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Abstract

Farris (1983) stated that the rationale of the parsimony criterion was to minimize extra (i.e. non-minimal) steps. For traditional
characters, this is equivalent to minimizing total steps (i.e. length). Under dynamic homology (sensu Wheeler, 2001), this identity is
broken. Here, it is shown that extra steps (but not total) can be minimized trivially (to zero) for all data sets on all trees when
insertion-deletion events are considered.
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In his discussion of the motivation for the parsi-
mony criterion in phylogenetic analysis, Farris (1983)
emphasized the logical importance of minimizing ad
hoc hypotheses (i.e. homoplasy). The total length of a
tree (its parsimony score or length) would be the sum
of those transformations that change minimally and
those that do not, the extra steps. Given a traditional
character matrix or prealigned molecular data set,
whether one minimizes total or extra steps makes no
difference. They are simultaneously optimized. When
insertion-deletion events are directly considered in a
dynamic homology (Wheeler, 2001) framework, this
co-optimization need not occur.

The direct optimization algorithm (Wheeler, 1996)
embodied this idea in its procedural minimization of
total length or cost. The POY program implements
these ideas (Varón et al., 2010). Emphasizing this
distinction, Kluge and Grant (2006) (and Grant and
Kluge, 2009) based their justification of parsimony on
the anti-superfluity principle, in opposition to the
minimization of ad hoc hypothesis of Farris (this view
was criticized by Farris, 2008).

Kluge and Grant (2006) show an example where
total steps and extra steps yield conflicting results.
Here, I take this further showing that in all cases,
extra steps can be trivially optimized, leaving no basis
for the distinction among phylogenetic hypotheses.

An example

Consider a data set with ten taxa and a single nucleotide
observation for each (Fig. 1). In one scenario (top), there
is an alignment with a single position, yielding a clado-
gram length of three (indels and substitutions equally
weighted).Of these three steps, there is a single homoplasy
or extra step. The second (middle scenario) has eight
aligned positions, yielding a tree length of eight with no
homoplastic changes. This inflation of length comes from
thenovel insertionof eachof the ‘‘G’’ and ‘‘C’’ nucleotides
and the second pair of ‘‘A’’s in taxaT8 andT9. If we are to
minimize extra steps, we should choose this scenario (even
with five more total steps) than the previous since it
requires fewer (0 in fact) homoplastic changes.

Trivial solutions

If we take the example of Fig. 1 further, we can have
each nucleotide observation derived via a unique
insertion event (the third, bottom scenario). This case,
like the second, has 0 extra steps, but with a total cost of
ten steps. Unlike the second case, however, this scenario
will have this same total length of ten with 0 homopla-
sies for all trees. Extra steps can be trivially minimized
and offers no manner to distinguish among phylogenetic
hypotheses. In the general case, there will be 0 extra
steps and a total cost equal to the number of observa-
tions in all taxa, for all trees.
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Clearly, such a situation of trivial optimization is of
little use in the search for parsimonious solutions. With
dynamic homology, parsimony must signify the
minimization of total cost.
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Fig. 1. A tree for ten taxa (top) as a basis for optimizing the
alignments (upper, middle, and lower). The upper alignment requires
three total steps one of which is ‘‘extra’’, the middle alignment requires
eight steps in total with 0 extra steps, and the lower alignment ten steps
in total, again with 0 extra steps. All transformations (indels included)
costing 1, hence all steps with equal weight.
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