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Abstract
Summary: The Genetic Simulation Library (GSL) is a set of
C++ programs and classes that can be used in individual-
based simulation models of plant and animal populations.
The classes in this library build representations of genes for
a wide variety of different types of organisms, from asexually
reproducing single-cell organisms to chromosome-struc-
tured sexually reproducing species.
Availability: http://www.csi.uoregon.edu/projects/genetics/
GSL. Free for non-commercial applications; others should
contact the author.

An individual-based ecological model is a computer simula-
tion in which each member of a population is represented as
a distinct object (DeAngelis and Gross, 1992; Bart, 1996).
Rather than summarizing average case behavior with sys-
tems of differential equations, an individual based model
captures the essential features of each individual plant or ani-
mal in a distinct object. An object state is updated over time
as the individual represented by that object interacts with
other individuals or with its environment.

The Genetic Simulation Library (GSL) is a collection of
stand-alone programs and C++ classes that can be used to
incorporate genetic information with individual-based mo-
dels. By adding a genotype to the representation of each indi-
vidual, it is possible to track the progress of new mutations
introduced into a population, or to use the relative fitness of
an individual as a factor in its interactions with the rest of the
population, or any of a number of other potential operations.
The library has been used by the authors in simulation studies
of ‘mutational meltdown’ in small populations (Lynch et al.,
1995a,b; Conery et al., 1995). We are currently using the
library in simulations of Coho salmon populations.

The class hierarchy is illustrated in Figure 1. The major
component is the Genome class, which is an abstract class
with definitions of functions that create and manipulate
representations of the genes of a single individual. The Indi-
vidual class is a template for the representation of a single
organism. The Generation and Population classes are con-
tainer classes that manage collections of individuals. Addi-
tional modules we developed for the mutational meltdown
and Coho salmon models are also available in the library;
these include an extensive set of random number generators

(the class named RNG) and a class for computing summary
statistics over populations.

There are two ways to use the class library, depending on
whether one wants to add genetics to an existing model or to
create a new model from scratch.

To add genetics to an existing C++ program, include the
GSL header file and add a Genome field to the definition of
an individual. The existing model can then be extended by
invoking operations on genotypes at the appropriate places,
e.g. combining genotypes from two parents when a new indi-
vidual is created. The library includes three different imple-
mentations of the Genome class to allow users to choose a
representation that is most efficient for each application.

A new simulation can be built using methods defined in the
Population class, which contains the necessary procedures to
create one or more populations and track the genotypes of the
individuals in the populations over a series of generations.
The Population class includes methods for transferring indi-
viduals between population objects so users can build meta-
population models. The mutational meltdown simulator in
the GSL application directory is an example of a program
based on the Population class; one way of developing a new
model would be to extend the mutational meltdown applica-
tion with demographic and environmental factors for the po-
pulation to be studied.

The class library is available at the project web site,
http://www.csi.uoregon.edu/projects/genetics/GSL. The web
site contains instructions for downloading precompiled bi-
naries, complete program source code, extensive on-line
documentation, and several demo programs and complete
applications built with GSL classes as examples of how the
library can be used.
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Fig. 1. GSL class hierarchy. The Population, Generation, Individual, and Genome classes and their subtypes all create representations of
simulation objects. The other three classes implement general utilities: statistics computes summary statistics of various events, GBase is a
genotype database useful for initializing simulation runs, and RNG is a collection of random number generators.
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