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Biodiversity of the macrozoobenthos in some protected marine areas along Bulgarian Black 
Sea coast
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Abstract. The aim of this paper is to establish the biodiversity status of the macrozoobenthos in some protected marine areas (NATURA 2000) along the 
Bulgarian Black Sea coast. The observation stations in the period 2010-2012 were within the frames of the following habitats: 1160 - Large shallow inlets and 
bays; 1110 - Sandbanks, slightly covered by seawater and Sublittoral mussel banks on sediment. In general, the data shows steady state compared to the 
1980s, except for the area near Kamchia River, characterized by low biodiversity due to water pollution from the river inflow (with contaminants from agricultural 
and industrial sources in the upper river stream) and less salinity leading to marine mussel species reduction. In the border area, near the Emona zone, the 
black mussel catches varied between 160-600 kg in 2005, while only single specimens were detected in 2013. In the same field, the yield of Rapana venosa 
was within the limits of 5-40 kg in 2005 and between 80-160 kg in 2013. The established variability showed a dynamic balance between Mytilus galloprovicialis 
and Rapana venosa that pose a challenge for future stock of the black mussel and point the need of regular monitoring.
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Introduction

Marine biodiversity and interactions between species and 
specific habitats are important components affecting ecosystem 
resilience. In this aspect, marine protected areas (MPAs) are helpful 
management tools to safeguard biodiversity that is vital for the health 
of the seas (European Environment Agency, 2015). MPAs support 
the achievement of the main objectives of living resource 
conservation as defined in the World Conservation Strategy (IUCN, 
1980): (1) to maintain essential ecological processes and life 
support systems; (2) to preserve genetic diversity; and to (3) ensure 
sustainable utilization of species and ecosystems. In general, the 
ecological case for protection of an area of sea is based on the need 
to protect critical or important habitats of species that are of value for 
commerce, recreation or for other reasons, or as a particularly good 
example of a habitat type with the genetic diversity of its 
communities (Kellher, 1999).

Sustainability of marine ecosystems and their services are 
dependent on marine biodiversity, which is threatened worldwide. 
Biodiversity protection is a major target of the EU Marine Strategy 
Framework Directive, requiring assessment of the status of 
biodiversity on the level of species, habitats, and ecosystems, 
including genetic diversity and the role of biodiversity in food web 
functioning and structure (Heiskanen et al., 2016). The need to find 
efficient indices and indicators to assess the status of the marine 
environment and prevent deterioration of coastal areas is one of the 
hot topics in marine research. However, a detailed knowledge of 
benthic communities' responses to anthropogenic impacts is 
essential to develop those indices (Zubikarai et al., 2014). The 
impacts of human-induced pressures on the environment could be 
represented by indicators of biotic attributes of the seafloor integrity 
(e.g. species composition). Principally, the response of some 
zoobenthic species such as Polychaeta, crustaceans etc., to 

pressures, indicate ecosystem shifts or the level of degradation from 
healthy status (Gürkan, 2016). 

During the last decades, the ecological changes of the Black 
Sea resulted in impact of high anthropogenic press, overfishing, 
invasion of exotic species and climate changes. The Black Sea is 
more productive than the Mediterranean Sea, but with lower 
biodiversity. About 200 fish species, ~ 500 mollusks and 
macrophytes inhabit the Black Sea (Shlyahov, 2008). The 
environmental changes affected the status of macrozoobenthic 
communities that need regular annual investigations. In this context, 
the current paper provides new data about the macrozoobenthos 
biodivesity in some of the protected marine areas along the 
Bulgarian Black Sea coast.

 

Material and methods

Study area
The study was conducted in protected marine areas (NATURA 

2000) along the Bulgarian Black Sea coast for the period 2010-2012 
as follows:

- Galata region (BG0000103-SCI). In that region the 
macrozoobenthos was investigated in Ilandjik and Pasha Dere 
marine areas. The stations were located within the frames of the 
following habitats: 1160 - Large shallow inlets and bays (Ilandjik); 
1110 - Sandbanks, slightly covered by seawater (Pasha Dere). 

- Kamchia zone (BG0000116-SCI). In that zone the controlled 
stations were located within habitat 1160 - Large shallow inlets and 
bays.

Additionally, for the comparison purposes, a study of 
macrozoobenthos from the border area to Emona region 
(BG0001501-SCI) was conducted, including Byala black mussel 
field in 2005 and 2013. This field falls in habitat - Sublittoral mussel 
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banks on sediment.  Although this field is not within the boundaries of 
NATURA 2000, the zone is considered representative for the status 
of black mussels stock. 

Sampling and sample preparation
A map of samplings location is shown on Figure 1. The 

zoobenthos sampling from Ilandjik and Kamchia stations was 
accomplished on board of research vessel "Prof. Al. Valkanov", at a 
distance 1 mile from the sea shore. The sampling was carried out by 

2“Van-Veen” grab, with opening mouth 1/10 m  and the collected 
samples were preserved in 4% formaldehyde. The taxonomic 
identification of species composition, determining the quantitative 
characteristics was completed in laboratory conditions. 

At Pasha Dere station (shallow region), the samples were 
collected along the horizontal and vertical transect using scuba 
equipment and analysis was carried out by the squares method 
(Kalugina-Gutnik, 1975). 

The mussel fields Byala was investigated through bottom 
trawling in 2005 and 2013. The size composition of the mollusks 
(length and width) and weight of trawl catches were measured.

Parameters and statistical analysis
Based on data of the benthic macroinvertebrates density the 

-2 -2following indices were calculated: density (ind.m ), biomass (g.m ), 
species richness (d), species diversity (H') (Shannon, 1963). 

The statistical methods included application of Marine Biotic 
Index (AMBI) to assess the ecological status of benthos, based on 
the border definitions developed by Borja et al. (2000, 2003) and 
Muxica et al. (2005). Multivariate AMBI (M-AMBI) was applied, 
according to Borja et al. (2006). 

Results and discussion

The investigated stations (2010-2012) in the Galata region 
showed: At Ilandjik region, the number of identified species reached 
40 taxa and the average density of macrozoobenthos reached 1383 

-2 -2ind.m , by biomass – 188.36 g.m . The highest density was 
-2registered in 2010, reaching 1820 ind.m , the highest biomass being 

-2measured in 2011 - 270 g.m  (Figure 2). 

The dominant groups by density were Polychaeta and 
Mollusca, while the main components of benthic communities by 
biomass, were mollusks and crustaceans. The calculated indices 
(based on the macrozoobenthic density): species richness (d) and 
species diversity (H') show relatively high average values, with 
species richness attaining 2.87 on average, and species diversity - 
3.37. 

The Pasha Dere stations fall within the frames of Habitat 1110 
and are characterized by specific development of macrophytes - 
associations of brown alga Cystoseira barbata with green algae. It 
should be mentioned, that the macrophyte fields along the Bulgarian 

Figure 1. Map of sampling locations

-2 -2Figure 2. Density (ind.m ) and biomass (g.m ) 
in Galata marine area (Ilandjik) during 2010-2012
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Figure 3. Distribution (in %) of the 
macrozoobenthos groups in the density and 
biomass at Pasha Dere marine area during 2011-2012 
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Black Sea coast have been greatly reduced recently due to water 
pollution and intensive coastal development. The main changes in 
the algal fields included displacement of sensitive species, reducing 
biodiversity and extinction of populations. These alternations have 
affected the associated macrozoobenthos communities. The 
zoobenthic complex was dominated by species, attached to the 
thallus of algae for shelter (Petrova et al., 2012) and the current 
study shows that the most common zoobenthos groups included 
mollusks and crustaceans (Figure 3).

The Marine Biotic Index varied from 1.5 - 2.69; AMBI from 1.05 - 
2.9, and M-AMBI from 0.44 - 0.92, displaying a moderate ecological 
status of the surveyed area.

The species composition at Kamchia area encompassed 38 
zoobenthos organisms, with dominant species from Polychaeta 
group - Melinna palmata, Nepthys hombergii, Nephtys cirrosa, 
Prionospio cirrifera, Capitomastus minimus and Upogebia pusilla 
from Crustaceans. The average abundance and biomass attained 

-2 -2.497 ind.m  and 61.34 g.m  The results indicated low biodiversity in 
the region, that appeared as a result of the water pollution from 
Kamchia River inflow and decreased salinity, as both factors 
affected the mussel species distribution. The highest density of 

-2macrozoobenthos in this region was registered in 2012 – 880 ind.m . 
The biomass remained at low levels during the three-year period, 
mainly due to absent mollusks (Figure 4).

The investigations of black mussel field Byala were located 
within the habitat: Sublittoral mussel banks on sediment. The 
trawling activities are carried out at depths 21-30 meters and 
mussels catches yield 160 - 600 kg in 2005 (Petrova et al., 2009; 
2011) (Figure 5). 

In 2005, the size composition of black mussel varied within 
limits of 3.0 - 8.5 cm with an average length - 5.89 cm. In 2013, the 
yields decreased significantly and only single specimens were 
registered and didn't provide basis for comparison. In the same field, 
the yields of Rapana venosa were small in 2005, falling within the 
limits of 5-40 kg, while the average rapana sizes reached high value - 
9.10 cm. During 2013, the catches increased to 80-160 kg (Figure 6) 
with average size - 7.4 cm. 

The obtained results show a well expressed dynamical balance 
in the context of predator-prey interactions – during 2005, rapana 
population has declined and black mussels increased, while the 
opposite phenomenon was detected in 2013 - the rapana population 
has been increasing by abundance (with almost half decreased 
mean length) and simultaneously the population of black mussels 
followed a decreasing tendency. The studies of both species should 
continue at a regular basis in the future for better understanding of 
periodicity/timing of changes between the populations and defining 
appropriate management measures. 
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Conclusion

We found that: a) At the front of Galata marine area: Ilandjik 
stations the ecosystem status was good, and the average values of 
species richness attained up to 2.87, species diversity - 3.37; at 
Pasha Dere stations, the diversity indices have slightly decreased, 
varying between 1.5 - 2.69, AMBI: 1.05-2.9; M-AMBI: 0.44 - 0.92 and 
determined a moderate ecological status; b) The area at the front of 
the mouth of Kamchia River was characterized by low biodiversity, 
mainly due to pollution from the river inflow (with contamination from 
agricultural and industrial sources in the upper streams) and less 
water salinity that led to significant reduction of marine mussels 
species; c) The obtained results from Emona border zone area 
(black mussel field Byala) have shown a well-expressed dynamic 
balance in the context of predator-prey interactions between black 
mussels and rapana. The catches of M. galloprovincialis were high 
in 2005, varying between 160-600 kg and decreased significantly in 
2013. In the same field, the yields of R. venosa were low in 2005, 
within limits of 5-40 kg but rose considerably in 2013. The 
consecutive changes in the size composition of both species were 
evident. 

References 

Borja A, Franco J and Pérez V, 2000. A marine biotic index to 
establish the ecological quality of soft bottom benthos within 
European estuarine and coastal environments. Marine Pollution 
Bulletin, 40, 1100-1114. 
Borja A, Franco J and Muxika I, 2003. Classification tools for 
marine ecological quality assessment: the usefulness of 
macrobenthic communities in an area affected by a submarine 
outfall. ICES CM 2003/Session J-02, September 2003, Tallinn, 
Estonia, pp. 24-28. 
Borja A, Josefson AB, Miles A, Muxika I, Olsgard F, Phillips G, 
Rodríguez JG and Rygg B, 2006. An approach to the 
intercalibration of benthic ecological status assessment in the North 
Atlantic ecoregion, according to the European Water Framework 
Directive. Marine Pollution Bulletin, 55, 42-52.

European Environment Agency, 2015. An overview and 
perspectives for the future. EEA Report No. 3/2015.
Gürkan Y, Yüksek A, Tolun L and Tugrul S, 2016. The impact of 
harbor use on zoobenthos, CIESM Congress 2016, Kiel, article 
0534, Rapp. Comm. int. Mer Médit., p. 41.
Heiskanen A, Torsten B, Uusitalo L, Teixeira H, Bruhn A, 
Krause-Jensen D, Lynam Ch, Rossberg A, Korpinen A, 
Korpinen, Uyarra M and Borja A, 2016. Biodiversity in Marine 
Ecosystems—European Developments toward Robust 
Assessments. Frontiers in Marine Science. 3. 10.3389/fmars. 
2016.00184.
Kalugina-Gutnik A, 1975. Phytobenthos of the Black Sea. Naukova 
Dumka, Kiev (Ru).
Kelleher G, 1999. Guidelines for Marine Protected Areas. IUCN, 
Gland, Switzerland, and Cambridge, UK, 24, 1.
Muxika I, Borja Á and Bonne W, 2005. The suitability of the marine 
biotic index (AMBI) to new impact sources along European coasts. 
Ecological Indicators, 5, 19-31. 
Petrova E and Stoykov St, 2009. Investigations of the distribution 
and stock assessment of Rapana venosa (Valenciennes) along the 
Bulgarian Black Sea cost. Proceed. of IVth International Scientific 
Conference BALNIMALKON, Stara Zagora, pp. 345-349. 
Petrova E and Stoykov St, 2011. Distribution of the black mussel 
Mytilus galloprovincialis (L.) along the Bulgarian Black Sea coast. 
Agricultural Science and Technology, 3, 368-373.
Petrova E, Stoykov St and Vachkowa V, 2012 .  The 
macrozoobenthos from algal overgrowth by region of Pasha Dere 
south of cape Galata (Black Sea), Proceed. Union of Science, Varna 
(Bg).
Shannon CE and Weaver W, 1963. The mathematical theory of 
communication, University Illinois Press, Urbana, p.117.
Shlyahov V and Daskalov G, 2008. Black Sea State of 
Environment (SoE), Chapter 9. The state of marine living resources, 
2001/2006.
Zubikarai N, Borja A and Muxika I, 2014. Assessment of benthic 
hard substratum communities responses to changes in the 
management of anthropogenic pressures in the Basque coast. 
Revista de Investigación Marina, AZTI-Tecnalia, 21, 40-88.

180

160

140

120

100

80

60

40

20

0

ho
ul

/k
g

1 2 3 4

Rapana venosa

5 6 7

Figure 6. Rapana venosa yield in the area of Emona - Black 
mussel field Byala



Genetics and Breeding

Variation in the agronomic and morphological traits in spring barley
N. Dyulgerov, B. Dyulgerova

Study on the loss of accuracy of AC method for milk yield control in sheep 
D. Dimov, P. Zhelyazkova, A. Vuchkov

Нordein polymorphism between spring barley cultivars by SDS-PAGE electrophoresis
N. Neykov, S. Doneva 

Nutrition and Physiology

Comparative study of rapeseed, monofloral types and multifloral honey by some physico-chemical 
parameters
I. Zhelyazkova, S. Lazarov

Body condition score, nonesterified fatty acids and beta-hydroxybutyrate concentrations in goats 
with subclinical ketosis
V. Marutsova, R. Binev

Production Systems

Lucrative status of improved dual purpose cowpea (Vigna unguiculata L., Walp) in Damboa, Borno 
State, North-Eastern Nigeria
B.H. Gabdo

Study on the emptying time of grain harvester hoppers
K. Trendafilov, N. Delchev, B. Kolev, G. Tihanov

Length of the growing season and yield in Triticum monococcum L., in accordance with the growing 
conditions
S. Stamatov, E. Valchinova, G. Desheva, K. Uzundzhalieva, P. Chavdarov, T. Cholakov, B. Kyosev, R. 
Ruseva, N. Velcheva

Productivity of durum wheat cultivar Predel at nitrogen-phosphorous fertilization
L. Plescuta

Effect of the herbicide treatment dose on the weed infestation in common winter wheat
Z. Petrova

Evaluation of some technological properties of Caucasian ram wool 
D. Pamukova, G. Staykova, N. Stancheva, D. Panayotov

CONTENTS 1 / 2

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 9, No 4, 2017

263

268

282

273

277

291

296

301

311

306

286



Agriculture and Environment

Saved СО  emissions by using renewable sources for hot water yield in Bulgarian dairy farms2

R. Georgiev, R. Slavov, K. Peychev, D. Georgiev, S. Apostolov, J. Ellingsen, J. Tønnesen

Inventory of the legal base for reclamation of lands disturbed by open-cast mining in Bulgaria
M. Banov, V. Tzolova, I. Kirilov

Taxonomic composition of phytoplankton in Black Sea area in front of the Cape Galata (2008-2016)
D. Klisarova, D. Gerdzhikov

Biodiversity of the macrozoobenthos in some protected marine areas along Bulgarian Black Sea 
coast
E. Petrova, S. Stoykov

Heavy metals in organs of gudgeon (Gobio gobio L.) from Vardar River, R. Macedonia
R. Nastova, V. Kostov, I. Uslinovska

Product Quality and Safety

Mathematical methods for assessment and analysis of honey yield data for Bulgaria and the 
European Union for the period 1961-2014
N. Keranova

Carcass traits and meat quality of different slow growing and fast growing broiler chickens
M. Oblakova, N. Mincheva, P. Hristakieva, I. Ivanova, M. Lalev, Sv. Georgieva

Role and importance of the awareness for whey in dairy sector at an international level
M. Yılmaz, H. Celik, A.D. Karaman, K. Celik

CONTENTS 2 / 2

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 9, No 4, 2017

315

326

336

340

347

351

358

320



Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows:  Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
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 
f o r  A n i m a l  S c i e n c e  a n d  H e a l t h , 
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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