CP-2021-134 Reviewer 1
The reviewer comments are in black text; our replies are in blue italicised text.

This paper describes a detailed investigation of an ancient deposit of snow petrel oil in
Antarctica and how it relates to changes in climate and sea ice conditions during the late
Pleistocene. It is a unique record and the authors used a number of analytical methods and
proxies to infer changes in petrel diet and a paleoclimate record dating from ~22,000 to
28,000 yrs ago. The multiple methods they used served as a cross-check on the results of
each analysis, providing strong evidence to back their conclusions, such as the Cu signature
for krill in the diet. The paper is also well written and presented, so | do not have many
comments for revising this paper for publication.

We thank the reviewer for their positive comments.

The method for calibrating their radiocarbon ages needs more explanation. The papers they
refer to for their delta-R value of 880 +/- 150 yrs are based on penguin dates, and to my
knowledge similar corrections based on dates from modern, pre-bomb snow petrels have not
been completed. Using penguin corrections may be okay since the diet of the petrel is
somewhat similar, but another analysis of radiocarbon corrections based on two additional
modern, pre-bomb penguin dates can be found in Emslie (2001, Antarctic Science). This
study indicates that a delta-R of 700 +/- 50 yr is more accurate for the Antarctic Peninsula
and perhaps the Weddell Sea as well. I'm not sure how much this would change their age
ranges for the petrel oil, but it should at least be considered. In addition, the diet of penguins
from which corrections are based is not that similar to the diet of snow petrels. Penguin prey
are larger size—Ilarger krill, larger silverfish, etc., and we know from other studies that
isotope values in krill will change with ontogenetic stage, or size of the krill, and
oceanographic conditions (see Polito et al. 2019, doi:10.1002/lom3.10314). This is likely true
for squid and silverfish as well and, since snow petrels are feeding on much smaller prey
than penguins, it could affect the stable isotope values in the petrels by up to 2.4%o (or more
than the change seen in their samples) as well as their delta-R value.

We agree with the reviewer that there are challenges in the calibration of the radiocarbon
ages. The reviewer highlights 2 related concerns: (1) the value of delta-R (AR) we chose to
use; (2) the use of penguin data in generating that AR, and the potential for isotopic
differences between penguin prey and snow petrel prey.

In response to (1), the comment to our manuscript by Tim Heaton et al. (cp-2021-134-CC1-
supplement) also notes a recommendation to use the AR given for Hope Bay in the
MARINE20 Reservoir Age database (AR 670 + 50 "“C years), which draws on the penguin
bone data from Hope Bay presented in Bjérck et al. (1991), and which was applied by
Sterken et al. (2012) with a minor error in the calculation. We will apply the recommended
AR value in our revised manuscript, editing Table 1 and the subsequent figures accordingly
(see our reply to Heaton et al.). This change does not lead to significant shifts in our
chronology given other uncertainties in the calibration process, as detailed in our reply to
Heaton et al.

In response to (2), we acknowledge it is likely that additional calibration uncertainties are
introduced by using AR values obtained from penguins, for the reasons and published works
noted by Reviewer 1. Different "C signals have been reported in modern shells, seaweeds
and selected predator tissues (Gordon and Harkness, 1992). A range of "C ages was also
reported in three samples of post-bomb snow petrel stomach oils (550-800 "*C yr)(Hiller et
al., 1995). Further research is warranted to better understand and quantify uncertainties
introduced by using penguin bone AR: until this is resolved we will apply the recommended
values from the MARINE20 database (Heaton et al., 2020).



One weakness of this study, as discussed by the authors, is determining if baseline polynya
carbon and nitrogen values changed over time (and very likely did), which in turn would
influence the stable isotope values independent of dietary change. One way to test this is by
using compound-specific stable isotope analysis so that source and trophic amino acids can
be analyzed to determine if a true dietary shift occurred, or if changes in baseline
productivity occurred, or both. | am not familiar enough with the stomach oils of petrels to
know if the proper amino acids can be extracted and analyzed in this manner, but the
authors do not mention this either way. Perhaps their use of multiple proxies helps resolve
this issue and if so that should be stated. Their measurements of Cu certainly help show the
likely change of krill in the petrel diet over time.

We agree with the reviewer that this is a challenge for our interpretation of the stable isotope
data. We presented compound-specific 6°C measurements from fatty acids as one
approach to try to disentangle different contributions to the bulk 5"°C signal, but as both we
and the reviewer note, we did not find a clear signal of the baseline changes. We agree that
targeting amino acids could provide a solution to this problem (e.g. Johnson et al., 2019;
McMahon et al., 2015). We plan to undertake further work in this direction, but it is beyond
the scope of this paper.

Another set of data that might help would be from ice cores. In Fig. 6 they present some of
the WAIS ice core data, but has DMS been analyzed from these cores? DMS can be a
proxy for sea ice extent (e.g., Goto-Azuma et al. 2019, Nature Communications). This would
be another independent data set that could help strengthen their results for presence of
polynyas and open water, or extensive sea ice in the past.

The oxidation products of dimethyl sulphide (DMS) found in ice cores are
methanesulphonate (MSA, exclusively from DMS) and sulphate (SO4%*, multiple origins). We
note that not all phytoplankton are strong sources of DMS (Kaufmann et al., 2010).

Reduced marine biogenic sulphate fluxes at EDML (and other ice core sites) during the last
glacial were proposed by Goto-Azuma et al. (2019) to reflect reduced DMS emissions
overall, since leads and polynyas might be expected to contribute DMS emissions as
observed today. We agree with the reviewer that this would be useful information to include
in Fig. 6., acknowledging that the age model uncertainties on the stomach-oil deposits and
temporal smoothing on the ice core data limit our ability to link our millennial-scale changes
between the two records. A preliminary comparison with the data of Goto-Azuma et al.
(2019) is shown below, noting that the nssSO4* record is relatively low resolution and that
Kaufmann et al. (2010) caution against over-interpretation of millennial-scale changes in this
record. In broad terms, however, our stomach-oil deposit lies during an interval of broadly
low residual nssSO4* indicating a time of low DMS emissions when the ssNa+ record also
indicates more extensive winter sea ice.
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Figure 1. A selection of data from Fig.6 in the original manuscript, adding the residual
nssSO4* flux calculated by Goto-Azuma et al. (2019) at the EPICA Dronning Maud Land ice
core, which records aerosol changes in the Weddell Sea. The age model here is adjusted
from our original submission, using the Holocene “no ice” AR proposed in the Comment by
Heaton et al. (cp-2021-134-CC1-supplement).

Line 545: wouldn’t enhanced upwelling increase (enrich) the carbon isotope values?

We are guided here by the observed upwelling of COxq) rich waters from the Circumpolar
Deep Water to the surface ocean, which is characterised today (and during the last glacial
stage) by lower 6"°C than at the surface (Bostock et al., 2004). Our proposal was that a
greater influence of low 6"°C CDW could have reduced the 5"°C of the krill via its prey: this
can be clarified in a revised version of the manuscript:

“Alternatively, declining 8'°C4, could reflect enhanced upwelling of COx(aq) rich but low 3'3C
circumpolar deep water (e.g. Bostock et al., 2004) during the season of krill production.”

Section 4.3 is a bit long, with some repetition from previous sections so | suggest cutting this
down a bit.

We will review section 4.3 to identify repetition and delete as needed during the generation
of a revised version of the manuscript.

Figures and tables are all necessary for the paper and are well presented.

We thank the reviewer for this positive comment.
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