Dear Professor Kienast, dear referees,

Thank you very much for the helpful comments argbsstion for our manuscript. We can follow
most of the arguments of all referees and will timesrporate almost all suggestions made. In the
following, we have listed responses to the diffepints made. There are only a few cases in which
we would prefer not to follow the suggestions mdmg,we offer compromise solutions in most of
these cases.

Kind regards also on behalf of the co-authors
Ulrich Kotthoff

Commentsrepliesto the Review by F. Naughton (Referee)

Referee 1: The manuscript “Reconstructing Holodemeperature and salinity variations in the
western Baltic Sea region: A multi-proxy comparismm the Little Belt (IODP Expedition 347, Site
M0059)” by Kotthoff et al., presents new and a layray of proxy data from IODP Expedition Site
MOO059 covering most of the Holocene period. Thdystsi methodologically sound, the results are
significant, and the interpretation is well justifi. The manuscript is very clearly written and
supported by good quality figures. The manuscrigkes several very valuable contributions to the
palaeoenvironmental understanding of the last 8ikyhe western Baltic Sea by using coupled ocean
and atmospheric multi-proxy data. Overall, | wostdongly recommend this manuscript for
publication in Biogeosciences journal with very arimodifications in response to my comments on
the pdf.

Yours sincerely, Filipa Naughton

Please also note the supplement to this commadpti/tww.biogeosciences-discuss.net/bg-2017-
101/bg-2017-101-RC1-supplement.pdf

Authors: We are thankful for this review of our maaript. In the following, we respond to the

different comments in the text. We are particuldhignkful for the detailed checking of our
references. In the following we reply in detaith® comments in the supplements.

Page 3

Referee 1: “replace Frenzel et al 2005 by Frenzel 8oomer 2005”

Authors: Will be replaced.

Referee 1: “is this reference Filipsson et al., 891f not introduce this reference in the reference
section.”

Authors: The reference will be corrected.

Page 5
Referee 1: “this reference is not mentioned inréference section”

Authors: Will be added.

Referee 1: “references should be in chronologicaler”
Authors: We will reorganize the references.
Page 6

Referee 1: “Even if this paper is accepted howwarsee the age model? In the references we can't
see where this mentioned paper will be published.should have a table with core depth and the



radiocarbon ages as well as a figure with the resaibge model. You can cite the Van Helmond et al
accepted paper as well.”

Authors: The paper is now published, but it is jtaip reasonable to add such a table nevertheless.
Referee 1: “How? you must say how they were exteapd: e.g. using clam program? by hand using
the last sedimentary rate value?”

Authors: The ages were indeed extrapolated lineathych will be explained in more detail.

Referee 1: “Although this correlation is very inésting and a good point to reinforce the relialilaf
your age model, it would be nice to see the ageehudcsite MO059. The temporal resolution of pollen
data from Site M0O059 is much lower than that ofd_Bklau, therefore the last 2500 years of
correlation have some slight discrepancies. Howéwdoes not seem to affect your interpretation.”
Authors: See above. We will add more informatiorttemage model and the Helmond et al. paper is
now accepted.

Referee 1: “need a reference of the method”

Authors: We will add a reference.

Referee 1: “replace to: ....for diatom analysis @er.”
Authors: Will be done.
Referee 1: “include "the" to be consistent with wkaid in the diatom methodology.”

Authors: We will generally see that the methodatsgbecome more consistent (see below).

Page 11
Referee 1 makes several suggestions concernin@ Rige will follow these suggestions.

Page 12
Referee 1: “you should/(could if you have) inclulde pollen concentration curve next to the TOC
curve.”

Authors: The pollen concentration could be cal@ddbr most of the samples, we will add a related
curve, and also add a dinocysts concentration dgee below).

Page 14:
Referee 1: “since you have just isolated pointdaithmonia beccari i wonder if this is
representative”

Authors: Ammonia beccariis present in the surrounding samples too (<3%8.a¢fee that it should
be mentioned that the particular high abundancB%y)is reflected in one sample. We will change
the text accordingly and also write “higher aburcaoompared to...” instead of “relatively high
abundance”



Referee 1 makes several suggestions for sectio® &t8ch we will all follow.

Page 15:
Referee 1 mentions a missing reference which weadd.

Referee 1 (correction): “which can be found*
Authors: We think that there is a misunderstandtiege, which can be avoided by rephrasing the
related sentences.

Referee 1: “include non-heterotrophic taxa in te&tthere”

Authors: We will check for consistency between g@stence and the following sections.
Page 16: Referee 1 made 4 comments on this pagh athishall be incorporated.

Page 17: The wrong/missing reference mentioneddsgrBe 1 will be corrected/added.
Page 18:

Referee 1: “in figure is until 5.5 ka”

Authors: We will rephrase the sentence.

Referee 1: “As previously mentioned in my commiietsingle peaks cannot be representative of
major changes. “

Authors: We will rephrase the sentence in accordavith the comment Referee 1 made concerning
the related aspect on page 14.
Referee 1: “you could probably also mentioned basdtie pollen based temperatures estimates that

evaporation was not strong because MTWA did noeas®e during this interval.”

Authors: True, we will add that aspect.

A missing “(* will be added.

Page 19:
Referee 1: “again one single data point is not egtoto extrapolate a rapid change in the salinity”

Authors: Similarly to the comments above, we agoegome degree and will rephrase the sentence.
But we still regard these increases in percentagésportant. Even if it is only a single point {alin
will be clearly mentioned), the counting sums fue telated sample are so high that the signal is
significant and a change in salinity is a logicdérence. Besides, a salinity signal is in congceen
with the other proxies.

Referee 1: “rephrase the end of this sentence”
Authors: Will be rephrased.

Referee 1: “since you do not have a peak in ppr@01but rather an increase along the EZ3 it would



be better to just mention what happened duringethitere interval.”

Authors: We will rephrase the related sentences.

Referee 1: “If pp increase (and runoff) why theseno signal of that in the TOC and BTI curves? well
maybe a slight increase of the TOC could also sgpts idea?”

Authors: Indeed, diatom based pp often fluctuatemniinverse relationship with soft bodied algag an
other forms. Especially where eutrophication isaswned as soft algae will replace diatoms. The lack
of signal in TOC curves likely reflects trade-offfistween diatom and soft algae productivity (i.e.
diatom productivity replaces or is replaced by ofhggroups, so a change in TOC may not always be
seen). We will discuss this in the related section.

Page 20:

Referee 1: “i think that you can also do not hamewgh resolution in your record to show that
linkage. so you can also propose that.”

Authors: We will mention that the temporal resautimay hamper the related interpretation.

Page 21:

Referee 1: “at a long-term sst seems to decreaaduglly as the LDI and even more similar to the
MTWA decrease trend, even if the signal of TEXisyt’

Authors: We are not sure what the question isimdhse.

Referee 1: “I do not see any similarities betwasn TEX and the clumped isotope record for this
period. Maybe you should look to the data at lemgtand forget the rapid reversal episodes.”
Authors: We have to agree with referee 1, we caresdly suggest a common trend. We will only use
the absolute values concerning the clumped isatepad.

Referee 1: “the pattern is from 19°to 17.5 and fraim 17.5 to 19. please change”

Authors: Will be corrected.

Page 23:

Referee 1: “this reference is in press in the refare section”

Authors: The Krossa et al. paper has now beenghddi, we will correct the references (see below).
References:

Referee 1 has marked several corrections to be mabe references, we will incorporate them.
Commentsrepliesto thereview by R. Limoges.

Referee 2: “This paper compares and uses the ssgmalvided by multiple biogenic proxies to
interpret the hydrologic evolution in the westerti® Sea region during the past 8000 years. Inter-
comparison of the proxy-data and quantitative restarctions allow for robust reconstructions and

time constraint of the major regional hydrologi¢ednsitions (salinity and temperature). This pajper
a good contribution and | suggest it is acceptetthwiinor modifications. | kindly refer to the



attached pdf (supplement).”

Authors: We are thankful for this review of our maaript. In the following, we respond to the
different comments in the additional text file piced.

Referee 2: “General comments

The information provided in this paper is highlyeneant and the interpretations are well justified.
However, although | understand it is difficult te boncise when reporting on so many proxies, the
manuscript is long and should be thoroughly revieteeremove repetitive sections, and to
restructure certain sentences and paragraph sest{particularly lines 532-556 present one long
section in which the reasoning is jumping arourftebetween proxies and from one time interval to
another). Furthermore, there are a lot of abbresas and this makes the reading unnecessarily
challenging.”

Authors: We agree. The MS already went throughrs¢vshortening cycles”, but we try to remove
redundancies. It is true that the mentioned sedtfdhe text can be shortened in particular. Wé wil
also discuss removing some of the abbreviations.

Referee 2: “I would be cautious with the discussioaoncerning the performance of the different
proxies. Although many proxies are used, only & f@w amongst them are used in an optimal way
(e.g. not statistically robust dinocyst counts;ancalibrated foraminifer species used for Mg/Ca-
based estimates, contamination of foraminifer wssid for Mg/Ca ratios, and assemblage and
geochemical analyses on foraminifera that are sciggketo be affected by dissolution - which
probably also is the same for the ostracodes,-etb)s is okay if trying to answer a scientific
question, but | would have some reservations whemuthors evaluate the performance of these
proxies. Their applicability can be evaluated, hat their performance (question of using the right
term).”

Authors: This aspect is indeed very importants lirue that we cannot evaluate the “performance” of

some of the proxies. We will carefully rephrasertlated sections. We should also add a sentence in
the abstract clarifying that it is the complex isgtiwhich could make the applicability difficult.

Referee 2: “Specific comments

Figure 1. The « Little Belt », « Great Belt » an@®resund » should be added to this figure so the
readers that are not familiar with the region caefer to this map. Perhaps also « Lake Flarken »,
also mentioned in the text.”

Authors: Will be done.

Referee 2: “Figure 3. What species of diatoms veemresidered F, BF, BM, etc?”

Authors: “We have already prepared a table witleatlountered species, and which category they
were included in. This table (comprising more thd@0 species) should be added to the supplementary
data.”

Referee 2: “Figure 3. Add dinocyst concentrations.”

Authors: Dinocysts concentrations will be added.

Referee 2: “Replace “non-heterotrophic dinocysty’ iphototrophic”.



Authors: We will do so.

Referee 2: “Introduction

Lines 54-59. These sentences are somewhat unrétatle remainder of the manuscript and the
objectives of this study.”

Authors: We will reconsider these sentences. Whilggen concentration is an important factor for

our study, it is true that the introduction shontit start with this aspect. The first sentencea el
removed in any case.

Referee 2: “Line 77. Can you be more specific h&iéfat conditions can influence the application of
Mg/Ca in the Baltic Sea?”

Authors: We will be more specific in an updatedsian of the manuscript, and mention e.g. low
salinity and large gradients in carbonate systeramaters as important factors in the Baltic.
Referee 2: “Lines 78-83. Include references here.”

Authors: References will be added.

Referee 2: “Lines 86-87. You introduce the TEX8®xpr but the text further down mentions the
TEXL86 proxy; please clarify what the TEXL86 is.”

Authors: We will add more detailed information & fTEXgs , which is a derivation of the originally
proposed TEXs lipid paleothermometer and particularly applicablsubpolar and temperate settings,
to the introduction section.

Referee 2: “Line 89. What does LDI stand for?”

Authors: “LDI” (long chain diol index) is explaingd the abstract, but this should be indeed
explained in the main text. In addition, “LDI” isr@ng the abbreviations which we might avoid in
context with the comment made by Referee 1.

Referee 2: “Line 94. The term biogenic should bedusstead of “biotic”.”

Authors: We agree.

Referee 2: “Line 99. The length of the core isinggortant, it is the sedimentation rates and terapor
resolution (it is not because it is long, that Seglimentation rates and temporal resolution ardahig

Authors: True, we will rephrase the related sectibaugh the length information might be
interesting, too.

Referee 2: “Line 103. [...] moreover to Greenland acge records and marine records from the
North Atlantic(] this sentence seems out of place, since thigidam later in the manuscript.”

Authors: In context with comments by Referee 3might add comparisons with the Greenland ice
cores. We will change the sentence accordingly.

Referee 2: “Line 103. replace “records” with “cor&gdrilling provides cores, analyses provide



records)”
Authors: We agree.

Referee 2: “Methods

- The thickness of the samples is only given fanfis, but not for other proxies.

- For many proxies, the same amount of samplesawalyzed (36). Presumably, these represent the
same samples/levels in the core (although thisighat obvious from the manuscript). Instead of
repeating this information every time, perhaps arsmtroducing paragraph can be added to provide
this information (same-sample analyses for whigkele which ones in higher resolution, etc)”

Authors: It is, unfortunately, not the case thatathors could use samples from the same levals du
to limited core material. We used closely neighbgisamples, in most cases and aimed at at least 35
samples per proxy over the time interval analy3éds information and the sample thickness will be
added.

Referee 2: “2.1. Lines 114-115: is the latitudisplan (numbers) relevant? So why not the
longitudinal span, too? But both would not seemvaht to the study, which focuses on a specific,
smaller region. The coordinates of the core woelelns to suffice.”

Authors: We will remove this, and generally, we sptons to shorten this section.

Referee 2: “2.2.3. What mesh sizes were usedduingj?

e Did you add marker grains for calculating the centrations?”

Authors: The mesh size (7um) and information otepotoncentration will be added.

Referee 2:  Zonneveld and Pospelova, 2015 is not an approprieterence here —itis a
determination key. Perhaps you can refer to de &leand Marret, 2007 [de Vernal, A., Marret, F.,
2007. Organic-walled dinoflagellates : tracers ebsurface conditions, In Hillaire-Marcel and de

Vernal (eds.) Proxies in Late Cenozoic Paleoceaaplgy, Elsevier,pp. 371-408.]"

Authors: We will exchange the reference.

Referee 2: ® What does “rarity of counted types” mean?”

Authors: We will rephrase the related sentence.

Referee 2: “2.2.4. Line 201: “selected depths”™: yiou mean the same 36 depths, or a selection of
these 367"

Authors: We will rephrase this sentence (the 36@asmare meant).

Referee 2: “2.2.5. The use of heavy liquid separais understandable, but is this common practice?
Could you provide a reference that illustrates ithi@uence - or, ideally, the lack of it — on assésgie
composition (selective removing of certain spebiause of sediment infilling, fragmentation of
fragile species, etc.). Ideally, in order to realst the power of the proxy, all samples shoulgeha

undergone the same preparation method...”

Authors: The residual fraction after heavy liquaaration was checked for foraminifera; only very



few specimens were found. The heavy liquid separdtius did not influence the analyses. We will
rephrase parts of section 2.2.5 and add this aspect

Referee 2: “2.2.6. Line 230. A total of 75 30cm@Bisent samples were processed for ostracod
analysis (confusing otherwise).”

Authors: We will rephrase this sentence.

Referee 2: “Results
Line 455. Operculodinium centrocarpum (?), Spiniésr spp., Lingulodinium machaerophorum (?)

Authors: We will add the species names/spp.

Referee 2: “Line 460. When using “Gymnodinium cileri”, it is implied that a cyst type was found
with a morphology that looks like G. nolleri, butthe same time very clearly is not G. nolleritHis
what the authors mean: cysts whose morphology ¢dmattributed to a known species? Or, if
different species of Gymnodinium are meant (i.8enpcatenatum, microreticulatum), then
“Gymnodinium spp.” should be used.”

Authors: In this case, we cannot completely agrite neferee 2 — “cf.” does not indicate clearlyttha
the specimens are nGt nolleri. Still, we should rephrase this sentence to empiduat is meant.
What we wanted to imply is that we are sure we fo@gmnodinium nolleribut that we cannot
exclude that some of tHeymnodiniunspecimen we found belong to other species. Weyzadla
few specimens in detail (also discussed the ideatibn with S. Ribeiro as mentioned in the
acknowledgements), but some specimens were ontyifigel via their size and structure, not via a
detailed analysis.

Referee 2: “Discussion
Transition from line 492 to line 493. Somehow a&uwliar reasoning, as the variations themselves are
inferred from the proxies. The first two sentermfethis paragraph could be removed.”

Authors: We agree that this section contains redonphrases. We will rephrase this section.

Referee 2: “Line 502. How do the ostracodes indidatv primary production?”

Authors: We will rephrase this sentence (it wasméaat they indicate freshwater conditions)
Referee 2: “Lines 501, 504, 506. These sentenadd be restructured to avoid repetition. In
addition, the sentence “these factors indicate thal presents a low productivity freshwater
environment” should be moved downward, as (the morsincing) arguments are given following
this sentence; the low concentrations of maringpainorphs does not indicate that the setting was

one of low total productivity.”

Authors: We agree and will rephrase these sentences

Referee 2: “Line 526. Add reference after “[...] magicate more saline conditions”.

Authors: We will add a reference.



Referee 2: “Lines 543-556. This entire section seedit of restructuring and rephrasing; now it is
sometimes confusing and unclear what periods andnmasses (bottom, surface) are compared and
discussed.”

Authors: We will carefully rephrase this section.

Referee 2: “- bottom water = increasing salinityirfe 545-546); surface water = decreasing salinity
(Line 549-553), correct? This contrasting evolut{dn understood correctly) is worth stressing and
discussing further?”

Authors: Indeed, we already discussed this intgrrzald will follow the suggestion.

Referee 2: “- L553: ...regard this as the most... itexiod exactly (early Littorina, entire

Littorina,...)? “most marine” seems in contradictiavith decreasing salinity...”

Authors: True, we will rephrase this sentence.

Referee 2: “- L554: increased with respect to whisk@dern? EZ17?”

Authors: It is true that this should be explain@le mean the preceding lower salinity.)

Referee 2: “Lines 559-601. please rephrase, thesss to be something not entirely correct about
this sentence.”

Authors: In any case, the sentence is very longwiNeephrase it to make it clearer.

Referee 2: “Line 600. The use of “juvenile (per@gds)” comes out of the blue here. Also, given the
low ostracod counts, how significant are such petage/relative changes? How many specimens are
we talking about here?”

Authors: It is true that the number of specimensusin some samples. We will reconsider if we need
this information at all.

Referee 2: “Line 611. Inorganic and inorganic pregiare not the best terms here — perhaps
“geochemical analyses” and “biomarker™

Authors: The best solution may be to write “inongamnd organic-based” (since biomarkers” are also
geochemical).

Referee 2: “Line 637. Not everybody is familiariwibhe Boreal and Atlantic terminology and

timescale; please introduce properly or replaceweétd actual dates.”

Authors: We will do so.

Referee 2: “Line 651. When do these eustigmatopigte bloom?”

Authors: Currently no information on the annualwtto cycle of eustigmatophytes in the Baltic Sea or



other brackish-marine settings is available. Previgtudies indicate that the LDI-derived surfaceewa
temperatures match best with summer surface watgrdratures in various oceanographic settings such
as the Southern Ocean (Lopes dos Santos 2012)wisi&ethe core top sample at Site MO059 shows
LDI-derived temperatures that are most similar tofaxe water temperatures in July, providing
additional evidence that blooms of eustigmatophgtesir during summer in the Little Belt region. We
will add a short discussion on the timing of eusigophyte blooms and LDI-derived temperatures in
the Baltic Sea.

Referee 2: “Line 656. LCD would seem a good carteidia be left out as abbreviation and be written
out in full instead (as is done just a few linesad). Other good candidates, since used only very
rarely, would surely be BIT (line 679), MWP and MK#5; the latter only used once, i.e. where the
abbreviation is given!?), HTM (line 691), and BWih€ 697).”

Authors: We will follow at least some of these gegtions, it is true that we use quite a high numbe
of abbreviations.

Referee 2: “Technical corrections

Line 43. [...] changes in salinity, but often do atlow quantitative
Line 44. [...] is associated with particularly largmcertainties [...]
Line 248. Due to poor preservation

Line 290. A total of 40 sediment samples collettep

Line 351. [...] was divided into four overall envimental zones.
Line 397. A. beccarii

Line 456. G. nolleri

Line 465-467. This information belongs to the meétbection.

Line 501. “biological” should be replaced by “biog&”.

Line 647. Same as above. Change different inorgamitcorganic for “biogenic proxies”.”

Authors: We will incorporate these corrections.

Commentsrepliesto thereview by Referee 3.

Referee 3: “The manuscript by Kotthoff et al. basadh multi-proxy approach is very interesting.
However, while combining that much different prexgnot an easy task, some more thorough
discussion is needed concerning (1) the climaticifig possibly explaining the different salinitydan
temperature trends observed over the Holocene(2ntthe high discrepancies between proxies for
the same parameter (temperature). A graphical comapa with previously published records from
the study area is also missing. The text suffers fsome imprecision in the Results and the
Discussion, some parts of the text should be raurga, some figures should be modified and some
new figures should be provided (as supplementagllyi a calibration issue related to some organic
proxies should be addressed. Therefore, | recomrttengdublication of the present study, but only
after major revisions.”

Authors: We are thankful for this detailed revigayticularly of aspects related to the biogeochamic
proxies. We agree that it would make sense to dgsthe climate forcing and some of the
discrepancies in more detail (see below). Concgrgiaphical comparison with other records, we are
not sure if this should be done in the frameworkhef manuscript, because on the one hand, there ar
no nearby records covering a similarly long timeial, and on the other hand, the sheer amount of
proxies we use would result in numerous additidigakes. At least a few of the authors plan to
examine certain intervals from Site M0059 in higtresolution, so that maybe a graphical comparison
with other records should be reserved for this? 8sidiscussed below, a compromise might be to add
some other datasets to a supplementary figure.



Referee 3: “Major comments:

The introduction should be reworked partly. Aftee second paragraph, it sounds like an
enumeration and description of the proxies that belapplied in the study. It is not necessary and
belongs rather to the Discussion part.”

Authors: We had a long discussion how to handk thiour opinion, we found a reasonable approach
—in an earlier version, we had shifted the proggatiption to the subsequent sections, and most co-
authors did not like this approach. We would threfgr not to move these descriptions. This does not
mean that we cannot follow referee 3's argumeniswe think in this case it is also a matter of
different tastes. We could, however, shorten theted sections.

Referee 3: “Instead, previously published Holocesords from the Baltic Sea and the Skagerrak
region should be mentioned and the main resultsilghoe described as in lines 97 to 104, but in more
details.

In my opinion, at least the following studies orldéene temperature and salinity changes should be
mentioned: Emeis et al., 2003, The Holocene (dglanid temperature); Warden et al., 2016, Organic
Geochemistry (salinity); Krossa et al., 2015, Bareand Krossa et al., 2017, The Holocene (salinity
and temperature); Ning et al., 2015, Boreas (saljpiButruille et al., 2016, The Holocene
(temperature); Zillen et al., 2008, Earth-Scienaviews (climate and hypoxia); Widerlund and
Andersson, 2011, Geology (salinity). Based on theséous results, the necessity of a long and
continuous record from the Belt Sea as intermed@tation linking the Baltic Sea and the Skagerrak
region can be introduced (in lines 97-104).”

Authors: We agree that it would make sense to jpar@te more information from these papers in the
introduction and will do so.

Referee 3: “Some other parts of the text shouldebeganized. As some results are
discussed/presented in Section 2.2.1, | would siggerging it into Section 3.1. The problem related
to Mg/Ca contamination is mentioned at least thie®s in the manuscript (Methods, Results,
Discussion). Because of repeating this issue agathagain, one could consider removing completely
this record from the study as this proxy is notlsegeliable. 1t would be a pity however. Therefple
recommend shortening and grouping the differentgpabout this contamination issue somewhere in
part 4.2, and discussing this issue in more detaithe supplements (if necessary). “

Authors: These are reasonable suggestions. Wawglrticularly follow the suggestions concerning
the Mg/Ca contamination aspect. Concerning se@idri, it is true that results concerning the age
model are mentioned, but these are not new rdsuttsather necessary information from other
publications (with the van Helmond-Paper presentiregage model now published, see above) which
in our opinion should be given before the proxyhoet are introduced, so we would rather prefer to
leave this here.

Referee 3: “Concerning Section 4.2, while it isgibke to discuss the records based on the different
environmental zones for the salinity and produttiproxies, it is confusing for the temperature
proxies as these latter present completely diffelerg-term and short-term trends. | suggest
reworking/reorganizing this part. First, the diffarces in the temperature proxy records (trends,
absolute values, amplitudes, etc) should be digcljgshen the temperature trends should be
summarized as a function of the environmental zarekfinally the potential forcing behind the
temperature records should be discussed (see hé&low)

Authors: We agree that section 4.2 should be rexzgd and will follow the concept suggested by
Referee 3.



Referee 3: “I have a few comments concerning théL'B6 temperature proxy. First of all, | was
wondering if a standard was used for GDGTs quandiion. If yes, | suggest using the absolute
concentration of the branched GDGTSs rather thanBhE index as the BIT index is often mostly
function of variability in crenarchaeol (usuallygldominant GDGT).”

Authors: We agree with Referee 3 that quantifyibgadute concentrations of GDGTs is desirable.
Unfortunately, no standard was available for quiation of isoprenoid and branched GDGTs and thus
we used the BIT index to provide information on teéative changes of the aquatic and terrestrial
derived GDGTs.

Referee 3: “Generally speaking, the use of TEXL&&K be avoided because the crenarchaeol
regioisomer plays a role in the temperature preatidity (relatively more of the regioisomer is
observed at higher temperatures).”

Authors : We are somewhat surprised by this commstite TEXss has specifically been designed for
low temperature environments such as the Baltic Badhermore, the TEg§ has been established as a
marine temperature proxy. It is of limited use tiashwater and brackish settings though due to the
absence or low abundance of the crenarchaeol segi@r in many lacustrine and brackish systems. In
fact, the crenarchaeol regioisomer could only leatified with confidence in about 60% of the sample
that have been analyzed for isoprenoid GDGTs. Toerewe consider the TEX most suited to
reconstruct the temperature variability of theleiBelt. However, we will add an additional graph t
the supplements showing the Tigxtemperature record and explain differences in fgkXnd TEX'se-
temperature profiles in the discussion section.

Referee 3: “Furthermore, the TEXL86 calibrationnd<abel et al. (2012) is only based on the highest
correlation with summer SST, but has no “biologigabunds”. When looking at the supplementary
information in Kabel et al. (2012), it appears thhé correlation is high (r2 > 0.7) for all montifi®m
May to November (i.e. not only for the summer nmg)rdimd not only for TEXL86, but also relatively
high (r2 > 6 from June to October) for TEXH86. Mover, the IODP MO0059 site location is out of the
area covered by Kabel et al. (2012) calibrationaivinay play a role considering a possible influence
of strong salinity gradient on Thaumarchaeota dmttion in the western Baltic Sea.”

Authors: Referee 3 is of course right that a compazly high correlation with summer to autumn
temperature is also observed for the TEXBut it is significantly lower than for the TEX and
therefore we deem the TEgé-reconstructed temperatures more reliable. Althotigh Kabel et al.
(2012) calibration does not include the Little Bedgion, the vicinity of the studied site to theltiga
Proper and the strong environmental gradientsatebbserved in the western Baltic region suggest
that other calibrations may not be as applicableetmnstruct SSTs. However, we have now also
calculated SST based on the Tfxand will discuss difference between both tempeeatuofiles in

the text.

Referee 3: “Another factor potentially complicatittge TEXL86 record is the presence of a redoxcline
and hypoxic to anoxic conditions. It is known timthe modern, Thaumarchaeota are most abundant
at depth near the redoxcline in the Baltic Sea.(eadprenz et al., 2010, ISME Journal; Berg et2014,
ISME Journal). Therefore, on the one hand the rdeditemperature may rather be from the subsurface,
or even the near bottom if anoxic conditions aresent near the bottom as in the Bornholm Basin.”

Authors: We agree with the reviewer that the T&Xas the TEXs in general) may record subsurface
water in certain oceanographic regions. Howevempaying our TEXgs-reconstructed water
temperature from the core top sample to measureerwalumn temperatures strongly argues for a
synthesis of isoprenoid GDGTs in surface waterghef Little Belt region as ambient subsurface
temperatures are much too low and do not explaiptbxy-based temperatures. Therefore, we consider



it unlikely that Thaumarchaeota growing at the ratioe were a substantial source of GDGTSs.
However, we will extend our discussion on the spiathporal water column signal of archaeal GDGTs
in the Baltic Sea.

Referee 3: “On the other hand, culture experimératge shown that increased O2 limitation may result
in increased TEX86 SST estimates (Qin et al., 2BNAS). Indeed, van Helmond et al. (2017) have
shown that seasonal hypoxia occurred over the8a3@0 years at Site M0059 and intensified during
the HTM and, more especially, during the MCA,when the TEXL86 temperatures are highest. This
aspect should be shortly discussed. It would be weteresting to plot also a TEXH86-based
temperature record using a global calibration, eSghouten et al. (2013, Organic Geochemistry) or
Kim et al. (2012, EPSL) subsurface calibrationsFig. 4 (or as supplement) as well, and to discuss
potential differences.”

Authors: Q limitation may indeed result in increased T&%ST estimates but as GDGTs synthesizing
Thaumarchaeota likely inhabited the surface waiktise Little Belt, they were likely little affeateby

the spread of seasonal hypoxia during the HTM a@d\MBoth periods, on the contrary, are well known
to be characterized by optimum climate conditiong we thus consider the trends to warmer surface
water temperatures reasonable. However, we willude a more detailed discussion on how
environmental parameters (including redox condg#)amay affect the TEg and its interpretation to
the “discussion” section. Although in lower resaat we will now also include a figure showing
TEXHgs temperature trends using a set of different caibns and a short discussion in the supplements.

Referee 3: “Moreover, as methanogenic and, mores@afly, methanotrophic archaea produce
GDGTs involved in TEX86 in substantial amountspitild be interesting to test their potential infige
by plotting e.g. the Methane Index (Zhang et @112 EPSL) as supplementary information.”

Authors: We thank the reviewer for the commentdé&termine the possible effect of GDGTs derived
from methanotrophic archaea on the calculatiomefftEX g6, the Methane Index (MI) was calculated
and will be added as supplementary informatiohéamanuscript. Ml values are below those considered
diagnostic for methanotrophy and thus suggesttti®aT EX-ss was not confounded by the addition of
GDGTs from methanotrophic archaea.

Referee 3: Some imprecision are apparent in the @xmpared to e.g. the LDI record (same samples
as for GDGT analysis), the oldest three sampleth@fTEXL86 record are “missing” (not plotted),
without explanation, what makes a true comparisfiicdlt (see e.qg. lines 667-668).”

Authors: The missing TEX%s—based temperatures from EZ1have now been measndedill be added
to the manuscript.

Referee 3: “Furthermore, to be as correct as pdssid global TEX86 calibration for lakes (e.g. Posve
et al., 2010, Organic Geochemistry) should be agplior the samples from EZ1, as this latter is
characterized by freshwater conditions (lines 51035’

Authors: We absolutely agree with the reviewerdidtnot use the lake calibration for the one sample
from EZ1 because the sample is characterized lmatelé sulfur concentrations, indicating a brackish-

marine influence on the uppermost sample from HhAk remaining samples (that have only now been
added to dataset and shall be added to the mapt)showever, have been deposited exclusively under
freshwater conditions and we used the summer laface water temperature calibration of Powers et
al. (2010) to reconstruct Texbased temperatures.

Referee 3: “Obviously the TEXL86 record is NOT tb.some degree similar to the clumped isotope



record” as stated by the authors (lines 674-676&)r Examples, the temperatures are equally high in
the HTM and the modern in the clumped isotope kdmut not in the TEXL86 record. The absolute
values are different as well.”

Authors: This comment is similar to one of refete®/e admit that the cited statement cannot be
made, we will rephrase the sentence.

Referee 3: “Moreover, if plotting the TEXL86 temgtere data of Kabel et al. together with Site MO059
on Fig. 4 (what | suggest to do), | suspect thaséhtwo records are not that similar (lines 685)%88
concerning both the temperature amplitudes andréveds.”

Author: We are surprised by the comment as we didtate that the Kabel et al. record and our ecor
are similar. The Gotland Basin is significantly pdee than the Little Belt region and elevated
temperatures at the latter site may simply be dua shallower production depth and consequently
higher water temperature. Trends in both recorosieler, are indeed similar.

Referee 3: “As for the TEXL86, a calibration basedlake sediments (Rampen et al., 2014) should be
used for the samples from EZ1. The strong temperatarease (10C) at the transition between EZ1
and EZ2 may be an artefact due to the differeribcations as discussed in lines 659-661.”

Authors: Unfortunately, this comment is not clegrlyrased. We assume that Referee 3 refers to the
LDI? In any case, we now applied the lake spediilibration by Rampen et al. (2014) to sediments
deposited in the freshwater environment of EZ1 iltative Ancylus Lake phase) to reconstruct serfac
water temperatures.

Referee 3: “The Diol Index is not convincing asfage salinity proxy. It suggests similar
conditions/salinity during the freshwater lake,vesll as in the mid-Littorina Stage (ca. 4,500- 4000
cal. yr BP) and maybe the late Littorina Stage (c@00-500 cal. yr BP), although the Littorina Stag
was marine-to-brackish. While salinity may affénds index together with temperature, | suggest
removing this proxy from the study, or discussing more details.”

Authors: We cannot completely agree with the regievdbviously, it is true that the index suggests
that the salinity was similar during the freshwdéde stage and specific intervals during the Liitt
Sea stage. Yet, however, the diol index is an eogbimeasure that does not gradually change with
salinity but allows a rough separation of freshwabeackish-marine and marine conditions with some
overlap. The diol index, however, shows a simitant asGymnodiniunsuggesting that there was an
intermediate interval of “fresher” conditions inetlittle Belt region. Based on this observation, we
consider the diol index an valuable addition to praxy records but discuss it potential constraimts
more detail.

Referee 3: “Based on the proxy results, it is inapinion difficult to separate between surface and
deep salinity changes, especially at 37 meter waddépth. The salinity history reconstructed here
concerns probably rather the complete water coluihile a precipitation increase (pollen-based
record) may explain a salinity decrease betwee®dnhd 4,000 cal. yr BP, why is the salinity
increasing/high between 4,000 and 1,000 cal. yr\Bifile the precipitations are highest? Please,
discuss the potential mechanisms for this salinityease, as well as for the salinity decrease tler
last 1,000 years. Considering the high heteroggnrithe different temperature proxies from Site
MO0059, some previously published, marine-basedpatidn-based temperature records as mentioned
in lines 626-636 should be plotted in Fig. 4 fonguarison.”

Authors: We agree that we should discuss the pgatanechanisms for the salinity increases after
4,000 cal. yr BP. Concerning additional temperatao®rds, see below (e.g. comments concerning



Figure 4).

Referee 3: “A discussion concerning the forcing amethanisms behind the temperature records and
the difference in the temperature trends of thig®is missing, or not thorough enough. Why aee th
LDI and TEXLS86 records that much different althodugith should reflect summer temperature? Why
are the pollen-based and TEXL86-based summer teyperrecords that much different? Why are
the trends in MTCO and MTWA opposite? What areetpected/modeled evolutions of winter and
summer temperature in northern Europe during théoelene? How does seasonality change over the
Holocene? What about insolation? Etc . . .”

Authors:

This is also in context with the question if othecords should be discussed. While we are reluttant
add to many additional records (see comments coimgeFig. 4), we agree that the discussion on
these aspects should be broadened.

Referee 3: ,Minor comments (some redundancy wighntlajor comments is possible):

Lines 124-125: Are those surface or deep currents?

Authors: We are going give more details here. Titflawing low salinity water surely flows at the
surface and remains traceable there to some délgreesaltier, denser water flows along the bottom,

sinks when it crosses a sill and only becomes@ivall when it mixes with other, lower saline water
masses.

Referee 3: “Lines 145-147: What are the time indds\for “a transitional low salinity phase” and
“the Littorina Stage”? Please, add.”

Authors: We will add information on the time.

Referee 3: “Line 330: Is now published in Marinedey.”

Authors: We will update the reference.

Referee 3: “Lines 340-343: For consistency, thésesl should be moved to Section 3.2. What is
meant with “... and between Holes (Fig. 2).”?"

Authors: That sentence needs rephrasing, it wasintieat the TOC data of all Holes from Site

MOO059 is consistent.

Referee 3: “Chapter 3.3.2 (font size too smallyeference to Fig. 3 is missing.”

Authors: Will be added.

Referee 3: “Line 491: Why not mentioning that tkithe Ancylus Lake Stage as in van Helmond et al.
(2017)?"

Authors: In opposite to van Helmond et al., therao agreement among us that this is unequivocally
the Ancylus Lake Stage. But the possibility will diecussed.



Referee 3: “Line 502: Why “lowermost part”? The cplete EZ1 suggests freshwater conditions.”

Authors: True, this shall be rephrased.

Referee 3: “Lines 504-505: But this is in disagreatwith van Helmond et al. (2017) suggesting a
eutrophic freshwater environment with high prodvityi..”

Authors: True, the discrepancy should be menti@metdiscussed.

Referee 3: “Lines 510-511: To be as correct as fissa TEX86 global calibration for lakes (e.qg.
Powers et al., 2010, Organic Geochemistry) shoel@plied for the samples from EZ1, as this latter
is characterized by freshwater conditions.”

Authors: We agree with the reviewer and now apgieshwater TEXs calibration to the samples
from unit EZ1.

Referee 3: “Lines 537-538 and 541: Could you dgweliscuss these sentences about foraminiferal
1807 It could also be a temperature effect ...”

Authors: Change in dO indeed could also be a temperature change, inpigtetures based on the
other proxies mainly decrease during this interaat the change in salinity would fit with the
assemblage based changes. Therefore it seemsikadyehat the change in'¥D is mainly salinity.
We will discuss this in more detail.

Referee 3: “Lines 546-547: On which proxy (proxias these salinity values based?”

Authors: We will add that they are based on osttaco

Referee 3: “Line 549: The values of the Diol Inde& as low as in freshwater water conditions. This
is not so realistic.”

Authors: As previously mentioned the diol index slo®t gradually change with salinity and absolute
values of this proxy should be interpreted withtmau Changes in the diol index, however, indicate
freshening of the Baltic Sea during the Littorirea$hase, which is in agreement with variations in
GymnodiniumHowever, we agree that absolute diol index valgght be somewhat misleading and
now discuss this and possible pitfalls in the imtetation of this index in the text.

Referee 3: “Line 552: I'm not convinced about thecreasing surface salinity as (1) the results dase
on the Diol Index are not realistic and (2) thesenio trend in the diatom assemblages.”

Authors: But marine diatoms are decreasing afte6880 yr BP. That this decrease starts later than
the decrease in the Diol Index might indeed neeaesadditional discussion, which we will add.
Concerning the “realism” of the Diol Index, see enemt above.

Referee 3: “Lines 562-565 and 576: The peak (omepda ...) in marine diatoms is not synchronous
with the high values of the Diol Index that occuredter the transition. These are two distinct égen
And the Diol Index values are not “particularly fligcompared to the rest of the record.”



Authors: We admit that the peak in the Diol Indsxafound 900 yr BP, not between 1.000 and 1.200
yr BP, but a sample for the Diol Index at aroun8@,1f not “particularly high”, still shows high
values compared to the average value of the wieclerd. Furthermore, there are three samples
between 1.000 and 1.200 yr BP with high marineodmgpercentages. So we would still not exclude
that the signals are related, but we admit thateélsted sentences should be rephrased to be more
precise.

Referee 3: “Lines 569-570: Why is “1,700 cal. yr'Bfitten here in brackets? While the high
productivity together with the high precipitationrthg EZ3 is apparent, there is nothing particukr
ca. 1,700 cal. yr BP.”

Authors: There are peaks in ADA and CRS, but weeadgnat this remains unclear and should be
explained.

Referee 3: “Lines 571-572: This sentence is narclBlease, explain.”

Authors: The sentence shall be rephrased, we atisitonfusing.

Referee 3: “Line 590: Replace with “between 2,00 800 cal. yr BP".”
Authors: The two peaks are at ca. 2,000 and 3@Pyfso writing “between” would be imprecise), but

we will rephrase the sentence to make that cleean obviously lead to misunderstandings the way i
is written.

Referee 3: “Line 593: For consistency with van Heha et al. (2017), please use Medieval Climate
Anomaly (MCA)."

Authors: While it is reasonable to be consisterthwielmond et al., we prefer MWP since the term
“anomaly” is rather unfortunate in the opinion ef/eral of our co-authors.

Referee 3: “Line 599: This sentence is long. Suges"... ostracods. As the assemblage ..."."
Authors: We agree and will rephrase the sentence.

Referee 3: “Line 611: Why not mentioning the polbased transfer function as organic temperature
proxy?”

Authors: We agree.
Referee 3: “Line 618: “... are feasible ...” soundsange, wouldn't e.g. “... were obtained ...” be
better?”

Authors: We will rephrase this sentence.

Referee 3: “Line 622: Change “comprising” to e.g€presenting”.”

Authors: It would probably even be better to chainge “from the interval between”, since these two
samples neither comprise nor can represent 100 yrs.



Referee 3: “Line 623: Replace “... fits well with" with “... are close to ...".

Authors: Will be done.

Referee 3: “Lines 624-626: If possible, a calibcatibased on lake sediments (Rampen et al., 2014)
should be used here. The strong temperature iner€3C) at the transition between EZ1 and EZ2
may be an artefact due to the different calibrasias discussed in lines 659-661."

Authors: As mentioned above, we now applied the lgecific calibration by Rampen et al. (2014) to
sediments deposited in the freshwater environmieBZ to reconstruct surface water temperatures of
the putative Ancylus Lake phase.

Referee 3: “Lines 626-636: Some of these recordsif@-based and pollen-based) should be shown
here for comparison, especially considering thentigterogeneity in the different temperature
proxies from Site M0059. A reference to Krossd.gP817) alkenone-based records form the
Skagerrak is missing.”

Authors: We agree only to some degree here — famele, the pollen-based records including
temperature data are quite far away and from ageral archive. Furthermore, we want to avoid too
many or too complex figure (see above/below). Havea few other temperature records could be
added. Compare our answers to the comments td Fignaybe a good compromise would be to add
another supplementary figure, which could also awepe.g., the Greenland ice record and other
temperature records.

The reference will be added.

Referee 3: “Lines 632-633: Because of the extrefoglyand inconstant sample resolution of the
clumped isotope record, no trend can be seen. Retha/part of the sentence. For the same reason,
| would further suggest to remove the lines betwkerdots in Fig. 4. Such an extrapolation is not
realistic.”

Authors: We agree that this should be rephrasedvendill used dashed lines in Fig. 4.

Referee 3: “Line 641: Change MWP into MCA.”

Authors: We prefer MWP (e.g. because the term “algimay be misleading), but we will see that
all texts (also figure captions, see below) usestirae terms consistently.

Referee 3: “Lines 655-657: This sentence is noessary. It could be removed.
Lines 661-663: This sentence is not necessarpuldde removed.”

Authors: Here, we do not agree. There are onlydtdies that have used the LDI in paleotemperature
studies yet and the study in referred to in théese® demonstrates that the LDI reflects summesSST
in other oceanographic regions which is in agre¢mwwith our observation. We, therefore, would

prefer to leave the sentence as is.

Referee 3: “Lines 667-668: However, the oldestérsamples of the TEXL86 record are missing,
what makes a true comparison difficult. | suggestoving “...absolute temperatures based on the
TEXLS8E6 lipid paleothermometer and ...".”

Authors: To increase comprehensibility we will geoed the sentence and refer to the TEX



reconstructed temperatures in the following sergenc

Referee 3: “Lines 667-668: If not done, add a loreak here. The text is much too dense.”

Authors: See reply to previous comment.

Referee 3: “Lines 672-674: Remove this senten@eslfimmer calibration (Kabel et al., 2012) is used,
than the reconstructed SST should be close to suB®ike”

Authors: We will now state that the calibrationkafbel et al. reflects a late summer to autumn
temperature in the Baltic Sea.

Referee 3: “Lines 674-676: No, the TEXL86 recorMl@T “... to some degree similar to the clumped
isotope record”. The temperatures are equally higthe HTM and the modern in the clumped
isotope record, but not in the TEXL86 record. Thedlute values are different as well. Remove this
part of the sentence. And change the end of thersemin “ ... as well as the temperature records
based on pollen and Mg/Ca ratios of benthic forafena.”

Authors: This is in accordance with earlier commeaftReferees 1 and 3. We will rephrase the
sentence following these suggestions.

Referee 3: “Lines 685-688: Please, plot the TEXtd8@perature data of Kabel et al. together with
Site M0059 on Fig. 4. | suspect that these recardghat similar concerning both the temperature
amplitudes and the trends. Remove “the” before “TB&"."

Authors: As mentioned previously, both settingstaghly different with the shallow Little Belt site
and the deep Gotland Basin. Temperatures are ddlyidifferent between both sites, which may be
attributed e.g. to a deeper production depth irGbdand Basin. However, trends between both sites
are similar with comparatively high water temperasuduring the MCA and MHP.

“the” will be removed.

Referee 3: Lines 713-714: But this concerns onlgrg little aspect/part of the records ... Thisict
really convincing. Same comment for the Abstract.

Authors: Here, we do not agree with Referee 3. i8ogmt changes in the lithology and depositional
environment occur at the transition from EZ1 to EB£@ our aim was to document how these changes
affect and/or impact the different salinity and parature proxies used in this study. Although the
transition comprises only a small part of the sedfibprofile it is a highly significant aspect oéth
presented research.

Referee 3: “Line 718: NO ! This temperature incre&svery probably an artefact.”

Authors: Considering that we now have also F&Xatapoints for this interval and that the lake-
specific calibration by Rampen et al. (2014) wagliad (see above) for the LDI-based temperature
reconstructions, this sentence will be rewrittesingd the lake-specific calibration, the reconsinng

for the four lowermost datapoints (EZ1) imply temradares which are ca. 4 °C higher compared to the
calibration for marine conditions. This means thate is still a rapid increase between EZ1 and, EZ2
but not as rapid as before.



Referee 3: Line 726: But no quantitative recordhiswn in this study...

Authors: This might be a misunderstanding: Aretdmaperature reconstructions not qualitative?

Referee 3: “Lines 727-730: These results are based figure from the supplements...”

Authors: We are not sure if this is a problem: W¥sueme that our approach to discuss this aspect but
to put the related figure in the supplement is adgoompromise to save space.

Referee 3: “Figures:
Fig. 2: Please change MWP to MCA and HCO to HTM ¢fmsistency with the text)
and explain the acronyms (LIA as well).”

Authors: We have discussed this, most of us pfédevP” over “MCA”, but we agree that there
should be consistency to the text and will thusgleathe text accordingly.

Referee 3: “Fig. 3: For consistency with the teplease rename “Diatom abs. Abundance” into
“Abs. Diatom Abundance (ADA)”. And add “(CRS)” aft&Chaetoceros resting spores”.”

Authors: We will do so.

Referee 3: “Fig. 4: Why no GDGT-based data existlie three deepest/oldest samples although
LDI-based data are present? Please change MWP té i@ HCO to HTM (for consistency with the
text) and explain the acronyms (LIA as well). Riet TEXL86 temperature data of Kabel et al.
together with Site M0059. The scale of the BITxridanot readable. The BIT index should be
removed and should be plotted correctly (e.g. withveak in the Y axis) with the TEXL86 temperature
record as supplementary figure. Add 2 previouslglished temperature records from the region (1
pollen-based and 1 marine-based record). The tettié topmost part should be turned over.”

Authors: Three additional samples have been medsun@ will be added the mansucript and the
related sections of the text. We will optimize Higd according to several of Referee 3's suggestion
and reorganize the figure text. However, in ordeavoid to make the figure even more complex, we
suggest that we use a supplementary figure to shewabel et al data vs. our data (the BIT index
can be moved to this figure, as suggested). Comgepollen-based data, we are not aware that the
modern analogues technigue has yet been usedemom rclose to Site M0059. One reasonable
approach would be to apply the MAT to the recoofiLake Belau, but this should rather be done in
the framework of a separate publication which &saures a higher resolution for Site M0059.
Similarly, a comparison with pollen-based tempea®ateconstruction based on other methods and
from sites which are far away from Site MO059 migattoo complex for the scope of our MS, though
we agree that this would be a good thing to do.idgld pollen-based temperature record from
another site, even if it is not directly adjacaata supplementary figure may be a good compromise.
In order show a “validation” of the pollen-basedajave will also add a curve to the suggested
supplementary figure which shows the similarityttté used pollen analogues to the fossil samples.

Referee 3: Supplementary information:
Where are the captions for Tables S1 to S47?

Authors: Captions will be added.



