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Reviewer #1

(Remarks to the Author)

To whom it may concern:

| was asked to review the following article Agulhas Leakage decoupled from Atlantic Meridional Overturning in the Late
Pliocene.” After reading the article, | think this is not only publishable but that the findings are significant. However, | believe
there is one major issue that needs to be corrected. As some of this relates to my research, | will be publicly reviewing this
article to ensure the authors do not feel | am being underhanded.

The way that the article is written suggests that the location STF controls the Agulhas Leakage (Stroger further south,
weaker further north), and therefore, they can test the Agulhas leakage’s connections with AMOC. However, the theory that
STF location played any role in the strength of the recent glacial and interglacial Agulhas Leakage is highly debated. In fact,
given that the increase in the Agulhas Leakage only occurs during deglaciations, it suggests that the relationship was very
complex, as seen in modern records (Caley et al., 2012, 2014; B. F. Petrick et al., 2015; van Sebille et al., 2009) and my
previous work in the Pliocene in the “leakage region” showed no evidence of leakage (B. Petrick et al., 2015; Petrick et al.,
2018). Therefore, | think the authors have missed a crucial step in first showing that the STF influences Agulhas leakage.
However, since the missing component in all these studies is the lack of data on the location of the STF, the authors
possess a critically essential data set. Therefore, the finding that even with some shifts in area, the STF plays NO role in the
apparent lack of Agulhas leakage in the Pliocene is significant not only because it shows that the Agulhas leakage doesn’t
fit changes in AMOC, but more importantly, it shows changes in the STF do not seem to lead to changes in the Agulhas
leakage system. It also fits with my previous findings from ODP site 1087, which showed no evidence of Agulhas leakage
(which the authors need to acknowledge the findings of more in the paper, especially as they do not have a “leakage” site of
their own, which makes 1087 the only “leakage” site with a Pliocene record). Therefore, | suggest that the authors refocus
the article on the debate about the effect of the STF on the Agulhas and how their new data provides a new perspective on
that debate, as well as the wider AMOC system. The good news is that this is all restructuring and expansion, and that can
be done with minor corrections, so this is what | suggest.

Line 38: Please expand this. There has been some debate on whether the STF truly controls the Agulhas Leakage and if
there is a one-to-one connection. More needs to be said here.

Line 61-62: Again, what is this based on? The only citation is Beal et al. (2011). | know more has been done on this question
since then.

Line 92-94:isn’t this unexpected cooling of the TEX86 upwelling see (B. Petrick et al., 2015; Petrick et al., 2018). Also,
looking at the figure in the supplement, the difference is only in the BAYSPAR and not the TEX86H. More needs to be here
or in the supplement on why you decided to trust the BAYSPAR over TEX86H

Line 101-103: Bard and Rickaby (2009) have been debated for a while, and it has been thought that they exaggerated the
northward movement of the STF. | would like to see some of the more recent work on this, quoted here.

Line 123-134: ODP site 1087 also shows an offset between TEX86 and UK37’ during the Pliocene. See Petrick et al (2015
and 2018). | am wondering, given that almost all of the sites along the transect show this, whether this is structural or just
changes in upwelling intensity.

Line 177:1am not sure that | would necessarily assume that further northward STF equals more substantial Agulhas
leakage, see my suggestion above

Line 222-226: This is really interesting because this suggests that the Agulhas Leakage operated during M2, like in the



modern, with a spike on deglaciation. Given this is the only clear Agulhas Leakage signal seen in the Pliocene in this
record, | see the possibility here for a better understanding between Agulhas Leakage and STF migration. This should be
expanded.

Line 252: see Petrick et al (2015). Also, itis not as established in modern studies as suggested here.

Line 470-494: The offset between the two laboratories is concerning. | would first like to see a figure showing the offset
between SSTs in the same proxy. While they plot (in the supplement) the raw data for TEX86 and UK37’ on the same axis,
they plot the two temperatures by laboratory. | would also like to have some discussion about this, at least in the supplement.
Having completed several projects involving multiple labs, | have not often seen this kind of offset. While | don’t think it
should affect the conclusions of the paper or invalidate them, | feel this is currently a little buried. | would feel more confident
in the data with a discussion. Given the occasional skepticism about biomarker proxies, we need to do this kind of work.
Again, | recommend Minor Corrections.

Benjamin Petrick

Citations

Caley, T., Giraudeau, J., Malaize, B., Rossignol, L., Pierre, C., 2012. Agulhas leakage as a key process in the modes of
Quaternary climate changes. Proceedings of the National Academy of Sciences 109, 6835-6839.
https://doi.org/10.1073/pnas.1115545109

Caley, T., Peeters, F.J.C., Biastoch, A., Rossignol, L., Van Sebille, E., Durgadoo, J., Malaizé, B., Giraudeau, J., Arthur, K.,
Zahn, R., 2014. Quantitative estimate of the paleo-Agulhas leakage. Geophys Res Lett 41, 1238-1246.
https://doi.org/10.1002/2014GL059278

Petrick, B., McClymont, E.L., Felder, S., Rueda, G., Leng, M.J., Rosell-Melé, A., 2015. Late Pliocene upwelling in the
Southern Benguela region. Palaeogeogr Palaeoclimatol Palaeoecol 429, 62-71.
https:/doi.org/10.1016/j.palae0.2015.03.042

Petrick, B., McClymont, E.L., Littler, K., Rosell-Melé, A., Clarkson, M.O., Maslin, M., Rdhl, U., Shevenell, A.E., Pancost, R.D.,
2018. Oceanographic and climatic evolution of the southeastern subtropical Atlantic over the last 3.5 Ma. Earth Planet Sci
Lett 492, 12—21. https://doi.org/10.1016/j.epsl.2018.03.054

Petrick, B.F., McClymont, E.L., Marret, F., van der Meer, M.T.J., 2015. Changing surface water conditions for the last 500 ka
in the Southeast Atlantic: Implications for variable influences of Agulhas leakage and Benguela upwelling.
Paleoceanography 30, 1153—1167. https:/doi.org/10.1002/2015PA002787

van Sebille, E., Biastoch, A., van Leeuwen, P.J., de Ruijter, W.P.M., 2009. A weaker Agulhas Current leads to more Agulhas
leakage. Geophys. Res. Lett. 36. https://doi.org/10.1029/2008g1036614

Reviewer #2

(Remarks to the Author)

Hou et al. reconstruct the position of the Southern Ocean subtropical front (STF) using dinoflagellate cysts and biomarkers
from Agulhas Plateau, which they interpret as a proxy for Agulhas Leakage (AL). Based on their reconstruction, they argue
for a weakening of AL from 3600 to 3300ka, during a period when AMOC is thought to have strengthened. From this, they
infer a decoupling between AL and AMOC. However, several uncertainties weaken this logical chain and limit the strength
of their conclusion.

First, the inferred reduction in AL is derived solely from changes in the STF position. Yet AL variability is also strongly
modulated by surface wind forcing. Without independent constraints on wind strength or additional, more direct AL proxies,
the interpretation of STF migration as an indicator of AL variability remains equivocal.

Second, AMOC strength is influenced by multiple processes, most prominently North Atlantic surface buoyancy forcing and
Southern Ocean wind stress (e.g., Toggweiler & Samuels, 1995). Variations in these drivers could offset or overwhelm any
contribution from AL. Without evaluating concurrent changes in these other forcings, the argument that AL and AMOC were
decoupled during this interval is not sufficiently supported.

Minor:

Line 41-44: Please briefly describe the relevant debates and uncertainties, as the current wording is too vague. Readers
who are not familiar with the cited literature may find the statements unclear. For example, what kinds of debate in Line 41,
whether or not AL can influence AMOC under modern condition in Line 43? Providing a brief explanation of these differing
viewpoints would make your argument much clearer to readers.

Line 57: Itis unclear what the “critical knowledge gap” refers to in the current introduction. From the contents above, it is hard
to understand what is the current gap. The overall motivation for this study is not fully established.

Line 123-128: why the increase Uk37 and TEX86 gradient indicates the thermocline shoaling? Is this a well-established
phenomenon in the previous publications and what is the mechanism behind this relationship.



Line 164-165: It is hard to reconcile the stated “weaken AMOC upper limb” and “increased overturning” at the same time
because the upper limb and the lower limb should change in-phase as the lower limb is the return flow of the AMOC. The
core of the AMOC upper cell locates at ~750m. If the AMOC at MIS M2 is with similar geometry as in mPWP, it seems the
AMOC upper cell is weaker from Figure 4b. The AMOC at MIS M2 should be provided in addition to the anomaly plot. The
strength of AMOC is usually defined as the maximum overturning streamfunction in the North Atlantic at mid-depth. The
specific values of AMOC strength at mPVP and MIS M2 should be provided.

Line 180-181: Why the decrease of the temperature gradient between 40N and 53N infers a decrease suppler of NAC? NAC
transports heat to the high latitude, therefore stronger NAC should lead to weaker SST gradient.

Line 182-183: The salinity change in the Caribbean Sea could also be affected by AAIW.
Line 204: It is more appropriate to identify the NADW formation region from the winter mixed layer depth.
Line 207: What is the dynamical mechanism between thermocline shoaling and NADW intensification?

Reference:
Toggweiler, J. R., & Samuels, B. (1995). Effect of drake passage on the global thermohaline circulation. Deep-Sea
Research Part |, 42(4), 477-500. https://doi.org/10.1016/0967-0637(95)00012-U

Version 1:
Reviewer comments:
Reviewer #1

(Remarks to the Author)

I was asked to re-review the article “Agulhas Leakage disconnected to Atlantic Meridional Overturning in the Late Pliocene”.
I would like to start by thanking the authors for their response to the reviewers and for their very organized approach to
presenting the corrections. | also appreciate that, in the rare cases when they disagree with my suggestions, they explain
their reasoning thoughtfully. | find the organization really brings out the major point, which | think makes this article hugely
significant: the connections between the AL, STF, and AMOC are much more complex than initial studies have suggested. |
recommend strengthening the final statement and making it clear that this may not hold for the 100 ka world, as several
studies have suggested. However, | will leave that up to the authors. | have one note:

Age Models: Can you add a table with tie points for the new adjusted age model or provide a link to where such a table can
be found? From experience, this will help future researchers who work on this core.

I think you can send this directly to the editor during the proofs stage.

Thanks again for your hard work and congratulations on a significant study.

Dr. Benjamin Petrick

Reviewer #2

(Remarks to the Author)

| thank the authors for carefully addressing my previous comments, particularly their inclusion of wind forcing effects on
Agulhas Leakage and the added discussion on the driving mechanisms of the AMOC. These revisions have improved the
clarity and completeness of the manuscript. | have no further questions or concerns.
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Reviewers’ comments:

Reviewer #1 (Remarks to the Author):

To whom it may concern:
I was asked to review the following article Agulhas Leakage decoupled from Atlantic

i

Meridional Overturning in the Late Pliocene.” After reading the article, I think
this is not only publishable but that the findings are significant. However, I
believe there is one major issue that needs to be corrected. As some of this relates
to my research, I will be publicly reviewing this article to ensure the authors do
not feel I am being underhanded

Reply: We thank the reviewer for the interest and constructive comments

The way that the article is written suggests that the location STF controls the
Agulhas Leakage (Stroger further south, weaker further north), and therefore, they
can test the Agulhas leakage’ s connections with AMOC. However, the theory that STF
location played any role in the strength of the recent glacial and interglacial
Agulhas Leakage is highly debated. In fact, given that the increase in the Agulhas
Leakage only occurs during deglaciations, it suggests that the relationship was very
complex, as seen in modern records (Caley et al., 2012, 2014; B. F. Petrick et al.
2015; van Sebille et al., 2009) and my previous work in the Pliocene in the “leakage
region” showed no evidence of leakage (B. Petrick et al., 2015; Petrick et al.
2018). Therefore, I think the authors have missed a crucial step in first showing
that the STF influences Agulhas leakage. However, since the missing component in all
these studies is the lack of data on the location of the STF, the authors possess a
critically essential data set. Therefore, the finding that even with some shifts in
area, the STF plays NO role in the apparent lack of Agulhas leakage in the Pliocene
is significant not only because it shows that the Agulhas leakage doesn’ t fit
changes in AMOC, but more importantly, it shows changes in the STF do not seem to
lead to changes in the Agulhas leakage system. It also fits with my previous findings
from ODP site 1087, which showed no evidence of Agulhas leakage (which the authors
need to acknowledge the findings of more in the paper, especially as they do not
have a “leakage” site of their own, which makes 1087 the only “leakage” site
with a Pliocene record). Therefore, I suggest that the authors refocus the article
on the debate about the effect of the STF on the Agulhas and how their new data
provides a new perspective on that debate, as well as the wider AMOC system. The
good news is that this is all restructuring and expansion, and that can be done with
minor corrections, so this is what I suggest.

Reply: We agree with the reviewer and thank the reviewer for pointing out the
importance of the articles.

The reviewer argues whether there was any change in AL in the Pliocene despite
vigorous frontal shifts. In our opinion there can be two scenarios: (1) STF migration
did not cause any changes in the AL, as found at Site 1087 (Petrick et al., 2015;

2018). Or (2) STF caused the changes in the AL (as proposed in our original manuscript)



which were not captured by Site 1087 (note that this possibility was also mentioned
in Petrick et al. 2015; 2018). In both scenarios, however, there is no relationship
between AL and AMOC strength, which is a hypothesis that is still followed by many
researchers studying Agulhas Leakage

Correction: We have included reviewer’ s opinion in the introduction and discussion.
We better clarify the link between Southern Ocean wind stress, STF position and AL
in the introduction meanwhile acknowledging the complexity. We adjust the discussion
by highlighting the two scenarios mentioned above, explicitly expand the discussion
regarding Site 1087 biomarker records and incorporate the dust record (XRF, Ti/Al)
into Figure 2, as well as the fact that model simulations do show STF shifts and AL

changes. For details, please refer to the revised manuscript lines 37-42, 125-137.

Line 38: Please expand this. There has been some debate on whether the STF truly
controls the Agulhas Leakage and if there is a one—to—one connection. More needs to
be said here.

Correction: We agree with the reviewer and have expanded accordingly, as also

requested by Reviewer2. Please refer to lines 37-42, 62-64

Line 61-62: Again, what is this based on? The only citation is Beal et al. (2011).
I know more has been done on this question since then
Correction: We have added references (e.g., Caley et al., 2012) (lines 79-80) and

expanded the introduction in general as mentioned above

Line 92-94: isn’ t this unexpected cooling of the TEX86 upwelling see (B. Petrick et
al., 2015; Petrick et al., 2018). Also, looking at the figure in the supplement, the
difference is only in the BAYSPAR and not the TEX86H. More needs to be here or in
the supplement on why you decided to trust the BAYSPAR over TEX86H

Reply: We thank the reviewer for this suggestion. Both BAYSPAR and TEX86H show a
divergence from UK’ 37 from 3400ka onwards, but this divergence is more prominent in
the BAYSPAR record. Extended data figure 3 shows that there is an abrupt change in
GDGT composition at 3400ka. This is reflected in the Ring Index and GDGT-
0/crenarchaeol, as well as in the TEX86, The lower TEX86-SSTs thus represent the
lower temperature of the subsurface. In addition, our dinoflagellate cyst record
shows no signs of upwelling, an oceanographic change that dinocysts are actually
very responsive to.

Correction: The information above can be found in the supplementary discussion part.

We also expand the supplementary discussion by adding Site 1087 and 959

Line 101-103: Bard and Rickaby (2009) have been debated for a while, and it has been
thought that they exaggerated the northward movement of the STF. I would like to see
some of the more recent work on this, quoted here

Reply: We thank the reviewer for providing some community comments on this reference.
Correction: We have toned down this statement and included additional references (Lu
et al., 2025; Starr et al., 2025; Wu et al., 2026). Please refer to lines 110-114



Line 123-134: ODP site 1087 also shows an offset between TEX86 and UK37” during the
Pliocene. See Petrick et al (2015 and 2018). I am wondering, given that almost all
of the sites along the transect show this, whether this is structural or just changes
in upwelling intensity

Reply: Sites 1087 and 959 are indeed located in upwelling areas, but Sites U1475 and
625 are not. More importantly, what we observed is the gradual divergence between
TEX86— and UK’ 37-SSTs. Site 1087 seems to have a consistent difference, maybe also
due to the resolution of TEX86. However, previous studies on Site 959 indicate a
clear change in the thermocline depth (Van der Weijst et al., 2022b, a).
Correction: We have expanded this in the supplementary discussion as mentioned

further above

Line 177: I am not sure that I would necessarily assume that further northward STF
equals more substantial Agulhas leakage, see my suggestion above

Reply: We are afraid the reviewer is mistake here. We have linked a northward position
of STF to less Agulhas Leakage. Now we focus more on Petrick et al., (2015, 2018)

papers and address the reviewer’ s major concern as described above

Line 222-226: This is really interesting because this suggests that the Agulhas
Leakage operated during M2, like in the modern, with a spike on deglaciation. Given
this is the only clear Agulhas Leakage signal seen in the Pliocene in this record
I see the possibility here for a better understanding between Agulhas Leakage and
STF migration. This should be expanded.

Correction: We expand the discussion here, please refer to lines 254-260

Line 252: see Petrick et al (2015). Also, it is not as established in modern studies
as suggested here

Reply: We refer to the replies and revisions to the major concern, further above

Line 470-494: The offset between the two laboratories is concerning. I would first
like to see a figure showing the offset between SSTs in the same proxy. While they
plot (in the supplement) the raw data for TEX86 and UK37" on the same axis, they
plot the two temperatures by laboratory. I would also like to have some discussion
about this, at least in the supplement. Having completed several projects involving
multiple labs, I have not often seen this kind of offset. While I don’ t think it
should affect the conclusions of the paper or invalidate them, I feel this is
currently a little buried. I would feel more confident in the data with a discussion.
Given the occasional skepticism about biomarker proxies, we need to do this kind of
work.

Reply: We agree with the reviewer that the interlaboratory offset deserves more
attention. Firstly, Interlaboratory offsets between datasets are unfortunately quite
common. Instrumental settings, choice of columns, even lab conditions affect the

details of the final results (Bijl et al., 2025). There are only a few round-robin



interlaboratory comparisons of GDGTs analysis. The largest interlaboratory offset
can be up to 0.2 TEX86 unit (Schouten et al., 2013). Thus, the offset (0.03) shown
in our results is not unexpected and we have reported it honestly. Consequently,
comparisons between records generated by different laboratories should be interpreted
with caution and so as model-paleo data comparison, especially when the difference
is subtle. Secondly, we note the samples measured in the different laboratories were
from different holes and cores at Site U1475. Finally, we note that the differences
between laboratories are minor and do not affect the overall interpretation of these
records.

Correction: We have changed the y—axis in Figure S3 from proxy unit to temperature
as suggested. We have also incorporated the content above briefly into the method
part. (see Methods line 411-416)

Again, I recommend Minor Corrections
Reply: We thank the reviewer Dr. Petrick again for the constructive suggestions that

significantly strengthened the manuscript

Benjamin Petrick
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Reviewer #2 (Remarks to the Author):

Hou et al. reconstruct the position of the Southern Ocean subtropical front (STF)
using dinoflagellate cysts and biomarkers from Agulhas Plateau, which they interpret
as a proxy for Agulhas Leakage (AL). Based on their reconstruction, they argue for
a weakening of AL from 3600 to 3300ka, during a period when AMOC is thought to have
strengthened. From this, they infer a decoupling between AL and AMOC. However
several uncertainties weaken this logical chain and limit the strength of their
conclusion

Reply: We thank the reviewer for their interest and valuable comments from a physical

oceanography perspective

First, the inferred reduction in AL is derived solely from changes in the STF position.
Yet AL variability is also strongly modulated by surface wind forcing. Without
independent constraints on wind strength or additional, more direct AL proxies, the
interpretation of STF migration as an indicator of AL variability remains equivocal.
Reply: We agree with the reviewer and thank for emphasizing the role of wind forcing
in AL. Intensified Southern Hemisphere westerlies promote a southward shift of the
Antarctic Circumpolar Current (ACC), displacing the subtropical front (STF) poleward
and facilitating increased leakage of Indian Ocean water into the Atlantic. Thus

the reviewer’ s concern and our interpretation are actually consistent

Correction: We have clarified the link between Southern Ocean wind stress, STF and
AL as above in the introduction. We have also incorporated modelling outputs of wind
stress and paleo dust input record of the studied area into the discussion, which is
potential indicative of wind field position (Petrick et al., 2018). Please refer to
lines 37-42, 125-137.

Second, AMOC strength is influenced by multiple processes, most prominently North
Atlantic surface buoyancy forcing and Southern Ocean wind stress (e.g., Toggweiler
& Samuels, 1995). Variations in these drivers could offset or overwhelm any
contribution from AL. Without evaluating concurrent changes in these other forcings,
the argument that AL and AMOC were decoupled during this interval is not sufficiently
supported

Reply: We agree with the reviewer that other processes play important roles. The
purpose of our manuscript, however, is to specifically reconcile the effect of AL on
AMOC strength proposed by some, with the local oceanographic forcing in the North
Atlantic on AMOC proposed by others. Regarding Southern Ocean wind stress through
Fkman transport (Toggweiler and Samuels, 1995), based on our understanding from more
recent studies, this process seems to have very limited influence on AMOC (e.g.
Schulzki et al., 2024). North Atlantic buoyancy forcing is indeed a prominent process
However, (paleo) studies on North Atlantic buoyancy forcing usually ignore the role
of AL and vice versa. Our data of the late Pliocene reconcile the two lines of

reasoning and assess the viability of interhemispheric teleconnection.



Correction: We incorporate discussions regarding concurrent Greenland meltwater and
freshwater input through Arctic gateways into the manuscript. We would like to
mention that this part of discussion was considered but was removed before the first

submission to reduce the length of our manuscript. Please refer to lines 278-288

Minor:

Line 41-44: Please briefly describe the relevant debates and uncertainties, as the
current wording is too vague. Readers who are not familiar with the cited literature
may find the statements unclear. For example, what kinds of debate in Line 41,
whether or not AL can influence AMOC under modern condition in Line 43? Providing a
brief explanation of these differing viewpoints would make your argument much clearer
to readers.

Correction: We adjust the order of the statements and provide more background

accordingly. Please refer to lines 46-50, 60-61,

Line 57: It is unclear what the “critical knowledge gap” refers to in the current
introduction. From the contents above, it is hard to understand what is the current
gap. The overall motivation for this study is not fully established.

Reply: We mean that Pliocene reconstructions of STF migration and AL are scarce and
a combined examination of NAC, NADW and AL is yet missing. This is the knowledge gap
we are referring to.

Correction: We have adjusted the order of the statements to make it clear. Please
refer to lines 60-66.

Line 123-128: why the increase Uk37 and TEX86 gradient indicates the thermocline
shoaling? Is this a well-established phenomenon in the previous publications and
what is the mechanism behind this relationship.

Reply: This phenomenon has firstly been described in Lopes dos Santos et al. (2010)
which is cited in the manuscript. A more detailed discussion explaining the principles
underlaying the Uk37-TEX86 gradient can be found in the supplementary file. We can
provide a schematic diagram here in the rebuttal to alleviate this concern.
Correction: We have added the figure below into the supplementary file, which is a
conceptual sketch of the link between thermocline change and how it is reflected in
our biomarker data. Shades and gradients indicate the export depth of respective
biomarkers; green shade=photic zone, blue shade=NO3- rich zone, red line=temperature
profile; solid arrows indicate production, dashed arrows indicate to which depth the
proxy is calibrated. A thermocline shoaling has the largest effect on TEX86, since
the GDGTs on which this index is based are produced and exported predominantly from
the depth close to the thermocline. Note that TEX86 records that are translated into
SSTs will reflect the same trend, as they are presumed to have a constant offset

with the subsurface temperatures they actually represent.



Figure redacted

Line 164-165: It is hard to reconcile the stated “weaken AMOC upper limb” and
“increased overturning” at the same time because the upper limb and the lower 1limb
should change in—phase as the lower limb is the return flow of the AMOC. The core of
the AMOC 4upper cell locates at ~750m. If the AMOC at MIS M2 is with similar geometry
as in mPWP, it seems the AMOC upper cell is weaker from Figure 4b. The AMOC at MIS
M2 should be provided in addition to the anomaly plot. The strength of AMOC is
usually defined as the maximum overturning streamfunction in the North Atlantic at
mid-depth. The specific values of AMOC strength at mPVP and MIS M2 should be provided
Correction: We now provide a separate MIS M2 AMOC panel and the specific AMOC
streamfunction values as suggested by the reviewer. We also rephrase this part to

make it clearer. Please refer to Fig. 4 and lines 190-196

Line 180-181: Why the decrease of the temperature gradient between 40N and 53N infers
a decrease suppler of NAC? NAC transports heat to the high latitude, therefore
stronger NAC should lead to weaker SST gradient.

Reply: We thank the reviewer for noticing this; this was a mistake. There was an
increase in the SST gradient during 3400Ka-MIS M2. We now clarify this. Regardless,
the general cooling trend along the NAC pathway is the main evidence for a reduced
NAC influence.

Correction: Please refer to lines 208-209

Line 182-183: The salinity change in the Caribbean Sea could also be affected by
AATW.

Reply: We agree with the reviewer, but the mechanisms driving Caribbean Sea salinity
are beyond the scope of our study. Here, we mainly want to emphasize that Caribbean

Sea salinity is not coupled to AL.

Line 204: It is more appropriate to identify the NADW formation region from the
winter mixed layer depth.

Correction: We have added a maximum winter mixed layer depth figure for the mPWP and
MIS M2 as Extended data fig. 9.

Line 207: What is the dynamical mechanism between thermocline shoaling and NADW

intensification?



Reply: We have deliberately refrained from proposing a causal link and chosen to
remain speculative. Thermocline shoaling and NADW intensification likely act/react
together under a cooling climate. Nevertheless, there has been a mechanism previously
proposed: In a first-baroclinic framework, stronger deepwater formation acts as a
sink of upper—layer mass, leading to a thinning of the upper ocean and an upward
displacement of the main thermocline. This adjustment propagates across basins via
Kelvin and Rossby waves (Huang et al., 2000). This very general theorical process
based on a relatively simple model has been observed to occur in some paleo proxy
studies (e.g., Lopes dos Santos et al., 2010; Steph et al., 2010), and now in our
work. Thus, enhanced overturning can generate basin-scale thermocline shoaling
independent of purely local wind-driven upwelling (Chiang et al., 2008), offering a
dynamical explanation for the coherent subsurface signal observed at multiple
Atlantic sites.

Correction: We have briefly summarised the content above in lines 172-173 and provide

corresponding references.

Reference:
Toggweiler, J. R., & Samuels, B. (1995). Effect of drake passage on the global
thermohaline circulation. Deep—Sea Research Part I, 42(4), 477 -

500. https://doi.org/10.1016/0967-0637(95)00012-U
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Referee comments:

Reviewer #1 (Remarks to the Author) :

I was asked to re-review the article “Agulhas Leakage disconnected to Atlantic
Meridional Overturning in the Late Pliocene” . I would like to start by thanking the
authors for their response to the reviewers and for their very organized approach to
presenting the corrections. 1 also appreciate that, in the rare cases when they
disagree with my suggestions, they explain their reasoning thoughtfully. I find the
organization really brings out the major point, which I think makes this article
hugely significant: the connections between the AL, STF, and AMOC are much more
complex than initial studies have suggested. I recommend strengthening the final
statement and making it clear that this may not hold for the 100 ka world, as several
studies have suggested. However, I will leave that up to the authors. I have one
note:

Age Models: Can you add a table with tie points for the new adjusted age model or
provide a link to where such a table can be found? From experience, this will help
future researchers who work on this core

I think you can send this directly to the editor during the proofs stage.

Thanks again for your hard work and congratulations on a significant study.

Dr. Benjamin Petrick

Reply: We thank Dr. Petrick for the positive comments and constructive suggestions.
We are glad that our revised interpretation is now better reconciled with previously
published data.

Corrections: Regarding the comment that “this may not hold for the 100ka world”
we have already emphasized the limitation in the final sentence as “at least in the
Late Pliocene” . We would therefore prefer not to elaborate further on this point in
order to avoid introducing additional uncertainties beyond the scope of the present
study.

We have added a table of the Ul475 age model tie points in the supplementary

information

Reviewer #2 (Remarks to the Author) :

I thank the authors for carefully addressing my previous comments, particularly their
inclusion of wind forcing effects on Agulhas Leakage and the added discussion on the
driving mechanisms of the AMOC. These revisions have improved the clarity and
completeness of the manuscript. I have no further questions or concerns.

Reply: We thank the reviewer for the constructive comments provided in the previous
review round and for the positive evaluation of our revisions. We are pleased that

the revised manuscript has addressed the reviewer’ s concerns.



