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The use and design of prior distributions that reflect
prior ignorance have long been controversial in statistics.
The use of any prior distribution marks the difference be-
tween Bayesian and frequentist schools of thought. Dis-
agreements regarding the design of prior distributions to
reflect ignorance, and the interpretation of posterior dis-
tributions derived from such priors, have resulted in con-
flicting Bayesian philosophies. In a recent study, Pickett
and Randle (2005) examined uniform prior distribution
on tree topologies, which has been commonly used as a
reflection of prior ignorance. We demonstrated that if all
trees are considered to be equally probable a priori, all
clades cannot be (except when n taxa <4). In a combined
analysis of 17 empirical studies, nonuniform clade priors
were correlated with Bayesian clade support. However,
resampling supports (bootstrap and jackknife values)
were also correlated with clade priors in these empiri-
cal studies. Using contrived data, we demonstrated that
the correlation between resampling support and nonuni-
form clade priors is due to character conflict. When data
sets lacked conflict, correlation disappeared, which fol-
lows from well-known properties of the bootstrap and
jackknife (Farris, 1996). On the other hand, Bayesian
clade support was correlated with nonuniform clade pri-
ors, even when there was no character conflict. Brandley
et al. have called these findings into question, and al-
though we consider their arguments flawed in several
ways, they have posed a provocative question; are un-
equal clade priors problematic in Bayesian analysis? We
address their concerns with our work, and conclude with
a consideration of whether the question they pose has
been answered.

EMPIRICAL ANALYSES IN PICKETT AND RANDLE (2005)

Brandley et al.’s criticism of Pickett and Randle (2005)
is primarily focused on our use and analysis of contrived
data, an argument that requires our analysis of 17 empir-
ical, published studies to be invalid. There would have
been little use in our contriving data had not a correlation
been found between nonuniform clade priors and both
Bayesian clade posteriors and resampling support values
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using real data. Therefore, we will respond to Brandley
et al.’s criticism of the empirical studies first.

In tests of correlation between clade prior probabil-
ity and clade support, Pickett and Randle (2005) found
significant correlations for Bayesian and resampling sup-
port (bootstrap and jackknife). It was not surprising that
Bayesian support shows such a correlation, as prior as-
sertions are involved in the estimation of posterior prob-
abilities. It was surprising, however, that jackknife and
bootstrap values were also correlated with clade priors,
because topological priors are never included in their
estimation. We hypothesized that the correlation seen
for resampling supports was due to homoplasy. We then
proposed a test and subjected all support measures to
that test. The test’s results were decisive, and our con-
clusions were drawn from those results.

Brandley et al. question our findings, saying that “the
effect of non-uniform clade priors can only be detected
with extremely sparse data—conditions that are unlikely
to pertain to the empirical data sets of PR.” It is not ev-
ident what “sparse” means in reference to data, but we
believe that here, Brandley et al. are making the argu-
ment that our finding of correlation between priors and
Bayesian clade support, and the absence of that find-
ing for resampling support, is only applicable to small
contrived data sets. We did not employ small data sets
to explain the correlation between priors and posteri-
ors alone, but to test the correlation between priors and
resampling support. Nonetheless, we believe that, in the
empirical analyses, for both measures of support, this
correlation is due to alack of data decisiveness, caused by
the presence of character conflict for resampling support,
or a likelihood function that is insufficiently decisive
to overwhelm nonequal prior assumptions for Bayesian
clade support. Of course, character conflict may result in
data that are indecisive for either Bayesian or resampling
support. At a minimum, the following can be logically
inferred from the results of our contrived data regard-
ing Bayesian support: conflict alone is not the cause of
prior/posterior correlation.

Brandley et al. further dismiss the results of our em-
pirical analysis, writing, “Secondly, we are not convinced
that different underlying mechanisms are responsible for
bootstrap, jackknife and Bayesian support values that are
similarly correlated with clade priors in the empirical
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studies.” We agree that this would be reasonable, absent
a test that suggests otherwise. In constructing two hy-
potheses to explain a single phenomenon, Brandley et
al. make the same logical leap that they find dubious in
Pickett and Randle (2005); when explaining the corre-
lation of priors in small, contrived data sets, and large
empirical ones they hypothesize that the former is due
to the effect of non-uniform clade priors and the latter
is due to taxon sampling. The critical difference is that
our hypothesis (that the correlation seen between priors
and resampling support is due to character conflict) was
tested and theirs was not.

There can be no doubt that the mechanisms dif-
fer between resampling and Bayesian support as the
correlation is apparent for Bayesian support and evapo-
rates entirely for jackknife and bootstrap support when
analyzing precisely the same (homoplasy-free) data.
Notwithstanding, Brandley et al. offer two hypotheses
which, in conjunction, are proposed to explain the cor-
relation between clade priors and clade support that we
detected in the empirical analyses. First, they reason that
the number of outgroup taxa is generally smaller than
the number of ingroup taxa; therefore ingroup clades
are big. Ingroup clades generally have higher support
than other clades, and this will cause large clades to have
higher support than intermediate ones. Secondly, they
offer that, “the smallest clades in empirical studies often
include multiple specimens of the same species, or per-
haps small sets of taxa that share an ancestor relatively
recently when compared to other branches on a tree.”

The first hypothesis can be easily tested by remov-
ing the ingroup nodes from the correlation analysis. Of
the seventeen studies, three do not use traditional out-
group rooting; the ingroup is constrained (Jordan et al.,
2003), midpoint rooting is used (Rokas et al., 2003), or
a single outgroup terminal defines the root (Simmons
etal.,2004). Two studies provide analysis of two different
matrices and therefore have posteriors for two ingroup
nodes each (Kiefer et al., 2002; Rydin and Kallersjo, 2002).
Thus only 16 prior/posterior coordinates were removed
from a total of 752 pairs, and the reanalysis again results
in a significant correlation (P = 0.005), thus rejecting this
hypothesis.

It is not immediately clear how the second hypothe-
sis could be meaningfully tested; we discuss this below.
However, it is worth pointing out now that, regardless of
the validity of Brandley et al.’s second hypothesis (which
seeks to explain only why small clades have high sup-
port), our refutation of their first means that they have
no explanation for the entire distributional phenomenon
that we reported in Pickett and Randle (2005).

The factors governing taxon selection are multifarious
and often unstated. Brandley et al.’s second hypothe-
sis, that researchers often choose exemplars to represent
the smallest groups in an analysis based on the prior
conviction that they are monophyletic, is a psychologi-
cal rather than biological/inferential explanation. It may
well be true; however, we can think of no experiment
that could corroborate or refute it (save interviews or
similar psychological assessment). In our experience, it

does not seem to characterize the methods by which re-
searchers choose taxa (for example, we doubt that many
researchers spend their funds deliberately duplicating
many species in their molecular phylogenetic analyses).
Further, the hypothesis does not seem to be generally
true of the 17 empirical studies that we examined. As to
the asserted view that sister taxa should be expected to
have high support, although it is reasonable that clades
of sister taxa share many more characters by descent than
more distantly related taxa, we see no reason to assume
that a high proportion of that support need necessarily
optimize on the final branch leading to the sister clade.
Regardless, abandoning our tested hypothesis in favor
of theirs requires a preference for “plausibility” over hy-
pothesis testing. The perception of plausibility cannot
be the criterion upon which we discern the merit of hy-
potheses; prediction and test are those criteria.

Nevertheless, one possible test might involve the se-
quential pruning of taxa from sister clades. As we show,
however, such a test does not result in mutually exclu-
sive predictions between theirs and our hypotheses. If
Brandley et al.’s hypothesis is correct, then reanalysis
of the data minus the pruned taxa should generate new
smallest clades with support values closer to those of
the middle-sized clades. In essence, Brandley et al.’s sec-
ond hypothesis predicts that sequential pruning will re-
sult in a slow flattening of the concave distribution of
Bayesian support. Unfortunately, this outcome is pre-
cisely what our hypothesis predicts. Specifically, the dif-
ference in prior probability of smallest and mid-sized
clades decreases and the curve becomes more shallow
with every terminal removed from the analysis. This
must at some point mitigate the effect of unequal clade
priors (ultimately converging to flat [i.e., no] prior in-
fluence in the n = 4 case; see Pickett and Randle, 2005;
fig. 1B). Therefore, sequential pruning does not, in fact,
amount to a test that can distinguish between these two
hypotheses.

Both of Brandley et al.’s hypotheses must be true
to be explanatory of the entire distribution of poste-
riors (high for large and small clades and lower for
middle-sized clades). Atleast the first hypothesis is false.
Notwithstanding, were they both true, it would then
follow that the non-uniform clade prior is appropriately
(if subjectively) informative, as a reflection of biolog-
ical data (for the first hypothesis) and as a reflection
of the way that systematists choose taxa for analysis
(for the second hypothesis). If that view is to be ac-
cepted, there is little that could be done experimentally
to disentangle their hypotheses from our own.

Brandley et al. further offer that “other” unstated hy-
pothesis “must be given due consideration.” That other,
unarticulated explanations may be imagined is certainly
true. However, even given a stated, credible hypothe-
sis, empiricism demands that it be exposed to refutation
before other empirically corroborated hypotheses are
abandoned. If scientific hypotheses that have sur-
vived refutation attempts can be called into question
by the mere suggestion that other as yet unspecified
explanations might one day come into view, then science
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is in peril indeed. The entire materialist program could
be criticized by use of such a view. Evolution itself can
be criticized as not being the best explanation of biolog-
ical diversity, if the only argument one need present is
that some other force—whatever that may be—might be
at play. Empiricism, however, demands that only artic-
ulated hypotheses be considered among possible expla-
nations, and only tested hypotheses can supercede other
tested hypotheses. Until such an alternative hypothesis is
articulated, is tested, and survives that test, our hypoth-
esis is the only one that has been subjected to experiment
and not found wanting.

THE USE OF CONTRIVED DATA SETS IN PICKETT
AND RANDLE (2005)

Brandley et al.’s criticism of Pickett and Randle (2005)
is largely focused on our use of contrived data. Brand-
ley et al. state: “We first focus on contrived data because
we believe these are the only results in the PR study
that clearly indicate that informative clade priors could
bias the outcome of Bayesian phylogenetic analysis. ...”
In the portion of the study to which Brandley et al. re-
fer, data were not contrived to demonstrate the relation-
ship between clade prior and posterior. We hypothesized
that for resampling support this relationship may be the
result of character conflict, rather than clade prior in-
fluence. The important point is that when there is no
character conflict, there is no relationship between non-
uniform clade probability and resampling support, but
the lack of conflict does nothing to lessen the relationship
between Bayesian clade support and non-uniform clade
priors.

We acknowledge that we erroneously referred to F81
as JC69; we are not too proud to admit that our error
here is as Brandley et al. suggest. As regrettable as this
error is, it does not alter, in any way, the findings of our
study. Indeed, Brandley et al. conclude that the model
employed was appropriate, regardless of what we called
it. When this model was used by Brandley et al. the re-
sults are the same as our own. There is a significant cor-
relation between clade priors and Bayesian support for
data sets in which a single synapomorphy unites each
clade.

Brandley et al. further demonstrate that when base
composition priors do not reflect the base composition
observable in the data, posteriors approach 1.0 at all
nodes, and the correlation between clade prior and pos-
terior disappears (Brandley et al., table 2). However, pri-
ors for base composition can be estimated empirically,
from the data, and this, of course, is what should be
done. In the case of the contrived data of Pickett and
Randle, w1 = 0.01, mc,g = 0.49 is the most appropriate
base composition prior offered by Brandley et al. because
our data were comprised entirely of C and G. The priors
that result in decreased correlation (wa,c,g T = 0.25 and
a1 = 0.49, mc ¢ = 0.01) are poor reflections of the data.
The demonstration that erroneous base frequency data
can cause MrBayes to report perfect support for all nodes
is a tangential matter.

Increasing the number of synapomorphies per node
predictably results in an increase in Bayesian clade sup-
port at all nodes, resulting in the decrease in the correla-
tion between clade posteriors and priors for all models
tested. The increase would of course also be true of re-
sampling support. However, clades are rarely supported
by as many as three uncontradicted synapomorphies
each in real data sets. In fact, we doubt there are any
datasets one might point to that show the kind of de-
cisive signal afforded by two or more uncontradicted
synapomorphies per clade for every clade on the tree. It
is the effect of nonuniform priors on clade posteriors in
real data that concerns us.

REAL VERSUS REALISTIC

Brandley et al. criticize our use of contrived matri-
ces as unrealistic—that they serve as a “poor proxy for
the sorts of data typically encountered by systematists.”
This is not much of a criticism, however, as we intended
these matrices to be unrealistic; contrived matrices only
served the purpose of hypothesis testing, and were not
intended to show anything aboutnatural data, but rather,
homoplasy-free data. In fact, these data sets were suffi-
ciently unnatural that they had to be contrived rather than
simulated.

Nevertheless, if knowledge about the performance of
natural data had been the goal, Brandley et al. could
have addressed more seriously our analysis of empiri-
cal studies. Instead, they propose that the cause of the
correlation between priors and posteriors is suspect be-
cause of the results of allegedly realistic simulations. If
the premise of realism of the simulations is in doubt,
however, the conclusions that they inform natural data
are similarly dubious. These data were simulated under
the JC69 model, in which all base frequencies are stip-
ulated to be equal, and all transition probabilities are
stipulated to be equal, across and among all sites, every-
where in the matrix; Brandley et al. further simplified
their simulations by stipulating equal branch lengths.
Real data can rarely (if ever) be expected to conform to
these simplifications. We consider this uncontroversial.
Furthermore, the discovery that Bayesian methods find
the correct solution with few sites is unimpressive when
the precise model used to generate the data is used to
infer clade support. Brandley et al. claim that merely 42
simulated sites are needed to overwhelm clade priors.
Again, this stands in stark contrast to at least 17 empirical
studies, which all used far more than 42 characters, but
for which, the correlation between priors and posteriors
persists.

We suspect that there is no universal solution to the
question “How much data is required to overwhelm
prior assumptions?” The quality of the data is almost cer-
tainly as important as the quantity. However, the quan-
tity of information employed in many real data sets does
not appear sufficient to achieve this end. While simula-
tion studies may be useful in determining the amount
of data required to overwhelm priors under very spe-
cific model assumptions, such simulations should be more
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sophisticated than that employed by Brandley et al. if the
goal is to approximate natural data.

INAPPROPRIATELY INFORMATIVE PRIORS
AND THE INTERPRETATION OF POSTERIORS

Brandley et al. ask “Are unequal clade priors problem-
atic for Bayesian phylogenetics?,” a question that nei-
ther our study nor their critique of it has addressed. This
is a fundamentally different question than “Do unequal
clade priors affect the estimation of Bayesian support in
real data?” Our analysis of empirical data addressed this
hypothesis and failed to refute it. Brandley et al.’s simu-
lations only show that for data that are not real, nor to our
mind, realistic, this correlation disappears with increas-
ing evidential support. This does not address the title
question nor does it provide the answer, “unequivocally,
no.”

Given what Pickett and Randle (2005) have shown
about the prior assertions used in the vast majority of
phylogenetic analyses thus far, and the finding of bias
introduced by some uniform priors on model parame-
ters (Zwickl and Holder, 2005; Yang and Rannala, 2005),
the systematics community cannot ignore the impor-
tance of prior stipulation. Prior assertion is the critical
difference between Bayesian and frequentist schools of
statistics. A Bayesian believes that the knowledge that
the sun rose yesterday should, rightly, influence our pre-
diction of its rising tomorrow. Frequentists disagree (or,
atleast, they disagree that such prior events can be prop-
erly represented). This is no small disagreement, as the
most cursory perusal of the statistical literature of the
last century will bear out. Therefore, the widely held
view (among phylogeneticists) that Bayesian methods
amount to a fast way to compute ML trees is quite inap-
propriate, as it ignores this fundamental, philosophical,
and mathematical divide. To address this, phylogeneti-
cists must ask themselves, “Why should I use Bayesian
methods?” If the answer is efficiency, other methods are
far more efficient, such as parsimony and neighbor join-
ing. However, efficiency alone can never be a justifica-
tion for any method. If the answer is the simultaneous
estimation of support and topology, then phylogeneti-
cists must accept a method that is fundamentally differ-
ent than traditional resampling measures, because the
coincidence of these with Bayesian support is at least
partly predicated on the use of ignorance priors (Efron
et al., 1996, as discussed in Pickett and Randle, 2005). If,
however, the investigator actually is a Bayesian, and not
a frequentist, then Brandley et al.’s assertion should be
unsettling.

Brandley et al. offer, “. . . advocates [of Bayesian phylo-
genetics] proceed with the hope that the likelihood will
overwhelm inappropriately informative priors when
they cannot be avoided.” Here, they concede that in-
appropriately informative priors are a problem to be
avoided, and the solution is to diminish, entirely, their
influence. No prior on trees has been proposed that is
not inappropriately informative for clades. Therefore, it
seems quite clear that until that is accomplished, pri-

ors will remain an inappropriate influence that must
be overwhelmed. Brandley et al. continue, “We fur-
ther established, through simulations, that few charac-
ters are needed to overcome the effect of the unequal
clade priors, and we therefore believe that the unequal
clade priors are not problematic for Bayesian phyloge-
netics as a whole.” Here they suggest that, no matter
what the meaning, biological or otherwise, of the prior
statement, phylogeneticists need not worry, because the
prior assertions eventually vanish. Others have made
similar statements about priors (as discussed in Pick-
ett and Randle, 2005), but always as a justification of
empirical or ignorance priors. This is sharply different
from the generally held statistical view that posteriors
can always be altered by application of a sufficiently
extreme prior. Accordingly, this justification requires
some scrutiny. Pickett and Randle (2005) discussed the
diminution of prior influence, though we pointed out
that its phylogenetic limits are uninvestigated. The point
of Bayesian statistics, however, is precisely to involve
priors, whether they are empirically derived (actual
prior knowledge) or conventional (which are generally
distributional).

Actual prior knowledge, such as from morphological
studies, can serve as empirically derived prior stipula-
tions. When this is done, it can be analogous to the si-
multaneous analysis (Kluge, 1989; Nixon and Carpenter
1996) of the “prior” data and the new data (Wheeler,
1991). When no informed estimate of a prior can be made,
uniform priors are employed with the goal of modeling
ignorance. Such priors have been called “objective” be-
cause practitioners using them should agree that all com-
peting hypotheses are given the same prior probability;
in other words, they are obtained by convention. The
reason that uniform, ignorance priors are selected is pre-
cisely to eliminate the undesirable influence that would
result were the prior unjustifiably informative. An entire
school of Bayesian thought is predicated on this asser-
tion. If prior probability statements were as weak in their
influence as Brandley et al. suggest—if they can safely
be informative or not, meaningful or not, justified or not,
because given even a paltry amount of data they will
quickly be rendered moot—why would this large school
even exist? In this school, uniform prior stipulations are
seen only as formulaic “place holders” (i.e., not as ac-
tual prior knowledge) that allow for the approximation
of Bayes theorem. This raises an often overlooked conse-
quence of prior selection that impacts the interpretation
of the posteriors: If prior views are empirically derived
(actual knowledge), posteriors can be viewed as having
some connection to the probability of the truth of the
real world; if prior stipulations are the ”place holder”
variety, no such claims can logically be asserted (because
the prior is neither a statement of factual “truth” about
the world, nor a statement that entails a rational degree of
belief).

This raises the question, “Are clade posteriors equiv-
alent to the probability of a clade being true, or are they
interpretable only as relative measures of evidentiary
support, as are more traditional bootstrap and jackknife
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supports?” Because uniform topological priors imply in-
appropriately informative clade priors, the latter inter-
pretation is required. The Bayes factor (Jeffreys, 1960)
allows an interpretation of such posteriors; it estimates
how the evidence at hand has borne out prior assertions,
regardless of how meaningful these priors are. Pickett
and Randle (2005) advocated the use of Bayes factors
when non-uniform clade priors are used, for this exact
reason. If we do not interpret clade posteriors as a mea-
sure of evidentiary support, but they are also not reflec-
tions of actual prior knowledge or ignorance, one must
ask what is the benefit of invoking a prior distribution at
all.

Brandley et al. claim that the undesirable influence
of priors, regardless of their design, is unimportant, be-
cause the prior is eventually overwhelmed. Brandley et
al. suggest that advocates “hope” that “inappropriately
informative” priors will either be overwhelmed or, if pos-
sible, avoided altogether. And so, it seems, they want
their phylogenetic hypothesis to be free of prior influ-
ence, one way or another. Why make prior assertions
if the goal is to eliminate their influence? If this goal is
desired, then “we may solve the real problem directly”
(Fisher, 1912:156), by employing a method thatavoids the
confounding effects of priors from the start; that method
is maximum likelihood.
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No consensus has developed concerning the mech-
anism of phenotypic diversification among species
within clades. Eldredge and Gould (1972) and Gould
and Eldredge (1977) proposed an alternative to the
then prevailing view among evolutionary biologists
that evolution occurred by frequent small steps along
branches of a phylogeny (anagenesis). Instead of this
phyletic, or gradual evolution, they pointed to evidence
from the paleontological record suggesting occasional

dramatic episodes of morphological change separated
by periods of stasis. They associated shifts in their
“punctuated equilibrium” model with speciation events
(cladogenesis), and invoked a mechanism of “genetic
revolution” linked to species formation in small, iso-
lated peripheral populations (Mayr, 1963) to produce
sudden change unrelated to selective pressures in the en-
vironment. Similar mechanisms referred to as “founder
flush” and “transilience” also require population



