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Wilkinson et al. (2003) took issue with Farris et al.
(2001) over the concept of whether the branch lengths
of phylogenetic trees can be used to indicate support
for the component clades. I do not wish to enter into
this particular debate here, but instead I point out that
some of the details discussed by Wilkinson et al. are ap-
parently based on a misinterpretation of the information
provided by Farris et al. In particular, two pieces of in-
formation presented by Farris et al. are apparently am-
biguous and have led Wilkinson et al. to some incorrect
argumentation. This does not necessarily change the sub-
stantive conclusions reached by Wilkinson et al., but it
does change the details of their argument.

Figure 1 of Farris et al. (2001) shows part of an artificial
DNA sequence data matrix (for taxa labeled A–H), along
with two optimal phylogenetic trees derived from anal-
ysis of the complete data matrix (which contains 60 repe-
titions of the small matrix shown). The data analysis was
performed using the default settings of the DNAML pro-
gram of Felsenstein (1993), and thus the trees have max-
imum likelihood under the chosen evolutionary model.
Farris et al. (2001:298) claimed that the consensus tree
for the data is “unresolved,” whereas Wilkinson et al.
(2003) pointed out that the strict component consensus
of the two trees shown in figure 1 of Farris et al. does in
fact have one informative component. Interestingly, both
parties are making statements that are uncontradicted by
the information provided by Farris et al. This arises be-
cause Wilkinson et al. based their discussion solely on
the trees presented by Farris et al., and these trees do not
accurately reflect the data matrix.

First, the trees as shown by Farris et al. (2001) may
be superficially interpreted as being fully resolved bi-
nary trees. However, this interpretation is incorrect be-
cause not all of the internodes shown on the trees rep-
resent evolutionary branches. In the text, Farris et al.
(2001:298) explicitly stated, “With the exception of the
ABEF/CDGH split, however, all the interior branches
of both trees have the same length, about 0.16.” Note
that four of the internodes shown on the trees are re-
ferred to as “branches” with a specified branch length,
whereas the fifth internode is referred to as a “split” with
no specified branch length. Inspection of the data matrix

reveals that this fifth internode represents a split (or bi-
partition) that is neither supported nor contradicted by
the sequence data. In other words, if the internode is
interpreted as a branch, then it has zero branch length.
It is, perhaps, worth noting that the DNAML program
actually reports this internode as having a length of
0.00006, but the likelihood-ratio test makes it clear that
this estimated length is not significantly different from
zero.

Therefore, it would be more accurate to represent this
part (of both trees) as a four-way polytomy; the chosen
presentation is ambiguous because the trees as shown
involve an apparently arbitrary resolution of a polytomy.
While phylogenetic trees showing branches with zero
length are not unknown in the literature (e.g., fig. 5 of
Kluge and Farris, 1969, has two such branches), these
unsupported resolutions of multifurcations have been
severely criticized in the context of searching for and
presenting phylogenetic trees (e.g., Nixon and Carpenter,
1996; Farris and Källersjö, 1998) — quite literally in this
case, apparent branch lengths (on the diagram) do not
indicate real support (in the data).

Second, from the context it is possible to interpret the
two trees presented by Farris et al. (2001) as being the
only two optimal trees that can be derived from the data
matrix because Farris et al. (2001:298) stated that “this
matrix has two different maximum-likelihood trees, as
shown.” In fact, the matrix has four different trees with
the same likelihood under this particular evolutionary
model, as revealed by analysis of the data using the
PAUP* program (Swofford, 2002). Use of this program
obviates the methodological difficulties referred to by
Farris et al. (2001:298) because the data matrix is small
enough to be analyzed using the exhaustive search op-
tion (there is no branch-and-bound procedure known for
maximum likelihood, and PAUP* defaults to perform-
ing an exhaustive search if this option is chosen). That
all four of these trees are optimal was independently
confirmed by inputting them to DNAML as user trees
under the default settings (the strategy used by Farris
et al.).

The four maximum-likelihood trees are shown here
in Figure 1. There are only eight splits (or bipartitions)
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FIGURE 1. The four optimal trees found by maximum likelihood analysis of the data matrix discussed by Farris et al. (2001). Trees 1 and 4
are the two trees presented by Farris et al. The trees are shown here as unrooted. Farris et al. did not discuss the rooting of their trees, but the
trees as shown in their figure could be interpreted as being rooted on the branch leading to taxon A.

that have support in the data matrix, and these form
two nonoverlapping subsets of the taxa consisting of
two alternative pairings for each taxon. These pairings
can each be combined in two noncontradictory ways be-
tween the two subsets, thus forming the four trees, as
shown in Table 1. As an aside, these four trees are the op-
timal trees regardless of what size of data matrix is used
for the maximum likelihood analysis. Changing the ma-
trix size changes the estimated likelihood value and the
estimated branch lengths, but the same four tree topolo-
gies result from analysis using the small matrix shown
in figure 1 of Farris et al. (2001) or the larger one that is
referred to in their text. This is to be expected because
the repetition of the data does not change the relative
weights of the 16 distinct data patterns present in the
matrix.

The consensus tree of these four optimal trees is a poly-
chotomous “bush.” This topology is true regardless of
what form of consensus tree is used (e.g., Wilkinson,
1994; Nixon and Carpenter, 1996), because the contradic-
tory components revealed by the four optimal unrooted
trees lead to the same consensus tree under all consensus
methods. Thus, the consensus tree derived from the data
matrix is unresolved, as claimed by Farris et al. (2001), but
the consensus of the two trees shown in their figure 1 does
have a resolved component, as claimed by Wilkinson
et al. (2003). Note that an unresolved consensus is not
true for nestings if the trees are treated as rooted; e.g., if

TABLE 1. Taxon splits (or bipartitions) that are supported by the
data matrix discussed by Farris et al. (2001), along with the combi-
nations in which they occur in the four optimal trees resulting from
maximum likelihood analysis of the data (as shown in Fig. 1).

Split Tree 1 Tree 2 Tree 3 Tree 4

{A,B}{C,D,E,F,G,H} * *
{E,F}{A,B,C,D,G,H} * *
{A,E}{B,C,D,F,G,H} * *
{B,F}{A,C,D,E,G,H} * *
{C,D}{A,B,E,F,G,H} * *
{G,H}{A,B,C,D,E,F} * *
{C,G}{A,B,D,E,F,H} * *
{D,H}{A,B,C,E,F,G} * *

the trees are rooted on taxon A, then the Adams consen-
sus tree is (A(EB(CDFGH))).

As a final point, it is worth noting that the num-
ber of optimal trees found by PAUP* for this data set
may depend to some extent on the evolutionary model
chosen. Different evolutionary models (e.g., differing in
how variation in the base frequencies, nucleotide sub-
stitutions, and among-site rate variation is modeled) are
known to produce different likelihood estimates for any
specified data set (e.g., Posada and Crandall, 2001), so
it is important to choose an appropriate model when
performing maximum likelihood analysis. The model
used by the DNAML program is known in PAUP* as the
F84 model (Kishino and Hasegawa, 1989), although the
default values do not involve maximum likelihood esti-
mation of the model parameters but instead use both a
transition:transversion ratio of 2.0 and the empirical base
frequencies as heuristic estimates. However, the same
four trees are also found as the optimal trees using any
evolutionary model that assumes either equal base fre-
quencies or empirical base frequencies (which are equiv-
alent in this case, given the artificially constructed nature
of the data matrix). Changing the model changes the es-
timated likelihood value for the trees and changes the
estimated branch lengths, but the same four tree topolo-
gies result from each analysis.

Choosing an evolutionary model in an arbitrary fash-
ion is usually not recommended for maximum likelihood
analysis, particularly “using the default models imple-
mented in standard computer programs for phylogenetic
estimation” (Posada and Crandall, 2001:580). Inspection
of the Farris et al. (2001) data matrix shows that the fol-
lowing expectations should apply to any model used
to analyze the data, as a direct result of the artificial
patterns that have been built into the sequences: equal
base frequencies (all bases are represented with exactly
equal frequency), unequal transition:transversion ratio
(all 16 of the data patterns involve transversions), and
equal transversion rates (all four possible transversions
are represented by four symmetrical data patterns each).
This approach matches the K80 (or K2P) model (Kimura,
1980). Maximum likelihood estimation should be used
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for the transition:transversion ratio because this value is
unlikely to be 2.0.
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In a previous paper (Harris et al., 2003), we discussed
the treatment of intraorganismal homology in character
construction. Our aims were to highlight alternative ap-
proaches and to investigate their theoretical foundations
and analytical consequences, and we used the phylogeny
of aetosaurian reptiles as an example. In a previous study,
Heckert and Lucas (1999) employed several characters
describing variation in aetosaur osteoderms. Harris et al.
(2003) noted that parallel variations (e.g., presence of
either radial or random patterning) in the osteoderms
of different body regions were represented as separate
but covarying characters, implying independent evolu-
tionary changes in different regions. We suggested that
osteoderms are intraorganismal homologues and that a
single change affecting multiple osteoderm regions, rep-
resented by a single composite character, was a plausible
alternative to the previous more reductive interpretation.
We demonstrated that alternative reductive and compos-
ite approaches to constructing characters from variation
in osteoderms impacts inferred relationships and their
apparent levels of support.

In response, Heckert and Lucas (2003:253) dismissed
our interpretation of osteoderms as intraorganismal ho-
mologues, arguing that we made “an unverifiable as-
sumption about underlying genetic control” and that
we ignored known intraorganismal variation in osteo-
derms. In fact, we explicitly discussed (2003:244) such
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variation. Importantly, we argued that osteoderms are
intraorganismally homologous, not that they are intraor-
ganismally homogenous. Heckert and Lucas’s (2003)
preferred, more reductive, coding also entails assump-
tions that they did not discuss. For example, their use
of separate characters to represent parallel variation
in cervical and dorsal osteoderms assumes homology
within, but nonhomology between, these regions. The
latter entails that any changes occurring in both regions
are coincidental and homoplastic. As we pointed out,
this assumption contravenes Hennig’s auxiliary princi-
ple (Hennig, 1966). Heckert and Lucas (2003) did not dis-
cuss the theoretical issues we raised and dismissed our
work as teaching us “not much” about aetosaur phy-
logeny.

Heckert and Lucas (2003) argued that the alternative
character constructions make no difference to inferred
relationships, yielding trees that are “remarkably simi-
lar,” and claimed (2003:253) that the tree obtained with
our more composite characters “is still the same as that
published by us (compare Harris et al., 2003: fig. 2a with
Heckert and Lucas, 1999: fig. 9).” This assertion is incor-
rect. The cited trees are not the same—they differ in the
placement of three of eight ingroup taxa (Fig. 1). Further-
more, the cited tree (Harris et al., 2003: fig. 2a) was based
on a reductive, not a composite coding. In fact, com-
posite and reductive approaches yielded substantially


