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Background

Coccolithophores have a widespread distribution in the photic zone, ranging from polar to tropical waters, but overall
show preference to warm, low productivity regions (e.g., Winter et al., 1994; Karatsolis et al., 2017). Most
coccolithophore taxa are more diverse and abundant in low and middle latitude warm, and stratified oligotrophic waters.
However, certain species, such as Emiliania huxleyi, reveal an opportunistic and r-selected behavior (e.g., Tyrrell and
Merico, 2004) thriving in high productivity areas and often form intense blooms over large areas of the ocean (e.g.,
Westbroek et al., 1993).

The Black Sea is the largest semi-enclosed marginal sea and receives drainage from almost one-third of continental
Europe. Intensive coccolithophore blooms (Emiliania huxleyi, primarily) are typical events for the Black Sea. According
to satellite observations, on a temporal scale the most extended bloom occurs in May-June, although differences in
intensity and area of coverage have been recorded (e.g., Cokacar et al., 2004; Kopelevitch et al., 2014; Triantaphyllou et
al., 2014; Mikaelyan et al., 2015). These blooms can be detected by ocean color sensors as a result of light being scattering
by the coccolith plates that are detached from cells. The optical signature of coccolithophore blooms on satellite true color
images is a very bright patch of water with a milky turquoise color. The Black Sea is an ideal site in which to study the
effect of biogeochemical properties on coccolithophore blooms.

Objectives

The main aim of this study was to determine the spatial and vertical distribution patterns of living coccolithophores from
the oxic surface zone in the western part of the Black Sea in June 2016.

Materials and methods

The present study focuses on the analysis of 95 seawater samples from 33 stations from the inner (<50 m depth), outer
(50-200 m depth) self and the open sea (>200 m depth), in the western part of the Black Sea, that was undertaken in June
2016 (2-24/06). For each sampling station, a surface sample was taken from 1 m depth and 1-4 more depths within the
surface layer (5 m — 50 m), adjusted to bottom topography and bathymetry. Water samples were taken with a 5 L Niskin
bottles positioned in a rosette over the CTD system of the ship.
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Figur3 1. Map of the study area and location of the stations sampled for coccolithophore analysis at the western part of the
Black Sea.



Several physico-chemical parameters including temperature, salinity profiles were measured at most of the stations using
a SBE-19 CTD-Rosette System. The amount of chlorophyll-a (Chl a) that corresponded to the 0.2-2.0 um and >2.0 um
size classes was measured fluorometrically (Holm-Hansen et al., 1965).

The coccolithophore composition and community structure was evaluated through Optical Microscopy. The samples were
examined in a Leica DMLSP polarizing light microscope and the coccospheres per liter were calculated following the
methodology of Jordan and Winter (2000).

Results and Discussion

At the northern areas of the inner shelf the sea surface temperature ranged from 16 to 22 °C. In the outer shelf region the
temperature increased reaching the values of ~21°-24 °C, whereas in the open sea the values fluctuate from 21 to 22 °C.
The sea surface salinity was relatively low, both in the shelf and open sea areas. Generally, the salinity values ranged
from the minima of < 17.5, near the northern shelf area reflecting the influx of fresh water from the Danube River to the
maxima of 17.5-18.9 in the open sea.

The spatial distribution (1 m depth) of Chl a was revealed from the seventeen samples collected mainly from the south-
western part of the studied areas. Total Chlorophyll-a concentrations in surface waters ranged from 0.147 ug 1" to 5.764
ug I't. The values of Chl a were increased near the self-region with maxima in the northern stations, with decreasing trend
towards the open sea stations.

Living coccolithophores showed excessively high densities ranging from 2.44x10* to 7.63x10° coccospheres 1.
Emiliania huxleyi lightly calcified morphotypes (1.24x10%-7.38x10% coccospheres I%) dominated in the surface
assemblage and constituted the 98% of the coccolithophore community. Differences in spatial distribution between inner
self and open-sea environments were observed that are primarily associated with freshwater inputs and nutrients influx
from the Danube River. A significant positive correlation between E. huxleyi density and Chl a concentrations (Pearson
r=0.255, p<0.05) indicate a direct relationship between coccolithophores and chlorophyli-a.

In general, Emiliania huxleyi was usually higher in the surface layer (up to around 35 m), and tended to decrease in density
below ~35 m water depth, while Algirosphaera robusta occurred in high densities in the deeper parts (up to 7.94x108
coccospheres I71), indicating low light availability below the thermocline.

The present study suggests that some Syracosphaeraceae and Rabdosphaeraceae taxa such as Syracosphaera dilatata,
Syracosphaera molischii, Acanthoica acanthifera, Acanthoica quattrospina and few holococcolithophores
(Syracosphaera arethusae HOL and Helladosphaera cornifera) that have also been identified in the studied Black Sea
water samples prove to thrive well in low salinities and relative eutrophic conditions.
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