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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
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part by Dobzhansky (1937), it is presumed that
the physical barrier breaks down before complete
reproductive isolation has evolved in allopatry.
Heterotypic matings between previously sepa-
rated subpopulations are presumed to produce
low-fitness hybrid offspring, and this selects for
positive assortative mating. If this selection is
successful and leads to complete prezygotic iso-
lation, then the speciation that began in allopatry
is completed despite renewed gene flow between
subpopulations.

In the divergence-with-gene-flow model (re-
viewed in Maynard Smith 1966; Endler 1977,
Felsenstein 1981), the physical barrier to gene
flow is incomplete or absent altogether. When
different regions, habitats, or niches within the
species range have sufficiently different selection
regimes, local, habitat-, or niche-specific adap-
tation can develop despite substantial gene flow
(e.g., Endler 1973, 1977). Reproductive isolation
is hypothesized to develop gradually between the
genetically differentiated subpopulations and ul-
timately lead to speciation.

The divergence-with-gene-flow model is ac-
tually a family of models that can be viewed as
a spectrum between two extremes. At the left
extreme of the spectrum (sympatry), there is a
single population in a homogeneous environ-
ment with simultaneous selection for two op-
posing phenotypes. At the right extreme of the
spectrum (parapatry), there is a sharp disconti-
nuity in selection between a pair of divergently
selected, geographically separated subpopula-
tions. Here selection is directional within each
subpopulation but disruptive when both sub-
populations are viewed as a whole. At the center
of the spectrum (cline), there is a gradual change
in selection along a geographical gradient, and
opposing phenotypes are favored at each end.
Endler (1977) has extensively review this con-
text. Almost all of the experimental work on the
evolution of reproductive isolation examines the
two extreme portions of the spectrum (sympatry
and parapatry), and here we focus exclusively on
these forms of the divergence-with-gene-flow
model.

The bottleneck speciation model, summarized
in Mayr (1970) and Carson and Templeton
(1984), actually represents three mechanistically
distinct models that share the feature that spe-
ciation is initiated when a population passes
through a major reduction in population size
(bottleneck), such as would occur when a single
inseminated female colonizes an isolated island
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and gives rise to a new population. One of several
processes are hypothesized to lead to a “‘genetic
revolution™ (i.e., a major reorganization of the
genome), which in and of itself leads to complete
or virtually complete reproductive isolation from
the original population.

Below we integrate laboratory studies that at-
tempt to duplicate all or part of these proposed
speciation mechanisms. We make no attempt to
cite every study germane to each topic, but in-
stead we use representative examples and cite
any cases that we are aware of that contradict
the generalizations we make. In the discussion,
we ask if there is a strong consensus among ex-
periments concerning the feasibility of each pro-
posed speciation model.

THE BASIC ALLOPATRY MODEL

The major prediction to be tested concerning
the basic allopatry model is that sampling drift
and/or adaptation to different environments can
lead to genetic differentiation that produces in-
cidental reproductive isolation. Substantial ex-
perimental evidence bears on this prediction.

Sampling Drift. —One simple way to deter-
mine the potential for sampling drift to generate
reproductive isolation among isolated popula-
tions is to look for pre- and postzygotic isolation
among inbred lines. We have found no reports
of hybrid inviability or sterility in crosses be-
tween different inbred lines of Drosophila spe-
cies; however, prezygotic isolation has been ob-
served. For example Koref-Santibanez and
Waddington (1958) inbred six lines of D. mel-
anogaster by repeated brother-sister matings for
57 generations. They observed weak positive as-
sortative mating in two lines, weak negative as-
sortative mating in one line, and no statistically
significant, consistent trend in the remaining three
lines. Powell and Morton (1979) inbred (brother-
sister mated) 13 lines of D. pseudoobscura for up
to 12 generations and found no statistically sig-
nificant prezygotic isolation among them. In con-
trast, Averhoffand Richardson (1974) found that
increased levels of inbreeding led to increased
levels of negative assortative mating in D. mel-
anogaster. Both positive and negative assortative
mating were found among inbred lines of labo-
ratory mice (Yamazaki et al. 1978). Ahearn (1980)
claimed to have found prezygotic isolation be-
tween two isofemale lines of D. silvestris, one of
which had undergone two major bottlenecks un-
der laboratory culture. Reanalysis of the data,
however, indicates that no statistically significant
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positive assortative mating developed (P = 0.12;
2 x 2 contingency test). Overall studies of mating
among inbred strains suggest that sampling drift
can both contribute to or detract from isolation
among populations.

Divergent Selection and Prezygotic Isola-
tion.—Besides sampling drift, genetic differen-
tiation in response to divergent selection among
allopatric populations can lead to reproductive
isolation as a correlated response via incidental
pleiotropy or genetic hitchhiking, that is, sam-
pling error-induced linkage disequilibrium be-
tween alleles affecting the divergently selected
character(s) and alleles affecting positive assorta-
tive mating. In practice, it is usually impossible
to differentiate between pleiotropy and genetic
hitchhiking, thus we pool these two causative
factors and refer to them collectively as “plei-
otropy/hitchhiking.”

Many experimental studies have looked for
isolation as a correlated response to divergent
selection. For example, Burnet and Connolly
(1974) divided a founder stock of D. melano-
gaster into three groups. The first and second
were selected for increased and decreased loco-
motor activity, respectively, and the third was
an unselected control. After 112 generations, the
selected groups manifest markedly divergent lo-
comotor activity, in the selected directions,
whereas the controls remained unchanged. When
the lines selected for increased or decreased ac-
tivity were tested for nonrandom mating, a 50%
excess of homotypic mating was observed (i.e.,
the percentage of homotypic matings was about
75 instead of the random-mating expectation of
50). In a similar type of study using a Musca
domestica (common house fly) model system,
Hurd and Eisenberg (1975) selected for positive
and negative geotaxis. After 16 generations of
divergent selection under allopatric conditions,
a response to selection in the appropriate direc-
tion was found in both the positive and negative
selection lines. When positively and negatively
selected lines were tested for prezygotic isolation,
a 60% excess of homotypic mating was observed.

Negative results also have been reported. For
example, a 45-generation study by van Dijken
and Scharloo (1979) on locomotor activity in D.
melanogaster (i.e., the same trait selected by Bur-
net and Connolly above) found no persistent de-
viation from random mating between the pop-
ulations selected for high activity or low activity.
Negative results in Drosophila studies were also
found by Koref-Santibanez and Waddington
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(1958), Ehrman (1964, 1969), and Barker and
Cummins (1969), where divergent selection in
allopatry was applied to bristle number, tem-
perature, and bristle number, respectively.

When we surveyed 14 studies from the liter-
ature in which divergent selection was applied
to allopatric populations and then a measure was
taken for the development of prezygotic isola-
tion, we were surprised to find such a large excess
of positive results (10 positive to 4 negative; part
A of table 1). While allowing for the fact that
negative results are less likely to be published, it
still remains clear that it is not unusual to find
prezygotic isolation as a fortuitous byproduct of
adaptation to divergent selection regimes.

One issue in studies such as those outlined
above is the degree to which isolation is the result
of sampling drift that occurred while the popu-
lations were being selected in allopatry, versus
isolation, which is a byproduct of genetic differ-
ence built up because of divergent selection
among populations. In most of the studies that
we surveyed, it was impossible to tease these two
factors apart, but in two studies it was possible
(part B of table 1).

Kilias et al. (1980) collected two base popu-
lations from different geographical localities in
Greece. Each of these was split into two allopatric
populations, one of which was reared under cold-
dry-dark conditions, the other under warm-moist-
light conditions. After 5 yr of adaptation under
allopatry, divergently selected populations de-
rived from the same or different original base
populations showed prezygotic isolation (about
a 50% excess of homotypic matings relative to
the random mating expectation) but parallel-se-
lected populations experiencing the same envi-
ronmental conditions showed no isolation. If
sampling drift were a major factor leading to
prezygotic isolation, then prezygotic isolation
should have accrued between allopatric popu-
lations experiencing both divergent and parallel
selection.

Because isolation was found only among di-
vergently selected populations, this study sup-
ports the idea that pleiotropy of the selected vari-
ation itself, or tightly linked variation, was
responsible for the development of prezygotic
isolation. A similar finding of prezygotic isola-
tion among divergently selected but not among
parallel-selected lines was found by Dodd (1989)
for D. pseudoobscura populations adapted to high-
starch or high-maltose environments. These two
studies suggest that the prezygotic isolation that



