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mechanism of speciation in which

reproductive isolation is strength-
ened in response to maladaptive hybri-
disation. In a recent paper published in
Nature, Hoskin et al (2005) not only
provide new empirical support for the
process, in the Australian green-eyed
tree frog, but also argue for a wider
impact of reinforcement than is gener-
ally acknowledged.

Speciation commonly occurs in allo-
patry, as a by-product of natural selection
and genetic drift within geographically
separated populations (Figure 1a). How-
ever, an alternative hypothesis suggests
that speciation may be adaptive: natural
selection can act directly to favour pre-
zygotic reproductive isolation between
divergent taxa in a process known as
reinforcement (Dobzhansky, 1937). If
hybridisation occurs between popula-
tions that have previously diverged in
allopatry, and hybrid offspring have
reduced fitness, selection will favour
traits that reduce the risk of hybridisation
(Figure 1b). Reinforcement is theoreti-
cally plausible, and there is growing
evidence for its occurrence in nature,
but its role in speciation remains un-
certain (Servedio and Noor, 2003). Cur-
rent questions concern the factors that
promote reinforcement, how frequently
reinforcement plays a part in speciation
and whether that part is primarily to
complete speciation when isolation is
already substantial (Marshall et al, 2002;
Servedio, 2004).

Green-eyed tree frogs, Litoria genima-
culata, form a hybrid-zone in northern
Queensland. Here, Hoskin and co-
workers have tested for reinforcement
through a combination of molecular
studies, experimental crosses, field
measurements and mate choice experi-
ments. The southern (S) and northern
(N) lineages diverged genetically dur-
ing a long period in allopatry and re-
established contact ~5000 years ago.
They now interact in a mosaic hybrid
zone that consists of a main zone of
contact (A) and a second contact (B)
involving a recent geographical isolate
of the S lineage (iS) within the range of
the N lineage. There is strong evidence
for reinforcement at contact B, but not at

R einforcement is a controversial

the main contact A. Few studies make
as complete a case for reinforcement as
this one. First, Hoskin’s team met
Howard’s (1993) demanding criteria by
showing that (1) hybridisation occurs
between these two lineages, (2) there
is selection against hybridisation, here
mainly affecting females of the S line-
age, (3) male mating calls have diverged
in the isolated iS population (a pattern
of reproductive character displace-
ment), and (4) this divergence in mating
calls is accompanied by preference of iS
females for males of their own lineage,
leading to assortative mating between
the lineages at contact B. Second, they
were able to exclude one important
alternative explanation for reproductive
character displacement by showing that
divergence in mating calls was not
driven by ecological requirements (cf.
Noor, 1999).

An important feature of this example
is that reinforcement is restricted to the
isolate (B) and is absent at the main
contact, (A). The authors suggest that
this is due to exposure of virtually all
individuals at contact B to risk of
hybridisation, resulting in strong selec-
tion. At the same time, the isolation of
the iS population from the main range
of the S lineage protects it from swamp-
ing by gene flow from allopatric S
populations. Postzygotic isolation is
apparently strong enough for gene
flow from N to be largely prevented
during the early stages of reinforce-
ment. This fits nicely with the theore-
tical prediction that reinforcement is
most likely where there is strong selec-
tion and not too much gene flow
(Servedio and Kirkpatrick, 1997); a
pattern also revealed in Timema walking
sticks (Nosil et al, 2003).

A novel and exciting suggestion is
that natural selection acting directly
against hybridisation in a contact zone
can also indirectly drive rapid allopatric
speciation. The authors argue that the
change in frog call and mate choice in
the isolated iS population (due to
reinforcement) has been so great that it
has incidentally driven allopatric diver-
gence between iS and the genetically
similar main range of the S lineage.
They claim that this represents ‘the

rapid formation of a distinct new
species of frog within the hybridzone’
and a new role for reinforcement in the
origin of species (Figure 1c).

Speciation requires complete repro-
ductive isolation between the two allo-
patric populations of the S lineage and
the observation was that all S and iS
females chose the male call of their own
group when given a choice between iS
and S male calls. However, this result is
based on a small sample size and is
surprising because the song difference
between S and iS males is weaker than
that between iS and N males, where
isolation by female preference is incom-
plete and asymmetrical. Furthermore,
there is no reason to believe that the iS
and S populations have diverged for
any traits other than call and preference.
If brought back into contact by future
environmental change, the lack of
intrinsic postzygotic isolation and eco-
logical differentiation suggest that
they would either merge into a single
population or one would out-compete
the other. It is therefore questionable
whether speciation is complete between
iS and S and it may be premature to
conclude that reinforcement can be the
‘sole cause of speciation” between allo-
patric populations.

Despite these reservations, the fact
that reinforcement can drive rapid diver-
gence between allopatric populations is
an important extension of our view of
the mechanisms of speciation in allopa-
try and the role of reinforcement. Allo-
patric speciation is often considered to
require a long period of geographic
isolation between two lineages to gen-
erate strong reproductive isolation
(Figure 1a), whereas this study suggests
that divergence may arise rapidly (over
5000 years) (Figure 1c). Moreover, re-
inforcement is usually thought to operate
in completing speciation between sym-
patric populations after an initial period
of divergence in allopatry (Figure 1b),
but this example suggests a new role for
reinforcement in driving prezygotic iso-
lation between populations that remain
allopatric and that have not diverged
genetically (Figure 1c).

This rapid, allopatric speciation by
reinforcement is related to speciation
by sexual selection more generally
(Panhuis et al, 2001). Selection acting
directly on traits that are likely to con-
tribute to barriers to gene flow is the key
to rapid speciation. Here, reinforcement
due to sympatry with the N lineage
drives evolution in the iS population
and this represents a kind of sexual
selection where females choose comple-
mentary mates.
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Figure 1 Three different modes of speciation between two lineages S and N. In the classical
view of allopatric speciation, pre- and post-zygotic isolation evolve without contact (a)
whereas secondary contact promotes prezygotic isolation in the standard view of speciation
by reinforcement (b). The new model (c) of rapid allopatric speciation by reinforcement,
proposed by Hoskin et al (2005), suggests that reinforcement can drive speciation within
lineage S, as well as between S and N.
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Circles represent populations of the S and N lineages at different stages of divergence.
Post-zygotic divergence is represented by the top half, pre-zygotic divergence is
represented by the bottom half.

Colours represent the extent of pre-and post-zygotic divergence.
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Pre-zygotic divergence (no hybridisation possible)

Red arrows represent contact between the two populations.

Black arrows represent hybridisation between the two populations.

An important question for the future
is whether ‘rapid allopatric speciation
by reinforcement’ is a widespread
mechanism. The green-eyed tree frog is
the first example of this phenomenon in
nature and only further studies will tell

us if it occurs in many other species.
Even if it is common that reinforcement
indirectly drives divergence between
allopatric isolates, it seems unlikely that
this contributes much to diversity be-
cause small divergent populations rarely

have long-term futures. Nevertheless,
this new study suggests that reinforce-
ment may play a wider role in speciation
than was previously thought and under-
lines how strong regimes of selection
acting on prezygotic traits, either rein-
forcement or sexual selection more

generally, can drive rapid speciation.
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