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Assessment of Bulgarian Black Sea coastal water using the biological quality element
phytoplankton
D. Petrova*, D. Gerdzhikov
Institute of Fish Resources, 4 Primorski, 9000 Varna, Bulgaria
Abstract. The aim of this paper was to study and assess the quality of Bulgarian Black Sea coastal water using the biological quality element phytoplankton
communities, according to the requirements of the Water Framework Directive (WFD EU, 2000) and the developed reference values. A total of 134 species of
microalgae were identified among which dominated the complex Bacillariophyceae/Dinophyceae (72.39 %). There was an improvement of the ecological
status in three to six points from September to November 2011 (Krapetz, Shabla, Kamchiya, Dvoynitsa, Nessebar, Sozopol). This was due to the better
characteristics of the phytoplankton community referring to Shannon index, number of species, Sheldon index, %MEC, DE% and Chl-a. Phytoplankton blooms
were recorded in Krapetz, Varvara and Nessebar in September and in Albena, Varna-North, Sarafovo and Rosenets in November. Studies conducted have
contributed to contemporary assessment of the water status in the one-mile area within the National Environmental Monitoring System (NEMS).

Keywords: Black Sea, coastal marine waters, one-mile zone, phytoplankton, environmental assessment, WFD 2000
Abbreviations: %MEC – number of Microflagellates, Euglenophyceae, Cyanophyceae as a percentage of the total number, BQE – biological quality element,
BSC – Black Sea commission, DE% – percentage of heterotrophic dinoflagellates as a proportion of the total number of Dinophyceae, IBI – integrated biotic
index, MDS – multidimensional scaling, NEMS – National Environmental Monitoring System, TRIX – trophic status index, WFD – water framework directive

Introduction
Depending on the adaptive capacity of the individual species
and the aquatic environment conditions, the composition of the
communities involve different species which together are most
commonly referred to as biological (species) diversity (Uzunov and
Kovachev, 2002). Started in the 1970s a gradual shift of flint algae by
dinophytes has transformed the Black Sea from "diatom" into
"dinophyte" one as a result of eutrophication – both natural and
anthropogenic (Temniskova et al., 2005). In recent years, an
increase in species diversity and reduction of the frequency and
intensity of phytoplankton blooms has been reported (Petrova et al.,
2003; Petrova and Gerdzhikov, 2006, 2007, 2008, 2009, 2010;
Velikova et al., 2001, 2005; Uzunova et al., 2009; BSC, 2008).
The assessment according to the BQE phytoplankton is based
on quantitative and qualitative characteristics providing information
on trophic status, biodiversity and primary productivity of marine
ecosystems. Phytoplankton is also considered as a determinant of
health of the ecosystems (GESAMP, 1995, WFD EU, 2000). The
trend observed over the past decade is for reducing the biomass of
phytoplankton in the Black Sea (Atanasova et al., 1995, 1995а;
Danubs, 2005; Petrova et al., 2003; Velikova et al., 2004, 2005;
Petrova and Gerdzhikov, 2006; 2006b, 2007b, 2008b; Gerdzhikov
and Petrova, 2008)
The aim of this paper was to study and assess the quality of
Bulgarian Black sea coastal water using the biological quality
element phytoplankton communities, according to the requirements
of the Water Framework Directive (WFD EU, 2000).
* e-mail: danibelbg@yahoo.com
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Material and methods
In September-November 2011 under contract №
2086/14.09.2011 with the Executive Environment Agency (ExEA),
observations were carried out by the R/V Prof. Al. Valkanov Institute
of Fish resources (IFR), Varna at 21 points (stations) of category
"coastal marine waters" (Figure 1). Phytoplankton samples were
collected at three depths (0 m, horizon with maximum of chlorophylla" and bottom). A total of 63 quantitative phytoplankton samples
were processed.
The qualitative and quantitative analysis was made with a light
microscope Nikon Eclipse – E400 mainly at magnification of 100 –
200x, for small objects were used 400x and 600x, in counting cells
Sedgwick-Rafter – 1 ml and Palmer-Maloney – 0.05ml using
standard methods (Moncheva and Parr, 2010). The cell volume was
calculated by geometric formulae (Edler, 1979). Classification of
divisions and classes of phytoplankton microalgae is given
according to Temniskova and Stoyneva (2011). Ecological status
was determined with the help of the indices of Shannon, Sheldon,
Menhinick, trophic status index (TRIX), percentage of heterotrophic
dinoflagellates as a proportion of the total number of Dinophyceae
(DE%), number of Microflagellates, Euglenophyceae,
Cyanophyceae as a percentage of the total number (% MEC) and IBI
(WFD EU, 2000; Uzunov et al., 2004; Spatharis and Tsirtsis, 2010;
Moncheva and Boicenko, 2011; Spatharis et al., 2011; Technical
requirements, 2011).

Figure 1.

Results and discussion
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Figure 2. Numbers (х106 cells.l-1) of phytoplankton in horizons, September

Maximum average number was registered at station Nessebar
1.35x106 cells.l-1 and minimum – at station Sarafovo 0.25x106 cells.l-1.
In November, with the decrease in temperatures and beginning of
destruction of the thermocline, the number of phytoplankton was the
highest in the surface layer (Figure 4). On average in the surface
layer phytoplankton number was1.38x106 cells.l-1, in the middle layer
– 0.87x106 cells.l-1 and at the bottom – 0.45x106 cells.l-1 (Figure 4).
The number increased from north to south (Figure 5).
From summer towards autumn we registered a trend of
increasing the phytoplankton number (Figure 6) where upon the
higher values were recorded along the southern part of the Bulgarian
coast, in Burgas Bay (stations Nessebar, Rosenets and Sarafovo).
The average biomass in the surface layer in September was 769.30
mg.m-3, in the middle layer – 618.78 mg.m-3 and in the bottom layer –
406.20 mg.m-3 (Figure 7). Unlike numbers, phytoplankton biomass,
in September, showed a well-expressed trend to decrease from
surface to bottom. The trend was to increase the average per station
phytoplankton biomass in the direction from north to south (Figure
8). The average biomass in the surface layer in November was
1630.12 mg.m-3, in the middle layer – 1486.41 mg.m-3 and in the
bottom layer – 481.93 mg.m-3 (Figure 9). There was a very slight
downward trend in the average phytoplankton biomass from the

northern part of the coast to the south (Figure 10) where the highest
value was measured. The maximum value was registered in the
southern region beyond c. Emine, station Rosenets (7341.43 mg.m3
) in the surface layer. Another high maximum value was measured in
the northern region, in front of Balchik (5645.16 mg.m-3) in the middle
layer. Biomass at station Varna-North was also relatively high –
2422.12 mg.m-3 (surface) (Figure 9). The average phytoplankton
biomass in September, in front of the Bulgarian coast, was below
700 mg.m-3 ("very good" state – 605.47 mg.m-3). In November it was
twice as high as 1324.51 mg.m-3 (Figure 11). Biomass in bay areas
was formed mainly by large-sized species Thalassiosira rotula
Mein., Ceratium tripos Nitzsch, Ceratium fusus Dujard.,
Prorocentrum micans Ehren. According to the phytoplankton
biomass, the ecological status of the coastal ecosystem changed
from "very good" in September to "good" in November. Despite the
increase of phytoplankton biomass and number in November, the
structural characteristics of the community were better (Figure 12)
compared to September, which is the reason for the larger number of
stations in "good" environmental status. In temperate latitudes, it is a
normal biological phenomenon to have a second autumn peak (after
the highest in spring) in the annual growth of phytoplankton
(Raymont, 1980).
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Figure 3. Average number (х106 cells.l-1) of the station in September

100

Veleka

Varvara

c.Maslen

Sozopol

Bourgas2

Sarafovo

Rosenets

Koketrais

Nessebar

Dvoyanitsa

Kamchiya

Galata

Varna-South

Varna-North

Albena

Balchik

Kaliakra

Rusalka

Shabla

Veleka

Varvara

c.Maslen

Sozopol

Bourgas2

Sarafovo

Rosenets

Koketrais

Nessebar

Dvoyanitsa

Kamchiya

Galata

Varna-South

Varna-North

Albena

Balchik

Kaliakra

Rusalka

Shabla

Krapetz (2)

Krapetz

0

Krapetz (2)

Krapetz

Veleka

Varvara

c.Maslen

Sozopol

Bourgas2

Sarafovo

Rosenets

Koketrais

Nessebar

Dvoyanitsa

Kamchiya

Galata

Varna-South

Varna-North

Albena

Balchik

Kaliakra

Rusalka

Shabla

Krapetz (2)

Krapetz

7

6

5

surface layer
middle layer
bottom layer

4

3

2

1

0

Figure 4. Numbers (х106 cells.l-1) of phytoplankton in horizons, November
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Figure 5. Average number (х106 cells.l-1) of the station in November
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Figure 6. Numbers (х106 cells.l-1) of phytoplankton average of station, during
September and November

101

102

Figure 9. Biomass (g.m-3) of phytoplankton in horizons, November
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Figure 7. Biomass (g.m-3) of phytoplankton in horizons, September
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Figure 8. Average phytoplankton biomass (g.m-3) of the station, September
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Table 1. Assessment of the ecological status according to BQE phytoplankton

Point (Station)
Krapetz
Krapetz'(2)
Shabla
Rusalka
Kaliakra
Balchik
Albena
Varna-North
Varna-South
Galata
Kamchiya
Dvoynitsa
Nessebar
Koketrais
Rosenets
Sarafovo
Bourgas2
Sozopol
c.Maslen
Varvara
Veleka

Coastal water
body code

Type of
coastal waters

Total for both
months

September

November

BG2BS000C001
BG2BS000C001
BG2BS000C002
BG2BS000C003
BG2BS000C004
BG2BS000C004
BG2BS000C013
BG2BS000C005
BG2BS000C005
BG2BS000C013
BG2BS000C006
BG2BS000C007
BG2BS000C008
BG2BS000C009
BG2BS000C008
BG2BS000C008
BG2BS000C010
BG2BS000C011
BG2BS000C010
BG2BS000C012
BG2BS000C012

Cw602230
CW602230
CW602220
CW602210
CW602330
CW602330
CW602330
CW602330
CW602330
CW602330
CW602330
CW602310
CW602330
CW602310
CW602330
CW602330
CW602321
CW602310
CW602321
CW602230
CW602230

moderate
moderate
moderate
moderate
moderate
moderate
moderate
moderate
moderate
moderate
moderate
moderate
moderate
moderate
moderate
moderate
moderate
moderate
moderate
moderate
moderate

moderate
good
moderate
moderate
good
moderate
moderate
moderate
moderate
moderate
moderate
moderate
moderate
moderate
moderate
moderate
moderate
moderate
good
moderate
moderate

good
moderate
good
moderate
moderate
moderate
moderate
moderate
moderate
moderate
good
good
good
moderate
moderate
moderate
moderate
good
moderate
moderate
moderate

Based on the entire dataset of Shannon index, number of
species in a sample, Menhinick index, Sheldon index, %MEC, DE%,
numbers, biomass, chlorophyll-a, TRIX index, transparency of the
water body, blooms and IBI, resulting from the research we analyzed
a multidimensional scaling (MDS) diagram (made with Primer 5 and
using a Bray–Curtis similarity) for non-metric similarities between
the stations and as a result were defined stations whose ecological
status should be addressed: Balchik, Rosenets, Sarafovo, Krapetz
and Nessebar. The stations in Varna Bay and Kamchiya where
traditionally relatively bad indicators were registered in this study, did
not stand out from the other coastal stations. Stations Kamchiya,
Maslen Nos and Krapetz'(2) are situated on the other pole of the
MDS diagram, which means that in terms of the indicators included
in the MDS, they stand out with a good environmental status.
Transparency of the water body decreased in November, but
remained in the range of "very good" status. In this study, the lowest
transparency values were registered at stations Rosenets,
Sarafovo, and Varna-South (Figure 13). Maximum values of
chlorophyll-a were recorded at stations Krapetz, Balchik, VarnaSouth, Kamchiya, Rosenets and Maslen Nos (Figure 14). In
comparative terms, they are not high (Petrova et al, 2003; Petrova
and Gerdzhikov, 2006, 2008). In September, chlorophyll-a averaged
0.82 μg.l-1, with a reported maximum at station Maslen Nos 2.76 μg.l-1.
In November, chlorophyll-a averaged 0.65 μg.l-1, with a reported
maximum at station Varna-South 1.28 μg.l-1.
After an analysis and summary of assessments, indices, trends
(based on multi-annual data), phytoplankton qualitative and
quantitative parameters, and in accordance with the principle "oneout-all-out", we found that the ecological status of all studied stations
should be assessed as "moderate" (WFD EU, 2000; Moncheva et

al., 2002; Uzunov et al., 2004; Approaches to the assessment, 2007;
BSC, 2008; Martínez-Crego et al., 2010; Moncheva and Boicenco,
2010; Spatharis and Tsirtsis, 2010; Spatharis et al., 2011; Technical
requirements, 2011). During the two months studied the status of the
stations ranged from "moderate” to “good" whereupon for the total
assessment we accepted the worse assessment from the two
studied months. In September, three stations were with "good"
status: Krapetz'(2), Kaliakra and c. Maslen Nos. In November,
"good" was the status of more than six stations – Krapetz, Shabla,
Kamchiya, Dvoynitsa, Nessebar, Sozopol (Table 1).
On the basis of reference data for various indicators, in 2011 the
numbers and biomass of phytoplankton were characterized by very
good and good values. The indices of Menhinick, Sheldon, % MEC,
DE% change the assessment from bad to worse on the rating scale
and generally prevails an assessment for "moderate" status of
coastal water quality (Spatharis and Tsirtsis, 2010, Spatharis et al.,
2011) .

Conclusions
According to Biological quality elements (BQE) phytoplankton
from September to November 2011 we registered an improvement
in the ecological status of marine coastal waters. The summary
assessment according to BQE phytoplankton is "moderate" status of
coastal waters in 2011. Established and identified were a total of 134
species of microalgae. No significant dynamics was established in
the ratios between the major taxonomic groups during the research
period. From September towards November there was a trend of
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increase in phytoplankton numbers and biomass from north to
south. The dynamics of the ecological status showed a trend for
improvement from September towards November. Six
phytoplankton species in blooming concentrations were found:
Merismopedia sp., Pseudo-nitzschia delicatissima, Oscillatoria sp.,
Leptocylindrus minimus, Cyanophyceae sp.and Aphanizomenon
flos-aquae.
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