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Actions taken to accommodate the 2" revision 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.- Revised MS has been improved to describe the Author’s logic more clearly along
the line of (1) nutrient depletion leads unhealthy status of diatom --> (2) unhealthy/senescent
diatom sinks down faster than healthy diatom --> (3) diatoms reaching the aphotic zone die and
lyse soon --> (4) downward export of unhealthy/senescent diatom increase the progression of the
surface pCO2 unsaturation. Results from the experiments fully support (2) and (3), but not (1),
even though many previous studies suggest it. I would like to request Authors (i) to state
insignificant correlation between nutrient concentrations and %living biomass in the photic zone,
and, (ii) if possible, to cite the previous studies on the mechanisms driving diatom senescence
other than nutrient depletion. My other concern is about (4), as rapid lysis of senescent diatoms
(3) might result in supply of suspended/dissolved organic carbon and their remineralization
within the subsurface waters which reduces air sea disequilibrium in the surface through
processes such as upwelling, mixing and vertical diffusion (Bates and Mathis, 2009). I suggest
Authors (iii) to explain the contradicting effects of (2) and (3) for the surface pCO2. There are
many errors in writing. I recommend (iv) to ask an English proofreading service before re-
submission. I hope my comments would help Authors to enhance the value of their findings.

Authors: We thank the reviewer for the useful comments. We implemented the revised version
with the suggestions of the reviewer.

Action: We added different paragraphs and corrections as indicated below::

(1) p. 5 Lines 26-27: “The percentage of living cells was not significantly correlated with the
concentration of NO3 + NO> (2-tail test, r = -0.54, P = 0.17) or Si(OH)4 (2-tail test, r =-0.69, P
=0.06).”

(i1) p. 2 Lines 23- 25, we added the paragraph: “Alou-Font et al. (2016) observed large
variability in the health status of phytoplankton in the Canadian Arctic, influenced by the light
and temperature conditions, but not by nitrate concentration —typically thought to be the main
yield-limiting nutrient.”

In p. 8, we added the following paragraph: “Cell abundances and health state observed were
consistent with previous studies. In the Canadian Arctic, living cells in open-water and ice-
covered stations represented the 57.3 £ 5.8% and 48.0 £ 3.9% (£ SE), respectively (Alou—Font et
al., 2016), similar to proportions in our study. The percentage of living cells was higher during
the bloom periods than periods before and after (Alou-Font et al. 2016). This trend appeared to
be driven by light and low nutrient concentrations (Alou—Font et al., 2016).”

(iii) There is no contradiction because dead cells sink below the photic layer. Also, because
phytoplankton cell mortality and lysis imply several steps of cell degradation (e.g. Segovia et al.
2003), the release of the carbon will follow the degradative process. If dead cells sink below the
photic layer most of the carbon will be released below the photic layer. In p.8 Lines 25-29, we
added the following paragraph: “Acute silicic acid limitation, is identified, therefore, as the event
leading to loss of the capacity to actively regulate buoyancy that characterizes diatom cells
(Smayda, 1970), and rapid sinking of the bloom. The potential for rapid sedimentation is
enhanced, due to the higher silica quotas for polar diatoms (Lomas et al. 2019) compared to
lower-latitude diatoms (Brzezinski 1985).”

(iv) English native coauthors revised the language.
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Reviewer #1. Specific comments

p. 4, 1. 26: Write the station ID (#3?) whose sample was used in the sinking experiment.

p- 5, L. 7: NO3 should be NO3 + NO2.

p- 6, 1. 2 — 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.” Why does high sinking
rate contribute to higher diversity in the aphotic zone than that in the photic zone?

p. 6, 1. 17 — 16: “Initially, only 6.7 % of the cells of the Fragilariopsis sp. and Thalaisiosira sp.
colonies dominating the community tested were dead.” It seems there is no stations where these
two species were dominant in Fig. 4. Again, at which station was the sinking experiment
conducted?

p. 6, 1. 29 — 30: “6.3 days for the largest Thalaisiosira sp. cells” “6.3 days” would be “5.3 days”.
p- 7, L. 18: “..., although diatom sinking was still low. “ as it confirmed at this station?

Authors: We corrected all the specific comments in the revised manuscript.

Actions taken to accommodate the 2" revision 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. Why I agree that bottle net, is a very exciting and original tool, the results here are
still too poor to be used alone or to state that silicon is the trigger of the bloom senescence and
sinking.

I disagree with the authors when they state that they include a sufficient amount of data to
strengthen this paper. To my point of view, the paper rely too much on two experiments that
were not robust enough to conclude anything, especially for the one where we could find some
opposite results in the literature (which is not discussed at all). At the minimum this paper should
discuss the problem with the experimental set up.

Authors.- The major contribution of the manuscript is the innovative relationship between the
health status of diatoms in the photic layer and the large stock of diatoms exported below this
layer when resource-depletion leads to poor diatom health state in the photic layer, delivered
from the use of the bottle net. In contrast, the experiments presented have simply a supporting
role, but are not central to the argument.

The argument that the data set does not allow to conclude that silicon is the trigger of the bloom
senescence and sinking was already addressed and was removed from the previous version, so
we are surprise the reviewer continues to criticize such argument, which is no longer presented.

We agree that the experiments ran on board are limited in number but are, however, a relevant
contribution examining both processes, sinking and cell death (under aphotic conditions), on
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natural communities at conditions close to ‘in situ”. The work on board a research vessel has
limitations, particularly so in the Arctic where changing conditions impose changing cruise
plans, but offers the opportunity to evaluate responses of natural communities at ‘in situ’
conditions. Most literature data on the topic came from laboratory axenic cultures growing in
optimized conditions, that do not exist at the sea.

We agree, indeed, that the experimental results should be compared to other evidence present in
the literature, which we now do. However, the evidence present in the literature is consistent
with our results, not opposite as the reviewer asserts:

Our results showing mortality rates in the dark of natural arctic diatoms populations are not in
conflict with the literature. Vegetative cells have been shown to be unable to survive in darkness
(e.g., Figure 1 below from Segovia et al. 2003) and only populations producing resting stages,
e.g. spores, survive. We note, however, that not all diatoms are able to produce resting stages.
We provide a more detailed assessment of the experimental evidence in response to the comment
on this experiment below, and we have now added a paragraph in the discussion comparing our
results with those of other experiments in the discussion section.

Reviewer #2. Diatom survival to darkness:

I am still not convince by this experiment that aim at measuring the survival of diatom in the
dark...

First, if I understood correctly it has only be done once and only at St 3.

Authors.- We indicated in the methods that information: the experiment was made with the
plankton community sampled at station #3.

Reviewer #2. What was the health status of the cells at the start of the experiment?
Authors.- It was a reasonably healthy community (the % of living cells, 63.64 %, was already
indicated in Table 1).

Action.- We added more information to contextualize this experiment (p 7, starting line 16).

Reviewer #2. Second, I am not sure that the experimental protocol was sufficiently robust to
conclude anything from it.

Authors.- The experiment aimed to test natural community cell death at darkness as found by
phytoplankton when transiting to the aphotic layer. Our experiment is a valuable test because
most data published on the topic (including those papers cited by the reviewer) are from “in
vitro” assays ran in the laboratory, under conditions far from those found at sea: monospecific
cultures growing in culture media with high nutrients, axenic, and other optimized conditions,
and able to produce resting stages.

Action.- As stated above, try to add more context as to the initial condition of the cells in this
experiment.

Reviewer #2. Third, the results are not at all compared to other study where the authors stated
something totally different from a more robust experimental set up:

Why are these results so different from the one by Smayda and Mitchell-Innes 1974 showing
survival of diatoms for 90 days in the dark?
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And by the study by Lewis et al. 1999 where some diatoms even survive up to 112 month?

Authors.- We disagree with the reviewer assessment. Careful reading of the papers the reviewer
cites show that our results showing arctic diatoms mortality rates in the dark are not in conflict
with the literature.

First, some of the papers the reviewer cite do not focus on the survival/mortality of the
phytopklankton cells in the community, but on the capacity of resting stages, often sampled from
sediments, to germinate and give rise to a population when placed under light, which can hardly
be compared to the experiments we report. In previous studies different authors identified that
vegetative cells could not survive in darkness, and populations must produce resting stages:

Smayda and Mitchell-Innes (1974), and Lewis et al. (1999) experimentally assessed the
capability of resting stages of phytoplankton to resume growth after placement in light, which
they referred to as “survival”. Note that we use “survival time” to refer to the time for the
population of vegetative cells to be reduced to half under darkness, which is very different from
the meaning of “survival” in those experiments (i.e. it suffices for one resting stage to become
viable in their experiments for a population to be developed when transferred to the light), but
this is no way in conflict with our results.

Moreover, Lewis et al. 1999, did not work with phytoplankton communities, they collected cysts
from sediments and germinated in the lab. Cysts are morphological and physiologically different
from vegetative phytoplankton cells, and the finding that some cysts from sediments can be
germinated is not at all in conflict with results showing high mortality rates of vegetative cells
under darkness.

However, Smayda and Mitchell-Innes (1974) also evaluated the mortality of vegetative cells of
Chaetocesos curvissetum under darkness, which can indeed be compared to our experiment. We,
therefore, recalculated the corresponding mortality rates from the data Smayda and Mitchell-
Innes (1974) provided to yield a mortality rate in darkness of vegetative Chaetocesos
curvissetum cells of 0.19 d!, very close to the rates we found for “natural diatom populations” in
our paper. Hence, the comparable experiment presented by Smayda and Mitchell-Innes (1974) is
consistent with our findings.

A more thorough assessment of the recent literature reveals that Segovia et al. 2003 and Segovia
and Berges 2009 described the he processed involved in phytoplankton cell death in
monospecific cultures under darkness, using molecular tools and/or differentiate living from
dead vegetative cells, concluding that vegetative cells are unable to survive in the dark. The
photograph below (Segovia et al. 2003, Fig. 1), is compeling as to the outcome of exposure of
the culture to 8 days of darkness.
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Effects of light deprivation in D. tertiolecta. A, Actively growing culture. B, Culture after 8 d in darkness.

Agusti et al. (2015) is, to the best of our knowledge, the only paper reporting mortality rates in
the dark of natural (subtropical) phytoplankton communities. The rates reported (from 0.06 to
0.27 d-!) are also consistent with those we report for the Arctic community studied.

Provided these results, we find no basis on the reviewer argument that our results are inconsistent
with the literature. They are indeed perfectly consistent.

Action: We added a discussion of previously reported experiments and cited the literature on the
topic. In p 7, starting line 20, we added the following paragraph: “Smayda and Mitchell-Innes
(1974) also reported the decrease in viable cells after darkness: “After 6 days of dark
incubation, the number of viable cells of Chaetoceros curvisetus recognizable decreased from
760 to 240 cells per ml”, representing a decay rate of 0.19 d”! (i.e. 50% loss of cells in 3.6 days)
comparable to the rate reported here. Other studies also reported cell mortality in darkness
(Segovia and Berges 2009; Agusti et al. 2015), also yielding mortality rates close to those
reported here. Phytoplankton vegetative cells do not survive under darkness (Smayda and
Mitchell-Innes 1974, Segovia and Berges 2009, Segovia et al. 2003) and only resting spores or
resting cells are able to survive in the dark (Ignatiades and Smayda 1970; Smayda and Mitchell-
Innes 1974, Peters and Thomas 1996).”

We also added more information in the methods section and in the discussion to highlight the
relevance of this experiment.

Inp 7, lines 18-19: “This result, although limited to a single experiment, was consistent among

the major genera and functional groups analyzed and reflected survival at “in situ” conditions
in the aphotic layer.”

Reviewer #2. How the same cells would survive in the same conditions but with light?
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Authors.- As we indicated in the previous revision, our aim was not to test the survival of the
phytoplankton on the photic layer, but to assess what is their likely fate once they fall below the
photic layer. Whether they grow, remain stable or decay in the light is not relevant to
understanding what is their fate in the aphotic layer.

Action: We already specified this aspect in the previous revised manuscript in response to the
reviewer’s comments, but have modified the statement of the aim of the experiments in the
Methods section as (p4, lines 27-29): “The mortality rates of living phytoplankton cells expected
when transferred from the photic to the aphotic layer were examined at station #3 with vertical
tows from the photic layer. .

Reviewer #2. What was the cell concentration in the experiment?

Action: Inp 6, last paragraph, we added the following information: “The incubation was
performed close to the temperature below the photic layer that averaged 2.978 °C + 0.003 at
station #3, suggesting that trends were not driven by thermal effects. The cell concentration at
the onset of the experiment was 298 cells ml'.”

Reviewer #2. You started with a very limiting silicate concentration, so how could you state that
darkness is responsible for the death of the cells? Multiple nutrient stress in the batch may have
be the trigger for the diatom death...

Authors.- We already modified the manuscript (in the previous revision round) to avoid such
confusion. Darkness, low nutrients, the presence of other microorganisms including viruses and
parasites, among other threats are the conditions at the aphotic layer of the ocean for
phytoplankton. Our experiment, testing cell death of natural populations close to “in situ”
conditions, represent an original contribution. We added a paragraph in the revised manuscript to
improve the discussion and highlight the value of these results. Note, however, that the results
obtained in this experiment are consistent with those in previous papers, so it is, therefore,
logical to expect that darkness contributed to the mortality observed.

Action: Inp 8, lines 27-31we added the following paragraph: “Beyond the stressor of
continuous darkness, the fast decay rates observed here under aphotic experimental conditions
may have been influenced, in addition to darkness, by low nutrients availability, and/or the
possible presence of pathogens or parasites, suggesting that survival of natural populations
below the photic layer may be lower than expected in the dark from axenic, high- nutrients “in
vitro” studies with cultures, aspect already pointed by Ignitiades and Smayda (1970).

Reviewer #2. The authors already observed some living diatoms really deep in the water column
during the Malaspina expedition, so why would it be different in arctic?

Authors.- We, again, emphasize that there is no conflict between these observations, as we also
report in our paper that between 0.5 % and 50% of diatoms retrieved from the aphotic layer (50
to 400 m) in our Arctic study were living (Malaspina samples were from 2000-4000 m depth,
Agusti et al. 2015). Hence, our observations and those from the Malaspina Expedition are
consistent.

Action: Table 2 shows the percentage of aphotic living cells to vary between 0.5 and 50 %.
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Reviewer #2. Diatom sinking triggered by the health status of the cells:

As there was more than one sampling, it could have been nice at least to have the composition of
the sample at the different time. However, the authors need to be a lot more careful in their
discussion as they only tested one community once. While the idea behind is interesting, it is not
enough experiment to conclude.

Authors.- We agree that it would have been nice to conduct more experiments. However, since
there was ample prior evidence that dead cells sink faster (elegantlty demonstrated by Smayda,
1971) we believe that a single experiment, showing that these findings also apply to the Arctic
community tested, sufficed.

Action: The experiment was not designed to assess how the community may have changed
inside the experimental chamber (although we reasonabluy expect no growth under the dark
conditions in the chamber. p 7, second paragraph: “The experiment conducted, although limited
in number, was tested in a natural community and showed that dead cells sank much faster than
living ones in a field assemblage.”

P5
Line 28: Fig. 2 should be Fig. 3
Fig. 2 was cited properly.

Line 36: Navicula does not dominate the Barent Sea the composition look much alike St3
Action: We revised this statement. The sentence was modified to avoid confusion, Navicula
was found at the polar front, and did not dominate the community. The sentence now reads:
“with a larger contribution of other taxa, including Navicula pelagica (station #9, Fig. 4).”

P6

Line 20: what was the main species after one hour?

Action: -P6 was revised. After one hour, Coscinodiscus was dominant at the bottom, as already
indicated.

Line 30 : how to concile with result showing some Thalassiosira starting back in culture after 70
days in the dark?

- We added a new paragraph (in pg 7-lines 22-30) to discuss the literature on the topic.
Careful reading of the paper the reviewer extracts this statement from shows that there is
indeed not conflict between our results and those observations: Thalassiosira vegetative
cells died, some vegetative cells, however, led to resting stages were that formed after
several days in darkness and the resulting cysts were able to grow when reillumined after
70 days in darkness.

P7Line 29: “depleted silicic acid silicic acid limits diatom Si uptake to such a degree that growth
must slow, Krause et al” please add a coma or a colon for clarity

Line 30: but you show that they stay alive only shortly after they leave the photic zone

Line 31-33: I don’t understand your sentence here that state that diatom mortality is triggered by
Si limitation, especially as what you explained in the next paragraph is more like Si limitation
trigger the loss of buoyancy and the darkness trigger the death of the cell, no?

Authors: The reviewer is correct that the narrative may lead to confusion. The term mortality
referring to the consequences of acute Si limitation was misleading, as we referred to high
mortality rate, as reflected in 30-50% of the diatom cells in Si-depleted photic layers to be dead.
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The rest are likely to be in poor condition. Available evidence suggests that this leads to loss of
buoyancy capacity that characterized healthy cells, leading to rapid sinking of the bloom. A
fraction of the cells falling below the photic layer is still alive, as shown in Table 1 (0.5 to 50%),
but most of these will die under the aphotic conditions. Overall we feel that the discrepancies
with the reviewer stem from confusion between mortality, interpreted by the reviewer to
represent the death of 100%, which is consistent with the data we show that characterizes both
populations in the photic and aphotic layer as consisting of living and dead cells in variable
proportions (i.e. dead or alive is a binary state for individual cells, but a probability for the
population). Hence we refer to mortality rates throughout the paper.

Action: p. 8, lines 22-25: We revised and corrected the text to avoid confusion: ““ A4 large
fraction (30 — 50%) of the diatom cells in silicon-depleted photic layer were dead, pointing at
acute silicic acid limitation as the likely factor triggering partial mortality, while the remaining
cells are likely to be senescent. Unhealthy diatoms would then lose the capacity to actively
regulate buoyancy that characterizes healthy diatom cells (Smayda, 1970), leading to rapid
sinking of the bloom.”

and: “The potential for rapid sedimentation is enhanced, due to the higher silica quotas for polar
diatoms (Lomas et al. 2019) compared to lower-latitude diatoms (Brzezinski 1985).”

P8
Line 10: aphotic instead of photic?
Action: We have changed this in the revised manuscript.

New references
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etal. 2018).

Given the yange of,bloom development represented among out stations, 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 Jimits diatom Si uptake to

such a degree that growth must slow, Krause et al., 2018). Thus, such a situation would stimulate mass

sedimentation, suggested to be an evolutionary adaptation to help diatoms_communities, persist when nutrients are

limiting (Raven and Waite, 2004). A large fraction (30 — 50%) of the diatom cells in silicon-depleted photic layer

were dead, pointing at acute silicic acid limitation as the likely factor triggering partial mortality, while the

remaining cells are likely to be senescent. Unhealthy diatoms would then lose the capacity to actively regulate

buoyancy that characterizes healthy diatom cells (Smayda, 1970), leading to rapid sinking of the bloom. Agute

silicic acid limitation, is identified, therefore, as the event leading to loss of the capacity to actively regulate

buoyancy that characterizes diatom cells (Smayda, 1970), and rapid sinking of the bloom. The potential for rapid

sedimentation is enhanced, due to the higher silica quotas for polar diatoms (Lomas et al. 2019) compared to lower-
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Diatoms have been shown to have a remarkable metabolic capacity to regulate buoyancy (Gemmel et al.,

2016), both maintaining zero (Gemmel et al., 2016) and positive buoyancy (e.g. Villareal et al., 2014) involving
regulation through the production of osmolytes (Gradmann and Boyd, 2002), which plays an important role in
exploiting nutrient patchiness within the photic layer (Villareal et al. 2014). Diatom sinking rates are inversely
related to growth rate (Gemmel et al., 2016), so that silicon depletion is expected to result in increased sinking rates
despite field diatoms reducing their silica per cell when kinetically limited by silicic acid (McNair et al. 2018).
There is experimental demonstration that silicon depletion plays the most important role, compared to nitrogen or
phosphorus, in triggering rapid sinking of diatom cells, indicating that biochemical aspects of silicon metabolism ar
particularly important to diatom buoyancy regulation (Bienfang et al. 1982). N:P ratios in this region do not suggest
that phosphorus plays a limiting role in primary production, and when silicic acid is depleted, enough nitrate remair|
to fuel growth of other phytoplankton groups (e.g. Phaeocystis, Krause et al., 2018). Once diatoms lose their
capacity to regulate buoyancy and sink below the photic layer, they die rapidly and are unable of ascending back to
the photic layer, resulting in the rapid sinking fluxes that drives high sedimentation rates characteristic of the
termination of the Arctic spring bloom (Oli et al., 2002; Wassmann et al., 2006, Bauerfeind et al., 2009). Rapid
sinking of the Arctic spring bloom, in turn, precludes carbon recycling in the photic layer, thereby leading to
undersaturated pCO: driving the large atmospheric CO> uptake characteristic of the European sector of the Arctic

during this season which do not equilibrate with the atmosphere until months later (Bates et al. 2009, Takahashi et

al., 2002; Holding et al., 2015).
A large fraction of the total water column phytoplankton biomass was observed below the photic layer,
representing on average 24% + 6.7 (+SE) of the surface diatom populations in the study area. This considerable

proportion gangbe explained by high diatom, export from the photic zone, opposed to lateral advectiony, This is

consistent with the high rates of biogenic silica (proxy for diatom biomass) export at stations 4, 7-8 and 10, rates
were a factor of four higher than integrated diatom silica production in the upper water column and represented up
40% of the integrated diatom silica standing stock (Krause et al., 2018). These cruise trends are in agreement with
the observation of large sinking events in the Arctic as reported for ice diatoms (Boetius et al., 2014; Aumack et al.,

2014) associated to ice melting in the Arctic, which,represent a large carbon supply to benthic communities in the

Arctic shelves (Moran et al., 2005; Tamelander et al., 2006). While we do not report data for an ice-diatom

assemblage, data for the same cruise showed that ice diatoms silicon uptake rates near stations #7, #8 were strongly

limited by Si(OH)4 concentration in the surface waters, likely to a degree limiting their growth (Krause et al., 2018)

and previous studies have noted their susceptibility to silicon limitation

results show that healthy phytoplankton communities remained at the photic layer, although dying communities

exported a large fraction of the biomass (up to[65%]) to the aphotic zone.

In summary, the results presented here support a link between diatom cell health status, likely driven by

progressive nutrient limitation, and sedimentation fluxes in the Arctic. Whereas the link between diatom health

status and sinking rates has long been established (Smayda, 1971), the evidence corresponded to algal cultures in th

laboratory. This is the first demonstration of these ideas using patural diatom communities in this region —partially

due to the logistical challenges of assessing both viability and settling in the field. Our conceptual model suggests

that dgterioration of diatom health, such as occurring when reaching acute silicon or other resources limitation alon,
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the spring bloom, leads to loss of the capacity to regulate buoyancy and leads to rapid sinking, with cells exported
below the photic layer dying quickly. Understanding the role of cell health status, and the role of silicic acid
depletion, in the regulation of diatom sinking rates is fundamental to mechanistically understand the biological

pump in the Arctic and its response to future changes.
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Figure 1: ARCEX cruise study area, with the insert showing the station number and Jocation {green dot) around the
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Svalbard Islands.
Figure 2: Photographs of the natural Arctic diatoms sampled with the Bottle-Net observed under epifluorescence
microscopy and stained with the Bac-light Kit. (a) Colonies of Thalassosira sp. showing green fluorescence

corresponding to living cells. (b) Colonies of Fragilariopsis sp. showing dead cells (red fluorescence, vertical-left

colonies) and living cells (green fluorescence, transversal-right colony). (¢) Surface layer community, composed of; ...

multiple diatom, genera (Chaetoceros sp., Fragilariopsis sp., Thalassiosira sp., pennates), showing blend of living

cells (green fluorescence) and dead gells {red fluorescence), (d) Aphotic zone sample showing dead colonies (red

fluorescence) of Fragilariopsis sp. and Thalassiosira sp. (two-cell,colony in the bottom-right of the photo).

Figure 3: Box plots showing the distribution of the percentage of living diatoms jn the photq,(blue) and aphotic

,"(Formatted [170])
' | Deleted: ,...with the insert showing the station nurr_l_be[la'pld])
(Formatted [172])
: (Deleted: locations as
Formatted [173])
ﬁDeleted: s... , and labeled with the station number, ., [1 74])
“‘CFormatted .. [175])
;(Deleted:
(Formatted .. [176])
','(Deleted: by
CFormatted . [177])
(Deleted:
“CFormatted .. [178])

Deleted: s from different...genera (Chaetoceros sp.,, [1 79])

[brown) layers, Percentage of living cells among, (a) the total diatom community and (b) for the populations of the
most abundant diatom taxa observed during the cruise. The asterisks indicate significant differences between photic
and aphotic zones (p < 0.05). Boxes encompass the central 50% of the data, the horizontal line inside the box

represents the median, and vertical bars encompass 90% of the data.

Figure 4: Pie charts showing the diatom community within, the photic and aphotic zones among stations, {plours

correspond to different taxa and the numbers indicate,the percentage of cells yelative to the total community.

Figure 5: (a) The proportion (mean + SE) of the water-column stock observed jn the aphotic zone (relative to the

sum of the aphotic and photic zones) among, the different diatom taxa. (b) The relationship between the percentage \
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Figure 7: Decay in the cell abundance of living (blue diamonds) and total (orange squares) diatoms when exposed

to aphotic zone light conditions. (a) large celled Thalassiosira sp. sp. (b) Fragilariopsis spp. (¢) Thalassiosira sp.
(d) Pennate diatom. The solid black lines and equations show the fitted linear regressions for the percent of living
cells (blue box, all fitted lines significant p< 0.05) and total population cells (orange box, none of the fitted lines

were significant p>0.05).
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Table 1. Stations number and location, averaged (+SE) photic layer temperature, salinity, upper mixed layer

(UPM) depth, 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.

Photic ~ Aphotic
Latitude Longitude Temperature ~ Salinity UPM NOy+NO, PO, Si(OH), BN Photic BN Aphotic ~ diatoms ~ diatoms  Photic living Aphotic living|
Station E ©C) (sw) (M) (uM) (M) (M) (range.m) (range.m) (cells m?) (cells m?) _diatoms (%) _diatoms (%)
#3,Bellsund Hula ~ 7728.09 1327483 0.81+0.33 3448+0.083 145 179152 027=0.11 0.75+045 450 197-55 3.160E+07  6.843E+06 63.54 21.70
#4, Bredjupet 7703356 1323369 4.64+0.025 350+0.001 655 9.44 +0.097 0.63+0.019 4.16+0.046 60-0 415-100 3.04E+05 1.63E+05 20.93 947
#5, Inngang
Homnsund 765873 1544.113 -0.54+0.035 3427+ 0.037 242 5.66+0.019 034+0.078 2.45+0.40 50-0 220-80 3.20E+07 3.00E+05 72.03 0.50
#6, Homsund Dypet 76 51.244 15 13.143  -0.034+0.1 2898+45 98 049+037 0.17+0.03 036+0.118 50-0 220-60 2.01E+09 4.69E+08 70.03 831
#7, Erik Erksen
Strait 7909.986 260220 -1.44+0.093 3429+0.04 359 0.03+0.026 0.16+0.01 0.07+0.012 50-0 260-70 1.25E+07 1L13E+06 61.12 26.99
#8, Erik Erksen
i 7910479 2627518 -1.31+0.088 3422+04 3.0 223+1.64 0.15+0.077 0.57 040 50-0 245-70 247E+10 5.56E+06 69.79 3127
#9, Polar Front 7715308 2929.243 2.04+0.099 34.7+0.027 340 0.14+0.034 0204+0.022 1.29+0.17 50-0 180-60 2.76E+07 2.27E+06 4597 50.00
#10,Barents Sea 76 13.513 2943710 4.06+0.044 349+0.001 750 321+020 0345+0.03 1.48+0.156 50-0 180-60 1.45E+08 2.35E+07 7177 13.14
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