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Emiliania huxleyi algae are known to enhance CO, partial pressure in their ambient water,
(pCO,),. Thus, over such bloom areas, the atmospheric column-averaged dry air mole
fraction of carbon dioxide (XCO,) is likely to increase, which has not yet been quantified
on basin scales. Here we report on an Orbiting Carbon Observatory (OCO-2) satellite
study of the influence of E. huxleyi blooms on XCO, over the Black Sea. We established
that concurrently with a significant (pCO,), rise, there was an increase in the overlying
XCO, within the range ~1 to nearly 2 ppmv, which is commensurate with the planetary
annual increase of XCO,. As we found, (ApCO,),, in the Black Sea and Subpolar and Polar
seas are closely comparable. This strongly indicates that E. huxleyi blooms do weaken
carbon sinks in the ocean on a large scale, which can be consequential for global clima-
tology and marine biogeochemistry.

Keywords: Black Sea; blooms of Emiliania huxleyi; CO, partial pressure in water; sa-
tellite remote sensing; OCO-2 data; enhancement of atmospheric columnar CO, content
over E. huxleyi blooms.
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CNMNYTHUKOBOE QOOKA3ATEJIbCTBO YBEJIMMEHUA KOHLUEHTPALUU
CO,BATMOC®EPHOM CTOJIBGE HALL, OBJIACTbIO LUBETEHUSA E. HUXLEYI

M3BecTHO, 4TO BOomopocnn Emiliania huxleyi noebiwaioT napunansHoe aasneHne CO,
B OKpyxXatoulen nx some, (pCO,),. Takum o6pasom, Ham 06iacTamy UBETEHUSI MOXET
YBENMYMBATLCS CPeaHss N0 aTMOCHEPHOMY CTONOY MONbHAsA A0Ns AMOKCHMaa yrnepoaa
(XCOQ,) cyxoro Bozayxa. 3HaueHus (XCO,) KONM4YECTBEHHO el He Onpeaensvch B Mac-
wtabax baccenHa. 3aecb Mbl COO6LLAEM O CIYTHUKOBOM UCCNEA0BAHUM BNSHAUSA LIBETE-
HWi E. huxleyi Ha 3naveHnsa XCO, Han HepHbIM MOpPEM, OCHOBAHHOM Ha AaHHbIx Orbiting
Carbon Observatory (OCO-2). YCTaHOBNEHO, YTO OAHOBPEMEHHO CO 3HAYMUTENIbHLIM YBE-
nnueHnem (pCO,) B atMocdepHoM cTonbe Haf, LuBeTeHrem HabnoaaeTca yBennyeHne
XCO, B avanasoHe oT ~ 1 [0 MOYTU 2 ppMV, 4TO MO BENIMYMHE CPABHVMO C MIaHETAPHbIM
ronosbiM yBesmyeHnem XCO,. MNokasaHo, 4to 3HaveHuns (pCO,), B YepHOM mMope 1 B cy6-
NOASIPHBIX Y MOSNISIPHBLIX MOPSIX TECHO COMOCTAaBMMbI. TO YOeANTENbHO CBUAETENLCTBYET
0 TOM, 4TO uBeTeHus E. huxleyi B 3HaUMTENbHOM CTENEHN OCNAbNSAT CMOCOOHOCTbL OKe-
aHa nornowiath yrnepos Ha 3HA4YUTENbHbIX MPOTAXEHHOCTSIX, U 9TO MOXET UMETh 3HaYe-
Hue ang rnobanbHON KNMMATONOr N 1 MOPCKOM BLUOreoXMum.

Kniouyesble cnoBa: HYepHoe mope; useteHus Emiliania huxleyi; napunansHoe naB-
neHve CO, B BOAE; CNYTHUKOBOE AMCTaHLMOHHOE 30HAMPOBaHue; aaHHble OCO-2; Bo3-
pacTtaHve conepxarua CO, B aTmocdepHoM cTosnbe Haa useTeHuamn Emiliania huxleyi.
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Introduction

Phytoplankton blooms of Emiliania huxleyi are
known to produce CO,, causing less uptake of at-
mospheric CO, by the ocean. A recent study based
on 18 years (1998-2015) of quantitative satellite
observations of CO, partial pressure in surface wa-
ters, (pCO,),, of five seas in the North Atlantic, Arc-
tic and North Pacific, revealed that within the areas
of E. huxleyi blooms, the increment in pCO,,
(ApCO,) , was significant, constituting tens to hun-
dreds of microatmospheres [Kondrik et al., 2018;
the respective database and its description can be
found in Kondrik et al., 2019].

When normalized to CO, partial pres-
sure in the absence of blooms (“background”
pCO, in water - (pCO,) ), the mean and maxi-
mum (ApCO,),, values proved to be in the range
20.4-44.2 and 31.6-62.5%, respectively. The
bloom areas in the target seas varied significantly
among the years with maximum values in the range
of several tens to several hundreds of square kilo-
metres [Kondrik et al., 2017].

The aforementioned E. huxleyi bloom-driven
enhancement of dissolved CO, partial pressure
can reduce, nullify or even reverse the flux of CO,
at the atmosphere-ocean interface. Indeed, Shut-
ler et al. [2013] report on an average reduction
in the monthly air-sea CO, flux by about 55 %
across the marine tracts encompassing extensive
E. huxleyi blooms in the North Atlantic, where-
as the maximum reduction over the time period
1998-2007 was registered at 155 %.

In the southern hemisphere E. huxleyi blooms
are also vast: e. g., the area of the gigantic Great
Calcite Belt extending from ~ 38 to ~ 60 °S is re-
portedly in excess of 50 million square kilometres
[Balch et al., 2016].

Given these estimations, it is reasonable to ex-
pect that at least within the areas of E. huxleyi
blooms, the CO, balance between the atmosphere
and the ocean can shift, causing a considerable re-
duction in the CO, flux from atmosphere to ocean
and even its reversal.

Due to the global nature of the phenomenon
of E. huxleyi blooms [Brown, Yoder, 1994; Igle-
sias-Rodrigues et al., 2002; Moore et al., 2012],
this can have appreciable ramifications, among
which are a reduction in the world’s ocean carbon
sink and a consequential enhancement of global
warming [IPCC, 2014].

However, until recently, numerical assessments
of the impact of E. huxleyi blooms on CO, ex-
change between atmosphere and ocean were con-
fined to isolated shipborne in situ measurements
[e. g. Robertson et al., 1994], and as such could
not be considered representative because of data
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paucity. With the launch of the Orbiting Carbon Ob-
servatory 2 (OCO-2) satellite mission [Crisp, 2015]
in 2014 such studies became feasible: the column-
averaged dry air mole fraction of carbon dioxide
(XCO,) retrieved by OCO-2 can be obtained over
the target bloom of E. huxleyi in order to detect
the XCO, enhancement in the atmosphere.

Here we report on the results of our satellite
study of the Black Sea, as a test example. The rea-
son for this selection is twofold: firstly, the Black Sea
is an area of intense E. huxleyi blooms [Cokacar
etal., 2001], and secondly, such intense blooms oc-
cur there annually, in contrast to other seas [Smyth
et al., 2004; Oguz, Merico, 2006]. At the maximum
of their development (e. g. in 2012), the blooms cov-
er areas as large as ~ 354x10® km2, thus accounting
for ~ 84 % of the entire surface of the sea.

Materials and Methods

To implement the present study, spatially
and temporally collocated data on two remote-
ly-sensed variables are required, viz. on spectral
remote sensing reflectance, R (sr') and XCO,
(ppmv). These data are from, respectively, OC CCI
(in six channels centred at 412, 443, 490, 510, 555
and 670 nm, at 4 km spatial and 8 day temporal
resolution, http://www.esa-oceancolour-cci.org)
and OCO-2 (OCO-2 Level 2 bias-corrected XCO,
product at 3 km? spatial resolution, NASA Data
Archive Page https://disc.gsfc.nasa.gov/data-
sets?project=0CO).

The period of satellite observations covers two
years (2015-2016), when both Ocean Colour Cli-
mate Change Initiative (OC CCI) and OCO-2 data
were available. Although also available for 2017
and 2018, OCO-2 data could not be used as they
proved to be deficient due to either extensive cloud
masking or heavy flagging (the prevailing amount
of data points contained low-quality flags) over
the areas encompassing OCO-2 footprint trajecto-
ries within E. huxleyi blooms in the Black Sea.

The work was performed in the following ma-
jor sequential steps: (1) identification and precise
delineation/quantification of an E. huxleyi bloom
area, (2) quantification of the enhancement of CO,
partial pressure in surface water, (ApCO,) , (natm)
within the bloom area, (3) identification of XCO,
(ppmv) data availability on the target marine areas,
(4) establishment of XCO, variations over the tar-
get area, and (5) quantification of increments
in XCO,, AXCO, during the bloom period against
the respective XCO, background values.

The methodologies of fulfilling steps 1 and 2 are
described in detail in our previous papers [Kondrik
et al., 2017, 2018]. Here only their brief descrip-
tions are given.




In step 1, spectra of R _from the turquoise areas
produced by E. huxleyi algae were automatically
analyzed to select those complying with the pre-
selected thresholds and the location of maxima for
this variable at the OC CCI wavelengths in the vi-
sible. Summation of the pixels thus identified gave
the bloom area.

In step 2, values of CO, partial pressure in sur-
face waters, (ApCO,) , within the bloom area were
obtained making use of the algorithm developed
in [Kondrik et al., 2018]. The algorithm is based
on the regression dependency between the va-
lues of R _ (490 nm) and (ApCO,),,, which has been
confidently established with the root mean square
error of +/-23.4 yatm on the basis of more than
2500 data points located throughout the subarctic
and arctic seas.

In step 3, XCO, data from OCO-2 were selected
that conformed to a single-sounding random error
between 0.5 and 1 ppmv [Crisp, 2015] and respec-
tive quality control flags.

Step 4. Some XCO, values were not available
for each 8-day intervals of observations because
of either cloud filtering or OCO-2 data flagging/
unreliable quality. To fill such gaps in the se-
quence of XCO, values, i. e. the missing segments
of the XCO, intraannual variations, a linear inter-
polation approach was employed. Further, the se-
quence of XCO, values was subjected to a polyno-
mial approximation of order 7.

This approach was applied separately to both
(/) all data over the entire two-year term (i. e.
2015-2016), including the periods of E. huxleyi
blooming, and (i/) to the data registered each
year but excluding the E. huxleyi blooming pe-
riod per se plus one week before and after the
blooming.

The difference AXCO, between the actually re-
corded XCO, values and the respective approxi-
mated XCO, values beyond the E. huxleyi bloom-
ing period reflects for the excess of XCO, over
the bloom area.

In step 5, AXCO, values were quantified
and their temporal variability was analyzed.

Results

Our quantitative assessments of the E. hux-
leyi bloom extent in the target sea indicate that
we are dealing with a huge phenomenon. Indeed,
as Figure 1, a illustrates, both in 2015 and 2016
the bloom areas at the stage of maximum develop-
ment reached 177.0-205.3 thousand square kilo-
meters, which corresponds to 41.9-48.6 %, i. e.
almost half of the entire surface of the Black Sea
with depths in excess of 200 m (e. g. [Ozsoy, Un-
lata, 1997], see also Figure 2, a).

Importantly, for the periods of blooming in 2015
and 2016, the concurrent OCO-2 daily data are
in most cases amply available with only rare excep-
tions (black bars in Figure 1, a).

The obtained data reveal enhanced values
of XCO, over the bloom areas. The magnitude
of XCO, increment for both years proved to be
significant: the maximum increments of XCO,
are close to 2 ppmv (Fig. 1, ¢), which constitutes
~0.5% of the present mean pCO, in the atmo-
sphere [Dlugokencky, 2016] or is on the same
order of magnitude as the annual increase. Giv-
en that (/) the single-sounding random errors are
between 0.5 and 1 ppmv [Crisp, 2015] and (ii)
the number of OCO-2 observations in our case is
up to 400 (Fig. 1, a), the increments established
in this study should generally be considered as
reliable. An independent confirmation of validity
of this statement can be found e. g. in [Wu et al.,
2018].

However, there was one case on 24.05.2016
when the XCO, increment value was highly negati-
ve, about ~1.5 ppmy, i. e. beyond the stated error
of a single sounding, 0.5-1.0 ppmv. This case cor-
responds to the situation when the number of re-
turn signals was at least ten times less than that re-
gistered in other measurements during the period
of high bloom intensity (compare Fig. 1, a and c),
and hence the respective retrievals were insuffi-
ciently reliable. This case isillustratedin Figure 2, a:
for 24.05.2016 the number of red points (reflect-
ing the OCO-2 footprints) in the marginal eastern
part of the sea is far less than for e. g., 16.05.2016
(Fig. 2, b) — the date of concurrently high values
of max (ApCQ,),, in surface water and the number
of satellite observations and strongly positive XCO,
increment. The same arguments refer to a few cas-
es in 2015 (Fig. 1, ¢), when the resultant AXCO, va-
lues, although very small, were non-positive.

As the Black Sea is essentially a landlocked
waterbody, the influence of watershed-based CO,
sources (both of rural and industrial/urban ori-
gin) can affect XCO, readings through the trans-
port of polluted atmospheric air over the E. hux-
leyi blooms. A good clarification of this issue
could be the situation when satellite footprints
passed through both the bloom and bloom-
free areas during one and same overflight. Be-
cause of the paucity of high quality OCO-2 data
during 2015-2016 on the Black Sea (no clouds,
no heavy data flagging) such situations were
found solely on two occasions, viz. on 02.06.2015
and 16.05.2016 (Fig. 3 and 2, b, respectively).
The mean XCO, values (in ppmv) over the long
footprint passing through the area of E. huxleyi
bloom, and two footprint segments intersecting
the bloom-free area (both are encircled in Fig. 3)
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Fig. 2. Spatial distribution of CO, partial pressure increment, (ApCO,) , in the Black Sea surface water as re-
trieved from OC CCl data on a) 24.05.2016 and b) 16.05.2016. Red lines are the locations of the OCO-2 footprints
across the E. huxleyi bloom on each of the two dates. The encircled area is explained in the text
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Fig. 3. Spatial distribution of CO, partial pressure increment, (ApCO,),, in the Black Sea surface water as retrieved

from OC CCl data on 02.06.2015.

Red lines designate the OCO-2 footprints across the sea. The encircled areas are explained in the text

were, respectively, 400.07 and 399.2. Thus, these
data indicate that there was no significant influ-
ence exerted by CO, atmospheric advection from
the watershed. The same conclusion can be drawn
from the second example: on 16.05.2065 the mean
XCO, values (in ppmv) along the footprint extending
over the south-western region of the Black Sea,
and along a short part of it (encircled in Fig. 2, b)
in the close vicinity of the coast were, respective-
ly, 403.5 and 401.75. Should there be any CO, at-
mospheric advection from the watershed, the pro-
portion between these two numbers would be
essentially different. Both results should not be
considered as incidental. Indeed, all available XCO,
data registered along the footprints (which passed
through different parts of the sea) were used collec-
tively, and on this basis common statistical charac-
teristics were calculated. In other words, there was
no specific reference to a concrete point in the foot-
print, but a general aggregation of spatio-temporal
variability in XCO,, was established. Had there been
an impact of CO, advection, it would have been re-
flected in the entire set of XCO, determined along
the footprint.
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Finally, as mentioned above, on some occa-
sions in 2015 and 2016 AXCO, values are negative
(Fig. 1, plate c). Although we assume that the ne-
gative AXCO, values are not reliable because they
were retrieved from a small number of OCO-2
return signals, nevertheless, they can arguably
be interpreted as an explicit indication of the ab-
sence of advected CO, from the marine watershed
in those parts of the sea.

Excluding the unreliable data discussed im-
mediately above leads to a value of the mean
XCO, increment over the blooming period close
to 1 ppmv. Given that this assessment is based
on a statistically significant number of measure-
ments (Fig. 1, a), it should be assumed as reliable,
and hence the trustworthy range of XCO, incre-
ments over the Black Sea extends from 1 ppmv
to the maximum observed value close to 2 ppmv
(Fig. 1, ¢).

As our ApCO, retrieval algorithm was deve-
loped and verified for high latitude marine envi-
ronments, the appropriateness of its application
to the conditions of the Black Sea needed confir-
mation. To the best of our knowledge, there are no




Temporal pattern of CO, partial pressure excess (in percent) within E. huxleyi blooms in surface waters of the target
seas over the period of spaceborne observations (1998-2016)

A
Year North Sea Norwegian Sea Greenland Sea Barents Sea Bering Sea Black Sea
(750)* (1383) (1205) (1400) (2292) (436)
1998 (31.8(9.6 ;0.4)** | 35.6(67.0; 12.2) - (2.8;0.2) 40.6 (118.4; 8.1) 62.3 (220.2; 8.9) 21.7 (74.2; 17.6)
1999 | 43.1(28.1;1.2) 28.8 (65.1; 11.9) 20.0(17.2;1.4) | 42.5(186.1; 12.8) | 54.3(201.2;8.1) 25.8(13.8; 3.3)
2000 | 35.4(58.9;2.5) 24.6 (59.6; 10.9) - (1.2;0.1) 34.5(178.0; 12.2) | 53.7 (247.3; 10.0) | 35.8(104.9; 24.8)
2001 | 27.7(43.9;1.9) 26.3(36.7;6.7) 21.1(5.8;0.5) | 62.5(269.4;18.5) | 19.2(209.0; 8.4) 12.8 (1.7; 0.4)
2002 | 23.9(76.4;3.2) 15.6 (36.4;6.7) 31.0(5.2;0.4) 39.2(248.0; 17.0) 17.0 (5.5;0.2) 36.7 (345.2; 81.8)
2003 | 38.1(72.6;3.1) | 39.1(105.4; 19.3) - (4.8;0.4) 50.6 (201.9; 13.8) 22.0(27.0; 1.1) 11.8 (20.1; 4.8)
2004 | 27.9(24.8;1.0) 20.8(30.7;5.6) 12.5(10.0; 0.8) | 41.0(234.0; 16.0) 20.0(22.3; 0.9) 17.0 (206.4; 48.9)
2005 | 30.1(83.2;3.5) 17.6 (46.3; 8.5) 23.5(20.9; 1.7) | 27.5(120.4;8.3) 16.0 (22.3; 0.9) 20.3 (198.3; 47.0)
2006 | 24.1(10.8;0.5) 46.9 (65.6; 12.0) 12.4(10.4;0.8) | 30.9(167.9; 11.5) 19.8(8.9; 0.4) 37.0(344.9; 81.7)
2007 | 21.2(21.8;0.9) 11.8 (25.5;4.7) - (7.1;0.6) 47.3 (218.6; 15.0) 25.5(63.6; 2.6) 14.1 (277.1; 65.6)
2008 | 41.1(54.7;2.3) 17.5(19.1; 3.5) 31.6 (48.2;3.8) | 37.4(156.3; 10.7) 15.4 (12.0; 0.5) 31.4 (320.7; 76.0)
2009 | 18.4(74.9;3.2) 27.8 (26.0; 4.8) - (7.4;0.6) 27.6 (129.9; 8.9) 28.1(46.8;1.9) 11.0 (68.5; 16.2)
2010 | 45.6(145.3;6.1) | 29.7 (109.2; 20.0) | 23.5(43.2;3.4) 21.2(116.2; 8.0) - (4.2;0.2) 10.2 (118.1; 28.0)
2011 | 40.8(106.3;4.5) 45.4 (51.8; 9.5) - (4.7;0.4) 55.1(267.7; 18.4) 43.8 (47.6; 1.9) 10.2 (292.2; 69.2)
2012 | 28.0(55.5;2.3) 16.2 (11.6; 2.1) 16.1(18.8;1.5) | 58.7 (371.5; 25.5) 24.6 (1.5;0.1) 58.6 (353.8; 83.8)
2013 | 25.5(31.8;1.3) 26.3(27.3;5.0) 20.2(16.1; 1.3) | 60.5(246.8; 16.9) 14.1 (5.3;0.2) 16.8 (121.6; 28.8)
2014 | 32.6(55.1;2.3) 26.4(29.2;5.3) 18.8 (53.6;4.3) | 56.5(169.1; 11.6) | 47.2(102.4;4.1) | 10.9(170.2; 40.3)
2015 | 49.0(54.5;2.3) 14.6 (69.9; 12.8) - (5.5;0.4) 46.4 (289.6; 19.9) 40.3 (13.4;0.5) 13.9 (205.3; 48.6)
2016 | 41.9(10.3;0.4) 34.8 (63.4; 11.6) 14.5(8.1; 0.6) 59.6 (387.6; 26.6) 37.9(56.3; 2.3) 23.0(177.0; 41.9)
B 33.0(53.6; 2.3) | 26.6 (49.8;9.1) [20.4(15.3;1.2) 44%4(.271)4'6; 31.2(69.3; 2.8) 22'2;?2)9'7;
49.0 (145.3; 46.9 (109.2; 62.5 (387.6; 62.3 (247.3; 58.6 (353.8;
c 6(.1) 2(§.0) 81.6(53.6; 4.3) 2(-(3.6) 1(§.0) 8:(3.8)

Note. A: [(ApCO,),/(pCO,),.]:100 % maximum values as determined within E. huxleyi blooms in the target seas for each year of sa-
tellite observations. B and C: mean and maximum values of the above ratio over the period of observations. * The number in paren-
thesis is the area (in 10° km?) of each sea. ** The first and second numbers in parenthesis in each column are, respectively, the ma-
ximum bloom area (10° km?) and its ratio to the sea area (in percent).

published reports on ApCO, in surface water due
to E. huxleyi blooming in the Black Sea. Howev-
er, we found that our results obtained on the CO,
partial pressure within the bloom in the Black Sea
proved to be closely in line with the set of multi-
year in situ measurements of this variable within
an E. huxleyi bloom persistently appearing at one
and the same station in the area of typical but not
most intense blooms of E. huxleyi in the Black Sea
(south-east off the Crimea) during late May-Ju-
ly in 2009, 2010 and 2013 [Khoruzhiy et al., 2010;
Konovalov et al., 2014]. Indeed, the in situ mea-
surements have shown that pCO, values were well
within the ranges reported by us. Thus, in 2013
pCO, levels in the surface waters varied within
420-530 patm. Through a comparison of these
data with those in our Table and assumption that
ApCO, averaged over both the sea and the pe-
riod of bloom observations in 2015-2016 is 100—
120 patm (Fig. 1, b) it can be drawn that our data
on pCO, are within the range 405-554 patm. Not-
ing that these numbers refer to the entire bloom
area in the Black Sea, the correspondence is close

enough and therefore justifies the application
of our ApCO, retrieval algorithm to the Black Sea
case.

Thus, the blooming-driven enhancement of at-
mospheric CO, partial pressure over the Black Sea
is shown to be caused by the increase in CO, par-
tial pressure in water, (ApCO,) , whose maximum
was in the range 125-150 patm (Fig. 1, b). This
corresponds to 44.7-65.8 % of the bloom-driven
increase in CO, partial pressure in water, assessed
as (ApCO,), normalized to CO, partial pressure
in water in the absence of blooming (pCO,),, .

Discussion

Importantly, these results for both (ApCO,),
and normalized ratio (ApCO,) /(pCO,)  are quite
comparable with the respective values registered
in blooming surface waters of the polar Barents
Sea, as well as in some subpolar marine environ-
ments, such as the North, Norwegian, Greenland
and Bering Seas [Kondrik et al., 2018] — see Table
and Figure 4. Hence, a similar blooming-driven
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The data are absent for some years and target seas as the respective (ApCO,), values proved to be lower
than the assessed retrieval error of 23.4 patm. Some of the y-axes have different scales
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enhancement of atmospheric CO, partial pres-
sure could be expected over them as well. Unfor-
tunately, OCO-2 data on XCO, for high latitudes
are scarce and generally heavily quality flagged.
At least for the two selected years, this preclud-
ed a direct determination of AXCO, over E. huxleyi
blooms in the subpolar and polar seas mentioned
above.

However, since it is the normalized ratio
(ApCO,) /(pCO,),, that controls the direction
of the CO, flux in the atmosphere — ocean sur-
face system, the closeness of the normalized ra-
tio values found for such geographically dispa-
rate marine environments suggests that the effect
of E. huxleyi blooms on CO, partial pressure incre-
ment in marine surface waters is not latitude-longi-
tude specific.

It is also worth of noting that the blooms
in the aforementioned seas are not extraordinarily
extensive or denser than those in other marine en-
vironments in the world’s oceans: there are reports
on either comparable or even more vast and dense
E. huxleyi blooms in both Northern and Southern
Hemispheres [Brown, Yoder, 1994; Morozov et al.,
2013; Balch et al., 2016].

Despite the obvious oneness of the E. huxleyi
blooming phenomenon at subpolar and polar seas
on the one hand and in the Black Sea on the oth-
er, one specific feature inherent in the Black Sea is
worth mentioning, viz. the moment of the bloom on-
set: in the Black Sea it occurs much earlier. The re-
gistered E. huxleyi blooms in the Black Sea in 2015
and 2016 occurred during the time period between
late April and late June, with the maximum in mid-
May, which is supported by previous observations
by e. g. [Oguz & Merico, 2006] see also refs. therein.
This specific feature of the E. huxleyi outburst timing
is known to be controlled by the timing of the pre-
ceding photosynthetic phytoplankton mass deve-
lopment. The latter increases the nitrogen to phos-
phorus (N:P) ratio and creates conditions favoring
a successive development of E. huxleyi [Tyrrell,
Merico, 2004]. Thus, this mechanism of water che-
mical “preparation” largely (but not exclusively) pre-
determines the timing of E. huxleyi bloom onset. As
the outburst and eventual dying off of yearly spring
phytoplankton (which are prevalently diatoms) occur
in the Black Sea earlier that at high latitudes [Vino-
gradov et al., 1999; Moncheva et al., 20011, E. hux-
leyi blooms also start developing earlier.

In conclusion, we believe that the results re-
ported here are of relevance to the phenomenon
of E. huxleyi blooms in general and can be con-
sidered as a reference point in future large-scale
studies, which are needed in order to attain quan-
titative assessments of the overall role of E. huxleyi
blooms in the global carbon cycle.
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