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Response to the reviewer #1

We would like to thank the reviewer for comments and for valuable and constructive
suggestions for improving the paper.

Comment #I

“Authors present -Rears timeseries data from two Bidrgo floats measuring
temperature, salinity, Cla flurescence and irradiance in the Black Sea. They observed differences
in deep chlorophyll maximum depth and intensity between summer 2016 and 2017. In 2016, DCN
was deeper withower maximum Chh concentration than in 2017. Authors explained these
differences by previous winter conditions. Authors argue that if more nutrients are supplied in
surface waters during winter, they can sustain during the whole summer period via
reminealisation an higher phytoplankton biomass and a shallower DCM. This paper is interesting
because it raises questions about which factors control DCM. As DCM results from an equilibrium
between light (impacted by phytoplankton itself) and nutrients, detergniwhich factor
determines its position and intensity remain a challenging question. However, the authors
presented a theory without giving the strong proofs and arguments. In fact although they claimec
in the concl usi on t hantensitylofevinteric@aveetiondangelywerdrolst h ¢
thebiopr oducti vity and the position of the de
differences is observed in Mixed Layer Depth (MLD) between 2016 (40m) and 2017 (45m), no
data are provided abouttnent distributiori.

Answer. Unfortunately, there is no direct information about newly entrained nitratks in
upper layers ithewinter season.

There are some important reaserfor it. The entrained nutrients are usually rapidly
consumed anthen are transformadto organic form-i.e. phytoplankton, zooplankton, dissolved
organicmatter, et. To accounfor these entrained nutrients we need to know all the compounds
wheree.g.nitrogen is situatedyhichis almost impossible nowadays. Particularly, in our institute
we made several surveys with nitrates measurements included in 2016 and @@lsuimmer
and autumn perial However, this is certainly not enough to estimate nitrates coming in the
euphoticlayer continuously in shoferiod events of winter mixing throughout all autumimter
season.

The regular opticabased nitrates measurements of-Bigo buoys ould be a good
alternative for this task. Unfortunately, in the Black Sea data ofABjm buoys is poorly
consistent with information of nitrates distribution known from numeriousitu studies. In
particular,Bio-Argo buoys show the persistent presence of rtitae 3y Mnitrates in the upper
layer of the Black Sea throughout the yése diagam inFig. R1-left in attached file) which is
not consistent wih 0.5y Mdocumented in many previous stud@onovalov, Murrg, 2001;

Turgul et al., 201p A possible reasofor this is the complex optical characteristics of the Black
Sea with a lot of dissolved'ganic matter, et(see e.g. @anelle et al., 2017).
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Thereforewe use indirect estimates of newly entrained nitrates.

- First, the winter of 2017 was one of the most severe in the Black Sea and this fact was
alreadydocumented in several recent studi€safiev et al., 2019Capetet al., 2020. It was
significantly colder tha in warm 2016 and cause significanfirongervertical mixingthan in
2016 Stanev et al., 201%apet et al., 2030It is worthnoting, that in colder wintey, convection
will be stronger and more nutrients will be entrained in the upper layer, than in warm Rlgdse
seethe review in (Williams & Follows, 2003). For the Black Sea this is proven bystireng
relatiorship between winter temperature and interannual variability of wiesely spring bloom
of diatoms (Mashtakova, 1985; Sorokin 2002; Mikayelyan et al., 2018) and folldingregrly-
summer blooms of coccolithopho®likaelyan et al., 2015; Silkin et al.,, 2012019), the
variability of surface chlorophyth  (-& (©guz et al., 2006; Finenko et al., 2014).

In the strongly stratified Black Sea, the depth location of nutricline is tightly coupled to
certainisopycnalsas it is shown in many chemical studf@sigrul et al., 1992; Konovalov et al.,
2005) That is whynutricline variations inl-coordinates are significantly less thandiepth
coordinates (Tugrul et al., 1992; Konovalov et al., 2006 multiannual vertical profile®f
nitrate (NQ) and phosphe (PQ) p r e s eaodrdndtes ifonOctober, the month preceding
the onset of intenseimter convection, are shown ing-R1-right. For examplethe concentration
of nitrates begins to gradually increase below the isopycna0dd kg/n, and increases more
sharply below the isopycnal of 1014.4 k§/mhere the upper part of nutricline is located
(Konovalov, Murray, 2001). The deeper isopycriks winter convection reaches, the more new
nutrients will be entrained into the euphotic lay€he tight relation between density and the
position of chemical elements (see Konovalov et al., 2005) suggests that the density of the uppe
mixed layer in winter can be used as a proxy, showing from which layers nutrients were entrainec
to the surface lger (Kubryakova et al., 2018).

At the same timghe mixed layer deptim the cold period of a yeanay vary significantly
due to the dynamical forcing, such as eddies, {aogde circution, eto(see in detailubrykov
et al., 2019). This is reéatedto the deepeningf the density barrier the main halocline.For
example, in anticycloneg can reach 100n. However, if the density of the mixed layer rensain
low, then no new nitrates will be entrained from deep isopycnals layers

The density of thenixed layer depends partly on the vertical uplift of isopycnals during
the intensification ofcyclonic circulation.The rise of cyclonic circulation on the opposite
decreases mixed layer depirherefore, in the Black Sea the MLD is not correlated wéh
surface temperaturéTitov, 2004), but stronglydepends on dynamic forcing (Kubryakov,
Belokopytoy et al., 2019).
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That is why the density rather than the depth of the mixed layer is a more robust indicator
of the vertical entrainment of nutrientsvnnter. We use this indicator to show that in cold 2017
more nutrientgreentrained in the euphotic layer than in warm 2016.

We extended the explanation in the revised version of the manuscript.

- SecondChl-ais one of the widelhused indicata of the phytoplankton biomass, which
directly depems on nutrient concentration. In 2017 &hin winter and spring was higher than in
2016, which is consistent with the fact, that the winter convection and related vertical entrainment
of nutrients wasmore intense in 2017.

We also want to underline that \eee not basing on the quantitative values of nitrates, but
use the above indicators to argue thahecold winter of 2017 the vertical entrainment of nitrates
was higher than ithe warm winter of 206. The increase of nutrient concentration in the Black
Sea in the colgearswas documented ithe chemical study of (Tugrul et al., 2015)

Comment #2

“Finally, the impact of small scale structures such as fronts, eddies, etc. which are known
to impact the nutrient vertical distribution and the DCM are ignored although the Argo floats
trajectories indicates the presence of eddies or small gyres. Theecorhmend to reject this
manuscript as it ildlowever, given the value of the Birgo dataset in this region and the interest
of the scientific community about DCM, | would recommend to the authors to resubmit later their
manuscript after major modificatis and improvements. | advise to the author to add information
about nutrients distribution in the Black Sea, to deeply reconsider the theory which are presente
in this paper and to support any new theory with arguments and data. | also suggest hmtke aut
to avoid the monthly averaging of the data. By this way small scale events can be considered. |
addition, | would like authors investigate what happens in June 2017 when DCM unexpectedly
uplifts”.

Answer. The investigation of the impact of small scale structures such as fronts, eddies on
Chl-ais avery interesting and important probletdowever in this studywe are focusgon the
annual time scales. Pamtilarly, Hg. 5 shows that in cold 201Chl-a in upper layers was higher
in all seasons, while in wim 2016 it was higher in deeper layers in all seasbhis fact was
observed during all investigated pesarf both buoys measuremenBease seeig. 5a, which is
the main figure for this manuscripthat is,yearly average profieof Chl-a are of main interest
and they depenan theintensityof winter convectiorfandseeFig. R2 and R3n the attached file

The d$ort-periodvariability of the Cla is out ofthe scope of this paper, but vixiefly
discuss it in the discussion paBhort period variability of th€hl-ain thesummer period is related
to the occasional entrainment of nutrients from nitroclyne in the euphotic zone caused by storm:
or dynamical forcing (studied ithe Black Sedy Kubryakov, Zatsepiret al. 019), such as
eddies horizontal and vertical advection (see e.g. Oguz et akk; &d@piro et al. 201Q
Kubryakov et al., 2016 After warmwinterswith higherwatertransparencythe euphotic layeis
deeper and closer td@ nitrodyne. Therefore, we might expect that the impact of dynamics
features in summer will be more effective in years with weak winter convection.

In Fig. R2 (in the attached filejve showthe diagram of-days averagegrofilesof Chl-a
for both buoys in 2016 and 2017 to demonstrate that in both years theashodtvariability takes
place It is also wellseen that these twaublys weresituated in different dynamic features and the
Chl-a variability differs among the buoys in both ygaAt the same timet is visually seen that
both buoys show that in warm 2016 @hsubsurface maximumwas deper than in cold 2017,
which is the main conclusion of the stutlyis also well seen that Glalwas higher in 2017 ithe
winter-spring periodn upper layerand higher in summer @016 in deep layers (356 m depth)

(see kg. R2, bottom). We willadd this information ithe revised version dhe manuscript
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Fig. R2. Time variability of Chla by the measurements of Bidrgo buoy #7900591 (top panel) and buoy
#6901866 ¢entral panglin 2016(left) and 2017qright). Bottom panel- the differences between 2017 and
2016 by buoy #6901866 (left) and buoy #7900&gght).
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Specific commentqSC)

S C 1line 21-22, winter phytoplankton remineralisatioeeds reference. Same nutrients
sustain spring bloom and summer DCM? You need to reference and argument

Answer. We wrote this phrase more accurately

“With the rise of stratification and irradiancertically entrained nutrients during winter
arefurther consumed by phytoplankton, which caibe earlyspring bloom in the upper layers
(Sverdrup, 1953; Sorokin, 2002). After the blggmart of nutrients in organic form sinks out to
the nitroclyneand another part regenerates, which can fuel the phytoplankton bloom in the warm
period of theyear (Williams & Follows, 2008 In the Black Sea according {bebedeva and
Vostokov, 1984; Karl and Knauer, 1991) only a small fraction (~10%) of partictileteas
exported to deeper anoxic part of the Sd@e most intensevinter-early spring bloom of diatoms
(Mashtakova, 1985; Sorokin 2002; Mikayelyan et al., 2018) fafidwing the early-summer
bloom of coccolithophores (Mikaelyan et al., 2015; Silkinlgtz914, 2019)n the Black Seare
observed after severe wintel®th of which are related to the entrained in winter nutri¢oisg-
term analysis of isitu data (Mikaelyan et al., 2018) showed that winter temperature significantly
affects the taxonoim composition andeasonal succession of phytoplankton in the Black Sea
throughout the whole warm period of the ye8everal authors on the base of satellite data
demonstrated that the variability of surface chloropayll ( Ch | ) on i ntasrann
correlated with winter sea surface temperature (Oguz et al., 2006; Finenko et al., 2014). The
biomodelling study of (Kubryakova et al., 2018) also shows thahtbesity of the summer deep
phytoplanktormaximum also depesan the winter convectidn

S C 2line 25: Strong?
Answer. Changed to most intens€here areat leasttwo bloons of diatoms in the Black
Sea—in spring and autumn.

SC3Lirfde 29: “winter ”.severity” is too gen
Answer. Changedo “winter ttmperaturé .

S C 4Line 32: DCM intheBlack Sea, please provide more details

Answer. We aldeda short description of DCM in the Black Sd&aeneral feature dhl-a
vertical distribution is deepening $ peak duringhe warm period of a year and a formation of
a sacalled deep chlorophyll maximuat 1550 m depth (Sorokin, 1983/edernikov, Demidov,
1993), similarly as in the other areas of the World Ocean at the same laffthdegriability of
the thickness, depthand shape of summ&CM in the Black Sea @asinvestigated in detalby
Finenko et al. (2005), Krivenk@0Q10).
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S C 5 Lines*3943: photeadaptation and photimhibition mechanisms need to be better
described.

Answer. We slightly extendethe descriptiomn this part of the introductioi\Iso, we note
that theinvestigationof these important processes generally aretmotgoal of this studyThe
possible impact of the photoadaptation on the ratio ofaCtrid biomass is shortly addressed
theDiscussion!Deepening of the euphotic layer may also promote the growth of species adapted
to low light with low biomass and high Chl content in cells (Falkowski & La Roshe, 1991,
Maclintyre et al., 2002; Latasa et al., 20 articularly, in the Black % the lower border of the
euphotic zone is characterized by the domination of small flagellatesa®=dlular cyanobacteria
(Churilova et al., 2019; Mikaelyan et al., 2020), which may have an advantage in the years with
warm winters.

SC6 Line 56: Pl eas e replace the term ®“winter
Convection implies very deep mixed layers and specific mechahisms

Answer. We partly agree with this comment at
becauséoth wind, dynamic and coolinmpact on thenixing. However, we must note that among
these three factorsyinter convectiorplays a most important role, and there arlet of studies
dedicated to the investigation of the winter convegt@imich is very important ithe Black Sea

l vanov, L. | ., Backhaus, J. O., Ozsoy, |
Sea during cold wintergournal of marine system31(1-3), 6576.

Stanev, E. V., Roussenov, V. M., Rachev, N. H., & Staneva, J. V. (1995). Sea response tc
atmospheriwariability. Model study for the Black Sedournal of Marine System6(3), 241267.

Staneva, J. V., & Staneyv, E. V. (1997). Cold intermediate water formation in the Black Sea.
Analysis on numerical model simulations. 3ensitivity to Change: Black SeBaltic Sea and
North Segpp. 375393). Springer, Dordrecht.

and others.

Convection is driven byensitydifferences in thdluid, e.g. the sinking of cold, dense
waterformed in winter. Itan be deep or shallow, depending on stratification, which is very strong
in the Black Sea.

S C 7A pre$entation of the Back Sea with water mass presentation and circulation, nutrient
and phytoplankton distribution is missing
Answer. We added shortdescription of thee features of thBlack Sea in the text

S C 8Lines!62-63 please give details and show data
Answer. We added the figures withevariability of both buoys ifrig. R2 (in the attached
file).

S C9 Regatling Chh concentration dataHow did you treat non photochemical
guenching?

Answer. We usethe standard product downloaded frdip://ftp.ifremer.fr/ifremer/argo
Thenonphotochemical quenching was not corrected. We can expect that this effect will not alter
the obtained result, as we focus on the differences of Chl between twoN@&rss important in
the most upper layers-Ib m), while the differences in this studgrmobservedn all 1070 m
layer (see K. 5). Also, NPQ depends primdy on the irradiance conditionsn the surfacein
which seasonal variabilitichange from summer to wintas) more or less uniform in both yesa
Therefore we believethe correctionof NPQ will not generally change the main results of the
paper.
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S C1 Qine 74: Can you better justified your 0.07 kg/m3 criteria for MLD calculation.
The criteria 0.03 or 0.05 kg/m3 are more commonly used. With a criteria of 0.07, MLD may be
overestimatet

Answer. The criteria 0.03 isisually used globally (e.gte Boyer Mont)égut
Thecriterion0.07 used in this paperregional and it was choseractly for the Black Sedt was
justified in our previous papeK(bryakov,Belokopytov, et al., 20)9wherewe use composite
analysis (seei§. 1 (Kubryakov, Belokopytov, et al., 2003p show that this criteonis reliable
for the Black Sea.

S C1 1Lines “7986: this paragraph should be in the introduction. Please provide
concentration values for nitrate and phosphate in the Black Sea
Answer. We moved this paragraph tiee introduction according to Your advice

SC12ine 93: *“Convection” should be reple
Answer. Replaced

SC1 3ine94:whatis he “cold intermediate | ayer”?
Answer. We addeda short description of the Cold Intermediate Lay@&iL) in the
Introduction The Cold intermediate layest he | ayer of mini mal t emp

50-150 m deth. During winter convectiorcold waters do not penetrate through the -halo
pycnocline and form the CIL with a high amount of oxygen, which is further observed during the
whole year. See also

Staneva, J. V., & Staneyv, E. V. (1997). Cold intermediate water formation in the Black Sea.
Analysis on numerical model simulations. 3ensitivity to Change: Black Sea, Baltic Sea and
North Segpp. 375393). Springer, Dordrecht.

Korotaev, G. K., Knysh, V. V., & Kubryakov, A. |. (2014). Study of formation process of
cold intermediate layer based aeanalysis of Black Sea hydrophysical fields for 1971
1993.1zvestiya, Atmospheric and Oceanic Physk¥1), 3548. And others.

S C 1 #igure“2: Please use a continuous color palette. These discontinuous caltours
artificially emphasis differences in two situations which may be not so different (opposition
between red and yellowolorsy.

Answer: We correctedhe figure(see Fig. R4 in the attached file).
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S C 1 hine 108: Without any data on nutrients concentration how can you argue that there
is an entrainment of nutrients?
Answer. Please, @e theanswer to comment #bove

S C 1 drigure“4: Can you explain the Galincrease in August 2016 and the DCM uplift
inJune2 0 17 ? "

Answer: As it is stated in the answen Comment?2 this paper is focused on the annual
time scales and shows generally that in years with weak winter convection (mixing) the DCM is
situateddeeper all over the year (seig.F5), which is related to the effect of ssliading.n Fig.

R2 (in the attachedile) we showadi agr am of “ raaamdbilityforddth buogssin Ch
2016 and 2017 to demonstrate that in both years the-g@iood variability mainly contrslthe
Chl-a dynamics.The observedhortperiod oscillations of Chla can be caused byumerous
reasons. One of them is the stedniven mixing inthe warm period of the year (see Kubryakov
et al., 209), which provides the nutrient fluxes to the deep layer in the euphotic zone. As it is
discussed in the paper this process will be more @feedtthe euphotic zone is situated deeper,
as in 2016 (due tdhe absence of sekhading).Another important reasorfor chlorophyll
variability in summer is the impact of egsdummer coccolithophorbloons, which are very
strong in the Black Sed/ikaelyan et al., 2015 Theseblooms also degndon winter convection.
They, particularly, causan intense release of DOM during their termination (see Kubryakov,
Zatsepin et al., 2019), which cause significant light attenuation and shallowing of tieieup
zone. Both these effexaredescribedn the discussion. Mesoscale or largeale circulation also
can impact on the vertical displacement of the DCM. We added this comment to the study.

S C1 Line 118120: Please provide evidence to supportshisat e ment : “Th
entrainmenbf nutrients in the winter of 2017 led to an increase in biological productivity not only
in winter but also in the following months

Answer. The evidence is that the Galwhich is the indicator of biological productivity)
was higher throughout the yeartireupper layers of 2017. Additional evidencehs very intense
coccolithophoréloons observed in Mayduly 2017 Kubryakov, Mikaelyanet al., 2019, which
intensityalso depends on winter convection, as it is showBimgnkov et al., 2011; Mikaelyan
et al., 2011, 2015 We added the latter comment to the study.

SC1 &igur & 5: Il s this figure necessary?’
Answer. This is the most important figur@lease, see the answer to comment #2 above.

S C 1 %ine 182: Indicate to which isopycnal nitracline is related and draw it on Fijure 2

Answer. We added the graph of the nutrient distributiorhe Black Sea to the paper (see
Fig. R1in the attached file As it is seen the concentrationmifrates begins gradually increase
below theisopycnal 0f1014.0kg/m?, and increases more shigrpelow the isopycnal of 1014.4
kg/m® where the upper part of nutricline is loca{&@novalov, Muray, 2001).

SC20ne18 “Further ther mal stratification
same concentration of nutrients”, nutrient
support this statement

Answer. We corrected this phrasé&urther thermalstratification stabilizes the water
column. Entrained in winter period nutrients and the rise of the irradiance causes the following

spring growth of phytoplankton.

S C 2 line 188: Hypothesis on regeneration need to be suppastroyg data. In fact,
regeneration generally happens in depth due to particles sediméntation

Answer. As it is stated in the introduction the impact of the winter entrainment of nutrients
on the Black Sea phytoplankton was shown in many previous sttidiest the bloom,part of

8
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nutrients in organic form sinks out to the nitroclyne and another part regenerates, which can fue
the phytoplankton bloom in the warm period of ylear (Williams & Follows, 2008 In the Black

Sea according t@Lebedeva an&ostokov, 1984; Karl and Knauer, 1991) only a small fraction
(~10%) of particulate flux is exported to deeper anoxic part of theTseanost intensavinter-

early spring bloom of diatoms (Mashtakova, 1985; Sorokin 2002; Mikayelyan et al., 2018) and
following theearly-summer bloom of coccolithophores (Mikaelyan et al., 2015; Silkin et al., 2014,
2019) in the Black Sea are observed after severe winters, both of which are relsgeshtcaihed

in winter nutrients. Longerm analysis of isitu data (Mikalyan et al., 2018) showed that winter
temperature significantly affects the taxonomic composition aadsonal succession of
phytoplankton in the Black Sea throughout the whole warm period of theSgaaral authors on

the base of satellite data demoastd that the variability of surface chloropkgll ( Chl )
interannual time scales is correlated with winter sea surface temperature (Oguz et al., 200€
Finenko et al., 2014). The biomodelling study of (Kubryakova et al., 2018) also shows that the
intensty of the summer deep phytoplankton maximum also depamdise winter convection

S C 2 Figure“7: This figure and the associated conclusions should be removed or at leas
deeply reviewed. Regarding the figure itself, it is very surprising to see@a@GM shape inside
the mixed layer. In the mixed layer, one can expect homogeneowsbfiles. Authors should
have mentioned at 1 e&amsmea “v@drhttieclastdddthe RARIde ”
arrows, it would be more accurate to indicate the position of isolumes as this information is
available from BieArgo datd.

Answer: We agree and changed thig.F7: we added the position of euphotic zone and
changed tl captionson winter mixing and summer Glal (seeFig. R5in theattached file).
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year with cold winter year with warm winter
Fig. R5.

SC2Reg@arding the theory explained in fi.q
in this paper allow to support it . Atatdmbrmd ugtl
“I'n a cold winter, the | arger amount of nut
| ayer”

Answer. Please see the answercomment#1. Shortly, in cold winter the entrainment
should be stronger. Chlis an indirect indicator of the amount of entrained nutrients.



345

350

355

360

365

370

375

380

SC24. " maine concern is for the followin
period with increase of PAR, light penetrates the upper layer of nitroclyne and causes intense an
deep summer subsurface bloom. Therefore, the total amount of nutrients used by the
phytoplankton in both year i s comparable.”
and as soon as surface nutrients are consumed, DCM forms and deepens

Answer. Yes, in summer light increase and DCM deepénportant is to answer, why in
summer ofwarm yeardight penetrate deeper than in summer of cofdar? In more transparent
waters (modulated by tHew amount of nutrients)ight reaches larger depths and DCM deepens
stronger.

S C 2 51t seefns impossible that DCM production in oligotrophic conditions can
compensate additional winter production permitted by extra nutrients inputs in surfacé.waters

Answer. The Black Sea is mesotrophic, not oligotrophic. It $&xgerakpecific features
ashallow mixed layer anditrocline, et. That is why the discussed effects can be more prominent
in the Black Sea. Howevgethey should work in any other regions of theoi Ocean where
convection reaches nitragke. The logic is simple:

— cold winter-> more nutrients are entrained in wirtermore phytoplankton (and DOM)
-> less transparent waters lesser penetration of light shallower DCM

—warm winter->lessnutrients are entrained in winter less phytoplankton (and DOM)
> moretransparent waters> deeper penetration of light light reaches deeper layer, where
nutrient concentration isigher-> deeper DCM> DCM is closer to nitroclyne

In this studythis compensation is confirmed by the same value of colavenaged Gl-a
in thewarm and cold yegiFig. R3). We also added to the manuscript figuréh&faverage annual
profile of Chl-ain 2016 and 207 (seeFig. R3).

S C 2 6n:addition, authors should remind that deep DCM have generally an higher Chl
a/biomass ratio than shallower DCM as-@hper cell increases to compensate the decreasing of
light”.

Answer. It is briefly written in the discussion at lin@gl7-250. Deepening of the euphotic
layer may also promote the growth of species adapted to low light with low biomass and high Chl
a content in cells (Falkowski & La Roshe, 1991; Macintyre et al., 2002; Latasa et al., 2017).
Particularly, in the Black Sea, the lowborder of the euphotic zone is characterized by the
domination of small flagellates anhicellular cyanobacteria (Churilova et al., 2019; Mikaelyan
et al., 2020), which may have an advantage in the years with warm winters

S C 2 Line 206207. Hypothesis on sedhading due to higher winter Calconcentration
for explaining shallower DCM during the full summer season is doubtful. In fact, what which have
been observed before is that as soon as bloom ends, DCM set up and deepe fosaair nutrient
availability and higher light availability .

Answer. Both of thesesentenceare true. But we need to explain higher light availability
in a warm year. It is caused by the absence of the phytoplankton in the upper laysedf(no
shading), which increasehe transparencof the waers. This is directly shown inid: 5 and
Fig. 6.
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