiveness of its opponent. Aggressive
behaviour is therefore the archetype of a behaviour that cannot be fully un-
derstood without the help of game theory. The present model is based on
the classical Hawk-Dove model (Maynard Smith and Price, 1973). It consid-
ers a group of foragers exploring a patch that contains discrete food items.
When an individual encounters a prey, it begins to feed on it. When two
individuals encounter the same prey, each of them may be prepared to fight
for its possession (Hawk behaviour), or not (Dove behaviour). Hawks have
higher chance of winning the resource, but fights are costly in both time and
energy. Using fitness measures based on type II functional responses, the
model identifies evolutionarily stable levels of aggressiveness, defined as the
proportions of Hawks in the population at equilibrium. The predicted lev-
els of aggressiveness vary with prey characteristics, and with consumer and
food densities. The predictions of the model are, in general, straightforward,
but the analytical approach allows to draw interference curves and discuss
the effects of the evolutionarily stable aggressive rates on food-consumer dy-
namics.

Thomas EVANS University of Liverpool
ADAPTIVE DYNAMICS OF TEMPERATE PHAGES
We use adaptive dynamics to study the evolution of temperate phages. On
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infecting bacteria, these phages can reproduce lytically (bursting the host
cell and releasing new phages) or lysogenically (via bacterial cell division).
Evolution of the probability of lysogeny (p) and the rate at which lysogens
enter the lytic cycle (i) is modelled. A trade-off is assumed such that i is
a function of p. The nature of the evolutionary singularities depends on
the curvature of the trade-off, and its position relative to a pivotal linear
function of i and p along which lytic and lysogenic reproduction are balanced.

Tim FAWCETT University of Groningen
PREVIOUS EXPERIENCES SHAPE OPTIMAL MATE PREFERENCES

N.B. This presentation describes work carried out jointly with Colin Bleay
(University of Bristol, UK).

Existing models of mate choice assume that individuals have perfect knowl-
edge of their own ability to attract a mate, and can adjust their prefer-
ences accordingly. However, unpredictable differences in nutrition, health
and parental resources and other stochastic influences on an individual’s
condition will mean that their own attractiveness is typically uncertain. A
possible source of information on this is the feedback from previous encoun-
ters with potential mates. Here, we develop a stochastic dynamic program-
ming (SDP) model of mutual mate choice in which both males and females
are initially ignorant of their own attractiveness. Individuals sequentially
sample potential mates and retain some information about the outcome of
these encounters (e.g. the number of times they are accepted or rejected).
The evolutionarily stable strategy (ESS) we find is one in which individuals
are sensitive to this previous experience, adjusting their mate preferences
according to the interest received from members of the opposite sex. In
general, individuals that are rejected many times should become less choosy
than those that are accepted by most of the partners they meet. The attrac-
tiveness of the potential mates also makes a difference: acceptances increase
choosiness by more if they come from highly attractive partners, whereas
rejections decrease choosiness by more if they come from unattractive part-
ners. This response to previous experiences allows individuals to exercise a
prudent mate-choice strategy in which their preferences are gradually tuned
to their prospects on the mating market. Our basic predictions can be
readily tested in any system where it is possible to manipulate the level of
interest shown by potential mates.

Javier G. P. GAMARRA University of Wales, Aberystwyth

WATER EDDIES AND PHYTOPLANKTON PERSISTENCE: A CHEMOSTAT’S PER-
SPECTIVE.

Water ecosystems are largely dominated by anisotropic and inhomogenous
flow patterns varying in time. Through a multi-chemostat approach with re-
cycling water patterns, we show that minimum recycling of advection-driven
nutrients and phytoplankton largely increases the persistence of phytoplank-
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ton. Further, the eigenvalues corresponding to the spatial structure of the
network of chemostats can be easily included in a mean-field model to predict
persistence patterns and the conditions under which the system is mostly
externally (flow) or internally (nutrient consumption) driven.

Andy GARDNER Unwwersity of Edinburgh

ALTRUISTIC AND SPITEFUL GREENBEARDS

Hamiltons thought experiment concerning the evolution of self- harming be-
haviour between genetic but not genealogical relatives, dubbed the 'green-
beard’ mechanism by Dawkins, is enjoying something of a revival. We dis-
tinguish four separate kinds of greenbeard, with different evolutionary be-
haviours, and present a classification based upon altruistic versus spiteful
and obligate versus facultative greenbeards.

Mathias GAUDUCHON FEcole Normale Superieure, University UPMC
EVOLUTION OF MUTUALISM IN A SPATIALLY STRUCTURED ENVIRONMENT.
Interspecific mutualisms are naturally sensible to the selective pressure of
cheating strategies that invest less in the mutualistic interaction. Yet, it has
been shown using adaptive dynamics techniques that under the hypothesis
of the acompetitive asymmetrya in favour of the good mutualists, mutualism
can persist over evolutionary timescales. Here I broaden this result by con-
sidering a 2-patches environment. In this model, the evolution mutualism
closely involves the spatial structure through the aevolutionary rescue ef-
fecta that facilitates its long term persistence. Moreover, I show how species
traits can undergo a regional asymmetry breakinga of divergent evolution,
even when the environment is exactly the same in the two patches, what can
give a cue of how species can diversify in spatially structured homogeneous
environments.

James GIBBONS University of Wales, Bangor

BAYESIAN MODEL AVERAGING FOR MODELS IN EVOLUTION AND ECOLOGY
Bayesian model averaging (BMA) is described and illustrated in the context
of models in evolution and ecology. The advantages of the method are i) it
explicitly takes account of uncertainty in model identification and ii) it allows
predictions to be made using ensembles of models. The method can be ap-
plied to a set of mathematically unrelated models, i.e. nesting or a common
structure is not required. Briefly, models are weighted using posterior model
probabilities (PMPs). A PMP is the relative probability of a model being
true given the data. Using a simple example, three approximation methods
(AIC, BIC and Laplace) for calculating PMPs are described and compared
with a full Bayesian approach implemented using a Markov Chain Monte
Carlo (MCMC) method (specifically a Metropolis-Hastings algorithm). We
also describe a simplified approach requiring only the maximum likelihood
parameter estimates and the Laplace approximation of the integrated likeli-
hoods. The advantages and disadvantages of the BMA approach compared
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to model selection criteria are discussed.

Emily HACKETT-JONES University of Edinburgh

EVOLUTION OF PARASITOID LIFE-HISTORY CHARACTERISTICS - BY CHRISTINA
CoBBOLD, EMILY HACKETT-JONES AND ANDY WHITE

We extend a classical discrete-time host-parasitoid framework (the Nicholson-
Bailey model with host self-regulation) to consider the evolution of par-
asitoid life history characteristics. We consider the evolution of parasitoid
emergence time, searching efficiency and timing of attack when combinations
of these characteristics are linked via a trade-off. The evolutionary behaviour
is examined for equilibrium and non-equilibrium population dynamics. We
explain how the position of the singular strategy for the parasitoid changes
under variation of the host life-history parameters. Moreover the direction
of this change is dependent on the nature of the underlying host-parasitoid
population dynamics.

Frederic HAMELIN [3S - CNRS and Universite de Nice / INRA
PARENTAL CARE AS A DIFFERENTIAL GAME

“Conflict between parents over care of young arises when the young benefit
from the effort of both parents, but each parent suffers a reduction in future
reproductive success as a consequence of its own effort.” (Houston et al,
TREE, 05). We present an extremely simple model that adresses parental
care conflict as a dynamic game. We have in mind a young bird for who two
outcomes are possible: either it as been sufficiently cared by its parents to
be able to fly, or it is doomed. It turns out that the evolutionarily stable
parental caring strategy is quite simple: it consists either in deserting the
nest or in investing the effort that would stabilize the young welfare if caring
alone. Yet, this result has interesting biological implications. For instance,
the more a parent is efficient at caring, the less it is expected to care. Also,
it turns out that the incentive to desert can be either decreasing when the
partner’s caring ability increases, or increasing, depending on the sign of a
parameter. We shall explain when and why an efficient, but somewhat lazy,
partner, is prefered, and, oppositely, when and why a “handicaped” partner
is otherwise prefered. This a joint work with Pierre Bernhard.

Simona HAPCA University of Abertay Dundee

ANOMALOUS DIFFUSION OF HETEROGENEOUS POPULATIONS CHARACTERISED
BY NORMAL DIFFUSION AT THE INDIVIDUAL LEVEL

This presentation is of work carried out jointly with John Crawford and Iain
Young.

We develop a stochastic model for the dispersal of a heterogeneous popula-
tion of the slug parasitic nematode Phasmarhabditis hermaphrodita. The
model is derived from a statistical analysis of features of the nematode trail
determined from direct observations of the behaviour of different individuals

in homogeneous and heterogeneous environments. In both cases we observe
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a large variation in individual behaviour within the population as reflected
in nematode speed. As a direct consequence of this variation at the indi-
vidual level, the dispersal process at the population level is characterized by
strong temporal correlations between steps in terms of step length showing
that successive steps are not independent. The impact of the structural
heterogeneity is to reduce the autocorrelation in step length mainly at in-
dividual level. For the individuals in our study we find that the population
speed follows a generalized gamma distribution. Based on these observa-
tions we model dispersal in a heterogeneous population as a long-memory
associated diffusion process, caused by the fact that the diffusion coefficient
is not constant amongst the population but follows a gamma distribution.
Computed explicitly, the probability density function associated with this
process shows that nematode dispersal follows a leptokurtic distribution.

Martin HARRISON University of Sussex

A MODEL OF BROOD PARASITISM USING EXTENSIVE FORM GAMES

The interaction between hosts and parasites in bird populations has been
studied extensively. Game theoretical methods have been used to model this
interaction previously, but this has not been studied extensively taking into
account the sequential nature of this game. We consider a model allowing
the host and parasite to make a number of decisions, which depend on a
number of natural factors. The host lays an egg, a parasite bird will arrive
at the nest with a certain probability and then chooses to destroy a number
of the host eggs and lay one of it’s own. With some destruction occurring,
either natural or through the actions of the parasite, the host chooses to
continue, eject an egg (hoping to eject the parasite) or abandon the nest.
Once the eggs have hatched the game then falls to the parasite chick ver-
sus the host. The chick chooses to destroy or eject a number of eggs. The
final decision is made by the host, choosing whether to raise or abandon
the chicks that are in the nest. We consider various natural parameters
and probabilities which influence these decisions. We then use this model to
look at real-world situations of the interactions of the Reed Warbler and two
different parasites, the Common Cuckoo and the Brown-Headed Cowbird.
These two parasites have different methods in the way that they parasitize
the nests of their hosts. The hosts in turn have a different reaction to these
parasites.

Benedikt HERRMANN University of Nottingham

THE HARMFUL PART OF ALTRUISTIC PUNISHMENT IN A SITUATION OF
CONFLICT BETWEEN GROUPS KLAUS ABBINK, JORGE BRANDTS BERNAD,
BENEDIKT HERRMANN AND HENRIK ORZEN

So far altruistic punishment has been discussed in the context of coopera-
tion within a group where costly punishment of free-riders by cooperators
induces an increase in cooperation beneficial to the group. In our study



16 List of Presentations

we investigate experimentally the effect of within-group punishment when
two groups compete for a prize, simulating the situation of two groups in
a conflict over a resource. All group members receive identical initial en-
dowments of tokens and have to simultaneously decide how many of these
tokens to invest into the contest budget of the group and how many to keep
for themselves. The size of a group’s contest budget, relative to that of the
opponent group, determines its chances of securing the prize. Each mem-
ber of the winning group benefits equally from the prize, regardless of their
individual contribution to the contest. However, all contributions,including
those of the members of the losing group, are lost. In this situation, any
investment by one group imposes an adverse effect on the other group and
hence reduces social efficiency. When allowing for within-group punishment,
the punishment of low contributors by high contributors drives investments
to levels, which are detrimental even for the own group, as the joint expen-
ditures on the contest are larger than the expected return from winning the
prize. We conclude that altruistic punishment in the context of a conflict
between groups is not socially efficient, but in contrast is encouraging spite-
ful behavior. We discuss the possibility that such destructive competition
between groups might have been an influential factor in the evolution of
prosocial behavior within groups.

Pen HOLLAND University of York

LANDSCAPE AS A MODEL: THE IMPORTANCE OF GEOMETRY

This presentation is of work carried out jointly with James N. Aegerter,
Calvin Dytham and Graham C. Smith.

In all models, but especially those used to predict uncertain processes, it is
important to identify and remove any sources of bias which may confound re-
sults. The geometry used to represent virtual landscapes in spatially explicit
models is a potential source of bias. The majority of spatial models use a
single representation of a regular square geometry although regular hexag-
onal landscapes have been used. However, there are other ways in which
space can be sub-divided for use in spatially explicit models. We explicitly
compare the range of alternative geometries available to the modeller.

We test how geometry can affect cell-to-cell movement across homogeneous
virtual landscapes and compare regular geometries with a suite of irregular
landscapes. We show that regular geometries have the potential to system-
atically bias the direction and distance of movement whilst even individual
instances of landscapes with irregular geometry do not. The use of irregu-
lar geometry appears to offer spatial modellers other potential advantages,
which are as yet underdeveloped. We recommend their use in all spatially
explicit models, but especially for predictive models which are used in deci-
sion making.

Margaret HURLEY University of Central Lancashire
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A MODEL FOR ENVIRONMENTAL SEX REVERSAL IN FISH

A mathematical model is presented which combines genetic XX-female/XY-
male sex determination with environmental pressure for phenotypic sex re-
versal. This may occur when fishes are exposed to endocrine disrupters,
specifically masculinization by exposure to androgens and feminization by
exposure to estrogens. A generic model is derived for the sex ratio in succes-
sive generations and three special cases, with chronic and constant pressure
to sex reverse, are discussed in detail. These show that, with extreme en-
vironmental pressure to masculinize, the male genotype is at risk of dying
out but with less extreme pressure, masculinization will not be detectable
since the proportion of phenotypic males becomes one-half. With feminiza-
tion at any pressure to sex reverse, the male and female genotypes will be
maintained in a stable sex ratio in which the proportion of genotypic males
exceeds one-half and is close to one-half if YY offspring (eggs) are not vi-
able. Published work in JOURNAL OF THEORETICAL BIOLOGY 227
(2): 159-165 MAR 21 2004. PDF available on request.

Andrew JACKSON Trinity College Dublin
EVOLVING INFORMATION PROCESSING RULES FOR COLLECTIVE ANTI-PREDATOR
VIGILANCE

Group of animals theoretically gain anti- predator advantages through col-
lective detection of predators. Individual levels of vigilance are predicted
to, and often observed to decline with increasing group size. Such a pro-
cess relies on the transmission of information between group members and
response to this information made at an individual level. A state-based
network model in which individual vigilance behaviour is influenced by the
behavioural state of oneas neighbours will be presented. The processing of
this information involves balancing private information against the socially
derived information from neighbours. It is shown that differences in the
amount of and fidelity with which this information is processed at the in-
dividual generates different group-level strategies of collective anti-predator
behaviour. Generally, increasing the amount of, and sensitivity to, social
information generates a more cooperative vigilance behavior. Results from
an evolutionary version of this model will be presented in which the strate-
gies adopted by individuals for integrating social information are subject to
variation and selection.

Note, part of this work has been published as Jackson Ruxton 2006. Toward

an individual- level understanding of vigilance: the role of social informa-
tion. Behavioral Ecology, 18(3), 590-596.

Vincent JANSEN Royal Holloway, University of London
THE EVOLUTION OF SPITE THROUGH STOCHASTIC EFFECTS, ILLUSTRATED
BY THE WOLBACHIA PARASITE.

This presentation is of work carried out jointly with Charles Godfray and
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Michael Turelli.

The parasite Wolbachia causes cytoplasmic incompatibility, resulting in a re-
duced hatching of eggs from uninfected females fertilised by infected males.
Using a mathematical model for the spread of Wolbachia in an insect pop-
ulation we found that if the infection with Wolbachia does not decrease the
fecundity too much, the parasite can spread through stochastic effects even
in largish populations. This principle holds more general for the evolution
of spite and forms an alternative for the evolution through inclusive fitness
effects.

Colin JOHNSON University of Kent

MULTI-LEVEL NEUTRALITY

Theories of neutrality are well established in evolution, and the advantages
and disadvantages of neutrality have been explored. Neutrality in this con-
text refers to the effects of redundant representations between the genetic
and protein levels. In this talk we will explore neutrality at other levels; for
example, canwe regard behaviourially-identical interactions at the protein
level when proteins are substituted as being a form of neutrality? Or, going
several levels up, the equivalent results of different patterns of behaviour?
In particular we will explore whether there is the capability for tradeoffs
between neutrality at different levels.

Rufus JOHNSTONE University of Cambridge

SEX DIFFERENCES IN DISPERSAL AND SOCIAL BEHAVIOUR

This presentation is of work carried out jointly with Dr Michael Cant

In this presentation, we explore the impact of sex-biased dispersal on levels
of local relatedness, and on selection for social behaviour, among males and
females (given a 1:1 primary sex ratio). We show that when there is a marked
sex-bias in dispersal, selection will almost always favour harming behaviour
among individuals of the sex more prone to dispersal, regardless of the effects
of mating skew or overlapping generations. Selection may well also favour
helping behaviour among individuals of the philopatric sex, particularly if
there is generational overlap, but this is less likely to occur if individuals of
the philopatric sex compete more intensely for fewer breeding spots. In this
last case, if generational overlap is low and mating skew pronounced, the
result may be selection for harming behaviour among both males and fe-
males. In general, our results suggest that relatedness among individuals of
one sex does not reliably predict their level of helping or harming behaviour.

Anne KANDLER University College London

A DIFFUSION-REACTION TYPE APPROACH FOR MODELLING LANGUAGE COM-
PETITION

The presentation is of work carried out jointly with James Steele and Roman
Unger.

In this paper we consider a mixed population with two unilingual and one
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bilingual components. Our intention is to explain the dynamic of language
competition. To do so we apply diffusion-reaction-competition models -
which are adopted from the population ecology literature - with a special
focus on the interpretation and use of the term ’carrying capacity’. We en-
force that the sum of the frequencies of the unilingual and bilingual compo-
nents are restricted to a ‘common carrying capacity’. Existence and stability
conditions for the equilibrium states of the considered models are derived
and we show that depending on environmental conditions, situations like
the coexistence of all three components or the extinction of at least one are
possible. Further we use finite element based numerical solution methods to
identify changes in language frequencies through time.

Ioanna KATRANTZI London School of Economics

ANALYSIS OF EQUILIBRIUM BEHAVIOUR IN A MATING GAME WITH Ho-
MOTYPIC PREFERENCES

We analyse mate choice and search, in a game theoretical framework. We
represent the mating procedure as a game where equal sized initial cohorts
of two different populations, i.e. males and females, are randomly paired in
successive periods. If both members of the matched pair accept the other,
then they are mated; otherwise they enter the next period unmated. In the
last period, mutual acceptance is assumed. We analyse the case where in-
dividuals have homotypic preferences, they prefer partners similar to them-
selves on a one dimensional type scale. Such preferences have been well
documented by sociologists for human populations (where types are poli-
tics, height, attractiveness) and by animal behaviourists in many species
(where types are coloration, feeding methods, birth location). For example,
snow geese prefer partners with similar colouration. Our principle goal is to
explore how equilibrium behaviour changes as the number of types varies.
We establish for the first time that it is possible to have multiple equilibria
in this game.

Istvan Kiss University of Sussex

PARASITE STRAIN COEXISTENCE IN A HETEROGENEOUS HOST POPULATION
The heterogeneity in host susceptibility and transmissibility to parasite at-
tack allows a lower transmission rate to sustain an epidemic than is re-
quired in homogeneous host populations. However, this heterogeneity can
leave some hosts with little susceptibility to disease, and at high transmis-
sion rates, epidemic size can be smaller than for diseases where the host
population is homogeneous. The varying benefits of host heterogeneity in
combination with different transmission mechanisms are likely to promote
and shape the emergence of parasites strains with different transmission
strategies. Using a deterministic differential equation model and individual-
based stochastic simulations we model the natural selection in a parasite
population where heterogeneity in host susceptibility and transmissibility is
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exploited by different strains to varying degrees. This partitioning of the
host population allows coexistence of competing parasite strains, with the
heterogeneity-exploiting strains infecting the more susceptible hosts, in the
absence of physiological tradeoffs and spatial heterogeneity, and even for
markedly different transmission rates. In our model, intermediate-strategy
parasites were selected against: should coexistence occur, an equilibrium is
reached where strains occupied only the extreme ends of trait space, under
appropriate conditions selecting for lower Ry.

Michael Kopp Ludwig-Maxilian- University Munich

AN ANALYTICAL APPROACH TO COMPETITIVE SPECIATION

The following presentation is of work carried out jointly with Pleuni Pen-
nings, Joachim Hermisson, Geza Meszena and Ulf Dieckmann. Competitive
speciation via the evolution of assortative mating is the most prominent
prediction of adaptive dynamics. However, recent models based largely on
computer simulations have shown conflicting results and created a lot of
controversy. Here, we develop analytical tools (based on the invasion fitness
gradient for mating modifiers) to treat competitive speciation in a minimal
model with a simplified genetic architecture. Using this framework, we clar-
ify how the evolution of assortative mating is influenced by both ecological
and genetic factors. In particular, we treat the following issues: 1) The
interplay of natural and sexual selection, 2) costs of assortative mating, 3)
shape of the competition kernel and the mating preference function, 4) ge-
netic architecture of the ecological and the mating trait, and 5) mutation
rates and initial conditions. We show that evolution of assortative mating
depends on the combination of many factors. Our analysis extends previous
results and provides conceptual understanding, which can help to resolve
some the controversy surrounding competitive speciation.

Jens KRAUSE Leeds University

CONSENSUS DECISION-MAKING IN HUMAN CROWDS

In groups of animals only a small proportion of individuals may possess par-
ticular information, such as a migration route or the direction to a resource.
Individuals may differ in preferred direction resulting in conflicts of inter-
est and, therefore, consensus decisions may have to be made to prevent the
group from splitting. Recent theoretical work has demonstrated how lead-
ership and consensus decision-making can occur without active signalling
or individual recognition. Here we test these predictions experimentally us-
ing firstly using small human groups (8 individuals) and finally using larger
crowds of up to 200 people. We found that a small informed minority could
guide a group of naive individuals to a target without verbal communi-
cation or obvious signalling. Both the time to target and deviation from
target were decreased by the presence of informed individuals. When con-
flicting directional information was given to different group members, the



21

time taken to reach the target was not significantly increased; suggesting
that consensus decision- making in conflict situations is possible, and highly
efficient. Where there was imbalance in the number of informed individuals
with conflicting information, the majority dictated group direction. Our re-
sults also suggest that the spatial starting position of informed individuals
influences group motion, which has implications in terms of crowd control
and planning for evacuations.

Nadiah KRISTENSEN CSIRO, Canberra

FoOD WEB ATTRIBUTES IN WEBWORLD MODELS THAT MEDIATE THE RE-
LATIONSHIP BETWEEN SPECIES RICHNESS AND INVASIBILITY

Diversity generally has a negative relationship with invasibility on a local
scale. In this study, food web models resulting from the Webworld algorithm
are used to identify the food web attributes that mediate this relationship.
Webworld is a food web building algorithm that includes both evolution of
species and population dynamics. Mature webs were obtained, and species
richness was manipulated by deleting randomly chosen species. Both vari-
ables that mediated and suppressed the negative relationship between rich-
ness and invasibility were identified. Invasibility decreased with increasing
connectance, predator-prey ratios, and a measure of how well suited native
predators were to their prey. Connectance suppressed the negative relation-
ship between species richness and invasibility because richness was negatively
related to connectance. Other commonly measured web attributes were also
investigated. It was also shown that more mature webs are more invasion
resistant for reasons beyond that explained by their higher species richness,
or their relationship to the invader pool.

Vlastimil KRIVAN Biology Centre, Budejovice
THE HABITAT SELECTION GAME

This presentation is of work carried out jointly with Ross Cressman (De-
partment of Mathematics, Wilfrid Laurier University, Waterloo, Ontario
N2L 3G5, Canada)

The ideal free distribution describes the way in which animals distribute
themselves between several patches of resources. This theory (Fretwell and
Lucas 1970), was introduced before the concept of the Evolutionarily stable
strategy (ESS) was conceived (Maynard Smith and Price 1973). For single
and two species, Cressman and Krivan (2006) defined the so called Habitat
selection game for which the IFD is the Nash equilibrium. These authors
also proved that if patch payoffs are negatively density dependent, the single
species IFD is an ESS. However, for two species this result is no longer
true (Krivan and Sirot, 2002, Cressman et al. 2004, Abrams et al. 2007).
The IFD theory is completely static in the sense that it does not describe
mechanistically processes that lead to the IFD. To describe the dynamics
of the distribution, details of animal dispersal have to be considered. I will
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discuss some dynamics (e.g., best response dynamics) that lead to the IFD.
The dispersal rates that are compatible with the IFD are called balanced
dispersal rates (Holt, 1985). If animals are ideal, as assumed by Fretwell
and Lucas, the dispersal rates correspond to the balanced dispersal at the
distributional equilibrium. However, it is interesting to note that animals
may not be ideal to reach the IFD. Some examples will be given.

Abrams, P., R. Cressman, and V. Krivan. 2007. The role of behavioral dy-
namics in determining the patch distributions of interacting species. Amer-
ican Naturalist 169:505-518. Cressman, R., V. Krivan, and J. Garay. 2004.
Ideal free distributions, evolutionary games, and population dynamics in
multiple-species environments. American Naturalist 164:473-489. Cress-
man, R., and V. Krivan. 2006. Migration dynamics for the ideal free dis-
tribution. The American Naturalist 168:384-397. Fretwell, D. S., and H. L.
Lucas. 1970. On territorial behavior and other factors influencing habitat
distribution in birds. Acta Biotheoretica 19:16-32. Holt, R. D. 1985. Popu-
lation dynamics in two-patch environments: Some anomalous consequences
of an optimal habitat distribution. Theoretical Population Biology 28:181-
208. Krivan, V., and E. Sirot. 2002. Habitat selection by two competing
species in a two-habitat environment. American Naturalist 160:214-234.
Maynard Smith, J., and Price, G. R. 1973. The logic of animal conflict.
Nature 246: 15-18.

Amaury LAMBERT Fcole Normale Superieure

QUASI-STATIONARITY IN POPULATION DYNAMICS

We review some basics about the quasi-stationary behaviour of Markov pro-
cesses modelling population dynamics becoming extinct with probability 1,
including how to condition these processes on being never extinct.

Then we display new results for diffusion models, putting the emphasis on
criteria for uniqueness of quasi-stationary distributions.

These last results are of work carried out jointly with P. Cattiaux, P. Collet,
S. Martinez, S. Meleard, J. San Martin.

Daniel LAWSON Bioinformatics and Statistics Scotland

AN ANALYTICAL METHOD FOR NEUTRAL EVOLUTION IN A TYPE SPACE
The analysis of low dimensional type spaces is of particular interest for the
comparison of trait experiments, but is difficult to approach by consider-
ing lineages because lineages can converge. We consider a novel form of
‘'moment-closure’ based on minimum information assumptions that permits
a solution for the trait distribution of a finite population. The mean po-
sition performs a random walk with speed independent of population size,
and the fluctuations in the width of the distribution are always as large as
the distribution itself. Hence there is a simple ’steady state’ solution that
is subject to very large fluctuations, which can be used as a null model,
or form part of a more complex models. The population can separate into
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distinct clusters, and we discuss to what degree this can be considered as
speciation.

Roger LUTHER University of Sussex

EVOLUTIONARILY STABLE STRATEGIES IN KLEPTOPARASITISM
Kleptoparasitism is modelled by a population whose members can forage for
food and/or steal food from others. If attacked when feeding, an individual
may or may not resist the challenge. We find the three possible evolutionarily
stable strategies, adopted depending on environmental conditions.

We then consider two populations, one only foraging, the other foraging and
stealing, and again find the possible ESS’s.

This presentation is of work carried out jointly with Mark Broom (Sussex)
and Graeme Ruxton (Glasgow)

James MARSHALL University of Bristol

Lost IN THE CROWD? THE EVOLUTION AND ECOLOGY OF RECIPROCAL
COOPERATION IN VISCOUS POPULATIONS

The evolution of reciprocal cooperation has been a long-standing research
question. Robert Trivers suggested that viscous populations, those with
limited individual dispersal and locality of interactions, could prove suitable
for establishing reciprocal cooperation, through enlarging the ’shadow of the
future’ in repeated interactions. Our subsequent work has shown that things
may not be so simple; while limited dispersal increases the probability that
individuals stay in the same location, it may also increase local population
density such that cooperating individuals lose each other in the crowd. In
this talk we present new results examing the circumstances under which re-
duced dispersal increases or decreases support for reciprocally cooperative
strategies, with particular reference to an ecological factor, the Allee effect,
in which individual survival probability is positively correlated with local
population density.

Geza MESZENA Fotvos University

FROM POPULATION DYNAMICS TO ADAPTIVE DYNAMICS

Assumptions of adaptive dynamics (AD) are sometimes considered as some-
thing very special and questionable. I re-investigate the issue via studying
the joint population dynamics of an arbitrary number of similar strategies
in a k-dimensional strategy space. A functional analytic starting point is
used to specify the necessary continuity assumption.

Similarity of the strategies implies that the relative dynamics of the popu-
lations is slow as compared to, and it is decoupled from, their aggregated
dynamics. We employ a Taylor expansion in the small parameter scaling the
strategy differences. It turns out that the orders of frequency-dependence
(dependence of the growth rates on the relative abundances) are coupled to
the Taylor orders. Away from the singular points the expansion is domi-
nated by the linear term, which corresponds to frequency-independent selec-
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tion and results in a directional evolution. Dominance of the second order
terms at a singularity leads to linear frequency dependence, i.e., to a Lotka-
Volterra type relative dynamics. In both cases, outcome of competition
is fully constrained by the invasion fitness. Pattern of coexistence in the
vicinity of the singularity can be characterised.

This analysis reveals the essential assumptions of AD: It is about continu-
ous evolution of asexuals. The general results of AD are consequences of the
weakness of frequency-dependence for small strategy differences. In line with
the simulation results, we conclude that the usual arare mutationsa assump-
tion is superfluous. Moreover, if the monomorphic population dynamics has
multiple attractors, the attractor is inherited during the evolutionary pro-
cess until a bifurcation point is reached.

Hans (J.A.J.) METZ Institute of Biology, Leiden University

THE CANONICAL EQUATION OF ADAPTIVE DYNAMICS IN MENDELIAN AND
STRUCTURED POPULATIONS

The canonical equation of adaptive dynamics has been derived formally by
Dieckmann Law and rigorously by Champagnat only for population models
with ODE deterministic skeletons. In this talk I will heuristically discuss
the extension of this derivation to structured and Mendelian populations (as
in the ODE case based on the assumptions of mutation limitation and small
mutational steps).

Lesley MORRELL University of Leeds

ADAPTIVE GEOMETRY FOR THE SELFISH HERD: STRATEGIES FOR AGGRE-
GATION

Under the threat of predation, animals often group tightly together, with
all group members benefiting from a reduction in predation risk through
various mechanisms, including the dilution, encounter-dilution and preda-
tor confusion effects. Additionally, the selfish herd hypothesis was first put
forward by W.D. Hamilton in 1971. He proposed that in order to reduce
its risk of predation, an individual should approach its nearest neighbour,
reducing its risk at the expense of those around it. Despite extensive em-
pirical support, the selfish herd hypothesis has been criticised on theoretical
grounds: approaching the nearest neighbour does not result in the observed
dense aggregations, and the nearest neighbour in space is not necessarily
the one that can be reached fastest. Increasingly complex movement rules
have been proposed, successfully producing dense aggregations of individu-
als. However, no study to date has made a full comparison of the different
proposed movement rules within the same modelling environment. Further,
ecologically relevant parameters, such as the size and density of a popula-
tion or group, and the time it takes a predator to attack, have thus far been
ignored. Here, we investigate the reduction in risk for animals aggregating
using different strategies, and demonstrate the importance of ecological pa-
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rameters on risk reduction in group-living animals. We find that complex
rules are most successful at reducing risk in small, compact populations,
while simpler rules are most successful in larger, low density populations,
and when predators attack quickly after being detected by their prey. This
work is in collaboration with Dick James, University of Bath.

Andrew NEVAI The Ohio State University

SPATIAL PATTERNS IN A DISCRETE-TIME EPIDEMIC PATCH MODEL

This presentation is of work carried out jointly with Linda J.S. Allen and
Yuan Lou. A discrete-time SIS patch model is presented. Patch differ-
ences in local disease transmission and recovery rates characterize whether
patches are low-risk or high-risk, and these differences collectively determine
whether the spatial domain, or habitat, is low-risk or high-risk. In low-risk
habitats, the disease-free equilibrium (DFE) is stable when the mobility of
infected individuals lies above a threshold value, but for high-risk habitats,
the DFE is always unstable. When the DFE is unstable, there exists a
unique endemic equilibrium (EE). When the EE exists, it tends to a spa-
tially inhomogeneous DFE as the mobility of susceptible individuals tends
to zero. Sufficient conditions for whether high-risk patches in the limiting
DFE have susceptible individuals or not are given in terms of habitat con-
nectivity, and these conditions are illustrated using numerical examples.

Anders NILSSON Lund University

HIGHER-ORDER EFFECTS OF KLEPTOPARASITISM IN PIKE

The pike is an important top-predator fish in temperate lakes, and pike pre-
dation influences the trophic composition and dynamics in lake ecosystems.
The pike is also kleptoparasitic, and as kleptoparasitic attacks are costly in
terms of e.g. lost foraging opportunity and injury, individuals should strive
to avoid these attacks. Risk of attack increases with size of prey caught and
handled, and pike respond by expressing a preference for smaller prey in the
presence of conspecifics. To further avoid intraspecific interactions, pike also
decrease over-all foraging rates around conspecifics. These behaviours cause
shifts in the size-structured predation pressure on prey fish, and introduces
an intimidation interference component to pike predation, respectively, that
act as to decrease the trophic effects from pike piscivory and to stabilize
consumer-resource dynamics.

Ace NORTH Uniwversity of Helsinki

THE ROLE OF SPATIAL DYNAMICS IN SHAPING PHENOTYPIC PLASTICITY
Evolutionary ecology is increasingly acknowledging the importance of phe-
notypic plasticity. This is partly a result of repeated demonstrations that
it is an adaptive trait. Since plasticity is 'the property of a given geno-
type to produce different phenotypes in distinct environmental conditions’
(Pigliucci, 2000), selection on plasticity is inextricably linked to the range
of environments the given genotype experiences. It is clear, then, that the



26 List of Presentations

spatial dynamics of a population will be fundamentally important to the
evolution of that population’s plasticity. However, while spatial population
dynamics, as a separate field, has evolved rapidly in recent years, there has
been little integration to the similarly expanding field of adaptive plasticity
modelling. In this talk, I will present a framework for modelling adaptive
plasticity in space, and briefly discuss how the models can be analysed us-
ing perturbation expansion, a method which has been developed primarily
for analysing models of spatial population dynamics. This is ongoing work
carried out in collaboration with Otso Ovaskainen.

Samares PAL Ramakrishna Mission Vivekananda Centenary College
MATHEMATICAL MODELLING ON HARMFUL ALGAL BLOOMS IN THE PRES-
ENCE OF TOXIC SUBSTANCES

Plankton is the basis of the entire aquatic food chain. Phytoplankton, in
particular, occupies the first trophic level. Plankton performs services for
the Earth: it serves as food for marine life, gives off oxygen and also absorbs
half of the carbon dioxide from the Earth’s atmosphere. The dynamics of a
rapid (or massive)increase of plankton populations is an important subject
in marine plankton ecology and generally termed as a 'bloom. The model
that we propose has three interacting components consisting of the non-toxic
phytoplankton (NTP), herbivorous zooplankton (Z) and toxin producing
phytoplankton (TPP) with an additional factor that the release of toxic
substance by toxic-phytoplankton species reduces the growth of zooplank-
ton. Our field study suggests that when TPP is absent the equilibrium level
of NTP is much lower than the value observed when TPP is present. More-
over the equilibrium level of zooplankton decreases when TPP is present.
This phenomenon depicts the fact that the presence of TPP in the system
enhances the production of NTP and reduces the zooplankton grazing pres-
sure. Our analytical as well as numerical study reveals the essential math-
ematical features regarding the role of TPP in phytoplankton-zooplankton
interaction.

Joel PECK University of Sussex

CAN DARWIN’S THEORY OF NATURAL SELECTION BE USEFULLY APPLIED
TO GROUPS, SOCIETIES AND ECOSYSTEMS?

Darwin’s theory of evolution by natural selection has been remarkably suc-
cessful in explaining the genesis of many phenotypes in natural populations.
Attempts to apply the theory to groups, societies, and ecosystems have been
less successful. To operate, the process described by Darwinas theory re-
quires variation between the objects under selection. Typically, when the
objects under selection are groups of organisms, this variation has been pro-
duced by stochastic processes. However, stochastic processes are only likely
to produce substantial variation in relatively small populations. A few recent
studies have considered the possibility that selection itself may produce the
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variation required for the effective action of natural selection. This approach
looks promising, as it may allow for effective natural selection on very large
groups of organisms. However, if selection is the source of between-group
variation, then there are new difficulties for Darwinas theory. Some of these
difficulties may disappear if there are occasional environmental crises, such
as a temporary decrease in the availability of resources.

Valeriy PERMINOV [Institute for Mathematical Modelling, Moscow
INDIVIDUAL-BASED MODEL FOR SIMULATION OF INFLUENZA EPIDEMIC SPREAD-
ING IN CITIES

Traditional mean field approach to epidemic spread studying based on a
well-mixed paradigm gives birth to models described by the ordinary (or
partial) differential equations. Though such models can sometimes prove
useful for understanding main processes they may not take into considera-
tion a complex contact network in a city. For example, it is well known that
transmission of many infectious diseases takes place mainly through close
contacts (in kindergartens, schools, households, and workplaces) and to a
lesser extent through casual contacts (in cafes, cinemas, public transport,
etc.). Individual-based models (IBMs) may take into account these (and
many other) details. As a consequence IBMs contain usually much more
parameters in comparison with the mean field models. These parameters
come from submodels, describing individualsa properties, their contact net-
works, behavior of individual in different situations and the process of the
disease transmission itself. In IBMs the latter is described statistically i.e.
by given probabilities of the disease transmission during the contact. Such
probabilities strongly depend on a virus strain and in general may not to be
measured with reasonable accuracy. So, we need in some additional infor-
mation about the epidemic outbreak (the so-called apatternsa). Most if not
all of researchers use integral illness attack rates for the whole population
and for its different age groups for an estimation of the required probabili-
ties. Mathematicians refer to such a problem as to the inverse or improperly
stated one. It is clear that its solution in our case is non-unique, i.e. two
different combinations of the probabilities may correspond to the same pat-
terns. In our talk we are going to tell about: - our model for spreading
the influenza in cities and its capabilities; - new method of the transmission
probabilities estimation that take into consideration the epidemic dynam-
ics; - results obtained for the real influenza epidemic in Sanct-Petersburg,
Russia; - correct approach to the presentation of simulation results.

Jon PITCHFORD University of York

UNCERTAIN EVOLUTION

Most of us are comfortable with the idea that random events play an im-
portant role in our own lives, but there is sometimes a reluctance to build
these uncertainties into our models of complex biological systems. Simple
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methods based on nonlinear dynamical systems and stochastic processes can
help us account for uncertainty in evolutionary models, and I will illustrate
these with examples from optimal foraging and bone mechanics.

Q. Lv and J. W. Pitchford (2007) aStochastic von Bertalanffy models, with
applications to fish recruitmenta J. Theor. Biol. 244, 640-655.

J. D. Currey, J. W. Pitchford and P. D. Baxter (2007) aVariability of the
mechanical properties of bone and its evolutionary consequencesa J. R. Soc.
Interface 4, 127-135.

David RAMSEY University of Limerick

A ContiNvous TiIME, LARGE POPULATION GAME THEORETIC MODEL
OF MATE CHOICE

We consider a large population in which individuals form breeding pairs at
the start of a breeding season. The ratio of the number of males to the num-
ber of females is alpha. Uniform preferences are assumed and the values of
males and females as potential partners come from discrete distributions. A
breeding pair is only formed when two individuals are mutually acceptable
to each other. By forming a breeding pair, two individuals leave the pool of
prospective mates. Hence, as the search progresses the distribution of the
values of available mates changes accordingly. The payoff to an individual is
the value of his/her mate discounted according to the time spent searching.
The general form of an Evolutionarily Stable Strategy (ESS) is presented,
along with results on the uniqueness of an ESS. It is shown that multiple
ESSs may exist.

Jan RYCHTAR University of North Carolina Greensboro

THE EVOLUTION OF KLEPTOPARASITIC STRATEGIES UNDER THE ADAPTIVE
DYNAMICS

This presentation is of work carried out jointly with Dr. Mark Broom.

Kleptoparasitism, the stealing of food items, is a common biological phe-
nomenon which has been modeled mathematically in a series of recent pa-
pers (Broom, Luther, and Ruxton 2004, Broom and Rychtar 2006, Broom,
Luther and Rychtar 2007). In this talk we consider the evolution of a sys-
tem under adaptive dynamics. We show that under some conditions on
strategies, mixed strategies can be stable. On the other hand, if there are
no restrictions on the strategy set, no mixed strategy is stable; and the dy-
namics has only two stable attractors - the kleptoparasitic strategies Hawk
and Marauder. Moreover, for some parameter values and with proper ini-
tial conditions, the following interesting behavior occurs: the population
evolves in cycles without any spatial or temporal patterns; each such a cy-
cle involves unpredictably long periods of kleptoparasitism free polymorphic
mixtures; each such a period ends by an invasion of a single (unpredictable)
kleptoparasitic strategy after which the population becomes monomorphic
and evolves ’slowly’ back to the beginning of the cycle.
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Tim SLUCKIN University of Southampton

MECHANISMS OF HUMAN DEMIC EXPANSION

This is a presentation of joint work with L.D. Hazelwood and J. Steele

We generalise the Fisher-Skellam mathematical model of population waves
of advance to cases of very fast biological invasions (or demic expansions).
We specify conditions for past human populations, in which very fast demic
expansion would be consistent with accepted values for basic demographic
parameters. These conditions include an exploratory mobility strategy in-
volving fat-tailed distributions of trip lengths; the presence of habitat corri-
dors with reflecting boundaries; and the presence of gradients in resources,
when concentrations increase with distance from the origin. We indicate
physical circumstances that might present such conditions, and identify their
existence in concrete instances.

Isabel SMALLEGANGE Maz Planck Institute for Ornithology, Radolfzell
DISTRIBUTIONS OF IDEAL, FREE BUT UNEQUAL PREDATORS ARE NOT NEC-
ESSARILY (SEMI-)TRUNCATED

This presentation is of work carried out jointly with Jaap van der Meer
Game theoretical studies on contest behaviour suggest that, in foraging
predators, interference through loss of foraging time is strongest between
equal competitors. However, this phenomenon has not been incorporated
into mechanistic models of interference, nor have such models been used
in an ideal-free context to predict the distribution of predators. Here, we
develop a mechanistic interference model for two types of competitors: sub-
ordinates and dominants. The assumptions are that subordinates suffer in-
terference through loss of foraging time from dominants but not vice versa.
Yet, time loss is greatest when two equal searchers interfere. The ideal free
distribution of the model is a mixed one with a larger share of dominants on
the better patch, but with complete overlap of feeding rates of dominants
and subordinates across patches. This contrasts with the (semi-)truncated
ideal-free distribution predicted from other mechanistic interference models,
where individuals suffer most from dominant competitors. Unfortunately,
the model predictions were not confirmed in an experimental test where 32
subordinate and dominant shore crabs (Carcinus maenas) foraged on two
mussel (Mytilus edulis) patches. The experimental trials might not have
been long enough for crabs to assess patch quality and hence the crabs were
not aideald. In a field test, where we assumed that the quality of sam-
pling sites was set by the abundance of brown shrimps (Crangon crangon: a
preferred prey species), the observed spatial distribution of shore crabs did
point at a mixed, ideal-free distribution.

Peter Sozou London School of Economics
ALTRUISM AND SPITE IN VISCOUS POPULATIONS
Love thy neighbour? This talk will explore viscous populations in which
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agents interact and disperse over limited spatial scales. ’Altrusim’ occurs
when an agent pays a cost (in terms of personal reproductive output) in
order to help its neighbours. ’Spite’ occurs when an agent pays a cost in
order to harm its neighbours. The tendency for neighbours to be relatives
selects for altruism, whereas local competition for resources selects for spite.
Simulation results will be presented showing that whether altrusim or spite
wins out overall depends on spatial scales for a number of processes.

Marek SPINKA Institute of Animal Science, Prague
WHEN TO GO WITH THE CROWD: THE ROLE OF TIME ASYMMETRY IN
BEHAVIOURAL SYNCHRONIZATION IN GROUPS

This presentation is of work carried out jointly with Iva Dostalkova, Faculty
of Science, University of South Bohemia

Our previous model of behavioural synchronization between two animals
(Dostalkova and Spinka, in press) showed that when pairs of animals need
to synchronize a behavioural switch, the resulting behaviour will often be a
premature common action. Here we examine an expanded model for large
groups of animals. The model assumes that within a group, animals differ
in their individually optimal time for a behavioural switch (e.g., leaving a
resting place) and that there is a trade-off between the cost of acting out of
synchrony, -Q, and the cost of acting out of the individually optimal time,
-L. As the parameter Q/L decreases, the optimal strategy changes from full
synchronization (all animals switch behaviour at the same time) to partial
synchronization (part of the animals switch the behaviour together and the
remaining do that alone) to no synchronization. Due to the informational
asymmetry of time (animals can perceive and remember what the others
have done, but cannot perceive what they will do) the partial synchroniza-
tion case is asymmetric in time, with the bulk of the animals acting together
before the average optimal time and a smaller part of animals trailing indi-
vidually later. The need to synchronize behaviour in groups can thus have
interesting and important consequences in timing of behaviour.

Dostalkova, I. Spinka, M.: Synchronization of behaviour in pairs: the role
of communication and consequences in timing. Animal Behaviour, in press.

David SUMPTER Mathematics Department, University of Uppsala
ROBUST ALGORITHMS FOR COLLECTIVE DECISION-MAKING.

An important goal in understanding complex biological systems is the identi-
fication of algorithms that can meet multiple challenges. Over the past seven
years we have built a detailed model of the decentralised algorithm used by
Temnothorax ants in making a collective decision about which nest to move
to. In this talk we describe properties of this algorithm, drawing paral-
lels to other decision-making systems in animal behaviour and elsewhere.
In particular, we show that emigrating colonies of the ant Temnothorax
curvispinosus tune the parameters of a single decision algorithm to respond
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adaptively to two distinct problems: rapid abandonment of their old nest in
a crisis and deliberative selection of the best available new home when their
old nest is still intact. The algorithm uses a stepwise commitment scheme
and a quorum rule to integrate information gathered by numerous individ-
ual ants visiting severalcandidate homes. By varying the rates at which
they search for and accept these candidates, the ants yield a colony-level
response that adaptively emphasizes either speed or accuracy. We propose
such general but tunable algorithms as a design feature of complex systems,
each algorithm providing elegant solutions to a wide range of problems.

Abbey TREWENACK The University of Melbourne

DISPERSAL AND SETTLING OF TRANSLOCATED POPULATIONS WITH A NEW
ZEALAND AMPHIBIAN CASE STUDY

Translocations are widely used to reintroduce threatened species to areas
where they have disappeared. Mathematical modelling of translocations
is useful in suggesting design and monitoring strategies for future translo-
cations, and as an aid in understanding observed behaviour. A contin-
uum multi-species model framework describing dispersal and settling of
translocated animals is developed. A variety of different dispersal and set-
tling mechanisms, which may depend on local population density and/or
a pheromone produced by the population, are considered. Steady state
solutions are obtained using numerical techniques for each combination of
dispersal and settling mechanism and for both single and double transloca-
tions at the same location. Each combination results in a different steady
state population distribution and the distinguishing features are identified.
Finally, the model is applied to a case study of a double translocation of the
Maud Island frog, Leiopelma pakeka.

Anastasssios TSOULARIS Massey University

MATHEMATICAL MODELS OF BATESIAN MIMICRY

In Ecology, the term mimicry describes a situation in which one type of
species, the mimic, shares common external features with another type of
species, the model with the sole purpose of confusing potential predators.
In Batesian mimicry, named after Henry Walter Bates, the English natu-
ralist, the mimics, which are palatable to predators, send similar signals
to model species, which are unpalatable. His theory of mimicry postulates
that predators tend to avoid nauseous (in smell or taste) models and the
mimics derive some form of protection by resembling the models. This the-
ory carries the assumption that models are more abundant than mimics so
that predators can learn to avoid them. In this work two distinct models
of mimicry are presented, The first model addresses predation of evolving
populations of models and mimics under predation by a predator utilizing
reinforcement learning to improve its performance by gradually attacking as
few models as possible and consequently increasing its attacks on mimics.
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In the second model the predator optimizes a performance index formulated
in terms of its net energetic benefit intake over a time horizon, which is
essentially a problem in Optimal control. The two approaches give rise to
distinctly different patterns of prey consumption. Some suggestions for more
complex scenarios involving additional alternative prey are also put forward.

Minus VAN BAALEN UMR7625 Ecologie Evolution

COMMUNICATION AND KIN SELECTION

This presentation is of work carried out jointly with Vincent A.A. Jansen of
Royal Holloway College (UK). Hamilton already realised that altruists could
greatly enhance their chances of invasion if they could recognise each other,
a mechanism Dawkins called the ‘Green Beard’ effect. This mechanism
was long dismissed as unfeasible but recent work on ‘tag-based’ cooperation
strategies has revived interest in the role of communication. In this pre-
sentation I will review how the evolution of communication strategies may
involve kin recognition and how this may lead to fluctuating evolutionary
end results.

Femke VAN DEN BERG Rothamsted Research Centre

CAN THE PRESENCE OF PLANT PATHOGENS EXPLAIN THE COEXISTENCE
OF PLANT SPECIES?

In nature many species competing for mutual resources coexist. The ques-
tion is how this is possible? Why don’t plant species always out- compete
each other leading to plant mono-cultures? A general opinion within ecol-
ogy is that disturbances and density dependent mortality caused by e.g. the
presence of pathogens promotes the coexistence of plant species (Crawley
2004; Freckleton Lewis 2006). We will however show that this general opin-
ion is only correct on a short ecological time-scale and that it does not hold
when evolutionary processes are taken into account.

The model describes a system in which two plant species compete for a com-
mon resource and where both plant species are affected by the same pathogen
species. We further assume that there is a trade-off between pathogen in-
fectivity and plant growth rate such that a reduced infectivity is associated
with a reduced plant growth rate (Way et al. 2002; Ruuhola Julkunen-
Tiitto 2003). Both plant species can evolve with respect to their pathogen
susceptibility. The methods developed by Marrow et al. (1996) were used
to analyse the simultaneous evolution of both plant species.

The results show that on a short ecological time-scale, i.e. a time- scale
that is not sufficient for plants to adapt their defence strategy, the presence
of pathogens can indeed explain the coexistence of species. However, on
a longer time-scale, i.e. a time-scale that allows the plants to adapt their
defence strategies, evolution always tends towards a level of defence that
results in one plant species out-competing the other. These results hold for
several shapes of the trade-off definition and a wide variety of mutation rate
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combinations.

We thus conclude that the idea that the presence of a pathogen allows for
the coexistence of species is not generally correct.

Rothamsted Research receives support from the Biotechnology and Biolog-
ical Sciences Research Council (BBSRC) of the United Kingdom.

CRAWLEY, M. J. (2004). Timing of disturbance and coexistence in a
species-rich ruderal plant community. Ecology 85(12), 3277-3288. FRECK-
LETON, R. P. LEWIS, O. T. (2006). Pathogens, density dependence
and the coexistence of tropical trees. Proceedings of the Royal Society of
London Series B-Biological Sciences 273(1604), 2909-2916. MARROW, P.
DIECKMANN, U. LAW, R. (1996). Evolutionary dynamics of predator-
prey systems: an ecological perspective. Journal of Mathematical Biology
34, 556-578. RUUHOLA, T. JULKUNEN-TIITTO, R. (2003). Trade-
off between synthesis of salicylates and growth of micropropagated Salix
pentandra. Journal of Chemical Ecology 29(7), 1565-1588. WAY, H. M.
KAZAN, K. MITTER, N. GOULTER, K. C. BIRCH, R. G. MANNERS,
J. M. (2002). Constitutive expression of a phenylalanine ammonia-lyase gene
from Stylosanthes humilis in transgenic tobacco leads to enhanced disease
resistance but impaired plant growth. Physiological and Molecular Plant
Pathology 60, 275-282.

Jaap VAN DER MEER Royal Netherlands Institute for Sea Research
INTERFERENCE AMONG A FINITE NUMBER OF PREDATORS: A STOCHAS-
TIC VERSION OF THE BEDDINGTON-DEANGELIS FUNCTIONAL RESPONSE
MODEL

This presentation is of work carried out jointly with I.M. Smallegange The
predator-dependent Beddington- DeAngelis functional response model can
be considered as an extension of the prey-dependent Hollings type II func-
tional response model, since it includes, apart from the states searching for
prey and handling prey, a third behavioural state, namely mutual interfer-
ence with competitors. The model is further based upon the underlying
idea of mass action, which means that it is assumed that predator and prey
numbers are infinitely large. This latter assumption casts doubt on the ap-
plicability of the model to experimental situations, which have been used to
estimate the underlying behavioural parameters, because such experiments
are usually performed with very few competitors. Therefore a stochastic
version of the Beddington-DeAngelis model is presented which overcomes
these problems. An explicit functional response equation could be derived.
Further a maximum- likelihood procedure for parameter estimation is pre-
sented and applied to shore crabs foraging on blue mussels. In passing, a
mistake in the derivation of the deterministic Beddington-DeAngelis model
is corrected, resulting in a slightly different solution.

Nathaniel VIRGO University of Sussex
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MODELLING THE PRODUCTION OF ENTROPY IN ECOSYSTEMS

We present a minimal ecosystem model which takes account of thermody-
namic constraints on the organisms’ metabolism. We model the rates of
conversion of food into waste by populations’ collective metabolism, us-
ing a hypothesised physical principle of Maximum Entropy Production to
determine their values. This suggests a way of testing the principle exper-
imentally, as well as being a step towards more detailed physically-based
ecosystem models that have thermodynamic principles built in from the
start.

N.B. The basic model will also be presented at the 9th European Conference
on Artificial Life (ECAL2007); in this talk I will discuss some extensions to
the model, such as multiple species interaction.

Bernhard VOELKL CNRS Strasbourg

MODELLING INFORMATION TRANSMISSION IN SMALL-SCALE SOCIETIES US-
ING WEIGHTED MULTIGRAPHS BERNHARD VOELKL RONALD NOE

Field studies of primate groups have shown that social learning - in the sense
of acquiring information through observation- can lead to the development
of temporal stable traditions or even proto-culture. The social structure
of primate groups is highly diverse and it has been suggested that differ-
ences in the group structure shall influence the patterns of social information
transmission. While empirical studies have mainly investigated the psycho-
logical mechanisms of cultural learning in individuals, the phenomenon of
information propagation has received relatively little attention. This might
be due to the fact that formal theories that allow actual testing have not
been formulated, or were kept far too simple, ignoring the social dynamics
of multi-agent societies. We want to propose a network approach to so-
cial information transmission that (1) preserves the complexity of the social
structure of primate groups and (2) allows direct application to empirical
data. Results from simulation experiments with artificial as well as natu-
ral occurring group structures confirm that association patterns of group-
members influence expected speed of information transmission during the
propagation process. Introducing a forgetting rate demonstrates that under
certain conditions the proportion of informed individuals will reach a stable
rate in some systems while it will drop to zero in others. This suggests that
the likelihood to observe temporal stable traditions shall differ between so-
cial systems with different structure.

Chris WATKINS Royal Holloway, University of London

THE EVOLUTION OF GENETIC CODES

Organisms are highly adapted to their environments, and (to make a sweep-
ing generalisation) for most (sexual) organisms there is substantial heritable
variability in nearly all characteristics of the phenotype that are relevant to
fitness. How do genetic codes that support heritable variability of complex
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characteristics spontaneously arise? I will address this question with simu-
lations and theory.

David WAXMAN University of Sussex

SINGULAR SOLUTIONS OF THE DIFFUSION EQUATION OF POPULATION GE-
NETICS

The forward diffusion equation for gene frequency dynamics is solved subject
to the condition that the total probability is conserved at all times. This
can lead to solutions developing singular spikes (Dirac delta functions) at
the gene frequencies 0 and 1. When such spikes appear in solutions they
signal gene loss or gene fixation, with the weight associated with the spikes
corresponding to the probability of loss or fixation.

This work was carried out with Alan McKane (Manchester) and a full report
has been recently published (Journal of Theoretical Biology 2007. 247:849-
858).

Steven WEBB University of Strathclyde

EPIDEMIOLOGICAL INTERACTIONS BETWEEN THE LOCAL AND THE MEAN-
FIELD: HOW AND WHEN DOES SPATIAL POPULATION STRUCTURE MATTER?
The assumption that populations are completely mixed is reasonable for
many populations, but there is likely to be some degree of local interaction
whether spatially or socially in many systems. An important question is
therefore how strong these local interactions need to be before there are
significant effects on the dynamics of the system. Our approach is to use
correlation models, namely pair-wise models, to capture the spatial rela-
tionships of contacts and interactions between individuals. We first extend
previous pairwise models to include immunity and reproduction from infect-
eds 4 dynamics that have been largely ignored in such systems. We then
derive a multi-scale pair-approximation to move between completely local
and completely mixed host- parasite interactions, thereby extending the
reproduction processes of hosts and infection, and examine the long term
effects of these differing spatial scales on the disease characteristics. Pos-
sible evolutionary traits of the pathogen within this multi-scale framework
are then derived using adaptive dynamics.

Jenny BURROW University of York

UNCERTAIN DATA IN UNCERTAIN MODELS: DO WILD BOAR VARY ACROSS
EUROPE?

Useful demographic data for population models can be sparse in both quality
and quantity, and even choosing, parameterizing and validating an appropri-
ate model can be problematic. Explicitly incorporating uncertainty in both
parameters and model structure is important especially when model results
are aimed at decision makers. We created a generic framework for modelling
population growth using gamma-Poisson and beta-binomial distributions,
which reflect both uncertainty in data and variability in the system.
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We applied the generic modelling framework to data from wild boar popu-
lations across Europe, and compared models fitted to local regions and to
the whole. We investigated the effect of habitat and climate on the data
sources, with the aim of using data from geographically diverse regions to
sensibly parameterize a model for wild boar populations in the UK.

Farida CHAMCHOD University of Bath

MODELLING DUTCH ELM DISEASE

Recently, it has been shown that fungal pathogens causing Dutch Elm Dis-
ease manipulate elm trees into producing a chemical that attracts beetles.
We formulate models for a host-vector system in both cases: (1) in the
absence of the manipulation of the host by the pathogen; and (2) in the
presence of the manipulation. We study the systems analytically and nu-
merically. We show that in the first case the transcritical bifurcation occurs
at the reproductive ratio equaling unity. Besides, we include the diffusion
and chemotactic terms in order to study the systems spatially.

Joseph CHIPPERFIELD University of York
SPACE INVADERS: POPULATION DYNAMICS, CLIMATE AND INVASIVE SPECIES

Species distribution modelling often involves the estimation of a species re-
sponse to climate, or climate envelope, from observation data. The relation-
ships garnered have been projected onto past or future climates to recreate
the historical or expected ranges with notable success. For species undergo-
ing range shifts such as invasive species, the distribution of the species is not
in equilibrium with the environment. Climate envelope methods may dras-
tically under-estimate the potential range of an invader. We present here
a modelling framework that can recreate historical patterns of observation
whilst retaining a mechanism for climatic regulation using the Australian
cane toad (Bufo marinus) as an example.

Simon CROFT Unaversity of York

STOCHASTIC DIFFERENTIAL EQUATION MODELS OF PLANT GROWTH AND
COMPETITION.

The influence of small scale heterogeneity on large scale plant productivity is
not well understood. Even in monocultures plant growth and development is
not identical, each individual experiencing stochastic fluctuations in growth,
competition from neighbours, and soil heterogeneity. The conclusions of any
model which ignores such variability ought to be treated with caution. The
aim of this research is to develop and test stochastic differential equation
models of plant growth in competition for patchy resources. Individual-
based models of roots ’foraging’ for nutrient in a spatially and temporally
patchy environment quantify not only the mean rate of uptake, but also the
variability in this rate and how this variability scales with plant size and
environmental heterogeneity. These models will be scaled up, leading to
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stochastic differential equations at the population level, the predictions of
which can be tested against data.

S. Anaid Diaz University of Glasgow

ARE INTEGRATED ELASTICITIES A GOOD METHOD TO PREDICT LIFE HIS-
TORY EVOLUTION? AN EXAMPLE USING NEMATODE WORMS AS A MODEL
SYSTEM

Population growth rate (i) is a central tool to predict population changes
and an indirect measurement of mean individual fitness in a particular en-
vironment. Commonly, I is calculated by using matrix population models
based on average values of vital rates. However, some vital rates might be
more variable than others. Under constant environmental conditions, it is
hypothesised that natural selection will reduce the variance of those vital
rates that have the most effect on I. However, covariation among vital rates
(e.g. trade-offs) might limit the extent of the adaptive response. I use In-
tegrated Elasticities to explore this hypothesis by comparing empirical data
collected in the lab, where I exposed recently isolated worm populations
from the wild to different temperatures for 20 generations and measured
their vital rates. I predict a negative relationship between the variance in
the matrix entry and its integrated elasticity estimate in relation to L

This poster is of work carried out jointly with Jan Lindstrom and Dan Hay-
don

Meghan FITZGERALD University of North Carolina Greensboro
KLEPTOPARASITISM: WHEN RESOURCES GROW SCARCE A PIRATE AWAITS

Kleptoparasitism is the act of stealing food or resources that another or-
ganism has found, killed, or otherwise prepared for its own use. It is most
commonly studied in sea birds and spiders in terms of food resources. Steal-
ing of brood or reproductive resources is common among insects such as dung
beetles. Dung beetles use prepared brood masses in order to increase their
own reproduction and decrease their preparation or handling time. These
organisms have varying motivations and methods in their kleptoparasitism;
typically the occurrence rate is based on either the density of organisms
compared to the availability of resources, or the ability of the host organism
to catch or prepare a resource that is unavailable to the pirate organism.
We have adapted previously-developed models of kleptoparasitism to model
the dung beetle system, and are collecting empirical data to estimate model
parameters.

Jeremy KENDAL University of Durham

FROM TRADITIONAL MEDICINE TO WITCHCRAFT: WHY MEDICAL TREAT-
MENTS ARE NOT ALWAYS EFFICACIOUS

Complementary medicines, traditional remedies and home cures for medical
ailments are used extensively world-wide, both in traditional and modern
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societies, and represent more than US dollars 60 billion sales in the global
market. However, serious doubts remain about the efficacy and safety of
many treatments, and they remain steeped in controversy. Here we show
that the most efficacious treatments are not necessarily those most likely
to spread: indeed, superstitious treatments with no efficacy, or even mal-
adaptive practices, can spread under specified circumstances. An important
implication is that a subset of complementary medicines, even those with
long-standing traditions of usage, are likely to ineffective, and we highlight
the conditions most vulnerable to the practice of ineffectual treatments. We
also find that prophylactic or preventative treatments should spread less ef-
fectively than non- prophylactic treatments.

Andrew KING Institute of Zoology, London

INFORMATION USE AND DECISION- MAKING IN SOCIAL GROUPS

Correct decision making is crucial for animals to maximise foraging success
and minimise predation risk. But the intriguing questions of how animals
make these decisions, and what information they base choices on, are only re-
cently being investigated. We address some of these questions here. We first
consider individual decision-making. For solitary animals these decisions are
made on the basis of information gathered from signals and cues in their en-
vironment (i.e. personal information). For group-living animals, individuals
can utlilise not only their personal information, but the information that
group-mates provide (i.e. social information). We present results of a sim-
ple theoretical model that shows how animals in larger groups may be able
to minimise the costs of collecting personal information without impairing
their ability to make correct decisions; through relying on social information
that their group-mates provide. Second we consider group decision-making.
For group-living animals many decisions need to be made jointly with other
group members in order that animals do not forfeit many of the advantages
of group living. We present the results of an empirical model of decision-
making in complex social group, chacma baboons (Papio ursinus). Our re-
sults show that where group decisions involve significant conflict of interest
between group- mates, cooperation between group members (as predicted by
recent theoretical models) in the decision-making process was not evident.
Instead, decisions were led by a minority who gained most from the outcome.

Andres Eduardo QUINONES National University of Colombia
SIMULATING MODEL TO SEE THE EFFECT OF PREFERENCE VARIATION IN
THE POPULATION OF PARIDES PANARES (PAPILIONIDAE-TROIDINE)

The herbivory relation between swallowtail butterflies and aristolochia plants
has been widely reported, it is recognized that this butterflies are among the
most specialized plant- feeding insects. However this does not mean only
mono-specific species but mostly species feeding in a narrow range of close re-
lated host species. The preference of the female for the possible host species
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is a genetic trait that can have temporal and spatial variation probably
because of selection process. Some predator-prey models have shown that
these evolutionary traits could change the dynamic behavior of the system.
The aim of this work is to generate a systems dynamic model to simulate
the effect of the variation of female preference for oviposition place, on the
population and the relative host- use of the swallowtail butterfly Parides
panares. The two possible host-plants are Aristolochia maxima and Aris-
tolochia inflata reported as hosts in the high Magdalena valley region in
Colombia. To simulate the model we collected some field-data about the
ecological interaction. The simulation showed a cyclic behavior in the but-
terfly population caused by the interaction between leaf production and leaf
consumption. It also showed that high preference for the most suitable host
species cause low butterfly population levels, this is due to a density depen-
dant mortality of the eggs placed in each host species.

Luke RENDELL University of St Andrews

WHEN DOES COPYING PAY? TOWARD A THEORETICAL UNDERSTANDING
OF SOCIAL LEARNING STRATEGIES

This work was carried out jointly with Kevin Laland

Social learning can be a good way for individuals to get cheap information
about their environment. However, indiscriminate, universal copying is very
unlikely to be adaptive because information may be wrong, and can become
outdated. Therefore, animals should use social information on a selective
basis by employing asocial learning strategiesa a sets of evolved rules on
when and whom to copy. We currently lack theoretical understanding of
which of the many possible strategies should be favoured by natural selec-
tion in varying circumstances. This poster will present preliminary results
of an individual-based simulation model approach to this problem, wherein
individuals employing various strategies compete in a stochastically varying
environment. We will also give details of a computer abased tournament
that we hope will stimulate research in this area by inviting individuals to
submit strategies which will then be pitted against each other, similarly to
the contest held by Axelrod Hamilton for the iterated prisoneras dilemma.
We aim to solicit submissions from a wide range of disciplines, including
economics, psychology and behavioural ecology. There will be a substantial
cash prize for the strategy that proves the most successful.

Tomas REVILLA University of Groningen

NON-EQUILIBRIUM DYNAMICS OF A RESOURCE COMPETITION MODEL WITH
NUTRIENT STORAGE

In models of multispecies resource competition it has been shown that oscil-
lations and chaos can be generated, and that such non- equilibrium regimes
allow the coexistence of many species on few resources. These models, how-
ever, assume constancy of the nutrient composition of the individuals, in
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contrast with the flexibility displayed by phytoplanton for which the models
were originaly parametrized. In this work we take into account this fact by
formulating a multispecies competition model that relates individual growth
with the amount of internaly stored nutrients using the Droop formula. Our
results from numerical simulation show that the storage based model is able
to display the same complex dynamics: stable coexistence and competitive
exclusion, oscillations, chaos and coexistence of more species than the num-
ber of resources.

Tan SORRELL Unwversity of Sheffield

THE EVOLUTIONARY DYNAMICS OF COVERT INFECTION

There is now evidence that viral insect disease can cause covert as well as
typical overt infections. Covertly infected individuals do not suffer an in-
creased death rate or transmit horizontally. They may transmit vertically
and, importantly, may convert to overt infectious individuals. We examine
the evolutionary dynamics of such a host parasite system under different
ecological scenarios. We look at the effect of superinfection, protection and
host population variability on the possible evolutionary outcomes.

Sunny TOWNSEND University of Glasgow

COULD AN INTESTINAL PARASITE TRICHOSTRONGYLUS RETORTAEFORMIS
DETERMINE THE POPULATION DYNAMICS OF THE SCOTTISH MOUNTAIN
HARE LEPUS TIMIDUS?

Mountain hares (Lepus timidus) inhabiting Scotlandas grouse moors show
regular oscillations in density, for reasons which remain unclear. Recent field
experiments suggest that the intestinal parasite Trichostrongylus retortae-
formis may affect hare body condition and fecundity, and thus may be pos-
sible driver of hare population dynamics. Here we model the host-parasite
interaction using data from field studies to determine if the interaction is
strong enough for the parasite to determine hare numbers.

In collaboration with Dan Haydon and Louise Matthews at the Univerity
of Glasgow and Scott Newey and Simon Thirgood at the Macaulay Institute.
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