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Introduction

The Black Sea has a long history of harmful algal blooms. The 
ratio of the surface of the sea to its catchment area is greater than 
6 and for this reason it is vulnerable to anthropogenic pressure. 
Its ecological health is dependent on the environmental policies 
of the countries along its coast and catchment area (BSC, 2014). 
Over the last three decades of the 20th century it was reported 
that the Black Sea ecosystem had been significantly influenced 
by the worldwide trend towards anthropogenic pollution, 
leading to an increase in the frequency and intensity of harmful 
phytoplankton blooms (Mee, 1992; Hallegraeff, 1993). 

Water pollution (eutrophication) has been a major 
environmental problem of the Black Sea ecosystem since the 
late 70s of the last century, especially in its northwestern and 
western parts, exposed to the intense impact of biogenic river 
runoff from the major European rivers - Danube, Dniester, 
Southern Bug, Ingul and Dnieper (Zaitzev, 1992; Mee, 1992; 
Aubrey et al., 1995; Moncheva et al., 2001). These rivers 
account for 75% of the freshwater flowing into the Black Sea 
with a water volume of 353.3 km3/y (Petrov, 2006).

In the 1980s, intense anthropogenic eutrophication was 
the reason for the production of extremely high phytoplankton 
biomass in the northwestern part of the Black Sea (tens and 
hundreds of grams per cubic meter), causing severe hypoxia 
and anoxia (Moncheva, 1991; Mee et al., 2005).

Since the beginning of the 1990s (1992), there has been 

a trend of decreasing phytoplankton levels in the Black Sea 
(Bodeanu et al., 1998), but it has also been noted that the 
phytoplankton community still maintains a reserve for the 
production of high phytoplankton biomass. The frequency of 
blooms was not decreased and the number of phytoplankton 
species growing in blooming concentrations even increased 
(Velikova et al., 1999). After 1998, phytoplankton number and 
biomass (post-eutrophication period) were further reduced in 
the Bulgarian water area with average annual phytoplankton 
biomass values rarely exceeding 2 g.m-3. There was a 
noticeable trend of increasing the share of the group “Others” 
(Microflagellates, Cryptophytes, Primnesiophytes, Cyanophytes, 
Euglenophyceae) in the phytoplankton quantitative structure 
(Petrova et al., 2006; Gerdzhikov and Petrova, 2008; Nesterova 
et al., 2008; Moncheva et al., 2013; Klisarova et al., 2015). 

Why was the water area in front of cape Galata selected 
for the analysis? The available long-term monitoring data on 
phytoplankton development and blooms (since 1954) and 
the hydrological structure of the water body allow correlation 
between currents, biogenic flow, water transparency and 
plankton blooms. This transect can be regarded as a “model” 
for tracking the contemporary changes occurring in the 
Black Sea ecosystem. The aim of this study is to identify the 
peculiarities in the development of phytoplankton blooms in 
front of cape Galata, Bulgarian Black Sea coast and the annual 
and seasonal dynamics of phytoplankton indicators over a 10-
year period (2008-2017).
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Abstract. The aim of the study was to identify the peculiarities of the development of phytoplankton blooms (annual and seasonal dynamics) 
in front of cape Galata, Bulgarian Black Sea coast in the period 2008-2017. In that area up to 30 nautical miles (nm), from 6 stations (G-1, G-3, 
G-5, G-10, G-20 and G-30, respectively at 1, 3, 5, 10, 20 and 30 nm from the coast), 187 phytoplankton samples were collected. A total of six 
phytoplankton species were recorded, developing with the following blooming concentrations: Emiliania huxleyi, Oscillatoria sp., Merismopedia 
sp., small Flagellates (Cryptophyceae), Prorocentrum cordatum (minimum) and Pseudo-nitzschia delicatissima. It was found that the reported 
in previous periods trend of increasing phytoplankton biomass in front of cape Galata had already changed. Compared to the observed 
quantities in the period 1993-2007, the current phytoplankton values in the surface layer (up to 30 nm in front of cape Galata) were 1.63 times 
lower in abundance and 5.60 times lower in biomass.
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Material and methods

Between 2008 and 2017, in front of cape Galata up to 
30 nautical miles (nm) from 6 stations (G-1, G-3, G-5, G-10, 
G-20 and G-30), respectively at 1, 3, 5, 10, 20 and 30 nm 
from the coast, 187 phytoplankton samples were collected by 
bathometer type Niskin-5L at 0, 10, 25m under the sea surface 
and at 1m above the sea bottom (Figure 1). 

Figure 1. Map at sampling stations, 2008-2017

After 2012 due to technical reasons samples of surface 
horizon only were collected. The samples were fixed onboard 
in 2% formalin solution and concentrated by the sedimentary 
method (Morozova-Vodyanitskaya, 1954). The qualitative and 
quantitative analyses of the samples were performed with a 
light microscope OlympusBX41 in counting cells Sedgewick 
Rafter – 1ml and Palmer–Maloney – 0.05ml, using standard 
methods (Moncheva and Parr, 2010). 

The cell volume was calculated by geometric formulas 
(Edler, 1979; Olenina et al., 2006). Software Phytomar 2.0 
(Institute of Fish Resources – Varna, 2008) and Excel 12 
(Microsoft Office 2007) were used for calculations and graphs. 

Results and discussion

During the eutrophication period in the Black Sea (1970s, 1980s, 
1990s), phytoplankton blooms characterized by high abundance 
and producing high biomass were recorded in the water in front of 
cape Galata (Nesterova et al., 2008). For the period 1990-1997, 
Moncheva et al. (2001) published a list of 14 species developing 
with blooming concentration 1x106 cells.l-1 in front of cape Galata 
(3 nm): Cerataulina pelagica (Cleve) Hendey – 1.1x106 cells.l-1, 
Cyclotella caspia Grunow – 3.6, Cylindrotheca closterium (Ehrenb) 
Reiman and Lewin – 5.0, Detonula pimula (Castracane) Gran - 4.8, 
Dytilum brightwellii (West) Grunow – 0.8, Leptocylindrus danicus 
Cleve – 0.9, Pseudo-nitzschia delicatissima (Cleve) Heiden – 1.1, 
Dactyliosolen fragilissimus (Berg.) Hasle – 4.0, Skeletonema 
costatum (Grev) Cleve -10.0, Heterocapsa triquetra (Ehrenb.) 
Stein – 2.1, Prorocentrum minimum (Pav.) Schiller (=Pr. cordatum, 
Hargraves and Sweat, 2011) – 2.2, Emilliana huxleyi (Lohman) 
Hay & Mohler – 5.0, Phaeocystis pouchettii (Hariot) Lagerheim – 
8.9 and Cryptomonas sp. – 0.9x106 cells.l-1.

Other two phytoplankton species developed with low abundance 
but produced high biomass due to the large size of their cells: Porosira 
glacialis (Grunow) Jorgensen – 0.5x106 cells.l-1 and Pseudosolenia 
calcar-avis (Schultze) Sundstrom – 0.3x106 cells.l-1.

During this study, a total of 10 cases of phytoplankton 
blooms were recorded in front of cape Galata. Nine times was 
observed development of species with no high abundance, but 
with biomass over 1 g.m-3. The blooms were recorded in the 
nearby coastal waters, from 1 to 5 nautical miles, during the 
months of March to September.

The development of a total of 174 phytoplankton species 
belonging to 14 classes and 7 orders was identified. Of them, 
6 species (divided into 6 taxonomic classes) were observed 
in blooming concentrations and cell volumes between 8.18 
μm3 and 1047.20 µm3 (Table 1). The species producing high 
biomass (over 1 g.m3) were a total of 9 and their cell volume 
varied between 268.08 μm3 and 282743.34 μm3 (Table 2). 

Table1. List of phytoplankton species developing with blooming concentrations 1000x106 cell.m-3 in front of cape Galata, up to 
30nm (2008-2017)

No Taxon Species Abundance (x106 cell.m-3)  Biomass (mg.m-3 ) Cell volume (µm3)
1 Cyanophyceae Oscillatoria sp. 5102.82 108.21 21.21
2 Bacillariophyceae Pseudo-nitzschia delicatissima 4787.76 481.17 100.50
3 Cyanophyceae Merismopedia sp. 4392.97 35.94 8.18
4 Cryptophyceae small Flagellates 4239.04 1135.64 267.90
5 Prymnesiophyceae Emiliania huxleyi 4120.08 1104.52 268.08
6 Dinophyceae Prorocentrum cordatum 2087.27 2185.79 1047.20

Table 2. List of phytoplankton species developing with individual biomass exceeding 1000 mg.m-3 in front of cape Galata, up 
to 30nm (2008-2017)

No Taxon Species Abundance (x106 cell.m-3)  Biomass  (mg.m-3 ) Cell volume (µm3)
1 Bacillariophyceae Proboscia alata 305.57 2690.72 35342.92
2 Dinophyceae Protoperidinium pellucidum 80.65 2639.11 32724.92
3 Bacillariophyceae Cerataulina pelagica 625.29 2455.52 3926.99
4 Dinophyceae Prorocentrum cordatum 2087.27 2185.79 1047.20
5 Bacillariophyceae Pseudosolenia calcar-avis 58.05 1969.65 113490.03
6 Bacillariophyceae Chaetoceros curvisetus 819.66 1737.27 2119.50
7 Dinophyceae Polykrikos schwarzii 5.62 1299.84 282743.34
8 Cryptophyceae small Flagellates 4239.04 1135.64 267.90
9 Prymnesiophyceae Emiliania huxleyi 4120.08 1104.52 268.08
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There was a trend of an increase in the average annual 
phytoplankton abundance and biomass from 2008 to 2017 and 
a decrease in the stability of the phytoplankton communities 
(decrease in Shannon index). The mean values (in the surface 
water layer 0-1m) were: abundance 1693.25x106 cell.m-3, 
biomass 1519.14 mg.m-3 and Shannon index 2.24 (Figure 2). 
The maximum phytoplankton quantities found in a sample were 
between 42 and 6883x106 cell.m-3 in abundance and between 
21 and 4296 mg.m-3 in biomass.

Figure 2. Long-term phytoplankton quantities in front of cape 
Galata (2008-2017, surface layer): abundance (x106 cell.m-3), 
biomass (mg.m-3) and Shannon index (right axis)

Peaks in phytoplankton development in front of cape Galata 
were mainly recorded in spring and winter, except for relatively 
high biomass in summer, autumn 2009 and high abundance 
and biomass in summer 2013 (Figure 3).

Figure 3. Long-term changes in phytoplankton quantities in 
different seasons (cape Galata, 2008-2017, surface layer): 
abundance (x106 cell.m-3), biomass (mg.m-3) and Shannon 
index (right axis)

In the past period (1981-1997), two main trends in the 
dynamics of phytoplankton biomass were recorded in the 
Bulgarian Black Sea water areas: in coastal areas biomass 
was decreasing and in open sea (30 nm in front of cape 
Galata and cape Emine) it was increasing (Velikova et al., 
1999).

Recent data show that in coastal areas (Varna Bay), 
phytoplankton abundance and biomass are significantly lower 
than before (Velikova et al., 1999; Klisarova et al., 2015). 
The same trend was observed in front of cape Galata, where 
significant reduction of phytoplankton quantities was reported 
(Figure 4).

Figure 4. Average values at stations in front of cape Galata 
for the periods 1993-2007 and 2008-2017; 
a) abundance (x106 cell.m-3) and b) biomass (mg.m-3) in 
surface layer 0-1m

During the cold years of the 1980s as well as in 1994, the 
annual phytoplankton biomass manifested pronounced late-
winter and spring peaks, often exceeding 10 g.m-3 - to more 
than 30 g.m-3 as observed in the spring of 1990 (Nesterova et 
al., 2008). 

The recent 10-year period, compared to the observed 
quantities in the period 1993-2007, draws in the surface layer 
(0-1m) along Galata profile lower phytoplankton abundance 
(1.63 times) and biomass (5.60 times) (Figure 4).

Biogenic-rich river runoff from the northwestern part of the 
Black Sea affects phytoplankton development in the open sea 
area in front of cape Galata (Zalogin and Kosarev, 1999). This 
influence is most typical at station G-10, where the mainstream 
of the South Stream (aka the Devil’s Stream) passes. We 
registered signs of decrease in the intensity of the reported 
impact at station G-10, but at the same time we found an 
increase in the average abundance at the most distant from the 
coast station G-30 (Figure 4). 

Current data indicate that the trend of phytoplankton 
biomass increase in the 30-mile zone in front of cape Galata 
reported for the period 1981-1997 (Velikova et al., 1999), has 
already changed. Our analyses showed biomass values close 
to the established average annual values for the period 1981-
1985 (Figure 5).

a)

b)
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*data only from the surface layer 0-1m
Figure 5. Phytoplankton biomass (g.m-3) averaged for the 30-
mile zone in front of cape Galata for the period 1981-2017 
(1981-1997 data from Velikova et al., 1999)

Due to differences in the concentration of biogenic 
substances, noticeable distinctions in the quantitative 
development of phytoplankton from the coastal region (1-3 
nm) and the open sea area (5-30 nm) were observed. Different 
trends in phytoplankton biomass dynamics were also observed 
in these two regions: in the coastal one biomass increased and 
in the open sea it decreased. This is explained by the increased 
presence of small-sized phytoplankton species in the second 
region (Figures 6 and 7).

Figure 6. Long-term changes in phytoplankton quantities in 
different seasons: abundance (x106 cell.m-3), biomass (mg.m-

3) and Shannon index (right axis); nearby coastal zone 1-3nm, 
surface layer 0-1m, cape Galata, 2008-2017

Figure 7. Long-term changes in phytoplankton quantities in 
different seasons: abundance (x106 cell.m-3), biomass (mg.m-

3) and Shannon index (right axis); (distant from the coast area 
5-30nm, surface layer 0-1m, cape Galata, 2008-2017)

The quantitative taxonomic structure of the 
phytoplankton in front of cape Galata (2008-2017) was 
dominated by the group “Others” in abundance (average 
65%) and by the class Dinophyceae in biomass (average 
50%) (Figure 8a, b).

Figure 8. Monthly average quantitative structure of 
phytoplankton communities in front of cape Galata (2008-
2017): a) abundance, %; b) biomass, %

Dominant in abundance were Emiliania huxleyi 
(Prymnesiophyceae) (90.62%), blue-green Merismopedia sp. 
(93.02%) and cryptophyte small flagellates (89.20%). Diatoms 
demonstrated peak development in May (Figure 8a,b) due to 
the bloom of Pseudo-nitzschia delicatissima (P.T. Cleve, 1897) 
Heiden, 1928, reaching 74.07% of the abundance (Figure 8a).

Experimental studies have shown that the growth rate of 
small diatoms increases upon addition of N and P in ratios 
close to the Redfield ratio. It is therefore not surprising that the 
main dominant species of the spring bloom in the NE Black 
Sea is a small diatom, Pseudo-nitzschia pseudodelicatissima 
Hasle, 1993 (Silkin et al., 2019).

Phytoplankton biomass was mainly dominated by 
peridines (≥25%) (Figure 8b): Cochlodinium sp.  Schütt, 
1896; Glenodinium paululum Lindemann, 1928; Gonyaulax 
spinifera  (Claparède & Lachmann, 1859) Diesing, 1866; 
Gyrodinium lachryma (Meunier, 1910) Kofoid et Swezy, 
1921; Gyrodinium spirale (Bergh, 1881) Kofoid & Swezy, 
1921; Lingulodinium polyedrum (F. Stein) J.D. Dodge, 1989; 
Minuscula bipes (Paulsen) Lebour, 1925; Neoceratium 
furca (Ehrenberg) F.Gomez, D.Moreira & P.Lopez-Garcia, 
2009; Neoceratium fusus (Ehrenberg) F.Gomez, D.Moreira 
& P.Lopez-Garcia, 2009; Peridinium sp. Ehrenberg, 1832; 
Polykrikos schwarzii Bütschli, 1873; Prorocentrum cordatum 
(Ostenfeld, 1901) Dodge, 1975; Prorocentrum micans 
Ehrenberg, 1833; Protoperidinium divergens (Ehrenberg, 
1840) Balech, 1974; Protoperidinium granii (Ostenfield, 1906) 

a)

b)
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Balech, 1974; Protoperidinium pellucidum Bergh, 1882; 
Scrippsiella trochoidea (Stein, 1883) Balech ex Loeblich III, 
1965; Spatulodinium pseudonoctiluca (Pouchet) J.Cachon & 
M.Cachon, 1968. Thirteen species of them had cell volume 
greater than 15000 µm3 and produced high biomass in the 
phytoplankton communities, although they were found in 
relatively low concentrations. 

Diatoms, in different periods, also had high share in 
phytoplankton biomass. In May, Chaetoceros curvisetus P.T. 
Cleve, 1889 developed with 53.98% of the biomass (Figure 
8b); in July and August were recorded large species: Proboscia 
alata (Brightwell) Sundström, 1986 (up to 91.73% of the 
biomass) and Pseudosolenia calcar-avis (Schultze, 1858) 
Sundström, 1986 (86.59% of the biomass). On the other hand, 
in the cold month of December, the group “Others” dominated 
the biomass. During this month, the quantitative development 
of phytoplankton was low due to cooling of the water masses, 
decreased intensity of solar radiation and reduced amount of 
biogenes (Figure 8b). 

The seasonal change of dominant species determines the 
structure of the food web: in the case of the spring bloom of small 
diatoms, the fluxes of energy and matter will mostly go towards 
pelagic fish; the coccolithophorids bloom stimulates the growth 
of fine filter feeders (Noctiluca scintillans (Macartney) Kofoid 
& Swezy, 1921); a summer bloom of large diatoms favors a 
trophic pathway towards jellyfish (Silkin et al., 2019).

Conclusion

In the contemporary so-called ‘post-eutrophication’ 
period, phytoplankton along the Galata profile developed 
with abundance ranging from 42 to 6883x106 cell.m-3 and 
biomass between 21 and 4296 mg.m-3. These were values 
1.63 times lower in abundance and 5.60 times lower in 
biomass of phytoplankton compared to 1993-2007. In 
abundance dominated small-sized species of the group 
“Others” (Emiliania huxleyi, Merismopedia sp. and small 
flagellates (Cryptophyceae) and in biomass - species of 
class Dinophyceae and class Bacillariophyceae. A total of 10 
blooming phenomena were recorded (mainly in winter and 
spring) with the number of species developing with blooming 
concentrations being six: Emiliania huxleyi, Oscillatoria 
sp., Merismopedia sp., small Flagellates (Cryptophyceae), 
Prorocentrum cordatum(minimum) and Pseudo-nitzschia 
delicatissima. For the period 2008-2017, biomass was 
dominated mainly by large-sized phytoplankton species. 
The frequency of blooms and blooming species decreased 
compared to past periods of study. A specific feature was 
observed in the dynamics of phytoplankton biomass - it 
increased in the coastal zone (1-3 nautical miles) and 
decreased in the open sea (5-30 nautical miles), without 
compromising the conclusions made above. The Shannon 
index for stability of phytoplankton communities showed a 
downward trend.
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