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The paper presents a scenario for a single kill mechanism being responsible for at
least four of the big five Phanerozoic mass extinctions. The pH-triggered inactivation of
enzyme urease is suggested as the proximate kill mechanism for the Late Devonian,
end-Permian, end-Triassic and end-Cretaceous mass extinctions.

The paper is well written; the reasoning is stringent and focused. My major criticism
concerns the coverage and discussion of the published literature with respect the timing
and causes of extinctions, and the uncritical use of a non-reviewed abstract for the
history of oceanic pH. As my expertise is on deep time patterns, I emphasize those in
this review.
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Apart from the still unknown role of urease in invertebrates (see reviewer #3), the
major problem in this paper is the unknown pattern of pH variations over the Phanero-
zoic eon. Wooldridge relies strongly on the tentative pH curve figured in an abstract
(Caldeira 2007), which is only valid under the assumption of constant surface-ocean
carbonate mineral saturation. Because carbonate saturation state is likely to parallel
CO2 concentrations on geological time scales (Caldeira 2007), this is a very unlikely
scenario.

Only short term changes in pCO2 are likely to substantially affect oceanic pH. While
these short term changes are feasible under volcanic degassing scenarios, they would
require a geologically rapid extinction. A gradual or stepwise extinction pattern, often
cited by the author as supporting evidence for his hypothesis, would not agree with
these boundary conditions.

The evidence of gradual and stepwise extinction patterns is equivocal. Several of the
mass-extinction aspects need to be updated with modern literature. Importantly, the
gradual versus abrupt demise of species across mass extinction episodes is not cor-
rectly referred to. For example Keller (2001) is cited as showing a gradual demise,
but this is wishful thinking. Quantitative evidence either suggests an abrupt extinction
(Huber et al. 2002, Paul 2005) or at least confirms that gradual versus abrupt patterns
cannot be distinguished based on the available data (Marshall and Ward 1996). In
general, geologically sudden environmental changes are evident at almost all mass
extinction episodes (Alvarez et al. 1980, Sheehan 2001, Ward et al. 2001) and equally
sudden biotic responses are evident at the end-Permian (Jin et al. 2000) and end-
Cretaceous mass extinctions. There is no evidence for Norian/Rhaetian extinctions
being similar to Rhaetian-Hettangian extinctions (p. 2406). Background extinctions ap-
pear to have been high throughout the Late Triassic, but the Rhaetian spike stands out
significantly (Kiessling et al., 2007).

The end-Cretaceous extinction is an especially poor candidate for a pH-triggered
urease inhibition as a major kill mechanism, because terrestrial and marine faunas
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were similarly affected and because heavily calcifying taxa (e.g., scleractinian corals;
Kiessling and Baron-Szabo 2004) showed lesser extinction than some weakly calci-
fying taxa (e.g., bivalves; Raup and Jablonski 1993). The hypothesis of pathological
dinosaur egg shells forwarded by Wooldridge does not agree with stable dinosaur di-
versity throughout the latest Cretaceous (Fastovsky and Sheehan 2005), neither does
it agree with the profound extinction of mammals at the KT (Alroy 2003).

In summary the two cornerstones of Wooldridge’s hypothesis (pH variation over the
Phanerozoic and enzymatic response to those) are fairly weak. The paper can be
saved by (1) acknowledging these uncertainties, (2) accepting the prevalence of sud-
den extinctions in the fossil record, and (3) and discussing other alternatives be them
enzymatic or otherwise.

An enzymatic effect of seawater acidification has also been proposed by Marubini et al.
(2008). However, emphasized in this paper is also that the pH within the calcioblastic
cells on marine invertebrates is about 7.4 (see also Payan et al., 1983), that is, much
lower than the 7.9 value indicated for the "dead zone". I suggest discussing this paper
shortly and also the general notion that cytoplasmic pH rarely matches environmental
pH.

Minor comments

I would like to see a table in the paper which lists higher groups of taxa which depend
on urease activity (with references).

Reference to Culver (2003) is misleading. Culver argues that there is no depth gradient
in the extinction of benthic foraminifers and the major difference is between a planktonic
and benthic lifestyle irrespective of depth. Please revise! Reference to Jeffery (2001)
is incorrect. Jeffery clearly states (p. 148) that there is NO relationship between water
depth and extinction risk in heart urchins, which confirms an earlier analysis based
on all sea urchins (Smith and Jeffery, 1998). One could also add that azooxanthellate
corals were significantly less affected than zooxanthellate taxa at the KT (Kiessling and
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Baron-Szabo 2004). This could be related to a depth gradient.

p. 2402: Definition of mass extinctions. The most important criterion for a mass extinc-
tion is that extinction rates are significantly above background. Avoid the term "insignif-
icant" with respect to time. "Brief" or "short" would be better.

p. 2402, l. 26: The Phanerozoic started at 542 Ma.

p. 2403: Rhode and Muller (2005) discuss diversity rather then extinctions. It would
be fair to cite Sepkoski here, because his data are behind most later analyses (e.g.
Sepkoski 1996).

p. 2405, l. 10: snails are gastropods! Please rephrase!

p. 2406, l. 4: "two pH optima"

p. 2413, l. 4: "most certainly" is perhaps too strong in this context.
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