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We compared genetic diversity, population genetic structure and population
demographic history in sister species of sea stars (Cryptasterina hystera,
C. pentagona) that have evolved large differences inmating system and life-history
traits [1]. Our analyses of population demographic history used the isolation-
with-migration model implemented in the software application IMa2 [2,3] to fit
demographic model parameters to a dataset of three loci, including mtDNA
and two nuclear introns each sequenced from two population samples (one for
each species). Those analyses revealed an unexpectedly short divergence time
between the two species: about 6000 years.We recently discovered that a software
bug in the IMa2 source code used in our analysis affects this divergence time
estimate (but does not affect other results from our study).

To explain the significance of the bug and its effects on our analyses, it is
necessary to summarize the method. Briefly, the method in IMa2 is implemented
in two steps: first a Markov chain process (Mmode) is used to search the space of
likely demographic model parameter values, and genealogies from that process
are saved for each locus in the dataset; then the saved genealogies are loaded
into memory (L mode) and used in a joint estimate of the posterior distributions
of model parameter values, including the divergence time between sampled
populations. The population divergence time in the model is scaled by the
mutation rate for each locus; if the user wants to convert the model parameter
value to ecological units (divergence time in years), a mutation rate calibration
must be provided in the data file for at least one locus in the dataset. We used a
mutation rate calibration for our mtDNA sequences derived from observed
mtDNA divergence between geminate species pairs of sea urchins isolated by
the Isthmus of Panama [4]. The closure of the Panamanian seaway at around
3.1 Ma has been a widely used calibration point for population genetic and
phylogenetic analyses [5], and the rate we used was one of the more conservative
(slower mutation rate) estimates published at the time.

In M mode, IMa2 models the relative mutation rates for all loci in the dataset
and reports those relative rates as mutation rate scalars. Then, for any locus for
which the dataset includes a mutation rate calibration, the software reports the
geometric mean of those specific mutation rate scalars. A key step in the method
requires the user to copy over that geometric mean as the value for a flag in the
command line string in Lmode. For datasets like ours [1],with amutation rate cali-
bration for only one locus, that geometricmean value (reported in a table of output
in the M mode output file) should be the same as the single mutation rate scalar
estimated for that single locus (found elsewhere in the M mode output file).
We followed the IMa2 user guide by finding and copying over the value reported
for the geometric mean of mutation rate scalars (those with a mutation rate
calibration). We used that reported geometric mean in our L mode analyses.

In the course of preparing new data from Cryptasterina species for some new
IMa2 analyses of the demographic historyof population divergence and speciation
in sea stars, we re-examined our oldMmode output files fromour published IMa2
analyses [1]. We discovered that the reported geometric mean of mutation rate
scalars was incorrect and was different from the estimated mutation rate scalar
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for mtDNA by a factor of about 20. A similar error was ident-
ified in July 2012, shortly after the publication of our article
[1], by another IMa2 user (https://groups.google.com/
forum/#!topic/isolation-with-migration/jgONpc3fBb0). Sev-
eral weeks later, the authors of the IMa2 software confirmed
that this error was caused by a bug, and confirmed that the
error was in the calculation of the geometric mean (and not in
the estimation of the individual mutation rate scalars). The
bug was fixed in a subsequent release of the IMa2 source
code and executables on 8 August 2012, but was not explained
outside of that single user forum post. Unfortunately, the bug
discovery and subsequent fix all happened after the publication
of our article [1], and therewas nomechanismavailable tomake
that bug more widely known to other IMa2 users at that time.

Because we used a value for the geometric mean mutation
rate scalar that was too small, our published estimate of
the divergence time between C. hystera and C. pentagona
(based on our three-locus dataset and based on the 3.1 Myr
divergence between mtDNA sequences for Panamanian sea
urchins) is too recent: for those data and for that mutation
rate calibration the correct estimate of the Cryptasterina
divergence time is about 130 000 years (not 6000 years). We
apologize to readers for that error. We also urge other users
of IMa2 who might have used source code or executables
downloaded between 2010 and late 2012 to look for this
possible source of error in IMa2 analyses that used a mutation
rate calibration.

The mutation rate calibration that we initially used was
especially conservative even at the time of publication, and
more recent research shows that mutation rate calibrations
based on older geological events may greatly underesti-
mate mutation rates [6]. Our unpublished analyses of new
Cryptasterina sequence data use the updated version of the
IMa2 source code and include a faster mtDNA mutation rate
calibration for a sea star (rather than sea urchins) derived from
a more recent biogeographic event [7]. Those preliminary ana-
lyses return estimates of the Cryptasterina divergence time that
are similar to our published divergence times and suggest that
those species diverged in the Holocene. If those preliminary
analyses are correct then our previously published conclusions
about the tempo of life-history evolution in Cryptasterina may
still be correct despite the initial inaccurate calculation.
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