Comment on “Molecular
Phylogenies Link Rates of
Evolution and Speciation” (1)

Webster et al. (I) reported an association
between rates of speciation and molecular
evolution, suggesting that speciation is often
accompanied by Mayrian genetic revolutions,
or molecular punctuated equilibria. This im-
portant finding has been hinted at in previous
studies (2). However, the conclusions of
Webster et al. are compromised by three
factors: (i) potentially insufficent correction
for the node density effect, (ii) underestima-
tion of speciation rate due to sparse taxon
sampling, and (iii) phylogenetic non-
independence among data sets.

The node density effect, which is primarily
a result of saturation, causes rates of speciation
and evolution to appear correlated. To identify
and exclude from their analysis data sets suf-
fering from this effect, Webster ez al. plotted the
number of nodes (n) along a path against the
length of that path from root to tip (x) for each
of their 56 phylogenies. They fit this data to the
function n = x°, and discarded the 13 phylog-
enies for which 8 > 1. Although path length is
usually expressed as a function of the number
of nodes (3, 4), it is important to note that
Webster et al. reversed this relationship. Under
their scenario, when & > 1, path length increas-
es with increasing node density, but only until
additional nodes no longer reveal additional
change. This pattern merely suggests that taxon
sampling is sufficiently dense to reveal all mo-
lecular change in some parts of the tree, but not
in others. It could result from excess sampling
among closely related taxa at the tips of the tree.
Although 8 > 1 implicates saturation, 8 = 1
does not imply an absence of saturation. Fitch
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and Bruschi demonstrated this point in figure
1A in (3), which showed a strictly linear rela-
tionship between path length and node density.
Any positive correlation between node number
and path length is consistent with saturation,
which affects nearly all molecular data sets. The
node density effect potentially affects all 56
phylogenies, and may have led Webster et al. to
infer rapid evolution in species-rich clades.

Additional bias stems from the potential
for incorrect topology. Well-resolved molec-
ular phylogenies are rare, and probably few,
if any, of the 56 phylogenetic hypotheses are
completely consistent with the true underly-
ing phylogenies. An incorrect node on a giv-
en path could artificially increase the inferred
amount of molecular evolution on that path.
The well-known tendency for long branches
to be erroneously linked could compound the
node density effect (5, 6).

Sparse taxon sampling prevents accurate in-
ference of the number of speciation events
along a lineage. Webster et al. included higher-
level phylogenies that sampled, for example,
0.3% of birds, 0.4 to 1.4% of mammals, 0.01 to
0.005% of plants, and 0.002% of insects. In
these phylogenies, the number of speciation
events inferred for each total path could be
underestimated by orders of magnitude. Twenty-
one of the 56 phylogenies sampled fewer than
two taxa per genus. The recent finding that tree
shape varies according to the taxonomic level
sampled (7) indicates that higher level phylog-
enies are misleading with respect to relative
rates of cladogenesis. Furthermore, Webster et
al. used virus, bacteria, and population genetic
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data sets in which the interpretation of nodes
as speciation events is questionable. Species
limits should be defined a priori in studies of
speciation rate.

Webster et al. controlled for phyloge-
netic non-independence within each phy-
logeny, but many of their 56 phylogenies
sampled the same taxa. Five phylogenies
were composed of overlapping sets of
mammalian families and orders, and others
contained identical sets of plant taxa, but
different genes. Statistical meta-analysis of
these phylogenies suffered from phyloge-
netic nonindependence.

We recommend calculating relative rates
of evolution using independent pairwise dis-
tances, rather than phylogenetically estimated
path lengths. However, only phylogenies that
are thoroughly sampled at the species level
should be used to estimate the number of
nodes on each path.
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