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Response to Comments on
“Molecular Phylogenies Link Rates
of Evolution and Speciation”

Neither Witt and Brumfield (1) nor Brower
(2) reanalyzed any of our data, nor did they
investigate our statistical methods mathe-
matically. Had they done so, they would
have appreciated that our results (3) are not
expected to be either systematically affect-
ed by the node density artifact or by sparse
taxon sampling. Our inclusion of a wide
range of taxa demonstrates that the results
we found are not confined to the limited
range of taxa in previous studies, but rather
appear to apply generally.

The node-density effect produces a cur-
vilinear relationship between nodes n and
path lengths x in the phylogenetic tree of
the form n � x�, such that � � 1. Contrary
to remarks by Witt and Brumfield (1), val-
ues of � � 1 are not compatible with the
artifact. We explained this point in (3)
(supplementary online text), and it is easily
proven mathematically. The paper by Fitch
and Bruschi (4) cited in (1), which attempt-
ed to correct for the node density effect by
adjusting paths using a linear rule of thumb
(equivalent to � �1), may have given the
impression that the node density effect is
expected to produce a linear relationship. It
is not expected to, and Fitch and Bruschi
did not suggest that it did. In a later paper,
Fitch and Beintema (5) showed a clearer
example of the curvilinear form of the re-
lationship [see also (6 )]. As stated in (3),
we excluded all trees with � � 1, regardless
of whether the value of � was statistically
significant. Thus, we applied a conserva-
tive inclusion criterion and there is no rea-
son to believe that the node density effect
may have biased our results.

Witt and Brumfield propose that error in
specifying phylogenetic trees systematical-
ly biases towards finding a relationship
between rates of evolution and speciation.
There is no reason to expect error to affect
all of our trees in the same direction. Rath-
er, error in specifying trees will, in general,
add noise to our results. Nevertheless, we
asserted in (3) that a significant association
between speciation and genetic evolution
could arise in any one of our trees from
chance events, including misspecifiying a
tree. We used the Kolmogorov-Smirnov
test to show that our set of results was
highly unlikely if the null hypothesis were

true. Brower (2) argues that a correlation in
30 to 50% of cases is not surprising. As
stated in (3), the Kolmogorov-Smirnov sta-
tistic shows that our set of results is only
expected to arise by chance five times in a
million. We therefore remain confident that
this indicates that there is an important
phenomenon to explain.

Both comments assert that sparsely sam-
pled phylogenies cannot be used to test our
hypothesis. However, our results do not de-
pend on measuring the rate of speciation per
se. Rather, they rest upon whether differences
in the net speciation rate amongst lineages
influence the net amount of genetic change.
Sparse taxon sampling acts to mask any
punctuated molecular clock, and thus, inclu-
sion of sparsely sampled trees makes our
results more conservative. Biased sparse tax-
on sampling produces the node density effect,
and so would have been detected by our
�-test. We discussed these issues in the fourth
and final paragraphs in (3). The recommen-
dation by Witt and Brumfield to use thor-
oughly sampled phylogenies, though desir-
able in that they lend greater statistical power,
is not necessary for studying the phenomenon
we reported.

In a similar vein, Brower remarks that
branch lengths among families and orders
“have little to do with the rate of genetic
evolution attending individual speciation
events.” These branch lengths, like all oth-
ers on a phylogenetic tree, represent the
accumulated changes over many historical
speciation events and so are just as directly
related to our hypothesis as later events
among contemporary species. All of our
trees have branch lengths estimated from
genetic data where the length of the branch
is a measure of the expected amount of
evolutionary change. Brower is correct to say
that, of our 56 trees, two use allozyme data and
one is based upon microsatellites—but this
makes no difference to our interpretations or
conclusions. Measures of rates of evolution
need not be confined to gene sequences per se,
as allozyme and microsatellite differences also
accumulate as a function of time and rate of
underlying evolution.

Brower also questions our inclusion of
the Zamudio study (7 ) of 37 mtDNA hap-
lotypes among three closely related species

of horned lizard because it includes intra-
specific data. Intraspecific data is not nec-
essarily irrelevant, and Brower acknowl-
edges that mtDNA can exhibit phylogenetic
structure among populations. Our point in
using this tree was that intraspecific phylo-
genetic structure arising from diverging
populations may reveal incipient speciation
events—and where this happens, we are
justified in examining rates of genetic
change. There is no reason to sideline the
early intraspecific genetic differentiation as
different in kind from the later interspecific
differentiation; they form a continuum.
Witt and Brumfield question our inclusion
of bacterial and viral phylogenies on
grounds that the species concept is less
clear for them. This may or may not be true,
but it should not preclude asking whether dif-
ferences in lineage or species branching rates
are related to the amount of genetic change.

We deliberately included partially over-
lapping data sets to ensure that our results
were not particular to a given tree or set of
gene sequences. This proved to be true and,
contrary to the suggestion by Witt and Brum-
field, it did not inflate our estimates of the
link between speciation and genetic change.
Thus, for example, two artiodactyl trees agree
on no effect, and the two plant data sets agree
that there is no effect for two different mea-
sures of genetic change on the same species.
Two similar mammal-wide trees agree that
there is an effect using different concatenated
gene-sequence data sets.

We estimated the branch lengths of the
Barraclough et al. (8) phylogeny from their
sequence data using a GTR model of evo-
lution [supplementary online text for (3)].
R. Baker supplied branch lengths for the
Baker et al. tree (9), and we estimated
branch lengths for the Jerminn et al. data
(10) using a log-Det model. The log-Det
model is useful when analyzing data with
compositional heterogeneity of base fre-
quencies, such as these data show. Brower
argued that our analytical methods were not
sufficiently described. On the contrary, the
supplementary online text for (3) includes
all of the equations for the statistical model,
the NEXUS tree files for all of our analy-
ses, and a reference for the computer pro-
gram to do the all of the calculations.

In summary, we used a detailed statisti-
cal model and strict exclusion criteria to
identify data sets in which rates of evolu-
tion are linked to rates of speciation in a
statistically significant way. Our results ap-
pear to apply generally across a range of
taxa. Whether different taxa exhibit the
effect to different degrees will be an inter-
esting topic for future studies.
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