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NetLogo Model: Evolution and
resource use in an island
world

Model Overview, Design concepts, Details (ODD)

Model Purpose

What is the purpose of the model?

This model simulates the evolution of populations in an environment that is spatially
structured, which means that resources and populations are not distributed completely
randomly or evenly across the whole world. In such a situation, several evolutionary
mechanisms operate.

Agents are distributed randomly to resource areas, and agents can leave resource-poor areas.
The interaction of natural selection, migration, founder effects, and isolation, allows, under
certain environmental conditions, the evolution of local populations of sustainable agents,
even at low initial frequencies in the global population.

The structured environment ensures that the total population is divided into several
subgroups and that natural selection can act on several levels (multilevel selection): Within
populations, "greedy" agents are selected and sustainable ones die out. However, when local
populations of exclusively sustainable agents develop and are sufficiently stable and isolated,
these populations persist and the frequency of sustainable agents in the total population
increases.

Entities and variables

What kinds of entities are in the model? By what state variables, or attributes, are these
entities characterized? W hat are the temporal and spatial resolutions and extents of the
model?
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General environment

Changeable variables:
e Living-costs: the costs that each agent has to deduct from his energy per iteration for
basic survival
e Mutation-rate: The probability with which offspring agents have other traits than their
parents
(these variables could be considered both a factor of the environment and a variable of the
agents, but we list them here since they do not vary among agents)

Patches

There are 112 * 112 patches in the world. Patches that belong to resource areas have resources
on them.

Constant patch variables (these variables and behaviors are always the same for all of the
patches of resource areas and in each iteration)
e Carrying capacity per patch : Ressource = 10, Agents = 1
e Growth rate of the resource = 0.2
e The resources on a patch regrow by a logistic growth function up to the carrying
capacity:
new resource level = current resource level + (Growth-Rate * current resource level) * (1 -
(current resource level / carrying capacity)

Changeable variables (variables that are changeable by the user on the interface):
e Distance-resource-areas: the distance between the centers of the resource areas
e Size-resource-areas: the size of resource areas as radius in number of patches

Changing variables during a simulation (variables that change as a result of the simulation)
e actual resource level of a resource patch in units

Agents

Agents can have one of two resource consumption traits: sustainable (green color) or “greedy”
(red color).

Constant agent variables and behaviors (these variables and behaviors are always the same for
all of the agents of this type and in each iteration)

e Sustainable/green agents harvest 50% of resources on a resource patch

e Greedy/red agents harvest 99% of resources on a resource patch.
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e The cost for producing an offspring is 10 energy units.

Changeable agent variables (variables that are changeable by the user on the interface):
e Agents-Appearance: Agents can have four types of appearances: people, bacteria, cells,
or cows. These appearances do not change any other agent behaviors or variables.
e Reproduction: ability of agents to produce offspring

Changing variables during a simulation (variables that change as a result of the simulation)

e harvest type: whether an agent is of the sustainable or greedy type

e harvested amount: the amount of resource units that is harvested by an agent in the
current iteration

e Energy level: the total accumulated energy (in resource units) that an agent is
accumulating during a simulation

e Offspring have a different harvesting type from their parents with a probability of
Mutation-rate.

Model Setup

What is the initial state of the model world when one clicks on Setup? Is initialization
always the same, or does it vary among simulations?

e A world with 112*112 patches is created.

e Resource areas are created, as determined by the parameters Distance-resource-areas
and Size-resource-areas.

e The parameter carrying capacity is set at 10 and the parameter growth rate is set at 0.2.

e The resource level of resource patches is set at carrying capacity.

e A number of agents, set by the parameter Number-agents, are randomly distributed on
patches (maximum of one agent per patch).

e A subset of agents, set by the parameter Sustainables, is given the harvest-type
“sustainable”, the others are given the harvest type “greedy”; sustainable agents are
colored in green, greedy agents are colored in red.

e Agents have the appearance set by the Agents-Appearance setting.

e Theinitial level of energy of agents is set at living costs.

e The costs for producing an offspring is set at 10 energy units.

Model Processes

What happens in each iteration? Which entities do what, and in what order? When are
state variables updated?



https://creativecommons.org/licenses/by-nc-sa/4.0/
http://openevo.eva.mpg.de
http://www.globalesd.org

3
NetLogo Model: Evolution and resource use in an island world .,/Qpén EVQ.
oDD ‘ °

Set agent appearance
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Outputs

What kinds of model outcomes can be observed on the interface? How do they emerge
from model parameters, agent behaviors, and interactions?

In the world

Resource levels on patches change as they are being harvested and as they regrow. Agents
reproduce and die. Agents may also migrate to other resource areas if they have depleted the
resources within a resource area, if the distance between resource areas is not too large, and if
the living costs are not too high.

Output diagrams and monitors

Average energy of agents: average energy levels of sustainable and greedy agents, resulting
from resource harvest, minus living costs and reproduction

Trait frequencies: The relative frequencies of sustainable and greedy agents in the total
population, resulting from mutations, different reproduction rates, and death.

Agent Population: The absolute number of the total population size, resulting from reproduction
and death.

Concepts and Principles

Which important concepts or principles are represented in the model?

The resource is characterized by two ecologically significant parameters:

e the carrying capacity: this is the largest possible amount of resources that can be
present on a patch / in a certain area. In ecology, carrying capacity is often represented
by the letter k. In this model, it is represented by the maximum growth height of the
trees. In the real world, carrying capacity is influenced by biotic and abiotic factors like
temperature and humidity or availability of other resources.

e the resource growth rate: this is the rate at which a resource grows back from one time
step to the next. It is often represented in ecology by the letterr.

The resource grows along a logistic (S-shaped, sigmoid) population growth function according
to the following formula:
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Resource state at the next point in time = current resource state + (r* current resource state) *
(1 - current resource state / k)

Trait variation
There can be two variants of harvesting behavior in the population - sustainable or greedy. New
trait variants can be introduced randomly in the population through the parameter mutation rate.

Reproductive fitness
Agents that harvest more resources and have higher energy levels produce more offspring. They
have higher fitness relative to agents with lower energy levels.

Inheritance
Agents create offspring and inherit their harvesting behavior/type to their offspring (with some
variability based on mutation rate)

Natural selection
The frequency of traits in the agent population changes as a result of trait variation, differential
reproduction (fitness), and inheritance of traits.

Migration, founder effect, isolation

Agents can migrate to new resource areas and populate them. This can lead to founder effects
where the way a subpopulation on a new resource area evolves depends on who (by chance)
landed on it.

With sufficient distance between resource areas and low levels of migration, subpopulations on
resource areas can be isolated from each other and evolve independent from each other.

Multilevel selection

The theory of multilevel selection states that natural selection does not only act on one level
(e.g. that of the individual organism or the gene) but, depending on the conditions, to varying
degrees on several organizational levels. Within populations, individuals are selected that have a
higher relative fitness compared to other population members. Between (sub-)populations,
populations (or their members) are selected that have a higher fitness compared to other
(sub-)populations.

Multilevel selection is crucial for explaining the evolution of altruistic/cooperative behaviors in a
species, since populations of altruists have higher fitness than populations of egoists.

In the model, the agent population is divided into sub-population on the resource areas. Within
resource areas, selfish individuals (greedy resource users) have a fitness advantage. However,
under certain conditions, a sub-population of selfish individuals can deplete their resources and
go extinct, while populations of altruists (sustainable resource users) can sustain itself in the
long-term. The empty resource areas can be repopulated by sustainable agents.
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Selection within Selfish beats altruism

. Selfish individuals have a
populatlons higher fitness than
altruists
Selection Altruistic groups
within and beat selfish
between groups

Altruists have a higher
fitness than selfish
individuals

populations

Sensing and Information Processing:
e  Agents sense their environment in a radius of 2 patches: if a patch is occupied, the patch
with the most resources, and if the resource level on that patch is at least living costs.
e Agents do not store any information (i.e. have no memory).

Objectives and goal-directed behavior:

e  Agents move to an unoccupied patch with the most resources in a radius of 2 patches.

e  Agents always harvest at their predetermined harvest rate.

e If the resource level of the patch with most resources is lower than living-costs, agents
move to a random unoccupied patch in a radius of 2 patches (this increases their
movement, making them potentially leave the resource areas).

e  With Reproduction, agents produce one offspring if there is an unoccupied patch in the
neighborhood.

Learning and Adaptation:
e Agents do not learn and do not adapt their behavior over their lifetimes.

Interactions:
e  Agents interact indirectly through competition for limited resources and space, and
through their changing of environmental conditions through resource extraction and
placing of offspring

Role of randomness:

e  Agents are being distributed randomly on resource areas at the beginning of a
simulation.
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e  Sustainable behavior is distributed randomly with a probability of Percent-Sustainables
among the initial agent population.

e  The order in which agents move and harvest within one iteration is random.
e Agents move to a randomly selected patch if several patches fulfill the objectives.
e  The order in which agents produce offspring within one iteration is random.
e  Agents produce offspring with a probability of (0.0005 * Energy).
e  Agents place offspring on a randomly selected unoccupied neighboring patch.
e  Offspring mutate with a probability of Mutation-rate.
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