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È Food Webs From RNA Structures: The Emergence and Analysis of 
Complex Ecological Networks

È Abstract: Understanding ecosystems is one of the most important 
challenges for theoretical biology and Artificial Life. We offer a bottom -
up, fully individual -based model where phenotype-to-phenotype 
interactions of organisms define ecological networks and we study how 
simple conditions give rise to complex food webs if we allow for the 
evolution of phenotypes and hence phenotype interactions. A key 
element of the model is the notion of "rich phenotype" realized as a set of 
nonlinear tradeoffs in a multi -trait system. To approach this, we have 
chosen one of the best understood phenotypes, RNA structures, and 
assigned ecological functions to their features. In a series of experiments 
we show the emergence of complex food webs with generic properties, 
which indicates that minimalist assumptions such as having rich 
phenotype interactions might be sufficient to generate complex ecosytems
and to explain some puzzling ecological features. 



RNA

NOT:
Catalytic RNA

BUT:
Food webs built
from ăRNAó-s







È Electric engineering 1981 -> theor.biol , evolutionary modeling 1983

È But lived in the Ethology dept (then Lab. of Behavior Genetics)

È Worked on methodology / relevancecriteria for models

È Philosophy of sciencedept since1994

Á Phil.Sci and Cogsci (e.g. BSCS programme, TSC2007)

Á But again, modeling (e.g. phenotype basedevolution in ecosystems)

Á IT/ methodology projects (EC, FP6/7,  ESF)



www.ecal2009.org

http://www.ecal2009.org/


È ALife, theor.biol , theor.ecol, network theory
È Motivation (prehistory )
È Background/ history
È The closer problem: IBM of the emergenceof complex

ecosystems
Á The hard way
Á The easyway

È The Model
È Results

Á The dynamics
Á Qualitative analyis
Á Quantitative analysis

È Conclusions



È The constructivist stance: what we cannot
build , we do not understand

È Recapitulatesold questions in new forms

È Methods are continuous

È Aims slightly different , model-for vs model-of

È Agent basedmodeling and generative
modeling increasingly important for network
sciencealso (dynamics on and of networks )

È Sufficient vs necessaryconditions



È Personal

È General



È ăMatter mattersó ðhow the overt complexity of systemscan arise from the implicit 
complexity of objects

È Properties that changeover time, in particular due to interaction (cf. social
systems)

È Emergencevia relational properties

È Especially in domains such asevolution



LewontinR.C. (1983) The organism as the 
subject and object of evolution. 
Scientia118:65ð82. 



È Fat phenotypesé implicit phenotypes etc.

The biological notion that reflects the 

complexity of the interacting body is that

of the phenotype. 

The concept(see box) is ambiguous, in that 

it speaks both aboutthe ótotalityô of 

physical constitution and the narrov

definitionof certaintraits ïoften, 

phenotypes are understoodvia the latter. 

Weareinterestedin theinterplayand how

it candowork in evolution.

Definition: Phenotype

The phenotypeof an individual

organismis eitherits totalphysical

appearanceand constitutionor a 

specificmanifestationof a trait, suchas

sizeor eyecolor, thatvariesbetween

individuals.

From: 

http://en.wikipedia.org/wiki/Phenotype

http://en.wikipedia.org/wiki/Phenotype


È The EvoTech project and the FATINT system (2004-)

È Agent:
Á Phenotype vector in a multi dimensional space.

Á Changing dimensionality

ĞType-independent, and

ĞType-based methods.

È NC or SMS element: selection force (sexual selection) 
from properties, changetogether

È Dynamic feedback to and from environment

È Via (similarity based) sexual reproduction and selection

10 9 15 24 3 23 4 55 64 23 12 54 67 89 25 39 19 51 43 432



ÅA species is a set of interbreeding 

individuals.
ÅReproductivelyisolatedfrom others

ÅRespondingto differentselectionforces

Producing Species



Self-organization , static phenotypes



Self-organization , dynamic phenotype
(recursive)



È Only one function , sexual reproduction / selection

È Limited number of species (implicit competition )

È Also use of sexual selection was criticized

È Highly artificial handling of properties:

ÁLamarckian inheritance in the individual

ÁOr epigenetic change in the whole species



Changingphenotypes

Form Cause Type

Point mutation endog. local

Phenocopies exog. partly global

Epigenetic changeboth partly global

Horizontal adapt. both global

Behavior change social global
in natural and in model populations

What we want :



È Breed ecosystems, with :
Á Functional differentiation into emergent niches

Á Development of a complex food web structure

Á From a fully individual basedperspective

È Can we do that?

È (What are the required properties of such systems? etc.)

È Constructivist stanceé

È Cf. McKane and Drossel 2006

È Cf. DOVE

A. J. McKane and B. Drossel , Models of food web evolution , in 
Ecological Networks , M. Pascual and J. A. Dunne (eds) (Oxford 
University Press, Oxford, 2006), pp 223-243.

The introduction of new species/
individuals can be by immigration from 
another geographical region or by 
speciation of existing species in the 
community. Extinction would naturally
occur when the number of individuals fell 
to zero. A model incorporating all
of these aspects of web dynamics has not 
yet been constructed. It would presumably
be an individual based model (IBM)



G

E

PGP

G = genes
GP = gene products
E = environment
P = Phenotype

The Key: Genotype-phenotypemap



Põ

P

( Gi, Ej )

P = fat phenotype
Põ = narrow phenotype

Gi = genes
Ej = environmental

factors



È To realize various genotype-phenotype maps

È Candidate approaches:

ÁGRN with environmental handles

ÁPhenotype plasticity models

ÁEpigenetic models

È Altenberg , Avida , etc..


