Anonymous referee #1
Major comments

1_R#1: The manuscript entitled ‘Benthic foraminifera as tracers of brine production in Storfjorden “sea ice
factory” by Eleanor Fossile and others definitely fits within the mission on Biogeosciences.

The hypothesis tested with the data presented is that the ratio of agglutinated to calcareous benthic
foraminifera in Storfjorden, Svalbard archipelago, is largely controlled by brine formation and therefore can
be used as a proxy for brine rejection processes and brine overflows in the paleo record. Previous research
in the area has established that brine formation and overflow out of Storfjorden happen today and it has been
inferred to have occurred in the past. The authors need to show that brine formation causes carbonate
dissolution in modern samples and to rule out other processes such as high TOC causing low pH in the
porewaters or show how other processes combine with the brine formation and overflow to cause dissolution.

Answer: We thank the reviewer for the provided comments and suggestions that we will mostly follow in the
revised version. Hereafter, we answer point-by-point the raised questions.

2 R#1: | can see that it is important to have a proxy for the brine formation in this area and that it relates to
the coastal polynya and the sea-ice factory, but please state clearly why it would be important for paleo
studies to know if there were brines forming or not in the past. Why is your study significant? What does brine
formation tell us about the sea ice conditions or climate/environment in the larger Arctic?

Answer: Before answer the question we precise that our study proposes the A/C proxy for historical (e.g.,
200-500 yrs) reconstruction of sea-ice production in the fjord, as stated in lines 31-39. We therefore
concentrate on time scales much shorter than “paleo”.

Studying brine evolution through recent time is important because brine circulation is a proxy for first-year
sea-ice production and therefore for the functioning of the polynya system. This last has a crucial role in
ocean circulation.

From Knies et al., 2017 “The Arctic Ocean halocline is maintained by the contribution of cold and brine-
enriched deep waters (Aagaard et al., 1985; Cavalieri and Martin, 1994), which are formed because of high
sea-ice production in coastal polynyas over the continental shelves (Fig. 7). Tamura and Ohshima (2011)
showed that the current polar amplification of global warming will lead to negative trends in sea-ice production
in most of the Arctic polynyas and with future projections of a summer ice-free Arctic Ocean (IPCC, 2013)
sea-ice factories in Arctic coastal polynyas may lose their significance entirely.”

The significance of these predictions, largely based on direct observations (i.e., satellite data of the last 50
years) needs to be evaluated on longer time scales, to place the recent trends in a longer-term perspective
(i.e., multi-centennial time-scale) (Nicolle et al., 2018).

In our conclusion (lines 607-609) we already suggested the application of the A/C proxy on historical
sedimentary records from Storfjorden in order to reconstruct recent changes in BSW intensity and, by extent,
in sea ice production.

To satisfy the referee’s questions, these different facets will be clarified in the introduction of the revised
manuscript.

3_R#1: You use a carefully developed dataset of living (biologically stained) foraminifera and environmental
parameters such as various food types, hydrographic parameters and grain size from modern seabed
samples to explore the ecology of the modern fauna. | find the paper to be carefully and clearly written in
general. The development of the biozones and their association with various qualities of food source and
hydrography is well done. However, | am not 100% convinced about the role of brine as the main driver of
dissolution, but | think you could hone your arguments. | have some questions with that in mind.

Is there any chance of dissolution of calcareous faunas during your laboratory methods? Ethanol has a pH
of 7.3. Did your samples sit in unbuffered water? You do not mention anything about buffering. Are there
dead (unstained) calcareous forams in your samples? It seems like an important missing bit of information.

Answer: We thank the referee for the appreciation of our work. About preservation, there are no reliable
chances of dissolution related to our laboratory method. Ethanol is largely used as preservative method in
the literature and recently suggested in the official protocol for living foraminiferal sample preservation by the
FOBIMO group of specialists (Schonfeld et al., 2012). Moreover, Schonfeld et al. (2013) compared different



preservation methods for sediment samples (ethanol and formalin) and no signs of dissolution were observed
in samples preserved with ethanol. Also, our samples never sit into unbuffered water during the processing.

Moreover, the preservation of the calcareous shells is much better in the inner fjord stations than in the deep
basins, further suggesting that this result is not related to the preservation methods. In the inner fjord the
dissolution only concerns some species, while others are not particularly affected (as stated in lines 397-
402). Moreover, we observe preservation of calcareous species in the dead faunas, even if we decided not
to include these data in the ms because they represent a too large dataset and only marginally useful for the
purposes of the present ms. We will add some details about preservation methods in the “material and
methods” chapter to clarify these points.

4 R#1: Are there large variations in calcareous forams in the fossil record? Is that how people have inferred
that there were brines in the past?

Answer: We did not analyze proper fossil faunas, but only recently dead faunas (up to 6-8 cm depth in the
sediment, corresponding to approximatively 40 years in the past; data not included in the ms). Of course the
occurrence of taphonomical processes may affect differentially the difference between the dead and living
faunas. In our study, the agglutinated fraction is relatively well preserved, and the A/C ratios applied on the
dead faunas give coherent results.

As we report in the discussion (lines 540-545), Rasmussen and Thomsen, (2014, 2015) already observed
shifts between agglutinated and calcareous ratios in the foraminiferal fossil record from the deep basin of the
Storfjorden and suggested that it could reflect the intensification or weakening of brine productions during
cold and warm periods respectively, during the last 14 kyr.

5 R#1: The living fauna at the time of sample collection may not represent only this year or only one season,
or it may exclude forams that bloomed earlier in the year. Give some insight into what the living fauna
represents in terms of time. It does seem strange that living forams are badly dissolved! Are they really living
at the time of collection or are they recently dead and already dissolving?

Answer: As reported by Schénfeld et al. (2012) Rose Bengal stain is protein specific, and proteins are
degraded fairly slowly under certain circumstances (e.g., hypoxic to anoxic conditions). Therefore, Rose
Bengal may stain also proteins that are still in the shell after termination of metabolic activity, i.e., the death
of the specimen (Bernhard, 1988; Murray and Bowser, 2000). In fact, the cytoplasm can be preserved in the
test for some days to some weeks after the death of the foraminifera (Bernhard, 1988, 2000; Hannah and
Rogerson, 1997; Murray and Bowser, 2000). Consequently, this method may lead to a slight overestimation
of the living assemblages, especially if pale rose staining is considered enough to define vitality.

However, we are confident that the foraminiferal communities observed are representative of the late summer
context of the fjord for three main reasons: 1) we only counted as living foraminifera with bright rose staining
(assessing the coloration intensity of living specimens for every individual species, as recommended by
Schonfeld et al., (2012)); it will be better described in the “materials and methods” chapter; 2) in well
oxygenated environment, as our study area is, the residual cytoplasm after death would be quickly
remineralised, reducing the possibilities of long term preservation for the necrotic cytoplasm; 3) we also report
high abundances of juveniles of the same species found in the large size fraction, supporting the hypothesis
that we sampled an active community.

This is not in contrast with the dissolution of calcareous species. In fact, there is a large literature reporting
calcareous foraminifera able to survive with dissolved shells, both in natural and experimental setups. For
example, Charrieau et al. (2017) report “zombies” foraminifera from the Swedish fjords, where pH was 7.4.
Similarly, Pettit et al. (2013) report living (Cell-tracker green stained) foraminifera in environments with low
pH (7.5). Bentov et al. (2009) were even able, in experimental conditions, to completely dissolve the
calcareous test of a benthic foraminifer and let the specimen regrow a new test, confirming without doubts
that the test dissolution is not inevitably cause of death.

6_R#1: How do you determine what degree or type of staining points to a ‘living’ foram at the time of
collection.

Answer: The colour and intensity of Rose Bengal staining varies among species (Schonfeld et al., 2012).
However a certain experience and a critical view minimize bias inferred by subjectivity (Murray and Bowser,
2000). According to the FOBIMO protocol we picked under wet conditions, which helps to preserve the



brightness of staining and we only counted bright rose colored specimens as alive. All doubtful staining were
not taken into account. Some precisions about all that will be added in the revised ms.

7_R#1: | suggest you add the word ‘living’ as a modifier of calcareous, agglutinated etc. more often because
you are only presenting living assemblages and that really needs to be made clear. For example 4.5.1
Abundances and diversity of living forams.

Answer: We think this is not necessary as the entire paper is about living foraminifera and we do not show
any dead fauna data. However, we can accept this modification if also the editor thinks this is necessary.

8 R#1: Can you provide a concise summary of why brine is corrosive to CaCOg3, along with explanation about
how other factors (high CO», cold Arctic water and high TOC for example) interplay or potentially play their
own role in the dissolution?

Answer: There are several parameters to take into account to explain why brines are corrosive to CaCOs.
Calcite dissolution theoretically occurs when the carbon saturation state (QCa) is less than 1. The saturation
point depends on pH, alkalinity, dissolved inorganic carbon, salinity and temperature. Brines form from Artic
water, and are further enriched in CO; due to the rejection of inorganic carbon during the sea-ice production
(Rysgaard et al., 2011, as reported in the chapter 2. “Oceanographic and environmental settings”, lines 105-
127). They are therefore necessarily richer in CO2 compared to Arctic waters. Concerning the labile organic
matter, its mineralization under oxic condition is indeed a cause of pH decrease, which is difficult to decouple
from the pH decrease due to brines, as we stated several times in the ms (lines 441-444, 529-555). However,
based on our data setwe can describe that the higher fresh and labile organic matter contents (the component
which is mineralized the fastest), are recorded in the inner fjord stations, where the brine persistence is lesser
and the calcareous faunas less affected in terms of dissolution. On the opposite, in the deep basins, where
the brines persist all year round and where the organic matter is more refractory, the calcareous species are
heavily dissolved. To us, this is a good argument to say that brines are most probably the main, even if surely
not the only, controlling factor on calcareous test preservation.

We think this is already quite accurately explained in the presentation of the study area and in the discussions
but we can do some slight modification to highlight these arguments in the discussion chapter of the revised
ms.

9 _R#1: Storfjorden is called a fjord and you mention often about glacial meltwater and its influence on the
headwaters of the fjord. But glaciers are not shown on your maps and | don’t think they are described in your
paper. That description is needed because you call on glacial meltwater and sediment delivery as an
important part of the environmental gradient. On line 421 and 425 you use the term continental glacier, but |
think you mean plateau ice cap or mountain glaciers?

Answer: Spitsbergen is characterized by the presence of several tidewater glaciers (glaciers terminating with
their calving front at the sea) influencing the head of the Storfjorden (see figure 9 in Lydersen et al., 2014).
Many glaciers present on Svalbard retreated in the last 100 years because of climate warming increasing
sediment supply and accumulation (Zajaczkowski et al., 2004). This supply is in our opinion the source of
terrigenous (refractory) organic carbon in the fjord.

With continental glaciers we meant tidewater glaciers. We will change the term in the manuscript. These
glaciers are present all around the fjord (we may write in the “study area” chapter to refer to figure 9 in
Lydersen et al., (2014) for more details on glacier distribution), but we do not think that it is important for the
purpose of our manuscript to show them on the map as we do not identify any of them in particular as direct
responsible for sediment supply.

10_R#1: And Storfjorden really looks like a sound as it forms a connection between the Barents and
Greenland seas via Heleysundet and Freemansundet. What role do these connections play in the fjord
hydrography? How important is the ESC waters that come into the head of the fjord for the formation of
brines? Can the differences you see in MC3s be related to its proximity to Freemansundet? Your map figure
is so small that | could not easily read the labels.

Answer: Indeed, the Storfjorden makes a connection with the Northern Barents Sea via Heleysundet and
Freemansundet. We explained the role of these sounds at lines 73-75, 94-96. The ESC current carries cold
Arctic waters, contributing to maintain an active cyclonic circulation. These waters in winter-early spring,
thanks to the katabatic winds enhancing the polynya, contribute to the formation of BSW (Skogseth et al.,



2005). The figure was maybe reduced in size during the formatting processes (?). We will take care that the
labels are clearly visible in the final version.

11 R#1: On Figure 1b, add the Atlantic Water..you can use a special arrow or something. Also add the Arctic
water. Can you add the polynya to Figure 1a?

Answer: Atlantic waters are already present on the figure la. As stated in the figure caption, they are
represented by the red arrows and by the Norwegian Atlantic Current (NAC) and the West Spitsbergen
Current (WSC). We prefer not to add the polynya to the map because its extension is hugely variable
(interannually and annually). Haarpaintner et al., (2001) clearly explain the variability of the polynya and
propose some figures to show that. We will add a short statement to provide this information.

12 R#1: On page 4 you discuss the organic matter composition of the sediments and the potential of a
terrestrial component. What is the bedrock geology of this area? Can some refractory carbon be from bedrock
erosion and deposition in the fjord?

Answer: The organic matter we are talking about is the one mainly coming from the continental soil and not
from the bedrock. This organic matter is eroded and drained into the fjord especially during the melting
season. Please refer to the answer concerning the tidewater glaciers above (comment 9).

13 _R#1: Line 125. How does Storfjorden introduce brine to the Arctic Ocean when it drains to the Greenland
Sea?

Answer: As represented in figure 1, the ESC (blue arrow), enters the Storfjorden, where it is enriched of
BSW, then outflows, canalized by the Polar Front, along the western coast of Spitsbergen towards the Arctic
Ocean.

13 _R#1: Line 545. Explain what it is about brines that make them corrosive to carbonate. You have said they
have high CO; content, which is also what the Arctic Surface waters have that enter the fjord. | think you are
getting at several factors that converge to make acidic pore waters in the fjord basins one of which is brines.
Clarify and organize this argument.

Answer: please see the answer to the comment 8.

14 R#1 In your conclusions you also mash together the brine and other factors that can cause dissolution
together (Lines 595-597) but the takeaway is that the dissolution is because of the brine formation. Can you
clarify this and maybe state that brines are associated with some other conditions that converge to cause
dissolution?

Answer: we already answer this comment above (see comment 8). We will further clarify in the revised
version that we cannot exclude the role of other factors (such as organic matter remineralization) on
calcareous test dissolution, but we have quite strong argument to say that brines certainly play a major role.

Minor comments
e R#1: 45 in the meantime
We will modify as requested.

o R#1: 105 clarify this sentence. If there is a persistent polynya then why is there extended winter sea ice
cover as well?

We will modify winter with first year sea-ice.
e R#1: 138 (10 cm diameter)

We will modify as requested.

e R#1: 150 microelectrode

We accept the modification requested.



o R#l: 162 ‘replicate analyses’ Not replicated? | find this sentence unclear. How do you know which sample
is most representative?

We will modify as requested. Since the machine measures three times the same samples and we measured
two replicates for each layer, at the end we have 6 measures of the same sample. In our opinion, it is not
correct to make a mean of the six samples; it is better to select the measure which is the best compromise
among the six.

o R#1: 166 Pb dating was. . .

We will modify as requested.

o R#1: 184 30 pg C pg phytopigment -1. Is this the correct way to state this? It is awkward
We can say 30 pg C pg per phytopigment.

o R#1: 247 describe the silt % in various samples and its range in percent. Say that 20um is medium silt
and 10 um is fine silt.

Slight differences are however noted in terms of the mode (approximately 10 um, fine silt, in the fjord and 20
pm, medium silt, at the outer station MC7) and the percentage of sand which increases from approximately
4% at MC1 to 10.4% at station MC6.

e R#1: 249 and declines to 6.8% at MC7
We will modify as requested.
o R#1: 258 not lower that (n). . .have to say ess than or equal to’. . .

The inner fjord stations (MC1-MC3) present pHr values generally above 7.95 whereas the deep basin stations
display values less than 7.90 units (7.84 and 7.90 for MC4 and MC5 respectively).

o R#1: 297 Elphidium clavatum is considered to be a separate species now. See Darling et al., 2016 in
Marine Micropaleo v. 129, p 1-23.

We will modify the name in the entire text.

e R#1: P.10 suggest you add the word living to modify foraminifera in this section. You need not do this
every time, but use this modifier in the top of each section and especially in the heading so that it is clear
that your total assemblage is limited to living fauna.

If it is no too redundant for the editor, we will do this modification.

o R#1: 354 change ‘distinguishes also to separate’ to distinguishes

We will modify as requested.

o R#1: 477 italicize E.

We will modify as requested.

o R#1: 478 Melonis has been associated with degraded OM (Caralp, 1989)

Caralp, 1989 states “A high percentage of Melonis barleeanum in deep-sea benthic foraminiferal
assemblages is related to the availability of food in the form of abundant, little-altered, marine organic matter.”
We already wrote (line 511)”: In the Atlantic Ocean, this species is described as opportunist in response to
good quality organic matter (e.g., Nardelli et al., 2010). We will also add the citation of Caralp (1989), that
supports the same.

e R#1: 479 G. auriculata is often associated with buried OM

We will add this information about G. auricolata.



o R#1: 5331 don’t know if it is true that the most obvious explanation for the severe dissolution is the brine.
You really need to build this argument. This lack of building an argument about the affect of brine and the
other factors associated with Arctic water and TOC weakens the paper.

Please refer to answer 8 in the major comments
e R#1: 540 change et to and
We will modify as requested.

R#1: Figures: The stacked histograms showing species at sites are really hard to read. A major problem is
that the key is so small that a person cannot see the pattern. | like the idea, but it may be better to make
histograms of species in each site and stack them one above the other. Or choose fewer species. For
example, you could use only the species found to be statistically significant

We prepared a bigger legend to make the textures of the legend more visible. We think that the pdf version
corrected by the reviewer probably lost a bit of quality and we are sure that the texture will be understandable
once the high definitions figures will be used.
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