in Artificial Life VIII, Standish, Abbass, Bedau (eds)(MIT Press) 2002. pp 121–126

1

A Stress-based Speciation Model in LifeDrop
Marc Métivier*, Claude Lattaud*, Jean-Claude Heudin**
* Laboratoire d’Intelligence Artificielle de Paris 5
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Abstract
This paper presents a stress-based speciation model implemented within LifeDrop, a virtual world with bioinspired agents. In this model, individuals are distributed among species separated by a “barrier” mechanism preventing the reproduction between individuals
of different species. An analysis of species dynamics in
relation to stress is presented. Results show diversity
maintenance and a reactive capacity during crisis situations favoring the emergence of new species.

Introduction
Over the last decades, several studies of artificial ecosystems have been published in the field of Artificial Life.
Typically, such a system includes a population of bioinspired autonomous agents which compete to survive
in a simulated environment. Each agent is described using a genotype which, associated to a speciation mechanism, provides an evolutionary process permitting the
emergence of more adapted agents in the environment.
Among them, LifeDrop is a virtual ecosystem consisting
of creatures evolving in a virtual drop of water. One
of the objectives is to provide a model for studying the
complexity of species dynamics in the framework of a
larger project addressing the “evolution of complexity”
in various classes of dynamical systems (Heudin 1998).
An original feature of LifeDrop relies in its model and
implementation of the species concept. In most previous artificial ecosystem experiments, individuals are generally spread over different groups that are considered
as species, but the underlying models usually do not
provide a well defined speciation mechanism. Rather,
a separation between agents using a phenotypic observation is often used. Several works in molecular biology have proposed an explanation of speciation related to stress (Matic, Rayssiguier, & Radman 1995;
Taddey, Matic, & Radman 1996). Based on these studies, this paper present a stress-based speciation model
and its implementation within LifeDrop.

Several Artificial Life ecosystems have been designed
during the last fifteen years. Among them, Tierra (Ray
1991) and Avida (Adami & Brown 1994) are based on
populations of self-reproducing strings with a Turingcomplete genetic basis subjected to Poisson-random mutations. PolyWorld (Yaeger 1994) and Gaı̈a(Gracias et
al. 1996) are two-dimensional ecology simulators studying evolution of competing agents controlled with neural
networks. Darwin Pond (Ventrella 1998) and Gene Pool1
are two-dimensional virtual worlds where physics-based
organisms, respectively called “swimbots” and “swimmers”, evolve over time. Framsticks (Komosinski 2000)
is a three-dimensional life simulation project where both
the physical structure of creatures and their control systems are evolved.
All these systems implement populations of autonomous entities, sometimes spread over different
species, but none of them proposes a well defined speciation model. In Framsticks, individuals are spread
over species defined as sets of individuals having similar genotypes. The speciation is not managed by any
mechanism, but is favored by lowering the fitness of new
agents having similar genotype to existing ones. PolyWorld and Gaı̈a propose simulations where new species
emerge. However, they use a qualitative determination
based on observed behaviors. In Gaı̈a, a competition
between two species in which individuals can mate only
with individuals from the same species has been studied
but no speciation mechanism has been proposed.
Fundamental principles of evolution dynamics have
been explored in systems built by Conrad (1987) and
Packard (1989). Wagner and Altenberg (1995) reports a
study about the “evolvability” in evolutionary processes.
Population dynamics as result of interactions between
individuals have been studied, among others, in Taylor
et al. (1989). Bedau has presented a comparison and a
classification of evolvable capacities obtained in artificial
ecosystems and from Biosphere examples (Bedau et al.
1998; Bedau, Snyder, & Packard 1998).
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Figure 1. A screenshot of the first version of LifeDrop showing
a small set of creatures moving in the 3D environment.
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The environment includes several parameters such as
water fluidity, acidity, etc. The pH parameter ranges
from 0.0 (no creature can live) to 1.0 (no impact). It
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The creatures
Each creature is an autonomous agent that can be described by a layered hierarchical model (Heudin 1998) inspired from the subsumption architecture (Brooks 1991).
In this model, a given level relies on the existence of its
sub-levels and all levels are intrinsically parallel. During
a cycle, each layer receives information from the environment and selects an action to be executed. The current
model implements five layers:
Genotype: the “digital DNA” of the creature.
Metabolism: manages the essential cycles like lifetime,
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Each agent has its own elementary perception system.
It perceives all other creatures close enough in a “perception sphere” which main parameters are encoded in the
fourth chromosome. Depending on these sensory information and its internal state, an agent selects an action
in the set of possible behaviors at each simulation cycle.
Examples of possible behaviors are the following: looking for mate, looking for food, fleeing a danger, moving
randomly, flocking, etc.
All agents interact in the same virtual drop of water resulting in a complex (eco-)system. There is no
explicit fitness function or any global selection procedure. The success of some phenotypes emerges from the
interactions between agents in the environment. Some
agents show a good adaptation while some others die
quite rapidly (killed by others for example). Thus, any
individual born inherits genes that have succeeded in
building a series of successful phenotypes. In this sense,
we can state that LifeDrop implements the principle of
natural selection.
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Figure 2: The encoded parameters in the genotype.

The Stress-based Speciation Model
Biological inspiration
The most widely accepted definition of a species is the
one proposed by Ernst Mayr (1982). He defines a species
as a set of individuals that “can mate and be fecund between them, and only between them”. Such a definition
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Model implementation
Each LifeDrop agent is characterized by a parameter
named matching level which is encoded in its first chromosome (cf. figure 2). This parameter represents the
minimum “genetic proximity” value this individual must
have with another to be able to reproduce. It simulates the structural compatibility between two different
genotypes. As a consequence, the definition of a species
is: Two individuals are considered of the same species
if their genotypic proximity is greater than each of their
respective matching level values.
The genotypic proximity Pg1g2 is given by the expres-
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Figure 4: Stress computation of a creature during a cycle.
sion:



Dg1g2
Pg1g2 = k 1 −
Dmax

(1)

where Dg1g2 is the distance between genotype g1 and
genotype g2, Dmax the maximum possible distance between two genotypes, and k an implementation constant
with a value of 100.
We have used the Euclidean distance for computing
Dg1g2 , each genotype being considered as a vector. Such
a choice has been made in order to consider all genes
from a neutral point of view. This means that the phenotypic impacts of genes are not taken into account. This
constitutes a major difference with previous artificial life
studies. Note that other distance expressions could be
used in other experiments but they will not be addressed
in this paper.
The stress plays an important role for each creature.
It is implemented as a floating point value ranged from
0.0 (not stressed) to 1.0 (extremely stressed). The computation of this value, called Si , takes further steps as
shown in figure 4. It involves many parameters related
to the environment, the energy metabolism, the reproduction metabolism, and the perception system.
Besides its impact on the behavior selection, it also
acts on the species barrier. During important stress situations, the matching level Mi of an agent is lowered
and its mutational rate Πi is increased. These reproduction parameters are functions of the stress and two base
values, Mgi and Πgi , given by the first chromosome:
Mi

= Mgi − αSi

Πi

= Πgi + (β

−1

(2)
Si )

2

(3)

where α and β are implementation dependant constants
with a value of 20 and 2 respectively.

Experimental results
General observation
We have conducted three different types of experiments
with varying initial conditions and parameters. The first

type includes runs with a set of randomized genotypes
and the observer does not act in any sort during the
simulation. The second type includes also simulations
with randomized initial genotypes but the user sets the
pH value to 0.5 at a particular instant and during a certain time. This means that the environment suddenly
becomes unfavorable for survival. These “crisis periods”
allow one to study the impact of a difficult environment
on species dynamics. In the third set of simulations,
all initial creatures have the same genotype (randomly
chosen) and the user can force crisis periods.
All experiments show a fast population decrease during the first 20,000 simulation cycles. In some rare cases,
this decrease leads to a population extinction. However,
in most cases the decrease is followed by an important increase. When some creatures are still living after 20,000
cycles, then no population extinction has ever been observed.
The number of species vary a lot during an experiment. This means that species frequently appear or
disappear over the time. It is important not to simply relate this it with births or deaths. As a matter of
fact, the species definition is based on the species barrier
which itself depends on the stress of creatures. Thus, the
species delimitation between individuals is in constant
evolution.

Experiments without crisis
In these experiments, the species number decreases during a first phase and then stays relatively constant. The
average stress of the creatures varies a lot during the first
steps of simulation and then tends to stabilize itself as
for the population. In all experiments of this type, the
stable state corresponds to low number of species, usually ranged between 5 and 10. In any cases, the species
number stay strictly greater than one, which means that
different species co-evolve permanently in the environment. Figure 5 shows the time series for a typical experiment with an initial set of 100 creatures.

Experiments with crisis
All experiments of the second type show the same dynamics as in the first type with the exception of crisis
periods. During these periods, the pH is forced to 0.5.
This has the effect to reduce by half the lifetime of the
creatures and to force their stress rate up to 0.5, which
rarely appears in normal simulations.
As a result, the number of species decreases when the
crisis begins. This is a consequence of two facts. First, a
high number of individuals die, which may cause the disappearance of a number of species. Then the species barriers become low due to the high value of stress. Thus,
surviving agents are distributed among few species. Despite the lowness of the barriers, the number of species
increases slowly during the crisis. The stress rates having
quite no variation, this means that newborn creatures
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Experiments with crisis
All experiments of the second type show the same
dynamics as in the first type with the exception of crisis
periods. During these periods, the pH is forced to 0.5.
This has the effect to reduce by half the lifetime of the
creatures and to force their stress rate up to 0.5, which
rarely appears in normal simulations.
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species. When two species cohabit, an implicit competition takes place, favoring the most numerous species.
All Gaı̈a simulations ended with only one species. In
contrast, LifeDrop allows cohabitation between different
species. After a first chaotic phase, the number of species
tends to stabilize around a global value proper to each
simulation. Even after an increase at the end of a crisis
period, the number of species decreases returning to a
value near to the one observed before the crisis.
The stress is generally considered as a disagreement
for an individual. It is an indicator of some difficulties
to live in an environment and it impacts on behaviors.
In our model, the stress has another property. It helps
evolution, acting as a kind of dynamic fitness function
for exploring the genotype space, favoring diversity by
decreasing the species barrier between individuals and
increasing the mutation rate during reproduction.

Conclusion
This paper has presented a genetically-based species definition involving a barrier mechanism and a stress-based
speciation model. Results show a clear convergence with
those obtained by biological experiments with bacteria
(Taddey, Matic, Radman 1996), thus validating this approach. Future works include the study of species dynamics as complexity classes (Wolfram 1984) and their
corresponding attractor structures. This will be then
compared to observed species dynamics (phyletic gradualism, punctuated equilibria, etc) in nature.
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