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In Parham and Irmis’s (2008) commentary on our article
“Assessing Concordance of Fossil Calibration Points in
Molecular Clock Studies: An Example Using Turtles”
(Near et al. 2005), these authors address three areas of
concern with respect to fossil calibration analyses in gen-
eral and our article in particular: (1) absolute age estimates
for fossil calibration points, including the accuracy of the
reporting of age information and the inclusion of strati-
graphic error; (2) the use of fixed calibration points in
clock calibration studies; and (3) the phylogenetic place-
ment of fossil taxa in our article.

Before we discuss the points raised by Parham and Ir-
mis, it is important to emphasize that the primary goal of
our article was to provide a new methodological approach
for incorporating uncertainty and error into molecular
clock calibration estimates. In that article, we developed
a new method, based on cross-validation with multiple
calibration points, to identify outlier fossils that may have
been inaccurately dated or phylogenetically misplaced or
that had otherwise been providing inaccurate dates for
clade divergences. We applied that method to turtles be-
cause they have an excellent fossil record and have been
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the subject of our own previous work. Thus, our work,
as well as that of Parham and Irmis, focused on identifying
problems inherent in the fossil record, with respect to
providing absolute time calibrations for molecular phy-
logenies. In our article, we provided what we view as a
methodological improvement over methods available at
that time. Parham and Irmis provide a commentary on
certain aspects of the implementation of our method, with
respect to specific turtle fossils, but they make little com-
ment on the actual method and no reanalysis that might
demonstrate how to implement their concerns. This lack
of any reanalysis makes it difficult to assess the actual
impact of these concerns and, therefore, to determine
whether they present any substantive challenges to the
method developed in our article.

When we compiled our list of fossil calibrations for our
article, we considered three possible pitfalls inherent in
each fossil: (1) the phylogenetic placement of the fossil
taxon; (2) the geological age estimate of the site from which
the fossil originated; and (3) the completeness of the fossil
record and, specifically, the possibility of older undiscov-
ered fossils for each clade that a fossil dated. The results
of our efforts to identify critical fossils were ultimately
presented in our 2005 article as a single short paragraph,
one table, and one figure. Our distillation of the fossil
information is almost certainly the source of Parham and
Irmis’s desire for more detail about the fossils, and we can
sympathize with that desire (we had, at the time of pub-
lication, a five-page document summarizing our research
on fossil reliability). However, our focus was to introduce
a new method to assess the agreement among individual
fossil calibrations; it was not meant to be a treatise on
fossil turtles. Consequently, we provided general readers
with a set of references (by no means comprehensive) that
would lead them to the relevant literature, and we assumed
that the truly interested paleontologists and turtle system-
atists would contact us or delve into that literature for
additional details. We consider it unfortunate that Parham
and Irmis jumped to the conclusion that our study used
a less-than-rigorous treatment of the fossil information
because the details of establishing the phylogenetic posi-
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tion of the 17 fossil calibrations used in our study were
not included as a part of the publication.

Reported Ages of Fossil Calibration Points

Parham and Irmis provide a broad critique of our use
(and perhaps the general use) of geological ages for fossil
calibrations, including (a) the lack of error on geological
age estimates, (b) the precision of calibration times, and
(c) the failure of our citations to support the calibration
ages. Parham and Irmis (2008, p. 132) criticize the lack
of geological error in our calibration ages, stating, “Despite
citing Graur and Martin, NEA ignored stratigraphic error
in their own study.” In reading Parham and Irmis’s com-
mentary, we were hoping to find specific estimates of geo-
logical error for fossil ages or at least a strategy to obtain
those errors. However, what Parham and Irmis provide
are equally imprecise values for all the fossils listed in their
table 1.

Both a strategy for and the impact of incorporating such
error into our analyses are unclear because our strategy
uses fossils as single fixed points to test whether individual
calibrations agree with one another. An alternative strategy
that we did not explore in our study is using paleonto-
logical dates as hard minimum and soft maximum con-
straints and using Bayesian methods that allow nonuni-
form prior distributions of node ages (Drummond et al.
2006; Benton and Donoghue 2007). We also believe that
another important direction for future development of our
method is incorporating error estimates of the geological
dates assigned to fossils, as well as stratigraphic density
error (Marshall 1990, 1994, 1997). However, no currently
available clock calibration accounts for this type of error,
including ours. Instead, our article showed that divergence
time analyses using one set of fossils (each treated as a
point estimate) resulted in significantly disparate molec-
ular age estimates. However, an even larger set of the fossil
calibrations independently provides very consistent diver-
gence time estimates—that is, they cross-validate each
other. Our intuition is that incorporating geological error
into fossil age estimates would not substantially alter our
conclusions regarding either set of fossils. It should not,
on average, cause consistent fossils to become inconsistent
because incorporating an error estimate would tend to
make a larger set of fossils statistically consistent with one
another. Thus, our method should still identify a consis-
tent, although perhaps overly stringent, set of fossils to
use as multiple calibration points. For those individual
fossils that provide inconsistent age estimates, the geolog-
ical error would presumably have to be very large for them
to actually be consistent with other ages because the de-
crease in our measure of disagreement drops by two orders

of magnitude as the inconsistent fossils are removed from
the analysis (fig. 2 in Near et al. 2005).

Parham and Irmis note that we were overly precise in
reporting the fossil dates to the nearest 100,000 years (table
1 in Near et al. 2005), when the original literature gave
fossils dates in approximate terms such as “about 210
mya.” That criticism is fair enough, and we admit that it
was an oversight to include the decimal point in table 1
of our article (Near et al. 2005). We were “overly precise”
because we treated the molecular age estimates to the near-
est 100,000 years in calculating the disagreement between
fossil and molecular age estimates (fig. 1 in Near et al.
2005). However, we see no reason to suspect that this
“precision” should affect the magnitude of the calculations
we conducted to assess the agreement among individual
calibration points, and none is provided by Parham and
Irmis. We agree that we should not have included the
decimal point.

Parham and Irmis (2008, p. 132) incorrectly report that
15 of the 17 absolute ages we used were not supported by
the references we provided. We believe that they meant to
say that 15 of 17 references provide a range of ages rather
than an absolute age. The range of dates given for each
fossil in their table 1 does in fact agree with the absolute
age estimates used in our study, at least in the sense that
our point estimates fall within their ranges.

Parham and Irmis also contend that there is no basis
in the literature for two of the fossil ages we used as cal-
ibrations (nodes 4 and 9). The citation we gave for node
4 (Gaffney et al. 2001) is the description of a new genus
and species of fossil turtle that includes information re-
garding the probable horizon of origin of the type. Because
the type was a commercially collected specimen, there is
a lack of specific locality data, but a referred specimen
(TUTg 1798) is reported as coming from the Romualdo
Member of the Santana Formation. The estimated age for
the Romualdo Member is about 110 million years ago
(mya; Fara et al. 2005), and we used that date in our
analysis. The reference for node 9 (de Lapparent de Broin
2001) does not give an absolute age for “Ocadia” crassa;
however, this taxon has presented several nomenclatorial
difficulties (for a discussion of the Ocadia-Mauremys-
Chinemys taxonomic problem, see Spinks et al. 2004), and
this publication provides the best introduction to turtles
that have been called “Ocadia” from the Eocene of the
London Clay and Messel (both of which were studied by
one of us, P. A. Meylan). The detailed age information in
this reference is given under the taxon Palaeochelys, “(in-
cluding many species attributed to ‘Ocadia’): lower Eocene
MP7–lower Miocene” (de Lapparent de Broin 2001, p.
198). Franzen (1988) gives the approximate age of 49 mil-
lion years for volcanic minerals present in Eocene Lake
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Messel. We rounded this to 50 million years for our
analysis.

Phylogenetic Placement of Fossil Calibration Points

Parham and Irmis assume that we used a subjective meth-
odology in placing the turtle fossils in the phylogeny. They
appear to base this assumption on a search of the literature
for discrepancies between published hypotheses and our
phylogenetic placement of fossils. Despite their efforts,
they cite only two specific examples, and as we demon-
strate below, both of these discrepancies are spurious. All
of the fossils in our analysis were placed in the phylogeny
via maximum parsimony analyses of more than 115 mor-
phological characters by using the computer program
PAUP∗ (Swofford 2003). In our article (Near et al. 2005,
p. 139), we stated that “placement of fossils was guided
by cladistic analysis of 115 morphological characters pre-
sented in earlier studies of turtle phylogenetic relationships
(Shaffer et al. 1997).” We also used four to 12 additional
characters (28 characters total) in four separate analyses
that allowed us to determine the best placement of the
fossils within suborders (Pleurodira) or superfamilies
(Chelonioidea, Trionychoidea, Testudinoidea). After com-
pleting these analyses, we discussed our phylogenetic
placement of fossils extensively with E. S. Gaffney and R.
Hirayama, two experts on morphology-based turtle
phylogenetics.

Parham and Irmis (2008, p. 134) specifically question
the phylogenetic position of Proterochersis as the oldest
side-necked turtle (Pleurodira) in our analyses and state
that “removing this calibration point could change the
estimated age of the crown group by 100 million years.”
We contend that the available morphological evidence sup-
ports this placement of Proterochersis and that there is no
evidence that including or excluding that fossil would
change any age estimates using our method. It certainly
would change the crown group age if it were the only fossil
calibration point used, but that is precisely why we used
multiple calibrations.

The possibility that Proterochersis is not a pleurodire was
originally raised after the description of Palaeochersis from
the Triassic of Argentina (Rougier et al. 1995). Palaeochersis
was originally described as having the pelvis sutured into
the shell, resulting in the suggestion that this complex
character could no longer be considered a shared derived
character for the Pleurodira. However, because of its very
poor state of preservation, there has always been uncer-
tainty regarding the state of this character in Palaeochersis.
Joyce (2007) agrees that the condition of the pelvis is
unclear in Palaeochersis and goes on to state that this is
also the case in Proterochersis. We disagree. Personal ob-
servation of Proterochersis by one of us (P. A. Meylan) and

by E. S. Gaffney in 1986 revealed evidence of sutures of
the pelvis and shell in several specimens (Gaffney et al.
2006). Furthermore, Joyce (2007) does not use a character
of the sacral vertebrae that we have found to be useful in
assessing the phylogenetic placement of this fossil species.
A condition observed in all pleurodires, including Protero-
chersis, is that thoracic vertebra 10 is incorporated into the
sacrum, while in cryptodires and Proganochelys, it is not
(Gaffney et al. 1991, 2006). Thus, there is substantial mor-
phological evidence to justify the phylogenetic placement
of Proterochersis used in our analyses (see Gaffney et al.
2006). In addition, Parham and Irmis contend that this
fossil is not dated by any of our references. This is also
incorrect. A careful reading of the article by Gaffney (1986)
would have revealed these lines:

Proterochersis occurs in the Stubensandstein of southern Ger-
many, in the Murr Valley and the vicinity of Stuttgart. It is
therefore mid-Keuper and Late Triassic (Norian) in age. Some
of the Proganochelys specimens also come from the Stuben-
sandstein of this region, and both Proganochelys and Protero-
chersis appear in the fossil record at the same time. (Gaffney
1986:184)

A more precise paleontological age estimate for this fossil
is derived from the observation that the Stubensandstein
spans the middle Norian (Alaunian), indicating an age
range of 206–211 mya (Benton 1994; Ogg 2004). We used
an age of 210 mya for this fossil in our analyses.

The other example of a phylogenetically misplaced fossil
that Parham and Irmis cite results from what can only be
explained as a failure to correctly read or understand how
fossil calibrations were used in our figure 3. They interpret
our use of the Lindholemydidae to date node 13 as evi-
dence that we consider this taxon to be “basal to Platy-
sternon” (Parham and Irmis 2008, p. 134), which would
indeed be novel. (We are not actually certain what they
mean by “basal to Platysternon,” although we assume that
they mean sister to Platysternon rather than on the direct
lineage leading to it.) However, the oldest fossil in either
descendent clade dates node 13, as is the case for estimating
the minimal ages for all dated nodes in figure 3. The Lind-
holemydidae as a member of (or sister group of) the de-
scendant clade Testudinoidea (Danilov and Parham 2005)
provides a useful date for this node in the arrangement
that we used without being “basal” to Platysternon.

Conclusions

We disagree with Parham and Irmis’s (2008, p. 134) state-
ment that “the fossil taxa do not meet the criteria outlined
for effective calibration points.” On the contrary, we feel
that the calibrations we used provide a reasonable basis
for investigating the integration of fossil information with
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molecular phylogenies and that our final subset of con-
sistent fossils allowed us to produce a novel chronogram
for turtle diversification. We concluded that not all of the
17 fossils in our initial analysis withstood scrutiny with
our cross-validation method—and that was the point of
our article. Here, we have addressed the concerns raised
by Parham and Irmis about specific fossil calibrations, and
it is clear to us that such disagreement does not negate
the use of these fossils for calibrating turtle molecular
phylogenies. Three things are missing from Parham and
Irmis’s critique of our work that could have provided a
more useful follow-up to our article: a reanalysis of the
data presented in our article, a set of critiques that are
free of factual error, and an alternative method for iden-
tifying misplaced or poorly dated fossil calibration points.
While by no means perfect, our use of the fossil record
of turtles and the method we developed offer concrete
steps toward more accurately calibrated chronograms—
something that is of considerable utility for all those who
are interested in studying the tempo of evolutionary
change across the tree of life.
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