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It is understandable that Bruce (2005) questions interpretation
of our independent studies concerning plethodontid life-history
evolution. Larval development is found in all ten families of sala-
manders, and only members of Plethodontidae exhibit direct de-
velopment from deposited eggs (Salthe 1969). Nevertheless, all
analyses of mitochondrial DNA (Macey 2005; Mueller et al. 2004;
Titus and Larson 1994), nuclear DNA (Chippindale et al. 2004),
and even of the combined morphological and molecular data
(Chippindale et al. 2004), indicate that desmognathine salamanders
with larval development are deeply nested within direct-develop-
ing clades. Given the new and robust phylogenetic hypotheses,
the most parsimonious interpretation of these results is that the
free-living larval phase has re-evolved. We think that explorations
such as those presented by Bruce (2005) are important contribu-
tions toward explaining these findings. However, invocation of
generalizations such as Dollo’s “Law” (which states that complex
states cannot re-evolve once lost; Hall 1998) is not the most ap-
propriate approach to the analysis of real data sets. Empirical analy-
ses of Dollo’s Law show that genes controlling developmental
processes can indeed remain dormant for long time periods, up to
10 million years, and then be reactivated to express traits previ-
ously “lost” within clades (e.g., Marshall et al. 1994). Within sala-
manders there have been demonstrable reversals of other life-his-
tory traits, notably a return of metamorphosis in taxa deeply nested
within otherwise permanently larval forms (Bruce 1976;
Chippindale et al. 2000; Shaffer 1984; Sweet 1982). Also, there is
surprising plasticity in life-history traits associated with metamor-
phosis and even egg retention and oviductal development (Lanza
and Piero 2001; Wake 1989; Wake and Hanken 1996).

Perhaps, as Bruce (2005) argues, life history evolution has been
highly non-parsimonious (i.e., direct development has indepen-
dently evolved many times within Plethodontidae), and what has
been called “direct development” is, instead, a heterogeneous set
of non-homologous states. Labeling his argument as a “point of
view” is appropriate. We think that his arguments contain elements
of speculation, whereas ours are based on direct interpretations of
the phylogenetic data. Refuting the possibility of a reversal from
direct development to a free-living aquatic larval stage in
desmognathines would require the acceptance of at least four or
five independent origins of direct development. This would also
imply that “direct development” is not one but many states (e.g.,
Wake and Hanken 1996); if so, there has been far more diversity
of life-history modes in plethodontids than has been recognized
previously. Our new phylogenetic hypotheses are based largely
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on new molecular datasets; because they are hypotheses, we are
actively engaged in gathering additional data to test them. We need
to develop other datasets and integrate our studies in such a man-
ner as to effectively test and reject alternative hypotheses of
plethodontid relationships until such hypotheses can generally be
viewed as robust, even if they conflict with more classical hy-
potheses for the evolution of morphology and life-history evolu-
tion in this group. The newly discovered Asian plethodontid sala-
mander, Karsenia koreana, also appears to be a direct developer.
Given its placement in the phylogeny (Min et al. 2005), the case
for a reversal in Desmognathus is even stronger; argument against
reversal now requires the independent evolution of direct devel-
opment in at least six clades (Plethodon, Hydromantes + Ensatina,
Karsenia, Aneides, Phaeognathus, and Desmognathus wrighti).

What has become clear in this developing debate is the absence
of relevant comparative ontogenetic and developmental morpho-
logical data for salamanders. Relatively few species have been
studied, and even such common species as members of Amphiuma
are imperfectly known. Direct development is best known from
studies of a species that is only a marginal direct developer,
Desmognathus aeneus (Marks 2000), and very little is known about
the early ontogeny of the 328+ species of direct developing
plethodontids, many of which may prove to be relevant to this
controversy.
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