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Abstract. The paper discusses the indices for assessment of the ecological status of seawater which are applied in the studies of algae and macrozoobenthic 
communities in the Bulgarian Black Sea territorial waters. They are applicable to contemporary environmental assessments in accordance with the European 
directives on environmental protection. Presented are also studies carried out in recent years on marine plants and bottom organisms and the resulting 
conclusions. The result was that we identified the ecological status of the marine ecosystem on BQE phytoplankton, macrophytobenthos  and macrozoobentos 
from “moderate” to “good” in the period of investigation.

Keywords: Black Sea, phytoplankton, macrophytobenthos, indices for environmental assessment

Abbreviations: BQE – Biological Quality Elements, EQR – Ecological Quality Ratio, IBIph – Integrated Biotic Index – Phytoplankton, M-AMBI  – macroz

Multivariate Marine Biotic Index – Macrozoobenthos, MEC% – Microflagellates, Euglenophyceae, Cyanophyceae % of the total number, MSFD – Marine 
Strategy Framework Directive, WFD – Water Framework Directive
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Introduction Phytoplankton samples (650) were collected from 81 stations at 
standard horizons (0, 10, 25, 50, 75 and 100 m) by bathometers type 
Niskin-5L or in shallow water (up to 15 m depth) at surface – bottom Environmental monitoring is a priority task in managing the 
horizons. The samples were fixed onboard the ship in 2% formalin activities for sustainable development, especially given that the 
solution and concentrated by the sedimentary method (Morozova-world's population is set to rise to almost 10 billion people by 2050 
Vodyanitskaya, 1954). The qualitative and quantitative analyses of (Yngvar, 2002). The strategic goal is to achieve environmental 
the samples were performed with a light microscope Nikon E400 in status of the Black Sea water similar to that seen in the 1960s (WFD 
counting cells Sedgewick Rafter (1 ml) and Palmer – Maloney (0.05 2000/60/EC, 2000; BSC, 2008).
ml), using standard methods (Moncheva and Parr, 2010). Software Algae (micro- and macro algae) are the basis and model objects 
Phytomar 2.0 (IFR-Varna 2008) and Excel 12 (Microsoft Office, in a number of theoretical studies. The accumulated data on the 
2007) were used for calculations and graphs. Classification of phyla ecological requirements of algae allow for them to be among the 
and classes of phytoplankton microalgae is based on Temniskova main bio-indicators and test objects in practically applicable and 
and Stoyneva (Temniskova and Stoyneva, 2011). This distribution of monitoring studies and assessments (Temniskova and Stoyneva, 
species in classes is according to electronic databases “WoRMS” 2011). Zoobenthos is used as a good indicator of the quality of the 
(WoRMS, 2013) and “Algaebase” (Guiry and Guiry, 2013). marine environment. Bottom dwelling benthic organisms are highly 

In 2011, macrophytobenthos samples (36) were examined from exposed to pollution and oxygen deficiency. The zoobenthos 
18 stations of category "coastal waters", located on the first level of complex is an important biological element in the implementation of 
the sublittoral zone and spread along the coast (Figure 1). Sampling the WFD 2000/60/EC.
for quantitative analysis was performed by the method of squares The purpose of this paper is to evaluate the contemporary 
Kalugina-Gutnik (1975). Samples were collected at horizontal and environmental monitoring indices used to assess the state of algae 
vertical transects perpendicular to the shore using metal frames with and macrozoobenthos communities in the Bulgarian Black Sea 
sizes 25x25cm, 50x50cm or 100x100cm. Two samples were taken territorial waters.
at each station for qualitative and quantitative analysis. Sampling of 
macrozoobenthos was carried out by Van-Veen grab sampler with 

2mouth opening 0.1 m . Primary processing of samples (washing 
Material and methods

through a series of sieves) is performed on the vessel board and 
fixation with 4% formaldehyde solution.

Data from the monitoring of the Institute of Fish Resources in Taxonomic  identification, defining the quantitative 
Varna (IFR-Varna) (2008 – 2011) on communities of phytoplankton, characteristics of the species was done in a laboratory. The 
macrophytobenthos and macrozoobenthos in the Bulgarian Black quantitative parameters were treated as equivalent to one square 
Sea territorial waters were used. The monitoring was conducted in meter area. Published materials, articles and reports dealing with 
the coastal and shelf zone of the Bulgarian Black Sea territorial the application of environmental indices for assessing seawater 
waters, from Krapets to Veleka (Figure 1). were also used.

* e-mail: danielaklisarova1@abv.bg
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introducing in the environmental practices the European water Results and discussion
directives (WFD and MSFD) and programs for sustainable 
development with the aim of providing contemporary and In Bulgaria until the first decade of the 21st century structural 
synchronized with the European legislation assessment of marine parameters were mainly used to assess the state of marine 
ecosystems. Part of this process is the research of Uzunov et al. environment: number of species (S), number of individuals (N), 
(2004). At workshops on the implementation of a National System for individual species diversity (H) (Shannon-Weaver), total species 
the Classification of the Biological Elements for Coastal Seawater, diversity (d), dominance (c) and evenness (e). Based on a 
the reference values set by Uzunov et al. (2004) are defined as initial contractual research of Kovachev and Uzunov (1985) with the 
and obtained with a large dose of conditionality and assumptions Ministry of Environment, these indices are included in the Bulgarian 
(Report BSBD, 2005)."Indicators and Standards" and display a summary status of the 

Another pilot study was conducted by IFR-Varna in July 2007 studied biocenoses (Rusev, 1993).
within the project ARCADIS which made an environmental According to the Bulgarian legislation three indicators are 
assessment of the marine environment during the summer period. standardized characterizing in general the biological full value of 
The established environmental status of the marine coastal water water through the parameters of the species composition of 
area in front of the Bulgarian Black Sea coast was "good" according communities: individual species diversity (H), evenness (e) and 
to the parameters: phytoplankton biomass, chlorophyll-a, individual dominance (c) (Uzunov and Kovachev, 2002). The number of 
species diversity (H) (index of Shannon-Weaver), intensity and species (S) and relative abundance (number of individuals – N) of 
spreading of phytoplankton blooms and toxic species of biocenoses are basic characteristics for tracking: stability of species 
phytoplankton (Report ARCADIS, 2007).composition and abundance, occurring changes and seasonality in 

In 2011, as part of the national monitoring program for surface the development of individual species. At the same time they are 
water of the Ministry of Environment and Waters, IFR-Varna carried essential elements for the establishment of other structural 
out hydrobiological monitoring of seawater to assess the indicators.
environmental status of the marine ecosystem in the one-mile zone In principle, the large number of species with a small number of 
in front of the Bulgarian coast, where a complex of new to our individuals of each species shows cleaner water and vice versa 
monitoring surveys indices were used: BQE phytoplankton (Rusev, 1993). Meanwhile, a major weakness of such methods is 
(Moncheva and Boicenko, 2011): TRIX - Index (Vollenweider et al., their low "solving capability", the impossibility to separate the 
1998; Moncheva et al., 2002), phytoplankton biomass, chlorophyll-specific types of impact on hydrobiocenoses. The effects of the influx 
a, Sheldon index  (Sheldon, 1969), Index of Menhinik (Menhinick, of colder waters and a weaker toxic loading may have similar or even 
1964), MEC% (Microflagellates, Euglenophyceae, Cyanophyceae the same numerical value (Uzunov and Kovachev, 2002).
% of the total number), DE (%) (contribution percentage of C-Over the last decade in Bulgaria a continuous process runs for 
strategists in the total biomass of dinoflagellates), integrated 

Figure 1. Location of the sampling stations of IFR-Varna, а) 2008–2010; b) 2011

a b
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assessment IBIph (Petrova et al., 2012); BQE macrophytobenthos Galata, c. Kaliakra, Varvara) or the specific currents around bank 
(algae and higher plants), EEI – a modified eco-efficiency indicator, Koketrais (“very good” status by M-AMBI).
S/W – index of relative surface; BQE macrozoobenthos: statistical Using those indices for the period 2008 – 2010 (389 
analysis to assess the ecological status – Marine Biotic Index (AMBI) phytoplankton samples) a summarized environmental assessment 
using border definitions developed by Borja et al. (2000, 2003) and (IBIph) of the coastal area was made according to BQE 
Muxika et al. (2005) and Multivariate AMBI (M-AMBI) with the limits phytoplankton. The environmental status of the marine ecosystem in 
of EQR (Borja et al., 2007). the Bulgarian coastal water area was identified as "moderate" (the 

As a result of the survey the current environmental status of our assessment of "moderate" ecological status prevailed with 66% 
marine coastal water area (one-mile zone) was assessed. Based on (221 pcs) of the phytoplankton samples). With "good" ecological 
BQE phytoplankton, an average of both studied months (September status were identified 28% (93 pcs) of the analyzed samples. "Bad" 
and November) and using the principle "one out-all out" the environmental status was established in 6% (20 pcs) and 1% (2 pcs) 
ecological status was established as "moderate" (according to a 5- of the samples were assessed with "very good" ecological status 
point grading scale: very good; good, moderate, bad and very bad). (Figure 2).
From September to November we observed a trend for improving The average annual environmental assessment (IBI ) ph

the ecological status of the coastal water area. In September there demonstrated a trend for improvement from 2008 to 2010 (Figure 3).
were 3 stations in "good" state (14% of all): Krapec (2), Kaliakra and A tendency for improving the environmental status from March 
c. Maslen nos. In November - 6 stations with "good" state (29%) – to December was indicated and during the summer period were 
Krapets, Shabla, Kamchiya, Dvoinitsa, Nessebar and Sozopol. The identified lower IBI  values (Figure 4).ph

remaining stations received assessment "moderate" (Petrova et al., It was found out that during the summer period the imbalance in 
2012). Based on BQE macrophytes (September 2011) we found out the taxonomic structure of phytoplankton complexes in the one-mile 
that with a "very good" ecological status were the stations c. Maslen coastal water area was induced by the high percentage of 
nos, Varvara and Veleka, but with "very bad" environmental status heterotrophic dinoflagellates in the total number of dinoflagellates 
were the stations Krapets, Krapets*, Karantina, Kamchiya and (DE%) in combination with the high proportion in the number of the 
Dvoinitsa. Of the remaining 10 surveyed stations 3 were in "good" 
condition and 4 in "moderate" and 3 in "bad" (Petrova et al., 2012). 
According to BQE macrozoobentos (2011), most of the stations (11 
in number) were in "good" status. “Moderate” status had seven 
stations and one station was in "bad" status. Although keeping the 
principle "one out–all out", i.e. the worst value of each station is 
considered final, it should be noted that some stations had distinctive 
status “very good” by H' due to the greater distance from shore (c. 

Figure 2. Histogram of the statistical distribution of 
IBI  values in the layer 0 – 20 m, 2008 – 2010 ph

(according to a 5-point grading scale: 
5 "very good" ecological status; 4 – "good"; 
3 – "moderate"; 2 – "bad"; 1 – very bad") 
(Statistica10).
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MSFD in Bulgaria and to protect the cleanliness of the marine 
ecosystem. The ecological assessments of the marine environment 
made so far according to BQEs phytoplankton, macrophytes and 
macrozoobenthos indicate the need for further measures and 
actions to achieve the prevailing "good" ecological status as 
required by the WFD 2000/60/EC, MSFD and Horizon 2020 program 
of the EU.
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what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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