Actions taken to accommodate the comments of reviewer #1 on “Arctic
(Svalbard Islands) Active and Exported Diatom Stocks and Cell Health Status”
by Susana Agusti et al. https://doi.org/10.5194/bg-2018-459-RC1, 2018

Reviewer#1- The manuscript describes the health status of diatoms during the course
of the bloom in the Arctic. The main finding is that when diatoms are dying they
sink out of the photic zone. Two main types of results are described here. First a
clear and complete description of the diatoms in 8 stations around Svalbard, and
second an experiment testing the decay of diatoms in the dark, while comparing the
sinking of living versus dead diatoms. While I feel that these data are very
interesting, the findings are not new and should have been presented with others in
order to give a valuable manuscript.

Authors: We thank you the reviewer for the useful comments and the time devoted to
revising the manuscript.

We carefully followed the reviewer’s comments to improve the revised manuscript.
We added more data to the manuscript as detailed below, which are now shown in the
Table and in three new plots.

We agree that our results are relevant, as indicated by the reviewer, but also wish to
point out, that they are also original and new, as clearly stated also by Reviewer #2.
There are no similar data published before, so the novelty of the results presented
cannot be disputed. Whereas the patterns found here could be hypothesized or
expected, such expectations cannot replace empirical demonstrations or observations.
During the cruise, we used a new oceanographic device, the Bottle-net, which we
described in a recent paper (Agusti et al. 2015, Nature Communications), that allows
sampling of microplankton at the desired depth layers. Indeed, the system used here
is advanced relative to that used by Agusti et al. 2015, and allowed sampling
strategies that were not possible with the original system. Hence, no data similar to
that presented here has been reported anywhere for the ocean (neither the Arctic nor
anywhere else). We used this new device to sample the phytoplankton populations
present in the photic and aphotic layers, separately. We obtained fresh samples from
below the photic layer, and from the photic layer, and were able to test the cell health
status of the cells at both layers. The number of studies quantifying diatoms health
cell status of natural samples remains minimal, particularly for populations below the
photic layer, which have never before been reported for the Arctic Ocean.

Action: We followed the reviewer’s advice and added more data to the revised
manuscript:

-We included data of the upper mixed layer depth (UPM), as suggested by the
reviewer, to improve the description of the environmental conditions.

In pg. 3, lines 8-10, methods section we indicated: “We calculated the upper mixed
layer (UPM), an index of the stability of surface water column, as the shallowest
depth at which water density (sigmat) differs from surface values by more than 0.05
kg m-3 (Mura et al. 1995)”.

In pg. 5, lines 5-17, we added information about the UPM in the results sections,
together with other environmental parameters: “The stations sampled encompassed a
broad diversity of conditions, including a station where the spring bloom had not yet
occurred (station 4, off the Western Svalbard shelf), as indicated by low diatom stocks
and high dissolved inorganic nutrient concentrations (photic layer concentrations
Si(OH);=4.15 + 0.04 umol Si L', NO3 = 9.43 + 0.09 umol N L', Table 1) with lower



stratification (Table 1). All other stations sampled were characterized by
comparatively depleted nutrient concentrations (photic layer concentrations
Si(OH) = 0.99+ 0.30 umol Si L', NO3 = 1.93 + 0.76 umol N L', Table 1), thereby
representing communities that were either in advanced blooming stages or were
senescent after blooming. Stations 6 (SW Svalbard shelf) and 8 (E Svalbard shelf)
supported actively blooming diatom populations, with the highest chlorophyll a
concentration (10.5 ug Chl a L for station 8), and a large fraction of living diatom
cells (about 70%, Table 1). Both stations showed the highest stratification among the
stations sampled, as indicated by their lower UPM values (Table 1). In contrast,
Station 9 (Polar Front) supported a senescent diatom population in post-bloom
phase, as indicated by depleted nutrient pools and a low percentage of living diatom
cells (46.0 %, Table 1). The highest mixing was observed at the station sampled at
the Barents Sea (Table 1).”

-We added a new Figure (now Figure 4), to the revised manuscript where we show
the composition of the diatom community in the photic and aphotic layers.

In pg. 5-6, lines 33-38, 1-4, we indicated: “The diatom community at the beginning
of the cruise was dominated by Fragilariopsis spp. and Chaetoceros spp., and
changed at stations 6-7-8 to communities dominated by Fragilariopsis spp. and
Thalassiosira spp. that dominated the biomass where the largest diatom bloom was
found (station #8, Fig. 4). Community composition changed at the Polar Front and
Barents Sea stations (Fig. 4) with a larger contribution of Navicula pelagica
(included in “Other”, Fig. 4). The diversity of the diatoms found at the aphotic
zone differed in several stations from that found at the photic layer (Fig. 4). The
large celled Thalassiosira sp. colonies dominated the aphotic community in several
stations although they were not dominant at the photic community (Fig. 4). At
station #4, the community sampled was more diverse at the aphotic than at the
photic layer (Fig. 4) indicating high sinking despite the low biomass.”

- We replaced the old Figure 4 to now show two panels in the new Figure 5. Panel
(a) shows the proportion (mean + SE) for the different diatom taxa of the water-
column population stock found in the aphotic zone. Panel (b) shows the
relationship between the percentage of living diatoms cells in the photic layer and
the proportion of the water-column population stock found in the aphotic zone for
all the dominant taxa. The new figure is more informative and more significant (p<
0.001) than the previous one showing mean data values, which aggregated
variability among populations.

- In pg. 6 lines 4-16, in the results section, the revised text was modified to describe
the new results shown, as follows: “The stock of diatoms that had sunk below the
photic layer comprised, on average, 24.2 + 6.7 % of the total water column stock,
with this fraction ranging considerably between groups (Fig. 5). The proportion of
biomass of the large celled Thalassiosira colonies that had sunk below the photic
layer was the largest, and that of Chaetoceros spp. the smallest (Fig. 5). Station #4
in pre-bloom status showed the largest proportion of the biomass below the aphotic
layer and station #8, supporting the largest diatom bloom, the lowest. At station
#8, however, the population of the dominant Thalassiosira species contained 54.8
% of living cells and was paralleled with a significant contribution of dead cells at
the aphotic layer (Fig. 4), suggesting the initiation of the collapse of the bloom,
despite the considerable biomass standing in the photic layer. Similarly,
Fragilariopsis senescence at station #3 (only 35.1 % of cells were alive at the
photic layer) helps explain its larger contribution at the aphotic zone (Fig. 4).



There was a significant negative relationship between the percent of the diatom
stock population that had sunk below the photic layer and the percent of living cells
in the photic layer (R> = 0.39, P <0.001, Fig. 5b), indicating that healthy, actively
growing populations largely remain on the surface, whereas senescent ones sink
out of the photic layer. “

Reviewer#1- The discussion is a little weak and rely a lot on the paper by Krause et
al. For example, the discussion starts saying that diatoms in Arctic are limited by
silicates and that silicates depletion is the driver of diatom death and sinking which
is aresult from the study by Krause et al. 2018. Why didn’t you use the results of
this study regarding the survival of diatoms in the dark? Can’t it be one of the trigger
if the mixing increase? The paper states that the average life of the diatoms in the
dark is slightly superior than a day. In this part of Arctic I guess that there is strong
mixing. How long are the diatoms kept in darkness due to mixing? The data from
station 9 (polar front) showed indeed that there is an effective mixing (similar diatom
concentrations and % of living cells in photioc and aphotic samples), however, the %
of living cells is still high. How do the authors explain that?

Authors: We revised and implemented the manuscript and the discussion in the
aspects indicated by the reviewer. However, Krause et al. (which includes all of us),
did not conclude that “silicates depletion is the driver of diatom death and sinking”,
simply because diatom death was not measured or reported in the experiments
reported in Krause et al. [which were conducted at different stations as those reported
here]

Actions: The actions made to improve the manuscript discussion included:

- Mixing conditions, as UPM included in Table 1, are now used to interpret and
discuss the results at the different stations. However, mixing was not as high as
suggested by the reviewer as the UPM ranged from 3 m at station 8, to 75 m at station
10. In contrast to the Southern Ocean, where mixing depths often exceed 100 m, the
sector of the Arctic where we worked is characterized by shallow UPMs, as the water
column is often established by ice melting or density differences between Arctic
water and the underlying saltier Atlantic water. Hence, the average UPM across the
study was 32.7 m, which did not extend significantly below the photic layer (average
photic layer depth 40 m), implying that cells being mixed within the UPM largely
experienced photic conditions.

- Station #9, at the polar front, showed, however, a moderate UPM of 35 m, so
we could not relate the % of living cells observed in the two layers (photic and
aphotic) to mixing below the photic layer. We can however relate diatom sinking at
the polar front to the bloom-stage, and to the limitation by nitrate and Si. We now
include in the discussion the statement (pg. 7 lines 18-21): “A post-bloom situation
was identified at the polar front community, with similar percentages of living cells at
the photic and aphotic zones as a result of high sinking induced by Si and nitrogen
limitation.”

- In relation to the dark experiments, Reviewer #2 noted that the experiments
did not include a light treatment, so we could not extrapolate the decay rates solely to
darkness. In the revised manuscript, we indicated that those experiments are
representative of the environmental conditions in the aphotic layer, i.e darkness and
other conditions, and the experiments are now referred as “aphotic conditions” instead
of “darkness” alone.



Reviewer#1- The different stations are ideally located and sampled to describe the
diatom bloom from the initiation to the decline, but these could be more interestingly
discussed in the paper. What can be brought to light from the results of this paper?
What is the bloom status at each station at the sampling time? this could be a lot
more discuss using diatom cell concentrations in photic and aphotic zone, % of
living cells, nutrients concentrations.... How are the nutrient concentrations compared
to the winter concentrations ? that may give an idea of the bloom advancement.
How is the bloom terminate?

Authors: We revised this aspect in the discussion. In pg. 7 lines 10-20, the new
paragraph reads: “Quantification of the % of living cells helped identify the different
stages of the arctic spring bloom at the stations sampled. A pre-bloom situation,
characterized by low cell abundance and a small percentage of living cells, was
found at station #4, located further west off Svalbard Islands, where silicic acid and
nitrogen concentrations were high and the UPM was deeper than in other arctic
stations. The healthiest diatom community was observed at station #5, where the
high stratification and Si(OH), concentration above the half saturation constant
(Ks) of 2 uM (from kinetic experiments in the same region by Krause et al. 2018)
helped the diatoms support active growth. The highest cell abundance was
observed at station #8, but the lower % of living diatoms and the Si(OH),
concentration well below the Ks value indicated that the bloom was reaching the
maximum capacity, although diatom sinking was still low. A post-bloom situation
was identified at the polar front community, with similar percentages of living cells
at the photic and aphotic zones as a result of high sinking induced by Si and
nitrogen limitation.”

Reviewer#1- Why these data are not in the paper by Krause et al if it uses so much of
the conclusions issued from it? Alone I feel that these data even if very interesting
are too poor.

Authors: In the manuscript, we reported original data based on the new methodology,
and both the goals addressed and the results obtained are not the same as those
described on the manuscript by Krause et al. As indicated above, we included more
data in the revised manuscript and we followed the reviewer suggestions and
improved the discussion to deviate from Krause et al. manuscript discussion on Si
limitation. Note, that the stations sampled in Krause et al. and those we sampled
often did not match due to operational limitations of cable time and water budgets
available, so Krause et al. used a sampling and experimental strategy completely
different from that used here (as well as variables and processes resolved). Hence,
any attempt to combine Krause et al. results, which focus on Si uptake kinetics
resolved through experimental additions of Si, with those presented here would have
been lead to high inconsistencies. We used the conclusions by Krause as a starting
point, whereas our conclusions are self-standing and do not depend on results
presented in Krause et al.

Action: As indicated above, we added more data and detail on the community
composition described in three new plots (new Figs 4 and 5).

Reviewer#1- What are the limitations there? Why do the authors state that there is
only silicate limitations and not nitrate while nitrate are also very depleted in some
zone (station 6, 7 and 8)



Authors: We revised the manuscript to increase clarity on this aspect. The high
requirements of diatoms for Si imply that silicon limitation could led to diatom bloom
collapse before nitrogen would be exhausted. Kinetic experiments by Krause et al
2018), indicated that the half saturation constant (Ks) of Si(OH)4 was above of 2 uM
(from kinetic experiments in the same region by Krause et al. 2018) for most
communities which was above the Si(OH)4 concentration in the water. In any case,
we revised this aspect in the manuscript because other drivers, as mixing and other
nutrients (nitrogen), would contribute to the variability described in the study, and we
now acknowledge the role of depleted nitrate pools as well.

Action: The actions made included:

-In the abstract, pg 1, lines 35-37. We corrected the paragraph that now reads: “The
results conform to a conceptual model where diatoms grow during the bloom until
resources are depleted, and support a link between diatom cell health status and
sedimentation fluxes in the Arctic”.

- In pg 7 lines 18-20, we modified the paragraph as follows: “4 post-bloom

situation was identified at the polar front community, with similar percentages of
living cells at the photic and aphotic zones as a result of high sinking induced by Si
and nitrogen limitation, as suggested by the lower Si(OH), Ks of 0.8 uM (Krause et
al. 2018). «

-pg 7, lines 24-30. We modified the paragraph at the end of the discussion as follows:
“When compared across the contrasting stages of bloom development represented in
the data set analyzed here, the results presented conform to a conceptual model
where nutrients, including Si (Rey 2012; Krause et al., 2018), and mixed layer drives
the growth of diatoms during the Arctic spring bloom (Wassmann et al., 1997;
Reigstad et al 2002). For diatoms, Si depletion results in two potential physiological
issues: yield limitation (i.e. diatom standing stock is too high to be supported by the
available silicic acid) and intense kinetic/growth limitation (i.e. depleted silicic acid

silicic acid limits diatom Si uptake to such a degree that growth must slow, Krause et
al., 2018)”.

Reviewer#1- It would have been great to discuss them in light with production rates,
limitations or sinking fluxes of bSi or POC from sediment traps data.

Authors: We agree that these comparisons would be relevant, but despite our great
interest, these data sets did not match due to logistic requirements of the operation of
the Bottle-nets and CTD sampling and sediment trap operations, so these data sets are
largely disjoint for the cruise, with measurements conducted in different stations.
This is, as explained above, one of the rationales why these results and those reported
in Krause et al. (2018) could not be integrated onto a single paper. For example, the
number of sediment traps deployed was low, only two of them were deployed in the
same area sampled by Bottle-Nets (Hornsund and Erik Eriksen strait), but not at the
same position and were deployed on a Lagrangian, drifting, mode, with the depths of
deployment more shallower than the stations, further offshore, where bottle nets were
deployed. In any case, in the revised version we now refer to results obtained by the
sediment traps deployments during the study (reported in Krause et al. 2018).

Action: In the revised manuscript, at pg. 7, lines 20-23 we added the following
paragraph: “The diatom community captured by the bottle net below the photic layer
was consistent with the limited but comparable data obtained with results obtained
from sediment traps deployed in the area, which also indicated Fragilariopsis and



Thalassiosira species to be the dominant contributors to Si and biomass export
(Krause et al. 2018). *

New references:
Mura, M.P., M. P. Satta and Agusti, S.: Water-mass influences on summer Antarctic
phytoplankton biomass and community structure, Polar Biology, 15 (15-20), 1995.

Reigstad, M., Wassmann, P., Riser, C. W., Qygarden, S., and Rey, F.: Variations in
hydrography, nutrients and chlorophyll a in the marginal ice-zone and the central
Barents Sea, J. Marine Syst., 38, 9-29, 2002.

Actions taken to accommodate the comments of reviewer #2 on “Arctic
(Svalbard Islands) Active and Exported Diatom Stocks and Cell Health Status”
by Susana Agusti et al. https://doi.org/10.5194/bg-2018-459-RC1, 2018

Reviewer#2- This MS sheds a light on the role and fate of diatoms over a course of
a spring bloom in the Arctic Ocean, based on the estimates of their mortality,
senescent rate, and the population with fast sinking rate. These estimations were
designed to test a hypothesis in which Si-depletion triggers (1) senescence of
diatoms and (2) selective sinking of the dying population. Because of intense CO2-
sequation in the Arctic Ocean, this hypothesis is valuable to be tested, but the
results in this study unlikely support this hypothesis.

Authors: We thank you the reviewer for the useful comments and the time devoted
to revising the manuscript.

We agree that the results presented are limited in terms of testing the hypothesis of
a direct relationship between the percentages of living cells, whether found at the
photic layer or exported, with Si-depletion, as a direct link with Si depletion can be
suggested, but not demonstrated, since nitrate levels were also low when Si was
depleted (as also pointed out by rev. #1). Instead, our study provides a more reliable
test of hypothesis (2). We have now revised this manuscript to focus on hypothesis
(2), while more broadly suggesting that nutrient — not exclusively Si — depletion
leads to senescence of diatoms. As a general comment we also outline the inherent
difficulties of addressing questions on diatom blooms in the Arctic that require
direct sampling. Ship time is typically secured 2 years ahead and there is no margin
to accommodate to the nuances encountered every year, which involve different
phenology of the blooms and unpredictable seaice conditions. Hence, such cruises
need be adaptive, more so because the goals of all other teams sharing ship time are
adaptive themselves. Conducting such studies in polar waters, on which we are
highly experienced (both Arctic and southern Ocean), involves, therefore,
considerable doses of contingency. For instance, the reviewer raises, rightly so,
concerns on the reliability of the experiments, since often a single experiment was
conducted. We would have liked to conduct many more experiments, but this was



precluded by operational reasons. We have, thus, toned down the conclusions
derived from the experiments, and used them more as supportive evidence for the
collective insights derived from the entire set of measurements, rather than stand-
alone evidence.

Action: We modified those paragraphs related to hypothesis (1) to increase clarity,
as follows:

-In the abstract, pg 1, lines 35-37. We corrected the paragraph that now reads: “The
results conform to a conceptual model where diatoms grow during the bloom until
resources are depleted, and support a link between diatom cell health status and
sedimentation fluxes in the Arctic.”

-pg. 7, lines 24-30. We modified the discussion as follows: “When compared across
the contrasting stages of bloom development represented in the data set analyzed
here, the results presented conform to a conceptual model where nutrients, including
Si (Rey 2012; Krause et al., 2018), and mixed layer drives the growth of diatoms
during the Arctic spring bloom (Wassmann et al., 1997; Reigstad et al 2002). For
diatoms, Si depletion results in two potential physiological issues: yield limitation
(i.e. diatom standing stock is too high to be supported by the available silicic acid)
and intense kinetic/growth limitation (i.e. depleted silicic acid silicic acid limits
diatom Si uptake to such a degree that growth must slow, Krause et al., 2018).”

- and in pg. 8, lines 28-29 : “Deterioration of diatom health, such as occurring
when reaching acute silicon or other resources limitation along the spring
bloom,...”.

Reviewer#2 For example, high % living diatoms in the upper layer was achieved at
Stns 6, 7 and 8 with low silicic acid concentration, but this result doesn’t meet (1).
It could be explained, at least partly, by rapid selective sinking of dead populations
as shown in Fig. 5. But, low % living diatoms at Stn. 4 with high silicic acid
concentration wasn resulted from shift of equilibrium point between mortality rate
and sinking rate toward higher mortality than at the stations with high % living
diatoms, again far away from (1).

Authors: We agree that the results presented do not suffice to identify Si
limitation; a diagnosis of whether Si limits diatom production should be
accompanied by additional analyses and experimental additions. In the manuscript
of Krause et al. 2018, kinetic data during the same cruise indicated that in three of
four experiments Kg (half-saturation constant for Si(OH)4) was approximately 2.0
uM, indicating that Si was already exhausted in the stations showing the higher
biomasses. In the Polar Front we observed a situation of post-bloom, and Ks there
was found to be lower.

Action: We revised the manuscript and modified the text in the discussion, and
more broadly referred to nutrient, rather than just silicon, limitation. We added a
paragraph in the discussion, indicating the situation at the different stations
sampled, concerning the environmental conditions found including mixing (as
suggested by reviewer #2) and the health status of the cells:

- In pg. 7 lines 10-20, the new paragraph reads: “Quantification of the % of living
cells helped identify the different stages of the arctic spring bloom at the stations
sampled. A pre-bloom situation, characterized by low cell abundance and a small
percentage of living cells, was found at station #4, located further west off Svalbard
Islands, where silicic acid and nitrogen concentrations were high and the UPM
was deeper than in other arctic stations. The healthiest diatom community was



observed at station #5, where the high stratification and Si(OH), concentration
above the half saturation constant (Ks) of 2 uM (from kinetic experiments in the
same region by Krause et al. 2018) helped the diatoms support active growth. The
highest cell abundance was observed at station #8, but the lower % of living
diatoms and the Si(OH), concentration well below the Ks value indicated that the
bloom was reaching the maximum capacity, although diatom sinking was still low.
A post-bloom situation was identified at the polar front community, with similar
percentages of living cells at the photic and aphotic zones as a result of high
sinking induced by Si and nitrogen limitation.”

Reviewer#2.- [ am a little bit concerned about reliability of the incubation
experiment because of lack of positive control (light incubation). My question is if
senescence was actually induced by darkness, despite of low silicic acid
concentration and difference in incubation temperature from sampling temperature.
-Authors: We agree that the incubations could inform on the mortality when
reaching the aphotic zone, but do not represent the response to “darkness” due to
the lack of a parallel light control.

Action: We modified the text to reduce the emphasis on “darkness” and clarify that
those incubations may represent the response to the environmental conditions
below the photic layer, that involve darkness and other changes.

In pg 6, lines 25-26: “The experiment testing diatom survival in aphotic zone light
conditions conducted indicated that once diatom cells sink below the photic layer,
they would die rapidly.*

In pg 7, lines 4-6: “Moreover, our experimental assessment of diatom survival
incubated at aphotic conditions suggested that once sinking below the photic layer,
diatoms cells could die at half-lives of 21.8 to 30.2 hours across species.”

In pg 12, in the Figure 6 heading: “Decay in the cell abundance of living (blue
diamonds) and total cells (orange squares) of arctic diatoms when exposed to
aphotic zone light conditions.

Reviewer#2.- Also, I am concerned about reproducibility of the results from the
sinking experiment. But, large variation in % living of aphotic diatoms is very
interesting and dose it relate to selective sinking of dying/dead population? A
unique feature of this study is collection of natural microphytoplankton community
by the Bottle-Net, and thus I would like to suggest to conduct more detailed
species-level analysis to test the hypothesis or put aside the hypothesis.

-Authors: We agree that more sinking experiments will be convenient, but we were
not able to duplicate the sinking experiment because the column was used by the
zooplankton group for sampling marine snow, and our experiment required more
than 48 hours to be completed. Provided we present a single experiment, we have
toned down the conclusions and use the experiment as an additional source of
evidence, rather than a conclusive demonstration on its own right.

- We agree with the reviewer that the presentation of results from the experiment
we were able to conduct would benefit from adding more detailed information at
the species level in the results. Reviewer #1 also suggested to add more detailed
results, and we added more detailed data in the revised manuscript at the taxonomic
level.

Action:



-We added a new Figure to the revised manuscript where we show the composition
of the diatom community in the photic and aphotic layers. This is the new Figure 4,
in the revised manuscript.

In pg. 5-6, lines 33-38, 1-4, we indicated: “The diatom community at the beginning
of the cruise was dominated by Fragilariopsis spp. and Chaetoceros spp., and
changed at stations 6-7-8 to communities dominated by Fragilariopsis spp. and
Thalassiosira spp. that dominated the biomass where the largest diatom bloom was
found (station #8, Fig. 4). Community composition changed at the Polar Front and
Barents Sea stations (Fig. 4) with a larger contribution of Navicula pelagica
(included in “Other”, Fig. 4). The diversity of the diatoms found at the aphotic
zone differed in several stations from that found at the photic layer (Fig. 4). The
large celled Thalassiosira sp. colonies dominated the aphotic community in several
stations although they were not dominant at the photic community (Fig. 4). At
station #4, the community sampled was more diverse at the aphotic than at the
photic layer (Fig. 4) indicating high sinking despite the low biomass.”

- We changed the old Figure 4 to show a new Figure 5, with two panels. Panel (a)
shows the proportion (mean = SE) of the water-column population stock found in
the aphotic zone for the different diatom taxa. Panel (b) the relationship between
the percentage of living diatoms cells in the photic layer and the proportion of the
water-column population stock found in the aphotic zone but for all the dominant
taxa. The new figure is more informative and highly significant (R* of 0.39 and p<
0.001).

- In pg. 6 lines 4-16, the revised text was also modified as follows: “The stock of
diatoms that had sunk below the photic layer comprised, on average, 24.2 + 6.7 %
of the total water column stock, with this fraction ranging considerably between
groups (Fig. 5). The proportion of biomass of the large celled Thalassiosira
colonies that had sunk below the photic layer was the largest, and that of
Chaetoceros spp. the smallest (Fig. 5). Station #4 in pre-bloom status showed the
larger proportion of the biomass below the aphotic layer and station #8, supporting
the largest diatom bloom, the lowest. At station #8, however, the population of the
dominant Thalassiosira species contained 54.8 % of living cells and was paralleled
with a significant contribution of dead cells at the aphotic layer (Fig. 4), suggesting
the initiation of the collapse of the bloom despite the considerable biomass standing
in the photic layer. Similarly, Fragilariopsis senescence at the photic layer of
station #3 (only 35.1 % of cells were alive at the photic layer) helps explain its
larger contribution at the aphotic layer (Fig. 4). There was a significant negative
relationship between the percent of the diatom stock population that had sunk
below the photic layer and the percent of living cells in the photic layer (R’ = 0.39,
P <0.001, Fig. 5b), indicating that healthy, actively growing populations largely
remain in the surface, whereas senescent ones sink out of the photic layer. *

Specific comments

Reviewer#2.- Incubation experiment: How did Authors get a highly active
population (93.3% of % living) besides moderate % living population (average,
59.4%)?

Authors: We agree that the information was presented in a confusing manner. It



was provider in the methods section and it is the mean corresponding only to the
two dominant species. The communities were sampled at Erik Eriksen Strait where
the % living cells of 70% was higher than the cruise average of 59.4%.

Action: We removed this information from the methods section to avoid confusion.

Reviewer#2.- % biomass in aphotic zone: Values in text and Fig. 4 seem not to
meet the results in Table 1, if they are calculated as the ratio of Aphotic
diatoms/(Aphotic diatoms + Photic diatoms), and the axis titles of Fig. 4 seem to be
inverted. Please check them. But I would suggest to delete Fig. 4, because a
negative correlation appears to be achieved by only one result of Stn 4.

Authors: The original Figure 4 showed the average values obtained for the
dominant species at each station. This explains the mismatch observed by the
reviewer between the data in Table 1 and those in Figure 4.

Action: We revised and reorganize this information for consistency.

Action: As indicated above, we modified Figure 4 in the revised version of the
manuscript, showing now the relationship of the dominant diatom groups (new
Figure 5). This relationship is stronger and is based on a larger number of data. We
also revised and corrected some typos in the Table.

Reviewer#2.- Why was the upper sampling depth of some aphotic samples (Stns 4,
5,7 and 8) set at deeper than 10 m below of the lower sampling depth of the upper
layer?

Authors: Those stations were strongly stratified as observed in the CTD profiles of
fluorescence and light, and 10 m separation was enough to perfectly separate the
sampling of the two layers to ensure samples did not overlap.

Reviewer#2.- Do the terms of “upper layer”, “photic layer” and “the surface layer”
mean distinct depth zones?

Action: We agree, and have revised the manuscript to used “photic” throughout.

Reviewer#2.- Table 1: Chlorophyll a concentrations and mixed layer depth are
valuable for understanding the status of the study site.

Action: We calculated and added data of the upper mixed layer (UPM) for each
station in the revised Table 1. We do not have the data of chlorophyll a
concentration for all the stations, as this was not analyzed for all the stations. We
provide the data on the abundance of cells, as it is a good indicator of the
phytoplankton biomass at each station, and also add the range in Chla values
obtained during the study in the results section.
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Abstract. Diatoms tend to dominate the Arctic spring bloenkey event in the ecosystem. Large sinking of
diatoms is expected at the end of the bloom drbsedeteriorated cell status associated to nutrigsilison)
depletion. However, there are few reports on thtus of diatoms’ health during Arctic blooms atgigossible role
on sedimentary fluxes. Here we quantify, usingBbéle-Net, Arctic diatom stocks below and abowve piotic
layer zoneand assess their cell health status. The commsinviééee sampled around the Svalbard Islands and
encompassed a broad diversity of conditions andrblstages. About 1/4 (mean+SE 24.2 + 6.7 %) ofdted water
column (max. 415 m) diatom stock was found belosvghoticzonelayerindicating significant sinking of diatoms

in the area. The fraction of living diatom cellstire photidayer zoneaveraged 59.4 + 6.3 % but showed the highest

meanpercentages (72.0 %) in stations supporting atti’ems. In contrast, populations below the phatiet

were dominated by dead cells (20.8 + 4.9 % livietisy. The percentage of diatom'’s stock found Weloe photic
layer was negatively related to the percentageiofig diatoms in the surface, indicating that hepfpopulations
remained in the surface layer. An experiment cerdhn a tall (1.35 m) sedimentation column conéththat dead
diatom cells from the Arctic community sank fadteat living ones. Also, diatoms cell mortality ieased in
darkness, showing an averaged half life of 1.0880%5 d. The results conform to a conceptual model where
diatoms grow during the bloom untilicic-acid-stecks resourcase depleted, and support a link between diatom
cell health status and sedimentation fluxes inAtatic. Healthy arctic phytoplankton communitiesrrained at the
photic layer, whereas dying communities exporté&tge fraction of the biomass to the aphotic zduelling

carbon sequestration and benthic ecosystems.
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1. Introduction

Diatoms can support most of the Arctic primary protibn during the spring phytoplankton bloom (Kreues al.
2018), the key event setting the ecosystem anéhdrihe intense carbon uptake characteristic ofAttugic
(Vaquer-Sunyer et al. 2013). However, silicic amithcentrations [Si(OH) are characteristically low in the
European Sector of the Arctic, due to the inflowSofepleted Atlantic water (Rey 2012). Recentlyalse et al.
(2018) showed diatoms to be limited by [Si(QHt the spring bloom and suggested that siliconitdition could
collapse a diatom bloom before nitrogen when speomitions favor diatoms, instead of the haptophyt
Phaeocystis.

The termination of the Arctic spring bloom is chaeaized by rapid sinking of diatom cells, leading
high sedimentary fluxes in the spring (Oli et 2002; Wassmann et al., 2006; Bauerfeind et al.9pQfecluding
the production from being recycled in the upperanceThe apparent rapid sinking of the senesceimi bloom
is, thus, responsible for the depletion of ®surface waters, with averag€O, values below 300 ppm and values
as low as 100 ppm reported in the European settbedArctic (Takahashi et al., 2002; Holding et 2015)
suggests driving strong atmospheric Q@take (Bates et al., 2009).

Current understanding of spring diatom-bloom dyreanm the Arctic suggest that rapid sinking of dias
at the end of the Arctic spring bloom is drivenapgleterioration of cell status, leading to cell tality. However,
there are few published reports on the statusaibdis’ health in the arctic during Arctic bloomsiahe possible
role deteriorated cell health status with silic@plégtion may play in driving sedimentary fluxeslodFont et al.
(2016) found large variability in the health statdphytoplankton in the Canadian Arctic, influeddsy the light
and temperature conditions, but not by nitrate eatration. Because of diatoms’ obligate siliconuiegment, its
depletion in the water column would exclusivelyegtftheir physiology, potentially their biogeocheatlifate. Use
of sediment traps, which are the tools used toarpiatom'’s sinking fluxes thus far, precludessthphysiological
health analyses as the time required to collets aeld trap fixatives lead to mortality of all e2IRecently, however
a new instrument, the Bottle-Net, a plankton rt&tdiinside a Rosette sampling system that carséeé o collect
plankton samples at depth without a prolonged depémt, was used to assess the stock and healils stat
microplankton in deep waters across the subtropicdltropical ocean (Agusti et al., 2015). Herequantified,
using the Bottle-Net, Arctic diatom stocks belovdabove the photic layer and assess their heaithssin
communities sampled along contrasting stages a@ibldevelopment around the Svalbard Islands. We also
conducted two exploratory experiments to test §potheses that dead diatom cells in the field &isker than
living ones, based on previous culture experimestilts (Smayda, 1971), and that diatom cells diellaupon

falling below the photic layer.

2. Methods

2.1 Sampling and study area.
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The study was conducted between May 17 and 2918 2@ board the R/¥lelmer Hanssen. The cruise
started in the southwestern fjords of Svalbarchidéatransited northward toward Erik Eriksen Staaid then south
towards stations near the Polar Front and the Ba&ea (Fig. 1).

Vertical profiles with a Seabird Electronics 91LCTD, provided with an oxygen sensor, fluorometer
turbidity meter and PAR sensor (Biospherical/LI-GRFSN 1060) were conducted at all stations sampléter
samples were collected using a 12 five-liter Nidkirttles installed in a rosette sampler. Waterpdaswere taken
between the surface and the bottom (max. 500 médteranalysis of nutrients, diatom silica, produity, and other

properties (Krause et al. 2018)Ve calculated the upper mixed layer (UPM) an indiethe stability of surface
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At eight of the stations (Fid.) microphytoplankton samples were collected bypgisivo Bottle-Net

devices installed in the rosette sampler. The Bttt is a new oceanographic device developed&Malaspina
2010 Circumnavigation Expedition, which consista&0-pum conical plankton net housed in a cyliraliRvC
pipe and is designed to be mounted in the plageNiskin bottle in the rosette sampler. The caspened at the
bottom to allow the water filtered through the mig plankton net to flow out, and a cover on the hiermetically
closes or opens the bottle, remotely through tBette mechanism, to expose the upper opening ofeh@\gusti et
al 2015). The Bottle-Net is lowered mounted onrtheette sampling system with the top cover cloaad,this is
opened at the desired bottom deptb, (D) of the tow, which is conducted during the asten of the rosette, with
the top cover closed again at the upper depthr(ip of the water column to be sampled. This tesnlone
integrated sample, fromyQo D, per deployment. Two Bottle-Nets were used mouirtetie rosette sampling
system, one to collect phytoplankton at the aphaiite and the second to collect the communityérughper water
column. The two layers were selected by combittirgginformation on light penetration (PAR senson) a
chlorophylla fluorescence obtained during the downward CTD. dds¢ upper layer included the thickness of the
photic layer to the depth when chlorophyll fluoresce faded away, which typically corresponded w#tty low
levels of PAR (below thel% of surface irradiandédje aphotic zone was selected as the layer staginmeters
below the depth of the upper layer. When the resetiched the maximum depth at each station, otikeBd¢et was
remotely opened and started filtering water uigihg to the upper target depth for the aphoticezavhen it was
closed. The second Bottle-Net was opened at tlierh@f the photic layer and maintained open uetiching the
water surface. Once on deck, the Bottle-Nets weittyginsed with filtered seawater in order toriete the sample
from the collector. Sampled volume was estimatetth@gproduct between the cross-sectional areaeafibuth of
the Bottle-Net and the vertical distance coveredhieydevice from the start of the ascension tatbsure of the top
cover (O to D,). The Bottle-Net presents an aspect ratio of 4vtmd resuspension of materials filtered, dispigyi
an efficiency of filtration of 96% for deep towsO@-4000 m) at towing velocities around to 30 m frire.

standard rosette retrieval velocities (Agusti et2015).

2.2 Microplankton abundance and viability
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A freshly-sampled fraction of each Bottle-Net saenghs stained with the vital stain Back-light Kitglecular
Probes™) to identify living and dead phytoplankton cellshe Bac-light viability Kit (Molecular Probée4'
Invitrogen) is a double staining technique to test membrane permeability and is proven to beftettve
method for determining phytoplankton viability (biges and Agusti 2008, Agusti et al. 2015). Wheritedavith
blue light under the epifluorescence microscopindi phytoplankton cells with intact membranes fesre green
(Syto 9, nucleic acid stain) and dead phytoplanktelis with compromised membranes fluoresce redpiBium
lodine, nucleic acid stain). The freshly-collecsainples were filtered onto black Nucleopore ofin&ore size
filters, stained with the Bac-light viability Kiglaced in slides and maintained frozen af&30ntil examination
under epifluorescence microscopy. The samples eamined under blue light, most on board the rebeagssel
under a Parte€yScope® high power Blue (470 nm) and Green (528ladiilluminated epifluorescence
microscope, and all samples were examined at thdKRlaboratory under a Zeiss AxioObserver Z1
epifluorescence led-illuminated microscope (Colibled system). The fluorescence of the stainéld isewell
preserved at -8C for several months, and samples transportecettatioratory were maintained frozen during the
transport. Another fraction of the sample colledigdhe Bottle-Net was fixed with formalin for fagr examination
at the laboratory. The observed diatoms were ifledso genera. The percentage of living or deelis relative to

the total (i.e. dead plus living) was calculatedtfee total community and by genera.

2.3 Decay and sinking rates of living microphytoplankton cells

The cellular mortality rates of living phytoplanktavere examined at station #3 with vertical tovesrfrthe
photic layer. An aliquot of the photic-layer mipiytoplankton sample was resuspended in 2 L ofith7iltered
surface water and incubated in the dark°@ #r 7 days. The community was sampled at thetarfstbe
experiment and at increasing time intervals (i,8,5, and 7 days), stained fresh with the vitaihsBac-light Kit,
then prepared and examined under epifluorescenm@sobpe as described above to quantify the lieglts in the
community. The half-life (i.e. the time for thember of living cells to decline to 50%) and the alecate for each
living-cell population were then calculated frone ttiecline in living cells over time.

A experiment to test whether dead cells sink fasten living cells for any one diatom taxa was om
board using a sinking column of 30 cm diameter Bi38 m height, representing an internal volumelfitées.
The chamber was placed on deck, filled with 20 jiiteréd seawater, and left undisturbed for ~1 Hiefore
starting the sinking experiment. Microplankton eotkd in a vertical net tow (20 pm) from the phéiger of Erik
Eriksen Straitdeminated-by-healthy-diatoms{93.3- % living-celgas resuspended in 1 liter of 0.7-um filtered
seawater and carefully added at the surface ditiiéng column. A fresh subsample of the initiahumunity,
which was added to the surface of the chamber stedsed with the Bac-light Kit and the diatoms wexamined
under the epifluorescence microscope for the dfiation of the percentage of living/dead cells aadhmunity
identification, as described above. The sampléseabottom of the sinking column (sampling podated 1.35 m
below the surface) were collected at intervalsraétof O (time when the sample was added at thfacel; 1, 4 and
12 hours after the initial time, and stained wite Bac-light Kit and examined under the epifluocesse
microscope, as described above.
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3. Results

The stations sampled encompassed a broad divefsipnditions, including a station where the spring
bloom had not yet occurred (station 4, off the WesSvalbard shelf), as indicated by low diatontlsscand high
dissolved inorganic nutrient concentrations (phtatier concentrations Si(Ol# 4.15 + 0.04 umol Sit, NO; =

9.43 + 0.09 pmol N &, Table 1)with lower stratification (Table 1)All other stations sampled were characterizetil

by comparatively depleted nutrient concentratigtmfic layer concentrations Si(OJ=)0.99+ 0.30 umol Sit,
NO; = 1.93 + 0.76 umol N'E, Table 1), thereby representing communities thereveither in advanced blooming
stages or were senescent after blooming. Stafi¢8%V Svalbard shelf) and 8 (E Svalbard shelf) sujen actively
blooming diatom populations, with the highest chfttyll a concentration (10.5 pg ChlL™for station 8, as

showed the highest stratification among the statgampled, as indicated by the lower UPM valuebI€ra).In

contrast, Station 9 (Polar Front) supported a semmsliatom population in post-bloom phase, a<atdd by

described in Krause et al. 2018), and a largeifmadif living diatom cells (about 70%, Table Bpth station ‘

observed at station sampled at the Barents Sede(Tab

Taxonomic classification under epifluorescence oscopy is not particularly accurate, but we were ab

depleted nutrient pools and a low percentage ofdidiatom cells (46.0 %, Table 1)The highest mixing was ‘

to unambiguously identify different diatom genexad some species, that dominated the microphytkigan
community. The more abundant genera found in thepkes werélhalassiosira spp., differentiated between large
(L Thalassiosira) and small Thalassiosira) morphotypesChaetoceros spp, with a large representation of
Chaetoceros socialis; pennate diatoms including coloniesFofagilariopsis spp.,Navicula pelagica, Pseudo-
nitzschia sp., less abundant but identifiable cell#\ofphiprora hyperborean, andCoscinodiscus sp. among others.
The living (green fluorescence) and dead (redrélscence) cells were clearly identified under tB®L
illumination of the epifluorescence microscopesduéég. 2). The fraction of living diatom cells the photic layer
averaged 59.4 + 6.3 %, but ranged broadly, fror 20in station 4, in pre-bloom state, to 72.0 %tation 5,
which supported an active bloom. In contrast, theuytation sinking below the photic layer was corspd mostly
of dead cells (20.8 + 4.9 % living cells, Fig. 2hdeed, the fraction of living diatoms was coresisly greater in the
photic layer than in the diatom stock sinking belbbe photic layer (Wilcoxon ranked sign test, P.6078, Fig. 3),
a pattern consistent across taxa found in at feasiof the stations (large cell@thalassiosira sp., P = 0.02, N = 4,
Fragilariosis sp., P = 0.005, N = &haetoceros sp., P = 0.0054, n = 6; Fig. 3), but the percirid cells in the
photic layer and below this layer was not signifitya different for the small-celle@halassiosira (P = 0.09, N = 6).

Chaetoceros spp., and changed at stations 6-7-8 to commuritiesinated byrragilariopsis spp. angrhalassiosira

spp. that dominated the biomass where the largatstind bloom was found (station #8, Fig. 4). Comitwn

composition changed at the Polar Front and Ba®essstations (Fig. 4) with a larger contributiogNaficula

pelagica (included in “Other”, Fig. 4). The diversity ofdhldiatoms found at the aphotic zone differed iresalv
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stations from that found at the photic layer (Biy.The large cellefhalassiosira sp. colonies dominated the | - { Eormatted: Font: Italic

aphotic community in several stations although tveye not dominant at the photic community (Fig.Af)station

#4, the community sampled was more diverse atgheta than at the photic layer (Fig. 4) indicatimigh sinking

despite the low biomas$he stock of diatoms that had sunk below the pHagier comprised, on average, 24.2 +

6.7 % of the total water column stock, with thiadtion rangingrem-considerably between groups (Fig. 5). The _ - { Formatted: Not Highlight

and that ofChaetoceros spp. the smallest (Fig. 5). Station #4 in presbicstatus showed the larger proportion of _ - { Eormatted: Font: Italic

the biomass below the aphotic layer and statiorségporting the largest diatom bloom, the lowegt9%(station

5B38%-of the stock-at-station-4-inpre-bloom-stalll station #8,

however, the population of the domindihalassiosira species contained 54.8 % of living cells and vasieled - { Eormatted: Font: Italic

the bloom despite the considerable biomass stanitige photic layer. Similarlyragilariopsis senescence at the _ - { Eormatted: Font: Italic

photic layer of station #3 (only 35.1 % of cellsrevalive at the photic layer) helps explain itg&rcontribution at

the aphotic layer (Fig. 4). There wasThere aatgnificant negative relationship between the@et of the diatom

stockpopulationthat had sunk below the photic layer and the peroiliving cells in the photic layer @R= 03969

P<=0.0012, Fig.5b4), indicating that healthy, actively growing poptidas largely remain in the surface, whereas_ - { Formatted: Not Highlight

senescent ones sink out of the photic layer. o ‘[ Formatted: Not Highlight

The suggestion that dead diatom cells sink fakter living cells was tested experimentally. Iniyiaonly
6.7 % of the cell$-of theFlagilariosis sp. andrhalassosira sp. colonies dominatinthe communitytestedwere

dead. However, all cells settling to the bottonthaf sedimentation chamber within 1 h of the experit start were
dead, including larg€oscinodiscus sp. cells (Figs5). The population of cells settling to the chamibettom 4 h
and 12 h following addition of the fresh, healtlonmumunity, was also largely dominated by dead ¢8s2 and
71.7%, respectively, dominated Blagilariosis sp. andThalassosira sp. colonies), whereas the fraction of living
cells retrieved in the lower sampling port aftedisgentation proportionally increased with time (F8§). These
experimental resultsenfirmed indicatedhat dead diatom cells sink faster than livingsell

The experiment testing diatom survival in aphotioe light conditions conducted indicated that once

diatom cells sink below the photic layer, they wbdie rapidly-Fhe-experimental-assessment-of-diatormivak-in

he-phetic-layerthey-dierapidlfhe median (i.e.

ha d ond ed-confirm h ohce-d om-citik-below

percent of living cells reduced to half) surviviahésin-the-darkwere remarkably uniform across diatom taxa,
ranging from 0.9 days, fdrhalassiosira sp. to 1.2 days fdCoscinodiscus sp., depending on species (Fi§). Once
dead, the cells lysed; half-life periods for cedhth and lysis after transfer iraphotic-thedarknessincreasing from
1.6 days, for the small&fiagilariosis sp. cells, to 6.3 days for the larg&htlasiosira sp. cells (Fig76).

4. Discussion

The results presented confirm that active and heaitatom populations, as those actively growingray
the spring bloom, are associated with relativelplstocks of fast-sinking diatoms. In contrasthealthy diatom
populations, such as those present before bloohdsgnitiated or in the senescent phase of themloo
characterized by a large fraction of dead cellppsut comparatively larger pools of sinking diatoms
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These observations are consistent with early tepoased mostly on laboratory cultures, indicatived
dead diatom cells sink faster than living ones (fa1971). The experiment conducteshfirmed _showethat
dead cellssink much faster than living ones in a field asseglaith considerable diversity in species and
physiological condition. Indeed, whereas tlieninantpopulatiors tested vereasdominated by living, healthy cells
only dead cells were collected at the bottom ofstadimentation chamber over the first few hourthef
experiment, and the proportion of living cells eglied increased over time. Moreover, our experial@ssessment
of diatom survivalncubated at aphotic conditionsin-therk-demenstrasugges that once sinking below the photi
layer, diatoms cellsould die rapidly—withathalf-livesin-conditions-in-the-darf 21.8 to 30.2 hours across specie
This result was consistent among the major geradunctional groups analyzed.

The averaged living cells found in the photic layere close to that described for the Canadiani@rct «-|
where the living cells in the open waters statiang ice covered stations represented the 57.3% &r&l 48.0 +
3.9% (+ SE) respectively (Alou—Font et al., 2006).

Quantification of the % of living cells helped @entify the different stages of the arctic sprihgpn at

the stations sampled. A pre-bloom situation watlv Eell abundance and a small percentage of ligally was

found at station #4 located further west of Svalddalands, where silicic acid and nitrogen congditns were

higher and mixing was more significant than in otetic stations. The healthiest diatom commuwi&g observed
at station #5, where the high stratification an@8$i), concentration above the half saturation constésit ¢f 2
UM (from kinetic experiments in the same regiorkbguse et al. 2018) helped the diatoms to growalsti The

highest cell abundance was observed at statiobut8he lower % of living diatoms and the Si(QHjoncentration

well below the Ks value indicated that the bloonsweaching the maximum capacity, although diatarkisg was

still low. A post-bloom situation was identified thie polar front community, with similar percentag living cells
' 5 suggested by the

lower Si(OH) Ks of 0.8 uM (Krause et al. 2018)he diatom community captured by the bottle nebwehe
photic layer was consistent with the limited buing@rable data obtained by sediment traps deploy#teiarea

at the photic and aphotic zones as a result of i induced by Si and nitrogen limitati

When compared across the contrasting stages afbdievelopment represented in the data set analyze

here, the results presented conform to a conceptodél where nutrients, including Si (Rey 2012;usm et al.,

2018), and mixed layer drives the growth of diataagng the Arctic spring bloom (Wassmann et #97;

Reigstad et al 2002)--When-compared-acro heastimig-stages-of bloom-developmentrepre

stoek—For diatomsthe Sidepletion results in two potential physiologicallss: yield limitation (i.e. diatom

b.
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standing stock is too high to be supported by ttaél@ble silicic acid) and intense kinetic/growimitation (i.e.
depleted silicic acid silicic acid limits diatom @ptake to such a degree that growth must slow &zt al., 2018).
Thus, such a situation would stimulate mass seditien, suggested to be an evolutionary adaptatidrelp
diatoms persist when nutrients are limiting (Rasad Waite, 2004). Diatom mortality, likely trigger by acute
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silicic acid limitation, is identified, thereforas the event leading to loss of the capacity twelgtregulate

| = [ Formatted: English (U.K.)

Diatoms have been shown to have a remarkable migtaapacity to regulate buoyancy (Gemmel et al.,
2016), both maintaining zero (Gemmel et al., 2G#r&) positive buoyancy (e.g. Villareal et al., 20it4)plving
regulation through the production of osmolytes @Bnann and Boyd, 2002), which plays an importarg nol
exploiting nutrient patchiness within the photigda (Villareal et al. 2014). Diatom sinking ratee &nversely
related to growth rate (Gemmel et al., 2016), st $ilicon depletion is expected to result in iased sinking rates,
despite field diatoms reducing their silica pet edien kinetically limited by silicic acid (McNagt al. 2018).
There is eCurresults-are-indeed-consistent-wipedmental demonstration thatlieon depletion plays the most
important role, compared to nitrogen or phospharugiggering rapid sinking of diatom cells, indiing that
biochemical aspects of silicon metabolism are paldrly important to diatom buoyancy regulationgBfang et al.
1982). N:P ratios in this region do not suggest p@sphorus plays a limiting role in primary protian, and when
silicic acid is depleted, enough nitrate remain&utd growth of other phytoplankton groups (?baeocystis,
Krause et al., 2018). Once diatoms lose their cigpto regulate buoyancy and sink below the phiatyer, they die
rapidly and are unable of ascending back to théiplayer, resulting in the rapid sinking fluxesittdrives high
sedimentation rates characteristic of the ternameadif the Arctic spring bloom (QOli et al., 2002; ¥émann et al.,
2006, Bauerfeind et al., 2009). Rapid sinking & #rctic spring bloom, in turn, precludes carboryading in the
photic layer, thereby leading to undersaturg@@€@, driving the large atmospheric GOptake characteristic of the
European sector of the Arctic (Bates et al. 20@&ahashi et al., 2002; Holding et al., 2015).

A large fraction of the total water column phytagkéon biomass was observed below the photic layer,
representing on average 24% + 6.7 (+SE) ofsthéace-tetatliatombiemass populationis the study area. This
considerable proportion of the phytoplankton biosnaslow the photic layer should be explained byrgd export
of diatoms sinking from the photic zone to the setiom. This is consistent with the high ratesiofjenic silica
(proxy for diatom biomass) export at stations 4, dad 10, rates were a factor of four higher timaegrated diatom
silica production in the upper water column andespnted up to 40% of the integrated diatom séiteading stock
(Krause et al., 2018)These cruise trends are in agreement with the wasen of large sinking events in the Arctic
as reported for ice diatoms (Boetius et al., 204/mack et al., 2014) associated to ice meltindvaArctic, and
that must represent a large carbon supply to benthihmunities in the Arctic shelves (Moran et 2005;
Tamelander et al., 2006). Our results show thaltine phytoplankton communities remained at thetigHayer,
although dying communities exported a large fractibthe biomass (up to 65%) to the aphotic zone.

In summary, the results presented here supparkaétween diatom cell health status and sedimientat
fluxes in the Arctic. Whereas the link between aliathealth status and sinking rates has long beablisfied
(Smayda, 1971), the evidence corresponded to eldfalres in the laboratory, and was lacking founatdiatom
communities in this region-partially due to the logistical challenges of assegboth viability and settling in the
field. Deterioration of diatom health, such aswdag when reaching acute silicon other resourcdamitation
{both-ferkinetics-and-yielehlong the spring bloom, leads to loss of the capaciregulate buoyancy and leads to
rapid sinking, with cells exported below the phdgéiger dying quickly. Understanding the role ofl bealth status,
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and the role of silicic acid depletion, in the riedgion of diatom sinking rates is fundamental tachramistically

understand the biological pump in the Arctic asdé@sponse to future changes.
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Figure headings

Figure 1: Study area, with the insert showing the samgliegtions as green dots, and labeled with theostati
number, around the Svalbard Islands.

Figure 2: Photographs of the natural Arctic diatoms samplit the Bottle-Net observed under epifluorescence
microscopy and stained with the Bac-light Kit. Gglonies ofThalassosira sp. showing green fluorescence
corresponding to living cells. (b) Colonieskafagilariopsis sp. showing dead cells (red fluorescence, veieta
colonies) and living cells (green fluorescencengreersal-right colony). (c) Surface layer commuugitynposed by
diatoms from different gener&lfaetoceros sp.,Fragilariopsis sp., Thalassiosira sp., pennates) showing green
(living cells) and red (dead cells) fluorescenc.Aphotic zone sample showing dead colonies (wemtéscence) of
Fragilariopsis sp. andThalassiosira sp. (two-cells colony in the bottom-right of thiegbo).

Figure 3: Box plots showing the distribution of the percetaf living diatoms encountered in the upper layer
(blue) and aphotic zone (brown). Percentage afigigells for (a) the total diatom community andfgi)the
populations of the most abundant diatom taxa oleseduring the cruise. The asterisks indicate sicanit
differences betweenpper photiand aphotidayer zonegp < 0.05). Boxes encompass the central 50% oftie,
the horizontal line inside the box represents tleeian and vertical bars encompass 90% of the data.

Figure4: Pie charts showing the diatom community at théetéht sampling stations encountered at the plaotic

aphotic zones. The colors correspond to diffeteexd and the numbers indicated the percentagdlsfvi¢h

respect to the total in the community.

Figure54: (a) The proportion (mean + SE) of the water-colympulation stock found in the aphotic zone for the

different diatom taxa. (bJhe relationship between the percentage of liviiagodns cellor the different

populationsin the photic layer and the proportion of theegratedwater-columndiatem population stock-steck
found in the aphotic zone. The line representdittesl linear regression (R= 0396q P <= 0.0012).

Figure65: Cell viability of the diatoms quantified durinlget sinking experiment. The initial percentage afdie
cells correspongtito the fresh arctic microplankton (20 pm) sampliéected at the photiyer zoneand added to
the surface of the sinking column (1.35 m heightjrae 0. The percentages of dead cells at thivodf the
sinking column were collected at intervals of tiofé®, 1, 4 and 12 hours after addition of the frpspulation
sampled.

Figure 76: Decay in the cell abundance of living (blue diawh®) and total cells (orange squares) of arctitodia

when exposed taphotic zone light conditionsdarkneq®) large celledhalassiosira sp. sp. (bfragilariopsis

spp. (c)Thalassiosira sp. (d) Pennate diatom. The solid black linesemuhations show the fitted linear regressions
for the percent of living cells (blue box, all &tt lines significant p< 0.05) and total populatietis (orange box,

none of the fitted lines were significant p>0.05).

12



Table 1. Stations number and location, averaged (+SE) photic layer temperature, salinity, upper mixed layer
(UPM) depth, aré-nutrients, and measurements made with the Bottle-Net (BN) in the photic and aphotic zones,
indicating the depth of the tows, and the abundance and percentage of living diatoms found at the two layers.
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Station Latitude  Longitude Temperature  Salinity NO, +NO, PO, Si(OH),
°N °E (°C) (psu) (M) LM

#3 Bellsund Hula 772809 1327483 081+£033 344£0083 179+£152 027011 075£045
#4 Bredjupet 7703.356 1323.369 4.64+0.025 350+0001 944 £0.097 063+0.019 4.16+0.046
#5Inngang Homsund | 765873  1544.113 -054+0.035 34.2+0.037 566+0.019 034+0078 245+040
#6 Homnsund Dypet 7661244 1513143 -0034+041 28945 049+037 0417£003 036+0.118
#7 Erik Eriksen Strait | 7909.986 260220 -144+0.093 342+004 003+0.026 016001 0.07+0012
#8 Erik Eriksen Strait | 7910479  2627.518 -1.31+0088 342+04  223+164 0.15£0077 057 +040
#29 Polar Front 7715308 2929243 204£0099 3470027 014+0034 0204+£0022 129+0.17
#10 Barents Sea 7613513 2943710 4.06+0.044 349+0001 321+020 0345£003 1.48+0.156
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Photic Aphotic

Latitude Longitude Temperature Salinity UPM NO;+NO, PO, Si(OH), BN Photic BN Aphotic ~ diatoms diatoms  Photic living Aphotic living

Station N E (°C) (psu) (m) [(LY)] (1Y) (uM) _ (range, m) (range, m) (cells m?) (cells m?) diatoms (%) diatoms (%)
#3,Bellsund Hula 77 28.09 1327.483 0.81+0.33 3448683 145 179+152 027011 075045 45-0 187-5 3.160E+07  6.843E+06 63.54 21.70
#4, Bredjupet 7703.356 1323.369 4.64+0.025 35.0+0.001 695.84 £0.0970.63+0.019 4.16 +0.046 60-0 415-100 3.04E+05 3E45 20.93 9.47
#5, Inngang
Hornsund 765873 1544.113 -0.54£0.035 34.20.837 24.2 5.66+0.019 0.34+0.078 2.45+0.40 50-0 -8a0 3.20E+07 3.00E+05 72.03 0.50
#6, Homsund Dypet 76 51.244 1513.143 -0.034+0.1 28.98%4.5 9.849@037 017+003 036£0.118  50-0 220-60 B9 4.69E+08 70.03 8.31
#7, Erik Eriksen
Strait 7909.986 2602.20 -1.44%0.093 34.29+0.04 3893 +0.026 0.16+0.01 0.07:0012  50-0 260-70 .25B+07  1.13E+06 6112 26.99
#8, Erik Eriksen
Strait 7910479 2627.518 -1.31+0.088 34.22+04 3.0232164 0150077 057 +040  50-0 245-70  47B+10  5.56E+06 69.79 31.27
#9,Polar Front 77 15.308 2929.243 2.04+0.099 34.7%0.027 3404 %0.034 0.204 £.022 1.29+0.17 50-0 180-60 2.76E407  2.27E+06 45.97 0G0,
#10,Barents Sea 76 13.513 2943.710 4.06+0.044 34.9+0.001 75321+0.20 0.345+0.03 1.48+0.156 50-0 180-60 .45E+08 2.35E+07 It 13.14
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Figure 3
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Figure 65
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