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Structure of Emziliania huxleyt blooms in the Black
Sea surface waters as detected by SeaWIFS imagery
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Abstract. The temporal and spatial characteristics
of coccolithoprid Emiliania huzleyi blooms in the sur-
face waters of the Black Sea are studied using the Sea-
WIFS mean normalized water-leaving radiances data
for 1998-2000. It is shown that the Black Sea consis-
tently experiences high reflectance patches of coccol-
ith platelets throughout the basin each year during the
May-July period. Although the Black Sea is masked by
clouds, the data also suggest enhanced activity for some
period during autumn and early winter. Their spatial
patterns resemble very closely the circulation system de-
rived from the altimeter data, and exhibit pronounced
differences between cyclones and anticyclones. The cy-
clonic cell, which covers the entire interior part of the
basin, appears as a more favourable site for more intense
bloom formation. This is related with its relatively shal-
lower mixed layer thickness and stronger mixed layer
average water leaving radiance.

Introduction

Blooms of the coccolithophore Emiliania huzleyi and
their coccolith platelets have global significance. They
affect radiation budgets [Tyrrell et al., 1999], regu-
late marine carbon cycling and ocean-atmosphere CO5
exchange through their production of CaCOs [Holli-
gan and Robertson, 1996], and provide high reflectance
which allows their spatial and temporal extent to be
visually monitored from space.

Since the first invasion of E. huzleyi into the Black
Sea about 2000 years ago, high carbonate content in
sediment cores [Hay and Honjo, 1989; Tekiroglu, 2001]
indicates that they have always been one of the pre-
dominant species in the regional plankton community.
Recent measurements suggest that E. huzleyi blooms
sometime during the late spring-summer and the
autumn-early winter periods in different parts of the
basin [Sorokin, 1983; Benli, 1987; Mankovsky et al.,
1996; Uysal et al., 1998]. A signature of the Black Sea
E. huzleyi blooms has also been traced by aerosol fil-
ter samples collected daily at a site along the Mediter-
ranean coast of Turkey [Ozsoy et al., 2000]. Changes
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in the methane sulfonic acid and sulfate concentrations
at this site, when supported by air mass back trajec-
tory analysis, were shown to be related to the Black
Sea E. huzleyi bloom events. Although all these studies
demonstrate occurence of the E. huzleyi blooms in the
Black Sea, their duration, persistence, spatial extent as
well as relation with circulation dynamics are for the
first time reported in the present paper by analyzing
the SeaWIFS time series data.

Satellite data and processing method

The data used in this study comprise the normal-
ized water leaving radiances from the 8-day composite,
9 km resolution, Level 3 SeaWIFS imagery for the pe-
riod from the beginning of September 1997 to the end of
December 2000. The algorithm used to map the distri-
bution pattern of E. huzleyi blooms was originally de-
veloped and used for the analyses of CZCS imagery by
Brown and Yoder [1994], Brown and Podesta [1997], and
later modified for SeaWIFS imagery by Brown [2000].
It separates the spectral signatures of coccolith platelets
according to the pre-specified ranges of five distinct
combinations of mean normalized water leaving radi-
ances (nLw) at 443, 510 and 555 nm. As given by
Brown (2000), we set 0.60< nLw443/nLw510 <1.15,
0.75< nLw443/nLw555<1.85, 1.0< nLw510 /nLw555
<1.65, nLw443>1.1, and nLw555>0.9 with radiances
in units mW cm~2 m~! sr~!. The pixels satisfying all
these criteria are assigned to have high concentration
of coccoliths. Further details on the characteristics of
these mean normalized water leaving radiances can be
found in Gordon et al. [1988, 2001].

A set of experiments has been performed to test sen-
sitivity of blooms to the values of these limits. Chang-
ing these numbers by +25% did not generally lead to
significant changes on spatial structure of the blooms.
The most critical parameter was found to be the limit-
ing value of nLw443. Its smaller values (within the 25%
range) provided a wider coverage of coccoliths especially
during spreading and decaying phases of the blooms. Its
higher values, on the other hand, were found to be less
critical for the bloom structure. Although they are in-
cluded into the bloom classification algorithm, shelf ar-
eas with the total depth less than 200 m (mainly along
the western coastal part of the basin) are excluded from
the interpretation to avoid contamination by the high
reflectances of lands or high turbidity shelf waters.
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Table 1. Monthly classification of the SeaWIFS data in terms of the E. huzleyi distribution
from September 1997 to December 2000 in the Black Sea

1997 1998 1999 2000
Jan. X BS (CL) (CL)
Feb. X BS (CL) (CL)
Mar. X NBS X
Apr. X X X
May X X EBS X EBS EBS X WBS BS
Jun. BS BS BS
Jul. EBS X X BS EBS X EBS EBS X
Aug. X X X
Sep. WBS X X WBS
Oct. X X X WBS X X
Nov. (CL) X X WBS BS (CL) (CL)
Dec. (CL) BS (CL) (CL) (CL)

The symbol “X” refers to no bloom, whereas “(CL)” means cloud coverage with a total absence
of information on the E. huzleyi activity. “BS” signifies presence of the bloom within the entire
basin, while the prefix “W”, “E” or “N” implies its presence only in the western, eastern or northern
part of the sea, respectively. ” “BS(CL)” suggests cloud coverage over the entire basin, but some
scattered data values are readily available to signify the bloom occurrence in different parts of
the basin. Extension of single column information for an entire month into three subcolumns for
certain months provides a more detailed, 10-days average, temporal structure of the blooms.

Temporal and spatial characteristics of
E. huxzleyt blooms in the Black Sea

An overview of the E. huzleyi bloom episodes inferred
from the SeaWIFS data examined within the framework
of this study is shown in Table 1. For all these three
years, the major bloom activity attains its most intense
and widest coverage during June, and diminishes grad-
ually within the first half of July. A similar activity
also occurs in autumn months, although the blooms are
traced mostly by some scattered data points irregularly
distributed among clouds over the basin. The in situ
data shown in Fig. 1 for the summer-autumn 1998 and
early winter 1999 periods from the interior part of the
western basin provide an independent support for the
bloom occurence, and more importantly establish valid-
ity and reliability of the SeaWIFS coccolith detection
algorithm. The algorithm is also checked by verifying
consistency of its products with corresponding actual
true color SeaWIFS images.

In 1998, the bloom initiates from the eastern basin
during mid-May and spreads rapidly towards the west
and occupies the entire basin by the end of the month.
The bloom remains uniform throughout the sea in June
(Fig. 2a), and then begins to weaken from the west-
ern to eastern basin. It, left only within the eastern
basin during early July, is depleted completely around
mid-July. The year 2000 summer bloom activity also
exhibits a similar structure. The bloom is initiated ap-
proximately two weeks earlier, and maintains its full
basin scale structure from mid-May to third week of
June (Fig. 2b). Once again, it weakens gradually from
the western to eastern basin during July. A notable
feature for both of these two years is remarkably rapid

development of the bloom and its spreading basinwide;
they all took place within about a week. In 1999, on
the other hand, the bloom structure possesses a patchy
character, and is confined mostly to the eastern basin.
The bloom started to spread from the northern part of
the eastern basin during mid-May, covered the eastern
basin by the end of May, and expanded into the western
basin for a short period of time toward the end of June
(Fig. 2c). By mid-July, only some scattered coccolith
patches remained noticeable in the eastern basin.

Wet biomass, %

23.08.98

21.11.98

24.02.98 25.05.98

Figure 1. Relative contribution of diatoms (circles),
dinoflagellates (squares) and FE. huzleyi (triangles) to
annual phytoplankton biomass structure obtained from
bi-weekly surface measurements within the central part
of the western basin within the region of 30-31°E, 42-
43°N from February 1998 to January 1999 (after Chur-
likova et al., [1999]).
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Figure 2. The coccolith distributions in the Black Sea
as determined by the 8-day composite SeaWIFS data
for Julian days (a) 161-168 in 1998, (b) 161-168 in 2000,
and (c) 177-184 in 1999. They all correspond to the pe-
riods of most intense coccolith activity. The red color
indicates the regions in which all the five criteria of the
coccolith detection algorithm are satisfied. The yellow
and green colors represent the regions when only four
and three of these criteria are satisfied, respectively.
The yellow color zones generally indicate the regions
in which nLw443 varies between 0.9 and 1.1, and thus
may be considered as the regions prone to the E. huz-
leyi bloom activity. The curve in white color represents
200 m topography contour separating the shelf from the
interior basin. The regions in gray color indicate cloud

coverage.

Persistency and basinwide coverage of E. huzley:
blooms make the Black Sea a potential regional source
of calcite carbon and DMS sulfur production. The data
reported by Mankovsky et al., [1996] on the July 1992
E. huzleyi bloom measurements suggested an average
value of 3850 x 108 cell m~3 within a 20 m layer. Using
1.1 pg DMSP cell! as used by Brown and Yoder, [1994]
and using a surface area of 300 000 km? (approximately
70% of the total surface area covering the deep part of
the basin), we estimate ~5700 tons of DMS sulfur pro-
duction for this particular event. The calcite carbon
production can be estimated to vary between the two
extreme values of 0.12 and 3.9 x 10° tons depending on
the assumption of 0.02 and 0.065 g calcite carbon per
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cubic meter, respectively. These values are comparable
with the estimates for subpolar latitudes [Brown and
Yoder, 1994] and western south Atlantic Ocean [Brown
and Podesta, 1997]. They therefore imply an important
role of the Black Sea E. huzley: blooms on the biogeo-
chemistry, ecology and climatology of the region.

Dependence of E. huzleyi blooms on
the circulation system

The Black Sea possesses a highly complex, eddy-
dominated, predominantly cyclonic upper layer circu-
lation system [Korotaev et al., 2001]. This includes a
band of strong Rim Current system encircling the basin
over the steep continental slope, an interior cell com-
posed mainly by an interconnected series of cyclonic
eddies of different sizes, as well as some anticyclonic ed-
dies on the coastal side of the Rim Current zone. While
a part of these coastally-attached eddies constitutes
quasi-stable/recurrent features persisting for seasonal
and/or longer time scales, the overall peripheral cir-
culation system essentially possesses a highly transient
character involving a chain of eddies, meanders and fila-

Figure 3. (a) 10-day average sea surface height
anomaly field (in cm) computed from Topex-Poseidon
and ERS II altimeter data for mid-June 1998. The neg-
ative values with the color range from violet to blue
indicate cyclonic circulation, and the positive values
with the color range from green to red indicate anti-
cyclonic circulation. The Rim Current is shown by the
grey color, (b) 8-day composite nLw443/nLw510 field
for Julian days 161-168, 1998 (which approximately
correspond to the second week of June). Red color
indicates highest reflection from the cyclonic interior,
whereas yellow and green colors indicate weaker reflec-
tion around the periphery (anticyclones) of the basin.
Similar type spatial variability may also be inferred by
other normalized water leaving radiances data. The one
chosen here has no particular significance.
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ments propogating cyclonically around the basin. Their
translation and evolutionary characteristics introduce a
major control on the mesoscale structure of the circula-
tion system. The sea surface height anomaly field (Fig.
3a) derived from the June 1998 altimeter data reveals
most of these characteristic features of the circulation
system.

The mean normalized water leaving radiances data
show an intimate relation between spatial patterns of
the coccolith blooms and mesoscale character of the
basinwide circulation system. For example, the pattern
shown in Fig. 3b for the June 1998 basinwide bloom
event (Fig. 2a) compares remarkably well with the al-
timeter data (Fig. 3a) in terms of the cyclonic cell oc-
cupying the interior part of the basin, the meandering
Rim Current system around the periphery, as well as po-
sition of the coastal anticyclonic eddies. The cyclonic
cell characterized by relatively shallower mixed layer
(typically <20 m in June) coincides with the region of
stronger mixed layer average water leaving radiances as
compared to the case of anticyclonic dominated periph-
eral zone having deeper mixed layer of the order of ~30
m. The combination of these two features of cyclones
features of cyclones makes them more favourable sites
for more intense bloom formation. The presence of a
persistent large scale cyclonic circulation system there-
fore gives the E. huzleyi blooms a basinwide character
in the Black Sea. In a similar context, preferential de-
velopment of E. huzleyi blooms on shallower stratifica-
tion and higher light intensities was noted by Nanninga
and Tyrrell [1996] using data from the N. Atlantic and
elsewhere.
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