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Branch Lengths Do Not Indicate Support—

Even in Maximum Likelihood
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To the Editor:

Itis still common to see the branch lengths of “phylo-
grams”! interpreted as indicating support for groups.
This is unfortunate, for it is easy to find cases in which
long branches do not indicate support and in fact create
a highly misleading impression if so interpreted.

As a simple example, suppose that the data comprise
four terminals A-D and 500 informative characters, of
which half split the terminals AB/CD and the rest AC/
BD. The (undirected) consensus of most parsimonious
trees is unresolved, so that the Bremer support (Bremer,
1988, 1994; cf. Farris, 1996) for either split is zero, but
the internal branch of either tree has length 250 ac-
cording to parsimonious optimization (Farris, 1970).

The same problem occurs with neighbor joining (NJ;
Saitou and Nei, 1987). Using Kumar et al.’s (1993; cf.
Farris and Kallersjo, 1994) MEGA program, NJ gives
the same two trees as parsimony (in this case, but see
Farris et al., 1996), so that the consensus is unresolved,
and there is no support for any grouping. Yet the inte-
rior branch of either tree has a p-distance length of
0.25, corresponding to 125 substitutions. This difficulty
also affects significance tests that are based on branch
length. According to Rzhetsky and Nei’s (1992) confi-
dence probability (CP) test, both the NJ trees have a
“highly significant” interior branch, with CP > 99%)!

This can even happen with branch-length tests in
maximume-likelihood methods, as the example of Fig.

Trees with branch lengths. The term was coined by pheneticist
P. H. A. Sneath, apparently with the aim of making discussion of
phylogenetic trees as cumbersome as possible (cf. Sneath, 1975).
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1 illustrates. Only the first 16 sites of these data are
shown; the full data comprise 60 copies of these, for
a total of 960 sites. Using Felsenstein’s (1993) dnaml
program with default settings,? this matrix has two
different maximum-likelihood trees, as shown, with
log-likelihood about —8106. The consensus of these
trees is unresolved, so that there is no support for
any grouping. With the exception of the ABEF/CDGH
split, however, all the interior branches of both trees
have the same length, about 0.16, and those lengths
all have the same confidence internals, about 0.1265
to 0.188. According to Felsenstein’s (1993) procedure,
then, all of those splits are “highly significant” (P <
0.01)—when in fact none of those splits has any sup-
port at all!

Such examples are not accidents, but reflect a funda-
mental flaw in tests based on branch length. All ex-
isting such tests are derived on the formal assumption
that the tree topology is given (see Farris et al., 1999).
What they actually test is the magnitude of the branch
length, subject to that condition. But when, as in the
examples here, the data leave doubt as to which tree
is correct, tests of magnitude are not adequate to dem-
onstrate support. As has been seen, a long and seem-
ingly significant branch may occur even when the
group is in fact entirely unsupported. Researchers who
wish to assess support would be well advised to use
methods that are more reliable in that application.
These include consensus trees (Nixon and Carpenter,

2Empirical base frequencies, transition/transversion ratio = 2.0,
and one category of substitution rates. We found the multiple trees
by inputting user trees. The program will not search for multiple
trees itself.
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LETTERS TO THE EDITOR

A atcgacgt atcgacgt
B atcgacgt tagcacgt
C tagcacgt tacgcagt
D tagcacgt tacgactg
E tacgcagt atcgacgt
F tacgcagt tagcacgt
G tacgactg tacgcagt
H tacgactg tacgactg

FIG. 1. A hypothetical matrix with two equally likely trees, as
explained in the text.

1996; cf. Kluge, 1998; Judd, 1998; Carpenter et al., 1998),
Bremer support (Bremer, 1994; cf. Lee, 1999), and re-
sampling methods such as parsimony jackknifing
(Farris et al., 1996; cf. Kallersjo et al., 1999; Lipscomb
et al., 1998).
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