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Dear Editor Niels de Winter,  

thank you for the detailed reviewer reports and the chance to improve our manuscript. 
Below, we provide point-by-point responses to the reviewer’s and Editor’s comments in 
red. 

 

Editor: 

Reviewer #2 is quite critical about your study design (especially your choice of working 
with belemnite data), but concludes that the innovative idea of "Phylogeochemistry" and 
the approach you took (albeit perhaps more easily applied on other taxa) merits publica-
tion as a proof of concept. I would agree with that assessment and therefore would like to 
give you a second opportunity to revise your manuscript to better reflect that aim and 
acknowledge the caveats of using belemnite chemistry for this purpose.  

We added a few sentences to the discussion. However, despite all the shortcomings, we 
think that it would be difficult to find taxa to which our approach could be applied more 
easily. Essentially, three conditions need to apply to a group in order to use our methods: 
i) a well-resolved, time-scaled phylogeny, and ii) geochemical proxy data with dense tax-
onomic sampling. Condition i) is fulfilled mainly in vertebrates, which often lack taxo-
nomic coverage in proxy data. While phylogenies are widely available for living taxa due to 
molecular studies, these phylogenies mostly exclude fossil taxa and therefore, the recon-
struction of ancestral states in deep nodes would be particularly uncertain. As for condi-
tion ii), many of the main biogenic carbonate archives (e.g., brachiopods, foraminifers) 
lack quantitative phylogenetic studies, so our approach is not applicable here. It thus be-
comes clear that a much wider sampling and further taxonomic and phylogenetic work is 
required in this regard. It may be that other proxies would have provided more interesting 
insights than element/Ca ratios in belemnites, but this is impossible to know in advance.  

We would also like to point out that we were happy to see another recent study published 
in Biogeosciences that came to similar conclusions by focussing more on the geochemi-
cal side and in a different taxon (Boscolo-Galazzo et al. 2025). Accordingly, we included 
this study briefly in our introduction and discussion. 

 

Reviewer #1: 

For the revised version of the study “Phylogeochemistry: exploring evolutionary con-
straints on belemnite rostrum element composition” by Alexander Pohle and co-authors 
the documents were updated based on reviewer comments and a comprehensive point-
by-point response to the comments was provided. 
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Following the revisions I find that the methodology is now much clearer, with the ap-
proach to reconstructing a phylogeny based on morphological characters that then forms 
the background for interpretation of geochemical variables explained in detail.  

Thank you 

 

A few points remain that I think would benefit from a bit more work:  

Use of data: 

It would be quite useful in my opinion if the authors could make it clearer in their supple-
mentary data appendix which data were used for their phylogeochemical experiment. It 
is stated in L118 that only taxa with 10+ specimens were considered for the work, and this 
is repeated in L239. However, as far as I can tell only data for three specimens of Belem-
nellocamax are listed in the appendix (despite a large number of measurements for each 
individual), yet this genus is incorporated in the discussion? Perhaps this is the only ex-
ception and this may be acceptable given the number of measurements available for the 
few specimens, but nevertheless I think it should be completely clear what data was used.  

Apologies, this should read “measurements” instead of specimens and was corrected 
accordingly. We also highlighted the data in the supplement that were used in subsequent 
analyses.  

There is also a distinction to be made between the “complete” dataset, which also in-
cludes taxa with, e.g., uncertain identifications, and the “cleaned” dataset, which was 
used for the phylogenetic comparative analyses. For all analyses, we used the reduced 
dataset, but we provide the complete dataset in the supplement for convenience. This 
should now be clear from the description in the manuscript and the highlighted entries in 
the supplement. 

 

It would also be worth to critically check the supplementary data for consistency and ac-
curacy. I noted the statement in L264 regarding the unusually low reported Mg/Ca in Pas-
saloteuthis for the Pliensbachian of Ukraine. These very low values in all likelihood arise 
from an erroneous conversion into Mg/Ca ratios analogues to the mistaken conversion of 
Sr concentrations to Sr/Ca ratios in the cited study. These can be corrected by multiplying 
the listed Mg/Ca ratios by [M(Ca)*M(Ca)]/[M(Mg)*M(Mg)]. Note that the authors assumed 
M(Ca) = 40 g/mol and M(Sr) = 87 g/mol. It might be that the authors assumed M(Mg) = 24 
g/mol rather than 24.305 g/mol. A similar issue may also be expected for Arabas (2016), 
for which the supplementary data table looks very similar, but no Sr/Ca ratios are listed, 
which makes it harder to evaluate this. 

We checked the supplementary material again for consistency and accuracy.  
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Regarding potential conversion errors: Already in the first version, we had double checked 
all supplied element/Ca ratios by providing the ratio given in the original publication (col-
umns Q, S, U and W in the supplementary table), in addition to the calculated ratios using 
our formula (columns R, T, V and X; note that if no raw element concentrations were given 
in the study, this column corresponds to the previous columns). This revealed a few cases 
where element/Ca ratios were apparently miscalculated, e.g., Sr/Ca ratios mentioned by 
the reviewer for Arabas et al. (2017). In such cases, we used our calculated values, since 
we deem the raw values of the element concentrations to be more reliable. We added a 
statement to make this clear and also report which studies were affected by this.  

Since it was not clear to us before what caused this conversion error in Arabas et al. (2017), 
we are grateful to the reviewer for pointing out the likely source. Unfortunately, neither raw 
Mg concentrations nor Fe/Ca nor Mn/Ca ratios were supplied in the supplement of Arabas 
et al. (2017), meaning that it is impossible to tell whether Mg/Ca, Fe/Ca or Mn/Ca ratios 
were similarly miscalculated as Sr/Ca. In Arabas (2016), there are no raw element con-
centrations listed either. Even though these values appear suspicious, the evidence is 
ambiguous and could only be corrected by getting the original data from the authors or a 
new study on this locality. We feel that it is out of the scope of our study to correct previ-
ously published data, but we added a corresponding comment in the revised manuscript 
that this may be a reason for the lower values. As this affects Passaloteuthis, for which 
we have a large data set (not the least thanks to the reviewer’s extensive work), excluding 
these values would only minimally change the median value for this genus.  

During our check of the supplement, we noticed that the “10 measurements per genus” 
was an error from an earlier version – it should actually mean 5 measurements. Although 
this sounds admittedly low, it is an unfortunate consequence of the rather poor taxo-
nomic reporting of previous studies, which we already criticised in the discussion. Statis-
tically, it does not make a big difference (i.e., both are uncertain), but it allowed the inclu-
sion of three additional taxa, which is why we made this decision. We would also like to 
point out the sensitivity analyses (see further details below), which support that a few 
datapoints with incorrect data would not have a big impact on the results. Moreover, we 
already conclude that the geochemical data show no clear phylogenetic pattern, and it 
seems to us that it would be very unlikely that we would suddenly observe a pattern that 
correlates with the phylogeny, and it seems that this is also not what the reviewer would 
expect. The question is, therefore, what additional results/insights could be gained from 
a “perfect” dataset, the latter of which is difficult to achieve. 

While we appreciate the concerns of the reviewer for data quality, we would like to point 
out once more that the dataset is inevitably heterogeneous, and we believe that we were 
open about this already and discussed the various shortcomings, many of which are out-
side of our control. Nevertheless, for the purpose of our exploratory study, the data quality 
is sufficient and the benefits of using such a broad dataset outweigh the costs. To assess 
the consequences of potential errors in the data, we added a sensitivity test in the last 
version, which was apparently largely overlooked by the reviewer. It appears to us that the 
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implications of this test might not have been clear enough, and we thus adjusted the de-
scription of the corresponding methods and results.  

To further explain why we are confident that the sensitivity test supports our view that a 
few potentially problematic data points will not have a significant impact on the results, 
we here provide a simplified, less technical overview of the approach and its conse-
quences. As noted in the methods, the input values for the comparative phylogenetic 
analyses were the median value of the element/Ca ratios per genus. These input values 
were randomly modified in 100 simulations and then analysed with the same phyloge-
netic tools. We added a new figure as appendix that displays the simulated values in com-
parison to the original input value (Fig. A1). For illustration, we list the results of the first 
three runs below and compare them to the original value per genus: 

 Original Simulation 1 Simulation 2 Simulation 3 
Acrocoelites 15.3 15.0 18.2 15.5 
Acroteuthis 3.0 2.4 2.3 2.9 
Aulacoteuthis 5.4 5.6 5.3 4.8 
Bairstowius 9.4 9.9 11.7 9.6 
Belemnellocamax 11.6 11.0 8.2 12.0 
Belemnopsis 4.4 2.1 5.9 2.2 
Berriasibelus 10.6 12.1 8.1 10.2 
Brevibelus 13.2 13.4 14.8 14.4 
Castellanibelus 10.4 9.2 10.7 11.8 
Conohibolites 14.9 13.2 14.0 14.6 
Cylindroteuthis 5.1 4.9 3.9 1.8 
Dimitobelus 11.3 11.3 11.8 10.3 
Duvalia 10.3 12.2 9.3 10.8 
Hibolithes 12.7 12.0 14.2 16.0 
Holcobelus 3.6 2.4 3.6 1.8 
Lagonibelus 5.2 4.9 6.8 4.7 
Mesohibolites 16.6 17.9 15.7 17.2 
Nannobelus 8.8 9.0 9.1 8.5 
Neohibolites 7.6 6.2 8.6 7.3 
Passaloteuthis 9.1 10.5 8.9 8.9 
Peratobelus 4.8 4.7 3.3 2.4 
Praeoxyteuthis 5.1 5.2 7.5 4.7 
Pseudobelus 10.9 10.3 7.7 10.7 
Simpsonibelus 11.4 11.6 10.8 11.6 
Youngibelus 13.3 14.5 13.3 12.1 

 

It should thus become clear that the simulated datasets contained values that were sig-
nificantly different from the original values, more than anything what could reasonably be 
expected even if diagenetic overprint were more widespread among the data. Note that 
whether the shift is in positive or negative direction does not matter here, as we cannot 
know whether the original values are “unaltered” (i.e., a positive shift would simulate the 
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presence of diagenetic alteration for Mg/Ca) or “altered” (i.e., a negative shift would sim-
ulate the “true” values for Mg/Ca). Also keep in mind that this is a modification of the me-
dian value for each genus, so depending on sample size, it would actually take a lot of 
erroneous data to alter the median values by a similar amount. This can be shown by com-
paring the element/Ca ratios of Belemnocamax from the previously discussed Sørensen 
et al. (2015) study, before and after measurements above the Mn/Ca threshold were ex-
cluded: 

 Mg/Ca Sr/Ca Mn/Ca 
Original 11.6 2.07 0.009 
Threshold excluded 11.5 2.12 0.005 

 

Only Mn/Ca seems to be affected by any reasonable degree. However, this should be no 
surprise because the threshold was applied to Mn/Ca. In addition, we neither used Mn/Ca 
nor Fe/Ca in our analyses, so the inclusion of these datapoints has little relevance to our 
conclusions. 

We hope that this demonstrates that the sensitivity test is a powerful tool to assess the 
uncertainty in the primary data and it shows that our approach is robust against the inclu-
sion of some potentially problematic values. As mentioned by the reviewer himself, no 
proxy data will be completely free of diagenetic overprint, but since these studies typically 
target the best-preserved samples, it should not be a major concern for these data – un-
less the reviewer claims that a majority of previous studies contain significant amounts 
of problematic data, in which case the consequences would reach far beyond the scope 
of our paper. The strength of using a probabilistic approach is that we can account for 
uncertainty, and our results clearly show that uncertainty in tree topology has a more sig-
nificant effect than uncertainty in the geochemical data for this particular dataset (see Fig. 
9). Thus, if anything, we should be concerned about getting an accurate phylogeny before 
we worry about the geochemical data. 

 

Treatment of diagenetic screening: 

The authors are in part reluctant to follow the judgement of authors whose data they uti-
lise in relation to the degree of diagenetic overprint. While this is partially a matter of in-
terpretation, the authors currently include data, which – based on geochemical charac-
teristics – can not be assumed to be unaffected by diagenesis. The statement in line 577-
579 in my mind remains problematic in this regard. This point also links back to the quality 
control of the data used for interpretation, even though the authors seem confident that 
their approach is robust against minor incorporation of data from poorly preserved sam-
ples. 

See above for explanations. We are confident that our approach is robust against the in-
clusion of some diagenetically overprinted data. 
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I have already made a note with respect to assessing sample preservation in the last re-
view, and this is a point that I am not willing to compromise on. I apologize for a perhaps 
slightly wordy explanation and drawing largely from my own work to this end, but I feel the 
philosophy of a geochemical screening approach needs to be outlined here in some detail 
in case I had not been clear before, and I prefer to use case studies that I am most familiar 
with. I will here focus entirely on belemnite rostra and omit further complexity arising 
when studying other fossil calcite: 

Employing data from a global survey of published geochemical studies that targeted pal-
aeoenvironmental interpretation of belemnite rostrum geochemistry will lead to a series 
of biases. Firstly, such studies by and large will be done attempting to sample only the 
best-preserved material, so the geochemical data arising from such surveys are by no 
means representative, and therefore skewness and median of such data carry no predic-
tive value. Secondly, such a compilation lumps together specimens derived from a mul-
titude of depositional environments, part of which are characterised by highly specific di-
agenetic endmembers. 

This comment comes as a surprise. Above, the reviewer states that our dataset contains 
data that is affected by diagenesis, but then he criticises that the data is biased due to the 
studies “by and large […] done attempting to sample only the best-preserved material”. 
That seems contradictory to some degree, as it would suggest that there is little diage-
netic alteration in the data? Please explain.  

The goal of geochemical screening is to make a judgement for each measured sample, 
whether, based on its geochemical signature, the proxy of interest is sufficiently well pre-
served to be interpreted from a palaeoenvironmental point of view. Two points are critical 
to realise here: 1) No belemnite rostrum sample exists that is entirely devoid of geochem-
ical modification subsequent to the biomineralisation process. Some exist for which such 
modification is negligible, but it is never zero. 2) For this reason, the purpose of geochem-
ical screening for diagenesis is not to identify which sample is overprinted. The purpose 
is to identify whether a proxy that is target of palaeoenvironmental interpretation has been 
affected by diagenesis to a degree that it substantially biases the evaluation of this proxy. 

Thank you for these comments, as they actually support our approach to the data:  

i) We deliberately excluded Fe/Ca and Mn/Ca, as their distributions already sug-
gest that they are biased and not well suited for the comparative phylogenetic 
analyses. 

ii) We used sensitivity analyses to identify whether diagenetic overprint would 
substantially bias our evaluation of Mg/Ca and Sr/Ca ratios through the phylog-
eny, to which the answer is no. 

We agree that palaeoenvironmental interpretations from these data would be problem-
atic, but this is not the point of our study at all. 
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Typically employed chemical diagenesis proxies for belemnite rostra are Mn/Ca, Fe/Ca, 
and Sr/Ca. Of these, Mn/Ca is often the least ambiguous, whilst Fe/Ca is typically a little 
more variable. Sr/Ca (and also the rarely reported Na/Ca) can only act as subsidiary infor-
mation because the primary Sr content of the rostrum is variable and not exactly known. 
This complication is even more pronounced for Mg/Ca so that the predictive value of 
Mg/Ca ratios becomes very limited unless one studies very extreme sedimentary rocks 
such as dolostones. 

Mn/Ca: Compared to the diagenetic endmember, a suitable 1st order assumption is that 
unmodified calcite of a rostrum has a Mn/Ca ratio of zero. This strongly simplifies consid-
erations of diagenesis, because any measured Mn can then be attributed to incipient di-
agenetic overprint. The degree of bias imposed by this assumption to my knowledge has 
never been found to be problematic for belemnite rostra. 

The problem is that the primary composition of the belemnite rostrum cannot be known, 
because belemnites are extinct. It has been repeatedly shown that living biomineralising 
molluscs may also incorporate certain amounts of Mn into their skeleton. Thus, the as-
sumption that the unmodified ratio is zero is questionable. 

Fe/Ca: The same assumption as for Mn/Ca holds, but Fe/Ca data are typically more noisy, 
perhaps due to the ubiquitous use of metal tools for sample preparation and the vulnera-
bility to lab contamination, as well as perhaps more variable iron sources in sedimentary 
environments. 

Sr/Ca (same holds for Na/Ca): Belemnite rostra overall are typically quite rich in Sr. In 
most cases (but notably not always), therefore they will lose Sr during diagenetic overprint. 
This sometimes allows to place a minimum Sr/Ca ratio as a threshold value below which 
a datum cannot any longer be treated as trustworthy. However, such a threshold can only 
ever be auxiliary because it is not known how much Sr was lost (due to the natural varia-
bility of Sr in rostra); it can only show that the sample in question is definitely problematic 
when this threshold is crossed. 

The question now arises where to set the relevant threshold values. This decision has to 
be based on a set of parameters: A) What is the diagenetic endmember, and what is its 
geochemical composition?; B) What is the maximum permissible bias for the target geo-
chemical proxy; C) what is the initial composition of the belemnite rostrum regarding the 
chosen diagenesis proxy? Note that, if A) cannot be answered because a diagenetic 
endmember was not established, this screening may well become problematic, some-
times even impossible. 

In our opinion, C) is most crucial here, because the original composition cannot be known. 
There is reasonable evidence that the original composition varied between taxa, and we 
are by no means the first to suggest this. Thus, if C) cannot be answered, the decision for 
setting the threshold values becomes arbitrary, as it based on an assumption that is im-
possible to test. The closest we can get is approximating this value by collecting a large 
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sample of values from different settings which, according to a range of screening tools, 
are affected only minimally by diagenetic overprint. This is by no means perfect and likely 
would require dedicated studies, but it is certainly preferable to merely guessing the orig-
inal composition. 

Case study 1: Belemnite data from Ullmann et al. (2020, Scientific Reports). This study 
was largely concerned with oxygen and carbon isotope ratios in bivalves and brachiopods, 
but a few belemnite samples were measured from Toarcian strata in Spain.  

For A) It was found that diagenesis shifted the composition of bivalve material towards 
the composition of bulk carbonate. Whilst sparitic cement was often present, it had dis-
tinctive geochemical composition and could be excluded from further consideration as a 
complicating factor. Median values for diagenesis-relevant geochemical proxies in the 
bulk rock were: Mn/Ca c. 0.5 mmol/mol; Fe/Ca 19 mmol/mol; Sr/Ca c. 0.4 mmol/mol; 
Mg/Ca c. 30 mmol/mol; δ13C c. +2 ‰; δ18O c. -4 ‰. 

For B) The target proxies were carbon and oxygen isotopes, and a maximum permissible 
bias would have been set around 0.1 ‰ for carbon, and 0.2 ‰ for oxygen isotope ratios 
(this is the usual 95% confidence interval for analytical data for Mesozoic macrofossils). 

For C) The assumption for well-preserved lowermost Toarcian belemnite rostra would be 
Mn/Ca and Fe/Ca of zero, and about 1.1 to 1.7 mmol/mol for Sr/Ca. Typical δ13C and 
δ18O values in this stratigraphic interval were expected around 0 ‰ and -1 ‰ respec-
tively. 

How is the original composition determined? Likely based on previous measurements of 
countless belemnite rostra! In fact, our Table 4 fits quite well with these numbers, as the 
central 50% of the Sr/Ca ratio range between 1.4 and 1.6 mmol/mol, though these values 
vary between genera (e.g., the Early Jurassic Acrocoelites displays higher values with a 
median of 1.9 mmol/mol). Mn/Ca and Fe/Ca ratios are generally low, but rarely exactly 
zero. Admittedly, there is a problem with values below the detection limit, but since we do 
not use Mn/Ca or Fe/Ca for our comparative phylogenetic analyses, we consider this point 
to be of lesser relevance. 

From A-C it follows that diagenetic bias on C isotopes would reach 0.1 ‰ for a typical 
belemnite rostrum after the addition of 5 % bulk-rock like material. This would be associ-
ated with a Mn/Ca ratio of 0.025 mmol/mol, and an Fe/Ca ratio of 0.95 mmol/mol. The 
diagenetic bias on Sr/Ca at this point would be -0.03 to -0.06 mmol/mol depending on 
original composition. 

Diagenetic bias on O isotopes would reach 0.2 ‰ for a typical belemnite rostrum after 
the addition of 7 % bulk-rock like material. This would be associated with a Mn/Ca ratio of 
0.033 mmol/mol, and an Fe/Ca ratio of 1.3 mmol/mol. The diagenetic bias on Sr/Ca at this 
point would be -0.05 to -0.09 mmol/mol depending on original composition. 
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Assume that the bulk rock had a 87Sr/86Sr ratio of 0.7100 versus a typical fossil 87Sr/86Sr 
ratio of 0.7071. Analytical uncertainty of typically c. 0.00002 on this ratio would have been 
exceeded after the addition of 0.7 % of diagenetic Sr. For example, for a rostrum with orig-
inal Sr/Ca of 1.5 mmol/mol, this would have been reached after addition of 2.5 % of bulk-
rock like carbonate. I.e. geochemical limits of preservation should have been set at 0.013 
mmol/mol for Mn/Ca and 0.48 mmol/mol for Fe/Ca. Note that at the stage where 
87Sr/86Sr is already significantly affected, the impact on C and O isotopes is still negligi-
ble. 

In summary, the thresholds set for the proxies of interest are a direct consequence of the 
diagenetic endmember, the geochemical proxy of interest, and would have been different 
depending on whether the focus had been on C, O or Sr isotope work.  

Thank you for the detailed explanation. What is missing is how much the underlying as-
sumptions of the original composition of the rostrum impacts the thresholds.  

Case study 2: UK Toarcian belemnite rostrum from Ullmann et al. (2015).  

For A) In this study it was found that geochemical trends of diagenesis were compatible 
with addition of diagenetic cement, which in strata adjacent to the sampled specimen 
had Mn/Ca of c. 4.5 mmol/mol, Sr/Ca of c. 1.4 mmol/mol, Mg/Ca of c. 20 mmol/mol, δ13C 
c. -10 ‰; δ18O c. -15 ‰. 

For B) The target proxies were carbon and oxygen isotopes, Sr/Ca and Mg/Ca ratios, and a 
maximum permissible bias would have been set around 0.1 ‰ for carbon, and 0.15 ‰ 
for oxygen isotope ratios (this was the 95% confidence interval for analytical data).  

For C) The assumption for well-preserved lowermost Toarcian Passaloteuthis rostra 
would be Mn/Ca and Fe/Ca of zero, and about 1.4 to 1.7 mmol/mol for Sr/Ca and 6 to 12 
mmol/mol for Mg/Ca. Typical δ13C and δ18O values in this stratigraphic interval were ex-
pected around +2 ‰ and -1 ‰ respectively. 

Had the same Mn/Ca cutoff been employed as for oxygen isotopes in belemnite rostra 
from case study 1, the bias would have been 0.1 ‰ on δ18O, and 0.09 ‰ on δ13C. The 
corresponding Sr/Ca bias would have been -0.0015 to -0.0037 mmol/mol and for Mg/Ca 
it would have been +0.05 to +0.10 mmol/mol. 

Evidently, the only proxy for which such a threshold would have been useful would have 
been carbon isotopes. Ultimately, a slightly higher Mn/Ca ratio of 0.05 mmol/mol was 
opted for in this study, because “a Mn/Ca ratio of 0.05 mmol/mol corresponds to the Mn 
level at which diagenetic effects on oxygen isotopes reach a magnitude equal to analyti-
cal reproducibility” (Ullmann et al., 2015). 

In summary, relative diagenetic impact on C isotopes would have been stronger in the UK 
than in Spain. However, due to the much different geochemical composition of the diage-
netic endmembers, the effect on O isotopes, Mg/Ca and Sr/Ca would have been subdued 
for equal Mn addition in UK compared to Spain. On the other hand, adding the same 
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percentage of diagenetic endmember would have caused much larger geochemical ef-
fects in the UK than in Spain, so overall the UK fossils – everything else equal – would have 
been biased more by diagenesis than in Spain. This closely aligns with my overall obser-
vations of fossils from Jurassic strata in these countries. 

One could extend this thought experiment further: Diagenetic cement in the Upper Trias-
sic of New Caledonia (Ullmann et al., 2014) have Mn/Ca of c. 2 mmol/mol, Sr/Ca of c. 0.05 
mmol/mol, δ13C c. -20 ‰; δ18O c. -12 ‰. Clearly, here, carbon isotopes would be very 
sensitive to very small-scale diagenetic overprints which would leave only a feint signa-
ture in Mn. Carboniferous sparry marine cement in Nevada, USA (Brand, 2004) has Mn/Ca 
of c. 0.2 mmol/mol, Sr/Ca of c. 0.2 mmol/mol, δ13C c. -4 ‰; δ18O c. +1 ‰. Again, C 
isotopes would have likely suffered most notably from overprints, and Sr/Ca to a degree, 
while even major recrystallisation might not have a big effect on oxygen isotopes. Mn 
would not have been a very powerful tool to image minor overprints here due to the Mn-
depleted nature of these cements. There will be other instances where diagenetic 
endmembers are rich in Mn, but otherwise geochemically similar to macrofossils,  in 
which case very high Mn/Ca thresholds may be acceptable. 

Note that all of the above makes no allowance for any variability in the diagenetic 
endmembers, and largely also for the studied fossils. Once such variability is encoun-
tered it is virtually impossible to avoid false negatives. This is why thresholds for multiple 
proxies are set so that biased data that are not caught by one proxy by accident can be 
picked up through another one. Of course this means that a number of samples that may 
actually be okay will also be discarded for fear of incorporating biased information. Note 
also, that depending on the used geochemical proxy, additional tools are unavoidable – 
Mn thresholds are not very good at checking for silicate contamination which is very rele-
vant for B and Li isotope work. Chemical proxies overall may be unable to help with as-
sessing clumped isotope preservation, etc. 

I hope the lengthy description above highlights that there is no single geochemical thresh-
old of good preservation. It depends on the studied fossils, the studied site, and the geo-
chemical index of interest. Any attempt to make a global statement about what threshold 
may be useful is in direct contradiction to these observations and – in my view – misguided. 
Geochemical thresholds of preservation are imperfect, but – when sensibly employed 
based on dedicated study of local diagenetic trends – usually (not always) a powerful 
means of screening for diagenetic bias. For further information I have put together a re-
view for Volumina Jurassica, where some of these considerations feature alongside some 
recommendations how to sample and study Mesozoic fossils to tackle the issue of dia-
genesis (Ullmann, 2024, Volumina Jurassica 22, 35-58). 

Perhaps we misunderstood the reviewer’s comment, but it appears to us that he criticises 
the use of a single, generally applicable threshold. We never suggested that there is a sin-
gle “one-size-fits-all” threshold for each element. Instead, we argue that the situation is 
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more complicated, and even thresholds based on the local diagenetic context can be 
problematic. 

From all of the above, it follows that the definition of threshold limits relies in part on the 
presumed original composition, for which we show that assuming the same original com-
position for all belemnite taxa is not correct. It does not matter whether this variability is 
caused by environmental or vital effects, what matters is the primary composition before 
or shortly after the death of the animal. 

Our view on chemical thresholds is the following: the benchmark for thresholds is the 
(unknowable) original composition of the biomineral. So in theory, they are independent 
of the diagenetic setting. With our large collection of published chemical data, we want 
to approach thresholds from this point of view: getting a statistical approximation of the 
“original” chemistry of the rostra, based on material that shows as little diagenetic alter-
ation as possible. We made this point clearer in the revised manuscript. 

As a compromise, we suggest that when defining thresholds, one should also take the 
taxonomy into account, and here our comprehensive dataset can provide a baseline, at 
least at the genus level. Obviously, more research is needed to assess the applicability of 
taxon-specific thresholds. 

  

Detailed comments: 

L14: Here the authors refer to “at least five evolutionary transitions”, in L340-1 the authors 
note “transition from high to low Mg happened at least four times independently”. Are 
these statements compatible? 

Thank you for pointing this out, it should be five evolutionary transitions, compare Fig. 7.  

 

L38: The microbial alteration pathway is indeed an option, but not always observed. Es-
pecially for organic-rich bands in parts of the rostrum with very little permeability, one 
may rather expect inorganic processes to dominate, or organic matter to be preserved 
well (which appears to be the case in a number of instances).  

Microbial alteration does not mean the complete consumption of originally present or-
ganic matter. It has been demonstrated several times that the organic-rich portions of the 
belemnite rostra were more permeable. Furthermore, decomposition of organic matter 
results in new fluid pathways for the subsequent precipitation of calcite cements that oc-
clude these pathways. 

 

L41: I am not sure I follow that “alteration is most pronounced” during burial. This might 
be true in a number of settings, but there is no reason for this to be a rule. Diagenesis is a 
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consequence of thermodynamics and reaction kinetics, influenced by biological and 
physical factors. Its trajectory and pace are set by the unique combination of the above 
(and changes thereof) over the post-depositional history of the study material. 

That seems a misunderstanding, we do not claim that this is the rule, but mention that 
this contributes to the complexity. The burial realm is characterized by higher tempera-
tures than other diagenetic realms so by definition will in general result in more pro-
nounced diagenetic alteration (as you yourself identify thermodynamics and reaction ki-
netics as the major factors in diagenesis). 

 

L84: Were only data added into the supplement that had passed such screening? I noted 
a number of values in this file that had been flagged by the original authors as problematic. 
Where the authors have a difference in opinion, could such data nevertheless be high-
lighted? 

The supplementary material is much more inclusive than the actual data used (see above). 
We now highlight data in the supplement that were not part of the analysed data and 
added an explanation in the data availability statement. 

 

Figure 1: Should step a) not be to “establish a belemnite character matrix”? 

The belemnite character matrix was taken from Stevens et al. (2023) and updated to in-
clude taxa for which geochemical data is available, which were not included in the previ-
ous phylogenetic analysis. Therefore, the “establishment of a belemnite character matrix” 
was not part of this study. 

 

L90-91: I am not sure I understand how it avoids circular reasoning and maintains com-
parability if problematic values are not excluded. Besides this, the study by Sørensen et 
al. (2015) was not limited to element/Ca ratios, but utilised also visual and SEM inspec-
tion of the material. This screening supported the interpretation of the addition of diage-
netic calcite close to the apical line due to cementation of a somewhat porous central 
part of the rostrum. Unpublished SEM-based cathodoluminescence images for these 
specimens exist that show increased luminescence in the areas that were already known 
to be problematic from SEM secondary electron images and Mn/Ca co-variation with 
other proxies. One may add that also CL maps for the data in Ullmann et al. (2015) were 
provided, which support classification of data as overprinted, even though such data are 
listed in the data supplement for the present work. 

For the discussion of diagenetically altered data and thresholds, see earlier comment. 
The included studies are very heterogeneous, and some applied a stricter screening than 
others. Thus, it is impossible to avoid at least some diagenetic overprint. Even if the 
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mentioned studies used a combined screening approach, the sole exclusion criterion 
seems to have been still the geochemical threshold, and the optical screening was merely 
used as auxiliary tool. Citing unpublished evidence is hardly a reasonable argument here, 
does the reviewer expect us to contact every single author to send us all the information 
that was missing from their publications? 

 

L92: This could be ambiguous for the reader. Is this to say 5 % of the data used in the 
present work, or 5 % of the data in the quoted study? With respect to the latter, 27 % of 
the data were excluded due to crossing the Mn threshold. 

We change the wording to show that they only minimally change the Mg/Ca and Sr/Ca 
ratios (see above), for which phylogenetic analyses were performed.  

 

L101: To be consistent with the description in L99, should m(Ca) not be carrying the unit 
[g/g] and n(Ca) [mol/g]? For consistency this should then be carried over into L104 and 
L106 as well. 

The equation was changed following a request by the reviewer during the first round of 
reviews. Nevertheless, we adjusted the descriptions and formulas so that it should be 
consistent now. 

 

L109: It is here stated that intra-generic variability is presumed to be small, but it seems 
to me that the data shown later do not really support this? 

For the purposes of the analysis, the intrageneric variability is comparatively small, with 
the bulk of the element/Ca ratios falling within a relatively narrow window (Fig. 2). Differ-
ent species of the same genus appear to be fairly consistent. For Hibolithes, if you exclude 
the extremes such as H. carparticus, H. jaculoides and H. obtusirostris, the median val-
ues are quite similar (Fig. 3a). It is similar for Passaloteuthis, especially considering that 
some of the ratios may result from incorrect conversions (Fig. 3c). Duvalia appears to be 
more variable (which may be related to suspected higher amounts of organic matter), but 
as mentioned in the manuscript, the biggest outlier is Duvalia sp., meaning that there is 
some potential for misidentifications (Fig. 3b) Note also that we are technically talking 
about the variation between species within a genus, although the term “intrageneric-in-
terspecific” sounds quite cumbersome. We now specify “interspecific variation within the 
same genus” in the revised version. 

Overall, assessing interspecific variation is difficult due to uncertainty in the taxonomic 
identifications of the material, as these are typically poorly documented and nearly im-
possible to confirm or correct. 
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L148: Later, the offset seems to be 216.3 (= middle Norian, Fig. 7 caption). Should this 
offset value carry a unit (Ma)? 

These two offsets are unrelated. Analytically, the former is a specification of the origin 
prior, while the offset in Fig. 7 corresponds to the root. Note that these two parameters of 
a phylogenetic tree are not the same, i.e., the origin corresponds to the time when the 
diversification process started, while the root represents the timing of the last common 
ancestor of all taxa present in the tree. Moreover, the first offset is a setting on the prior 
(part of the method), while the latter is from the posterior (part of the result). The prior 
merely specifies the distribution, from which random values are drawn, and the posterior 
distribution essentially represents the statistical output values that may be very different 
from the prior, depending on the model and the data. Technically, different priors lead to 
roughly the same posterior (unless certain values are specifically excluded by the prior), 
the main difference being the efficiency of the analysis (i.e., how long they need to be run). 
The reason why an offset needs to be specified on the origin prior is that logically, the 
origin cannot be younger than the oldest species in the sample. Also note that the same 
applies to the root, which is by definition younger than the origin.  

Following another request by the reviewer, we changed the figure to show the chronostra-
tigraphy on the x-axis, so the second “offset” is now gone and should not cause confusion 
anymore. 

In comparative phylogenetics, units are typically not reported for the parameter settings. 
The unit would probably be more confusing than helpful, as this represents a random 
value that is drawn from an exponential distribution and then added to the offset value. If 
anything, Myr rather than Ma should be used. However, in this case, lambda would also 
need a unit, but since the expected mean of an exponential distribution is 1/lambda, the 
unit of lambda would be 1/Myr. From a pure technical standpoint, no unit is entered into 
the software, so we think it is not necessary to add a unit directly to the numbers, but we 
added it in the explanation. 

 

L228: What is the rationale to assume an exponential distribution rather than a normal 
distribution (and is this symmetric around the average, or an exponential function giving 
larger emphasis on smaller values)? If data are drawn for which probabilities of being 
higher is equal to those being lower, then I think this does not adequately reflect natural 
observations, at least regarding Sr. 

See also our earlier comment on the sensitivity analyses. The rationale is explained in 
L231-232. It essentially reflects a symmetric exponential distribution around the original 
input value (in the main analyses, we only used the median value of each genus as input). 
Note that we do not simulate raw data, but a single, altered median value per genus. Most 
of these values will be relatively close to the original values, but there are some that 
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significantly differ. Thus, it simulates datasets that would be considered severely biased. 
The reason for the symmetric distribution is that since we cannot know the “true” ele-
ment/Ca ratios of each genus, we model both the inclusion of simulated altered data, as 
well as simulated unaltered data. To take Sr/Ca as an example, if the simulated data are 
lower than the original data, it would simulate a case where the simulated data are diage-
netically altered. In the opposite case, the original data would be diagenetically altered 
and the simulated data represent the “true” values. 

Perhaps this sounds overly complicated, but the message is that we introduced a very 
heavy noise signal and tested how this affects the estimation of the evolutionary rates. 
We now include a figure that shows the range of the simulated values (Fig. A2). If  these 
values result in only slight differences in the evolutionary rates, we think that this is a 
strong argument for the results being robust against the inclusion of some altered data. 
The uncertainty in the tree topology appears to play a bigger role here. 

 

Table 4: Units are missing and values are reported with much too great precision. I do not 
think that more than three significant digits are sensible given the analytical uncertainty 
of such data. I feel values below detection limit should not be excluded from summary 
statistics. Perhaps an additional column “<LOD” could be added? Detection/Quantifica-
tion limits should hopefully be listed in the relevant publications. 

The explanation under the table seems to lack some words in the second sentence.  

We rounded the values to one digit less.  

If values are below the detection limit (and thus not reported other than perhaps “<XY”), 
how can they possibly be included in the calculation of summary statistics? If the thresh-
old limit is taken, it probably represents an overestimation. If these values are assumed 
to represent zero, it represents an underestimation. As detection limits vary between 
studies, it is difficult to control for this factor. The supplement lists the detection limit for 
each measurement, so they can be checked, if necessary. As the detection limit is only 
relevant for Fe/Ca and Mn/Ca, it is also of minor importance to the study, as we used nei-
ther in the comparative phylogenetic analyses. 

 

L244: Would it be possible to quantify this point on variability? I agree that excluding ex-
treme values that are dubious such as explained in L246 is a more realistic way of looking 
at it. 

We added a table to the appendix (Table A1) that shows the variability between and within 
genera by reporting median, standard deviation and number of measurements. In addi-
tion, we provided another figure to the appendix (Fig. A1), where we show the variability of 
the data, which show that intergeneric variation (expressed as range of median values per 
genus) is higher than intrageneric variation (expressed as standard variation within each 
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genus) for Mg/Ca and Sr/Ca, but a similar pattern cannot be ascertained for Fe/Ca and 
Mn/Ca. 

 

L253: I am not sure that this is a valid statement: These data in my view are not repre-
sentative for the genera because they are not primary to the biomineral. Their expression 
is a consequence of diagenesis and the way it was sampled by the quoted studies. My 
experience is that primary variability of Mn and Fe in rostra is very hard to ascertain, but 
levels of these metals are (very) low as compared to overprinted samples. This point also 
links to the statement in L399 – I cannot see any biological reason for the primary incor-
poration of Mn and Fe into belemnite calcite. What would the sources of these elements 
in an oxygenated water column be? What evidence is there for this to have occurred to a 
degree that is meaningfully measurable? 

Thresholds: see our earlier reply. Biominerals of mollusks are not formed from seawater 
but from body fluids (which are modified seawater). Slight amounts of Mn are also pre-
sent in a modern coleoid cephalopod calcite biomineral: the shells of argonaut octo-
puses. This is demonstrated by chemical measurements as well as cathodolumines-
cence (Stevens et al. 2015; 2017). Incorporation of Mn during biomineralization has 
been demonstrated for several other taxa, including Nautilus, by CL-microscopy (e.g., 
Barbin 2013), even in vertebrates (Hättig et al. 2019). We completely agree that these 
amounts are much lower than has been assumed in many cases before but it is a de-
monstrable fact that these elements are primarily incorporated into biominerals. 

Furthermore, we do not claim that the data are primary for the genera due to biological 
control, this is simply data reporting, with the element/Ca ratios  grouped after genus. We 
do not make any interpretation regarding the cause for these distributions but argue that 
the distributions alone preclude their usability in subsequent analyses. The reviewer ar-
gues that the data are not representative of the genera – we effectively argue the same in 
L253: “[…] the skew may reduce the representativeness of mean or median values […]”. 
As this belongs to the Results section, we believe that interpretations such as diagenetic 
effects do not belong here. In fact, we discuss them later in the MS.  

 

Figure 2: Units are missing at axis label (see also figure 3,4,7,11). Would it be possible to 
add the number of values taken for each genus next to the box plots? 

We added the units. We believe that adding the numbers to the plot would make the figure 
too cluttered (note that some of the box plots span almost the entire width of the figure). 
However, we added a table to the appendix (Table A1) and refer to it in the figure caption. 

 

Figure 4: Number of values taken for each genus in the individual boxes would be useful 
to add. 
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We added the sample sizes for this figure, as it is not included in Table A1 and the spacing 
of the boxes allows for a better placement of the numbers. 

 

Figure 7: Would it be possible to use Stages and Periods on the x axis rather than a some-
what arbitrary numerical value that is hard to interpret? The use of species names in the 
labels confuses me slightly. Is this a consequence of the character matrix and the as-
sumption that intra-generic variability is negligible? I thought that Figure 3 spoke against 
this assumption. 

We added the chronostratigraphy as x-axis. Regarding the use of species labels, this is a 
consequence of the use of species for the morphology-based phylogenetic analysis from 
the previous step. It is true that the element/Ca ratios reflect the genus level instead, so 
we adjusted the labels accordingly. This also allows for some more space in the plot. The 
labels were also adjusted in Fig. 8., which allowed for a better arrangement of the subfig-
ures. 

 

Figure 7&8: The match is not perfect, but besides phylogenetic links, there seems to be a 
temporal pattern of changes in Mg and Sr with for example an aggregation of taxa with low 
Mg/Ca and low Sr/Ca approximately in the Late Jurassic-Early Cretaceous. Given that sea-
water Mg/Ca and Sr/Ca are thought to have fluctuated by considerable amounts, could 
there not be a signal of ocean chemistry embedded into this plot? 

L404: Why should there not be a trajectory in Sr/Ca and Mg/Ca that leads to absolute 
changes in these ratios (see point above for fig. 7&8)? 

This is simply a description of the changes or, more precisely, the rate of these changes, 
without implying causality. This is already stated in L409: “We also stress that σ2 is simply 
a metric for the tempo of changes in the trait value, independently of the underlying 
causes.” 

 

L425: Perhaps I misunderstand, but do the authors mean “systematic” here instead of 
“non-systematic”? 

No, because systematic shifts mean that all ratios are modified by a constant factor. In 
the discussed case, all belemnite rostra would record the same shift, independent of their 
taxonomy. Thus, under the assumption that proxy data only reflect seawater properties, 
investigating these changes across the phylogeny can inform how clades responded to 
climatic changes (e.g., do clades remain within the same temperature range, record tem-
perature shifts or go extinct?). Our point is that even if seawater were the only relevant 
factor, the investigation of evolutionary rates of geochemistry can provide important in-
sights into the influence of climate on the evolution of belemnites. 
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L424: There is no reason to assume that diagenesis causes homogenisation of data. In-
complete diagenesis in a local context will produce increased heterogeneity of the data 
(this is what enables us to establish geochemical trajectories of alteration in the absence 
of a known diagenetic endmember). Complete overprint would lead to relatively uniform 
data within a (short) succession, but the absolute values would then be set by the local 
diagenetic endmember. On a global scale, a combination of completely overprinted data 
would be anything but uniform. 

Yes, but it would be expected that the differences between genera would disappear due 
to this increased heterogeneity. Thus, while the distributions of element/Ca ratios would 
get wider as a whole, the differences between genera would disappear, because it de-
pends on the diagenetic endmember and not the taxonomic identity. We adjusted the 
statement to reflect this. 

 

L450: See comments to Fig. 3 and L109. 

See our replies above. 

 

L460: I had already pointed this out earlier, but there is currently no study that can support 
unequivocally that there would have been a significant decrease of Mg/Ca and Sr/Ca 
through ontogeny in belemnite rostra. Data by Stevens et al., 2017 only show one half-
profile per specimen so do not allow to disentangle crystallographic, rate, and age effects 
on Mg and Sr incorporation. Stevens et al. (2022) report three half-transects through one 
Duvalia rostrum, but the number of interpretable data is so low that a coherent image of 
element incorporation controls can not be constructed. Data from Ullmann et al. (2015) 
relate to four complete profiles through a single rostrum. These data show highly signifi-
cant increases in Mg/Ca and Sr/Ca towards the apical line that could be understood as 
high Mg/Ca and Sr/Ca in early ontogeny. However, considering their figure 10, it is note-
worthy that Mg and Sr content in material formed close to the apical line in profiles pro-
gressively closer to the apex of the rostrum is much higher than time-equivalent calcite 
closer to the protoconch. Furthermore, Mg and Sr enrichment in calcite close to the apical 
line near the apex is greater than Sr and Mg enrichment towards the apical line near the 
protoconch. If anything, these data indicate that calcite unaffected by crystal shape that 
might have formed during early ontogeny would have been similar or somewhat depleted 
in Mg and Sr compared to average values in the specimen. 

The principal control on the formation of Mg- and Sr-rich calcite in the rostra should there-
fore be the closeness to the apical line, not the age of the belemnite.  

One could argue here that the study of Ullmann et al 2015 is also not representative of 
belemnites as a whole, sampling only one specimen. Stevens et al. 2017 also showed 
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that a distinct ontogenetic stage (the epirostrum) had different chemical composition 
than the orthorostrum. In the end this is semantics: a rostrum also grows lengthwise, 
meaning that the data of Ullmann et al 2015 are indeed the Mg/Ca and Sr/Ca data fluc-
tuating during ontogeny. We do not dispute that closeness to the apical line has no ef-
fect. We adapted this section accordingly.  

 

L477: This is a slightly too pessimistic outlook in my mind. If significant changes in com-
position through time can be established in taxa that occur over long periods of time, 
and/or numerous taxa without close phylogenetic links, linking such changes to ocean 
chemical composition would be a reasonably hypothesis. Admittedly, there are very few 
if any periods of geological history for which this can be assessed without some doubt at 
present due to the lack of data coverage. 

We adjusted the statement but maintain that calculating these coefficients would be 
challenging. 

 

L484: I do not think that sampling bias would cancel out in the grand scheme of things. 
Discounting complications of diagenetic overprints, an indiscriminate sampling of calcite 
in the belemnite rostrum should create a dataset with a skew towards high Mg/Ca and 
high Sr/Ca. There is no sampling approach that would create an opposing effect. Conse-
quently, one either gets datasets with an enrichment in high Mg and high Sr values, or one 
that does not. The bias is unidirectional. 

Figure 2 does not really support this, as outliers exist in either direction, though it depends 
on the proxy of interest. Nevertheless, the important thing is that sampling or analytical 
bias would be indiscriminate of taxonomy, meaning that even if the bias is unidirectional, 
relative differences between genera would remain, although perhaps with higher variabil-
ity within each genus. We rephrased our statement to clarify this point.  

 

L506-10: I still do not see how these considerations are meaningful for belemnite rostra: 
as stated also by the authors, all belemnite rostra considered here are thought to be pri-
mary calcite. Hence, the same crystallographic Mg and Sr incorporation control applies 
to all of them. This precludes a preference for Mg and Sr in some of them based on car-
bonate polymorph. For sure, more Mg can be incorporated into calcite than into aragonite 
and so there is a wider range of possible expression of Mg/Ca in calcite than aragonite. 
For Sr however, primary Sr content in biological low-Mg calcite can be as low as c. 0.5 
mmol/mol in some modern brachiopods and > 5 mmol/mol in some barnacles. Some 
modern aragonite-secreting taxa have lower Sr/Ca ratios than belemnite rostra (see Dodd, 
1967, Journal of Paleontology 41, 1313-1329 for an early overview), speaking against a 
dominantly carbonate-polymorph control on Sr content. 
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R: Aragonite does not really matter here, only the Mg vs. Sr incorporation in calcite is rel-
evant. Our point is that, as explained by the reviewer, there is a wider range of possible 
expressions of Mg/Ca in comparison with Sr/Ca. This corresponds to the pattern we see 
in Mg/Ca, which more strongly aligns with the phylogeny than Sr/Ca, where the distribu-
tion is more homogeneous (see Fig. 7, 8). We slightly reworded our statement. 

 

L573: Is not this statement and the one in L578 in contradiction to L579? 

See earlier comment. 

 

L591: I do not think this is necessarily crucial. There are numerous studies that benefit 
from taxonomic identification, but for some it is irrelevant. For instance, for reconstruc-
tion of the marine 87Sr/86Sr curve it is not a requirement, because biological fractiona-
tion of Sr isotope ratios is adequately corrected for through normalisation to a common 
84Sr/86Sr ratio. 

For 87Sr/86Sr this is indeed a valid point but this is about the only case in which a taxo-
nomic identification can be considered irrelevant (at least from a geochemist’s point of 
view). One of the major problems with the lack of taxonomic assignment is that newly 
derived and published data might be of use in other studies for which taxonomy might 
play a crucial role (as in the present study). If the primary data lacks any taxonomic infor-
mation, it might be unusable by other researchers in the future. 

 

L599: The debate about chemical parameters in the rostrum within this study promotes 
the idea that this variability is purely a consequence of biological controls. I do not think 
that this is viable given the global tectonic changes and probably changes in seawater 
dissolved metals through time, but at least one may reasonably expect that there is a 
dominant biological control on incorporation of these metals. Once C and O isotopes are 
targeted, this condition does not hold any longer. It may be known that some belemnite 
taxa had distinct vital effects at least on C isotope incorporation, but these were limited 
to a few permil even in relatively prominent cases. Over the course of the existence of 
belemnites, average C isotope composition of the exogenic carbon changed by much 
more than that, and seawater – besides planetary changes, was almost certainly strongly 
heterogeneous in terms of latitudinal and bathymetric O isotope ratios and temperature. 
It would be very challenging then to extract out of such a complex system any data with 
phylogenetic meaning. Unless species-specific offsets from seawater equilibrium could 
be obtained (this would be very challenging if at all possible with sufficient precision), the 
isotopic signatures of taxa would simply represent palaeotemperature and state of the 
carbon cycle at the time of their existence. 
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The conclusion that our study “promotes the idea that this variability is purely a conse-
quence of biological controls” comes as a surprise. This is a fundamental misunderstand-
ing. We never state this and extensively discuss different factors (e.g., L440-485 in the 
previous version). In the abstract, we state: “This study highlights the complex interplay 
between evolutionary, ontogenetic, environmental and diagenetic effects”. We further-
more explain why investigating evolutionary rates is meaningful even if purely environ-
mentally controlled. If anything, it makes the interpretation more straightforward because 
the biological factor is negligible. Obviously, the goal would not be to use them as a char-
acter for phylogenetic analyses. Imagine a phylogenetic tree, for which each species has 
associated temperature values – this would be incredibly useful for evolutionary biolo-
gists, as it allows to investigate the impact of local climatic changes on the evolution of a 
clade. Currently, the best we can do is put a global curve behind a phylogeny and try to 
interpret how this affects evolutionary patterns. Thus, we believe that investigating C and 
O isotopes have perhaps even more potential than element/Ca ratios.  

We would also like to remark that in the last round of reviews, the reviewer specifically 
asked why we did not use C and O isotope data, as they would have been readily available. 

 

Thank you for your professional work! 

 

Alexander Pohle, on behalf of the authors 


