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Molecular clocks have seen many applications in ornithology, but many applications
are uncritical. In this commentary, I point out logical inconsistencies in many uses of
clocks in avian molecular systematics. I call for greater rigor in application of molecular
clocks � clocks should only be used when clocklike behavior has been tested and
confirmed, and when appropriate calibrations are available. Authors and reviewers
should insist on such rigor to assure that systematics is indeed scientific, and not just
storytelling.
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Molecular clocks have been applied broadly in ornithol-

ogy over recent decades, and have been key in several

results of importance to understanding the evolution

and biogeography of birds (Klicka and Zink 1997,

Omland and Lanyon 2000, Lovette et al. 2001).

Although the broader community (i.e. beyond Ornithol-

ogy) has debated the utility of clocks extensively (Brochu

et al. 2004, Graur and Martin 2004, Ho and Larson

2006, Rutschmann 2006), and several bird-specific

commentaries have also been offered (Garcı́a-Moreno

2004, Lovette 2004), application of molecular dating

‘techniques’ to avian questions is common, and accep-

tance of resulting dates can often be uncritical. This

commentary reviews current applications of molecular

clocks in ornithology to urge greater logical rigor in the

use of molecular clocks in systematic ornithology,

pointing out inconsistencies in a surprising number of

such studies published to date. It should be noted that an

entirely distinct and perhaps even more serious suite of

criticisms could be leveled at this practice regarding

the calibration of molecular clocks, but that these

problems are not treated herein.

To characterize current applications of molecular

clocks in ornithology, I selected 75 papers at random

from the recent literature (i.e. 2000�2006) that present

primary analyses of molecular (i.e. DNA sequence)

variation among populations, species, or clades of birds.

Papers were identified via searches in online databases

(e.g. Web of Science), and through searches of contents

of key journals (e.g. Auk, J. Avian Biol., Mol. Phyl.

Evol.). I omitted from consideration those papers that

had an approach that was primarily population genetic

in orientation (i.e. focusing on variation among indivi-

duals within populations). Papers reviewed, with abbre-

viated literature citations, are listed in Appendix I.

General steps involved in the molecular dating process

should in general include (1) testing for and confirma-

tion of clocklike evolution of genes studied in a clade,

and (2) application of a specific calibration to translate

genetic distances into actual dates (Fig. 1). Decisions at

each of these stages have clear, logical consequences that

affect both the results of the analysis and their believ-

ability. Nonetheless, some decisions made by some

authors of such papers are not logically consistent,

leading to worrisome implications and conclusions.
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Testing for clocklike molecular evolution in a clade

generally involves comparisons of likelihoods of trees

built with and without enforcing clocklike behavior, in

essence asking whether the clock-enforced tree is sig-

nificantly less likely than the one without a clock

enforced. In my survey, however, only 35 of the 75

studies conducted such tests; another 6 studies used

coalescent approaches to dating, which do not depend

on rate constancy. However, of the remaining 34 studies

(i.e. those that did not test for clocklike evolution), 14

proceeded to date splitting events anyway � this

procedure is akin to using a parametric ANOVA to

test for differences in central tendency without testing

for normality of distributions first. Of the 35 studies that

did test for clocklike evolution, 14 could not reject the

null hypothesis of clocklike behavior and as such could

then logically proceed to date splitting events (although

2 did not, in the end, go on to date splitting events).

Test clock?

Result
clocklike?

Coalescent
approach - 6 

No dating
attempted - 20

Date
anyway - 14

Rate
smoothing - 3

Prune until
clocklike - 2

Date
anyway - 10

No dating
attempted - 6

No dating
attempted - 2

Date - 12 

40 N Y 35

21 N Y 14

Fig. 1. Summary of testing for clocklike molecular evolution and results of tests among 75 recent (2000�2006) molecular studies of
bird systematics. Boxes shown in gray represent inconsistent steps that are inappropriate as parts of a scientific process.
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More importantly, of the 21 studies for which the null

hypothesis was rejected (i.e. conclude non-clocklike

evolution), 10 dated splitting events using a single-rate

calibration anyway; other studies either did not attempt

dating (6), used rate-smoothing approaches (3), or

pruned trees until the null hypothesis could not be

rejected (2).

At the next step � calibrating molecular difference to

time of splitting � 41 studies attempted to date splitting

events using a diversity of approaches and assumptions.

While several of these studies used custom calibrations

to decide on how to translate genetic differences into

dates, fully 27 studies used general calibrations from the

literature (Fleischer et al. 1998) � the traditional ‘‘2%

rule’’ and its descendent calibrations. Given well-docu-

mented variation in molecular evolutionary rates (see,

e.g. that only 33% of studies reviewed here that tested for

clocklike evolutionary rates found statistical support for

clocklike evolution), the assumption that evolutionary

rates in any particular group will match those of a group

for which a calibration was possible [see the careful

calibration developed by Fleischer and colleagues

(Fleischer et al. 1998)] is tenuous at best.

Recent research has offered numerous new analytical

tools for these challenges. For instance, when molecular

evolutionary rates are variable, new rate-smoothing

algorithms permit incorporation of this variation into

dating estimates, in essence varying molecular evolu-

tionary rates across different parts of the tree to improve

the clocklike appearance of molecular evolution as

reconstructed on the tree (Sanderson 2002, Welch and

Bromham 2005), which could potentially alleviate some

problems caused by rate variation, although these

techniques are not without their controversy (Ho and

Larson 2006, Rutschmann 2006). Certainly, rate

smoothing is better than assumption of rate constancy,

when constancy is not demonstrable.

The other approach that has been used to deal with

rate variation is that of ‘‘pruning’’ trees until rate

variation is no longer detectable statistically � here, the

investigator removes fast- or slow-evolving lineages until

character evolution on the tree is not distinguishable

statistically from a clock-enforced tree. This alternative is

odd, given that it explicitly ignores known non-clocklike

evolution in lineages. If all rate variation were occurring

in terminal lineages (i.e. in the ‘‘twigs’’ on the tree), this

approach might be defendable, but internal branches

nonetheless also show variable rates, making pruning

untenable � it simply hides the problem. More to the

point, it should be borne in mind that the statistical tests

for rate variation use probability criteria to reject (or

not) hypotheses � pruning inconvenient branches off of

trees may reduce statistical power or remove enough of

the glaring outliers, to the point that statistical signifi-

cance is no longer achieved. Providing that proper tests

of monophyly have been conducted (i.e. that rates are

not varying simply because taxa that are not part of a

clade are included in the analysis), the underlying rate

variation, nonetheless, still exists, and the problem has

only been covered over, not removed.

Finally, and of particular importance for dating

Pleistocene events, those investigators wishing to use

molecular clocks to date events should put more

attention to the implications of the temporal resolution

provided by the clock. For instance, the Fleischer et al.

calibration is provided with two significant digits

(Fleischer et al. 1998) � if the truth were to vary from

this estimate by the minimum possible (0.1%/mya), a

date for 50,000 yr ago would have a possible range of

47,059�53,333 yr ago, which seems to be an acceptable

narrow range. This 6000�/yr range, however, includes 3

warm periods and 2 full ‘ice age’ periods (Dansgaard

et al. 1993) � as such, even this minimal level of

imprecision suggests that the ‘clock’ does not date events

with sufficient temporal resolution to correlate lineage

splitting events with climatic events. Given that climatic

fluctuations occurred on extremely fine temporal scales

throughout much of the Pleistocene (Siddall et al. 2006),

clocks should be applied to such questions only with

great care.

The point of this commentary is not that molecular

clocks should never be applied to questions of bird

evolutionary history and biogeography. Indeed, I have

not pointed out a plethora of other concerns about

molecular clock dating, such as complications with

calibrations and confidence limits (Graur and Martin

2004), conflicts between short-term mutation rates vs

long-term substitution rates (Ho and Larson 2006), and

others. Rather, I simply point out the frequency with

which clocks are applied inappropriately, which likely

produces inaccurate and unreliable dating estimates in

the ornithological literature. I aim this comment not just

at the authors working on questions of molecular

phylogeny and biogeography, but also to the editors

and reviewers of those papers, in the hopes that they can

enforce some degree of rigor when molecular clocks are

applied in ornithology.
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