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LABORATORY EXPERIMENTS ON SPECIATION: WHAT HAVE
WE LEARNED IN 40 YEARS?
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Abstract.—We integrate experimental studies attempting to duplicate all or part of the speciation
process under controlled laboratory conditions and ask what general conclusions can be made
concerning the major models of speciation. Strong support is found for the evolution of reproductive
isolation via pleiotropy and/or genetic hitchhiking with or without allopatry. Little or no support
is found for the bottleneck and reinforcement models of speciation. We conclude that the role of
geographical separation in generating allopatry (i.e., zero gene flow induced by spatial isolation)
has been overemphasized in the past, whereas its role in generating diminished gene flow in
combination with strong, discontinuous, and multifarious divergent selection, has been largely
unappreciated.
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Beginning in the 1950s and continuing to the
present, many researchers have set out to dupli-
cate all or part of the speciation process under
controlled laboratory conditions. Here we at-
tempt to integrate these studies and ask what we
can conclude about the major models of speci-
ation. Speciation via polyploidy, which appears
to be common in plants (White 1978), and other
chromosomal mechanisms are not discussed here.
The extensive body of purely theoretical work
on speciation is deemphasized. Instead we focus
on inferences deduced from experimental stud-
ies. Throughout we define species via the bio-
logical species concept, that is, “groups of inter-
breeding natural populations that are
reproductively isolated from other such groups”
(Mayr 1963, p. 19).

To define and integrate the major models of
speciation, we begin with the “basic allopatry”
or geographical model of speciation (summa-
rized in Mayr 1963). In this model, a species
range becomes dissected into two parts by a
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physical barrier (mountain range, river, etc.),
which prevents gene flow between them. The
populations are presumed to evolve indepen-
dently because of the allopatry induced by their
physical isolation. Genetic divergence accrues as
a result of adaptation to the prevailing environ-
mental conditions and by means of sampling drift.
Prezygotic (i.e., positive assortative mating that
reduces the production of hybrids) and postzy-
gotic (i.e., reduced viability and/or fertility of
hybrids) reproductive isolation develop between
the physically isolated populations as an inci-
dental byproduct of genetic differences that grad-
ually accrue between them. Once pre- and/or
postzygotic isolation is complete, speciation has
occurred.

The three other major modes of speciation in-
clude the reinforcement, divergence-with-gene-
flow, and bottleneck models. All of these can be
expressed as simple modifications of the basic
allopatry model.

In the reinforcement model, articulated in large

1637

©1993 The Society for the Study of Evolution. All rights reserved.



