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Medicinal Plants on the Territory of the Waterfall Canyon Eco-trail
(Soskovcheto Reserve, Western Rhodopes Mts., South Bulgaria)
Plamen S. Stoyanov1,2*, Krasimir T. Todorov2,
Ivanka I. Teneva2, Tsvetelina R. Mladenova2
1 - Medical University of Plovdiv, Faculty of Pharmacy, Department of Pharmacognosy and
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2 - University of Plovdiv “Paisii Hilendarski”, Faculty of Biology, Department of Botany and
Methods of Biology Teaching, 24 Tzar Assen Str., Plovdiv 4000, BULGARIA
*Corresponding author: pstoyanov@uni-plovdiv.bg
Abstract. The study presents data on the species diversity of medicinal plants on the territory of the
Waterfall Canyon Eco-trail, part of the “Soskovcheto” Reserve (Western Rhodopes Mts. in South
Bulgaria). Ninety-six species were recorded, grouped in 42 families - Apiaceae, Aristolochiacea,
Aspidiaceae, Aspleniaceae, Asteraceae, Athyriaceae, Balsaminaceae, Betulaceae, Boraginaceae,
Brassicaceae, Campanulaceae, Caprifoliaceae, Caryophyllaceae, Crassulaceae, Cupressaceae,
Ericaceae, Euphorbiaceae, Fabaceae, Fagaceae, Geraniaceae, Hypericaceae, Hypolepidaceae,
Lamiaceae, Liliaceae, Orchidaceae, Oxalidaceae, Pinaceae, Plantaginaceae, Poaceae, Polygonaceae,
Polypodiaceae, Primulaceaea, Pyrolaceae, Ranunculaceae, Rosaceae, Rubiaceae, Salicaceae,
Saxifragaceae, Scrophulariaceae, Thymelaeaceae, Urticaceae, Violaceae. Eighteen medicinal plant
species were with conservation significance, including endemic, rare and protected species.
Key words: Waterfall Canyon Eco-trail, Soskovcheto Reserve, medicinal plants, conservation status.

Introduction
The Rhodopes Mountains are located in
the central part of the Balkan Peninsula and
they have a total area of 18000 km2, over 14000
km2 of them being in the territory of the
Republic of Bulgaria. Orthographically they
are divided into two major parts – the Western
and the Eastern Rhodopes Mts. (BRAMBAROV,
2001).
The Western Rhodopes Mts. are the
higher part of the mountains. They are of a
medium mountain type, with a highly
indented, thick and deeply incised river
network. With its exceptional variety of
© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

geomorphological forms, waterfalls, mineral
springs, unique flora and fauna, beautiful
landscapes, long history and hospitable
population, the Rhodopes provide a great
opportunity for development of alternative
forms of tourism (BRAMBAROV, 2001).
The Western Rhodopes Mts. are divided
into two parts: Batak-Dabrava Area and
Perelik-Prespa Area. In the Perelik-Prespa part
is located “Soskovcheto” Reserve. According
to the administrative division of the Republic
of Bulgaria, the area of the reserve is part of
the territory of Smolyan Town. This reserve
also includes the Waterfall Canyon Eco-trail.
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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Material and Methods
The species composition of the medicinal
plants on the territory of the Waterfall Canyon
Eco-trail (Fig. 1) was studied during the
vegetation seasons of 2017 and 2018. Some of
the taxa were determined on site during the
botanical expeditions and others were further
identified under laboratory conditions.
Nomenclature followed DELIPAVLOV &
CHESHMEDZHIEV (2003).
A routing method with transect transitions
was used. Floristic analysis involved the
development of a systematic list of species,
taking into account their affiliation to botanical
families.
For the determination of the conservation
status of the established medicinal plants from
the studied territory, the following were used:
the Red Data Book of the Republic of Bulgaria.
Vol. 1. Plants and Fungi (PEEV et al., 2011), the
Red List of Bulgarian vascular plants (PETROVA
& VLADIMIROV, 2009), Conspectus of the
Bulgarian Vascular Flora (ASSYOV & PETROVA,
2006), Balkan endemics in the Bulgarian flora
(PETROVA & VLADIMIROV, 2010), Atlas of
Bulgarian endemic plants (PETROVA, 2006), the
Bulgarian Biological Diversity Act (BDA, 2002),
the Bulgarian Medicinal Plants Act (MPA,
2000) and The IUCN Red List of Threatened
Species, Version 2018-1 (IUCN, 2018).

belong to divisions Polypodiophyta, Pinophyta
and Magnoliophyta. Polypodiophyta has
identified five species belonging to five families.
Pinophyta is represented by four species
pertaining to two families - Pinaceae and
Cupressaceae. Magnoliophyta includes two
classes - Magnoliopsida and Liliopsida.
Predominant of the Magnoliophyta plants are
dicotyledons. There are 32 families with 82
species. The largest species variety (Fig. 2) are
Asteraceae (11 species), Lamiaceae (with 9
species) and Rosaceae (6 species). From the
monocotyledons plants (Classis Liliopsida) we
have identified 3 families with 5 species
(Liliaceae – 2 species, Ochidaceae – 2 species
and Poaceae – 1 species, respectively). A
complete list of established medicinal plants is
presented in Table 1.

Results and Discussion
Registered medicinal plants on the
territory of the Waterfall Canyon Eco-trail

Fig. 1. The location of
Waterfall Canyon Eco-trail.

Fig. 2. Number of identified species of medicinal plants
distributed by families of Classis Magnoliopsida.
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The only Balkan endemic medicinal plant
species from the territory of Waterfall Canyon
Eco-trail was Angelica pancicii. The species is
included in the Red List of Bulgarian vascular
plants (PETROVA & VLADIMIROV, 2009) under
the category Vulnerable (VU).
Seventeen of the medicinal plant species
recorded in the studied area are included in

the Red List of Threatened Plants of the
International Union for Conservation of
Nature (IUCN, 2018). All of them are under
the category of “Least Concern” (LC).
Of the registered medicinal plants six of
them are included under a special regime of
use (Table 2) (Order № RD-56/01.02.2018 of
Ministry of Environment and Waters).

Table 1. Taxonomic composition and conservation status of the established medicinal
plants on the territory of the Waterfall Canyon Eco-trail. Legend: Е - Endemic plant; RB - Red
Book of the Republic of Bulgaria; RL - Red List of Bulgarian vascular plants; BDA - Biological
Diversity Act; IUCN - International Union for Conservation of Nature, Red List of Threatened
Plants; LC - Least Concern; VU – Vulnerable.
Family
Apiaceae
Apiaceae
Aristolochiacea
Aspidiaceae
Aspleniaceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Athyriaceae
Balsaminaceae
Betulaceae
Boraginaceae
Brassicaceae
Brassicaceae
Campanulaceae
Caprifoliaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Crassulaceae
Cupressaceae
Ericaceae
Ericaceae

Species
Angelica pancicii Vandas
Angelica sylvestris L.
Asarum europaeum L.
Dryopteris filix-mas (L.) Schott.
Asplenium septentrionale (L.) Hoffm.
Achillea millefolium L.
Doronicum columnae Ten.
Hieracium pilosella L.
Hypochaeris maculata L.
Matricaria trichophylla Boiss.
Senecio jacobaea L.
Senecio nemorensis L.
Senecio viscosus L.
Taraxacum officinale L.
Telekia speciosa (Schreber) Baumg.
Tussilago farfara L.
Athyrium filix-femina (L.) Roth
Impatiens noli-tangere L.
Corylus avellana L.
Pulmonaria officinalis L.
Cardamine amara L.
Cardamine bulbifera (L.) Crantz
Campanula persicifolia L.
Sambucus racemosa L.
Herniaria glabra L.
Scleranthus perennis L.
Silene italica (L.) Pers.
Stellaria graminea L.
Viscaria vulgaris Rohl.
Sedum acre L.
Juniperus communis L.
Vaccinium myrtillus L.
Vaccinium vitis-idaea L.
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Е
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LC
LC
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Euphorbiaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fagaceae
Geraniaceae
Geraniaceae
Hypericaceae
Hypericaceae
Hypericaceae
Hypolepidaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Lamiaceae
Liliaceae
Liliaceae
Orchidaceae
Orchidaceae
Oxalidaceae
Pinaceae
Pinaceae
Pinaceae
Plantaginaceae
Poaceae
Polygonaceae
Polypodiaceae
Primulaceaea
Pyrolaceae
Pyrolaceae
Pyrolaceae
Ranunculaceae
Ranunculaceae
Ranunculaceae
Ranunculaceae
Ranunculaceae
Rosaceae
Rosaceae
Rosaceae
Rosaceae
Rosaceae
Rosaceae
Rubiaceae

Euphorbia amygdaloides L.
Lathyrus pratensis L.
Trifolium montanum L.
Trifolium pratense L.
Trifolium repens L.
Fagus sylvatica L.
Geranium macrorrhizum L.
Geranium robertianum L.
Hypericum cerastoides (Spach) N.K.B.R.
Hypericum maculatum Crantz
Hypericum perforatum L.
Pteridium aquilinum (L.) Kuhn
Acinos suaveolens (Sibth. et Sm.) G. Don
Ajuga laxmanii (L.) Bentham
Clinopodium vulgare L.
Galeopsis speciosa Miller
Mentha spicata L.
Prunella vulgaris L.
Salvia glutinosa L.
Stachys sylvatica L.
Thymus callieri Borbas ex Velen.
Colchicum autumnale L.
Veratrum album L. ssp. lobelianum (Bernh.)
Reichenb.
Corallorhiza trifida Chatel.
Epipactis helleborine (L.) Crantz
Oxalis acetosella L.
Abies alba Miller
Picea abies (L.) Karst.
Pinus sylvestris L.
Plantago major L.
Anthoxanthum odoratum L.
Rumex acetosella L.
Polypodium vulgare L.
Primula veris L.
Moneses uniflora (L.) Gray
Orthilia secunda (L.) House
Pyrola chlorantha Swartz
Anemone nemorosa L.
Anemone ranunculoides L.
Caltha palustris L.
Clematis vitalba L.
Ranunculus acris L.
Alchemilla vulgaris Сompl.
Fragaria vesca L.
Geum coccineum Sibth. et Sm.
Rubus hirtus Waldst. et Kit.
Rubus idaeus L.
Sorbus aucuparia L.
Cruciata laevipes Opiz
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Rubiaceae
Rubiaceae
Salicaceae
Salicaceae
Saxifragaceae
Saxifragaceae
Scrophulariaceae
Scrophulariaceae
Scrophulariaceae
Scrophulariaceae
Scrophulariaceae
Thymelaeaceae
Urticaceae
Violaceae

Galium odoratum (L.) Scop.
Galium lucidum All.
Populus tremula L.
Salix caprea L.
Chrysosplenium alternifolium L.
Saxifraga rotundifolia L.
Digitalis viridiflora Lindley
Euphrasia rostkoviana Hayne
Verbascum longifolium Ten.
Veronica chamaedrys L.
Veronica officinalis L.
Daphne mezereum L.
Urtica dioica L.
Viola tricolor L.

LC

Table 2. Taxonomic list of medicinal plants on the Waterfall Canyon Eco-trail included
in the usage regimes.

Species
Alchemilla vulgaris compl.
Angelica pancicii Vand.
Asarum europaeum L.
Galium odoratum (L.) Scop.
Primula veris L.
Sedum acre L.

Medicinal plant species
under special regime of protection and use
Protected medicinal plants Regulated by annual quotas
*
*
*
*
*
*

Conclusions
The geographic location, the natural
conditions and the peculiarities of the
Waterfall Canyon Eco-trail determine a
considerable variety of floral elements.
Ninety-six medical plants were found. They
are grouped in 42 families belonging
primarily to the Magnoliophyta phylum.
Asteraceae, Lamiaceae and Rosaceae families
are represented by the largest species
diversity.
The
medicinal
plants
of
conservation importance on the territory of
the Waterfall Canyon Eco-trail represent
18.75% of all the species described. This study
complements the botanical characterization of
the “Soskovcheto” Reserve as a protected
area and part of a protected area under the
Birds Directive BG0002113 and the Western
Rhodopes Protected Zone BG0001030 - a
protected area under the Habitats Directive.
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Abstract. The different environment causes change in the plants morphology and anatomy and as
well as their physiology. The most informative about the degree of resistance and plasticity of the
plant species was epidermis. With respect to physiological processes, the stress environment
accelerating the disintegration of nitrogen-containing compounds. The comparative anatomical
analysis of the major epidermal cells and the total nitrogen content in the leaves of four plant
species (Juglans regia L., Amorpha fruticosa L., Laburnum anagyroides Medic., Syringa vulgaris L.)
growing in urban and mountainous environments is accomplished. N-content and the number of
the basic epidermal cells revealed positive correlation. The highest ecological plasticity, from the
four studied species, was reported for A. fruticosa, in which the number and size of major epidermal
cells in urban environmental conditions is biggest (2090 for upper and 2635.1 for lower epidermis).
For that same species was reported maximal contents and the minimal variation in total N [mg/kg]
values. On the same indexes, as the least plastic concerning, is determinate J. regia. The medium
level of plasticity sowed L. anagyroides and S. vulgaris.
Key words: nitrogen, leaf anatomy, epidermis, plant steadiness, plant plasticity.

Introduction
The
plant
organs
performing
photosynthesis and gas-exchange are most
subject to the effect of the environment and
their response is most obvious (PILARSKI, 1999;
RAI, 2013; NIKULA et al., 2010; ZADEH et al.,
2013; DYULGERSKI & KIRKOVA, 2013).
© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

The epidermis as the outer layer of the
assimilating organs, having a protective and
regulatory function, provides information
about the degree of resistance and plasticity of
the plant species (ANELI, 1975). The smaller size
of the major epidermal cells and their increased
number are among the basic indicators about
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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the resistance of the plant organism to the
unfavorable
environmental
conditions
(NINOVA & DUSHKOVA, 1977; KOEV et al., 2001;
GOSTIN & IVANESCU, 2007; VELICHKOVA et al.,
2012).
On the other hand, according to ILKUN
(1978), analyzing the so-called “hidden
disorders” expressed in reduced plant vitality,
is of great importance. One of the most
important characteristic in that case, is the result
about the changes in the nitrogen, carbohydrate
and phosphorus exchange (TESSIER & RAYNAL,
2003; GUSEWELL & BOLLENS, 2003). According
to DUSHKOVA & NINOVA (1977a; b), the
polluted environment causes deviations in the
metabolism
of
the
nitrogen-containing
substances, slowing down the process of
synthesis and accelerating the disintegration of
proteins and the other nitrogen-containing
compounds.
The aim of present study was to make a
comparative anatomical analysis of the major
epidermal cells and to establish the total
nitrogen content in the leaves of four plant
species (Juglands regia L., Amorpha fruticosa L.,
Laburnum anagyroides Medic. and Syringa
vulgaris L.) growing in urban and mountainous
environments and to estimate their ecological
plasticity.

and FDP2.5 (particles less than 10 and 2.5
microns). According to the regional reports of
the Ministry of Environment and Waters of the
Republic of Bulgaria (RIOEW-Plovdiv, 2018) on
the environmental conditions in 2017 the upper
limits of the average daily rates, adopted as
permissible for protection of human health, was
exceeded several times in the calendar year.
Five plants of each species from the two
locations were chosen and an average sample
of 50 leaves collected from each plant was fixed
in 70% ethanol. Semi-permanent microscope
slides were prepared from the lower and the
upper epidermis of the middle part of the leaf
blade. The following characteristics were
studied: shape and number of the basic adaxial
and abaxial epidermal cells in 1 mm2.
Equipment. The analysis of N in manure
samples was done with Kjeldahl digestion unit
(VELP Scientifica UDK 142).
Total nitrogen determination. The chemical
analyses were conducted with analytical
reagent-grade Merck and Fluka chemicals (0.1
N HCl; 20% H3BO3; H2SO4 (d=1.84); 50%
NaOH; mixed indicator – 0.2% alcohol solution
of methylene blue and 0.25% alcohol solution of
methyl red; Cu catalyst tablets)
All glassware in contact with samples was
soaked in HNO3 solutions (1:1), left for at least
24 hours, and washed repeatedly with double
distilled water.
The samples for N-content determination
were prepared according to standard methods.
They were dried at 65oC in a ventilated oven
and kept in dark polyethylene bottles.
Total nitrogen content of samples was done
according to the classic Kjeldahl method, which
has undergone modifications with regard to
temperature and time of digestion, acid
concentrations and oxidation catalysts. The
principle of the method consists in digestion of
organic matter and reduction of nitrates with
phenol-sulfuric or salicyl-sulfuric acid in the
presence of catalysts, converting the nitrogen in
samples to ammonium sulfate. The latter was
digested by making the solution alkaline with
addition of concentrated NaOH, and the
liberated ammonia was distilled, by reaction
with boric acid of known concentration, and the

Materials and Methods
Samples. The method of comparative
anatomy was used for the analysis (METCALFE
& CHALK, 1950). Mature leaves from the
periphery of lower whorl of tree crown of the
four species – Juglands regia L., Amorpha
fruticosa L., Laburnum anagyroides Medic. and
Syringa. vulgaris L. were studied. The
experimental variants included two locations –
urban environment (Plovdiv City) and
mountainous environment (Beklemeto Area in
the Stara Planina Mts.). The two chosen areas
have a significant difference in regards to
climate (Table 1). They are different and in
regards to air pollution. Plovdiv region is
characterized by heavy motor transport traffic,
the household sector and the industrial
activities, which haves a negative effect on air
quality and contributes to higher levels of FDP10
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excess was titrated with 0.2 N HCl. The
analytical method has been modified and
proposed from the manufacturer VELP
Scientifics. The amount of samples, according
to their N content varied from 0.25 g to 1 g.
Analysis procedure: the respective amount
of sample is weighed, and to it, 7 g K2SO4; 5 mg
Se; 7 ml k.H2SO4 and 5 ml H2O2 (hydrogen
peroxide) are added. The thus prepared
samples are placed in the digestion unit,
previously set for 20-min digestion at 420°C.
After the digestion, the sample is distilled and
alkalised with 35% NaOH. The distillate is
collected into a flask with 4% boric acid; the
ammonia excess is titrated with 2N HCl,
containing Toshiro's indicator. The used
amounts of hydrochloric acid are used for
calculation of total nitrogen content.
Statistics. SPSS (Statistical package for
social sciences) for Windows and the method of
descriptive statistics were used for statistical
data processing. The variation coefficient (VC
%) and the mean error (Sx%) were determined.

changes in the locations. The greater
undulation of the anticlinal walls is an indicator
of a higher susceptibility, i.e. a lower ecological
plasticity (NINOVA & DUSHKOVA, 1981), and
what is more, the response of the upper and the
lower leaf epidermis is different.
The highest degree of undulation of the
anticlinal cell walls of the upper epidermis was
observed in walnut. According to the
classification scale of ANELI (1975) they refer to
the curvilinear type with their zigzag folded
cell walls (Fig. 1a; Fig. 2A). In the other three
species the basic epidermal cells of the upper
epidermis were broadly curved with folded cell
walls (Fig. 1c, e, g; Fig. 2C, E, G). Significant
differences in the shape of the adaxial
epidermis cells of the plants from the separate
locations were reported for false indigo bush,
the cells of the plants from Beklemeto Area
have a higher degree of folding (Fig. 2C).
The shape of the major epidermal cells of
the lower epidermis was polygonal in both
mountainous and urban conditions and their
anticlinal walls were strongly folded compared
to the cells of the upper epidermis (Fig. 1b, d, f,
h; Fig. 2B, D, F, H). The degree of folding of the
abaxial epidermal cells was significantly higher
in walnut and especially in false indigo bush
under mountainous environmental conditions
(Fig. 2B, D).

Results and Discussion
Shape of the epidermal cells
The degree of undulation of the anticlinal
walls of the major epidermal cells was one of
the diagnostic characteristics in studying of
different plants responses to the environmental

Fig. 1 Structure of the adaxial (a, c, e, g) and abaxial (b, d, f, h) epidermis of the species
in Plovdiv City: a,b - Juglans regia L.; c,d - Amorpha fruticosa L.; e,f - Laburnum anagyroides
Medic.; g,h - Syringa vulgaris L.
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Fig. 2. Structure of the adaxial (A, C, E, G) and abaxial (B, D, F, H) epidermis of the species in
Bekleme area A,B - Juglans regia L.; C,D - Amorpha fruticosa L.; E,F - Laburnum anagyroides
Medic.; G,H - Syringa vulgaris L.
Таble 1. Climatic data for the Plovdiv City and Beklemeto Area for 1980 – 2015.
Plovdiv City (urban environment)
Altitude 100 to 190 m a.s.l.
Beklemeto Area (mountainous
environment)
Altitude 1500 m a.s.l.

Mean annual temperature, ºС
Mean annual rainfall, mm
Mean annual temperature, ºС
Mean annual rainfall, mm

Number of the epidermal cells in 1 mm2
Changes in the number of the epidermal
cells in 1 mm2, and in their size, respectively,
as a result of the environmental factors, are
an indicator of their adaptability according
to a number of authors (VASILEVSKAYA, 1965;
NINOVA & DUSHKOVA, 1977; VELICHKOVA et
al., 2011). The small cell size is an indicator of
xeromorphity, i.e. of plant plasticity
(MIROSLAVOV, 1974; DIMITROVA, 2000).
S. vulgaris had the largest in size and the
smallest in number upper epidermal cells in
both studied locations (776 in average in
mountain area, 781.9 in average in urban,
respectively). Those values showed the
lowest degree of changes in the number of
cells depending on the environmental
conditions,
i.e.
according
to
that
characteristic the species demonstrated the
lowest ecological plasticity (Table 2).
The smallest size and the largest number
of cells were reported in the adaxial

12.1
514
7.9
1018.4

epidermis in false indigo bush from Plovdiv
region (2090 in average). That determined
the species as the most xeromorphic by that
characteristic and the reported minimal
difference in the mean values in the plants
from both locations determined it as the
species with the highest plasticity.
Concerning the other two species,
walnut exhibited a more obvious response
and the number of the epidermal cells in the
upper epidermis increased significantly in
Plovdiv region (799.4 for mountain area vs.
1173.7 for urban area, respectively).
Referring to the abaxial epidermis, the
highest value was reported in A. fruticosa for
Plovdiv region (2635.1), followed by S.
vulgaris for mountain area (1639.8).
The maximal number of cells in the
abaxial and adaxial epidermis of false indigo
bush and the biggest difference caused by
the growing location determined the species
as the most adaptable concerning that
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characteristic, despite the fact that the
minimal value was reported for that same
species growing in mountain area (1480.1 in
average).
Data showed an obvious tendency to an
increase in the number of cells in both the
lower and upper epidermis under urban
conditions. Exceptions were reported for the
lower epidermis of common lilac and
walnut, the average value for the mountain
region being 1639.8 and 1735 and for urban
region – 1582.5 and 1504.7, respectively. The
low degree of variation and the deviation
from the general tendency determined both
species as the least plastic concerning that
characteristic.
Nitrogen (N) content [mg/kg]
N-content and the number of the basic
epidermal cells revealed positive correlation.
The determined correlation coefficient for
cells of the upper epidermis was
significantly higher as compared to that for
the lower layer, + 0.48 and + 0.13,
respectively.
The leaves of false indigo bush from
both habitats are characterized with the
highest content of N (Table 3). The minimum

registered values were for walnut and lilac
in Plovdiv region: 22346.87 mg/kg and
22756.41 mg/kg, respectively. Similar results
were obtained by DUSHKOVA & NINOVA
(1977a). They established lowest protein
contents in highly sensitive species, growing
in regions with highest air pollution.
Reduction of N content in plants from
polluted areas were observed by CHIWA et
al. (2003).
According to the study of REICH &
OLEKSYN (2004), N-content in plants from
regions with warm climate and low rainfalls
was decreased. Similar results regarding
increased N-content in plants from high
mountain regions were obtained by VAN
HEERWAARDEN et al. (2003).
The variations of average N-contents with
respect to the four studied species in both
studied regions were the highest for J. regia.
For urban areas the observed mean value was
22346.87 mg/kg, while for mountain areas it
increased to 32856.83 mg/kg. The latter
determines the studied species as the most
sensitive according to this index, which
corresponds to its high sensitivity towards
epidermal parameters (Fig.3).

Таble 2. The values of the measure epidermal indexes at the four studied species.
Number of the epidermal cells in 1
mm2
J. regia L.
Upper epidermis
Lower epidermis
L.anagyroides
Upper epidermis
Lower epidermis
S. vulgaris
Upper epidermis
Lower epidermis
A. fruticosa
Upper epidermis
Lower epidermis

J. regia
L.anagyroides
S. vulgaris
A. fruticosa

Upper epidermis
Lower epidermis
Upper epidermis
Lower epidermis
Upper epidermis
Lower epidermis
Upper epidermis
Lower epidermis

Urban environments
min(x±Sx)max
946.9(1173.7±14.7)1298.2
1596.5(1735.1±19.2)1982.5
982.5(1227.5±19.6)1350.9
1754.4(2161.9±44)2578.9
666.7(781.9±16.4)947.4
1315.8(1582.5±32.1)2105.3
1719.3(2090±32.8)2421.1
1929.8(2635.1±118.1)3122.8
Mountainous environments
min(x±Sx)max
701.8(799.4±12.4)982.5
1385.9(1504.7±21.62)1912.3
877.2(1019.3±9.7)1122.8
1456.1(1609.9±18.3)1842.1
596.5(776±16.3)929.8
1491.2(1639.8±18.6)1947.4
1175.4(1424.6±23.3)1701.8
1263.2(1480.1±26.7)1719.3
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Sx%

VC%

1.2
1.1
1.5
2
2
2
1.5
4.4

6.8
6
8.7
11.1
11.5
11.1
8.6
14.1

1.5
1.4
0.9
1.1
2
1.1
1.6
1.8

8.5
7.9
5.2
6.2
11.4
6.2
8.9
8.4
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Table 3. Total N content [mg/kg] in the leaves at the four studied species.

min
22451.55
32968.67
26538.57
29848.21
22801.23
26480.98
33655.93
34371.89

J. regia - urban
J. regia - mountainous
L. anagyroides - urban
L. anagyroides - mountainous
S. vulgaris - urban
S. vulgaris - mountainous
A. fruticosa - urban
A. fruticosa - mountainous

40000

upper epidermis

Total N, mg/kg

35000

N [mg/kg]
mean
22346.87
32856.83
26107.36
29368.65
22756.41
26211.83
33285.74
34295.67

max
22734.86
32645.82
26726.24
29942.62
23156.74
26754.57
36785.53
35475.21

3500

lower epidermis

3000

30000

2500

25000

2000

20000
1500

15000

1000

10000
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5000
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0

Number of the epidermal
cells 1mm2

Species - environment

M - mountainous
environments
U - urban
environments

Fig. 3. The variation in the number of the epidermal cells
in 1mm2, and the total N content, [mg/kg].
The detected minimal variation in Ncontent for A. fruticosa (33285.74 mg/kg
Plovdiv and 4295.67 mg/kg mountain aria)
corresponds to the dearly registered value of
resistance of the species towards epidermal
syndromes. Regarding to other two species,
higher N-content was determined in the leaves
of golden rain. However, the reduction in Ncontent was more intense for lilac (26211.83
mg / kg mountain area and 22756.41 mg / kg
urban area).

Conclusions
In the present study, the highest ecological
plasticity according to the results about the
major epidermal cells was reported for A.
fruticosa. Common walnut and lilac proved to
be the least xeromorphic referring to both the
shape of the major epidermal cells, on the one
hand, and their number and size on the other.
The response of L. anagyroides was of
interest in the present study, however there is
not any information in literature. Concerning
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the epidermal cells and the chemical
characteristics of nitrogen, the species showed
a medium level of plasticity.
An increased N content in the plants
growing in mountain conditions was observed
in all the studied variants.
The obvious susceptibility of walnut was
expressed in a decreased N content and in the
greatest degree of variation of the
characteristic in mountain and in urban
environmental conditions. The high plasticity
of false indigo bush correlated with the
reported maximal nitrogen (N) values and the
minimal difference established between both
environmental locations.
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Abstract. The different habitat conditions affect physiology, morphology and anatomy of the plants
and provide the necessary information for comparing their ecological plasticity. The aim of the
present study was to analyse the degree of changes in the stomatal apparatus and the total
phosphorus content in the leaves of species from different habitats, in order to determine the
possibility of using them in biological control. The method of comparative anatomy was applied for
the analysis of the stomata of four plant species: Juglans regia L., Amorpha fruticosa L., Laburnum
anagyroides Medic., Syringa vulgaris L. The experimental variants included two locations – the urban
area (Plovdiv City) and the mountainous area (Beklemeto Area, Stara Planina Mts.). UV/VIS DR
6705 spectrophotometer (JENWAY) was used for determining the phosphorus content in the
samples, the wave length for P being 410 nm (BDS ISO 11263:2002). The highest ecological plasticity
according to the stomatal characteristics was reported for A. fruticosa The mean values for number,
width and length of stomata in that species in urban area were 245.6; 17.3 µm; 18.9 µm and in
moutainous – 121.2; 19.1 µm; 24.3 µm, respectively. The maximal values of total phosphorus were
reported for that same species (1868.32 mg/kg in urban and 2361.2 mg/kg in mountainous area), as
well a deviation from the tendency of a decrease of the phosphorus content in mountainous
environment. In J. regia, in contrast to the other three species, an increase of the number of stomata
was observed in the mountainous area. That tendency, in combination with the comparatively
small number and the highest size of stomata in both studied regions, determines the species as the
least xeromorphic. The correlation dependence between the total phosphorus content and the
stomatal characteristics showed that the increase of the phosphorus content in leaves corresponds
to the xeromorphic characteristics.
Key words: phosphorus, stomata, epidermis, plant plasticity.
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Introduction
The use of plants as bioindicators of the
dynamic environmental changes was an
object of a number of research investigations
(DINEVA, 2004; ZADEH et al., 2013). The
analysis of same species from different
habitats and the identification of the
parameters that are most greatly affected by
the environmental conditions, provide the
necessary information for comparison of the
resistance and ecological plasticity of plants
(NIKULA et al., 2010; RAI, 2013). Elevation
gradients and the degree of air pollution
provide a setting for powerful “natural
experiments”, in which ecological and
evolutionary responses of biota to changing
environments can be tested (WANG et al.,
2014). Air particulates affect the overall
growth and development of plants
according to their physical and chemical
nature (GUPTA & GHOUSE, 1987). A number
of studies show a change in leaf anatomy
and morphology as a result of the
concentration of air pollutants (GUPTA &
MISHRA, 1994; SINGH & STHAPAK, 1999;
FAROOQ et al., 2000; PAL et al., 2000;
SHRIVASTAVA & JOSHI, 2002).
In the studies carried out by FALLA et al.
(2000) and HONOUR et al. (2009), was
mentioned that plant species showed the
properties of environment in which they
grow, by changes in their anatomy and
physiology and those changes in leaf
characteristics could be used as rational and
precise evaluation of habitat properties.
The different habitat conditions change
the physiological processes occurring in the
plants, one of them being the total
phosphorus content (CHIWA et al., 2002;
TESSIER & RAYNAL 2003; VENDERINK et al.,
2002). What is more, data about the content
of phosphorus compounds have been
controversial. ZHANG et al., 2014; WARREN,
2011; KANT et al., 2011 established that P
deficiencies cause negative effects on plants.
ILKUN (1978) pointed out that under the
influence of sublethal rates of phytotoxic
gases on plant leaves, the total phosphorus
content does not change or it slightly

decreases. The incidence of insignificant
symptoms of damages usually increases the
phosphorus content. An increase of the
phosphorus content in plant leaves in
warmer climate was reported by KÖRNER
(1989), while REICH & OLEKSYN (2004),
established a decrease of the phosphorus
content in tree species in habitats with
higher temperatures. RUSSEL et al. (1998) note
that the total P content vary both spatially
and temporally, due to, variations in land
use and other characteristics. VAN DE WEG et
al. (2009) underline the poor variability of
phosphorus depending on altitude, while
GARTLAN et al. (1986) establish a strong
correlation between elevation of altitude and
phosphorus content in soil and plant organs.
Studies of NJOGU et al. (2014); CHIERA et
al. (2002) showed that the different content
of total P in the leaves has an impact mainly
on the change in the number and size of
stomata and less on the basic epidermal cells
and mesophylls. The different studies show
a relatively similar correlation between the
two indicators. SEKIYA & YANO (2008)
established that the higher P content leads to
greater SD in cowpea plants. SUN et al. (2014)
did not find an effect of the increased
content of Р on the stomatal number and size
in potato leaves. Obviously significant
correlation
between
the
phosphorus
deficient leaf and the decrease of the number
of stomata was established by SARKER at al.
(2010) in Zea mays L. FERNANDES & GUZMAN
(2014) found out that increasing plant P
status
resulted
in
higher
stomatal
frequencies in wheat.
Morphology and the number of stomata
are most often subject to analysis for
determining the resistance of a given plant
species (DIMITROVA, 2000; GOSTIN &
IVANESCU, 2007). SHIELDS (1950), FAHN
(1964), NINOVA & DUSHKOVA (1981) and
RÔÇAS et al. (1997), establish a correlation
between the resistance (xeromorphity) of
airborne and industrial pollutants and the
plasticity
of
epidermal
syndromes.
According to the authors the protective
capabilities of the epidermis largely
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correspond to the degree of xeromorphity of
the stomatal apparatus. The xeromorphicoriented plasticity of epidermal syndromes
is associated with the reduction of the size of
the stomata and an increase in their number.
Moreover, the more significant the degree of
change of these indicators in plants subject
to different environmental stresses (air
pollution, drought, etc.), the higher the
ecological plasticity of those species
(NINOVA & DUSHKOVA, 1981; ROTONDI et al.,
2003; GANGRONG et al., 2006; RÔÇAS et al.,
1997). The studies of the effects of altitude on
the number and size of stomata show
contradictory trends. KÖRNER et al. (1986)
found that at a higher altitude the stomatal
density increased, while their size decreased,
while GOU et al. (2005) established a decrease
of stomatal number at higher elevation.
The aim of the present investigation was
to follow out the changes occurring in the
stomatal apparatus and in the total
phosphorus content in leaves, as well as the
correlation between the two factors in four
plant species: common walnut (Juglands regia
L.), golden rain (Laburnum anagyroides
Medic.), lilac (Syringa vulgaris L.) and false
indigo bush (Amorpha fruticosa L.), growing
in urban and mountainous environments, as
a precondition for using those species in
biological control.

the lower and upper epidermis were made
from the middle part of the leaf lamella. The
following characteristics were studied:
stomatal width (SW), stomatal length (SL)
and number of stomata (SD) per mm2 of
abaxial epidermis (and of adaxial epidermis
for S. vulgaris species) stomatal index (SI) –
SD/ΣSD+NEC per 1 mm2. A microscope
with a camera was used for taking pictures
with 2304X zoom.
Characteristics of the regions. Different
areas were chosen in the two locations:
Plovdiv City (the urban area) and Beklemeto
Area, Stara Planina Mts. (the mountainous
area). Both habitats differ significantly with
regard to the values of the average monthly
temperatures and precipitation. Average
monthly temperatures in Plovdiv City for a
30-year period (12.1oC) are almost two times
higher than those of Beklemeto Area (7.9oC),
while the amount of precipitation in
Beklemeto
Area
(1018.4)
exceeds
approximately two times that in Plovdiv
City (514). The specific weather conditions in
Plovdiv City – temperature inversions (in
about 85% of the days), a large percentage of
windless days (about 40% of the days in the
year with a wind speed below 1,5 m/s) and
fogs leading to retention and accumulation
of pollutants – have a significant impact on
the environment. The measured annual
average values of FDP10 (particles less than
10 microns), range from 42 g/m3 to 47,62
g/m3, the adopted average annual rate for
human health protection for FDP10 being 40
g/m3. The measured average annual value
for FDP2.5 (particles less than 2.5 microns), is
29,8 g/m3, at an average annual rate for
human health protection of 26 g/m3.
Data for the area of Beklemeto Area
show that in 2017 the levels of controlled
indicators of air quality (AQ) were below the
established standards for human health
protection.
Determination of total P content [mg/kg].
The samples were washed with distilled
water and dried at 65○C in a fan oven to
constant weight. The dried samples were
ground, then homogenized and stored in

Materials and Methods
Samples collection. The method of
comparative anatomy was applied for the
analysis of the epidermis (METCALFE &
CHALK, 1950; ANELI, 1975). The analysis was
made on matured leaves of the four species Juglans regia L., Amorpha fruticosa L.,
Laburnum anagyroides Medic. and Syringa
vulgaris L. The reason for choosing those
four species was that they inhabit both
mountainous and urban areas in Bulgaria.
Five plants of each species were labelled
from the two locations and an average
sample of 50 leaves from each plant was
collected, fixed in 70% ethanol. Following
the methodology of DRING (1971), the semipermanent microscopic preparations from
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polyethylene bottles until analysis. UV/VIS
DR 6705 spectrophotometer (JENWAY) was
used for determining the phosphorus
content in the samples. An amount of 0.2 g
of samples was taken into digestion tubes
and 5 ml of HNO3 (65%), 1 ml of HCl and 3
ml of H2O2 (30%) were added. The acidsoluble phosphorus compounds were
determined in a decomposition solution
using a vanadate molybdate reagent,the
wave length for P being 410 nm. Duplicated
analysis was performed on the samples.
Blank digestion was also carried out in the
same way.
Statistics. SPSS (Statistical package for
social sciences) for Windows. The method of
descriptive statistics were used for statistical
data processing, determining the variation
coefficient (VC%), the mean error (Sx%) and
correlation coefficient (R). Differences in the
average values of stomatal characteristics
and total P mg/kg for each species from
both habitats were calculated following
Fisher’s LSD Multiple Comparison Test.

both genetic and environmental factors. The
decrease of the size and the increase of the
number of stomata is an indicator of
xeromorphity
(resistance),
(DIMITROVA,
2000). WANG et al. (2015) pointed out that at
the species level, plant species at lower
latitudes had higher SD that those
distributed in higher latitudes, whereas the
observed latitudinal trend of SL was
opposite.
Despite the amphistomatous structure of
the lilac leaves in urban region, a
xeromorphic maximum was reported
referring to their number on the abaxial
epidermis, i.e. 276.6 in average. Out of the
three species with hypostomatic leaves, the
largest number of stomata was reported in
false indigo bush from urban region, while
in mountainous region a xeromorphic
minimum of 121.2 was also established for
the same species, which determines the
highest ecological plasticity of that species
referring to that characteristic (Table 1).
In J. regia, in contrast to the other three
species, a slight increase of the number of
stomata was observed in the plants from
mountainous area. That tendency, in
combination with the comparatively small
number of stomata, determines the species
as the least plastic (Table 1).
Stomatal index (SI) was higher under
urban conditions in all the species except for
J. regia. Differences were not established in
walnut in both habitats. The highest SI under
urban conditions was reported for A.
fruticosa and in the lower epidermis of S.
vulgaris. The maximum value under
mountainous conditions was established in
the latter, while the minimum value was
recorded in the lower epidermis of A.
fruticosa. This confirms the high ecological
plasticity of the species A. fruticosa regarding
that indicator (Fig. 2).
Size of stomata
The tendency of an increase of the
number of stomata and a decrease of their
size, established in regions with pronounced
air pollution (NINOVA & DUSHKOVA, 1981;
DIMITROVA, 2000), showed contradictory res-

Results and Discussion
Stomatal Characteristics
Stomatal distribution on leaves is a
morphological feature of each plant species
(ANELI, 1975). According to NINOVA &
DUSHKOVA (1981) the presence of stomata on
both leaf surfaces is an indicator of lower
resistance to air pollution.
Out of the four species included in the
present study, only lilac has amphistomatic
leaves, the stomata on the upper epidermis
being of a transitional type from paracytic
and anisocytic to anomocytic. The other
three species have hypostomatous leaves
with anomocytic type of stoma (Fig. 1). The
presence of stomata on the upper epidermis
determines S. vulgaris as the most
mesomorphous, i.e. possessing the least
ecological plasticity according to that
indicator.
Stomata density (SD) - number of stomata
per mm2
SUN et al. (2014) mentioned that the
stomatal size and density are controlled by
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a

b

1

2

3

4.1

4.2

Fig. 1. A general appearance of the stomata of the studied species (2304Х):
1. A. fruticosa L.; 2. J. regia L.; 3. L.anagyroides Medic. 4. S. vulgaris L. – 4.1. lower epidermis; 4.2.
upper epidermis a) urban environments; b) mountainous environments.
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Table 1. Stomatal indexes of the four studied species.
Urban environments
min(x ± Sx) max

Sx%

VC%

70.2(125.1 ± 5.7)210.5
16.5(20.6 ± 0.4)24.5
23.5(28.4 ± 0.7)39.4
105.3(180.7 ± 8.2)280.7
15.8(19.4 ± 0.3)22.1
17.8(22.7 ± 0.4)28.6

4.5
1.9
2.6
4.5
1.4
1.8

24.9
10.9
13.5
24.9
7.9
9.8

0(19.9 ± 2.5)52.6

12.4

68.4

19.7(23 ± 0.3)27.12
24.2(28.9 ± 0.4)32.1

1.5
1.2

8.2
6.8

140.4(276.6 ± 10.2)280.7

3.7

20.3

16.3(20.6 ± 0.3)23.5
22(27.2 ± 0.6)32.6
140.4(245.6 ± 20.1)350.9
13.4(17.3 ± 0.3)20.4
18.9(21.9 ± 0.3)26.1

1.4
2.2
8.1
1.7
1.3

7.8
12.2
25.8
9.8
7.8

87.7(126.9 ± 4.9)175.4
16.8(21 ± 0.4)25.9
24.9(30.6 ± 0.6)37.2
52.6(138 ± 7.4)210.5
16.3(18.6 ± 0.2)21.1
19.7(23.1 ± 0.4)26.9

3.9
2
2
5.3
1.3
1.6

21.3
11
11.3
29.2
7.2
8.8

0(8.8 ± 2.1)35.1

24.7

135.9

18(21.5 ± 0.4)26.6
23.3(28.4 ± 0.4)32.4

1.9
1.2

10.6
6.9

87.7(161.4 ± 6.9)263.2

4.3

23.6

16.8(19.6 ± 0.3)24.2
20.4(26.9 ± 0.4)30
87.7(121.2 ± 4.3)175.4
16.6(19.1 ± 0.3)22.6
20.1(24.3 ± 0.6)32.4

1.6
1.4
3.5
1.4
2.2

9.4
7.9
16.6
8.1
12.5

Stomata characteristic

Upper

L.anagyroides
Medic.

Number of stomata
Width µm.
Lenght µm.
Number of stomata
Width µm.
Lenght µm.
Number of
stomata
Width µm.
Lenght µm.
Number of
stomata
Width µm.
Lenght µm.
Number of stomata
Width µm.
Lenght µm.

Lower

S. vulgaris L.

A. fruticosa L

epidermis

J. regia L.

Mountainous environments
min(x ± Sx) max

Upper

L.anagyroides
Medic.

Number of stomata
Width µm.
Lenght µm.
Number of stomata
Width µm.
Lenght µm.
Number of
stomata
Width µm.
Lenght µm.
Number of
stomata
Width µm.
Lenght µm.
Number of stomata
Width µm.
Lenght µm.

Lower

S. vulgaris L.

A. fruticosa L

epidermis

J. regia L.
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Fig. 2. The average value of the stomata indexes and the
total P content mg/kg in the leaf of the four studied species.
ults in the present study. In golden rain
species from urban region stomata had a
bigger width, while in lilac from urban
region, despite the established largest
number of stomata, they were bigger in size,
although the difference was small (Table 1).
The smallest length and width of
stomata was established in false indigo bush
from urban region, i.e. 17.3 µm. and 21.9
µm., respectively. In common walnut, which
is determined as relatively resistant
according to the scale of ILKUN (1978), the
values reported about the size of stomata in
both studied regions were the highest and
that shows the species is of low plasticity.

xeromorphity and ecological plasticity of the
species.
In false indigo bush, in accordance with
data obtained by REICH & OLEKSYN (2004),
the highest content of total phosphorus was
reported along with a deviation from the
tendency reported in the rest three species.
In that species, higher phosphorus values
were established in the leaves of plants from
mountainous region – 2361.2 mg/kg, while
in the urban region the reported value was
1868.32 mg/kg.
The lowest values of total phosphorus
content in mg/kg, as well as the smallest
difference between the two studied locations
was reported in golden rain species (891.53
mg/kg in urban and 818.9 mg/kg in
mountainous area). Almost similar values of
total phosphorus content were established
for J. regia and S. vulgaris in the urban region:
1492.54 mg/kg and 1482.48 mg/kg,
respectively. A greater decrease of the
phosphorus content in the mountainous
environment was reported in lilac – 858.45

Total phosphorus content, [mg/kg]
The tendency to an increased content of
total phosphorus in the leaves in urban
environment, mentioned by ILKUN (1978),
KÖRNER (1989), CORDELL et al. (1998), was
observed in all the studied species with an
exception of A. fruticosa (Fig. 2). The most likely
cause of this is the established strong
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mg/kg, while in common walnut it was
1233.3 mg/kg (Fig. 2).

stomata is in inverse correlation with the
content of P at a low altitude, while at a
higher altitude the tendency is reverse.
The reported correlation of total P mg/
kg with stomata characteristics defines the
increased content of total P mg/kg in the
leaves, as an indicator corresponding to
xeromorphity. Such a relation between the
highly polluted urban environment and the
high P content in the leaves, resulting in an
increase of the size and a reduction of the
number of stomata, was published by
SANTOS et al. (2015).
Comparing the four studied plant
species, the highest level of variation of the
average values of the reported indicators
was established in A. fruticosa (Table 3).
Regarding the studied indicators, the highest
level of variation in both habitats was
reported for the total P mg/kg (Table 3).
According to WANG et al. (2006), the P
content in the leaves depends to a greater
extent on the plant species than on the altitude.
The greatest difference in the average total P
content in mg/kg in the two habitats was
established for A. fruticosa. Significant
difference in the average content of total P
mg/kg was reported between A. fruticosa and
L. anagyroides, as well as between A. fruticosa
and S. vularis (Table 3).

Statistical correlations between the studied
parameters
Strong positive correlation between
stomatal width (SW) and stomatal length
(SL) was observed in both habitats (Table 2).
Such a dependence was also found between
SI and SD. SW and SL exhibit an average
negative correlation with SI in urban
conditions and slightly positive in
mountainous. The correlation between SD
and the size of the stomata (S and SL) is
negative. Such a strong negative correlation
between the number and size of stomata in
tree and shrub species was reported by
WANG et al. (2014).
Regarding the total P content in mg/kg
and stomatal characteristics, the reported
correlations are mainly negative in
mountainous conditions and slightly
positive for SL and SD in urban conditions.
As a whole, the established tendency shows
that with the increase of the total P content
in mg/kg, the sizes and SD decrease in
mountainous conditions, while in urban
conditions they rather increase. A similar
tendency was established by NJOGU et al.
(2014) in Camellia sinensis – the number of

mountainous

urban

Table 2. The correlation coefficient (R) between total phosphorus content (Р, mg/kg)
and stomatal indexes.

**

SD mm2

Р, mg/kg

1
0.36
0.99**

1
0.47

SLµm.
SD mm2
Р, mg/kg
SI

SWµm
0.88**
-0.30*
-0.42*
-0.44*

SL µm.
1
-0.28
0.053
-0.37

SLµm.

0.99**

1

-0.13

-0.002

1

Р, mg/kg

-0.06

-0.16

-0.71*

1

SI

0.32

0.44*

0.896**

-0.74*

SD mm

2

Values with significant difference at 0.01 * Values with significant difference at 0.05
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Table 3. Fisher’s LSD Multiple Comparison Test of variation of the difference in the
average values of the stomata indicators and total Р content mg/kg among the species from
both habitats. Within each column, means sharing the same letter are not significantly
different at the 5% level.
Species/Indexes
J.regia L.
L.anagyroides Medic.
S. vulgaris L.
A.fruticosa L.
Total
LSD5%

SWµm
20.8a
19ab
20.1ab
18.2b
19.52b
2.21

SLµm
29.5a
22.9b
27.05a
23.1b
25.63b
3.24

SD mm2
126a
159.3a
183.4a
219a
171.93b

Р, mg/kg
1362.92ab
855.21b
1170.46b
2114.76a
1375.84a
824.11

Total
384.80b
264.11b
359.15b
584.86a
160.7

Stomatal width showed significant
difference between J. regia and A. fruticosa.
Regarding SL, similar values were
reported for J. regia and L. anagyroides, as
well as for L. anagyroides and A. fruticosa. The
difference between the two groups was
significant.
Significant difference between the
average values of SD in both habitats was
not detected.

minimum total phosphorus values were
reported for the species.
The correlation dependence between
the total phosphorus content and the
stomatal characteristics showed that the
increase of the phosphorus content in leaves
corresponds
to
the
xeromorphic
characteristics.

Conclusions
The established highest values in
number and lowest in size of stomata in
urban area for A. fruticosa, determine the
species as the most xeromorphic. The most
pronounced variation of those two
indicators in the same species in both
habitats also determines it as the most
ecologically plastic.
The xeromorphic minimum was shown
by Juglands regia. In both studied regions,
comparatively small number of stomata and
the largest stomatal size were established for
that species.
Leaf amphistomaticity in Syringa
vulgaris determined it as the most
mesomorphic
species,
however,
the
xeromorphic maximum was reported for the
species in the urban environment referring
to the number of stomata on the abaxial
epidermis.
Laburnum anagyroides species, for which
available data in literature is quite poor,
showed a medium degree of resistance
according to stomatal characteristics. The
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Abstract. The Mountain viper, Montivipera albizona, is an endemic to Anatolia and distributes in
Anatolian Diagonal, Anti-Taurus Mountains and Amanos Mountains. Unfortunately, the species
faced serious threats within narrow distribution range. Here, we evaluated the present status and
main threats of the Mountain viper by 60-days intensive fieldwork and interviews with locals.
According to our data, the Mountain viper prefers the rocky and those mountainous and rugged
areas covered with less vegetation and they are active from the beginning of April to end of
November. In spring, it is possible to observe 1 to 5 individuals in the suitable habitats depending
on its density. We prepared 5-year Action Plan for Turkish General Directorate of Nature
Conservation and National Parks and planned the roadmap for sustainability of the species with
participation of regional administration, NGOs, and locals. We found that agricultural activities,
overgrazing, road constructions, quarries, pet trade, sportive hunting, deliberate or accidental
killing, and climatic change are the main threats on the Mountain viper in Anatolia. The main
conservation measures include: creating some protected habitats in the high viper density regions,
long-term monitoring survey to obtain data on its ecology and population trends, education and
awareness raising activities among locals to prevent illegal collection/killing of the vipers.
Key words: Mountain viper, biology, conservation, reptiles, research, Anatolia.

Introduction
Reptiles contain more than 10,000 species
(UETZ et al., 2018) and are an important part of
natural ecosystems and as the indicator of
environmental quality. The group is threatened
by habitat loss and destruction, introduced
invasive species, environmental pollution,
© Ecologia Balkanica
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disease, unsustainable use, and global climate
change (ALFORD & RICHARDS, 1999; GIBBONS et
al., 2000). Especially human-induced habitat
loss and harvesting are the predominant threats
to reptiles (BÖHM et al., 2013).
Anatolia hosts approximately 15 viper
species which belong to three genera (Vipera,
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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Macrovipera, Montivipera) (MALLOW et al.,
2003; BARAN et al., 2012; UETZ et al., 2018). The
mountain viper genus Montivipera (NILSON et
al., 1990) contains eight valid species
(Montivipera albizona, M. bornmuelleri, M.
bulgardaghica, M. kuhrangica, M. latifii, M.
raddei, M. wagneri, and M. xanthina, STÜMPEL
et al., 2016; UETZ et al., 2018) and adapted to
the high mountain ecosystems in Near and
Middle East. The genus hosts some rare and
narrow distributed species (M. albizona, M.
raddei, M. wagneri, and M. xanthina) in
Anatolia.
Among them the mountain viper,
Montivipera albizona (NILSON et al., 1990) was
first described in Kulmaç Mountains which is
formed by southeastern Sivas Province
located in Tecer Mountains’ arc towards
north east through Sivas and Kangal (NILSON
et al., 1990). The species are only known from
mountain ranges Anatolian Diagonal and
cities of Sivas, Kayseri, Tunceli, Erzincan,
Kahramanmaraş and Hatay, classified as
Endangered (EN) according to the IUCN Red
List, and its population tends to decrease
(TOK et al., 2009) and listed in the Bern
Convention (Appendix III - Protected fauna
species). In this study, we evaluated the
distribution, population status, phenology
and potential threats of Mountain viper in
province of Sivas (Anatolia, Turkey).
Furthermore, during the field work
interviews with locals were conducted in
order to learn their thoughts regarding the
species. In order to conserve the species
population and its habitats, we prepared 5
years conservation action plan according to
literature data, field observations and
interviews with the locals.

Kangal,
Koyulhisar,
Merkez,
Suşehri,
Şarkışla, Ulaş, Yıldızeli, Zara).
The climate is a dry-summer continental
climate (Köppen climate classification: Dsb),
with warm and dry summers and cold and
snowy winters (PEEL et al., 2007). However, the
north of the city (the districts of Suşehri,
Akıncılar, Gölova, Koyulhisar, Doğanşar, and in
the northern part of Zara) is similar to Black Sea
and has oceanic climate with high and evenly
distributed rainfall the year round (SK, 2018).
Fieldwork. In order to obtain information
regarding the distribution, habitat preference,
behavior, life cycle and population condition
of the species in Sivas Province, we
conducted field work in May-September for
total 60 days by a 1 or 2 people teams.
Location information (coordinates and
altitudes) of the places that species were
observed is recorded by using Garmin
GPSMAP 62s and a detailed distribution map
is formed. We calculated relative density of
M. albizona by using catch-per-unit-effort
(CPUE) indices (RODDA, 2012) [dividing the
number of the vipers captured by the effort
expended] in three locations [(1) Gürün, (1)
Kangal, (1) Ulaş] and searched for the snakes
on 20 m x 2 km length routes. Each route was
sampled four times by a team of two people
between 09:00 and 18:00 hrs. in May - June
2017. We avoided indicating exact location
due to illegal trade activities. The method
may overestimate true abundance and reduce
the capacity to detect both presence and
severity of a population decline. However,
the obtained data could provide a
preliminary basis for detecting relative trends
in the Mountain viper.
Ecological Niche Modelling. We compiled
occurrence localities from available literature
(NILSON et al., 1990; TYNIE, 1991; MULDER,
1994; 1995; GÖÇMEN et al., 2009; 2014,
STÜMPEL et al., 2016) and our own field data.
Many authors did not indicate an exact
locality data in case of avoiding international
pet trade. The locality information with no
coordinate data was obtained by using
Google Earth ver. 7.1.2 (Google Inc.).

Material and Methods
Study
Area.
Sivas
Province
is
geographically located at the intersection of
Central Anatolia, Eastern Anatolia and Black
Sea regions. It has a total surface area of
28.488 km² and divided into 17 districts
(Akıncılar, Altınyayla, Divriği, Doğanşar,
Gemerek, Gölova, Gürün, Hafik, İmranlı,
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All records were georeferenced into
WGS-84 coordinate system and checked with
ArcGIS (v10, ESRI). To minimize sampling
bias which could otherwise result in
inaccurate projections and overestimated
predictive power (MEROW et al., 2013) and
reduce spatial autocorrelation (BORIA et al.,
2014; FOURCADE et al., 2014) we draw a 25 km
buffer area each occurrence record and
thinned a total of 34 records to 22 localities for
ecological niche modelling.
We used 19 bioclimatic variables as
predictor
variables
for
the
current
distribution. The bioclimatic variables were
obtained from the WorldClim data base
(HIJMANS et al., 2005, worldclim.org) at the
spatial resolution of 30 arc seconds (approx. 1
km),
which
derived
from
monthly
temperature and rainfall data as averages of
the period 1950–2000. The bioclimatic
variables for 2050 (average for 2041-2060) and
2070 (average for 2061-2080) at a spatial
resolution of 30 arc-seconds (WorldClim 1.4,
worldclim.org),
which
are
projected
according to intermediate (the representative
concentration pathways, RCP4.5) and the
worst (RCP8.5) emission scenario, used for
predicting future distribution pattern of the
species. The data set of “Hadley Global
Environment Model 2 – Earth System”,
developed within the scope of the 5th
Coupled Model Intercomparison Project
(CMIP5) by the Met Office Hadley Centre
(UK, metoffice.gov.uk), is preferred. We
buffered the climatic variables by 0.5 degrees
using minimum convex polygon representing
the study area.
To reduce the negative effect that might
result from multicollinearity among the
bioclimatic variables (HEIKKINEN et al., 2006;
DORMANN et al., 2013), we removed some
highly intercorrelated (r > 0.9 or < –0.9)
variables with a pairwise Pearson correlation
and selected a subset of the bioclimatic
variables
based
on
the
ecological
requirements of the species. We chose 4
environmental variables [BIO1 - Annual
Mean Temperature, BIO15 - Precipitation
Seasonality (Coefficient of Variation), BIO17 -

Precipitation of Driest Quarter, BIO19 Precipitation of Coldest Quarter] that
underlay the current distribution model for
the species.
We modelled the geographic distribution
of the Mountain viper under present (19502000) and future (2050, 2070) bioclimatic
conditions
using
maximum
entropy
modelling with MAXENT 3.4.1 (PHILLIPS et
al., 2018). The MAXENT algorithm, which is
among the most effective methods of
ecological niche modelling (ELITH et al., 2006),
estimates the potential distributions of species
from occurrence data by finding the
probability distribution of the maximum
entropy (i.e. closest to uniform) subject to the
constraint that the expected value of each of a
set of features (environmental variables or
functions thereof) under this estimated
distribution closely matches its empirical
average (PHILLIPS et al., 2006; PHILLIPS &
DUDÍK, 2008).
We performed ENMeval (MUSCARELLA
et al., 2014) for optimizing model complexity
to balance goodness-of-fit and predictive
ability. We chose randomly selected
background (pseudo-absences) approach
(PHILLIPS et al., 2006), and k-1 jackknife
method when working with relatively small
data
sets
(PEARSON
et
al.,
2007;
SHCHEGLOVITOVA & ANDERSON, 2013). We
built models with regularization multiplier
values ranging from 0.5 to 10 (increments of
0.5) and with six different feature classes
combinations (L, LQ, H, LQH, LQHP; where
L - linear, Q - quadratic, H - hinge, P product and T - threshold) and this resulted
in 100 individual model runs. We applied the
10-percentile training presence logistic
threshold approach as recommended by LIU
et al. (2005), and the clog-log output was
transformed into a continuous map of the
presence-absence distribution. The clog-log
outputs represent the habitat suitability
between from 0 (unsuitable) to 1 (suitable).
Model accuracy was evaluated from four
evaluation
metrics
by
ENMeval
(MUSCARELLA et al., 2014) in R vers. 3.5.2: the
area under the curve of the receiver‐
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operating characteristic plot for test localities
(AUCTEST) (HANLEY & MCNEIL, 1982;
PETERSON et al., 2011), the difference between
training and testing AUC (AUCDIFF)
(WARREN & SEIFERT, 2011), OR10 (10%
training omission rate) for test localities
(FIELDING & BELL, 1997; PETERSON et al.,
2011) and the Akaike information criterion
corrected for small sample sizes (AICc)
(BURNHAM & ANDERSON, 2004; WARREN &
SEIFERT, 2011). We used Wallace v1.0.6.1
modular platform (KASS et al., 2018) in R
vers. 3.5.2 for preparing and analyzing of
species distributions. The results were
imported and visualized with ArcGIS v10.0.
Conservation Action Plan. Throughout our
fieldwork, we conducted interviews with
hunters, shepherds, beekeepers, farmers and
officers. We obtained knowledge (life cycle,
phenology) and opinions of locals about the
species and we tried to confirm their validity
during fieldwork. Fieldwork, interview with
the locals and literature data on species were
used to form a draft of conservation action
plan (CAP). We followed Open Standards
methodology (2013, cmp-openstandards.org),
used threats classification (ver. 2.0) for threats
and actions classification (ver. 2.0) keys. CAP
draft was finalized in a workshop at 27-28
September 2017 after obtaining feedbacks
from stakeholders.

and the grass and tragacanth on the valley
plains (Fig. 1). Possibly, vertical migrations
into Astragalus sp. communities, rock piles
and humid vegetations at lower altitudes
provides optimization of body temperature
for long durations in the active period and
even helps survival in the harsh weather
conditions.
During our field studies, it was noted
that temperature changes throughout the day
makes individual of species take advantage of
the shadows of tragacanths that are present in
the rocky areas with high steppe vegetation
and the grassy fields which is formed by the
water accumulated in valley plains (Fig. 1A).
It was observed that grasshoppers, lizards
(Ophisops
elegans,
Parvilacerta
parva,
Trachylepis vittata) and small mammalian
species (Spermophilus xanthoprymnus, Microtus
sp.) also densely inhabit these areas. Also,
Eirenis
modestus,
Dolichophis
schmidti,
Macrovipera lebetina and Vipera transcaucasiana
shares the same habitat. In the regions where
the species occurs, farming and husbandry
activities are present and also some predatory
birds and wild animals might have some
influence on the mountain vipers in between
rock piles and tragacanth communities.
Depending the climate conditions, the
mountain vipers are active from April to end
of November in Sivas Province. More active
periods are mating period in spring and the
end of hibernation. They are more frequently
observed in mornings and the evenings,
especially between July and September. Its
relative abundance ranged 1-5 snakes in
suitable habitats.
The niche model indicates the primary
factors affecting the distribution of the species
are annual mean temperature (BIO1, 35.3%),
precipitation of coldest quarter (BIO19,
27.2%), precipitation seasonality (BIO15,
23%), precipitation of driest quarter (BIO17,
14.5%). In the future projected models for
2050 and 2070, the suitable habitats of the
vipers in the distributional range will
decrease and that there will be a decrease in
the southern and eastern distributional
boundaries in particular (Fig. 2).

Results
Field studies showed that species live in
various habitats in seven districts of Sivas
Province: Divriği, Gemerek, Gürün, Kangal,
Ulaş, Yıldızeli and Zara (Fig. 1). Interview
with the locals also indicated the presence of
species in Altınyayla, İmranlı and Şarkışla.
The mountain vipers were observed
especially in areas with lesser vegetation and
rocky hillsides with higher sun penetration.
The species mostly prefer sloped valleys at
higher altitude and its vertical distribution
ranges between 1300 – 2200 m a.s.l. In the
regions that species were observed (Fig. 1B,
C, D), specimens mostly found in dry
rugged hillsides that also inhabits thorny
Astragalus sp. communities and pile of rocks
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Threats and conservation actions. Sheep
and goat herds in the species’ habitat is are
highly frequent. The situation creates high
levels of grazing pressure in the
environment. Hunting sports are practiced
frequently in Sivas Province. Hunters from
neighboring districts come to Sivas Province
for partridge, quail and rabbit hunting.
Flashlight hunting in the nights puts all the
animals in the habitat under stress.
Especially in the spring months, contact
between species and local people (farmers,
beekeepers and shepherds) occurs in the
species’ habitat. Locals kill the species
intentionally or accidentally because they
think species is poisonous or they are afraid.
During the interviews, it was found that

shepherds kill 3-10 individuals in a year.
Furthermore, species’ habitat is destroyed
and segregated because of the road
constructions and stone pit activities.
Construction activities affect the species
directly by habitat loss and indirectly by
habitat segregation. The species attracts
herpers, pet traders and scientist since they
have spellbinding patterns and are endemic
to Anatolia. Collecting the species from their
habitats also cause the individual loss in the
population.
The mountain viper is mainly threatened
by agricultural activities, overgrazing, road
constructions and quarries, pet trade, sportive
hunting, deliberate or accidental killing by
locals, and climate change (Table 1, Fig. 3).

A

B

C

D

Fig. 1. The general view of habitat (A) and detected individuals (B,C,D)
in Sivas Province.
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Fig. 2. Current and potential distribution of the Mountain viper (Montivipera albizona) in
Anatolia. The current and future (2050, 2070) potential distribution model of the Mountain
viper in Anatolia. Probability of presences increases from blue to red..
We planned some activities about
land/water protection, species management,
awareness raising, law enforcement and

prosecution, conservation designation and
planning, research and monitoring, education
and training, and institutional development.
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We determined that creating some protected
habitats in the high viper density regions,
long-term monitoring survey to obtain data on
its ecology and population trends, education

and awareness raising activities among locals
to prevent illegal collection/killing of the
vipers are main conservation measures for
sustainability of the Mountain viper (Table 2).

A

B

C

D

Fig. 3. Some potential threats of the Mountain viper from Sivas.
A: Overgrazing activities, B: Agricultural activities,
C, D: Deliberate or accidental killed vipers.

33

Conservation Activities for Mountain viper, Montivipera albizona...
Table 1. The major threats for the Mountain viper (Montivipera albizona) in Sivas
Province.
Major Threat

Reasons

Level

Annual and Perennial Non-Timber Crops

Intensive agricultural activities

High

Livestock Farming and Ranching

Overgrazing

High

Road constructions, quarrying

High

Poaching for pet, and hobbyist, scientific
collection, Deliberate or accidental killing
by locals

High

Changes in Temperature Regimes

Changing phenology

Unknown

Changes in Precipitation and Hydrological Regimes

Changing phenology

Unknown

Agriculture and Aquaculture

Energy Production and Mining
Mining and Quarrying
Biological Resource Use
Hunting and Collecting Terrestrial Animals
Climate Change

Table 2. The implementation of the conservation action plan for the Mountain viper
(Montivipera albizona) in Sivas Province.
Actions
Land/water protection
Site/area protection
Controlling some key viper habitats and not allowed grazing and
hunting activities in these areas.
Species Management
Species Stewardship

The distribution maps of the species should be shared with
the relevant governmental organizations for use in planning
in road, quarry and infrastructure works due to reducing
damage of the viper habitats.

Taking to consider the viper conservation in other the
wildlife management plans.
Ex-Situ Conservation

Providing two couple of vipers to some national zoos that
can provide the necessary conditions of the species
Awareness Raising
Outreach & Communications

Prevention of illegal agricultural land opening activities in
the viper habitats.

Carry out awareness studies on the use of incorrect
pesticides and fertilizers.

Opening of exhibitions and stand at the festivals in Sivas
Province.
Law Enforcement and Prosecution
Detection and Arrest

Reducing illegal collection of the vipers and boosting of
inspections for bio-smuggling.
Non-Criminal Legal Action
• Unless the justification is well explained, the viper collection
is not allowed in the natural environment for scientific
purpose.
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Priority

Responsible
Organizations
Individuals

Critical

Forestry,
Agricultural,
Governorship offices, law
enforcers, mukhtars.

High

Forestry,
Agricultural,
Water affairs, Governorship
offices.

High

Zoos, Universities.

High

Forestry,
Agricultural,
Governorship,
Education
offices, schools.

Critical
High

Agencies,
and

Ministry of Foreign Affairs,
Customs
Office,
Governorship.
GDNCNP, Universities.
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Encouraging in-situ scientific studies in the ecology and
biology of the species.
Conservation Designation and Planning
Protected Area Designation and/or Acquisition

Establishing protected areas in key habitats for the viper after
evaluating the viper monitoring study results.
Site Infrastructure

With the help of rangers, mukhtars, shepherds, beekeepers
and expert personnel, the creation of inventory by recording
the deaths of the vipers for the road or other reasons within
the year.

With the help of rangers, mukhtars, NGOs and locals, the
creation of information sharing network on the detection of
points where species are observed.
Research and Monitoring
Basic Research and Status Monitoring

Conducting research or analysis on ecology and biology of
the vipers.

Monitoring the population trend of the species over the
years.
Education and Training
Formal Education

In order to promote the viper and to increase the awareness
of protection; preparing educational material for primary
and secondary schools in Sivas Province, providing
information about the subject and raising awareness.

Education and information about of officers, gendarmes,
customshouse guards, forestry rangers against biosmuggling.
Training and Individual Capacity Development

Information the locals in the region, especially the mukhtars,
the shepherds and the beekeepers on criminal penalties,
prohibition of killing of species.

Providing information about the importance of the species to
the locals and carrying out information activities against biosmuggling (posters, brochures, one-to-one training etc.).
Institutional Development
Internal Organizational Management and Administration

Kayseri, Tunceli, Erzincan, Kahramanmaraş and Hatay
where species are distributed should be informed and
encouraged to implement the plan activities

Organizing a workshop with all stakeholders in 2022 for the
revision of the conservation action plan
•

Discussion
The Mountain viper, Montivipera
albizona, is distributed in suitable habitats of
mountain range in south east of Anatolian
diagonal and lives higher altitudes of north
arm of the Middle Toros Mountains, Anti
Toros Mountains, and Amanos Mountains in
the south (NILSON et al., 1990; TYNIE, 1991;
MULDER, 1994; 1995; GÖÇMEN et al., 2009;
2014).
The species especially prefer rocky
regions enclosed by grass and bushes and is
active in Sivas Region from April to

High

GDNCNP, Universities.

Medium

GDNCNP, Universities.

Critical

GDNCNP, Universities.

High

GDNCNP,
Forestry,
Agricultural, Governorship.
Education
offices,
universities, schools.

High

GDNCNP, Universities.

High

GDNCNP

November in suitable weather conditions.
Researchers that study the species detect it in
various region in the Anadolu diagonal
mountain chains in Sivas Province.
However, exact localities are not present in
the literature in order to prevent harms that
might be caused by snake collectors (NILSON
et al., 1990; TYNIE, 1991; MULDER, 1994; 1995).
It is already known that climate changes
in glacial and inter glacial periods affected
the geographical distribution of species.
Thus, like many species, mountain vipers
also experienced enlarging and narrowing of
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suitable habitats for their ecological niche in
parallel with climate changes. It is highly
possible that the species in the same group,
Montivipera wagneri lived in northeastern
end of Anatolian diagonal, Montivipera
bulgardaghica
lived
in
southeast
Mediterranean end and Montivipera albizona
lived in the region between Anti-Taurus
Mountains and northeastern Anatolia
Mountains.
Then,
increase
in
the
disadvantageous conditions might have
narrowed down their habitat areas to the
distribution areas of today. Some of the main
threats against the mountain vipers are
collection for scientific purposes and
intentional/unintentional killing by the local
population (TOK et al., 2009)
Vipers are among snakes the most
misunderstood and persecuted groups,
while they are threatened by extinction due
to their low fecundity and slow growth rate
(MARTIZ et al., 2016). The most important
threats for vipers are habitat loss,
degradation, and fragmentation (GIBBONS et
al., 2000; DIRZO & RAVEN, 2003; WALDRON et
al., 2006; FISCHER & LINDENMAYER, 2007;
TUNIEV & TUNIEV, 2009; MADSEN & UJVARI,
2011; MARTIZ et al., 2016).
International trade of viper species is a
global phenomenon and its effects on the
wild population still not known (IUCN,
2015; MARTIZ et al., 2016). Furthermore,
climate changes cause some viper species
under extinction risk (MARTIZ et al., 2016).
Change in the climate might affect immune
system functionality (KOBOLKUTI et al., 2012),
alter life-history traits (e.g. ALTWEGG et al.,
2005),
trigger
phenological
changes
(RUGIERO et al., 2013), negatively impact the
populations (BRITO et al., 2011; LE GALLIARD
et al., 2012), and narrow their geographical
ranges (e.g., BOMBI et al., 2011; DAVIS et al.,
2015). The distribution of the Mountain viper
could be narrowed from southern direction
in particular. Besides, its life-history traits,
phenology and population structure and
fluctuation might be dependent on climate
changes.

There have been few efforts to conserve
endangered viper species worldwide
(MARTIZ et al., 2016). Fortunately, Turkish
National Parks have been prepared
conservation action plans for three
endangered viper species in Anatolia up to
now: Vipera kaznakovi, V. anatolia, and M.
albizona. The Mountain viper is suffering
from
habitat
loss
and
destruction,
persecution, international pet trade, and
climatic change. The creating some protected
habitats in the high viper density regions,
long-term monitoring survey to obtain data
on its ecology and population trends,
education and awareness raising activities
among
locals
to
prevent
illegal
collection/killing of the vipers are main
possible
mitigation
measures
for
sustainability of the vipers.
Acknowledgements
This study is part of a project “The
species
conservation plan
of
Sivas
viper/White-banded
Mountain
Viper
(Montivipera albizona) in Sivas”, funded by
the Directorate of Sivas Branch of the 15th
Regional Directorate of the Department of
Nature Protection and National Parks of the
Republic of Turkey, Ministry of Forestry and
Water Affairs and AK-TEL Ltd.Sti. We are
grateful to these organizations for their
generous financial support. We also thank to
John Mulder for sharing field experience
with us and Çağdaş Yaşar for GIS mapping.
References
ALFORD R.A., S.J. RICHARDS. 1999. Global
amphibian declines: a problem in
applied ecology. - Annual Review of
Ecology and Systematics, 30(1): 133-165.
[DOI].
ALTWEGG R., S. DUMMERMUTH, B.R. ANHOLT,
T. FLATT. 2005. Winter weather affects
asp viper Vipera aspis population
dynamics
through
susceptible
juveniles. - Oikos, 110(1): 55-66. [DOI].
BARAN İ., Ç. ILGAZ, A. AVCI, Y. KUMLUTAŞ,
K. OLGUN. 2012. Türkiye Amfibi ve

36

Kerim Çiçek, Murat Afsar, Efkan Bağda, Cemal Varol Tok
Sürüngenleri. Türkiye. TÜBİTAK. (In
Turkish).
BÖHM M., B. COLLEN, J.E.M. BAILLIE, P.
BOWLES, J. CHANSON, N. COX, G.
HAMMERSON, M. HOFFMANN, S.R.
LIVINGSTONE,
M.
RAMA,
A.G.J.
RHODIN, S.N. STUART, P.P. van DIJK,
B.E. YOUNG, L.E. AFUANG, A.
AGHASYAN, A. GARCÍA, C. AGUILAR, R.
AJTIĆ, F. AKARSU, L.R.V. ALENCAR, A.
ALLISON, N. ANANJEVA, S. ANDERSON,
C. ANDRÉN, D. ARIANO-SÁNCHEZ, J.C.
ARREDONDO, M. AULIYA, C.C. AUSTIN,
A. AVCI, P.J. BAKER, A.F. BARRETOLIMA, C.L. BARRIO-AMORÓS, D. BASU,
M.F. BATES, A. BATISTELLA, A. BAUER,
D. BENNETT, W. BÖHME, D. BROADLEY,
R. BROWN, J. BURGESS, A. CAPTAIN, S.
CARREIRA,
M.
DEL
ROSARIO
CASTAÑEDA, F. CASTRO, A. CATENAZZI,
J.R. CEDEÑO-VÁZQUEZ, D.G. CHAPPLE,
M. CHEYLAN, D.F. CISNEROS-HEREDIA,
D. COGALNICEANU, H. COGGER, C.
CORTI, G.C. COSTA, P.J. COUPER, T.
COURTNEY, J. CRNOBRNJA-ISAILOVIĆ,
P.A. CROCHET , B. CROTHER, F. CRUZ,
J.C. DALTRY, R.J.R. DANIELS, I. DAS, A.
DE SILVA, A.C. DIESMOS, L. DIRKSEN,
T.M. DOAN, C.K. DODD JR., J.S. DOODY,
M.E. DORCAS, J. DUARTE DE BARROS
FILHO, V.T. EGAN, E.H. EL MOUDEN, D.
EMBERT,
R.E.
ESPINOZA,
A.
FALLABRINO, X. FENG, Z.J. FENG, L.
FITZGERALD, O. FLORES-VILLELA, F.G.R.
FRANÇA, D. FROST, H. GADSDEN, T.
GAMBLE, S.R. GANESH, M.A. GARCIA,
J.E. GARCÍA-PÉREZ, J. GATUS, M.
GAULKE, P. GENIEZ, A. GEORGES, J.
GERLACH,
S.
GOLDBERG,
J.C.T.
GONZALEZ , D.J. GOWER, T. GRANT, E.
GREENBAUM, C. GRIECO, P. GUO, A.M.
HAMILTON, K. HARE, S.B. HEDGES, N.
HEIDEMAN, C. HILTON TAYLOR, R.
HITCHMOUGH, B. HOLLINGSWORTH, M.
HUTCHINSON, I. INEICH, J. IVERSON,
F.M. JAKSIC, R. JENKINS, U. JOGER, R.
JOSE, Y. KASKA, U. KAYA, J.S. KEOGH ,
G. KÖHLER, G. KUCHLING, Y.
KUMLUTAŞ, A. KWET, E. LA MARCA, W.

LAMAR, A. LANE, B. LARDNER, C.
LATTA, G. LATTA, M. LAU, P. LAVIN, D.
LAWSON, M. LEBRETON, E. LEHR, D.
LIMPUS, N. LIPCZYNSKI, A.S. LOBO,
M.A. LÓPEZ-LUNA, L. LUISELLI, V.
LUKOSCHEK,
M.
LUNDBERG,
P.
LYMBERAKIS,
R.
MACEY,
W.E.
MAGNUSSON,
D.L.
MAHLER,
A.
MALHOTRA, J. MARIAUX, B. MARITZ,
O.A.V. MARQUES, R. MÁRQUEZ, M.
MARTINS, G. MASTERSON, J.A. MATEO,
R. MATHEW, N. MATHEWS, G. MAYER,
J.R. MCCRANIE, G.J. MEASEY, F.
MENDOZA-QUIJANO, M. MENEGON, S.
MÉTRAILLER,
D.A.
MILTON,
C.
MONTGOMERY, S.A.A. MORATO, T.
MOTT, A. MUÑOZ-ALONSO, J. MURPHY,
T.Q. NGUYEN, G. NILSON, C.
NOGUEIRA, H. NÚÑEZ, N. ORLOV, H.
OTA, J. OTTENWALDER, T. PAPENFUSS, S.
PASACHNIK,
P.
PASSOS,
O.S.G.
PAUWELS, N. PÉREZ-BUITRAGO, V.
PÉREZ-MELLADO, E.R. PIANKA, J.
PLEGUEZUELOS, C POLLOCK, P. PONCECAMPOS, R. POWELL, F. PUPIN, G.E.
QUINTERO DÍAZ, R. RADDER, J. RAMER,
A.R. RASMUSSEN, C. RAXWORTHY, R.
REYNOLDS, N. RICHMAN, E.L. RICO, E.
RISERVATO, G. RIVAS, P.L.B. DE ROCHA,
M.-O.
RÖDEL,
L.
RODRÍGUEZ
SCHETTINO, W.M. ROOSENBURG, J.P.
ROSS, R. SADEK, K. SANDERS, G.
SANTOS-BARRERA H.H. SCHLEICH, B.R.
SCHMIDT, A. SCHMITZ, M. SHARIFI, G.
SHEA, H.T. SHI, R. SHINE, R. SINDACO,
T. SLIMANI, R. SOMAWEERA, S. SPAWLS,
P. STAFFORD, R. STUEBING, S. SWEET, E.
SY, H.J. TEMPLE, M.F. TOGNELLI, K.
TOLLEY, P.J. TOLSON, B. TUNIYEV, S.
TUNIYEV, N. ÜZÜM, G. VAN BUURT, M.
VAN SLUYS, A. VELASCO, M. VENCES,
M. VESELÝ, S. VINKE, T. VINKE, G.
VOGEL, M. VOGRIN, R.C. VOGT, O.R.
WEARN, Y.L. WERNER, M.J. WHITING,
T. WIEWANDT, J. WILKINSON, B.
WILSON, S. WREN, T. ZAMIN, K. ZHOU,
G. ZUG. 2013. The conservation status
of the world's reptiles. - Biological
Conservation, 157: 372–385. [DOI].

37

Conservation Activities for Mountain viper, Montivipera albizona...
BOMBI P., G.C. AKANI, N. EBERE, L. LUISELLI.
2011. Potential effects of climate
change on high- and low abundance
populations of the Gaboon viper (Bitis
gabonica) and the nose-horned viper (B.
nasicornis) in southern Nigeria. Journal of Herpetology, 21: 59–64.
BORIA R.A., L.E. OLSON, S.M. GOODMAN,
R.P. ANDERSON. 2014. Spatial filtering
to reduce sampling bias can improve
the performance of ecological niche
models. - Ecological Modelling, 275: 73–
77. [DOI].
BRITO J.C., S. FAHD, F. MARTINEZ FREIRIA, P.
TARROSO,
S.
LARBES,
J.M.
PLEGUEZUELOS, X. SANTOS. 2011.
Climate change and peripheral
populations: predictions for a relict
Mediterranean
viper.
Acta
Herpetologica, 6: 105–118. [DOI].
BURNHAM K.P., D.R. ANDERSON. 2004.
Multimodel inference: understanding
AIC and BIC in model selection. Sociological Methods & Research, 33: 261–
304. [DOI].
CONSERVATION MEASURES PARTNERSHIP.
2016. Classification of Conservation
Actions and Threats. Version 2.0.
Available at: [cmp-openstandards.org].
Accessed: 09.08.2016.
DAVIS K.F., M.C. RULLI, P. D'ODORICO. 2015.
The global land rush and climate
change. - Earth's Future, 3: 298–311.
[DOI].
DIRZO R., P.H. RAVEN. 2003. Global state of
biodiversity and loss. - Annual Review
of Environment and Resources, 28: 137–
167. [DOI].
DORMANN C.F., J. ELITH, S. BACHER, C.
BUCHMANN, G. CARL, G. CARRÉ, T.
MÜNKEMÜLLER. 2013. Collinearity: a
review of methods to deal with it and a
simulation study evaluating their
performance. - Ecography, 36(1): 27-46.
[DOI].
ELITH J., C.H. GRAHAM, R.P. ANDERSON, M.
DUDÍK, S. FERRIER, A. GUISAN, R.J.
HIJMANS,
F.
HUETTMANN,
J.R.
LEATHWICK, A. LEHMANN, J. LI, L.G.

LOHMANN, B.A. LOISELLE, G. MANION.
C. MORITZ, M. NAKAMURA, Y.
NAKAZAWA, J.MCC.M. OVERTON, A.T.
PETERSON,
S.J.
PHILLIPS,
K.
RICHARDSON, R. SCACHETTI‐PEREIRA,
R.E. SCHAPIRE, J. SOBERÓN, S.
WILLIAMS,
M.S.
WISZ,
N.E.
ZIMMERMANN. 2006. Novel methods
improve
prediction
of
species’
distributions from occurrence data. Ecography, 29(2): 129-151. [DOI].
FIELDING A.H., J.F. BELL. 1997. A review of
methods for the assessment of
prediction errors in conservation
presence/absence
models.
Environmental Conservation, 24(1): 3849. [DOI].
FISCHER J., D.B. LINDENMAYER. 2007.
Landscape modification and habitat
fragmentation: a synthesis. - Global
Eology and Biogeography, 16(3): 265-280.
[DOI].
FOURCADE Y., J.O. ENGLER, D. RÖDDER, J.
SECONDI. 2014. Mapping species
distributions with MAXENT using a
geographically biased sample of
presence
data:
a
performance
assessment of methods for correcting
sampling bias. - PLOS ONE, 9(5):
e97122. [DOI].
GIBBONS J.W., D.E. SCOTT., T.J. RYAN, K.A.
BUHLMANN, T.D. TUBERVILLE, B.S.
METTS, J.L. GREENE, T. MILLS, Y.
LEIDEN, S. POPPY, C.T. WINNE. 2000.
The global decline of reptiles, déjà vu
amphibians. - Bioscience, 50: 653–666.
[DOI].
GÖÇMEN B., H. ARIKAN, M.Z. YILDIZ, A.
MERMER, N. ALPAGUT-KESKIN. 2009.
Serological
characterization
and
confirmation of the taxonomic status of
Montivipera
albizona
(Serpentes,
Viperidae) with an additional new
locality
record
and
some
phylogenetical comments. - Animal
Biology, 59: 87‒96. [DOI].
GÖÇMEN B., K. MEBERT, N. İĞCI, B. AKMAN,
M.Z. YILDIZ, M.A. OĞUZ, Ç. ALTIN.
2014. New locality records for four rare

38

Kerim Çiçek, Murat Afsar, Efkan Bağda, Cemal Varol Tok
species of vipers (Reptilia: Viperidae) in
Turkey. - Zoology in the Middle East,
60(4): 306–313. [DOI].
HANLEY J.A., B.J. MCNEIL 1982. The meaning
and use of the area under a receiver
operating characteristic (ROC) curve. Radiology, 143(1): 29-36. [DOI].
HEIKKINEN R. K., M. LUOTO, M.B. ARAÚJO, R.
VIRKKALA, W. THUILLER, M.T. SYKES.
2006. Methods and uncertainties in
bioclimatic envelope modelling under
climate change. - Progress in Physical
Geography, 30(6): 751-777. [DOI].
HIJMANS R.J., S.E. CAMERON, J.L. PARRA, P.G.
JONES, A. JARVIS. 2005. Very high
resolution
interpolated
climate
surfaces for global land areas. International Journal of Climatology,
25(15): 1965-1978. [DOI].
IUCN. 2015. Red list assessment of Asian
snake
species
decision
16.104.
Interpretation and Implementation of
the Convention. Species Trade and
Conservation. Snake Trade and
Conservation
Management.
28th
Meeting of the Animals Committee,
30th August/3rd September 2015, Tel
Aviv (Israel).
KASS J. M., B. VILELA, M.E. AIELLOLAMMENS, R. MUSCARELLA, C. MEROW,
R.P. ANDERSON. 2018. Wallace: A
flexible platform for reproducible
modeling of species niches and
distributions built for community
expansion. - Methods in Ecology and
Evolution, 9: 1151-1156. [DOI].
KOBOLKUTI L., D. CADAR, G. CZIRJAK, M.
NICULAE, T. KISS, C. SANDRU, M.
SPINU. 2012. The effects of environment
and physiological cyclicity on the
immune system of Viperinae. - The
Scientific World Journal, 2012, Article ID
574867. [DOI].
LE GALLIARD J.F., M. MASSOT, J.P. BARON, J.
CLOBERT. 2012. Ecological effects of
climate change on European reptiles. In: Wildlife Conservation in a Changing
Climate, pp. 179-203.

LIU C., P.M. BERRY, T.P. DAWSON, R.G.
PEARSON. 2005. Selecting thresholds of
occurrence in the prediction of species
distributions. - Ecography, 28(3): 385393. [DOI].
MADSEN T., B. UJVARI. 2011. The potential
demise of a population of adders
(Vipera berus) in Smygehuk, Sweden. Herpetological Conservation and Biology,
6(1): 72-74.
MALLOW D., D. LUDWIG, G. NILSON. 2003.
True Vipers: Natural History and
Toxinology of Old World Vipers. Florida.
Krieger Publishing.
MARITZ B., J. PENNER, M. MARTINS, J.
CRNOBRNJA-ISAILOVIĆ, S. SPEAR, L.R.
ALENCAR, J. SIGALA-RODRIGUEZ, K.
MESSENGER, R.W. CLARK, P. SOORAE, L.
LUISELLI, C. JENKINS, H.W. GREENE.
2016. Identifying global priorities for
the conservation of vipers. - Biological
Conservation, 204: 94-102. [DOI].
MEROW C., M.J. SMITH, J.A. SILANDER JR. 2013.
A practical guide to MaxEnt for
modeling species’ distributions: what it
does, and why inputs and settings
matter. - Ecography, 36(10): 1058-1069.
[DOI].
MULDER J. 1994. Additional information on
Vipera albizona (Reptilia, Serpentes,
Viperidae). - Deinsea, 1(1): 77-83.
MULDER J. 1995. Herpetological observations in
Turkey (1987-1995). - Deinsea, 2(1): 51-66.
MUSCARELLA R., P.J. GALANTE, M. SOLEY‐
GUARDIA, R.A. BORIA, J.M. KASS, M.
URIARTE,
R.P.
ANDERSON.
2014.
ENMeval: An R package for conducting
spatially independent evaluations and
estimating optimal model complexity
for Maxent ecological niche models. Methods in Ecology and Evolution, 5(11):
1198-1205. [DOI].
NILSON G., C. ANDRÉN, B. FLÄRDH. 1990.
Vipera albizona, a new mountain viper
from central Turkey, with comments on
isolating effects of the Anatolian
“Diagonal”. - Amphibia-Reptilia, 11: 285‒
294. [DOI].

39

Conservation Activities for Mountain viper, Montivipera albizona...
PEARSON, R.G., C.J. RAXWORTHY, M.
NAKAMURA, A.T. PETERSON. 2007.
Predicting species distributions from
small numbers of occurrence records: a
test case using cryptic geckos in
Madagascar. - Journal of Biogeography, 34:
102-117. [DOI].
PEEL M.C., B.L. FINLAYSON, T.A. MCMAHON.
2007. Updated World Map of the
Köppen-Geiger Climate Classification. Hydrology and Earth System Sciences, 11:
1633-1644. [DOI].
PETERSON A.T., J. SOBERÓN, R.G. PEARSON, R.P.
ANDERSON, E. MARTINEZ-MEYER, M.
NAKAMURA, M.B. ARAÚJO. 2011.
Ecological niches and geographic
distributions. - In: Monographs in
Population Biology, 49. Princeton, New
Jersey, Princeton University Press.
PHILLIPS S.J., M. DUDÍK. 2008. Modeling of species
distributions with Maxent: new extensions
and a comprehensive evaluation. Ecography, 31(2): 161-175. [DOI].
PHILLIPS S.J., M. DUDÍK, R.E. SCHAPIRE. 2018.
R.E. [Internet] Maxent software for
modeling
species
niches
and
distributions (Version 3.4.1). Available
at: [biodiversityinformatics.amnh.org].
Accessed on 2018-12-17.
PHILLIPS S.J., R.P. ANDERSON, R.E. SCHAPIRE. 2006.
Maximum entropy modeling of species
geographic distributions. - Ecological
Modelling, 190(3-4): 231-259. [DOI].
RODDA G.H. 2012. Population size and
demographics. – In: McDiarmid RW.,
M.S. Foster, C. Guyer, J.W. Gibbons, N.
Chernoff (Eds.): Reptile Biodiversity
Standard Methods for Inventorying and
Monitoring., Berkley, University of
California Press. pp. 283-322.
RUGIERO L., G. MILANA, F. PETROZZI, M.
CAPULA, L. LUISELLI. 2013. Climatechange-related shifts in annual phenology
of a temperate snake during the last 20
years. - Acta Oecologica, 51: 42-48. [DOI].
SHCHEGLOVITOVA M., R.P. ANDERSON. 2013.
Estimating optimal complexity for
ecological niche models: a jackknife
© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

approach for species with small sample
sizes. - Ecological Modelling, 269: 9-17. [DOI].
SK. 2018. Sivas Kültürü. Available at:
[sivaskulturu.com]. (In Turkish).
STÜMPEL N., M. RAJABIZADEH, A. AVCI, W.
WÜSTER, U. JOGER. 2016. Phylogeny and
diversification of mountain vipers
(Montivipera, Nilson et al., 2001) triggered
by multiple Plio–Pleistocene refugia and
high-mountain topography in the Near
and Middle East. - Molecular Phylogenetics
and Evolution 101: 336–351. [DOI].
TEYNIÉ A. 1991. Observations herpétologique
en Turquie 2ème Partie. - Bulletin de la
Société Herpétologique de France, 58: 21–30.
TOK C.V., I. UGURTAŞ, M. SEVINÇ, W. BÖHME,
P.A. CROCHET, Y. KASKA, Y. KUMLUTAŞ,
U. KAYA, A. AVCI, N. ÜZÜM, C.YENIYURT,
F. AKARSU. 2009. Montivipera albizona. The IUCN Red List of Threatened SpeciesThe
IUCN Red List of Threatened Species 2009:
e.T22985A9405430. [DOI] Accessed: 28
December 2018.
TUNIYEV B.S., S.B. TUNIYEV 2009. Conservation
Strategy for Endemic Species of
Caucasian Vipers (Pelias kaznakovi, P.
dinniki). – In: Zazanashvili N., D. Mallon.
(Eds.), Status and Protection of Globally
Threatened Species in the Caucasus. Tbilisi,
CEPF, WWF. Contour Ltd., pp. 165-170.
UETZ P., P. FREED, J. HOŠEK. (Eds.) 2018. The
Reptile Database. The Reptile Database.
2018. Available at: [reptile-database.org].
WALDRON J.L., S.H. BENNETT, S.M. WELCH,
M.E. DORCAS, J.D. LANHAM, W.
KALINOWSKY. 2006. Habitat specificity
and home-range size as attributes of
species vulnerability to extinction: a case
study using sympatric rattlesnakes. Animal Conservation, 9: 414–420. [DOI].
WARREN D.L., S.N. SEIFERT 2011. Ecological
niche modeling in Maxent: the importance
of model complexity and the performance
of model selection criteria. - Ecological
Applications, 21(2): 335-342. [DOI].
Received: 02.12.2018
Accepted: 27.12.2018
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House

ECOLOGIA BALKANICA
2018, Vol. 10, Issue 2

December 2018

pp. 41-53

Biodiversity of Family Chironomidae (Diptera) in Srebarna Lake
(North-East Bulgaria) and Genome Instability of Some Species
from Genus Chironomus Meigen, 1803
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Abstract. The biodiversity of the family Chironomidae, Diptera in Lake Srebarna - a lake of natural
origin, a Biosphere Reserve and a Ramsar Site of International Importance was studied. The
conducted study revealed high concentrations of phosphates and some heavy metals (Cu, Pb, Zn,
Mn, Fe) in the water. High concentrations of heavy metals (Cd, Cu, Pb, Mn) in the sediment were
also found. Through the detailed analysis of the external morphology of the larvae and the speciesspecific cytogenetic markers of the polytene chromosomes of the larvae, we established a total of 16
genera and 11 species. Ten genera and eight species were new to the fauna of the lake. For the first
time, we reported malformations in the larvae of some genera Endochironomus, Chironomus and
Glyptotendipes (0.84÷2.04%) and species (Endochironomus tendens - 0. 29%). Genomic instability
realized through somatic structural chromosomal aberrations in the polytene chromosomes of the
four species of the genus Chironomus was found. Based on these aberrations, the Somatic index (S)
was calculated (C. nuditasis, S-3.25; C. annularius, S-5.75; C. balatonicus, S-7.5 C. pallidivittatus, S-4.50).
In addition, inherited chromosome aberrations have been observed, which were important for the
adaptation of species to specific living conditions. The reasons of genomic instability and the
importance of Chironomus species for determining the degree of pollution of aquatic ecosystems
were discussed.
Key words: Srebarna Lake, Chironomidae, biodiversity, trace metals, polytene chromosomes, genome
instability.

Introduction
Srebarna Lake is declared as a Ramsar
Site of International Importance and a
Biosphere Reserve, situated in the flood
terrace of the Danube River in the NorthEast part of Bulgaria. In 1949 the lake was
disconnected from the Danube River by
building of a dyke and the main source of
fresh water remained the surface run-off and
ground waters. Due to the critical ecological
© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

conditions, later was restored the channel
which connected the lake to the Danube.
Nowadays the water inflow is regulated by
two floodgates.
It is important to emphasize the role of
benthic organisms and in particular the
larvae of non-biting aquatic midges
(Chironomidae, Diptera) in the function and
structure of aquatic ecosystems. In
freshwater habitats, they are very important
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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and applied to monitor the environmental
health and water quality. Chironomid larvae
spend their development in sediment
surface, where they remain exposed to
different pollutants and carry sedimentassociated contaminants to higher trophic
levels in the food web (AL-SHAMI et al.,
2013).
Before the reconstruction of the
connection with the Danube River,
MICHAILOVA
(1998)
determined
cytotaxonomically 11 species of family
Chironomidae, which belonged to 6 genera:
Chironomus Meigen, 1803, Cryptochironomus
Kieffer, 1918, Endochironomus Kieffer, 1918,
Glyptotendipes Kieffer, 1913, Cricotopus van
der
Wulp,
1874
and
Parakiefferiela
Thienemann, 1936.
After the restoration of the connection
with the Danube River, intensive studies of
the benthic organisms in the lake have
begun. The first study of KOVACHEV et al.
(1995) did not report any benthic
macroinvertebrates in the lake. Later, in a
period of 15 years (from 1997 to 2012) 18
species from 11 genera, determined by
external morphology of the larvae were
registered in the lake areа including
peripheral pools (UZUNOV et al., 2001;
VARADINOVA et al., 2011; 2012; VIDINOVA et
al., 2016).
It is very important in the study of
biodiversity of the Chironomidae species,
together with the analysis of the external
morphological features of the larva, to be
used additional signs. These external
features show either great variability in a
species or are indistinguishable between
species. Nowadays, the specific cytogenetic
markers of the polytene chromosomes from
the salivary glands of the larvae are used as
an additional taxonomic sign for the precise
determination of Chironomid species (KEYL,
1962; MICHAILOVA, 1989; KIKNADZE et al.,
1991; 2016). Also, these chromosomes are a
good candidate for evaluating the genotoxic
effect of different mutagenic factors in the
environment (MICHAILOVA et al., 2012; 2015).
These authors suggested many somatic

chromosome rearrangements in the salivary
gland
chromosomes
(heterozygous
inversions,
deletions,
deficiencies,
amplifications) as biomarkers for detecting
damages in the environment under different
pollutants.
Having in mind the significance of
Chironomid larvae for aquatic ecosystems,
the purpose of our study is to determine
their biodiversity in Lake Srebarna by
analyzing the external morphological
features and species - specific banding
patterns of the salivary gland chromosomes
of the larvae in order to determine the
genera and species of the family. In addition
is shown the genome response of some
Chironomus species to pollutants established
in the lake.
Material and Methods
Study area. Srebarna Lake is a lake of
natural origin. The lake area includes freestanding water surrounded by reed and
bulrush and little ponds in-between. We
collected larvae material from Pristan,
Kamaka, Dragajka, Central free-standing
water, Chervenka and South floodgate. The
first four sites are also used in the routine
monitoring of the lake. The sites Kamaka
and Chervenka are considered as peripheral
pools. The GPS (Global Position System)
coordinates of the sampling sites are as
follows: Pristan - 44.102411°, 27.064064°;
Kamaka - 44.106481°, 27.081678°; Dragajka 44.111583°, 27.075106°; Central free-standing
water - 44.107700°, 27.071867°; Chervenka 44.110469°, 27.062489; South floodgate 44.121104°, 27.081487°. The samples were
collected from the bottom of the lake as well
as
from
submerged
and
emergent
vegetation. For cytogenetic analysis, the
larvae were collected from site Pristan,
which is situated closer to the village and is
used as a boat pier.
Physical and chemical analysis of water and
sediment. Alkalinity (pH), conductivity,
water
temperature
and
dissolved
oxygen/oxygen saturation was measured in
situ according to the following standards:
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BSS (Bulgarian State Standard) ISO
(International
Organization
for
Standardization) 10523:2012, BSS EN
27888:2000, BSS 17.1.4.01:1997 and BSS/EN/
ISO 5814:2012. The analysis of the nitrogen
and phosphorus forms - NH4-N, NO2-N,
NO3-N, PO4-P was performed in lab
according to BSS EN ISO 11732:2006, BSS EN
ISO 13395:2001, and BSS EN ISO 15681:2005.
The concentrations of heavy metals (Cu, Pb,
Zn, Mn, Cd, Fe) from water and sediment
are according to UMPMR (Updated
Management Plan of Managed Reserve)
“Srebarna” (2015), Annex 7.5.2.3. As
reference data for heavy metals in water we
used those appointed by Regulation N4/23.09.2014 and Directive 2013/39/EU, and
for heavy metals in sediments – data, given
by FӦRSTNER & SALOMONS (1980).
Chironomid larvae were sampled in
July of the years 2014 and 2017. The samples
were collected using a hand-net (0.25x0.25
m²) and the sample from the Central freestanding water – an Eckman’s grab (181 cm²)
according to ISO 10870:2012.
The larvae used for the analysis of the
genera were fixed in a dilution of 4%
formaldehyde. Permanent slides of external
morphology of the larvae were done
according to SAETHER (1979). Their
identification by external morphology was
done according to WIEDERHOLM (1983);
SCHMIDT (1993); BITUŠÍK & HAMERLÍK (2014).
The larvae for cytogenetic analysis were
fixed in alcohol: acetic acid (3:1). Slides of
salivary gland chromosomes were done
according to MICHAILOVA (1989), applying
acet-orcein
method.
For
species
identification were used the polytene
chromosome markers by MICHAILOVA (1989)
and KIKNADZE et al. (2016). Chromosome
maps, presented by KIKNADZE et al. (1991;
2016) for Chironomus nuditarsis Keyl, 1961, C.
annularius Meigen, 1818, C. balatonicus Devai,
Wuelker & Scholl, 1983 and C. pallidivittatus
Edwards, 1929 were applied for localizing
the
chromosome
aberrations
and
establishment of the genome instability. Two
types of these rearrangements were

considered: somatic and inherited. Somatic
aberrations occurred in few cells of the
individual and affected very small region of
the polytene chromosomes. On these
aberrations the Somatic index (S) was
calculated (SELLA et al., 2004). Inherited
aberrations affected all cells of the individual
and appeared in a large region of the
polytene chromosomes. The frequency of the
aberrations was presented in percentage.
Also, some alterations in functional activity
of key structures: Balbiani rings (BRs) and
Nucleolar Organizers (NOR) were shown.
Malformations, registered in the species
and genera were calculated as a percentage
of the number of tribe Chironomini,
calculated to 1 m².
Results
Physical and chemical parameters of the
water and sediment
The values of pH varied between 7.5 and
8.35 indicating slightly alkaline water,
typical for the eutrophic basins. Temperature
of the water was typical for the summer
season (24.7°C – 26.3°C). The values of
conductivity varied between 412 and 431
µSi/cm, indicating slightly hard water. The
oxygen concentration and saturation were
lower at the sites Pristan, Kamaka,
Chervenka and South floodgate (1.58÷4 mg/
l) and were higher in the Central freestanding water (6.8 mg/l) and Dragajka (4.8
mg/l).
The concentrations of ammonium, nitrite
(0÷0.04 mg/l) and nitrate nitrogen (1.5÷2
mg/l) were very low. The concentrations of
phosphates were elevated at the Central
free-standing water (0.12 mg/l) and at site
Chervenka (0.09 mg/l).
All concentrations of heavy metals
measured in water (Fig. 1) exceeded from 3
to 10 times the Average Annual Values,
defined in Regulation N-4/23.09.2014 and
Directive 2013/39/EU as the highest
concentrations were those of copper and
iron. The concentrations of Cu (Pristan and
Dragajka), Pb (Dragajka) and Mn (Pristan,
Dragajka, Central free-standing water)
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measured in sediment samples exceeded less
than one time, cadmium exceeded - 3 times
the reference data (according to FӦRSTNER &
SALOMONS, 1980), while the concentrations
of Zn and Fe didn’t exceed these data (Fig.
2).

external morphology of the larva and specific
markers of their polytene chromosomes
respectively. During our study, 16 genera were
established and 11 species were identified by
species - specific banding patterns of the
polytene chromosomes (Table 1). Ten genera
and 8 species of the genera Chironomus,
Endochironomus,
Glyptotendipes, Kiefferulus
Goetghebuer, 1922, Polypedilum Kieffer, 1912
were new for the lake fauna.

Chironomid biodiversity
Table 1 summarized the genera and
species determined in the lake Srebarna by

Fig. 1. Concentrations of heavy metals in water of Lake Srebarna.

Fig. 2. Concentrations of heavy metals in sediment of Lake Srebarna.
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Table 1. Genera and species of the Srebarna Lake (* - new genera, determined by
external morphology of larva, ** - new species, determined cytotaxonomically, x – registered
species in the lake, P – registered only at a peripheral pool), column A – data after
MICHAILOVA, 1998; column B – data after UZUNOV et al., 2001; VARADINOVA et al., 2011; 2012;
VIDINOVA et al., 2016.
Genera and species
Tanypodinae
*Ablabesmyia Johannsen, 1905
*Anatopynia Johannsen, 1905
*Guttipelopia Fittkau, 1962
*Monopelopia Fittkau, 1962
*Tanypus Meigen, 1803
*Telmatopelopia Fittkau, 1962
Prodiamesinae
P. olivacea (Meigen, 1818)
Orthocladiinae
Corynoneura Winnertz, 1846
Cricotopus Kieffer, 1909
C. algarum (Kieffer, 1911)
C. ornatus (Meigen, 1818)
C. sylvestris (Fabricius, 1794)
C. trifascia Edwards, 1929
Eukiefferiella gracei (Edwards, 1929)
E. cf. similis Goetghebuer, 1939
Parakiefferiella bathophila (Kieffer, 1912)
Psectrocladius ishimicus Chernovskij, 1949
Tvetenia Kieffer, 1922
Chironominae
Tanytarsini
*Paratanytarsus Thienemann & Bause, 1913
Tanytarsus van der Wulp, 1874
T. gregarius Kieffer, 1909
Chironomini
Camptochironomus Kieffer, 1918
Chironomus Meigen, 1803
C. annularius Meigen, 1818
**C. balatonicus Devai, Wuelker & Scholl, 1983
**C. nuditarsis Keyl, 1961
**C. pallidivittatus Edwards, 1929
**C. parathummi Keyl, 1961
C. plumosus (Linnaeus, 1758)
C. riparius (Meigen, 1804)
Cryptochironomus Kieffer, 1918
C. defectus (Kieffer, 1913)
Dicrotendipes nervosus (Stæger, 1839)
Endochironomus Kieffer, 1918
**E. tendens (Fabricius, 1775)
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Glyptotendipes Kieffer, 1913
G. glaucus (Meigen, 1818)
G. cauliginellus (Kieffer, 1913)
G. pallens (Meigen, 1804)
**G. paripes (Edwards, 1929)
*Kiefferulus Goetghebuer, 1922
**Kiefferulus tendipediformis (Goetghebuer, 1922)
*Parachironomus Lenz, 1921
*Polypedilum Kieffer, 1912
**P. sordens (van der Wulp, 1875)
Morphological deformities
In
some
species
we
observed
malformations which affected only mentum:
Endochironomus tendens (0.29%), Chironomus sp.
(0.84%) and Glyptotendipes sp. (0.58%) and
mentum and mandibles: Endochironomus sp.
(2.04%).

x
x

53
2

x
x
x
x
x
x

6
49
4
29
49
12

x
x

x
x
x

types of chromosome aberrations: inherited
and somatic.
Inherited aberrations
C. nuditarsis: in the studied material two
inherited aberrations were established:
heterozygous inversions in arms: A - A1/A2
(75%) and B - B1/B2 (50%) as well as a dark
knob. (DK) at the end of chromosome G, which
appeared in homo (Fig. 4a) and heterozygous
state (25%). C. annularius: several heterozygous
inversions localized in arms A - A1/2 (50%), B B1/2 (25%), D- (D1/D2) (25%) and F - F1/F2
(50%) were found. In studied individuals the
dominant is the homozygous inversions in arm
A - A2/A2, section 13ab-12cbq. C. pallidivittatus:
two inherited heterozygous inversions were
recognized. They affected chromosome arms D
- D1/D2 (50%) and E, region 13-14 (50%). In all
studied cells BR3 showed a slight functional
activity. C. balatonicus: several chromosome
rearrangements were detected - homozygous
inversions in arms C (50%) and B (50%),
heterozygous translocation between AB and
CD chromosome (Fig. 4b) and heterozygous
inversions in arm A (A1/A2) (50%) (Fig. 4b).
BRs showed a slight functional activity.

Cytogenetic characteristics of the studied
Chironomus species
Species of genus Chironomus: C. nuditarsis,
C. annularius and C. balatonicus cytogenetically
belong to cytocomplex thummi (KEYL, 1962)
with chromosome arm combinations: AB CD
EF G. Chromosome G carries the Balbiani Rings
(BRs) and Nucleolar Organizer (NOR) in all
above mentioned species. In the karyotype of
C. annularius additionally NORs are localized in
arms A, C, and E. Also, one Balbiani ring
functions in arm B in these species.
Chromosomes AB and CD of the species are
metacentric, while chromosome EF is
subemetacentric (Fig. 3). The chromosome G is
telocentric in C. nuditarsis (Fig. 3) and C.
annularius. In C. balatonicus it is acrocentric. C.
pallidivittatus belongs to Camptochironomus
complex (KEYL, 1962) with chromosome arms
combinations: AB, CF, DE and G. Arm A has a
NOR, arm G carries three BRs. Chromosomes
AB, CF are metacentric, chromosome DE is
submetacentric and chromosome G is
telocentric.

Somatic aberrations
The genome instability of the studied
Chironomus species C. nuditasis, C. annularius,
C. balatonicus (Fig. 4c) and C. pallidivittatus (Fig.
4d) is realized by somatic para - and pericentric
heterozygous inversions, deficiency, an
appearance of a dark knob (in somatic state)
and a slight functional activity or complete loss
of BRs. Their frequency and localization can be
seen in Table 2.

Genome instability in the above Chironomus
species
In the studied 4 species of genus
Chironomus (C. nuditarsis, C. annularius, C.
balatonicus, C. pallidivittatus) were observed two
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Fig. 3. Polytene chromosomes of C. nuditarsis.
Arrow indicates the centromere regions of the chromosomes. Bar – 10 µm.

Fig. 4. Chromosome aberrations, bar – 10 µm.
a. Chromosome G of C. nuditarsis with a dark knob (DK). A small arrow shows the
localization of DK. BR – Balbiani Ring, NOR – Nucleolar Organizer.
b. Translocation between chromosomes AB and CD of C. balatonicus. A small arrow indicates
the somatic heterozygous inversion in arm D. A large arrow shows the inherited aberration in
arm A. Arrow C indicates the centromere region.
c. Chromosome G of C. balatonicus; Arrow shows the somatic aberration – a homozygous
deletion, BR – Balbiani Ring, NOR – Nucleolar Organizer.
d. Chromosomes AB and G of C. pallidivittatus.; A small arrow shows the localization of the
somatic aberration – heterozygous inversion in arm B; A large arrow shows the centromere
region. BR3 - Balbiani ring 3 with a slight functional activity, NOR – Nucleolar Organizer.
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Table 2. Somatic aberrations in polytene chromosomes of Chironomus species, collected
from Lake Srebarna N. number; Het.inv. - heterozygous inversion; Hom. del. – homozygous
deletion.
Aberr. and localization/ N. of cells
Chromosome AB
Chromosome CD
Chromosome EF
Chromosome G
C. nuditarsis, cytocomplex – thummi (arm combination AB CD EF G), N. of st. ind./cells:
4/148; N. of cells with aberr.: 20; N.of somatic aberr.: 13; Somatic index (S): 3.25
Het.inv.A -13a/ 1 cell
Pericent. het.inv.CD/ Het.inv. E 13q/ 1cell Het.inv. in the
1 cell
middle/2cells
Pericent.het.inv.AB/ 2
Deficiency D/ 1 cell
Het.inv.F-18a/ 2
Dark knob/ 2
cells
cells
cells
Het.band D/ 1cell
Het.inv.F-18e/ 1cell Dark knob
het.state/ 1 cell
Pericent.inv.EF/
4cells
C. annularius, cytocomplex – thummi (arm combination AB CD EF G), N. of st. ind./cells:
4/135; N. of cells with aberr.: 22; N. of somatic aberr.: 11; Somatic index (S): 5.75
Het.inv.A2 2h-3i/ 1 cell Het.inv. C 12c/ 1 cell Het.inv.F 6/ 1 cell
Het.inv. in the
middle/3cells
Het.inv.A2 8-7/ 1 cell
Het.inv. C 13/ 1 cell
Het.inv. F 12/ 1 cell
Het.inv.B in the
Het.inv. D 18d-a/ 2
middle/7 cells
cells
Het.inv. near the
telomere/2cells
Pericent.inv.AB/ 2 cells
C. balatonicus, cytocomplex - thummi ( arm combination AB CD EF G), N. of st. ind./
cells: 2/86; N. of cells with aberr.: 22; N. of somatic aberr.: 15; Somatic index (S): 7.5
Het. inv. B 15ab/ 1 cell
Het. inv. C 15-16/ 2
Het. inv. E 3-4/ 1
Hom. del./ 1 cell
cells
cell
Het. inv. B 21-25/ 2 cells Het. inv. C 16-17/ 2
Het. inv. E 6-9/ 2
Het. del./ 1 cell
cells
cells
Het. inv. C 23-25/ 1
Het. inv. F 12-14/ 2
cell
cells
Het. inv. D 4-9/ 2
Het. inv. F 13/ 1 cell
cells
Het. inv. D 7-2a/ 2
Het. inv. F 13-14/ 1
cells
cell
Het. state of the
centromere
C. pallidivittatus, cytocomplex - camptochironomus (AB CF DE G), N. of st. ind./cells:
2/73; N. of cells with aberr.: 10; N.of somatic aberr.: 9; Somatic index (S): 4.5
Het.inv. B 3- 4/ 1 cell
Het.inv. C 3/ 1 cell
Het.inv. E13-14/1
Het.inv. 4/ 2 cell
cell
Het.inv. B 9/ 1 cell
Het.inv. F12-13/
Het.inv. 5/ 1
1cell
cell
Het.inv. C 3/ 1 cell
Het.inv. F 16/ 1 cell
Het.inv.F18-17/ 1
cell
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Discussion
The ecological situation in the lake can
be assessed as favorable according to the
data of physical and chemical parameters of
the water and nitrogen forms in it, as the
chemical state was varying between “good”
and “very good”. According to a proposed
working scale for assessment of the
condition of wetlands by physicochemical
quality elements (IVANOVA et al., 2017), the
values of conductivity, ammonium and
nitrite nitrogen showed very good chemical
state and those of pH and nitrate nitrogen –
a good one. The dissolved oxygen
concentration at sites Chervenka and
Dragajka was moderate, while sites Pristan,
Kamaka and South floodgate had very bad
chemical state. At those sites the aquatic
vegetation was dense and probably causing
a depletion of the oxygen in the water. On
the other hand, the concentrations of
phosphates at Central free-standing water
were bad and at Chervenka – moderate
(IVANOVA et al., 2017). A tendency of
phosphates increasing was observed as it
was mentioned by HIEBAUM et al. (2012)
since 2007. It is interesting to emphasize that
in comparison to the data of HIEBAUM et al.
(2012) heavy metal concentration in water
were higher from less than 1 time to 17
times. Especially Pb and Mn, which were
increased 17 and 14 times.
The concentrations of Fe, Cu and Cd in
sediment, compared to a previous period
(HIEBAUM et al., 2012) had an increase of less
than 1 time, 2 times and 6 times respectively.
On the other hand, Mn, Zn and Pb
concentrations had a decrease from less than
1 time to 2 times.
Considering the newly established
genera and species in the lake, it was
confirmed the importance of the habitat e.g.
aquatic vegetation for their diversity. Also
VARADINOVA et al. (2011) and BORISOVA et al.
(2014) pointed the local habitats (modified
by the flooding regime) and the peripheral
zones of the lake, mostly covered with
aquatic vegetation as the main factors for the
development and high diversity of the

bottom macroinvertebrate fauna. For the
first time in the present study were
established the malformations in the mouth
structures of the larvae in Srebarna Lake.
The registered increasing of all heavy metals
and phosphates in water and copper,
cadmium and iron in sediment could
influence
the
appearance
of
the
malformations (ODUME et al., 2012; ILKOVA et
al., 2018). However, they could emerge also
under the influence of other factors of the
environment (like seasonal temperature) as
well (SERVIA et al., 2000).
Many data indicated that Chironomid
genome is more sensitive to the
contaminations in the aquatic ecosystems
than the external morphology (MICHAILOVA
et al., 2012; 2015). The cytogenetic analysis in
this study revealed inherited and somatic
aberrations in the polytene chromosomes of
Chironomus species. The established
inherited heterozygous inversions in C.
nuditarsis were announced by KIKNADZE et
al. (2006) for the Bulgarian population as
well, however, in different frequency. The
dark knob in chromosome G have been
found in Siberian and different European
populations (KIKNADZE et al., 2006) and
appeared after local amplification of DNA.
The heterozygous inversions, found in
polytene chromosomes of C. annularius were
mentioned in other Palearctic populations as
well (KIKNADZE et al., 2012).
In the studied individuals of C.
annularius, the homozygous inversion in arm
A was dominant. It is interesting to note that
the same homozygous inversion with a high
frequency was found in trace metal polluted
Chehlo River in south Poland (MICHAILOVA
et al., 2018). As in Chehlo River, the
functional activity of NORs in arm A, E was
disturbed. They occurred either in
heterozygous state or completely depressed
(37.04%). The heterozygous inversion that
affected chromosome E, region 13-14 of C.
pallidivittatus was announced for the first
time.
The
homozygous
inversions,
established in arms C and B of the polytene
chromosomes of C. balatonicus were
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announced also in larvae, exposed to a
mutagenic
environmental
pollution
(PETROVA, 2013) and in different European
populations (KIKNADZE et al., 2016). They
were involved in so called polymorphic
system (standard homozygous type of the
karyotype
through
heterozygotization
transformed into another homozygous type)
(MICHAILOVA, 2015). These inversions are
varying with a selective priority in different
ecologic-climatic conditions. In the studied
area in these arms, priority, with high
frequency appeared the homozygous
inversions in comparison with the standard.
The observed heterozygous translocation
between AB and CD chromosome was the
first one, observed for this species. Also,
KIKNADZE et al. (2016) announced of
heterozygous translocation between AB and
G and EF and G. Translocation between A
and E announced also PETROVA (2013) in
radioactive Chernobyl region. It is important
to underline that heterozygous inversions in
arm A (A1/A2) is very common in different
populations of the species along its range.
Most of the inherited aberrations were found
in other Palearctic populations, however
with different frequency, because these
aberrations have different adaptive role in
geographical distant regions with specific
climatic conditions.
Polluted sediments induced great
damages of the genome of the studied
Chironomus species: C. nuditasis, C.
annularius,
C.
balatonicus
and
C.
pallidivittatus. The data of the established
somatic aberrations are in agreement with
MICHAILOVA et al. (2012; 2015) who found
that polluted sediments by heavy metals and
some organic toxicants caused significant
chromosome damages to chironomid’s
polytene chromosomes. So, the polytene
chromosomes are a reliable and sensitive
tool in the determination of the genotoxic
effect of polluted sediments.
In the study, we found that different
species, other than C. riparius, C. piger
Strenzke, 1956, C. bernensis Kloetzli, 1973
and C. annularius (MICHAILOVA et al., 2012;

2016; 2018) of genus Chironomus have great
sensitivity of the genome and are good
candidates for evaluating the mutagenic
effect of different agents. However, as a
result of our study, it is well seen that
different species inhabiting the same lake
have different genome response to the same
environment stress agents. It is known that
frequency and type of chromosomal
rearrangements depend on the structure and
organization of DNA sequences (KING,
1993). Our previous study (MICHAILOVA et
al., 2009) showed very well the role of
transposable elements in genome instability
and their different amount and localization
in different species (SELLA et al., 2004).
Conclusions
During the present study were
registered 10 new genera and 8 new species
for the lake fauna. For the first time the
malformations of larvae were detected important signs for changes in the
environment. Different species of genus
Chironomus, which show a genome response,
depending on the DNA structure and
organization, can be used as an indicator of
genotoxic concentrations of pollutants in
aquatic ecosystems. Due to the great
resolution of the polytene chromosomes,
they are very useful in applied investigations
on environmental quality. The somatic
cytogenetic
damages
plus
functional
alterations are particularly suitable as
biomarkers as these cytogenetic changes are
easily identified and provide early warning
signals of adverse long effects in organisms.
Analysis of cytogenetic responses is
therefore potentially a powerful tool in
preventing the long-term effects of
anthropogenic stress at the populations and
community level.
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Abstract. The species composition and conservation significance of the amphibians and reptiles
from three wetlands in Southern Bulgaria, with different degree of anthropogenic influence Protected Area (PA) “Zlato pole”, “Tsalapitsa” Rice-Fields and “Plovdiv” Rice-Fields is presented
in the current study. The registered contemporary threats for the herpetofauna in the studied
wetlands are listed and discussed. The most dangerous for amphibian and reptile biodiversity and
degradation of the habitats remain habitats destruction through drainage and land modification,
pollution and direct killing of individuals.
Key words: threats, biodiversity, amphibians, reptiles, wetlands, Southern Bulgaria.

Introduction
Biodiversity provides several benefits to
ecosystems including ecological efficiency,
ecosystem
stability
and
ecosystem
productivity, among others (CARDINALE et al.,
2012). Amphibians and reptiles are an
abundant and diverse component of many
terrestrial
and
freshwater
ecosystems,
contributing to a diverse range of ecological
functions (POUGH et al., 2004; WELLS, 2007).
They play vital role in the food chains, as they
maintain the balance of the food web since
they consume many insects and themselves
are source of food for many avian and
mammalian species. Moreover, they recycle
nutrients between aquatic to terrestrial
environments, and removal of these creatures
from any ecosystem will lead to disturbances
in predator–prey dynamics, invertebrate
© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

populations, algae communities, leaf litter
decompositions, and nutrient cycling (ALI et
al., 2018).
Wetlands serve as critical habitat for many
species of amphibians and reptiles. They
depend upon a variety of wetland types,
which may include marshes, swamps, bogs
and fens (and their associated terrestrial
lands). Although some may be permanent and
others ephemeral, amphibian populations can
depend on multiple wetlands within a given
area. To protect these species over the long
term, the variety and density of suitable
habitat sites within the landscape must be
preserved, along with terrestrial corridors that
connect the wetlands. For many reptiles,
wetlands also serve as primary habitat,
supplying them with an ample source of food
and habitat for breeding and nursing.
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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Specially adapted reptiles that are able
swimmers are likely to be found in wetlands
(EPA, 2016).
In response to evidence of rapid
population declines and species loss of
amphibians and reptiles worldwide the
purpose of the current study is to identify the
real and potential threats to amphibians and
reptiles in three wetlands in Southern
Bulgaria,
with
different
degree
of
anthropogenic influence - Protected Area
“Zlato
pole”
(Dimitrovgrad
District),
“Tsalapitsa” Rice-Fields and “Plovdiv” RiceFields (Plovdiv District) and, to give some
recommendations for conservation measures.

and common name after BISERKOV et al. (2007),
STOJANOV et al. (2011), TZANKOV &
POPGEORGIEV (2015) and TZANKOV (2016).
Each observed amphibian and reptile was
identified at the species level. In some cases
observed amphibians and reptiles were
captured by hand or using a net, loops, etc. for
the more precise identification and released at
the same place. Some specimens were
identified by the sounds they make, their eggs
or larvae and skin sheds.
The conservation status of the species in
this study are presented according to the
contemporary Bulgarian and European
legislation (Table 1).

Materials and Methods
The assessment of the real and potential
threats to amphibians and reptiles in three
studied wetlands in Southern Bulgaria Protected Area “Zlato pole” (Dimitrovgrad
District),
“Tsalapitsa”
Rice-Fields
and
“Plovdiv” Rice-Fields (Plovdiv District) is
based on systematic visits and research of
different parts of the studied wetlands (Fig. 1).
The field research is conducted within the
territory of the studied wetlands once a month
in the active for the amphibians and reptiles
season – from March to November, during
two-year period 2017-2018.
Amphibians and reptiles were determined
visually using the field guide of BISERKOV et al.
(2007). For each species are given a valid Latin

Results and Discussion
During the study period, three predesignated wetlands - the “Zlato Pole”
Protected Area was selected for a control due
to its weak anthropogenic impact and status of
protected area; rice fields near Plovdiv and rice
fields near the village of Tsalapitsa, were
selected as anthropogenically influenced
zones. In all three areas the species
composition and the conservation significance
of amphibians and reptiles were studied in
order to assess the real and potential
conservation problems and threats for the
herpetofauna.
The species composition of the recorded
species of amphibians and reptiles in the three
studied wetlands is presented in Table 2.

Fig. 1. Indicative map of the location of the three studied wetlands in Southern Bulgaria.
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Table 1. Legal documents in the contemporary Bulgarian and European legislation,
determining the conservation status of the registered species in the current study.
Abbreviation

Legal Document/Annexes

Source

Biodiversity Protection Act of Bulgaria
BPA

DCE’92/43

Bern

BPA (2002)

Appendix II - species whose conservation requires the designation of special areas of
conservation of their habitats.
Appendix III - species protected in the whole of the country.
Appendix IV - species under the mode of protection and regulated use of nature.

Council Directive 92/43/EEC of 21
May 1992 on the conservation of
natural habitats and of wild fauna and
flora

EC (2006)

Annex II - animal and plant species of community interest whose conservation requires the
designation of special areas of conservation.
Annex IV - animal and plant species of community interest in need of strict protection.
Annex V - animal and plant species of community interest who is taking in the wild and
exploitation may be subject to management measures.

Convention on the Conservation of
European Wildlife and Natural
Habitats, Bern, 19.IX.1979

Bern Convention (1979)

Appendix II - strictly protected fauna species (status in force since 1 March 2002).
Appendix III - protected fauna species (status in force since 1 March 2002).

IUCN 2018. The IUCN Red List of
Threatened Species. Version 2018-2.
IUCN

NT - Near Threatened (a taxon is Near Threatened when it has been evaluated against the
criteria but does not qualify for Critically Endangered, Endangered or Vulnerable now, but is
close to qualifying for or is likely to qualify for a threatened category in the near future).
LC - Least Concern (a taxon is Least Concern when it has been evaluated against the criteria
and does not qualify for Critically Endangered, Endangered, Vulnerable or Near Threatened.
Widespread and abundant taxa are included in this category).

European Red List of Amphibians
European Red List of Reptiles
ERedList

IUCN ( 2018)

TEMPLE & COX (2009)
COX & TEMPLE (2009)

NT - Nearly Threatened - taxa that have been evaluated according to the IUCN criteria and
although they do not currently meet any of the criteria for inclusion in the Critically
Endangered, Threatened or Vulnerable categories, there is a lot likelihood in the near future
to meet one of the criteria for these categories.
LC – Least Concern - (a taxon is Least Concern when it has been evaluated against the criteria
and does not qualify for Critically Endangered, Endangered, Vulnerable or Near Threatened.
Widespread and abundant taxa are included in this category).

No newts were recorded in any of the
studied wetlands due to the fact that the
method used does not allow it. So the
analysis focuses only on the anurans and the
reptiles.
Among the recorded amphibian species,
the only species that has been registered in all
three wetlands is the Marsh frog (Pelophylax
ridibundus), which is the most commonly met
in the three surveyed areas. Most amphibian
species (6 species) were recorded in PA
“Zlato Pole”, the ”Tsalapitsa” Rice-Fields

ranked second with 3 species and only two
species were found in ”Plovdiv” Rice-Fields.
From the reptiles, most species were
recorded again in PA ”Zlato Pole” - 6 species,
in ”Tsalapitsa” Rice-Fields - 5 species and in
”Plovdiv” Rice Fields - 3 species.
From all three studied wetlands with the
greatest species richness, with respect to the
amphibians and the reptiles, stands out PA
“Zlato pole”, followed by ”Tsalapitsa” RiceFields and the lowest species richness is
registered in ”Plovdiv” Rice-Fields.
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Table 3 presents the conservation status
of the amphibians and reptiles recorded in
the studied wetlands according to the
contemporary national and international
conservation legislation. Eleven species are
protected under the Biodiversity Protection
Act (BPA, 2002): 2 species are included in
Annex II; 10 are included in Annex III and
one species is included in Annex IV (see
Table 1 for more information).
One species (Pelobates syriacus) was
included in the old edition of the Red Data
Book of Bulgaria (BESHKOV, 1985) with the
category ”threatened”. A series of studies
carried out on this species have shown that P.
syriacus has a much wider distribution than
previously thought and its populations are
stable. This led to the exclusion of this species
from the new edition of the Red Data Book of
Bulgaria in 2015 (GOLEMANSKI et al., 2015).
Thirteen species are included in the
Convention for the Conservation of Wild
European Flora and Fauna and Natural
Habitats (Bern Convention, 1979); 10 are
listed in Annex II as ”strictly protected” and 3
are listed in Annex III. Eleven species are
protected by Council Directive 92/43 (EC,
2006) on the conservation of natural habitats
and of wild fauna and flora: 2 species is
included in Annex II; 10 species are listed in
Annex IV and one species included in Annex

V (see Table 1 for more information). All
identified species are listed on the Red List of
Europe (COX & TEMPLE, 2009; TEMPLE & COX,
2009), in the “LC” category - least concern
(low risk) and one in category ”NT” - near
threatened. Thirteen species are included in
the Red List of Endangered Species of the
World Conservation Union (IUCN, 2018):
eleven with ”LC” category - least concern,
one with “LR/LC” category (low risk) and
one with ”NT” category - near threatened.
None of the recorded amphibians and reptiles
is included in the Convention on
International Trade in Endangered Species of
Wild Fauna and Flora (CITES, 1975).
The amphibians and reptiles found in the
surveyed areas are characterized with high
conservation significance at national and
international levels. Although most of them
are common species in the country, their
conservation is necessary in order to preserve
the native herpetofauna (as part of European
and world fauna) and to preserve
biodiversity in wetlands.
The main threats to amphibians and
reptiles in the studied wetlands are invariably
under the influence of the anthropogenic
factor. Its impact will be addressed in several
aspects: loss and habitat disturbance, direct
anthropogenic pressure (animal killing),
habitat pollution.

Table 2. Species composition of the amphibians and reptiles in PA “Zlato pole“,
“Tsalapitsa“ Rice-Fields and “Plovdiv“ Rice-Fields, recorded during the study period.
Species

PA “Zlato pole”

Bombina bombina (Linnaeus, 1761)
Pelobates syriacus Boettger, 1889
Bufo bufo (Linnaeus, 1758)
Bufotes viridis complex
Hyla arborea complex
Rana dalmatina Fitzinger ,1838
Pelophylax ridibundus complex
Emys orbicularis (Linnaeus, 1758)
Lacerta viridis (Laurenti, 1768)
Podarcis tauricus (Pallas, 1814)
Natrix natrix (Linnaeus, 1758)
Natrix tessellata (Laurenti, 1768)
Dolichophis caspius (Gmelin, 1789)

+
+
+
+
+
+
+
+
+
+
+
+
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“Plovdiv”
Rice-Fields
+
+
+
+
+
-

“Tsalapitsa”
Rice-Fields
+
+
+
+
+
+
+
+
-
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Table 3. Conservation status of the amphibians and reptiles in PA “Zlato pole“,
“Tsalapitsa“ Rice-Fields and “Plovdiv“ Rice-Fields, recorded during the study period. Legend
(for more information, please see Table 1): BPA - Biodiversity Protection Act of Bulgaria;
92/43 - Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats
and of wild fauna and flora (amended by Council Directive 2006/105/EC of 20 November
2006); Bern - Convention on the Conservation of European Wildlife and Natural Habitats,
Bern, 19.IX.1979; IUCN - IUCN Red List of Threatened Species; ERedList – European Red List
of amphibians and reptiles.
Species
Bombina bombina (Linnaeus, 1761)
Pelobates syriacus Boettger, 1889
Bufo bufo (Linnaeus, 1758)
Bufotes viridis complex
Hyla arborea complex
Pelophylax ridibundus complex
Rana dalmatina Fitzinger ,1838
Emys orbicularis (Linnaeus, 1758)
Lacerta viridis (Laurenti, 1768)
Podarcis tauricus (Pallas, 1814)
Natrix natrix (Linnaeus, 1758)
Natrix tessellata (Laurenti, 1768)
Dolichophis caspius (Gmelin, 1789)

BPA
II, III
III
III
III
III
IV
II, III
III
III
III
III

92/43
II, ІV
ІV
ІV
ІV
V
ІV
II, ІV
ІV
ІV
ІV
ІV

Habitat loss, disturbance, fragmentation
and isolation. In order to maintain healthy
amphibian and reptile populations, wetland
habitat must be protected. A watershed
contains multiple habitats, all of which are
affected by changes in hydrology, land use
and water quality. Since no habitat is
isolated from its surroundings, protection of
amphibians and reptiles must take place at
both the large-scale watershed level and at
the smaller scale of individual wetlands
(EPA, 2016). The most vulnerable to the loss
of freshwater habitats are all amphibian
species. They are directly dependent on the
availability of suitable breeding ponds. For
most of them, this is the determining factor
for their distribution and development in
wetlands. For B. bufo a potential threat may
occur the drainage of water basins
(especially in the rice-fields), since this
species is attached to the pond, in which it
has metamorphosed and when it becomes an
adult it comes back to the same pond to lay
its own eggs (BESHKOV et al., 1986).
The Green toad (B. viridis complex), on
the other hand, uses all sorts of breeding

Bern
II
II
III
II
II
III
II
II
II
II
III
II
II

IUCN
LC
LC
LC
LC
LC
LC
LC
NT
LC
LC
LR/LC
LC
LC

ERedList
LC
LC
LC
LC
LC
LC
LC
NT
LC
LC
LC
LC
LC

ponds (KÜHNEL & KRONE, 2003). Since its
breeding occurs mostly in small, temporary
ponds, its eggs are the most vulnerable place
in its life cycle. Often many of the eggs are
destroyed due to the rapid drying or
drainage of some of the water basins.
The Tree frog (H. arborea complex) is a
species that is well adapted to the wetlands.
It is not pretentious for the choice of
breeding ponds and the eggs can withstand
severe drought. It only suffers from
pollution and the loss of suitable breeding
grounds.
The rest of the registered amphibian
species (B. bombina, P. ridibundus complex
and R. dalmatina) directly depend on the
availability of water for their existence. The
Marsh frog is most adapted for living in
natural as well as anthropogenically
modified wetlands and is the most
commonly met species in all three studied
wetlands.
Direct anthropogenic pressure. During the
study period we recorded few species killed
on the adjacent roads around the wetlands.
At PA “Zlato pole” - P. syriacus and D.
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caspius; at “Tsalapitsa” Rice-Fields – P.
ridibundus complex and “Plovdiv” RiceFields – N. natrix. During their spring and
autumn migrations amphibians and reptiles
are quite vulnerable to this type of threat, as
stated in previous studies (KAMBOUROVAIVANOVA et al., 2012; MOLLOV et al., 2013).
The Marsh frog (P. ridibundus complex) is
subjected to collection by man for
consumption, but most likely there is no
direct danger of its disappearance. Even
according to BESHKOV (1993), the demand for
frogs' legs is mainly intended for the foreign
market and in recent years there is no overcollecting of frogs in the study area and
generally in the country.
The direct anthropogenic pressure also
affects the aquatic reptiles. According to
BESHKOV (1993) and according to our
observations, occasionally E. orbicularis are
caught by accident on the hooks of
fishermen, and most of them are often killed
afterward. The two species of aquatic snakes
are also killed by fishermen because they
rarely “attack“ the caught fish.
Habitat pollution. Negative influence on
all species directly related to water comes
from the massive pollution of most
wetlands. Amphibians are particularly
sensitive to environmental pollutants due to
their two-phase life cycle and their
physiological requirements (BLAUSTEIN et al.,
1994). Most ponds in the rice-fields are often
contaminated with a wide range of
pollutants,
including
heavy
metals,
pesticides,
unsolved
substances,
hydrocarbons and salts. Although this
problem is not well researched in the studied
wetlands, we assume that, except for the
Marsh frog, which is proved to be species
with a high ecological plasticity, which can
survive
even
strong
contamination
(BESHKOV, 1993; LEONTYEVA & SEMENOV,
1999), more sensitive to this type of threat
would be B. bombina, R. dalmatina and H.
arborea complex, which could be confirmed
by more detailed research on the subject.
Recommendations
and
conservation
measures. On the basis of the results of the

present
study,
the
following
recommendations for the conservation of the
diversity of amphibians and reptiles in the
three studied wetlands can be proposed.
All conservation measures and efforts
should be directed to preserving the
habitats. It is a good idea to place
information
signs
of
conservation
significance and ecology of this species in
the proximity of these water basins in order
to raise people's awareness of the protection
of the amphibians in the wetlands.
Very negative impact is also the collection
of sand and inert materials from the banks of
the Maritsa River near PA “Zlato pole”
(which is observed on many places along the
river as well). This activity in some places
may lead to destruction of the river banks, as
some species are directly affected, such as P.
syriacus, the two species of aquatic snakes
and E. orbicularis.
A positive role for the distribution of
many amphibian and reptile species has
been the construction of a dense network of
irrigation canals for the rice-fields. In order
for this network to continue to function, it is
necessary to maintain and repair it in many
places.
In order to limit the harmful impact of
road traffic, tunnels can be built under the
road, in the places where amphibians and
reptiles migrations are most often take place.
If the already built infrastructure does not
allow it, the only possible measure is to place
signs in these places to raise the attention of
the drivers.
Regular monitoring of actual and
potential threats must be included in the
Management Plan for PA “Zlato pole” and
NATURA2000 zone “Tsalapitsa Rice-Fields”,
in order to be achieved timely identification
and appropriate response to eliminate the
harmful effects. To deal with the problems,
arising from the threats of anthropogenic
origin, it is also recommended some
assistance
to
municipalities
in
the
neighboring settlements, in order that these
problems are solved, through organizing
awareness events, campaigns for better
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nature and preserving biodiversity in the
region.
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Conclusions
From all three studied wetlands with the
greatest species richness, with respect to the
amphibians and the reptiles, stands out PA
“Zlato pole”, followed by “Tsalapitsa“ RiceFields and the lowest species richness is
registered in “Plovdiv“ Rice-Fields. The
studied wetlands are characterized by a
number of threats with anthropogenic
origin. The most dangerous for amphibian
and reptile biodiversity and degradation of
the habitats remain habitats destruction
through drainage and land modification,
pollution and direct killing of individuals.
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Abstract. Bulgaria has joined the official intercalibration (IC) in order to complete the state
commitments for the classification of rivers based on Biological Quality Elements (BQE). The
objective of this paper was to verify whether the present Bulgarian classification method for
ecological status of large lowland (national type R7) and medium-sized lowland (national type R8)
rivers was compliant with the normative definitions of the Water Framework Directive. Thus, a
two-year study (2014 - 2015) on macroinvertebrate communities was conducted at 43 sites (18 from
R7 and 25 from R8). Differences in qualitative and quantitative composition in the abovementioned river types, as well as indicative potential of BQE in relation to different anthropogenic
pressures were analysed. Based on alternative benchmark sites (identified using the criteria defined
by the EU), the High/Good boundary and a reference value for the Biotic index were defined. Class
boundaries were in line with the results of the completed intercalibration exercise. We found a
significant association between the biotic index and all three groups of pressures (land use,
chemistry and hydro-morphology) and these results could be used for assessment of the ecological
status. The national assessment method (based on our data) was in good agreement with the
accepted methods from other member states who share the same river types within the Eastern
Continental Geographical Intercalibration Group (EC-GIG).
Key words: benthic macroinvertebrates, river types, large and medium-sized lowland rivers,
ecological quality assessment, pressure, Bulgaria, Geographical Intercalibration Groups.

Introduction
The European Water Framework
Directive (WFD) 2000/60/ЕС (EC, 2000)
requires national classifications of ecological
status to be harmonised through an
intercalibration. In this intercalibration
exercise, significant differences in status
classification among member states are
harmonised by comparing and, if necessary,
© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

adjusting the good status boundaries of the
national
assessment
methods.
The
intercalibration is performed for rivers,
lakes, coastal and transitional waters,
focusing on selected types of water bodies
(intercalibration
types),
anthropogenic
pressures and Biological Quality Elements
(BQE). Among these BQE are also benthic
macroinvertebrates (Directive 2000/60/ЕС –
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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EC, 2000). The development of ecological
assessment and classification systems is
considered as one of the most important and
technically challenging parts of the
implementation of the WFD.
The
official
intercalibration
of
invertebrate-based methods of ecological
status assessment in the Eastern Continental
(EC) rivers has been finalised within the ECGIG (Geographical Intercalibration Group)
intercalibration in 2011 (OPATRILOVA, 2011).
The EC-GIG includes nine types, four of
which are relevant for Bulgaria. Bulgaria has
already joined the IC round but only the
methods for IC types R-E1a (= national type
R2) and R-E4 (R-E1b) (= R4) have been
successfully intercalibrated at the first stage
(European Union, 2013). The Bulgarian
method for IC types R-E2 (= R8) and R-E3 (=
R7) has to be approved and recognised as
compatible with the methods of other ECGIG countries and are treated in this
publication (Table 1).
Various pressures have been addressed
by the different methods in the finalised IC
exercise. Most countries indicated as
detected pressures general and hydromorphological degradation and pollution by

organic matter. The Bulgarian (BG) method
addresses mainly catchment land use,
pollution
by
organic
matter
and
eutrophication,
as
well
as
habitat
destruction. The BG method is, therefore,
comparable to the methods which have
already been successfully intercalibrated.
The objective of this paper is to present
the results of the completed intercalibration
exercise for the Bulgarian classification
method of ecological status assessment of
rivers belonging to the IC types R-E2 (= R8
national type) and R-E3 (= R7 national type)
based on benthic invertebrates. This is in line
and compliant with the WFD normative
definitions and its class boundaries.
Validation of the final results allowed the
successful IC of the method for analysing
these river types of surface water.
Material and Methods
Site selection
All visited sites belonged to Ecoregion
12 and are Bulgarian tributaries of the
Danube River (Fig. 1). The number of
sampled sites sharing the common types RE2 (= R8) and R-E3 (= R7) were 25 and 18,
respectively (Table 2).

Table 1. Main IC types in the EC GIG (2015) and corresponding national types.
Common
Ecoregion
intercalibration type
Carpathians: small to
R-E1a
10
medium, mid-altitude
R-E4
Carpathians: small to
11, 12 (10)
(R-E1b) medium, mid altitude
Plains: medium-sized,
R-E2
11,12
lowland
R-E3
Plains: large, lowland
11,12
R-EX4 Large, mid-altitude
10, 11, 12
R-EX5 Plain: small lowland
11, 12
Plain: small, midR-EX6
11, 12
altitude
Balkan: small to
R-EX8 medium-sized,
5
calcareous, karst spring
Type

Catchment
area [km²]

10–1,000

500–800

R2

10–1,000

200–500

R4

100–1,000

<200

R8

>1,000
>1,000
10–100

<200
200–500
<200

R7
–
–

10–100

200–500

–

10–1,000
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Altitude National Status IC
[m]
type
for Bulgaria

–

Finalised
1st stage
Finalised
2nd stage

Not
applicable
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Fig. 1. Scheme of the sampled localities. Legend: R7- triangles, R8- circles.
With * are marked the alternative benchmark sites.
Table 2. List of the sampled sites, including their location and the years they were
sampled. With * are marked the alternative benchmark sites.
N
1
2*
3
4
5
6
7
8
9
10
11
12
13*
14*
15
16
17*
18
19
20
21
22
23*

River/Site
Timok, Bregovo
Topolovets, outflow
Voynishka, Tarnyane
Vidbol, Dunavtsi
Archar, outflow
Skomlya, Septemvriitsi
Skomlya, Dobri Dol
Lom, outflow
Tsibrica, Vulchedrum
Tsibrica, Dolni Tsibar
Ogosta, Montana
Ogosta, Kobilyak
Botunya, Babino
Botunya, Ohrid
Ribine, outflow
Skut, Peshtene
Skut, Turnava
Skut, Miziya
Zlatna Panega, outflow
Gostilya, outflow
Iskar, Orechovitsa
Tuchenitsa, outflow
Vit, Gulyantsi

River Code
Tim_Bre
Top_out
Voy_Tar
Vid_Dun
Arc_out
Sko_Sep
Sko_DD
Lom_out
Tsi_Val
Tsi_DTs
Ogo_Mon
Ogo_Kob
Bot_Bab
Bot_Ohr
Rib_out
Sku_Pes
Sku_Tur
Sku_Miz
ZP_out
Gos_out
Isk_Ore
Tuc_out
Vit_Gul

Latitude
44.15879
43.98285
43.92621
43.90302
43.81282
43.75767
43.78646
43.80043
43.69198
43.81373
43.41376
43.51896
43.36862
43.45611
43.53667
43.32685
43.5066
43.70873
43.29042
43.56333
43.58523
43.45216
43.6341
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Longitude
22.62339
22.81737
22.79877
22.80533
22.92031
22.9422
22.98025
23.24489
23.45198
23.52269
23.24561
23.44371
23.45628
23.37115
23.56741
23.75459
23.88259
23.85094
24.07267
24.25523
24.35858
24.5576
24.69868

River Type
R8_RE2
R8_RE2
R8_RE2
R8_RE2
R8_RE2
R8_RE2
R8_RE2
R8_RE2
R8_RE2
R8_RE2
R7_RE3
R7_RE3
R8_RE2
R8_RE2
R8_RE2
R8_RE2
R8_RE2
R8_RE2
R8_RE2
R8_RE2
R7_RE3
R8_RE2
R7_RE3

2014
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

2015
x
x
x
x
х
x
x
х
х
х
х
х
х
х
х
x
x
x
x
х
х
x
х
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N
24
25*
26
27
28*
29*
30*
31*
32
33
34
35
36
37
38
39*
40
41*
42
43

River/Site
Shavarna, outflow
Osam, Levski
Osam, Izgrev
Osam, Cherkovitsa
Krapets, outflow
Dzhulyunishka,
Dzhulyunitsa
Stara, Kesarevo
Stara, Bryagovitsa
Rositsa, Polikraishte
Eliiska, outflow
Yantra, Karantsi
Studena, outflow
Yantra, Novgrad
Popovski Lom, Popovo
Beli Lom, Razgrad
Beli Lom, Pisanets
Cherni Lom, Ostritsa
Cherni Lom, Shirokovo
Rusenski Lom, outflow
Cherni Lom, Cherven

River Code
Sha_out
Osa_Lev
Osa_Izg
Osa_Che
Kra_out

Latitude
43.33947
43.40111
43.46626
43.62909
43.04267

Longitude
25.14396
25.1551
24.97677
24.84998
24.8802

River Type
R8_RE2
R7_RE3
R7_RE3
R7_RE3
R8_RE2

Dzh_Dzh

43.139

25.90652

R7_RE3

х

Sta_Kes
Sta_Bry
Ros_Pol
Eli_out
Yan_Kar
Stu_out
Yan_Nov
PL_Pop
BL_Raz
BL_Pis
ChL_Ost
ChL_Shi
RL_out
ChL_Che

43.16817
43.19072
43.21666
43.37786
43.37904
43.59722
43.61338
43.34932
43.52449
43.66717
43.53482
43.58523
43.80841
43.61258

25.9328
25.8803
25.63865
25.65659
25.66774
25.56976
25.5933
26.25231
26.55396
26.18122
25.97467
25.94469
25.9377
26.02452

R7_RE3
R7_RE3
R7_RE3
R8_RE2
R7_RE3
R8_RE2
R7_RE3
R8_RE2
R7_RE3
R7_RE3
R7_RE3
R8_RE2
R7_RE3
R7_RE3

х
х
х
х
x
x
х
х
х
x
х
х
х

Sample collection and processing
Benthic macroinvertebrates were collected
by wading in the river or along the riparian zone
in deep rivers (ca. 100 m). The procedure
followed a multi-habitat sampling strategy,
where several subsamples from representative
habitats were combined to one mixed sample,
depending of their relative proportion in the river
(CHESHMEDJIEV & VARADINOVA, 2013). The
sampling followed EN 16150:2012 (Pro-rata
multi-habitat sampling) using a hand net (mesh
size 500 µm) with 10 units (~ 0.9 m²) and was
done once a year (2014-2015) in late summer
(August–October). Benthic samples were
preserved in 70 % alcohol. All macroinvertebrates
were sorted and determined using a stereo
microscope. For large samples, subsamples were
taken. All taxa were identified to family level,
where possible to species/genus level.
Additionally,
hydro-morphological
alterations,
such
as
impoundment,
hydropeaking, abstraction, dams within river
segment, dams at the site, channelisation,
riparian vegetation within the river segment,
riparian vegetation at the site, habitat alteration
within the river segment, habitat alteration at
the site and dykes were assessed in situ using a
scale from 0 (no) to 3 (high) for all variables

2014
x

x

x
x
x

x
x

2015
х
х
х
х

except water abstraction, where the maximum
value was 2 (moderate).
Further, physical and chemical parameters
of the water were studied. Electric conductivity
(EC) was measured in situ using portable
Windaus Labortechnik Package. Water samples
were collected for measuring biological oxygen
demand (BOD5), orthophosphate-P (SRP),
nitrate-N (NO3-N) and ammonium-N (NH4-N).
Chemical parameters were analysed in an
accredited laboratory using the following
standards: pH - ISO 10523; oxygen
concentration (mg/l) and saturation (%) - EN
25814; electric conductivity (μS/cm) - EN 27888;
BOD5 (mg/l) - EN 1899-2; SRP (mg/l) ISO6878; NO3-N (mg/l) - ISO 7890-1; NH 4-N
(mg/l) - ISO 7150-1.
Data analyses
Due to biogeographical and typological
reasons, as well as differences in data
acquisition, biological data of different
countries or different water types cannot be
compared without concern. For this reason,
WFD (Directive 2000/60/ЕС - EC, 2000)
requires the use of reference conditions within
each GIG as a benchmark to standardise
biological assessment metrics and assessment
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results have to be expressed as Ecological
Quality Ratios (EQR). In this study, the setting
of reference values was done based on
alternative benchmark sites, since true reference
sites were lacking. The criteria for alternative
benchmark sites were according to the EC-GIG
report (OPRATILOVA, 2011).

The relationships between these pressures
and BI were explored by fitting linear models in
R software, version 3.4.2 (R Core Team, 2017).
Results and Discussion
Invertebrates
We recorded 259 aquatic macroinvertebrate taxa belonging to 23 systematic
groups: 130 taxa were identified to species level,
72 - to generic, 52 – to family, two – to order,
two – to class and one to phylum level. The
highest taxon richness was found in the
following
groups:
Gastropoda
(41),
Ephemeroptera (39), Oligochaeta (26) and
Chironomidae (25). Approximately half of the
groups were presented with less than five taxa.
Macroinvertebrate communities were more
diverse at the sites of R8 river type (238 taxa), as
compared to R7 sites (125 taxa). Furthermore,
134 taxa were found only in small and
medium-sized rivers, while in large rivers the
typical inhabitants were just 21 taxa. This was
most probably due to the more diverse
microhabitats at R8 sites, on the one hand, and
due to the fact that R7 sites were sampled only
once (in 2015), on the other.

Metric calculation
The Irish Biotic index (BI) was used for both
river types according MCGARRIGLE et al. (1992,
MCGARRIGLE & LUCEY, 2009). The metric
calculation is described in detail in Ordinance No
412 (2011) (Appendix II.2.). The BI was calculated
from the relative proportions of the tolerance
groups of macroinvertebrates. Depending on
additional criteria, the calculated values might be
downgraded (YANEVA & CHESHMEDJIEV, 1999).
EQR is the ratio between the observed index value
and the index value typical for reference sites (for
R7/R8 rivers the maximum BI value is 5;
CHESHMEDJIEV & VARADINOVA, 2013): EQRBI =
measured value / reference value.
The biological monitoring working party
(BMWP) is a procedure for measuring water
quality and is calculated as the sum of the
indicator values of the presented families. We
also calculated the average score per taxon
(ASPT) by dividing BMWP by the number of
scoring taxa in the sample (ARMITAGE et al.,
1983; HAWKES, 1998).

Biotic indices
The intercalibration exercise follows
similar assessment concepts, viz. multimetric
index based on structure and “species traits”
metrics. Only the method of Bulgaria is based
on the Irish Biotic index. This index was also
used in the previous round of IC in Bulgaria,
when R-E1a and R-E1b river types had been
successfully intercalibrated. Hence, this method
can be accepted and the IC exercise using the
fit-in procedure (European Union, 2015) is
considered as feasible in terms of assessment
concepts. The values of the indices/metrics for
the alternative benchmark sites are presented in
Fig. 2.
According to the alternative benchmark
criteria (OPATRILOVA, 2011), ASPT index should
be in the range 5 - 6.4. According ARMITAGE et al.
(1983) and ZAMORA-MUÑOZ et al. (1995), ASPT
ignores random factors, gives a more realistic
picture of the conditions in a river and records

Pressure-impact relationships
The impact of three types of pressures on
macrozoobenthos was assessed. For two of the
pressure types we used data obtained in situ
from 2014-2015:
1. Hydro-chemistry (including EC, BOD5,
SRP, NO3-N, NH4-N);
2. Hydro-morphology (for details see
Sampling collection).
The impact of the third type of pressure,
land use, was assessed based on data collected
for R-E2 and R-E3 sites between 2009 and 2015.
The impact of land use was analysed using
CORINE Land Cover (CLC), as well as the
land-use index (LUI), which was derived from
CLC and defined as: LUI=4.CLCurban + 2.CLCagr.
intens. + CLCagr. extens.
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smaller differences in water quality as compared
to BMWP. Our results showed identical
dynamics for both indices (Fig. 2a). Despite the
lower ASPT values at three of the observed
benchmark sites (CHL_Shi, Osa_Lev and
Sta_Kes), according their BI-value (resp.
EQR_BI), they belonged to the category of rivers
with/in good ecological quality. Most probably
the higher BOD5 values there (Table 4) was
responsible for the loss of sensitive taxa and
consequently - lower BMWP/ASPT- values at
these sites. Contrary, higher values of all indices
were established at sites Bot_Ohr, Bot_Bab and
Sta_Bry, where BOD5 values were the lowest.

because the values of BI for the alternative
benchmark sites did not differ significantly
between the two types. The calculated value for
BI was 3.84.
Neither any discontinuity in the
relationship between pressure and the impact,
nor a paired metric analysis (both approaches
according to Guidance Document No. 14, EC
(2011)) were helpful to set the boundaries for
the status classes. Following Step 8 of the
Boundary
Setting
Protocol
(Guidance
Document No. 14, EC (2011), page 65), the
continuum of impact was divided into equal
width classes, starting from the H/G boundary
(reference value 4.7 ☓ 0.8). As the lowest
possible value of BI is 1, which has been found
for instance in Beli Lom near Razgrad, the
whole gradient of ecological status is covered.
The maximum BI value found in the data set
was 4.5 (e.g. Skomlya near Septemvriytsi
Village).

Reference values and class boundaries
The water quality assessed using BI (resp.
EQR_IBI) of the selected benchmark sites
varied from excellent to good (Fig. 2b, Table 3).
Both IC types were treated together, due to the
small data set (n = 16 for both types) and

Fig. 2. Alternative benchmark sites and measured values for the ASPT, BMWP metrics
(a) and IBI, EQR_IBI metrics (b) for IC river types R-E2 (= R8) and R-E3 (= R7) in Bulgaria.
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The following algorithms were used to transform EQR values to nEQR values:
EQRi
nEQRi
≥1
1
≥ EQRH/G
(EQRi –EQRH/G) / (1 – EQRH/G) * 0.2 + 0.8
EQRH/G>EQRi ≥ EQRG/M
(EQRi –EQRG/M) / (EQRH/G – EQRG/M) * 0.2 + 0.6
EQRG/M>EQRi ≥ EQRM/P
(EQRi –EQRM/P) / (EQRG/M – EQRM/P) * 0.2 + 0.4
EQRM/P>EQRi ≥ EQRP/B
(EQRi –EQRP/B) / (EQRM/P – EQRP/B) * 0.2 + 0.2
<EQRP/B
(EQRi –EQRmin) / (EQRP/B – EQRmin) * 0.2
By dividing the class boundaries by the
reference value, the EQR for all class boundaries
was calculated. The EQR was transformed to
normalised EQR in order to define H/G as 0.8,
G/M as 0.6, etc. Each class includes the lower
class boundary (e.g., nEQR = 0.8 → high status).
The percentiles, which have often been used
in defining the H/G boundary, cannot be used in
the case of BI, because the index is ordinal and not
metric (only values in 0.5-steps). As alternative, a
logit regression was used to derive the H/G
boundary, defined at 85%. The inverse EQR of
the H/G boundary (3.84/0.8) gave the reference
values for R-E2 and R-E3 (rounded to 1 digit):
reference BI = 4.8. Using the fit-in procedure
(European Union, 2015), the method for these
rivers is considered as intercalibrated.

since they are close to R7 in terms of their abiotic
characteristics, they are included in the
calculations for the IC river type R-E3 (Table 4).
For the hydro-morphological screening
parameters, it was required that each site has the
following parameter values equal to „no“ or
„low“ status, while also allowing for at most three
parameters corresponding to „medium“ and just
one to „high“ status: impoundment, hydropeaking, water abstraction, upstream dam
influence, water temperature modification,
channelisation, alteration of riparian vegetation,
local habitat alteration, dykes, toxic risk, water
acidification, navigation and recreational use.
By varying the weight of these variables, the
following combinations performed best (i.e.
resulted in the highest R 2 = highest proportion in
the variance of BI explained by the pressure index):
Pressure Index I (for R-E2) = Abstract. +
Dams_seg + Dams_Site + VegRip_seg + 4 x
HabAlt_seg + 2 x HabAlt_site
Pressure Index II (for R-E3) = Channelisation +
VegRip_seg + HabAlt_site + 4 x Dykes.

Pressure-impact relationship
According OPRATILOVA (2011), at least four
of the seven parameters used for the screening of
alternative benchmark sites have to fit within the
given threshold (Table 4).
According to the latest revision of the water
bodies in the Danube Region (Water basin
Directorate “Danube Region”, 2010), the sites
Dzh_Dzh (Dzhulyunska/ Dzhulyunitsa bridge)
and Sta_Kes (Stara/below Kesarovo) belong to
national river type R4 rather than R7. However,

Pressure-response relationships for the Biotic
index in R-E2 and R-E3 river types.
The impact of hydro-chemistry, hydromorphology and land use on macrozoobenthos
was assessed (Table 5).

Table 3. Reference values and class boundaries for the Biotic index (BI), as well as EQR
and normalised EQR (nEQR) values in the IC river types R-E2 (=R8) and R-E3 (=R7).
Reference values
High / Good Boundary
Good / Moderate Boundary
Moderate / Poor Boundary
Poor / Bad Boundary
Lower boundary of Bad status

BI
4.80
3.84
3.13
2.42
1.71
1.00
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EQR
1.00
0.80
0.652
0.504
0.356
0.208

nEQR
1.00
0.80
0.60
0.40
0.20
0.00
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Table 4. Alternative benchmark sites for IC river types R-E2 (= R8) and R-E3 (= R7) in
Bulgaria. EC=electric conductivity, BOD5=biological oxygen demand, SRP=orthophosphateP, NO3-N=nitrate-N, NH4-N=ammonium-N, LUI=Land use index.
SiteCode
Alternative benchmark
sites ranges
Top_out, 2014
ChL_Shi, 2015
Kra_out, 2014
R-E2
Kra_out, 2015
(=R8)
Bot_Ohr, 2014
Bot_Ohr, 2015
Bot_Bab, 2015
Sku_Tur, 2014
Dzh_Dzh, 2014
Dzh_Dzh, 2015
Sta_Bry, 2014
R-E3
Sta_Bry, 2015
(=R7)
BL_Pis, 2015
Vit_Gul, 2015
Osa_Lev, 2015
Sta_Kes, 2015

EC
µS/cm

SRP
mg/l

NO3-N
mg/l

NH4-N
mg/l

LUI
%

250-620

0.04-0.25

2.0-6.0

0.1-0.25

50-170

352
793
537
519
445
540
321
542
520
449
505
817
849
550
585
438

0.09
0.186
0.038
0.03
0.07
0.102
0.03
0.083
0.03
0.03
0.03
0.054
0.179
0.159
0.051
0.087

0.66
2.06
2.22
0.401
1.66
1.27
0.66
1.65
1.52
0.15
1.28
0.6
4.64
1.17
0.66
0.3

0.74
0.04
0.11
0.04
0.04
0.04
0.04
0.04
0.04
0.06
0.084
0.07
0.094
0.07
0.29
0.4

150
142
65
65
106
106
76
170
63
63
78
78
149
120
117
85

Table 5. Pressure-response relationships for the Biotic index in R-E2 and R-E3 river types.
River type
R-E2 (= R8)
R-E3 (= R7)
R-E2 (= R8)
R-E2 (= R8)
R-E2 (= R8)
R-E2 (= R8)
R-E2 (= R8)
R-E3 (= R7)

Pressure/Environmental factor
CLC urban
CLC agriculture intensive
BOD5
PO4-P (SRP)
NO3-N
NH4-N
Pressure Index Hydromorphology
Pressure Index Hydromorphology

For all three groups of pressures (land
use, chemistry, hydro-morphology), the
significant regressions are reported (for
chemistry only for type R-E2). In all of the
regression models, BI increased with the
decrease of the pressures’ intensity. R-E2 (=
R8) sites were more sensitive to hydromorphological alterations. The relationship
between CLCnatural and BI showed the same
tendency: when the conditions were close to

Response
BI
BI
BI
BI
BI
BI

n
26
22
43
43
43
43

R2
0.49
0.32
0.06
0.48
0.14
0.31

p
<0.001
0.006
n.s.
<0.001
0.012
<0.001

BI

20

0.43

0.002

BI

17

0.36

0.011

the natural ones, the BI was higher. The
Corine Land Cover (category urban) was
negatively associated with values of BI in
urban areas in both river types. Densely
populated areas in the European lowlands
suffer from direct human activities causing
morphological alteration and habitat loss
(CIS, 2006). However, the small and
medium- sized rivers were more sensitive
and vulnerable. Similar was the pressure-

70

Soufi et al.
response relationship between the intensive
agriculture and BI for R-E3 (= R7). Among
the hydro-chemical parameters, BI was more
sensitive to increasing of SRP and NH4-N.
Therefore, the Biotic index clearly
responds to anthropogenic impacts and can
be used for the assessment of the ecological
status, confirming the findings of HOLT &
MILLER (2010).

Geographical
intercalibration
groups“,
conducted by consortium DIKON-UBA.
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Abstract. The present work focuses on the study of the potential mito-inhibiting and genotoxic effect
of lead and cadmium in the root meristem of Allium cepa L. in vivo. A cytotoxic effect of lead and
cadmium was registered, as evidenced by the lower mitotic index values in all test concentrations
compared to the control. The analysis of the microscopic preparations for the experimental variants of
the two heavy metals showed a significant genotoxic effect. All analyzed samples of lead and
cadmium demonstrate an increased frequency of chromosomal aberrations compared to the control,
as a positive dependence was established between the frequencies reported and the concentration of
the studied metals. Lead and cadmium solutions cause a wide range of chromosomal aberrations,
varying with the dose of the metal. The most common observed disorders are: acentric fragments,
lagging and “vagrant” chromosomes, micronuclei, chromosome bridges, and asynchronous mitosis,
demonstrating the genotoxic potential of the studied heavy metals. For both metals a maximum
frequency of aberrations for the concentration limit is established. By comparing the two heavy
metals, it has been found that lead has a greater cytostatic potential than cadmium by more effectively
inhibiting cell division. The results obtained regarding the frequency of chromosomal aberrations
show a higher genotoxic effect of cadmium compared to lead.
Key words: heavy metals, chromosomal aberration, mitotic index, Allium test.

Introduction
Heavy metals are a group of chemical
elements that are known to be one of the most
significant causes of environmental and health
risks. They accumulate in the environment as a
result of active production activity. Some
heavy metals such as lead and cadmium are
not specific to living organisms that have no
developed mechanisms to eliminate them.
These metals can not be metabolized and
accumulate in organisms, causing intoxication.
In view of the negative biological effect that
heavy metals have on living organisms,
monitoring programs are in place to determine
the effect of their impact using biomarker
© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

systems. The existing dependence between the
increase in the concentration of heavy metals
in the environment and the stimulation of
genotoxicity and carcinogenicity has been
reported in a number of ecotoxicological
studies (KUNGOLOS et al., 2006; ŽEGURA et al.,
2009). Chromosomal analysis of plants is a
commonly used tool for assessing the
damaging properties of heavy metals.
According to RANK (2003), the occurrence of
aberrations in anaphase and telophase cells in
Allium cepa represents a rapid screening for the
detection of chemical substances in
environmental samples. GLINSKA et al. (2007)
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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use the Allium cepa test system to analyze the
influence of heavy metals on lead and
cadmium. They found reduction in mitotic
index, changes in phase indices and
abnormalities during mitosis, consistent with
that reported by LIU et al. (1994) and
PĂDUREANU (2005). KUMAR & SRIVASTAVA
(2015) found clastogenic and mito-inhibiting
effect of heavy metals lead and cadmium in
plant cells, taking into account specific
variations
in
chromosomal
behavior
depending on the concentrations of the metals
used for seed treatment. ÜNYAYAR et al. (2006)
identified cadmium as one of the most toxic
pollutants of the environment affecting
cytogenetically different organisms. The
analysis of chromosomal aberrations in cells of
Allium cepa L. root apical meristem is accepted
by the International Program on Plant
Bioassays (IPPB) for monitoring or testing
environmental pollutants (MA, 1999). The
present study aims to investigate the influence
of various lead and cadmium concentrations
on Allium cepa L. root meristem cells at
cytological cellular and chromosomal levels.

other pollutants dated 2010, as well as 75%,
50% and 25% of the MPC for the metal for
determination of cytotoxic and genotoxyc
effect and at lower concentration of metals
compared to MPC. The onion seeds are placed
in petri dishes on a three-layer filter paper
under humid chamber conditions. The filter
paper is moistened with the test solutions with
different concentrations of Cd(NO3)2 and
Pb(NO3)2, and in the control variant with
distilled water. For the preparation of
temporary microscopic preparations, the root
apical meristem is used. The mutagenic effect
of the pesticide is reported using the Allium
test (according to FISKESJÖ, 1988, with
modifications by IVANOVA et al. 2005;
STAYKOVA
et
al.
2010).
Microscopic
preparations were observed under a light
microscope at 400x magnification and were
photographed with a digital camera for
microphotographing. At least 2000 cells were
analyzed for each experimental variant and for
the control.
Results
Cytotoxicity of heavy metals lead and
cadmium
To analyze the cytotoxic activity of the
tested heavy metals, the mitotic index and the
phase indices that are indicative of cell
proliferation are used. Tables 1 and 2 give
data on mitotic and phase indexes in the
growing root tip of Allium cepa in control and
experimental variants treated with different
concentrations of lead and cadmium.

Materials and Methods
For the purpose of the study, annual
seeds of Allium cepa and solutions with
different concentrations of Cd(NO3)2 и
Pb(NO3)2 were used. The maximum
permissible concentration (MPC) has been
analysed for the respective metal, according to
the Ordinance on environmental quality
standards for priority substances and certain

Table 1. Mitotic index and phase indices (in %) in Allium cepa, treated with different
concentrations of lead.
Samples
Control
Pb 25
1.8 µg.l-1 Pb(NO3)2
Pb 50
3.6 µg.l-1 Pb(NO3)2
Pb 75
5.4 µg.l-1 Pb(NO3)2
Pb 100
7.2 µg.l-1 Pb(NO3)2

Phase indices
IMph
IAph
3.39
1.67

Mitotic
index, IM
68.45

IPph
91.45

40.54

91.19

3.22

2.84

2.75

34.07

88.37

4.31

4.31

3.01

36.49

86.11

5.27

4.16

4.46

35.95

91.66

2.61

2.91

2.82
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Table 2. Mitotic index and phase indices (in %) in Allium cepa, treated with different
concentrations of cadmium.
Samples
Control
Cd 25
0.1 µg.l-1 Cd(NO3)2
Cd 50
0.225 µg.l-1
Cd(NO3)2
Cd 75
0.3375 µg.l-1
Cd(NO3)2
Cd 100
0.45 µg.l-1 Cd(NO3)2

Phase indices
IMph
IAph
3.39
1.67

Mitotic
index, IM
68.45

IPph
91.45

53.99

89.35

4.12

2.86

3.7

62.89

92.65

2.64

2.15

2.57

61.7

93.14

2.51

2.08

2.27

50.91

91.23

3.62

2.15

3.0

Genotoxicity of heavy metals lead and cadmium
In the present study, metal-induced
genotoxic effects were assessed by determining
the type and frequency of chromosomal
aberrations in the root meristem cells of Allium
cepa. By anaphase analysis and micronucleus test,
cells with disorders of the type of “vagrant” and
lagging chromosomes, asynchronous mitosis,

ITph
3.49

anaphase and telophase bridges, micronuclei and
acentric fragments were reported (Fig. 1 and 2).
Tables 3 and 4 represent the calculated total
chromosome aberration frequency and the
frequency of each individual structural aberration
type (in %) relative to the total number of cells
analyzed and the number of dividing cells in the
test and control samples of the two test metals.

Fig. 1 (a-f). “Vagrant” chromosomes in sample Pb25 (a), asynchronous mitosis in sample
Pb75 (b), anaphase (c) and telophase (d) bridges in samples Pb100, micronuclei in sample
Pb50 (e), c-mitosis and fragments in sample Pb75 (f), magnification 400x, scale bar 10 µm.
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Fig. 2 (a-f). Fragments in sample Cd100 (a), “Vagrant” chromosomes in sample Cd100 (b),
micronuclei in sample Cd100 (c), fragment in sample Cd75 (d), anaphase bridges in sample
Cd75 (e), “Vagrant” chromosome in sample Cd50 (f), magnification 400x, scale bar 10 µm.
Table 3. Frequency of chromosome aberrations, analized by means of Allium test
relative to the total number of analyzed cells (on the first row) and the dividing cells (on the
second row).

Samples

Control
Pb 25
1.8 µg.l-1Pb(NO3)2
Pb 50
3.6 µg.l-1Pb(NO3)2
Pb 75
5.4 µg.l-1Pb(NO3)2
Pb 100
7.2 µg.l-1Pb(NO3)2

Cells
with
micronuclei

0.25
0.37
0.19
0.47
0.24
0.70
0.15
0.41
0.18
0.50

Asynchronous
mitosis

Cells with
chromosomal
fragments

Cells
with
chromosomal
bridges

Cells
with
lagging
chromosomes

Total
number
of cells
with
aberrations

0.00
0.00
0.08
0.19
0.00
0.00
0.07
0.20
0.11
0.30

0.00
0.00
0.04
0.09
0.07
0.20
0.04
0.10
0.29
0.80

0.06
0.09
0.23
0.57
0.03
0.10
0.11
0.30
0.11
0.30

0.16
0.23
0.12
0.28
0.38
1.10
0.30
0.81
0.07
0.20

0.48
0.70
0.65
1.61
0.72
2.11
0.67
1.38
0.76
2.11

76

Ivan Y. Stoyanov, Penka L. Vasileva, Teodora P. Popova, Betina N. Slavova
Table 4. Frequency of chromosome aberrations, analized by means of Allium test
relative to the total number of analyzed cells (on the first row) and the dividing cells (on the
second row)

Samples

Control
Cd 25
0.1 µg.l-1 Cd(NO3)2
Cd 50
0.225 µg.l-1 Cd(NO3)2
Cd 75
0.3375 µg.l-1Cd(NO3)2
Cd 100
0.45 µg.l-1Cd(NO3)2

Cells
with
micronuclei

0.25
0.37
0.33
0.60
0.31
0.49
0.29
0.47
0.37
0.74

Asynchronous
mitosis

Cells with
chromosomal
fragments

Cells with
chromosomal
bridges

Cells
with
lagging
chromosomes

Total
number
of cells
with
aberrations

0.00
0.00
0.03
0.05
0.04
0.07
0.12
0.19
0.03
0.06

0.00
0.00
0.06
0.11
0.26
0.42
0.20
0.33
0.49
0.96

0.06
0.09
0.03
0.05
0.09
0.14
0.20
0.33
0.09
0.17

0.16
0.23
0.33
0.60
0.35
0.55
0.38
0.61
0.32
0.62

0.48
0.70
0.77
1.43
1.09
1.73
1.20
1.94
1.30
2.55

Discussion
Cytotoxic effect of lead
The suppression of mitotic activity is one
of the indicators of cytotoxicity (SMAKA-KINCL
et al., 1996). The results we have obtained
show that lead has a depressive effect on cell
proliferation, which is consistent with that
reported by LIU et al. (1994) and KUMAR &
SRIVASTAVA (2015). All concentrations of lead
correlate with lower values of the mitotic
index compared to the control, which is
evidence of cytostatic effect (Table 1). This
effect is probably due either to cell cycle
disorders or chromatin dysfunction induced
by the interaction between heavy metals and
DNA (MESI & KOPLIKU, 2014). The highest
lead depressive activity with respect to cell
proliferation was recorded in samples Pb50,
Pb75 and Pb100. We found the highest
prophase index (88.37 - 91.66) in the phase
indices in the control and experimental
variants, indicating the longest duration of this
phase of cell division.

producers from the government generate a
negative attitude towards fish-eating birds in
the study area, motivating fish farmers to
exterminate piscivorous birds, opposing to
nature conservation legislation.
Cormorants were the species with the
highest potential threat for extermination from
fish farmers.
Cytotoxic effect of cadmium
Analysis of the mitotic index and phase
index results in control and experimental
variants shows an inhibitory effect of
cadmium on cell division (Table 2). We found
the lowest degree of cell proliferation at the
maximum admissible cadmium concentration
(Cd100), which corresponds to the lowest
mitotic index - 50.91. We recorded the largest
number of dividing cells in the control variant,
where the value of the mitotic index was
higher (68.45) than all the experimental
variants. We found a gradual decrease in the
value of the mitotic index at all tested
cadmium concentrations, except for sample
Cd 25. This provoked a higher cytostatic effect
of all tested concentrations except for the
maximum admissible. According to BADR &

Conclusions
Economic losses from eaten and damaged
fish and the lack of compensation for fish
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IBRAHIM (1987), lower mitotic index values
indicate that the test compound inhibits the
ability of cells to enter mitosis. Changes in
normal cell cycle length may result from
stopping DNA synthesis, blockage of
processes in postsynthetic interphase period
(TÜRKOĞLU, 2007), microtubule formation
disorders or ATP levels decrease (JAIN &
ANDSORBHOY, 1988). The reduction of the
mitotic index in Allium cepa depending on the
concentration of heavy metals was also found
by other authors (CHANDRA et al., 2005;
TÜRKOĞLU, 2008; BABU et al., 2008).

lagging chromosomes. Among the aberrations
in Pb25-treated cells, the anaphase bridges and
the micronucleus prevailed. In some of the
Pb25, Pb75 and Pb100-treated cells, we
observed asynchrony with regard to the
despiralization of chromosomes and the
formation of the two daughter nuclei. We also
recorded cells of varying degrees of
compaction of the genetic material in the
segregating chromosomal complexes. The
largest number of cells with abnormalities was
found in samples with Pb100 concentration, as
we recorded micronucleus cells, asynchronous
mitosis, chromosomal bridges and fragments
(Fig. 1, c, d). The results obtained in this study
indicate that lead has a cytostatic effect on
Allium cepa cells and has a mutagenic effect
causing chromosomal aberrations and
disorders during mitosis.

Genotoxic effect of lead
The substantial increase in the frequency
of dividing cells with aberrations is considered
to be one of the reliable indicators of the
genotoxic potential of the test compounds
(RANK, 2003). Table 3 shows the frequency of
each type of chromosome aberration
compared to the number of cells analyzed and
the number of dividing cells. The data show a
high percentage of abnormal mitotic cells in all
experimental groups. The total incidence of
chromosomal aberrations in the experimental
variants exceeded their control frequency
significantly, with the highest values reported
in the Pb100 samples. The disorders related to
the formation and functions of the division
spindle are the most common type. We found
the presence of lagging and “vagrant”
chromosomes (Fig. 1, a) and cells with
asynchronous mitosis (Fig. 1, b). We also
observed anaphase and telophase bridges (Fig.
1, c and 1, d) and micronucleus cells (Fig. 1, e).
Formation of micronuclei is considered an
important cytogenetic indicator for a
mutagenic effect. They are formed from
fragments and lagging chromosomes that are
not included in the daughter nuclei during
telophase and may cause cell death (MA et al.,
1995). In control cells, we found aberrations
that result from auto-mutagenic effect and
have a lower incidence. The Pb50 solution
provoked deviations and aberrations with an
incidence exceeding the control and that of the
Pb25 and Pb75 experimental variants. At this
concentration, we recorded the most cells with

Genotoxicity of cadmium
The cadmium induced genotoxic effect
is assessed by the frequency of chromosomal
disorders in the treated cells. We recorded
various
deviations,
ranging
from
chromosomal
fragmentation
to
disorganization of the division spindle, and
therefore of all subsequent phases of the
mitotic cycle. Table 4 shows the relative
frequency of chromosomal aberrations
found against the number of cells analyzed
and the number of dividing cells. As can be
seen from the data presented, cadmium
exhibits genotoxic effect on Allium cepa
meristem cells, inducing high frequency
disturbances. In all experimental variants,
the chromosome structural change rate was
higher than in the control. We detected an
auto-mutagenic effect in the control variant,
with
predominance
of
“vagrant
chromosomes” type and micronuclei. We
established a direct proportionality between
the concentration of cadmium solutions and
the frequency of aberrations and deviations
during mitosis. The highest percentage of
structural chromosomal deviations were
reported in experimental variant Cd100 mainly fragments (Fig. 2, a), “vagrant
chromosomes” (Fig. 2, b) and micronuclei
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(Fig. 2, c). From the chromosomal
aberrations
found,
micronuclei
were
predominant in all samples, which were
evidence of structural changes occurred
leading to the formation of acentric
chromosomes and fragments (Fig. 2, d). An
increased number of micronuclei in Allium
cepa cells as a result of the clastogenic effect
of heavy metals has also been reported by
CHANDRA et al. (2005) and TÜRKOĞLU (2008).
In all experimental variants we found intact
and broken anaphase bridges (Fig. 2, e) as
well as cells with “vagrant” chromosomes
and fragments (Fig. 2, f). The Cd75 solution
provoked the greatest number of aberrations
of the type of lagging chromosomes and
chromosomal
bridges
(Fig.
2,
e).
Chromosomal bridges arise as a result of
chromosomal and/or chromatid break and
subsequent adhesions (LEME & MARINMORALES,
2009).
Among
structural
chromosomal alterations in Cd50-treated
cells prevail acentric fragments, micronuclei
and “vagrant” chromosomes (Fig. 2, f).
The analysis of the obtained results
shows that cadmium has a pronounced
cytotoxic and genotoxic effect on the onion
root meristem, which is evidenced by the
lower mitotic index and the higher
frequency of chromosomal aberrations
recorded in the experimental variants.
Analyzing the results obtained for the two
heavy metals tested, the following findings can
be made: the Allium cepa test is successfully
applied to assess the induced cyto- and
genotoxicity of heavy metals lead and cadmium
by taking into account changes in cell division
rate, the formation of the cell division apparatus
and the integrity of the chromosomes, which is
consistent with the findings of other authors
(FISKEJSÖ, 1988; WIERZBICKA & ANTOSIEWICZ,
1993; LIU et al., 1995; PALACIO et al., 2005;
KOPLIKU & MESI, 2013).

index was established compared to the
control variant.
A genotoxic effect of lead, expressed by
the higher frequency of chromosomal
aberrations recorded in the experimental
variants, was reported. The induced
disorders are of the type: chromosomal
bridges, fragments, lagging and “vagrant”
chromosomes, asynchronous mitosis and
micronuclei.
Heavy metal cadmium induces a wide
range
of
cytogenetic
abnormalities
(chromosomal bridges, micronuclei, lagging
and “vagrant” chromosomes and fragments)
with a higher incidence in the test samples than
the control which is evidence of a genotoxic
effect. There is a tendency to increase the
incidence of chromosomal aberrations in
proportion to the cadmium concentration in the
experimental solutions.
The comparative analysis of the effects of
the two heavy metals shows a greater cytostatic
effect of lead, expressed in a significant
decrease in the value of the mitotic index and a
more pronounced genotoxic effect of cadmium
inducing chromosomal aberrations with a
higher frequency.
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Abstract. Efficiency in managing different types of waste is more important than ever. High
urbanization and industrialization alter food production and consumption. Resources taken from
nature are used in the production of goods that are consumed or disposed of and treated as waste.
Consumers can be considered as the most important group in total waste production, resource
consumption and the creation of different environmental impacts. One of the means to achieving
sustainable environmental development is to choose the right and appropriate mechanisms of
school and family education, intertwined with effective technologies in the different spheres of life.
Through proper education, you can create a base for the construction of a new life-style, value
orientations, and readiness for the conservation of natural resources. Conducting adequate studies
can present problems for environmental treatment of adolescents with food and to propose specific
recommendations for enhancing the training in different aspects, with the aim of forming a proper
environmental culture and consciousness. The material aims to trace the environmental attitude
towards food and nutritional resources in adolescents of different age groups and social strata, and
to find solutions to reduce food waste through responsible environmental considerations. It
monitors trends in family-friendly, school-friendly and circular behavioural. Good intentions are
not always reflected in everyday practices. Among the main factors are food perception and
consumer efficiency knowledge, level of education, as well as general beliefs and concerns about
the environment. For the purposes of this study, questionnaires have been developed and applied
for selected groups of participants. 224 adolescents aged 12 to 18 were interviewed. With the help
of 19 questions we were looking for in-depth analysis, flowing through the specific views of
adolescents on educating them on the issue and events in their day-to-day life. The results obtained
are processed using quantitative methods for analyzing the respondents' answers to the given
environmental problem.
Key words: ecology, food, waste, education, attitudes, sociology.

Introduction
Multiple factors influence the processes
of managing and establishing an attitude
towards
food.
They
are
biological
predispositions, sensory – affective, social,
economic,
cultural
and
educational
(CONTENTO, 2010). Of particular importance
© Ecologia Balkanica
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is the problem with the loss of food
resources FAO (2002, 2011, 2014) edible or
waste, despite a number of acting
technological, legislative, economic and
social measures (PARFITT et al., 2010). An
important indicator in the chain of
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management and decision-making related to
the considered issue is the culture, together
with the assessment of individuals and/or
society as a whole, the importance of input
resources and products created by them.
Important factors (VERMEIR & VERBEKE,
2008) of consequence are: personality,
knowledge, level of education, common
beliefs
and
environmental
concerns
(LAIDLEY, 2011; MILFONT et al., 2006;
BRUNDLAND, 1989).
Children of school age are risk
population group with regards to nutrition.
In our preliminary study (TODOROVA et al.,
2018) conducted among students from 6-th
to 12-th grade in several select Secondary
Education School in the city of Plovdiv, we
found deficiency in the level of knowledge
related to the management of food and
sustainable
development
of
natural
resources. When analyzing received data, a
low level of attitude and proceeding of
proecological everyday attitude is reported
under the influence of the family and school
environment. Promoting, evaluating and
supporting activities, directed towards the
protection of the environment, personal and
public health are limited although the
environment provides good examples.
Different groups of teenagers are able to
analyze and forecast results of the impact of
different
human
activities
on
the
environment and its resources as well as to
comment on the role of different factors of
pollution and the responsibility for that.
However, in the school curriculum, the topic
of food is represented mainly as a source of
good health and in a very small part is
considered as a necessary resource for future
generations (VERMEIR & VERBEKE, 2008). The
United Nations Environment Program UNEP (FAO, 2014) aims specifically to raise
awareness of the value of food and the
impact of its loss on the environment
(Brynjarsdóttir et al., 2012). It is necessary to
establish
constantly
environmental
competences among the students (VAKLEVA,
2008).
Knowledge
related
to
the
management of food waste is an important

part of the competence and aims to form and
support, contribute to the formation of the
activities for the creation of (PANAYOTOVA &
VAKLEVA, 2011) ecological culture, ecological
consciousness and behavior with the main
purpose of conservation the environment
and natural resources. Nevertheless, there is
a discrepancy in concepts such as
"environmental literacy", "environmental
consciousness", "responsible attitude to
nature", "ecological culture", "ecological
ethics" (MANTAROVA, 2010). To achieve
success through learning processes through
the formation of a value system, the quality
of the learning environment (SIMEONOVA &
PARVANOVA, 2017) and its intertwining with
the everyday activities of teenagers is
important (GYUROVA, 2017).
The aim of the present study is to
examine the behaviour and attitudes of
adolescents to the management of waste
food.
Materials and Methods
For the purpose of this study a survey
of teenagers was conducted as a specific
group, which is particularly important in
examining the value attitudes of food as a
resource and waste. To achieve the assigned
tasks we developed a survey which includes
containing 19 questions, which 3 questions
from open and 16 from closed type. We are
looking for an opportunity to understand
and analyze the attitudes and trends in the
development of ecological culture among
our respondents (OLOFSSON & OHMAN, 2006;
MILFONT et al., 2006; LAIDLEY, 2011) tested by
BOUDON & LAZARSFELD (1965, 1966);
BOURDIEU (1980); DOISE et al. (1993). The
survey examines the specific opinions of
different groups of teenagers on their
education and knowledge about food as
resource and waste and traces their daily
behaviour in this regard. In this study, only
the part of the questions related to the
education received in school on the subject
was used. There were 224 adolescents, who
was interviewed, aged 12 to 18. Students
from the city of Plovdiv, who study at
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different types of schools, were interviewed
in order to reach a wider range of
respondents and to ensure greater
representativeness of the collected data:
schools with specialized classes in the field
of food technology and technique, elite and
high schools of humanities with affinity to
social and human science, private and state
secondary general education schools. We

used quantitative methods for analyzing the
respondents' answers to the given
environmental problem.
Results and Discussion

The survey card used in this study is
presented in Table 1, which includes the
questions of the questionnaire method, number
and percentage of surveyed adolescents.

Table 1. A survey card developed for the purposes of the study.
Number of
answers

Percentage

6-th grade – 12 year olds

14

6.4%

7-th grade – 13 year olds

14

6.4%

8-th grade – 14 year olds

13

5.9%

9-th grade – 15 year olds

54

24.5%

10-th grade – 16 year olds

15

6.8%

11-th grade – 17 year olds

52

23.6%

12-th grade – 18 year olds

58

26.4%

Total

220

100.0%

Male

85

38.8%

Female

134

61.2%

Total

219

100.0%

Yes

124

55.4%

No

100

44.6%

Total

224

100.0%

I leave it in the classroom (on the floor,
under my desk in the bin)

25

11.4%

In the recycling bins in the school yard
or outside the school

96

43.6%

I give it to an animal

71

32.3%

Other (designated waste sites)

7

3.2%

I don’t throw it away, everything is eaten

40

18.2%

Total

220

100.0%

Every day

89

39.7%

At least once a week

26

11.6%

Sometimes

94

42.0%

Never

15

6.7%

Total

224

100.0%

Question

Answer

Grade

You are

Do you leave leftover food?

Where do you throw away the
leftover food when you’re at school?

How often are you a witness to
how your classmates leave uneaten
food to become waste?
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Where does your family throw
away the leftover food?

Does your family talk about the
way of eating and the food as a
waste?
Is leftover food garbage according
to you?

Is it necessary to spend time in
school to learn about nutrition
issues and food as a resource?
Do you get enough knowledge
about the importance of food in
school?
In what form would you like to
receive information and
knowledge about food as a
resource and waste?

Where do you want to learn more
about how to get and use food?

In the bin at home/school

97

43.3%

Gives it to somebody

6

2.7%

Gives it to an animal

103

46.0%

We don’t throw food away

37

16.5%

Other

4

1.8%

Total

224

100.0%

Yes

117

52.5%

No

106

47.5%

Total

223

100.0%

Yes

21

9.5%

No

201

90.5%

Total

222

100.0%

Yes

174

77.7%

No

50

22.3%

Total

224

100.0%

Yes

72

32.6%

No

149

67.4%

Total

221

100.0%

In biology class

67

31.0%

Through information boards in school

42

19.4%

Through specialized lectures by external
lecturers

65

30.1%

Through visits to specialized units,
connected to nutrition

73

33.8%

Total

216

100.0%

Family

44

20.4%

School

8

22.2%

Friends

5

2.3%

Internet and the television

36

16.7%

All of the above

100

46.3%

13

6.0%

Other (specialists on nutrition, books,
outside of class activities)

As a result of the conducted interview
among the 224 adolescents from 6-th to 12-th
grade from different Secondary Education
Schools in Plovdiv City the following
comments can be made about food as
resource and waste.
With regard to the question „What is the
Food for you?”, in 70% of cases the students

point out that it is vital to human survival, a
source of energy and a way of life. In many
of the answers they share, that food is
mostly a delight.
For the question "Do you think the level
of culture and the financial situation effects on
the quantity of leftover food”, the interviewed
adolescents are united around the opinion
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that people who do not have the financial
opportunities value food more, unlike those
with financial stability, who are not
interested in this problem and often throw
out huge amounts of edible food. Some say
that if a child or teenager is taught to
appreciate food early, this will have
consequences in the future. The adolescent's
аssessments confirm that it is necessary to
treat food as a valuable resource and to
prevent it from becoming a waste (BENETT,
1941). This change requires active efforts
and persistence on the part of the individual
and the structures involved in governance
(FUSIONS, 2015).
Participants in the interview share their
knowledge of the pressing problems about
providing the food resources in the world
and on their native territory. On question
"How do you think this problem can be solved?"
they are united around the view that it is
necessary for the population to start value
food more and to be interested in how it is
produced, what is its destiny is after it is at
the waste collectors. Opinions are shared
about the reorganisation and revision of
hitherto established habits as a nation,
through universal efforts, rational and full
use, accompanied by numerous actions and
projects. The above statement confirms an
assertion made by MANTАROVA (2014), that
risk arises as a result of various processes
occurring at the level of an individual or
group of individuals that affect his
development. The individual's attitudes and
values, abilities and mental moods are
personal factors, and they are usually those
who influence us without realising it. They
become noticeable in times of conflict with
nature.
The results show that, in 55, 4% of the
cases, students in the 6th - 12th grade in their
everyday life, leave leftover food. In 60% of
them they do not even think about it and do
not consider the fact that throwing up some
of their snacks or lunches has an adverse
effect on the environment. This is confirmed
by (GANGLBAUER et al., 2013), which take

into account the influence of positive
attitudes in a family environment on
sustainable development and conservation
of
natural
resources.
Among
the
respondents, it remains unclear problem
whether their action on one hand generates
consumption of natural resources consumed
in the production of the already prepared
food and on the other, the processes
involved in its degradation will affect the
ecological situation. It is essential that the
interviewed teenagers do not perceive (90, 5
%) unconsumed food as waste from the
daily menu or that which is not used due to
dislike or expiration term. This answer is
somewhat contradictory to the action it
takes to treat it at the time on the way to the
bin. This is confirmed by the graphical
representation of the results obtained from
their answers to the question (Fig. 1). What
to do with food is then apparent.
It is practice in the family and school
environment for food waste to go into the
bin. The elite high school students and those
oriented to the food preparation and
management process in 39.7% of the cases
indicate that they observe this every day,
another 42.0% sometimes, witnesses at least
once a week are 11.6% and those who have
never observed this were 6.7%. Respondents
openly state (Fig. 2) that they lack
information about the issue we are
researching and would welcome the subject
to be further commented in biology lessons
at school related to environmental education
and sustainable development (SIMEONOVA &
PARVANOVA, 2017).
The students themselves are categorical
(82%) that it is not only desirable, but also
necessary to have training and education at
school (Fig. 3) devoted to learning about
nutrition and food as a resource and waste,
preferably as visits to specialized nutrition
centers in 33.8% of cases, through the Biology
lessons at school 31.0%, through specialized
lectures by external lecturers at 30.1% and
19.4% through specialized information
boards in school.
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Fig. 1. Preferred places for pupils to throw away food waste in school.

Fig. 2. Adoption of food-related topics as a resource and waste in the curriculum.

88

Borislava A. Todorova, Iliana G. Velcheva, Stoyka P. Penkova

Fig. 3. Readiness of adolescents to receive additional information.

Fig. 4. Preferred forms of training.
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Students in all classes, in 68% of cases, are
on the opinion that in the school they do not
get enough knowledge about food as a
resource and waste. It is necessary to build
environmental competences among students
(VAKLEVA, 2008) by organizing an education
focused on developing attitudes and values
about the management of food wastes, for
example composting or other technologies.
(MANTAROVA,
2010;
PANAYOTOVA
&
VAKLEVA, 2011). Teachers can help students to
internalize those attitudes and values, so that it
may affects their behaviour and decisionmaking in daily lives how to avoid
unnecessary costs of food resources that have
already been produced and were not
consumed. Fig. 4 show the shares of students
opinions about the best way they think they
can get more knowledge on the issue. It is
necessary to redirect patterns of consumption
to food requiring fewer resources and hence to
change the behaviour of their use (MOOMAW
et al., 2012), because good intentions are not
always reflected in everyday practices
(VERMEIR & VERBEKE, 2008). It is generally
known that individual attitudes and
behaviours are the most difficult to change. In
order to achieve such a change, it is required to
turn to such important factors as personality
traits, eating habits, and the effectiveness of
consumer practices, taking into account
knowledge, education level as well as general
beliefs and environmental concerns (OLOFSSON
& ÖHMAN, 2006; MILFONT et al., 2006; LAIDLEY,
2011).

composting and reducing or avoiding
negative
environmental
consequences.
Throwing away leftover food is a daily
routine in different spheres and different
layers of public life and it is not perceived in
most of cases like a serious problem.
Respondents of different ages consider that
social status largely determines the attitude
towards food in all aspects of its
consumption and attitude.
Adolescents point out that they do not
have enough knowledge, skills and
competences at school to guide them in
decision-making how to prevent, reduce or
avoid throwing away food. They consider it
is necessary to devote time to the education
and their learning about food as a resource
and waste in a shape form that is preferred
by them. The possibilities in this regard may
be improved by different approaches
identified by the respondents themselves.
Preference is given to visits to specialized
nutrition centers or external teachers, who
are specialists in these areas. In this regard,
we believe that a thorough analysis of the
curriculum content in the Biology textbooks
for Secondary Education Schools should be
performed, identifying the approaches and
appropriate practices in order to accumulate
knowledge, attitudes and daily practices in
the waste of food and nutritional resources.
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Abstract. Sideritis scardica Griseb. (Section Empedoclia, Lamiaceae) is a valuable medicinal perennial
plant and a species of high conservation value. It is a Balkan endemic and it is distributed only in
Albania, Bulgaria, Greece and Macedonia. The natural localities are threatened with extremely
vulnerable populations. However, the species status in Greece is considered the most conserved.
The current study provides information about the population state and structure, vegetation
dynamics and the place of the species in habitats in Olympus Mts. Three localities (Karya,
Kokkinopilos and Sparmos) of the species are investigated. Anthropogenic pressure is recorded in
all three localities – flowering stems of most plants were harvested by the end of August. The
localities near Karya and Sparmos are easily accessible due to well-developed road network. A list
of diversity of vascular plants is made for each locality. The taxonomic structure of the flora and the
ecological and biological characteristics are defined. The main geographical elements are those with
Mediterranean origin.
Key words: Olympus tea, conservation, population characteristics.

Introduction
Genus Sideritis (Lamiaceae, Lamioideae)
comprises more than 150 species distributed in
the temperate and tropical area of the Northern
hemisphere (BARBER et al., 2000; 2002). It is
taxonomically very complicated genus,
subdivided into four sections. The section
Empedoclia (Raf.) Bentham consists of perennial
plant species, occurring in the eastern part of
the Mediterranean region. A typical
characteristic of the Sideritis species of section
Empedoclia is their high percentage of
endemism (HUBER-MORATH, 1982; AYTAÇ &
AKSOY, 2000), with more than 80 % of the
species being endemics to the Asian part
Turkey and several other species endemic to
© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

the Balkan Peninsula in Europe. Sideritis
scardica is a Balkan endemic occurring in the
high mountains in Bulgaria, Greece,
Macedonia, and Albania. There are some
reports in the literature about its occurrence in
Serbia and in Turkey (PETROVA & VLADIMIROV,
2010). S. scardica is the most popular and the
most used species of genus Sideritis on Balkans.
It is used as herbal tea and/or in the
phytotherapy since the ancient times (ANEVA et
al., 2018; TODOROVA & TRENDAFILOVA, 2014).
Besides its useful characteristics as
medicinal plant, S. scardica is a species of
high conservation value. It is listed in the
Red Data Book of Bulgaria (EVSTATIEVA,
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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2015) and its extensive use as medicinal
plant resulted in substantial anthropogenic
pressure on its natural populations.
Therefore, it was prohibited for collecting
from its natural localities since (Order of the
Minister of Environment and Water of
Bulgaria оf 16 March 2016) and today the
market demand is being met by the rapidly
increasing area of cultivation (KOUTSOS &
CHATSOPOULOU, 2009). As a result of
prohibition of collection from natural
localities, the populations of the species are
expected
to
recover
its
favorable
conservation status.
A comparison among the different
countries and populations of the species in
Balkan Peninsula could help to identify the
major threats affecting the natural localities
and populations of the species. The
preliminary observations revealed that the
populations in Greece tend to be in better
state than these in Bulgaria and the factors
leading to that are of substantial interest.
Therefore, a study was initiated to compare
the Bulgarian populations from Pirin and
Slavyanka Mts with the Greek populations
growing in similar environmental conditions
– in the mountains in the northern part of
Greece - Olympus, Falakron, Pangaion and
Menikion (KARAGIANNIKIDOU & KOKKINI,
1987, 1988; KARAGIANNIKIDOU et al., 1995;
STRID et al., 2003). There are still some
controversies concerning the taxonomic
status of Olympus plants. PAPANIKOLAOU &
KOKKINI (1982) treated the plants growing
on Olympus as S. raeseri subsp. florida (Boiss.
& Heldr.) Papanicolaou & Kokkini. Their
treatment is not implicitly accepted and in
the present work we consider the Olympic
plants as S. scardica.
The objective of the present study was to
provide a general description of the populations
of S. scardica from Olympus Mts. and to make a
preliminary assessment of their status.

took place in the period May-September
2018. Full floristic inventory was performed
in two plant communities – Karya and
Sparmos, and in the third locality only the
nature conservation status and nature
habitats were scored. Geobotanic description
and full floristic inventory was performed in
the localities of Karya and Sparmos.
Taxonomic treatment followed ASSYOV &
PETROVA (2012) and EuroPlusMed database
(2018).
Phytogeographic affinity of the species was
determined according to WALTER (1985),
summarized by ASSYOV & PETROVA (2012), and
the life forms – according to RAUNKIAER (1934).
Results and Discussion
Floristic composition
Altogether sixty-four species were
recorded in the two observation plots; 48 of
them – in the first locality, and 31 – in the
second locality. There were 15 species
common for both localities, and SorencenDice similarity coefficient is 0.38. This
indicates a substantial difference between
the two localities, which reflects the fact that
first locality was at the edge of a plant
community close to a water stream and with
presence of different shrub species, while the
second one was an open area on a southern
slope. It should be noted that probably some
species belonging to the spring spectrum
The most numerous were the perennial
species – 46, or 72 % of all recorded species
(Table 1). There were also six shrub species
and 3 species of trees. Two species were
transitional, occurring both as trees and
shrubs, and two species were sub-shrubs
(fruticose plants). There were also three
annual species and two species occurring as
both annual and biennial plants. These
patterns of distribution of biological types
are more or less typical for the plant
communities situated in the harsh
environmental condition above the alpine
timber line in the high mountains.
Corresponding to the classification of
biological types, the life forms following
RAUNKIAER (1934) are represented by 43

Materials and Methods
Three localities (Karya, Kokkinopilos
and Sparmos) of the species were
investigated (Fig. 1). The field observations
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hemicryptophytes, 11 phanaerophytes, 5
therophytes, 4 chamaephytes and 1 geophyte
(Table 1).
Analysis of the phytogeographic origin
(floristic elements) revealed that the
dominant role played the species with
Mediterranean component of origin – there
were 6 Mediterranean and 14 sub
Mediterranean elements (Fig. 1). Balkan

endemics and sub-endemics (with a Balkan
component) were 9 species, and the species
with at least partly European origin were 18.
The remaining phytogeographic elements
were represented by a smaller number of
species, and there was one species (Alyssum
handelii) endemic to Greece.
The spectrum roughly corresponds to
the figures presented by STRID (1995).

Fig. 1. Studied natural localities of Sideritis scardica in Olympus Mts.
(A. Karya; B. Kokkinopilos; C. Sparmos).
Table 1. Species composition, biological type, life form and floristic elements of the
species recorded.
Taxon

Locality
1

Locality
2

Biological
type

Life
form

Floristic
element

POLYPODIOPHYTA
POLYPODIOPSIDA
Aspleniaceae
Asplenium trichomanes L.

+

P

H

Kos

Ceterach officinarum DC.

+

P

H

subMed

P

H

Kos

S

Ph

Eur-Med

Hypolepidaceae
Pteridium aquilinum

+

MAGNOLIOPHYTA
PINOPHYTINA
PINOPSIDA
Cupressaceae
Juniperus deltoides R.P. Adams

+
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Pinaceae
Abies cephalonica Loudon
MAGNOLIOPHYTINA
MAGNOLIOPSIDA
Apiaceae
Eryngium amethystinum L.
Heracleum sibiricum L.
Physospermum cornubiense (L.) DC.
Asteraceae
Achillea holosericea Sm.
Bellis perennis L.
Carlina acaulis L.
Carlina vulgaris ssp. intermedia (Schur) Hayek
Cirsium candelabrum Griseb.
Cirsium ligulare Boiss.
Hieracium pannosum gr.
Hieracium pilosella L.
Betulaceae
Ostrya carpinifolia Scop.
Brassicaceae
Alyssum handelii Hayek
Arabis turrita L.
Iberis sempervirens L.
Buxaceae
Buxus sempervirens L.
Campanulaceae
Campanula persicifolia L.
Caryophyllaceae
Dianthus haematocalyx Boiss. & Heldr.
Silene vulgaris (Moench) Garcke
Crassulaceae
Sedum anopetalum DC.
Euphorbiaceae
Euphorbia cyparissias L.
Euphorbia myrsinites L.
Fabaceae
Astragalus angustifolius Lam.
Lotus corniculatus L.
Melilotus altissimus Thuill.
Trifolium alpestre L.
Geraniaceae
Geranium macrorrhizum L.
Geranium subcaulescens DC.
Hypericaceae

+

T

Ph

Med

+
+
+

+

P
P
P

H
H
H

Med
Eur-As
Eur-Med

+

+
+
+
+

P
P
P
A
P
A-B
P
P

H
H
H
Th
H
Th
H
H

subMed
Eur-As
Eur
Eur-Med
Carp-Bal
Med
Bal-Anat
Eur-Med

T

Ph

subMed

P
A-B
S

H
Th
Ch

Gr
subMed
Bal-Anat

+

S

Ph

Med

+

P

H

Eur-Sib

P
P

H
H

Bal
Eur-As

+

P

H

subMed

+
+

P
P

H
H

Eur
subMed

S
P
P
P

Ch
H
H
H

subMed
Eur-Med
Eur
Eur-Sib

P
P

H
H

Eur-Med
Med

+
+
+
+
+
+
+

+
+

+
+

+

+

+
+
+

+
+
+
+
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Hypericum perforatum L.
Lamiaceae
Acinos alpinus (L.) Moench
Clinopodium vulgare L.
Marrubium thessalum Boiss. & Heldr.
Sideritis scardica Griseb.
Teucrium chamaedrys L. subsp. olympicum Rech. f.
Teucrium montanum L.

+
+
+
+
+
+

+
+
+
+

P

H

Kos

P
P
P
P
P
P

H
H
H
Ch
H
Ch

Alp-Carp
subBoreal
Bal
Bal
subMed
subMed

Plantaginaceae
Plantago lanceolata L.

+

P

H

Kos

Plantago major L.

+

P

H

Boreal

P

H

Eur-Sib

+

S

Ph

Med

+
+
+

S
P
P
S
S
S
4
T

Ph
H
H
Ph
Ph
Ph
H
Ph

subMed
subBoreal
Eur-subMed
Pont
subMed
Pont-Med
subBoreal
Pont-Med

P

H

subMed

+

P

H

Bal-Anat

+
+
+

+

A
A
P

Th
Th
H

subMed
Pont-Med
Eur-Med

+

S

Ph

subMed

+

P

G

Pont-subMed

+
+
+
+
+

P
P
P
P
P

H
H
H
H
H

Alp-Ap-Bal
Eur-As
Pont
Boreal
Bal

Ranunculaceae
Thalictrum minus L.

+

+

Rhamnaceae
Rhamnus alpinus L.
Rosaceae
Cotoneaster nebrodensis (Guss.) C. Koch
Fragaria vesca L.
Potentilla micrantha Ramond ex DC.
Prunus spinosa L.
Rosa canina L.
Rubus sanguineus Friv.
Sanguisorba minor Scop.
Sorbus graeca (Spach) Kotschy
Rubiaceae
Asperula purpurea (L.) Ehrend
Saxifragaceae
Saxifraga sempervivum C. Koch
Scrophulariaceae
Euphrasia salisburgensis Funck
Odontites glutinosa (M. Bieb.) Benth.
Verbascum longifolium Ten.
Thymeleaceae
Daphne oleoides Schreb.
LILIOPSIDA
Liliaceae
Scilla autumnalis L.
Poaceae
Alopecurus gerardii Vill.
Dactylis glomerata L.
Festuca valesiaca Scheicher ex Gaudin
Poa alpina L.
Sesleria korabensis (Kümmerle & Jáv.) Deyl

+
+
+
+
+
+

+
+
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Legend:
Biological type: A – annual; A-B – annual to biennial; B – biennial; P – perennial; S – shrub; T
– tree.
Life form: Th - therophyte; Н - hemicryptophyte; Ch - chamaephyte; Ph – phanerophyte.
Floristic element: Alp-Ap-Bal - Alpine-Appenine-Balkan; Alp-Carp - Alpine-Carpatic; Bal –
Balkan; Bal-Anat - Balkan-Anatolian; Boreal; Carp-Bal - Carpatic-Balkan; Eur – European;
Eur-As - Euro-Asian; Eur-Med - Euro-Mediterranean; Eur-Sib - Euro-Siberian; Gr - Greek;
Kos – cosmopolitan; Med– Mediterranean; Pont – Pontic; Pont-Med – Pontic- Mediterranean;
Pont-subMed - Pontic- Submediterranean; subBoreal; subMed - Submediterranean.
Habitats and conservation status
Most of the habitats where Sideritis
scardica occurs are diverse but the localities
studied belong to the habitat of European
significance
4090
Endemic
oroMediterranean heaths, or 31.7A according to
the classification of Palaearctic habitats.
These habitats are classified as class DaphnoFestucetea: alliance Astragalo-Seslerion plant
communities (HORVAT et al., 1974; STRID et
al., 2003).
The nature conservation status of the
localities can be estimated as good. The field
observation showed that there is a substantial
anthropogenic pressure on the natural
populations. In August, about 80 % of the
mature individuals were found only with
basal leaves and without flowering stems.
Doubtless, the flowers had been already
harvested, either for personal use (most
probably) or for commercials purposes.
However, having in mind the very
favorable conditions in the studied localities,
we could hypothesize that the few
individuals that remain unharvested in the
nature, are sufficient for at least partly
successful
natural
regeneration.
The
comparison
between
the
Olympus
populations of S. scardica with the Bulgarian
ones from Slavyanka and Pirin Mts. (Aneva,
2016 – pers. comm.) revealed the better status
of Olympus populations. A possible
explanation is that on the one hand, the
anthropogenic pressure on the Greek
populations is lower due to the larger size of
the natural localities and resources. An
important fact is also that S. scardica is not the
only species suitable for collection in Greece,
but there are at least six species of section

Empedoclia (PAPANIKOLAOU & KOKKINI, 1982),
which reduces the pressure to this taxon.
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Abstract. The species of genus Thymus are important medicinal and aromatic plants. They provoke
substantial interest worldwide from phytochemical point of view, due to their diverse biological
activities with potential for application in pharmaceutical, cosmetic and food industries. The
present study reports results of a survey on the distribution and diversity of the species in Bulgaria.
Both field investigations and literature data were used in the study. The 20 species distributed
naturally in Bulgaria differ in their natural range. The rarest species are Thymus perinicus (Bulgarian
endemic) and T. bracteosus, each distributed in only one floristic region. T. leucotrichus and T.
stojanovii occur in two floristic regions each, T. longedentatus – in four and the other species are
distributed in five or more floristic regions. There are four Balkan endemics. Most widely
distributed are T. pannonicus, T. pulegioides and T. sibthorpii, with natural localities in all 20 floristic
regions in Bulgaria. Three species are of conservation importance. The richest in species floristic
region was Rhodopes with 16 species followed by Pirin – 15, Stara plania – 13, and the least number
of species was recorded in the Danubian plain (5). The information is being currently updated with
new data and most probably, the species number will increase in most floristic regions. Still, there
are many taxonomic uncertainties requiring further investigations that could result either in change
of species number, or in change of status of some taxa. Field studies have shown that the species of
genus Thymus occur in many different habitat types, ranging from sea shores, through forest and
grassland habitats to the alpine zone and rock fissures and screes.
Key words: Thymus, medicinal plant, systematics, natural distribution.

Introduction
Genus Thymus includes about 215-220
species distributed across almost everywhere
in Eurasia, including southern Greenland, and
in part of Africa (MORALES, 2002). All species
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are highly valued medicinal and aromatic
plants and are used by people since the
ancient times. They are small shrubs,
subshrubs or long-living perennial herbaceous
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plants, with strong fragrance. The species of
genus Thymus possess diverse biological
activities and have, therefore, a significant
potential for application in the pharmaceutical,
cosmetic and food industries (JARIĆ et al., 2015;
LEAL et al., 2017). They have been used
traditionally to treat diseases of the respiratory
and digestive system, as well as of colds
(ZARZUELO & CRESPO, 2002), but also just as
herbal tea and as spices.
Surprisingly, Thymus species in Bulgaria
have received only occasional attention by
experts. This concerns their distribution,
systematics, and the aspects of their use as
medicinal and aromatic plants.
Therefore, the objective of the present
mini-review was to make a survey on the
distribution, diversity, systematics, and
some aspect of phytochemical properties of
the genus Thymus in Bulgaria, and to
identify the existing knowledge gaps and
necessity of further studies.
Systematics and diversity
According to HARLLEY et al. (2004),
genus Thymus belongs to the monophyletic
group of subfamily Nepetoideae Kostel., tribe
Mentheae Dumort., subtribe Menthinae Endl.
JALAS (1971, 1972) classified the European
species into eight sections based on their
morphology. Of Bulgarian species, twelve
belong to the section Serpyllum (Miller)
Bentham, and eight – to the section
Hyphodromi (A. Kerner) Halacsy.
The genus is characterized by high
degree of hybridization, which was observed
between species belonging to different
sections, and also between species with
different ploidy levels (MORALES, 2002;
KARACA et al., 2015), which causes additional
difficulties to the taxonomists.
The taxonomic concept of the genus Thymus
has undergone certain development in the
course of years. Therefore, the species
number
and
composition
changed
considerably and the issue still causes a lot
of controversies and discussions among
taxonomists.
The history of exploring the genus in
Bulgaria reflects the complexities and

controversies related to the status of
different taxa. VELENOVSKY (1891) in his
Flora Bulgarica listed 11 species for the
territory of Bulgaria, and added five new
species in the Supplementum (VELENOVSKY,
1898), thus increasing their number to 16. He
described also four species new to science: T.
vandasii, T. thracicus, T. stribrnyi and T.
carnosulus, of which the first two species still
keep their taxonomic rank, while the other
two have lost taxonomic significance. Six
other species listed by VELENOVSKY (1891,
1898) are not a part of the contemporary
Bulgarian flora, being not confirmed later, or
given status of synonyms, or lost their
taxonomic significance. Velenovsky was
especially interested in Thymus and wrote a
prologue to a monographic essay defining
and
describing
some
sections
and
subsections, many of which still stand today.
He introduced using the orientation of sterile
and flowering stems as important trait in the
species classification and identification
(VELENOVSKY, 1903, 1906).
First Bulgarian floras (STOJANOFF &
STEFANOFF, 1925, 1933, 1948; STOYANOV et al.
1967) illustrate the development of the
taxonomic concept on the genus, with
numerous species coming in and going out,
and finally MARKOVA (1989) provided the
(almost) final treatment in the multivolume
edition of Flora of the Republic of Bulgaria.
The opus of MARKOVA (1989) benefited by
the appearance of Flora Europaea (JALAS,
1972), and by the expert advice of J. Jalas.
Therefore, it is considered the most
comprehensive essay on the genus in
Bulgaria to date, with 19 “good” species and
two interspecific hybrids included, and with
critical reassessment of hundreds of other
herbarium specimens, diagnoses and
published taxa. Since then, one more species
was added to the list (T. bracteosus; PAVLOVA
et al., 1998) thus rounding the species
number to 20, which still stands today
(ASSYOV & PETROVA, 2012).
However, the status of many taxa still
cannot be considered the final one. Both
MARKOVA (1989) and JALAS (1972) pointed
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out that their taxonomic schemes represent
open pictures, which can be improved with
the accumulation of knowledge and
information of further studies. The treatment
of MARKOVA (1989) followed the classical
approach and was based exclusively on
morphological and anatomical traits,
combined with chromosome numbers.
Recent development and application of
molecular techniques to taxonomic problems
greatly enhanced the studies on systematics
of difficult and complex genera, like Thymus
(FEDERICI et al., 2013). The results of the
contemporary studies were incorporated in
some
taxonomic
databases
(e.g.
EuroPlusMed (2018) and The Plant List,
theplantlist.org) and therefore, the number
of existing differences and mismatch
between the classical floras and new
databases increased. For example, there are
five species presented in MARKOVA (1989)
that are missing, or listed as synonyms, in
the electronic database of “EuroPlusMed”,
and seven species listed in “EuroPlusMed”
are missing or are without a species status in
MARKOVA (1989). This fact indicates that
there are still numerous open taxonomic
questions and the application of modern
molecular markers could help to better
understanding of taxonomic mysteries. The
existing scheme of MARKOVA (1989) can be
critically interpreted only after detailed and
extensive studies including a set of classical
and modern approaches. FEDERICI et al.
(2013) pointed out that neither class of
markers should be neglected. They
recommended to use different markers in
the taxonomic studies of Thymus, both
morphological and molecular, in order to
delineate the natural units at species level.
Our preliminary field studies revealed that
some taxonomic and/or nomenclatural
changes are inevitable.
Species diversity in Bulgaria is among
the highest in Europe. A search in the
“EuroPlusMed” database revealed that the
richest country is Turkey with 40 species, but
only 10 of them are in the European part of
the country. Therefore, the country with

highest Thymus species diversity is Spain
with 35 species, followed by Greece with 26
species, Russia (European part) with 20
species, and Bulgaria with 18 species
recognized by the database. A special case is
former Yugoslavia with 25 species, but if the
countries existing today are considered
separately, their species diversity is lower
than that of Bulgaria. Number of Thymus
species in Bulgaria is higher than in
countries
with
considerably
larger
territories, like, for example, France, Italy
and Germany.
Within-species diversity is measured
usually by intraspecific taxa and by genetic
diversity. Due to the very dynamic nature of
taxonomic concept, the number of
intraspecific taxa cannot be used as reliable
indicator of diversity, especially considering
the fact that not all species have been studied
to equal extent. Of Bulgarian species, one has
two subspecies (T. callieri) and six are
represented by two varieties (T. moesiacus, T.
pannonicus, T. sibthorpii, T. striatus, T.
thracicus and T. zygioides).
The studies on genetic diversity concern
mostly species from Western Europe and
occasionally, from other regions. Such
studies could be classified conditionally into
two groups: studies of genetic patterns and
processes within the species and studies
related to taxonomy of this complex and
polymorphic genus (THOMPSON, 2002).
The first group includes diverse topics
related to evolution of species, sex allocation
and mating systems (BELHASSEN et al., 1991,
1993), and also the distribution of genetic
diversity (RUSTAIEE et al., 2013). Recent
studies addressed more specific questions
related to the evolution under climate
change (THOMPSON et al., 2013).
The second direction of studies focuses
mostly to the interspecific relationships
within the genus and is not explicitly related
to taxonomic decisions. In a study done in a
region close to Bulgaria, SOSTARIĆ et al.
(2012) established the genetic similarity
among seven species growing naturally in
Serbia by using AFLP genetic markers.
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SONBOLI et al. (2013) verified the taxonomic
status of Thymus persicus by means of
molecular markers. MOLINS et al. (2011)
performed a phylogeographic study of
Thymus herba-barona in relation to the species
evolution. More directly related to the
taxonomy are the studies of KARACA et al.
(2015), who succeeded to distinguish among
the studied species and FEDERICI et al. (2013)
whose results were controversial – only
Thymus
capitatus
could
be
clearly
distinguished from the remaining species.
In Bulgaria genetic studies on
representatives of genus Thymus are
practically lacking. Therefore, the studies
planned in ANEVA et al. (2018) could
elucidate many issues related to taxonomy
and genetic diversity at species and
population level.
Natural distribution and phytogeographic
origin
Distribution of the species in Bulgaria was
assessed following ASSYOV & PETROVA (2012),
with considering the numerous floristic
novelties published since (DIMITROV & VUTOV,
2014; PETROVA & VASSILEV, 2016; VASSILEV,
2013a, b; 2016a, b; FILIPOVA & VASSILEV, 2015).
The species of genus Thymus occurring
naturally in Bulgaria differ in their mode of
distribution. The classification of floristic
regions developed especially for the Flora of the
Republic of Bulgaria (JORDANOV, 1963) was
used as starting point. The analysis revealed
that 3 species occur in all 20 floristic regions of
Bulgaria, 3 species occur in 15 to 17 floristic
regions and so on, while the opposite case is
represented by two species, which can be found
in one floristic region only (Fig. 1). There is one
species endemic to Bulgaria and particularly –
to Pirin Mts. (T. perinicus), and three species are
endemics to Balkan Peninsula.
The richest floristic region– Rhodopes –
contains 16 of all 20 species (80%), followed
by Pirin (15 species, 75%), Western Frontier
Mountains (12, 60%), and the Danubian
plain is inhabited by only 5 species (25%)
(Fig. 2). However, when commenting the
species richness of the different floristic
regions we should always consider the

probability that higher richness could be due
to higher number of studies performed in
the respective regions.
The distribution is related to the
phytogeographic origin of the species. Besides
the four endemic species (one Bulgarian and
three Balkan), there are also other three species
with Balkan component of origin (BalkanAnatolian, or Balkan-Dacian), and 9 species with
Mediterranean component of origin – four
Mediterranean, four sub-Mediterranean and one
Euro-Mediterranean element. The other
elements include three European and one Pontic
element. The phytogeographic origin reflects a
wide spectrum with predominance of the
elements with Mediterranean component.
Balkan biota is affected by different
biogeographic influences – Mediterranean,
oriental, continental, steppe – and this is one of
the factors shaping the plant diversity here,
including that of genus Thymus. The species
occur in all altitudinal zones of Bulgaria. Four
species occur up to 500 (700) m above sea level, 3
species – up to 1200 m, 5 species – up to 2000 m,
and 8 species reach the zone above 2000 m a.s.l.
(4 of them up to 2900 m). It means that genus
Thymus occurs across a broad range of habitats
from the sea level up to the alpine zone. Many
species are part of the natural habitats of high
conservation value (see BISERKOV, 2015).
Phytochemical studies and biological activity
The complexity of genus Thymus and
difficult identification of the species result in
lacking of phytochemical studies at species
level. Usually samples of different species
are bulked together for the purposes of the
pharmaceutical industry, and they are
designated as Thymus sp., which approach
does not take into account the peculiarities
in the phytochemical composition of the
different species.
The medicinal activity of the species of
genus Thymus is due to a large extent to the
chemical constituents in the essential oils.
Therefore, major part of the studies focused
on the determining of chemical composition
of the species (SÁEZ & STAHL-BISKUP, 2002;
JUKIĆ & MILOŠ, 2005; CAVAR et al., 2009;
RĂDULESCU et al., 2009; VIDIĆ et al., 2010).
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Fig. 1. Number of floristic regions in Bulgaria, where the different Thymus species occur.
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Fig. 2. Number of Thymus species recorded in each of the 20 floristic regions in Bulgaria.
A very typical phenomenon for the genus is
the chemical polymorphism, which is due both to
the ecological factors, and to genetic variation

(LOŽIENĖ & VENSKUTONIS, 2005; RĂDULESCU et
al., 2009). Many of the species have more than 7
chemotypes (STAHL-BISKUP, 2002).
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Different chemotypes were determined
based on the dominant monoterpenes in the
essential oils – geraniol, thymol, terpineol,
linalool, carvacrol (THOMPSON et al., 2003;
CHIZZOLA et al., 2008). As a rule, the
sesquiterpenes are represented by low
concentration in the species of the genus
Thymus (STAHL-BISKUP, 2002), but several
sesquiterpenoid chemotypes were detected
in representatives of the genus, growing on
the Balkan Peninsula (PAVEL et al., 2009).
Large part of the studies aims at determining
of antioxidant activity of the species having
different chemotypes (BOUNATIROU et al.,
2007; MIGUEL et al., 2007; STOILOVA et al.,
2008; GRIGORE et al., 2010; TEPE et al., 2011). A
correlation was established between the
phenolic content and antioxidant activity of
extracts with different polarity (MILIAUSKAS
et al., 2004; KISELOVA et al., 2006).
As a whole, the essential oil
composition of the species of genus Thymus
in Bulgaria is poorly studied, or not studied
at all. In the literature (IVANCHEVA &
STANTCHEVA, 2000; NEDELCHEVA et al., 2010)
very frequently is used the very general
name Thymus spp. diversa, and this fact
confirms the necessity of a profound study
and precise identification of the species. In
the review paper on the species of genus
Thymus on Balkans by ŽELJKOVIĆ &
MAKSIMOVIĆ (2014) there are no data about
the species from Bulgaria, with the exception
of one note on Thymus tosevii and Thymus
macedonicus (KULEVANOVA et al., 2000). High
bactericidal activity was recorded of
different polarity extracts of Thymus vulgaris
L., (DAMIANOVA et al., 2008). A study on the
phenol composition and the antioxidant
activity of three Thymus cultivars, grown in
Bulgaria, showed high potential for their use
in the cosmetic and pharmaceutical industry
(NIKOLOVA et al., 2012).
The survey on genus Thymus in Bulgaria
revealed that it poses a challenge to
researchers of different, even though related
domains, like plant systematics, nature
conservation,
phytochemisty,
pharmacognosy. Bulgaria is among the

countries with the highest species diversity
and many issues related to Thymus species,
are still not studied in detail. The cooperation
among researchers from the abovementioned domains, and from some other
related disciplines could be of mutual interest
and benefit.
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Abstract. Cyanobacteria are photosynthetic prokaryotes with cosmopolitan distribution. They are
major producers of primary biomass and free oxygen in most of the freshwater and marine biomes
on the planet. Under certain conditions of the environment, these organisms can evolve massively
and cause the so-called "water blooms". Very often these blooms are toxic due to the ability of some
cyanobacteria to produce dangerous toxins (cyanotoxins) with hepatotoxic, neurotoxic or
dermatotoxic effects. This determines the cyanobacteria as an ecological risk for the aquatic
ecosystems as well as a threat for the health of animals and humans. Climate changes also lead to
an increase in the percentage of cyanobacterial blooms. Therefore, the investigation of the species
composition of this group in the Bulgarian reservoirs, the tracking of the blooms frequencies as
well as the assessment of their toxic potential is of great importance. Unfortunately, such data at
this stage are scarce. This study presents data on the species composition and toxic potential of
Cyanobacteria during the summer months of 2017 in five reservoirs (Batak, Dospat, Shiroka
polyana, Golyam Beglik and Krichim dams) in the Western Rhodope Mountain. During the
investigation period, except the representatives of Cyanobacteria, seven algal phyla (Chlorophyta,
Bacillariophyta, Euglenophyta, Dinoflagellata, Cryptophyta, Chrysophyta and Xantophyta) were
also found in the dams. The frequency and percentage of cyanobacteria were reported. A
taxonomic list of the determined cyanobacterial species is given for each water body. In addition, a
quantitative characteristic for each species (density and biomass) was performed. By using ELISA
tests for cyanotoxins we have analyzed the presence of microcystins/nodularins (MCs/Nod) and
saxitoxins (STXs). Cyanotoxins were found in four of the studied water basins - Dospat Dam, Batak
Dam, Shiroka polyana Dam and Krichim Dam.
Key words: Cyanobacteria, cyanotoxins, blooms, Western Rhodopes dams, phytoplankton.

Introduction
Cyanobacteria are a unique group of
organisms adapted to colonize almost every
habitat on our planet. Their cosmopolitan
distribution is mostly due to their long
evolutionary history (about 2.5-2.7 billion
years). They are distributed in freshwater
© Ecologia Balkanica
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and saltwater habitats, in soils, in hot
thermal springs or in the molten water layer
on the snow surface of the poles.
Cyanobacteria are the only prokaryotes
capable of photosynthesis and they are
responsible for up to 20-30% of the
photosynthetic biomass production of the
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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Earth (ANAGNOSTIDIS & KOMÁREK, 1985;
HONDA et al., 1999). Their light harvesting
systems may change according to the
available light, and many cyanobacteria can
change their position in the water basin,
varying in depth. Some of the cyanobacteria
are able to fix atmospheric nitrogen, which
makes them preferred partners for symbiosis
with animals, higher plants or mushrooms
(CARPENTER & FOSTER, 2002; JANSON, 2002).
Cyanobacteria
are
producers
of
compounds with antifungal, antitumour,
antiviral,
immunosuppressive
and
immunostimulating activity, as well as
substances acting as hormones (NAMIKOSHI
& RINEHART, 1996). In addition, they can
produce as secondary metabolites several
toxic substances called "cyanotoxins". The
mechanisms of action of the cyanotoxins are
associated with manifestation of hepato-,
neuro-, gastro- and dermatotoxicity (VAN
APELDOORN et al., 2007). There are a number
of reports for death of fish, domestic animals
and even humans after using of cyanotoxincontaminated water (JOCHIMSEN et al., 1998).
Cyanotoxins can reach high and dangerous
concentrations in the waterbodies after rapid
growth of toxin-producing cyanobacterial
strains known as "water blooms" (FUNARI &
TESTAI, 2008). These blooms are most
commonly caused by members of the genera
Aphanizomenon,
Cylindrospermopsis,
Anabaena,
Dolichospermum,
Microcystis,
Nodularia, Planthotrix (HUISMAN et al., 2018).
The massive development of cyanobacteria
in the waterbodies leads to many problems
related to the water quality. Depletion of the
oxygen (hypoxia and anoxia) accompanying
the "water blooms" causes death of fish and
benthic invertebrates. It was considered that
over the last few decades the eutrophication,
increased levels of carbon dioxide and global
warming are the main reason for the
observed increase in the frequency, intensity
and duration of the cyanobacterial blooms in
many aquatic ecosystems across the planet
(HUISMAN et al., 2018).
In Bulgaria, cyanobacteria and their
toxins have been actively investigated since

2009 (TENEVA et al., 2009; 2010a, b; 2011;
2014; PAVLOVA et al. 2014; 2015).
Summarized information was provided by
TENEVA et al. (2015); STOYNEVA-GÄRTNER et
al. (2017) and DESCY et al. (2018). The
monitoring of the status of the waterbodies
is important since the expansion of the
"cyanobacterial blooms" can leads to
negative consequences for the biodiversity
and the functioning of the aquatic food
chains, and threatens the use of the affected
waters for drinking, bathing, fishing and
other recreation activities.
Studies on the phytoplankton in
Bulgarian dams in the recent years indicated
an
increase
in
the
frequency
of
Cyanobacteria. Together with diatoms
(Bacillariophyta)
and
green
algae
(Chlorophyta), cyanobacteria are very often
dominant or subdominant phyla in the
phytoplankton structure at a number of
large dams, including Dospat and Batak
(TENEVA et al., 2009; DOCHIN & STOYNEVA,
2016; DOCHIN et al., 2018). Phytoplankton,
which is a part of each aquatic ecosystem, is
an important indicator for assessing the
ecological status of standing waters. It is
included in the control and operational
monitoring programs and in most cases is
used as the main biological element for
assessment of the surface standing water
bodies
quality.
Species
composition,
frequency of the blooms and phytoplankton
abundance are the main normative defined
indicators used for monitoring and
assessment of the water quality. In terms of
species composition, the emphasis is placed
on the ratio between the main taxonomic
groups as well as on the proportion of
cyanobacteria. The abundance is measured
with the indicators biomass, chlorophyll-a
and trophic indices. In Bulgaria, this
comprehensive approach for assessment of
the water quality started to apply after 2009,
and despite the active work in this direction,
the data for some water basins are still
incomplete.
The current study, conducted in 2017
and covering 5 dams in the Western
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Rhodopes (Batak, Dospat, Shiroka Polyana,
Golyam Beglik and Krichim), contributes to
a great extent for replenishment and
enrichment of the available information. This
study provides for the first time detailed
information on the species composition and
toxic potential of Cyanobacteria in the
Golyam Beglik, Shiroka Polyana and
Krichim dams. Also, for the first time was
assessed the toxic potential of the
cyanobacterial species in Dospat and Batak
dams during the summer period.
Materials and Methods
Dams description and physicochemical
water quality analysis
TSubject of this study are 5 dams:
Golyam Beglik, Batak, Shiroka Polyana,
Dospat and Krichim. Three of the dams
(Golyam Beglik, Batak and Shiroka Polyana)
are part of the Batak water Cascade
(Batashki vodnosilov pat), which is one of
the most complicated hydrocomplexes built
with the intent to exploit the rich raining
outflow of the Western Rhodopes for
production of electricity and irrigation.
Golyam Beglik and Batak dams are the main
reservoirs, and Shiroka Polyana Dam, which
is part of the first stage of the cascade, serves
as an additional reservoir. The other two
dams (Dospat and Krichim) are part of the
water cascade Dospat-Vacha, which consists
of three hydro-stations: Dospat-Teshel,
Vacha and Krichim. Location data and
morphometric characteristics of the dams are
presented in Fig. 1 and Table 1.The
physicochemical
parameters,
including
water temperature and pH were measured
in situ, total nitrogen and phosphorus in
laboratory following the adopted standards.
Sample collection and phytoplankton
analysis
Phytoplankton was sampled three times
(July, August and September, 2017). The
taxonomic composition of the phytoplankton
was determined by using a light microscope
Amplival (400x) on live and formalinpreserved specimens. Counting of the

phytoplankton was performed by using an
inverted microscope (UTERMÖHL, 1958). For
numerous species, at least 100 specimens
were counted (LUND et al., 1958). The
biomass was calculated by using the
formulas for geometric shapes (HILLEBRAND
et al., 1999). Water samples for chemical and
toxicological analysis were collected at the
same time as the phytoplankton samples
from the same sampling points.
Analysis of cyanotoxins by ELISA
Saxitoxins
The water samples were analyzed by
the Ridascreen™ saxitoxin ELISA kit (RBiopharm, Darmstadt, Germany). This is a
competitive ELISA for the quantitative
analysis of saxitoxin and related toxins based
on the competition between the free toxins
from samples or standards and an enzymeconjugated saxitoxin for the same antibody.
The mean lower detection limit of the
Ridascreen™ saxitoxin assay is about 0.010
ppb (μg/L).
Microcystins and nodularins
The analysis of the water samples for
presence of microcystins and nodularins was
performed using a Microcystins/Nodularins
(ADDA), ELISA Kit (Abraxis LLC,
Warminster, PA, USA). As for the saxitoxin
ELISA, this is a quantitative, competitive
immunosorbent assay that allows the
congener-independent
detection
of
microcystins and nodularins in water
samples. The detection limit of the kit is 0.10
ppb (μg/L).
Results and Discussion
Physicochemical parameters
The environmental variables of the
investigated reservoirs are given in Table 2.
In 2017, the water temperature at the surface
ranged from 17°C (July, in Krichim Dam) to
24°C (August, in Batak Dam). Values of pH
were between 4.5 (September, in Shiroka
polyana Dam) and 7.4 (July, in Krichim
Dam). Total nitrogen (TN) concentrations
varied from 0 mg/L to 4.1 mg/L. Total
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phosphorus (TP) concentrations were from 0
to 0.22 mg/L. In the surveyed reservoirs, the
TN/TP ratio was in the range from 0 to 130.
The ratio of TN/TP (Redfield ratio) is an
important indicator for nutrient limitations of
the phytoplankton growth. It was suggested
that an TN/TP ratio >16 indicates P limitation
on a community level, while an TN/TP ratio
<14 is indicative for N limitation (HECKY &
KILHAM, 1988; DOWNING & MCCAULEY 1992;
YANG et al., 2008). Phosphorus has been
shown to be the principal limiting factor in

freshwater environments, while N is
commonly limiting in marine ecosystems
(YANG et al., 2008). The TN/TP ratio data in
the present study indicate phosphorus
limitation on a community level in Shiroka
polyana Dam during September and Krichim
Dam during July and August. Interesting is
the shifting from phosphoros to nitrogen
limitation in Krichim Dam during summer
months. Phosphorus is most likely the limiting
nutrient responsible for the relatively low
phytoplankton abundance.

Fig. 1. Indicative maps of the studied dams.
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Table 1. Morphometrical characteristics of the investigated dams.

Altitude (m)
Water volume (m3)

Golyam
Beglik
1528
62 110 000

Source

Kriva River

Built (year)
Tributary (m3/s)
Area (km2)
Catchment area
(km2)

1951
4.19
4.8

Shiroka
polyana
1500
24 000
Kerelova
River
1963
NA
20

331

81

432.3

463.29

29.3

41°49.007′N
024°07.442′E
production
of electricity
L3

41°46.038′N
024°08.493′E
production
of electricity
L3

41°38.367′N
024°09.086′E
production
of electricity
L11

41°56.385′N
024°10.550′E

41°59.361′N
024°28.044′E
production
of electricity
L11

Dam name

GPS coordinates
specified use
National lake type

Taxonomic composition and structure of the
phytoplankton community
In
this
study,
phytoplanktonic
organisms belonging to eight phyla –
Cyanobacteria, Bacillariophyta, Chlorophyta
(incl.
Zygnemaphyceae),
Xantophyta,
Euglenophyta, Dinoflagellata, Cryptophyta
and Chrysophyta were identified (Fig. 2).
During the studied period, in Dospat Dam
as well as at the wall of Batak Dam the
highest
percentage
of
the
total
phytoplankton
was
represented
by
Chlorophyta, followed by Bacillariophyta
and Cyanobacteria. The green algae
(Chlorophyta) were represented by the
highest percentage in the Krichim dam as
well, followed by Bacillariophyta. Other
phyla were almost equally represented.
Diatoms (Bacillariophyta) dominated in the
phytoplankton of the Shiroka polyana Dam,
followed by Chlorophyta. In this dam, the
other phyla were again equally represented.
Similar trend was observed also in Batak
(tail) and Golyam Beglik dams, where the
third position after Bacillariophyta and
Chlorophyta was occupied by Cyanobacteria
(Batak Dam - the tail) or shared between
Cyanobacteria and Dinoflagellata (Golyam
Beglik Dam).
Data showed that during the studied
period Chrysophyta were presented in all

Dospat

Batak

Krichim

1200.5
449 220 000

418
20 260 000

1969
249.07
18.3

1107.8
310 000 000
Matnitsa
River
1959
NA
22

Dospat River

complex
L3

Vacha River
1972
564.59
0.8

the studied dams with exception of Dospat
Dam. Also, representatives of Cryptophyta
were not found in Dospat Dam. In 2011, in
Dospat Dam was found only one species
belonging to Cryptophyta (DOCHIN &
STOYNEVA,
2016).
Representatives
of
Euglenophyta have not been identified in
Krichim and Golyam Beglik dams, as well as
in the tail of Batak Dam. Xantophyta were
presented only in the phytoplankton of
Dospat Dam (in August, 5%) and Shiroka
Polyana Dam (in September, 3.1%). During
the summer months in all five dams
Cyanobacteria had a dominant role in the
phytoplankton
structure
along
withBacillariophyta
and
Chlorophyta.
Similar data were reported also in other
studies on the phytoplankton in Dospat and
Batak dams (DOCHIN & STOYNEVA, 2016;
DOCHIN et al., 2018).
An increase in the percentage of
cyanobacteria
presented
in
the
phytoplankton of the investigated dams was
observed from July to September, as this
percentage was highest in September (Fig.
3). A similar trend was reported by DOCHIN
et al. (2018) studying the phytoplankton of
Batak Dam.
Data from the present study showed that
the most abundant of cyanobacterial species
is Dospat Dam in September (30.4%),
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followed by Batak Dam and Golyam Beglik.
Cyanobacteria
were
relatively
less
represented in Shiroka Polyana and Krichim
dams.Twenty four cyanobacterial species
from 12 genera have been identified in the
five studied dams. Among them we
identified known producers of cyanotoxins
such
as
Aphanizomenon
flos-aquae,
Dolichospermum spiroides and Dolichospermum
sciremetieviae (Table 3). Four cyanobacterial
species were found in Krichim Dam, 7 in
Dospat Dam, 13 in Batak Dam, 5 in Shiroka
polyana Dam and 7 in Golyam Beglik Dam.
Determined cyanobacteria belong to some of
the richest of species genera represented in
the Bulgarian ponds such as Aphanocapsa,
Dolichospermum, Aphanizomenon, Anabaena,
Pseudanabaena, Oscillatoria and Chroococcus
(STOYNEVA-GÄRTNER et al., 2017). The
obtained data (in terms of total biomass) do
not show blooming concentrations of
cyanobacterial species. Higher values of total
biomass (near to first degree of blooming)

were recorded in July and September in
Dospat Dam.
Analyses of water samples for presence of
cyanotoxins
Collected water samples from the
investigated dams were analyzed for
presence of cyanotoxins by commercially
available ELISA kits for saxitoxins and
microcystins/nodularins. The data are
presented in Fig. 4. Performed ELISA test for
microcystins/nodularins showed presence of
these toxins in the water samples collected in
July from Dospat Dam (0.09 ng/mL) as well
as in the water samples collected in August
from Batak Dam (0.27 ng/mL), where
Aphanizomenon flos-aquae
(L.) Ralfs was
identified as a dominant species. Saxitoxins
with a concentration of 0.05 ng/mL were
detected in the water samples collected in
September from Shiroka polyana and
Krichim dams where as dominant taxa were
determined Anabaena sp. and Aphanocapsa sp.

Table 2. Physicochemical variables of the surface water.
Reservoir name/
Parameters

Golyam Beglik
VII VIII
IX

Shiroka polyana
VII VIII
IX

VII

Water temperature (°C)

20
6.5
0

21.5
5.5
0

19
5.5
0.1

20
6.5
0.3

21.5
5.5
2.2

18
4.5
4.1

21.5
6.5
0.2

23
5.5
0

Total phosphorus (mg/L) 0.09
0
TN/TP

0.19

0.02

0

0.19

0.04

0

0

5

0

11.6

102.5

0

RB

BG

RB

RB

GB

RB

SG

pH
Total nitrogen (mg/L)

Water color *

Dospat
VIII IX

VII

Batak
VIII

IX

VII

Krichim
VIII
IX

21
5.0
0

23
6.6
0.4

24
5.5
0.4

22
6
0.9

17
7.4
2.6

19
6
3.1

18.5
7
0.1

0.14

0

0.22

0.03

0.12

0.02

0.03

0.01

0

0

1.82

13.3

7.5

130

103

10

SG

SG

RG

BG

BG

OG

RG

OG

* OG - oil green color, RG - rifle green color, RB- rusty brown color, BG -brown green color, SG - sage
green color, GB - greenish brown.

Table 3. Species composition and quantitative characteristics of the cyanobacteria in
studied reservoirs.
Months

Density
(cells/L)

Species composition

Krichim Dam (wall).
Aphanothece clathrata W. et G.S. West
25 800
July
Lyngbya sp.
11 400
Aphanocapsa delicatissima W. et G.S. West
591 250
August
Aphanothece clathrata W. et G.S. West
70 950
Aphanocapsa delicatissima W. et G.S. West
903 000
September Aphanothece clathrata W. et G.S. West
541 800
Synechococcus elongatus (Näg.) Näg.
-
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Biomass
(mg/L)
0.002
0.001
0.001
0.001
0.001
0.005
-

Total
density

Total
biomass

37 200

0.003

662 200

0.002

1 444 800

0.006
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Dospat Dam (wall)
Aphanizomenon flos-aquae (L.) Ralfs
2 531 410
Woronichinia naegeliana (Ung.) Elenk.
Dolichospermum spiroides Kleb.
Aphanizomenon flos-aquae (L.) Ralfs
145 125
August
Aphanothece clathrata W. et G.S. West
145 125
Woronichinia naegeliana (Ung.) Elenk.
Dolichospermum spiroides Kleb.
Anabaena variabilis Kütz.
361 200
Aphanizomenon flos-aquae (L.) Ralfs
2 528 400
Aphanocapsa planctonica (G.M. Smith)
September
Kom. et Anagn.
Aphanothece clathrata W. et G.S. West
90 300
Oscillatoria mougeotii (Kütz.) Forti
9 030
Woronichinia naegeliana (Ung.) Elenk.
July

Batak Dam (tail end).
Anabaena sp.
116 000
Aphanizomenon flos-aquae (L.) Ralfs
Aphanothece clathrata W. et G.S. West
July
Merismopedia tenuissima Lemm.
Pseudanabaena catenata Laut.
Woronichinia naegeliana (Ung.) Elenk.
Aphanothece clathrata W. et G.S. West
215 000
August
Merismopedia tenuissima Lemm.
Snowella lacustris (Chod.) Kom. et Hind.
32 250
September Dolichospermum scheremetieviae Elenk.
Aphanizomenon flos-aquae (L.) Ralfs
618 754
Aphanothece clathrata W. et G.S. West
Oscillatoria tenuis Ag.
12 212
Synechococcus capitatus Bail.-Watts et
Kom.
Woronichinia naegeliana (Ung.) Elenk.
284 953
Batak Dam (wall).
Aphanizomenon flos-aquae (L.) Ralfs
210 800
Aphanothece minutissima (W. West)
July
128 600
Kom.-Legn. et Cronb.
Woronichinia naegeliana (Ung.) Elenk.
15 000
Dolichospermum spiroides Kleb.
Aphanizomenon flos-aquae (L.) Ralfs
Aphanothece minutissima (W. West)
August
224 675
Kom.-Legn. et Cronb.
Pseudanabaena limnetica (Lemm.) Kom.
3 548
Woronichinia naegeliana (Ung.) Elenk.
Dolichospermum scheremetieviae Elenk.
968
Aphanizomenon flos-aquae (L.) Ralfs
207 045
Aphanothece minutissima (W. West)
September
41 603
Kom.-Legn. et Cronb.
Synechococcus elongatus (Näg.) Näg
Woronichinia naegeliana (Ung.) Elenk.
77 400
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0.203
0.012
0
0.072
0.202

2 531 410
290 250

2 988 930

0
0.013
-

0.023
0.001
0
0.050
0.016

116 000

247 250

915 919

0.023

0.001

0.08

0.014

0.02
0.001

354 400

0.021

228 223

0.001

327 016

0.028

0.000
0.001
0.004
0.02
0.000
0.004
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Shiroka polyana Dam
Anabaena sp.
1 183
Anabaena sp.
35 475
August
Aphanothece clathrata W. et G.S. West
23 650
Oscillatoria sp.
Anabaena sp.
77 400
September Dolichospermum spiroides Kleb.
Aphanizomenon flos-aquae (L.) Ralfs
July

Golyam Beglik Dam
Aphanothece clathrata W. et G.S. West
48 375
July
Woronichinia naegeliana (Ung.) Elenk.
Aphanizomenon flos-aquae (L.) Ralfs
58 050
Dolichospermum scheremetieviae Elenk.
129 000
Aphanothece clathrata W. et G.S. West
150 500
August
Chroococcus limneticus Lemm.
Woronichinia naegeliana (Ung.) Elenk.
Aphanizomenon flos-aquae (L.) Ralfs
Merismopedia glauca (Ehr.) Kütz.
63 855
September
Pseudanabaena catenata Laut.
Woronichinia naegeliana (Ung.) Elenk.
-

0
0.007
0
0.02
-

0
0.005
0.001
0.008
0.001
-

1 183

0

59 125

0.007

77 400

0.02

106 425

0.005

279 500

0.009

63 855

0.001

Fig. 2. Relative abundance of the phytoplankton taxa (%) in the surface water of
studied reservoirs in July, August and September 2017.
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Fig. 3. Relative abundance of Cyanobacteria (%) in the surface
water of studied reservoirs.

Fig. 4. Presence of cyanotoxins (MCs/Nod, STXs) in the water samples tested by ELISA.
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Conclusions
Data
from
the
physico-chemical
parameters measured in this study have
determined the phosphorus as a limiting factor
for the biodiversity and abundance of the
phytoplankton in two of the studied dams Shiroka Polyana and Krichim.
Aphanothece clathrata and Aphanizomenon
flos-aquae were found in each of the studied
reservoirs. Among the 24 cyanobacterial species
identified in the present study, we found
proven producers of cyanotoxins such as
Aphanizomenon flos-aquae,
Dolichospermum
spiroides and Dolichospermum sciremetieviae.
Our data showed a positive correlation
between the species composition of Cyanobacteria
in the surveyed reservoirs and the presence of
cyanotoxins detected by the ELISA test.

This study underlines the need of analyses
for cyanotoxins to assess the risk of water
contamination. Although cyanotoxins were
detected in concentrations lower than the
recommended levels for drinking water, there is
an urgent need from monitoring programs of
Cyanoprokaryota and their toxins in the dams.
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Abstract. For saving world’s biodiversity, networks of protected areas were established,
conventions, agreements, political and strategical documents for conservation of nature that all
highlight the importance of the environmental context of the education for sustainable
development were prepared. Nature and national park administrations in Bulgaria which are
legally obliged to conduct educational activities have a significant role for building environmental
awareness and behavior in visitors. The aim of this research is to develop and implement modern
approaches and mechanisms to organize educational activities in the field of ecology and nature
conservation in protected areas in Bulgaria after the example of “Vrachansky Balkan” Nature Park.
For achieving this aim, instruments for carrying out quality long- and short-term educational
activities were elaborated, verified and implemented in practice. Such comprehensive systematic
approach, is organized for the first time in “Vrachansky Balkan” and it fulfills one of the objectives
set in its Management Plan (2011-2021). The approbation of one week activities in the nature park
shows better cognitive results and higher motivation for environmental protection among the
participants in comparison to the one-day stay. The verified educational approach is a nature
conservation instrument, applicable to the management of all nature and national park
administrations for biodiversity preservation and sustainable use of natural resources.
Key words: protected areas, nature park, environmental education.

Introduction
The world’s biodiversity declines and
current trends could have unfavorable
consequences for humanity. Biodiversity loss
affects the ecosystem functions and threatens
the provision of ecosystem services for
people. For solving the global environmental
problems, networks of protected areas for
nature conservation were established,
conventions, agreements, political and
strategical documents for biodiversity
protection, that all highlight the importance
of the environmental context of the
© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

education for sustainable development, were
composed (CBD SECRETARIAT, 2013; IUCN,
2013; MOEW, 2014).
An important milestone in the
development of the overall concept of
biodiversity conservation is the United
Nations Conference on Environment and
Development in Rio de Janeiro from 1992
and the resulted action plan “AGENDA 21”.
Special attention in the documents of the
Conference is paid on the “education for
sustainable development”, that is a process
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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of personal and social development and
integrates ecological, economic, social and
cultural aspects of life, builds responsible
behavior to the surrounding world and
expands the concept of environmental
education. Its main objective is the proper use
of the opportunities of formal, non-formal
and informal education as instruments of
solving the global problems facing the human
community today and its application is
covered in subsequent documents, among
other: Johannesburg Plan of Implementation
(2002), Global Action Programme on
Education for Sustainable Development
(2014) (UNITED NATIONS, 2015).
Bulgaria has well-developed network of
protected areas that covers about 5% of the
country's territory and the need of providing
environmental
education
there
is
incorporated in the early Bulgarian
legislation. In the current BULGARIAN
PROTECTED AREAS ACT (1998), one of the
management goals of national and nature
parks, reserves, managed reserves and
protected sites is carrying out educational
activities in the field of ecology and
environmental protection.
Best opportunities, taking into account
the conservation category, the material and
administrative provision for conducting
non-formal and informal environmental
education, offer nature and national parks.
In order to assist the park administration in
the effective informational work, elaboration
of educational methodologies is necessary.
According to the management plan,
annual reports, records and experts’ data of
the “Vrachansky Balkan” Nature Park
Administration are identified the statement,
problems and needs of the Administration
for
conducting
effective
educational
activities in the field of ecology and
environmental protection with high school
students.
The main problems for effective
educational activities are related to lack or
deficit of:
 knowledge about the natural and
social sciences’ subjects for proper

adjustment of the Park’s biodiversity
conservation education to high school
students’ needs;
 approaches to organizing and
conducting educational programs;
 structured content on important
topics related to the Park’s biodiversity
conservation;
 methodology
for
conducting
educational activities;
 supporting and visual materials for
conducting educational activities;
 educational programs with different
duration;
 qualified employees for conducting
educational activities;
 mechanisms for evaluating and
improving the quality of the educational
activities.
In this regard in the Management Plan of
“Vrachansky Balkan” Nature Park (2011), in
the operational objectives of the Administration
is included to achieve high awareness of the
general public about the conservation
significance of the protected area and deep
understanding of its aspects, which involves
the development of an information and
interpretation system of the Park. The measures
planned to achieve the desired results cover the
creation of effective information tools for the
Park, development of educational programs
related to the most significant features of the
territory, improvement of the staff competences
for
conducting
educational
activities,
development of the material base to carry out
trainings in the Park, cooperation at different
levels.
The aim of the research is to develop
and verify modern approaches and
mechanisms for organizing and conducting
educational activities in the field of ecology
and nature protection in Bulgarian protected
areas, after the example of “Vrachansky
Balkan” Nature Park.
Materials and Methods
The systematic approach of research
based on three main stages - analysis,
synthesis and evaluation, was used.
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The analysis includes:
•
study of methodologies and
approaches for carrying out educational
activities in the field of ecology and
environmental
protection
through
experiencing nature;
•
study of the management priorities
of “Vrachansky Balkan” Nature Park
regarding educational, information and
tourist activities of the Administration;
•
study of the curriculum from 8th to
12th grade in natural and social sciences.
At synthesis stage, the collected
analytical information was summarized and
specified for:
•
development
of
training
methodology and programs for conducting
educational activities with high school
students during short- and long-term stay in
“Vrachansky Balkan” Nature Park.
In order to specify and meet the needs of
the target group, for determination of the
correlation between goals and results, an
approbation and evaluation based on
feedback was made.
The approbation of the educational
methodology was conducted with high
school students (8th to 12th grade) during 6
seminars for long stay and 5 seminars for
short stay in the Park, with 20 to 25
participants in a seminar or a total number
of participants between 220-250.
In the evaluation of the educational
methodology, the survey method was
applied. The survey data was processed
using standard software tools IBM and
Microsoft – SPSS, Excel.
Pedagogical modeling was also used in
the research process.
The methodology elaboration included
several main stages: determination of its
objective and tasks, leading training
principles and methods, thematic structure
and educational content, establishment of
training programs for short- and long stay in
the Park.
Main objective of the methodology is to
develop
“shaping
competences”
by
deepening, expanding and strengthening

knowledge about ecological and socioeconomic importance of the “Vrachansky
Balkan”
protected
area,
using
interdisciplinary and interactive learning
approach.
According to the education for
sustainable
development
concept
of
“shaping competences” (DE HAAN, 2008),
that consist of 12 action oriented
subcompetences, assigned to personal,
practical, social and specialized skills for
shaping
a
sustainable
future,
the
methodology aims to develop:
 Knowledge about biological species
and ecosystems;
 Understanding
the
interaction
between man and environment;
 Skills to communicate in a team;
 Ability
for
discussing
and
argumentation;
 Ability for analysis, evaluation,
planning and solving a problem;
 Rationalization of the experience;
 Sharing the experience with the rest
of the group.
Leading
training
principles
are:
visualization, accessibility, consciousness,
systematization, activity, persistence of
knowledge, skills and habits.
The methods of non-formal education used
are interactive. All they aim at motivating
responsible attitude towards the surrounding
world, to nature and society. They promote
environmental thinking and generally develop
sustainable behavior. The following methods
are used: discussion – debates, talks,
discussions, etc., where the participants acquire
information and experience through controlled
interaction; experiential (empirical) – project
work, research, experiment, etc.; situational –
case studies, simulation, role play, etc., where
skills and habits for real action are shaped
(NIKOLAEVA, 2015).
Based on the Park's long-term and
operational objectives, operational tasks,
conservation and use prescriptions included
in its Management Plan of “Vrachansky
Balkan” Nature Park (2011), as important for
its educational activities, 8 thematic areas
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have been identified, that are directly related
to the abiotic, biotic, cultural and socioeconomic characteristics of the Park. The
thematic areas are:
1. Ecosystems and protected areas
2. Biodiversity
3. Pastures and meadows
4. Water resources
5. Forests
6. Caves and karst forms as habitats
7. Anthropogenic
impact
on
biodiversity on the Park’s territory
8. Sustainable use of natural resources
A study of the curriculum was made for
the purposes of the methodology and the
interrelations of subjects in middle (5-8th)
and upper (9th-12th) grades related to
biodiversity and environmental protection
were identified (MES, 2013). Based on it, to
each thematic area was included specific
information, adapted to the compulsory
curricula, as well as relevant educational
activities.
Especially developed training materials are
used to apply the methodology. They serve for
visualization and accessibility of the
information, as well as to implement the
practical activities. Worksheets for the different
thematic areas containing specific information
for the “Vrachansky Balkan” Nature Park,
tasks, open and closed test questions, schemes
and graphs for analysis were composed. A set
of cards with pictures and specialized texts for
70 typical species of plants, animals and
mushrooms, was also prepared. The texts
include: name of the species in Bulgarian and
Latin,
biological
features,
ecological
characteristics of its habitats, nature
conservation status, and curious facts.
Two formats of training programs of
different duration were arranged - for one
week (BANCHEVA, 2015) and for a day stay.
Training activities follow a logical sequence
and the “flow learning” stages - awaken
enthusiasm,
focus
attention,
direct
experience and share inspiration (CORNELL,
1991) according the age peculiarities of high
school students (CORLEIS, 2000).

Results and Discussion
The methodology for educational
activities in “Vrachansky Balkan” Nature
Park was approbated with high school
students by applying the programs for a
long and short-term stay during the years
2013-2015. For its evaluation anonymous
semi-standardized questionnaires with open
and closed questions were developed. The
questionnaire of long-stay contained 13, and
the one for short-term - 9 questions, partially
coinciding. It aimed to verify the knowledge
and skills, acquired of the participants
during the seminars and the training
methodology accordance to the objectives of
the environmental education for sustainable
development. It was also designed to
identify the participants’ satisfaction level of
the stay in the Nature Park. Qualitative and
quantitative analysis was used for
conclusions.
The long-term educational program
covered the main thematic issues: ecology,
biodiversity and nature conservation; air
pollution and climate change; sustainable
resource and waste management; alternative
tourism and sustainable lifestyle. The
questionnaire was conducted among 139
participants in the seminars. Excellent and
very good evaluation of the educational
program gave almost 90% of the trainees.
Educational activities were very useful for
87,6 % of the participants. Many new things
learned 76,6% of them and almost 21% - not
so many.
The content of short-term educational
program was similar to the long-term. All
104 participants were interviewed. The
results show that excellent and very good
evaluation of the educational activities gave
57,7% of the participants, for 51,9 % the
educational activities were very useful. The
way of conducting the activities was
determined at an excellent and very good
level of 66,4 % of the trainees. New things
during the short-term program learned
88,5%, from which 45,2% learned many new
things and 43,3% - not so many.
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The methodology application through
educational programs during short- and
long-term stay in the Nature Park showed
some differences in the results in terms of
their educational effectiveness.
Competencies that the participants
have developed during the training show
that all the defined, for the purpose of the
methodology, “shaping competences” were
well covered in both educational programs.
The results do not differ significantly in
terms
of
the
overall
competences
advancement,
but
contain
some
particularities of both types of stay,
presented on Figure 1. Participants
appreciated most the understanding of
human-nature interaction, deepening of
knowledge about species and ecosystems,
communication skills and teamwork. Both
groups of seminar duration appreciated the
development of ability for analysis,
evaluation, planning and solving a

problem, which was better during a long
stay. The percentage of students who
appreciated the educational activities was
significantly higher during a long stay in
the Park than that of a day stay. The
difference shows that participants with
excellent and very good evaluation of longterm stay activities were 30.6% more than of
short-term. Third of adolescents of shortterm stay evaluated them as “good” and
just 7,3 % of participants, trained a whole
week in the Park (Fig. 2).Participants in a
long-term stay, who said that educational
activities were definitely useful to them, are
35.7% more than those in a short-stay (Fig.
3).The results of the question whether
participants have learned a lot of new
things during their educational activities
are also expected. Many new things learned
31,4 % more students of a couple of days
stay than those, who were only a day in the
Park (Fig. 4).

Fig. 1. Shaping competences acquired during long- and short-term educational activities in
"Vrachansky Balkan" Nature Park according to the participants.
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Fig. 2. Assessment of educational activities by percentage of
participants in long- and short-term programs.

Fig. 3. Percentage of participants that considered short- and long-term educational
activities useful to themselves.
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Fig. 4. New things learned by percentage of participants
in long- and short-term educational activities.
Both students of short- and long-term stay
confirmed that they liked the methods of
educational program – the interactive activities.
The responses show that participants were
sensitive to the individual trainer approach, but
not to the essence of activities.
Young people who had the opportunity to
spend more days in the Park were significantly
more satisfied with the educational program
than those who were only a few hours. There is
also a contrast in the pupils’ educational
experience during stays of different duration in
the Park. It was more complete when they
spend more time in nature.
Comparing the results of programs based
on the methodology for conducting nonformal
environmental
education
for
sustainable development in “Vrachansky
Balkan” Nature Park with groups of high
school students during short- and long-stays
in the Park shows higher efficiency of the
methodology during several days stay of
pupils in the nature territory.
The summary of the results confirms that
one-day and several-day seminars in
protected areas are a modern form of

conducting educational activities in the field
of ecology and environmental protection.
They correspond the key themes and achieve
the goals of sustainability education.
Discussion
The
developed
and
approbated
methodology, incl. the training materials
produced, meets the identified needs of
“Vrachansky
Balkan”
Nature
Park
Administration, increases its capacity for
educational activities and is a successful
nature conservation instrument that can be
applied in other protected areas. As a
scientific and educational approach, it
enables non-formal education in the field of
ecology and environmental protection to
become a permanent practice for the national
and nature parks in Bulgaria.
The results of the conducted studies and
practical activities show that the methodology
application
through
organization
of
environmental education in protected areas is a
modern form for acquiring knowledge and skills
about the biodiversity and its conservation,
human-nature relationships, sustainable use of
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natural resources, etc. which also achieve the
goals of sustainable development education.
This is confirmed by the positive evaluation
given in the survey carried out among all 243
participants in the trainings.
The survey, regarding the percentage
distribution of the knowledge gained in the
seminars, shows relatively highest percentage
of
participants
who
increased
their
competences in the field of ecology,
biodiversity and nature conservation, man and
nature interaction, the sustainable development
and opportunities for sustainable tourism.
Skills for teamwork, communication and
exchange are also appreciated.
The results of the educational activities
show that a couple of days’ period of training
on the Park territory is needed, in order to
provide qualitative and in-depth knowledge of
ecology and environmental protection. The
short-term stay does not allow the overall
achievement of the objectives of sustainable
development education in its environmental
aspects. This is also confirmed by the results’
differences from the questionnaires regarding
their learning effectiveness.
The approaches for training the Park
Administration’s staff for conducting educational
activities, as well as the tools for evaluation and
improvement of the quality of educational
activities, are subject of additional research.
Conclusions
A methodology for carrying out
educational activities in the field of ecology
and nature conservation in protected areas,
specified for the needs of “Vrachansky
Balkan” Nature Park, was developed and
implemented in practice. Such activity,
including a comprehensive systematic
approach, is organized for the first time in the
Park and it also fulfills one of the objectives
set in its Management Plan (2011-2021).
This verified instrument is applicable to
the management of all nature and national
park administrations for biodiversity
preservation and sustainable use of natural
resources.
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Abstract. The aim of the study was to determine the chemical composition and for the first time - the
content of cadmium (Cd), nickel (Ni), lead (Pb) and zinc (Zn) in the meat of bream (Abramis brama
Linnaeus, 1758), Prussian carp (Carassius gibelio Bloch, 1782), vimba (Vimba vimba Linnaeus, 1758 ) and
chub (Leuciscus cephalus Linnaeus, 1758) in one of the most popular for angling dams in Central
Bulgaria in order to evaluate the risk for human health. Chemical composition of fish from
Zhrebchevo dam showed the highest moisture content in the meat of Prussian carp – 82.13±0.04%,
and the lowest in that of vimba – 78.51±0.07%. The amount of protein and lipids was highest in vimba
meat 18.41±0.23% and 1.88±0.09%, and lowest in the Prussian carp - 16.49±0.01% and 0.25±0.05%. The
content of Cd, Ni and Pb in the meat of vimba was the lowest - 0.033±0.001 mg.kg -1, 0.330±0.001
mg.kg-1 and 0.135±0.001 mg.kg-1 and the highest in bream, 0.045±0.004 mg.kg -1, 0.457±0.018 mg.kg-1
and 0.177±0.013 mg.kg-1 respectively. The highest content of Zn was observed in the Prussian carp 20.170±0.266 mg.kg-1, and lowest in bream - 15.903±0.593 mg.kg-1. The obtained values for the four
studied heavy metals were below the maximum permissible level according to the European
legislation.
Key words: Abramis brama, Carassius gibelio, Leuciscus cephalus, Vimba vimba, human health risk.

Introduction
The cyprinid family (Cyprinidae) comprises
the highest number of fresh-water fish species
inhabiting
Bulgarian
water
pools
(KARAPETKOVA & ZHIVKOV, 2010). Zhrebchevo
Dam is populated by more than 15 fish species;
among the most numerous and stable
populations are those of the bream, Prussian
carp, vimba and chub. Due to its location in
central Bulgaria and the easily accessible
shores, the Zhrebchevo Dam is visited by many
© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

amateur anglers. So far, the fish inhabiting
Zhrebchevo Dam water are relatively few.
ZHELYAZKOV et al. (2014) determined some
heavy metals in the meat of roach (Rutilus
rutilus) and bleak (Alburnus alburnus), whereas
VALKOVA et al. (2013; 2015a, b) studied Cd, Cr
and Cu in the water, sediment, aquatic plants
and muscle tissue of common carp (Cyprinus
carpio) from Zhrebchevo Dam.
The chemical composition of the different
fish species varies according to feeding mode,
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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environment, size, migrations etc. (BUD et al.,
2008). High and well-balanced dietary protein
content, essential fatty acids and mineral
substances make fish a valuable and beneficial
human foodstuff (KATSELIS et al., 2007).
The main sources for accumulation of
heavy metals in the body of fish are the water,
feed and sediments (YILMAZ et al., 2007; ZHAO
et al., 2012). In addition, heavy metals are not
biodegradable, and their continuous intake
with feed could pose a serious health risk to
both, animals and men (DAVYDOVA 2005;
JAVED & USMANI 2011, 2012, 2013a, 2015).
Furthermore, fish, being at the top of the
aquatic foodchain, accumulate substantial
heavy metal amounts in their meat, leading to
a high risk for humans as end consumers
(JAVED & USMANI 2013b, 2015).
The aim of the study was to determine the
chemical composition and for the first time the content of cadmium (Cd), nickel (Ni), lead
(Pb) and zinc (Zn) in the meat of bream
(Abramis brama Linnaeus, 1758), Prussian
carp (Carassius gibelio Bloch, 1782), vimba
(Vimba vimba Linnaeus, 1758 ) and chub
(Leuciscus cephalus Linnaeus, 1758) in one of

the most popular for angling dams in
Central Bulgaria in order to evaluate the
risk for human health.

Materials and Methods
Study Area
The Zhrebchevo Dam is located in
Southeastern Bulgaria, geographic coordinates
(42° 36′ 56″ N, 25° 51′ 33″) (Fig. 1). The surface
water area is 25 km2 and maximum depth 50.50 m. The dam water is a source of irrigation
and recreation.
Sample Preparation
The study was carried out in MarchOctober 2016. Bream, Prussian carp, vimba and
chub were caught by recreational anglers by the
fishing rod from the shore. A total of 8
specimens from each studied species were
collected. The total lenght of selected specimens
was longer than permitted by the Fisheries and
Aquaculture Act (2001). The weight of each fish

specimen was measured with an electronic
scales (up to 0.01 g). The mean weight of the
bream, Prussian carp, vimba and chub was
427.46±34.74 g, 432.68±45.37 g, 397.51±43.73 g
and 352.84±54.73 g respectively. The fishes
were transported at 0–4°C to the Central
laboratory of Trakia University, Stara Zagora
for furher analysis. The fish samples were
filleted and the meat was minced and
homogenized for chemical analyzing.
Chemical Analysis
Meat samples were prepared according to
AOAC
(2006;
method
983.18)
and
determination of water content (%) was by air
drying (AOAC, 1997; method 950.46). Crude
protein content (%) was calculated by
converting the nitrogen content, quantified by
Kjeldahl’s method, using an automatic Kjeldahl
system (Kjeltec 8400, FOSS, Sweden). Lipid
content (%) was determined by the method of
Soxhlet, using an automatic system (Soxtec
2050, FOSS, Sweden). Ash content (%) was
investigated by incineration in a muffle furnace
(MLW, Germany) at 550°C for 8 h. Crucibles
were brought about the room temperature and
weighed.
Heavy Metal Content
The sample preparation for heavy metals
analysis was made by wet digestion in
microwave (Perkin Elmer Multiwave 3000).
The content of Cd, Ni, Pb and Zn (mg.kg-1) in
fish muscles was determined by atomic
absorption spectrophotometer (Perkin-Elmer
Analyst 800).
Human Health Risk Assessment
Human health risk assessment was
performed by calculations of estimated daily
intake (EDI), target hazard quotient (THQ) and
hazard index (HI). Estimated daily intake (EDI)
and Target hazard quotient (THQ) were
calculated as described by YABANLI &
ALPARSLAN (2015):
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where EDI is estimated daily intake (μg
analysed element/kg body weight/day), FIR
– average daily consumption of bream,
Prussian carp, vimba and chub (kg/person),
C – average concentration of the heavy metals
in the samples (mg/kg) and BWa – average
body weight (kg).
Body weight of 70 kg was used for
adults (YABANLI & ALPARSLAN, 2015).
EDI values should be compared to the
oral reference dose (RfDo) (USEPA, 2016) and
provisional tolerable weekly intake (PTWI)
(FAO/WHO, 1993; 2004) of each analyzed
element to determine whether recommended
levels are exceeded or not.

where THQ is target hazard quotient, Efr –
exposure frequency (365 days/year), EDtot –
exposure duration (70 years), FIR – average
daily consumption of bream, Prussian carp,
vimba and chub (g/day), C – average
concentration of the heavy metals in the
samples (mg/kg), RfDo – oral reference dose
(mg/kg/day), BWa – average body weight
(kg) and ATn – average exposure for noncarcinogens in year (365 days/year x 70
years).
Hazard index (HI) is a sum of the THQ
values of each analyzed element (JAVED &
USMANI, 2016):

Statistical Analysis
Statistical analyses were performed using
STATISTICA 6 (StatSoft Inc., 2002). The
accuracy of the measurements was assessed
by standard deviation (SD) for n=8.
Results and Discussion
Chemical Composition
The highest water content was found out
in the meat of Prussian carps – 82.13±0.04%,
while the lowest was that of vimba meat 78.51±0.07% (Table 1). According to

FAO/WHO (2011) the average water content
of fish meat is about 80%. The dry matter
content for both species was characterized
with the opposite tendency - 17.88±0.04% and
21.50±0.07% respectively (Table 1).
Protein content was the highest in vimba
meat: 18.41±0.23%, followed by bream,
Prussian carp and chub meat (Table 1). Data
correspond to those reported by ŻMIJEWSKI et
al. (2006) in Cyprinids. The protein content in
different fish species is from 15% to 20% with
a tendency for very little within-species
variations (FAO/WHO, 2011).
Fat content values were the highest in
vimba meat - 1.88±0.09%, followed by chub,
bream and Prussian carp meat. ŻMIJEWSKI et
al. (2006) reported a higher meat fat content
in Cyprinids (2.52-3.63%) than values in our
study - 0.25-1.88%, which could be probably
due to the season. According to FAO/WHO
(2011), fat content of fish meat varied a lot
according to the species and the catch season.
Ash content was the highest in bream
meat 1.24±0.05%. According to FAO/WHO
(2011) ash content of fish meat does not
exceed 2% as also confirmed by our results
and those of ŻMIJEWSKI et al. (2006) in
Cyprinids – 0.99-1.01%.
Heavy Metal Content
The highest Cd content was observed in
bream meat - 0.045±0.004 mg.kg-1, it exceeded
that in Prussian carp, chub and vimba, by 8.99%,
24.45% and 26.67%, respectively (Table 2). The
results corresponded to data of PEYCHEVA et al.
(2017) 0.020-0.046 mg.kg-1 in Cyprinids from the
Mandra Lake and to these reported by
YANCHEVA et al. (2014) for the Topolnitsa
reservoir. Substantially lower Cd concentrations
(0.01 mg.kg-1) were reported in roach (Rutilus
rutilus) and bleak (Alburnus alburnus) from the
Zhrebchevo Dam in both species (ZHELYAZKOV
et al., 2014). Similar values were reported by
VALKOVA et al. (2015a) in common carp from the
same water basin. The maximum Cd level above
which fish consumption is prohibited by the EC
and Bulgarian legislation is 0.05 mg.kg-1
Commission Regulation 1881 (EC, 2006) and
Regulation 31 (2004).
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The Ni content was the highest in bream
meat – 0.457±0.018 mg.kg-1, higher than that

in Prussian carp, chub and vimba by 9.85%,
23.86% and 27.79% respectively (Table 2).

Fig. 1. Indicative map of the study area.
Table 1. Proximate analysis of the meat from analyzed fish species, caught in
Zhrebchevo Dam (%).
Bream
Prussian carp
Vimba
Chub
Parameter n (Abramis brama) (Carassius gibelio) (Vimba vimba) (Leuciscus cephalus)
Mean±SD
Mean±SD
Mean±SD
Mean±SD
Water
Protein
Lipids
Dry matter
Ash

8
8
8
8
8

80.48±0.0
17.82±0.10
0.47±0.06
19.52±0.01
1.24±0.05

82.13±0.04
16.49±0.01
0.25±0.05
17.88±0.04
1.14±0.00

Similar results for Ni content in the meat
of Cyprinids from the Topolnitsa reservoir were
reported (YANCHEVA et al., 2014). Again,
ZHELYAZKOV et al. (2014) detected lower Ni
concentrations in the meat of roach (Rutilus
rutilus) and bleak (Alburnus alburnus) caught
from Zhrebchevo Dam – 0.04 mg.kg-1 and 0.025
mg.kg-1, respectively. Lower values (0.055-0.11
mg.kg-1) of Ni were also reported by PEYCHEVA

78.51±0.07
18.41±0.23
1.88±0.09
21.50±0.07
1.21±0.08

81.03±0.04
16.49±0.05
1.30±0.03
18.98±0.04
1.19±0.04

et al. (2017) in Cyprinids from the Mandra Lake.
FAO/WHO (1983) recommendations for daily
Ni intake are 100-300 μg.kg-1 body weight.
Nevertheless, the toxicity of Ni for men is not
high as it absorption is very low (ÖZDEN,
2008). The established maximum Ni level as
per Bulgarian legislation, above which fish
consumption is not allowed, is 0.50 mg.kg-1
(Regulation 31, 2004).
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The highest Pb content was that of bream
meat - 0.177±0.013 mg.kg-1, higher that Pb in
Prussian carp, chub and vimba by 6.22%,
21.47% and 23.73%, respectively (Table 2).
Significantly lower Pb concentrations were
demonstrated in roach (Rutilus rutilus) and
bleak
(Alburnus
alburnus)
from
the
Zhrebchevo Dam - 0.07 mg.kg-1 and 0.06
mg.kg-1, respectively (ZHELYAZKOV et al.,
2014). Similar values (0.075-0.086 mg.kg-1)
were reported by STANEK et al. (2015) in
Abramis brama L., Blicca bjoerkna L. and
Alburnus alburnus L. from the Vistula River,
whereas PEYCHEVA et al. (2017) established a
higher lead content in Cyprinids from the
Mandra Lake (0.15-0.27 mg.kg-1). The
maximum allowed daily intake of Pb for
adults specified by FAO/WHO (1983) is 25
μg/kg body weight. The established
maximum Pb level as per Bulgarian
legislation, above which fish consumption is
not allowed, is 0.20 mg.kg-1 (Regulation 31,
2004), and even higher according to EC
regulations – 0.30 mg.kg-1 (EC, 2006).
The highest Zn content was observed in
Prussian carp meat - 20.170±0.266 mg.kg-1
which was higher than Zn concentrations in
vimba, chub and bream samples by 16.26%,
19.34% and 21.16% respectively (Table 2).
Considerably lower Zn concentrations were
found out in the meat of roach (Rutilus rutilus)

and bleak (Alburnus alburnus) - 5.46 mg.kg-1
and 4.05 mg.kg-1 respectively (ZHELYAZKOV et
al., 2014). Similar low Zn concentrations were
reported by YANCHEVA et al. (2014) and by
PEYCHEVA et al. (2017) in Cyprinids from the
Topolnitsa reservoir and from the Mandra
Lake, respectively. FAO/WHO (1983) specify
a daily intake limit of 30 mg.kg-1 Zn per capita.
The Bulgarian legislation sets the maximum
allowed Zn level in fish for consumption to 50
mg.kg-1 (Regulation 31, 2004).
Human Health Risk Assessment
Fishes consumption rate in Bulgaria was
2.60 kg/capita/year or 7.11g/capita/day in
2013 (FAO, 2017). EDI values were lower than
published RfDo and PTWI (Table 3).
According to USEPA (2016), RfDo of Cd, Ni,
Pb and Zn are 1x10-3, 2x10-2, 2x10-3, 3x10-1 and
mg/kg/day, respectively. FAO/WHO (1993
and 2004) recommended PTWI values of Cd (7
µg/kg), Ni (35 µg/kg), Pb (25 µg/kg) and Zn
(100 µg/kg).
THQ and HI were lower than 1, which,
according to the norms set by FAO/WHO
(1993 and 2004) signifies that the meat of the
studied fish species is safe for consumption as
the content of the four heavy metals is
concerned. Our data are comparable to those
reported by PEYCHEVA et al. (2017) about
Cyprinids from the Mandra Lake.

Table 2. Heavy metal content in the meat of studied fish species from the Zhrebchevo Dam
(mg.kg-1).

Metal

n

Bream
(Abramis
brama)

Prussian carp
(Carassius
gibelio)

Vimba
(Vimba
vimba)

Chub
(Leuciscus
cephalus)

Mean±SD

Mean±SD

Mean±SD

Mean±SD

Reference
(Commission Reference
Regulation (Regulation
1881 (EC,
31, 2004)
2006)

Cd

8

0.045±0.004

0.041±0.000

0.033±0.001

0.034±0.000

0.05

0.05

Ni

8

0.457±0.018

0.412±0.013

0.330±0.001

0.348±0.001

-

0.50

Pb

8

0.177±0.013

0.166±0.003

0.135±0.001

0.139±0.001

0.30

0.20

Zn

8

15.903±0.593

20.170±0.266

16.270±0.233 16.890±0.094

-

50.00
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Table 3. EDI, THQ and HI values for adults consuming four fish species from
Zhrebchevo Dam (assuming 70 kg person).
Prussian
Bream
Vimba
Chub
*RfDo
carp
**PTWI
Metal
(Abramis
(Vimba (Leuciscus (µg/kg/
(Carassius
(µg/kg)
brama)
vimba)
cephalus)
day)
gibelio)
Cd
EDI (µg/kg/day)
0.0017
0.0015
0.0012
0.0013
Ni
EDI (µg/kg/day)
0.017
0.015
0.012
0.013
Pb
EDI (µg/kg/day)
0.007
0.006
0.005
0.005
Zn
EDI (µg/kg/day)
0.59
0.75
0.6
0.63
Cd
THQ (µg/kg/day)
0.012
0.011
0.009
0.009
1
7
Ni
THQ (µg/kg/day)
0.006
0.006
0.004
0.005
5
35
Pb
THQ (µg/kg/day)
0.012
0.011
0.009
0.009
2
25
Zn
THQ (µg/kg/day)
0.014
0.018
0.015
0.015
1
100
HI
0.044
0.046
0.037
0.038
*RfDo - Oral reference dose, USEPA (2016); **PTWI - Provisional tolerable weekly intake
(PTWI), FAO/WHO (1993 and 2004)
Conclusions
The chemical composition of the four
studied fish species (bream, Prussian carp,
vimba and chub) from the Zhrebchevo Dam
is appropriate for consumers from a dietetic
viewpoint. The content of Cd, Ni, Pb and Zn
in these species did not exceed the maximum
allowable concentrations as per Commission
Regulation 1881/2006 (EC, 2006) and
Regulation 31 (2004) of the Bulgarian
legislation. Therefore, the consumption of
Bream, Prussian carp, Vimba and Chub,
caught from the Zhrebchevo Dam, did not
pose any risk for the health of adults.
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Abstract. In order to establish DNA integrity in the sperm nuclei, acridine orange fluorescence test
was performed in 87 males from Bulgaria in four age groups: up to 20 years; from 21 to 30 years;
from 31 to 40 years and over 40 years. The results obtained were based on a four-step scale,
depending on the percentage of damaged cells. At the same time, basic sperm counts, such as
sperm concentration and motility, and sperm morphology, were analyzed by conventional sperm
analysis. The individuals surveyed were also analyzed on the basis of reported harmfulness related
to their lifestyle – environment and professional harms, use of tobacco, alcohol, drugs, anabolic
steroids and medications. Statistically significant dependencies were found between the individual
sperm counts and adverse environmental conditions, as well as between the presence of a high
percentage of fragmented DNA in sperm nuclei and decreased sperm concentration and motility,
and abnormal sperm morphology. Additional studies are needed to gain insight into the
interdependencies between environmental and lifestyle factors and genetic factors that determine
the reproductive health of men in Bulgaria.
Key words: male infertility, semen quality, sperm DNA integrity, environmental and lifestyle factors.

Introduction
Human infertility affects about 10% –
15% of couples in reproductive age and is one
of the main health problems of society, equally
related to female and male. A clear tendency
for deterioration in the quality of sperm
indicators has been found worldwide.
Different biological and environmental factors
such as genetic reasons, problems in
urogenital
and
reproductive
system,
abnormalities in fertilization and embryonic
© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

development (MATZUK & LAMB, 2008; LI et al.,
2011) alcohol and cigarette consumption, use
of androgenic anabolic steroids, various
medications, occupational hazards and sociopsycho-behavioral aspects (RUBES et al., 1998;
TORRES-CALLEJA et al., 2000; LI et al., 2011;
BREZINA et al., 2012; YU et al., 2014) are in
association with male infertility.
It is known that conventional sperm
quality analysis is based on microscopic
assessments of sperm parameters, including
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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also subjective analyzes of sperm counts with
normal
morphology,
motility
and
concentration. On the other hand, sperm
samples that exhibit normal concentration,
motility and morphology do not always
achieve acceptable rates of fertilization because
the sperm may have structural or functional
abnormalities that may impair the sperm and
egg interactions or the embryo development
(CUNHA et al., 2015). It is clear now that none
of the methods for analysis applied alone is
sufficiently sensitive to accurately determine
the quality of sperm and the male
reproductive potential. So, at present, the
attention of many researchers is focused on the
application of complex approaches, providing
greater accuracy and higher objectivity to
assess the male fertility (CELEGHINI et al., 2007,
CARVALHO et al., 2010, HOSSAIN et al., 2011;
STANDERHOLEN et al., 2014; SAPANIDOU et al.,
2015).
The integrity of sperm DNA is considered
as a marker of the integrity of spermatogenesis
and male fertility potential (BENCHAIB et al.,
2003). Statistically, about 10% of fertile male
spermatozoa and about 20-25% of infertile
male spermatozoa have measurable levels of
DNA damages (SMITH et al., 2006).
Associations between DNA damages in
spermatozoa and some environmental and
lifestyle factors have been researched by a
number of authors (SAKKAS et al., 1999;
EVENSON & WIXON, 2005; YU et al., 2014).
In Bulgaria, such complex studies have
not been conducted. The influence of some
environmental factors and some harmful
habits on male fertility was partially analyzed
by OUZOUNOVA-RAYKOVA et al. (2018) and a
conclusion has been completed that the
reasons for disruption of male fertility are
multifaceted. Consequently, more complex
researches are needed in this area in order to
inform the population about the harmful
environmental and lifestyle factors which
impact the reproductive health as a whole,
and the male fertility in particular.
This study aims to analyze the
associations
between
DNA
damages
(fragmentations of DNA) in spermatozoa

nucleus, the deteriorated sperm quality
parameters and the impact of some
environmental and lifestyle factors on male
reproductive health.
Materials and Methods
This investigation was done during the
period from 2014 to 2018 accordingly to ethical
principles and norms. Each participant has
given informed consent to participate in the
study. Based on a completed voluntarily
questionnaire of 1540 individuals from
Bulgaria (mean age 33 ± 7.4 years), who visited
a reproductive health office in Plovdiv for
prophylaxis or for a reproductive problem, the
impact of environmental and lifestyles factors
was analyzed. The information was collected
concerning occupational hazards, working
and living under stress, cigarette smoking,
alcohol and drugs consumption, anabolic
steroids and medications taken. A physical
examination was carried out by a medical
doctor and the patients with varicocele,
cryptorchidism, parotiditis, azoospermia,
genital trauma, infections and other
genitourinary diseases were excluded from the
comparisons in the research.
Apart from this, in order to establish
DNA fragmentations in the sperm nuclei,
acridine orange fluorescence test was
performed in 87 males (the smaller group),
randomly separated from the total studied
group of 1540 individuals (the whole group).
These patients were clustered in four age
groups: up to 20 years; from 21 to 30 years;
from 31 to 40 years and over 40 years. Among
the population surveyed, the percentage of
males aged between 31 and 40 years was
52.9% and the percentage of men aged
between 21 and 30 years was 34.5%. The
surveyed individuals aged up to 20 years were
3.3% and those aged over 40 years - 12.8%.
All participants in the study provided a
standardized semen sample by masturbation
in sterile containers after sexual abstinence of 3
to 5 days. Semen samples were supplied for
laboratory activities within 30 minutes of their
collection. Spermatozoa concentration and
motility were assessed by conventional
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methods in a Makler counting chamber by
preparing
fresh,
native
preparations.
Spermatozoa concentration was calculated in
millions per ml and spermatozoa motility was
considered
in
percentage
(%).
The
spermatozoa concentration and motility
results obtained in the study were compared
to the referent data for Bulgarian population,
presented in STANISLAVOV & NIKOLOVA (2013)
and in the Fourth edition of the WHO (1999).
Microcephalic, macrocephalic, bicephalous
and bicaudal spermatozoa, or cells possessing
a coiled tail or a deformed or abnormally small
acrosome were all classiﬁed as abnormal. All
morphological abnormalities were calculated
as % of all spermatozoa cells analyzed per an
individual (morphological defects < 14% –
norm) according to STANISLAVOV & NIKOLOVA
(2013) and WHO (1999).
Acridine orange fluorescence test was
performed for establishing DNA integrity in
the sperm nuclei. Two smears from each
sample were prepared on glass slides and airdried. Each smear was fixed overnight in
Carnoy’s solution, freshly prepared with
methanol and glacial acetic acid in a 3:1
proportion. The slides were stained with
acridine orange at the time of analysis
according to VIRANT-KLUN et al. (2002) and
evaluated with an epifluorescence microscope
(Leica DM 1000) equipped with an
appropriate filter and photo camera. One
hundred cells were analyzed in each treatment
slide. As a result of acridine orange
metachromasia sperm with normal (double
stranded) DNA content presents a green
fluorescence, whereas sperm with abnormal
(single stranded) DNA content emits
fluorescence in a spectrum varying from
yellow-orange to red – Fig. 1. The obtained
results were based on a four-step scale,
depending on the percentage of damaged cells
(EVENSON et al., 2002). Fertility potential in this
four-step scale was determined as follows:
excellent – when damaged spermatozoa cells
are less than 15%; good – when damaged cells
are between 15% and 20%; fair – when
damaged cells are between 25% and 30% and
poor – when damaged spermatozoa cells are

more than 30%. The percentage of damaged
DNA cells was determined according to
EVENSON et al. (1999) as the ratio between the
number of cells with damages (which
fluoresce in red) and the total number of cells
(which fluoresce in red and green). Descriptive
statistics was used to characterize the groups
compared. Data were presented as the mean ±
standard deviation (SD), number of
participants and a percentage of the entire
cohort. For non-parametric analysis, the Chisquare test for orderly ranging data was used,
and Gamma coefficient was applied to
determine the direction and the strength of the
relationship between the parameters studied.
Statistical significance was defined as P<0.05
(for the whole group) and P<0.001 (for the
smaller group).
Results
Results of this study for the whole group
(1540) indicated that 13% of individuals have
been working in an environment with
occupational hazards, 5.2% of them have been
working or living under stress, 21% have been
smokers, 21% – have been consuming alcohol,
5.9% – have used drugs, 3.9% of them have
been taking anabolic steroids and 16% –
medications. Data from the conventional
sperm analysis for the whole group revealed
that 23% of the male individuals tested have a
decreased spermatozoa concentration, 54% of
them have spermatozoa motility lower than
normal. In 16.6% of the person’s studied
morphological defects in spermatozoa with
frequency more than 14% among the
analyzing cells were detected. Among the
smaller group which was studied by means of
the acridine orange fluorescence test (87), these
values were lower (Table 1).
The results received in the present study
for the whole group showed that factors as
stress, medications, cigarette smoking and
alcohol consumption have a statistically
significant impact on the semen quality.
Statistically significant relationship was found
also between the professional hazards and the
spermatozoa
motility
(P<0.05).
Data
concerning frequency and valid percent of
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participants in the study with DNA
denaturation in the sperm nuclei are presented
in Table 2. Statistical data regarding the

A)

relations between the semen parameters and
the levels of DNA denaturation in the sperm
nuclei are included in Table 3 (P<0.001).

B)

Fig. 1. Acridine orange fluorescence test: sperm with normal (double stranded) DNA – a
fluorescence in green; sperm with abnormal (single stranded) DNA – a fluorescence in
yellow-orange to red – A) - damaged spermatozoa cells less than 15% B) damaged
spermatozoa cells more than 30% (400×).
Table 1. Number of individuals (N) and valid percent (%) of participants studied by means
of the acridine orange fluorescence test with information concerning semen quality
parameters (spermatozoa concentration, motility and morphology) in or out of the norm
*according to the reference values (STANISLAVOV & NIKOLOVA, 2013; WHO, 1999).
N/%
Referent data*
Number/Valid
Percent

Semen quality
In the norm
Under of the
norm
In the norm
Under of the
norm
Total

Spermatozoa
Spermatozoa
Spermatozoa
concentration
motility
morphology
6
(10 /ml)
(% progressive) (% abnormal cells)
>20
>50
< 14
< 20

< 50

> 14

69/79.3

51/58.6

77/88.5

18/20.7

36/41.4

10/11.5

87/100

87/100

87/100

Discussion
The results of our study show the
presence
of
statistically
significant
dependencies between some of the studied
seminal
parameters
(spermatozoa
concentration
and
motility)
and
environment and lifestyle factors like stress,
medications, cigarette smoking, alcohol
consumption and professional hazards.
These results are in agreement with data
reported by some authors (IAIZZO et al., 2010;
YU et al., 2014) and are in contrast to the

results discussed by others (WONG et al.,
2000; MARTINI et al., 2004).
Data of the present study demonstrate
lower values for the analyzed parameters of
the conventional sperm analysis among the
group which was studied by means of the
acridine orange fluorescence test (87) – Table
1, in comparison with the whole group
(1540). These differences we associate with
the random nature of the construction of the
smaller sample group, analyzed by the
acridine orange test.
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As could be seen from our data, most of
the analyzed individuals have indicated the
influence of some environment or lifestyle
factor in their life. At the same time between
11.5% and 41.5% of the studied male
individuals in the smaller acridine orange
tested group have non-normative sperm
counts (Table 1) and 41.4% of them have
poor and fair DNA fragmentation level
based on a four-step scale, depending on the
percentage of damaged cells (EVENSON et al.,
2002) – Table 2.
Analyzing the relationship between the
studied seminal parameters and the
percentage of DNA damaged cells indicative
statistically significant dependencies have
been found in our investigation. Clear
relation between the sperm motility,
concentration and morphology, from one
hand, and the acridine orange DNA
fragmentation level, from the other hand, has
been demonstrated by the results of the
Gamma test: -0.929; -0.947 and -1.000,
respectively (Table 3). As could be realized
from the Table 3, 69.4% of the individuals
with low spermatozoa motility, 94.4% of the
men with sperm concentration under the

norm and 100% of these with abnormal
spermatozoa morphology have been with
poor DNA levels. At the same time, the male
individuals with normal sperm parameters –
motility, concentration and morphology of
spermatozoa have had 5.9%, 15.9% and 23.4%
poor DNA levels, respectively (Table 3).
Table 2. Frequency and Valid % for
individuals with DNA fragmentations in the
sperm nuclei based on a four-step scale,
depending on the percentage of damaged cells
(Evenson et al., 2002): Excellent – damaged
spermatozoa cells less than 15%; Good –
damaged cells between 15% and 20%; Fair –
damaged cells between 25% and 30%; Poor –
damaged spermatozoa cells more than 30%.
DNA
fragmentation
level
Excellent
Good
Fair
Poor
Total

Frequency

Valid %

43
8
8
28
87

49.4
9.2
9.2
32.2
100.0

Table 3. Differences between the groups analyzed and statistically significant relations
between the semen parameters and the levels of DNA fragmentation in the sperm nuclei
studied by usage the Chi-Square and Gamma* exact tests. *Gamma test is used to indicate
the direction of the influence if the factor is significant (P<0.001).
DNA
fragmentation
level >
Semen quality
V

Excellent
DNA

Under the norm
In the norm

8.4%
78.4%

Under the norm
In the norm

5.6%
60.9%

Under the norm
In the norm

0.0%
55.8%

Good
DNA

Fair
DNA

Poor
DNA

Spermatozoa motility
2.8%
19.4%
69.4%
13.7%
2.0%
5.9%
Spermatozoa concentration
0.0%
0.0%
94.4%
11.6%
11.6%
15.9%
Spermatozoa morphology
0.0%
0.0%
100.0%
10.4%
10.4%
23.4%
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χ2

Gamma

0.000

-0.929

0.000

-0.947

0.000

-1.000
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Our results demonstrate that the
measured by the acridine orange test
sperm chromatin integrity is much
indicative for the quality of sperm
parameters. Differently, than results of some
other authors who reported only slightly
relation between acridine orange DNA
status and sperm parameters (TEJADA et al.,
1984) or relation only with sperm
morphology (CLAASSENS et al., 1992), the
relationships identified in our study are
enough clear and distinct.
Conclusions
The results received in the present study
for the whole group show that factors as
stress, medications, cigarette smoking,
alcohol consumption and professional
hazards have a statistically significant
impact on the semen quality. Based on the
established clear dependencies between the
analyzed environmental and lifestyle factors
and the quality of male sperm, from one
hand, and between the semen quality
parameters tested and DNA fragmentations
in spermatozoa found, from the other hand,
the conclusion could be done that these
factors significantly affect the spermatozoa
chromatin integrity and are associated with
the fragmentation of DNA in the sperm
nuclei. More complex researches are needed
in the future to characterize in details the
parameters of the male reproductive health
and to inform the population for the
potential risks of deterioration.
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Abstract. The Batova Valley is protected in the sense of the requirements of the Habitats and Birds
Directives and the Biodiversity Act. European environmental agency developed in the 2000 year
Directive 2000/60/EC for a mutual strategy of European Council countries, for prevention and
protection of waters. Criteria for assessment of surface water bodies based on hydromorphological,
phisico-chemical and biological quality elemets for characterization of ecological state had
addopted. In this study, two points of water collection sampling of Batova River were chosen:
before and after Batovo Village, in order to assess the impact of the village on the quality of waters
and the status of aquatic ecosystems. Physico-chemical parameters (pH, conductivity, dissolved
oxygen, biochemical oxygen demand, ammonium, nitrate, phosphate ions) were measured and
biological/benthological samples were taken. According phisico-chemical quality elements Batova
River was classifided as moderate status and “not achieved good” status because of high
concentration of ammonium and nitrate ions. The ecological assessment based on the leading of the
lotic ecosystem biological quality element macrosoobenthos showed a high status before the Batovo
Village and high according Total Number of Taxa and good status on the Biotic Index after the
village. The registered less unfavorable values of the studied nutrients during the low waters
periods could be attributed at one hand to the natural, active processes of decomposition of
riparian vegetation fall and mineralization of the organic matter. Local anthropogenic effects like
the interference caused by unauthorized discharges, landfills and diffuse sources of pollution,
should not be ignored.
Key words: ecological status assessment, batova river, physoco-chemical parameters, macrozoobenthos.

Introduction
European commission developed in
the 2000 year a Directive (WFD)
2000/60/EC (EC, 2000) for a mutual
strategy of European Council countries, for
prevention and protection of waters.
Criteria for an assessment of surface water
bodies based on hydromorphological,
phisico-chemical and biological quality
© Ecologia Balkanica
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elements had adopted for characterization
of ecological status. The River Basin
Management Plan for the period 2016-2021
has a goal to provide a framework for
conservation and improvement of water
bodies, and also pays particular attention
to the sensitive areas requiring special
protection. As such is determined Batova
Valley which is protected in the sense of
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the requirements of the Habitats and Birds
Directives and the Biological Diversity Act
(2002). A key component of the RBMP is
the analysis of significant pressures and
impacts on water bodies, which focuses on
the identification of specific environmental
problems and their origin, leading to the
failure to achieve the environmental
objectives. The measures have to be taken
aim to achieve good status for all water
bodies.
The aim of this paper is to assess the
current ecological status of the Batova
River for the study period (2017-2018),
compare it to previous years and
determine anthropogenic impact of the
Batovo Village.
Materials and Methods
Batovo Village is a small settlement
situated at northeastern part of Bulgaria
with a population of 653 inhabitants. There
were not sewage nor sewage treatment
plant, as well as enterprises. To determine a
potential influence of Batovo Village on the
ecological status of the Batova River, two
sampling points were chosen: first was
situated 4 km before Batovo Village and
second one – 1 km after Batovo Village. The
sampling period was November 2017 –
September
2018.
Physic-chemical
parameters: dissolved oxygen concentration
(EN 25814, mg L-1), conductivity (EN 27888,
µScm-1), acidity (pH, ISO 10523) were
measured on site by means of portable
Windaus
Labortechnik
Packageand
HANNA
multi-parameter
instruments.
Biochemical oxygen demand (BOD5),
ammonium (NH4+), nitrates (NO₃-) and
phosphates (PO43-) were determined in the
laboratory for environmental analysis at
University of Forestry in 24 hours after
sampling and storage at 4 ᵒC. Nitrogen
containing ions were measured by Kyeldal
method using automatic distillation and
titration (Keltek Tecatory) and orto-PO43spectrophotometrically
(Lambda
5
spectrophotometer). BOD5 was calculated as
a difference between dissolved oxygen

concentration at sampling and 5th day after
storage of the water samples at 20 ᵒC.
The macrozoobenthos samplings were
done with compliance to the multi-habitat
sampling approach (CHESHMEDJIEV et al.,
2011) in accordance with the standards BDS
EN ISO 5667-1:2007 and BDS EN ISO 56673:2012.
The water quality and the ecological
status of water bodies at the studied sites
were determined by the WFD requirements
(EC, 2000) implemented into national
legislation – Ordinance №1/2011 and
Ordinance № H-4/2012. The ecological
status was defined by two metrics - Total
Number of Taxa and the leading in the
assessment
an
adapted
version
(CHESHMEDJIEV & VARADINOVA, 2013) of
Irish Biotic Index (CLABBY & BOWMAN, 1979;
CLABBY, 1989).
Results and Discussion
According Bulgarian typology the
Batova River is defined in type 11 “Small
and medium-size rivers in the Black Sea
river basin district”. Results obtained for the
physic-chemical quantitative parameters at
two sampling points of the Batova River for
the study period are presented in the Tables
1 and 2.
All measured values of pH and
conductivity characterized the status of the
study water body before Batovo Village as
an high (Ordinance № H-4/2012). Dissolved
oxygen concentration values were lower for
the mounts: February, May, July and August
but still in the range of desirable for
Directive 2000/60/EC (EC, 2000) “good”
status according the legislation. All BOD 5
and phosphate data corresponded to the
high status at that sampling point. The main
problem for the surface waters of Batova
River appeared N-containing compounds.
Ammonium ions demonstrated good status
in the late autumn 2017 and spring 2018. For
the winter and summer seasons the same
quality element showed values classified the
study water body as “not achieved good
status”. With respect to nitrates, the
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measured values could be described
physic-chemical state before Batovo
Village as “Good” in the Spring only. Use
of fertilizers, farming, livestock breeding

and soil erosion, which through the
surface runoff fall into the Batova River is
a likely cause for the ammonium and
nitrates in the water.

Fig. 1. Indicative map of the location of the two studied sites in Northeastern part of Bulgaria.
Table 1.Values of physic-chemical parameters measured before Batovo Village.
Date
November 2017
February 2018
April 2018
May 2018
June 2018
July 2018
August 2018
September 2018

pH
7.54
7.55
7.60
7.66
7.76
7.97
7.92
7.86

Diss. O2,
mgdm-3
7.6
5.5
6.4
5.9
7.5
5.5
5.2
6.0

Conductivity NH4+
NO₃-1
-3
µScm
mgdm mgdm-3
578
0.32
2.72
483
0.78
3.73
637
0,06
0.81
675
0.49
1.04
670
0.38
1.50
565
1.33
3.21
631
0.92
2.28
602
1.07
3.73
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PO43BOD5
mgdm-3 mgdm-3
0.0002
1.3
0.0010
1.0
0.0004
1.0
0.0020
0.8
0.0002
2.0
0.0008
1.7
0.0010
0.3
0.0002
1.5
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The data, presented in the Table 2,
gave grounds for assessing the water
quality status of Batova River after Batovo
Village based on the elements: pH,
conductivity and phosphates as a high
according to the classification of Ordinance
№ H-4/2012. The oxygen regime in respect
of BOD5 characterized the surface waters
as a high with exception of September.
That was a good indicator for a lack of
organic pollution, nevertheless high
turbidity during the almost whole study
period caused by frequent rainfall. The
dissolved oxygen values corresponded to
the good status for the whole study period
except for the mounts September (“not
achieved good status”) and May (high
status). The same ions, ammonium and
nitrates, caused the worsening status of the
study water body. The ammonium ions
were higher than regulated standards for
physic-chemical quality criteria for Batova
River after Batovo Village in November,
July and August, while nitrates were in the
“Good” status range in June and
September only. The data could be
explained with a lack of sewage in the
Batovo Village and unregulated landfills in
the surroundings.
Current (2016-2021) and previous
RBMP (2010-2015) pointed out the same
physic-chemical quality status (‘not
achieved good’) for the surface waters of
Batova River, caused by the ammonium
and nitrates, nevertheless the sampling
point was mouth of the river.
The ecological status of the studied
sites based on macrozoobehtos has been
actively studied for the period 2009-2015
in connection with the development of
the classification system, establishment of
potential reference river sites at the
territory of Bulgaria and the development
of the Black Sea river basin management
plans. According to the RBMP (20102015), the two studied sites were defined
in good status by biological quality

elements and the common ecological
status was determined as good. The
established ecological situation remains
until the Batova River flows into the
Black
Sea.
The
same
ecological
assessment was done in the current
RBMP (2016-2021). Our study has shown
that, according to the type-specific
macrozoobenthos scale, the status of the
waters in the river before the village of
Batovo based on the two normative
indices (Total Number of Taxa and Biotic
Index) is characterized as high. This is
understandable given the established
reference character of the studied river
point/stretch. After the village, the
evaluation is assessed as a high according
index Total Number of Taxa and good
pursuant to the leading Biotic Index
(Table 3). The reason for the lower score
on the Biotic index is the absence of
sufficient benthic indicators, which are
characterizing clean, unpolluted waters.
This is probably a result of the local
influence of the village, which is also
reflected in the registered less favorable
physic-chemical conditions (nutrients) of
the aquatic environment.
Conclusions
Evaluation based on biological quality
element macrozoobenthos determined
Batova River in high-good status. Physicchemical elements of quality was
classified Batova River as “not achieved
good”
status
because
of
high
concentration of ammonium and nitrate
ions. The registered less unfavorable
values of the studied nutrients during the
low waters periods could be attributed at
one hand to the natural, active processes
of decomposition of riparian vegetation
fall and mineralization of the organic
matter. Local anthropogenic effects like
the interference caused by unauthorized
discharges, landfills and diffuse sources
of pollution should not be ignored.
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Table 2. Values of physic-chemical parameters measured after Batovo Village.
Date
November 2017
February 2018
April 2018
May 2018
June 2018
July 2018
August 2018
September 2018

pH
7.60
7.50
7.69
7.64
7.83
8.05
7.84
7.45

Diss. O2, Conductivity NH4+
NO₃PO43BOD5
-3
-1
-3
-3
mgdm
µScm
mgdm mgdm mgdm-3 mg.dm-3
5.8
724
0.98
2.92
0.0008
0.6
5.4
445
0.06
3.96
0.0018
0.4
5.5
674
0.12
2.83
0.0004
0.3
6.1
682
0.12
3.06
0.0002
0.1
5.9
705
0.30
1.70
0.0004
0.1
5.0
563
1.79
3.41
0.0008
0.3
4.6
669
1.13
2.75
0.0015
0.4
5.6
684
0.14
1.94
0.0008
2.2

Table 3. Values of biological indices and ecological status assessment of the study sites
in summer 2018.
Study sites
Before Batovo Village
After Batovo Village

Date
June 2018
June 2018

Total Number of Taxa
19 - High
15 - High
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Abstract. The floristic composition of vascular plants of three moisture zones, along the river
Maritsa - “Rice-field Plovdiv”, protected zone (PZ) “Rice-field Tsalapitsa” and protected area (PA)
“Martvitsata Zlato Pole“, was described in terms of phytogeographic elements, biological
spectrum, conservation value and anthropogenic impact. The predominant floristic elements in the
three areas were European-Asiatic (Eur-As) and European-Mediterranean (Eur-Med). The
biological spectrum was limited to 3 life forms: predominant Therophytes (Th), followed by
Hemicryptophytes (H) and a small percentage – Phanerophytes (Ph). Fifteen of the identified
species have conservation status and they are included in the "IUCN Red List of Threatened
Species" with the category "least concern". The anthropogenic impact on the floristic composition of
the three areas was expressed in the presence of a large number of weed, ruderal, alien and
invasive species.
Key words: protected zone, phytogeographic elements, biological spectrum, conservation value,
anthropogenic impact.

Introduction
The specific floristic composition of
riparian wetlands is determined by the
characteristics of the ecological conditions of the
habitat. Wetlands are characterized by high
humidity provided both by the river water
level and periodic flooding and by the high
underground humidity level (VELCHEV, 2002).
Some more specific features of vegetation in
riparian wetlands were described by
STOYANOV (1941). First of all, the richness of
climbing plants was mentioned, followed by
the presence of wet-soil-loving species.
The wetlands, especially the riparian
ones, are extremely important natural sites
© Ecologia Balkanica
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of high conservation value in compliance
with the national and European legislation,
included in the Bulgarian Biodiversity Act
(BDA, 2002), the Bulgarian Protected Areas
Act (PAA, 1998) and Directive 92/43/EEC
(EC, 1992) on the conservation of natural
habitats and wild fauna and flora. Those are
diverse and unique ecosystems requiring
priority conservation and restoration
activities at national and European level
(MARINOV et al., 2007). The middle and lower
course of the Maritsa River is a territory of
national
and
European
conservation
importance. The area of 14693.10 ha is
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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included in Natura 2000, (code BG0000578).
That ecosystem complex is defined as highly
vulnerable. That is mainly due to the
destruction of riparian forests and the
conversion of those areas into arable land.
According to BONDEV (1991), the natural
populations of Salix alba L., S. fragilis L.,
Ropulus nigra L., P. alba L. along the Maritsa
River were strongly influenced by human
activities. In some places the sparse forest
cenoses were interplanted with artificial
forests or entirely new artificial forests were
established, mostly with hybrid poplars.
MARINOV et al. (2007) mentioned that the
banks of the Maritsa River between Plovdiv
and Parvomay were heavily modified and
influenced to a different degree by abiotic,
biotic and anthropogenic factors.
The aim of the present study was to make
an environmental assessment on the
biological
spectrum,
phytogeographic
elements,
conservation
value
and
anthropogenic impact in three selected
wetlands along the Maritsa River.

studied following the “Conspectus of the
Bulgarian vascular flora” (ASSYOV &
PETROVA, 2012).
For identifying the species with
conservation value were used: “Red Book of
the Republic of Bulgaria” (PEEV, 2011), “Red
List of Bulgarian vascular plants” (PETROVA
& VLADIMIROV, 2009), IUCN: Red List of
Threatened Species (IUCN, 2018), Bulgarian
Biological Diversity Act (BDA, 2002), Bern
Convention (1979) and The Convention on
International Trade in Endangered Species
of Wild Fauna and Flora (CITES, 1975), as
reference books and documents.
The weed, ruderal and alien species
were determined according to the works of
GUSSEV et al., (2004), PETROVA &
VLADIMIROV (2001) and STEFANOV &
KITANOV (1962). Invasive species were
identified according to the “List of worst
invasive
alien
species
threatening
biodiversity in Europe” (EEA, 2007) and the
“Guide to invasive alien species of European
Union concern” (TRICHKOVA et al., 2017).

Materials and Methods
The following areas along the Maritsa
River were the subject of the present study –
“Rice Fields Plovdiv”, the protected zone
(PZ) “Rice Fields Tsalapitsa” and the
protected area (PA) “Martvitsata – Zlato
Pole”. The first two sites are rice paddies.
The melioration and agricultural activities
carried out in those areas suggest an
increased anthropogenic pressure. PA
“Martvitsata – Zlato Pole” is defined as an
area of natural origin and less anthropogenic
impact.
The analysis of the floristic material was
carried out for a two-year period (20172018). Each of the three territories was
labelled as a 5-km-long transection on which
by field surveys and systematic collection of
materials, phytoecological study of higher
plants in the three selected areas was carried
out. The biological spectrum of the life forms
of the studied flora was determined by
RAUNKIER (1937) and GORISCHINA (1979).
The horology and floristic elements were

Results and Discussion
The biological spectrum of the flora in
the three studied areas, determined
according to RAUNKIER classification (1934),
showed a presence of 3 life forms only:
Hemicryptophytes (H), Therophytes (Th)
and Phanerophytes (Ph) - (Fig. 1). The
predominant life form in the general floristic
composition in the three studied areas was
that of Hemicryptophytes, which represent
48.1% of the total number of the established
species – 154. A characteristic feature of the
analyzed biological spectrum was the
relatively high participation of the
Therophytes – 66 species or 42.9% of the
total number of the species found. The
lowest share in the biological spectrum of
the studied areas was that of the
Phanerophytes – 9.1% or 14 species (Table 1).
The analysis of the biological spectra in
the studied areas showed some differences
among them. The Therophytes dominated in
the “Rice Fields Plovdiv” and PZ “Rice
Fields Tsalapitsa”. Out of the 72 species of
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higher plants found in “Rice Fields Plovdiv”,
35 or 48.6% were Therophytes and 31 or
43.1%
were
Hemicryptophytes.
The
participation of Therophytes in PZ “Rice
Fields Tsalapitsa” was 46.6% or 27 of 58
higher plants found in that area and the
Hemicryptophytes were 25 species or 43.1%.
In each of the two studied areas,
Phanerophytes
were
6 in
number,
representing 8.3% of the total number of
species in “Rice Fields Plovdiv” and 10.3% in
PZ “Rice Fields Tsalapitsa” (Table 1). The
possible reason for the high rate of
Therophytes in both areas could be the mass
deforestation of the riparian wetlands,
especially close to agricultural fields.
According to MARINOV et al. (2007), that
caused the formation of secondary grassland
vegetation
and
the
dominance
of
Therophytes. TASHEV & ANGELOVA (2005)
explained the presence of a large number of
Therophytes with the formation of shallow
and eroded soils as a result of deforestation.

The biological spectrum of PA
“Martvitsata – Zlato Pole” was significantly
different from that of the other two areas
(Fig. 1). The dominating life form was that of
Hemicryptophytes – 57 species or 49.6% of
the total 115 species of higher plants found
in that protected area. The Therophytes were
47 species or 40.9% and the Phanerophytes –
11 or 9.6%, respectively (Table 1). The
natural origin and the conservation status of
PA “Martvitsata – Zlato Pole” declared as a
protected area by Order RD-476 of the
Ministry of the Environment and Waters (SG
73/2001), is the reason of the weaker human
intervention and the preservation of a larger
number of tree species, as well as the
presence of a higher percentage of
Hemicryptophytes.
The comparison between the biological
spectra in the three studied areas and in
Bulgaria as a whole (Table 1), determines them
as typical for the moderate continental flora
but having a high percentage of Therophytes.

Fig. 1. The biological spectrum of the flora of “Rice-field Plovdiv”, PZ “Rice-field Tsalapitsa”, PA
“Martvitsata Zlato Pole” and in total for the three observed areas.
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Тable 1. Participation of the life forms in the biological spectrum of “Rice-field Plovdiv”, PZ
“Rice-field Tsalapitsa”, PA “Martvitsata Zlato Pole” and in total for the three observed areas.
Zone

Life form
% of the total number in the group of three
zones
“Rice-field Plovdiv”
% of the total number of species from the
three zones
% of the total number of species in that zone
% of the total number in the group of three
zones
PZ “Rice-field Tsalapitsa” % of the total number of species from the
three zones
% of the total number of species in that zone
% of the total number in the group of three
zones
PA “Martvitsata Zlato Pole” % of the total number of species from the
three zones
% of the total number of species in that zone
In total of the three % of the total number of species from the
observed areas
three zones
Biological spectrum of Bulgaria % (TASHEV & ANGELOVA, 2005)
The distribution of floristic elements
according to the classification of ASSYOV &
PETROVA (2012) showed similarity both in
terms of total floristic composition and
separately for each of the three areas (Fig. 2).
The most common was the European
element, with the European-Asian species
(Eur-As) being 38 of the total number of
species identified in the three studied areas or
24.7% (Table 2). The European-Mediterranean
(Eur-Med) species ranked second – 24 species
or 15.6%. The European-Siberian (Eur-Sib)
and European (Eur) species were 10 or 6.5%
and 7 or 4.5%, respectively. Boreal and
cosmopolitan (Kos) species were respectively
18 or 11.7% and 17 or 11% of the 154 species of
higher plants found.
The comparative analysis of the floristic
elements in “Rice Fields Plovdiv” showed a
smaller share of the European species (Eur)
– 2.8% of the species composition of the
(Table 2). For comparison, that percentage
was 5.2% for the other two studied areas. A
relatively low percentage of subBoreal
species (3.4%) was found for the PZ “Rice
Fields Tsalapitsa”. The adventive elements

H

Th

41.9 53

Ph
42.9

20.1 22.7 3.9
43.1 48.6 8.3
33.8 40.1 42.9
16.2 17.5 3.9
43.1 46.6 10.3
77

71.2 78.6

37

30.5 7.1

49.6 40.9 9.6
48.1 42.9 9.1
55

27

12

(Adv and NAm(Adv.) were 4.8% of the total
number of species. The highest share of
those elements was found for “Rice Fields
Plovdiv” – 2.8% (Adv) and 2.8%
(Nam(Adv.). In “Rice Fields Tsalapitsa” the
share was 1.7% for each of those two groups
and for PA “Martvitsata Zlato Pole” – 0.9%
(Adv.) and 2.6% (NAm(Adv.), respectively
(Table 2). The presence of anthropogenic
activity in the three areas, deforestation and
the specific climatic characteristics favoured
the development of more European, boreal
and cosmopolitan species in the flora
(DIMITROVA et al., 2009).
A total of 15 species were found in the
three studied areas with a conservation
value of least concern (LC) according to the
Red List of IUCN (IUCN, 2018), (Table 3).
As it was expected, the largest number
of species of conservation value was
reported for PA “Martvitsata – Zlato Pole” –
11, which represents 7.1% of the total
number of species found in the three areas
or 9.6% of the floristic composition of that
area (Fig. 3). For “Rice Fields Plovdiv” and
PZ “Rice Fields Tsalapitsa” the percentage
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of species of conservation value to the total
species composition was similar – 5.6% and
5.2%, respectively (Fig. 3). Six Tertiary
relicts were found in the flora of the studied
wetlands: Salix alba L., Salix fragilis L., Salix
purpurea L., Rumex crispus L., Phragmites
australis (Cav.) Steud., Populus nigra L.
The anthropogenic impact on the
species composition of higher plants was
quite obvious in all the three studied areas
where a large number of weed, ruderal,
alien and invasive species had entered
(Table 4). Most of the species represented in
the three areas referred to the group of
weed and ruderal species (Fig. 4).
The calculated percentage of each of the
four groups to the total number of weeds
(26), of ruderals (26), alien (6) and invasive
species (6) in each area, showed the lowest
values in PZ “Rice Fields Tsalapitsa” –

61.5%, 65.4%, 16.7% and 16.7%, respectively.
The lowest values were found again for that
area when calculating the share of each of
those four groups to the total number of
species in the three areas (Table 5).
However, the percentage of weeds and
ruderals to the total number of species in the
area was the highest (27.6% and 29.3%,
respectively). The reason for those high
values was the fact that the lowest number
of species was found in that area.
The anthropogenic impact on PA
“Martvitsata – Zlato Pole” had the lowest
values concerning the share of the four
groups of anthropogenically related taxa to
the total number of species in that area –
14.8% of weeds; 16.5% of ruderals and 3.5%
of alien and invasive species. That is
basically due to the richest floristic diversity
in the protected area.

Fig. 2. The distribution of floristic elements “Rice-field Plovdiv”, PZ “Rice-field Tsalapitsa”, PA
“Martvitsata Zlato Pole” and in total for the three observed areas, according to Assyov & Petrova
(2012). Floristic element: EurMed-CAs – European-Mediterranean-Central-Asiatic; Am(Adv.) American(Adventive); subMed-As - Submediterranean-Asian; Eur-Sib - Euro-Siberian; Eur –
European; Eur-Med - Euro-Mediterranean; Eur-As - Euro-Asian; subMed – Submediterranean;
SMed-As – South-Mediterranean-Asian; Pann-Bal – Pannonian-Balkan; subBoreal – Subboreal; PontMed – Pontic-Mediterranean; Boreal; Eur-Sib – European-Siberian; NAm(Adv.) – Nort
American(Adventive); SPont – South Pontic; Kos – Cosmopolitan; CEur – Central European; Bal-Dac
– Balkan-Dacian; Adv – Adventive; Bal-Anat – Balkan-Anatolian; Med– Mediterranean.
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Table 2. Participation of floristic elements in “Rice-field Plovdiv”, PZ “Rice-field
Tsalapitsa”, PA “Martvitsata Zlato Pole” and in total for the three observed areas.
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0.9

0.6

Am(Adv.)

-

-

-

-

0.6

0.9

0.6

SubMed-As

-

-
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1.7

-

-
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-
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1.4

-

-

-

-
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7
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2.8

-

-

0.6
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0.9

1.3
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-

-

-
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7.8
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-

-
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species in that area
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“Rice-field Plovdiv”
% of the total number of
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Area
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Tsalapitsa”
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Тable 3. Plant species with conservation value LC – least concern (according to IUCN,
2018) in “Rice-field Plovdiv”, PZ “Rice-field Tsalapitsa”, PA “Martvitsata Zlato Pole”.

Taxon
Achillea crithmifolia Friv. ex Hampe
Bidens tripartita L.
Butomus umbellatus L.
Cyperus longus L.
Myriophyllum spicatum L.
Lycopus europaeus L.
Mentha aquatica L.
Lemna minor L.
Lythrum salicaria L.
Epilobium hirsutum L.
Potamogeton crispus L.
Plantago major L.
Salix alba L.
Sparganium erectum L.
Typha latifolia L.
Total
15

“Rice-field
Plovdiv”

PZ “Rice-field
Tsalapitsa”

LC
LC

LC
LC
LC

4

LC

PA “Martvitsata
Zlato Pole”

LC
LC
LC
LC
LC
LC
LC
LC
LC
LC
LC

LC
3

11

Fig. 3. Share of conservation species in “Rice-field Plovdiv”, PZ “Rice-field Tsalapitsa”, PA
“Martvitsata Zlato Pole” and in total for the three observed areas.
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Table 4. Plant species associated with anthropogenic impact in “Rice-field Plovdiv”, PZ
“Rice-field Tsalapitsa”, PA “Martvitsata Zlato Pole”.
Taxon
Ailanthus altissima (Mill.) Swingle
Agrimonia eupatoria L.
Agropyron repens (L.) P. Beauv.
Amorpha fruticosa L.
Artemisia vulgaris L.
Arctium lappa L.
Aristolochia clematitis L.
Avena fatua L.
Ballota nigra L.
Bromus sterilis L.
Canabis sativa L.
Cardaria draba (L.) Desv.
Carduus acanthoides L.
Carthamus lanatus L.
Chenopodium album L.
Cichorium intybus L.
Cirsium arvense (L.) Scop.
Cirsium vulgare (Savi) Ten
Conium maculatum L.
Convolvulus arvensis L.
Conyza canadensis (L.) Cronq.
Cuscuta europaea Bove & Engelm.
Cynodon dactilon (L.) Pers.
Daucus carota L.
Filago vulgaris Lam.
Fraxinus americana L.
Galium aparine L.
Koelreuteria paniculata Laxm.
Lactuca serriola L.
Lamium purpureum L.
Lythrum salicaria L.
Malva sylvestris L.
Onopordum acanthium L.
Portulaca oleraceae L.
Rubus caesius L.
Rumex crispus L.
Sambucus nigra L.
Setaria glauca (L.) P.Beauv.
Setaria viridis (L.) P.Beauv.
Sorghum halepense (L.) Pers.
Taraxacum officinalе L.
Tragopogon dubius Scop.
Thlaspi arvense L.
Torilis arvensis (Huds.) Link
Urtica dioica L.
Verbascum speciosum Schrader
Xanthium strumarium L.
Total

Weaves
+

Ruderal

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
26
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+

+

+

+
+

+
+
+
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+

+
+

+

+
+
+
+
+
+
+

+

+

+

+

+

+

6

+
6

+
+
+

+
+
+
+
+
+

+
+
+
+
+
+
26

Tzenka I. Radoukova, Ivanka Zh. Dimitrova-Dyulgerova, Rumen D. Mladenov, Plamen S. Stoyanov

Fig. 4. Participation of anthropogenically related taxon in “Rice-field Plovdiv”, PZ “Rice-field
Tsalapitsa”, PA “Martvitsata Zlato Pole” and in in total for the three observed areas.
Conclusions
The ecological study of flora in the three
riparian wetlands along the Maritza River valley
showed different levels of anthropogenic impacts.
The
plants
of
European
origin
predominated
in
the
phytogeographic
elements. A high percentage of boreal and
cosmopolitan floristic elements were also
reported. Adventive species also occupy a
relatively high share in the studied areas, which
is an indicator of the anthropogenic influence.
The analysis of the biological spectra of the
flora showed that the areas PZ “Rice Fields
Tsalapitsa” and “Rice Fields Plovdiv” were
subject to a stronger anthropogenic impact, as
the predominant life form in those areas being
the Therophytes (Th).
The largest number of species having a high
conservation value according to IUCN and the
lowest share of weeds, ruderals, alien and invasive
species were reported in the PA “Martvitsata –
Zlato Pole”, which indicates the lower
anthropogenic pressure on that wetland area.

Acknowledgements
This research was supported by Fund
“Scientific research” at the Plovdiv University
“Paisii Hilendarski”- Project FP17-BF-001.
References
ASSYOV B., A. PETROVA. (Eds.). 2012. Conspectus
of the Bulgarian Vascular Flora. Distribution
Maps and Florestic Elements. Ed. 4, Sofia.
Bulgarian Biodiversity Foundation.
Bern Convention. 1979. Convention on the
Conservation of European Wildlife and Natural
Habitats. Appendix I. Bern. Switzerland.
BDA. 2002. Biological Diversity Act. - State
Gazette, 77(9.08.2002): 9-42. Available
at: [lex.bg]. (In Bulgarian).
BONDEV I. 1991. The Vegetation of Bulgaria.
Map in scale 1:600000 with explanatory
text. Sofia, Publ. House of Sofia
University “St. Kliment Ochridsky”.
CITES. 1975. Convention on International Trade
in Endangered Species of Wild Fauna and
Flora, July 1 1975. Available at: [cites.org].

163

Phytoecological Study of Selected Wetlands in Southern Bulgaria
DIMITROVA V., M. LYBENOVA, M. ASENOVA.
2009. Floristic investigation of the
Chestnut
(Castanea
sativa
Mill.)
communities in the West Balkan
region. - Forestry Ideas, 1(37): 28-39.
EC. 2006. Council Directive 92/43/EEC of 21
May 1992 on the conservation of natural
habitats and of wild fauna and flora.
Amended
by
Council
Directive
2006/105/EC of 20 November 2006),
accessible on-line at: [eur-lex.europa.eu].
GORISCHINA Т. 1979. [Plants ecology].
Moscow. (In Russian).
GUSEV C., S. BANCHEVA, D. DIMITROV, C.
DENVHEV, D. PAVLOVA, Y. KOEVA, D.
PATRONOV.
2004.
[Floristics
characteristics of the biosphere reserve
Uzunbudzhak of Strandja]. Sofia. Nature
park Strandja, Malko Tarnovo, 64 p.
(In Bulgarian).
IUCN. 2018. IUCN Red List of Threatened
Species. Version 2018-2. Available at:
[iucnredlist.org].
EEA. 2007. List of the most dangerous
invasive alien species threatening
Europe's biodiversity. - In: Halting the
loss of biodiversity by 2010: proposal for a
first set of indicators to monitor progress
in Europe. European Environmental
Agency Technical Report, vol. 11, pp.
104-109. Available at: [eea.europa.eu].
MARINOV M., D. TODOROV, V. VASILEV, S.
CHESMEDJIEV.
2007.
[Riverside
Introzonal
vegatation
and
hydromorphology in Maritsa coast the
parties between Plovdiv and Parvomay.]
Report.
Plovdiv.
Available
at:
[rivers.biodiversity.bg]. (In Bulgarian).
PEEV D., A. PETROVA, M. ANCHEV,
TEMNISKOVA, C.M. DENCHEV, A.
GANEVA, C. GUSSEV, V. VLADIMIROV.
2015. Red data book of the Republic of
Bulgaria. Vol. 1. Plants and fungi.
Institute of Biodiversity and Ecosystem

© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

Research & Ministry of Environment
and Water, Sofia, Available at: [eecodb.bas.bg].
PETROVA A., V. VLADIMIROV. 2001.
Anthropophyte flora of Bulgaria. - In:
Proceedings of scientific papers, VI
National scientific conference of Botany,
Sofia, pp. 18-21.
PETROVA A., V. VLADIMIROV (Eds). 2009. Red
List of Bulgarian vascular plants.
Phytologia Balcanica, 15(1): 63-94.
PAA. 1998. Protected Areas Act. - State
Gazette,
133(11.11.1998):
1-246.
Available at: [lex.bg]. (In Bulgarian).
RAUNKIER C. 1934. The Life Forms of Plant and
Statistical Plant Geography. Oxford
University Press, Clarendon.
STEFANOV B., B. KITANOV. 1962. [Cultigen
plants and cultigen vegetation in
Bulgaria]. BAS, Sofia. (In Bulgarian).
STOYANOV
N.
1941.
Attempt
at
characterization
of
the
main
phytocoenoses in Bulgaria. - Annuaire
de l'Université de Sofia" St. Kliment
Ohridski.": Faculté de mathématiques et
phisitique 37(2): 93-194.
TASHEV A., K. ANGELOVA. 2005. [Systematic
and phytogeographic analysis of the
flora of Chepan Mount]. - Forestry
Ideas, 1(30): 17-34. (In Bulgarian).
TRICHKOVA T., V. VLADIMIROV, R. TOMOV,
M. TODOROV (Eds.). 2017. Guide to
invasive alien species of European Union
concern. IBER-BAS, ESENIAS, Sofia.
VELCHEV V. 2002. [Types of vegetation.
Geography of Bulgaria, Physical and socioeconomic geography[, Sofia, ForKom
Publishers. (In Bulgarian).

Received: 31.10.2018
Accepted: 21.12.2018

Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House

ECOLOGIA BALKANICA
2018, Vol. 10, Issue 2

December 2018

pp. 165-172

Application of Experimental Metrics Based on Macrozoobenthos for
Ecological Status Assessment of Bulgarian Standing Water Bodies
Marin A. Smilyanov1, Emilia D. Varadinova*1,2, Galia N.Georgieva2
1 - South-West University “Neofit Rilski”, Ecology and Environmental Protection Faculty of
Mathematics and Natural Scienes, Department Geography, 66 Ivan Michailov St. 2700

Blagoevgrad, BULGARIA

2 - Bulgarian Academy of Sciences, Institute of Biodiversity end Ecosystem Research,
Department of Aquatic Ecosystems, 2 Gagarin St. 1113 Sofia, BULGARIA
*
Corresponding author: emily.varadinova@gmail.com
Abstract. Surveys on benthic macroinvertebrate communities of ten standing water bodies (Bezbog,
Kalin, Choklyovo marsh, Bistraka, Dospat, Stoykovtsi, Drenov dol, Pchelina, Dolna Dikanya,
Dyakovo) were conducted in the period July-August 2018. They were chosen to represent natural
(lakes) characterized with reference conditions as well as artificial and heavily modified water bodies
(dams). They were associated with earlier data for three dams (Studena, Pyasachnik, Ovchi
kladenets), studied over the period 2013-2017. The standing waters fall into the West and East Aegean
Basin districts and belong to all types of water bodies (identified according to the Bulgarian typology)
located in the Ecoregion 7 (L1-Glacial high-mountain lakes/Alpine lakes, L3-Mountain lakes, L4Lowland and semi-mountain lakes and swamps, L6-Riverside wetlands, L11-Large deep reservoirs,
L13-Medium-size and small semi-mountain reservoirs, L15 Large lowland reservoirs up to middle
depth, L17-Small and medium size reservoirs). A current evaluation based on the values of the
measured physicochemical parameters, regulated by the national water legislation was made. Four
experimental biological metrics - Total number of taxa, Biotic index for slow-flowing river stretches,
percentage of Oligocheata and PETI were applied to assess the ecological status of the studied water
bodies. The Biotic index is leading in the evaluation, others metrics have a supportive role. The lack of
type-specific scales of the indices used, insufficiently long ranges of data sets on which to test the
methods as well as the anthropogenically induced fluctuations at the water level which affects the
distribution of macrozoobenthos in the sampling littoral zone are the main difficulties for a more
precise assessment of the ecological status/potential of standing water bodies in Bulgaria.
Key words: standing water bodies, macrozoobenthos, ecological status/potential.

Introduction
The importance of macroinvertebrates as
bioassessment tools is widely recognized
because
of
their
limited
mobility,
comparatively long life cycles and
differential sensitivity to pollution of various
types and they reflect the impact of
eutrophication on aquatic habitats quite
© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

satisfactorily (RASHID & PANDIT, 2014).
Composition
and
distribution
of
macrozoobenthos in lakes and wetlands are
governed by numerous environmental
factors, that affect the structure of benthic
community, and its distribution pattern
should be considered while evaluating the
ecological status of lakes (DAR & GANAI,
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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2017). Invertebrate communities have been
widely used as biological indicators in the
profundal of the standing waters where
they are presented mainly by chironomid
and oligochaete species. Macrozoobenthos is
also indicative in the lake littoral zone,
where can be used as indicators of
anthropogenic disturbances (TIMM et al.,
2006).
Monitoring systems for potential
application of standing waters in the UK
were presented by MURPHY et al. (2002).
POIKANE et al. (2016) summarize and analyze
the main stages and difficulties in the
process of the intercalibration of the
macrozoobenthos methods for European
standing waters evaluation. Number of
benthic species and individuals are used to
estimate habitat quality of lake ecosystem
(MUSTAFA et al., 2013). In the available
limnological literature, different types of
metrics for status/potential assessment of
the lentic ecosystems have been applied
(GERRITSEN et al., 1998; BLOCKSOM et al., 2002;
KONIECZNY
&
DANISZEWSKI,
2013;
OBOLEWSKI, 2014; RASHID & PANDIT, 2014;
SHU et al., 2018).
In Bulgaria, experimental metrics on
different types of lakes and reservoirs were
tested
(CHESHMEDJIEV
et
al.
2010;
VARADINOVA 2012; VARADINOVA 2013;
TRICHKOVA et al. 2013; GECHEVA et al., 2013;
BORISOVA et al., 2014; GECHEVA et al., 2017;
VARADINOVA et al., 2019). Nevertheless, at
this stage in the national water legislation
there is no appropriate metric for evaluation
of the status of freshwater standing water
bodies based on macrozoobenthos.
The purpose of this work is to test and
select appropriate experimental metrics for
the ecological status/potential assessment
on different types of surface standing water
bodies identified in Ecoregion 7.
Materials and Methods
Macrozoobenthos summer samples from
ten standing water bodies (Bezbog lake,
Choklyovo marsh, reservoirs - Kalin, Dospat,

Stoykovtsi, Drenov dol, Pchelina, Dolna
Dikanya, Dyakovo, Bistraka) were taken in
the period July-August 2018. Data for other
four dams studied in the period 2013-2017
were associated to the survey of the
mentioned water bodies (Fig. 1). Older data
were used to have representatives of all
types of water bodies identified according to
the Bulgarian typology (River Basin
Management plans, 2016-2021), situated in
the Ecoregion 7 (L1-Glacial high-mountain
lakes/Alpine lakes, L3-Mountain lakes, L4Lowland and semi-mountain lakes and
swamps, L6-Riverside wetlands, L11-Large
deep reservoirs, L13-Medium-size and small
semi-mountain reservoirs, L15 Large
lowland reservoirs up to middle depth, L17Small amd medium size reservoirs). The
studied lakes and dams are located in
Ecoregion 7 Eastern Balkans, situated in the
East and West Aegean Basin districts (Table
1).
The macrozoobenthos samplings were
done with compliance to the multi-habitat
sampling approach (CHESHMEDJIEV et al.
2011) in accordance with the standards BDS
EN ISO 5667-1:2007 and BDS EN ISO 56673:2012.
The
basic
physicochemical
parameters (pH, electrical conductivity (μS/
cm),
dissolved
oxygen
concentration
(mg/dm3) were measured in situ at the
studied water bodies with a portable
Windaus Labortechnik Package.
The indices Total number of taxa (TNT)
and Biotic index for slow-flow running
waters (BI) with experimental scales
(VARADINOVA, 2012; 2013; CHESHMEDJIEV &
VARADINOVA, 2013) were used for the
ecological status/potential assessment of the
studied lakes and dams. In addition, the
%Oligochaeta and the Trophic index RETIPETI (specifically PETI which characterizes
potamal river stretches) based on functional
feeding groups according SCHWEDER (1990)
and
adapted
by
CHESHMEDJIEV
&
VARADINOVA (2013) were applied. The maps
of the surveyed lentic water bodies were
prepared with software product ArcGIS 9.1.
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L4 L3
L13
L13
L13
L13
L1
L13
L6

L15
L15

L1

L17

L11

Fig. 1. Distribution of the studied water bodies in Bulgaria.
Table 1. Main features of the studied standing water bodies.
Geographic
coordinates
N 41.733536
E 23.523569

№ Name

Type

1

Bezbog Lake

L1

2

Kalin dam

L1

N 42.173451
E 23.251726

3

Studena dam

L3

4

Chuklyovo
marsh

L4

N 42.536074
E 23.149008
N 42.400299
E 22.829804

5

Bistraka

L6

6

Dospat dam

L11

7
8
9

Specific features
High-mountain lake, situated in Pirin National
Park. It is characterized by pure waters and
unpolluted aquatic ecosystems, which determines
the reference character of this type of water body.
The highest located dam in Bulgaria, situated in
National Park Rila. It is used for drinking water
supply, hydropower purposes and angling.
Characterized by reference conditions that
determine the maximum ecological potential of
the dam.
Mountain type, used for drinking water supply,
industrial and hydropower purposes.
Semi-mountain type swamp, characterized by
reference conditions. Protected area under the
Habitats Directive and the Biodiversity Act.

N 41.978368
E 23.073456
N 41.657335
E 24.157648

Quarry lake, former ballast. Used for amateur
fishing.
Large deep reservoir. Established pressure from
aquaculture and domestic waste water. Used for
hydropower purposes.

Stoykovtsi dam L13

N 41.978934
E 22.973570

Drenov dol
dam
Pchelina dam

N 42.303901
E 22.691295
N 42.508177
E 22.829246

Semi-mountain dam with close to maximum
ecological potential conditions. Used for irrigation
and angling.
Semi-mountain dam used for irrigation and
angling.
Semi-mountain dam used for industrial purposes,
irrigation and angling.

L13
L13

167

Application of Experimental Metrics Based on Macrozoobenthos for Ecological Status Assessment...
10 Dolna Dikanya L13
dam

N 42.436583
E 23.151154

11 Dyakovo dam L13

N 42.351540
E 23.079700
N 42.398549
E 24.573257

12 Pyasachnik
dam

L15

13 Ovcharitsa
dam

L15

N 42.256730
E 26.167981

14 Ovchi
L17
kladenets dam

N 42.233570
E 26.245958

Semi-mountain dam influenced by land used.
Designed for irrigation, angling and aquacultural
purposes.
Semi-mountain dam used for drinking water
supply and industrial purposes.
Large lowland reservoir with middle depth.
Close to maximum ecological potential conditions.
Ornithological important place, used for angling.
Large lowland reservoir with middle depth.
Protected area under Directive on the
conservation of wild birds and Biodiversity act.
Probable impact of discharging industrial
wastewater and active angling.
Medium size reservoir. There are no natural lakes
equivalent to this type. Used for amateur fishing.
Probable impact of agricultural activities.

Results and Discussion
Bottom invertebrates formed specific
communities in the studied standing water
bodies. The deep-water zone and the littoral of
the lakes were sufficiently different in the type
of bottom sediments, in species composition,
and in the abundance of the macrozoobenthos.
The greatest species richness and diversity of
the benthic fauna was observed in the littoral,
where a high content of oxygen and organic
matter, along with biotopic diversity create
favorable conditions for many benthic
organisms (PEROVA, 2010). In the studied lakes
and dams the taxonomic composition was
determined both by the type of standing water
body and type of anthropogenic impact. The
macrozoobenthos
was
dominated
by
chironomid larvae and oligochaete worms.
The mollusks, true bugs, larvae of insects such
as mayflies, dragonflies, caddis flies, beetles
and true flies (manly ceratopogonids) were
common for lakes and reservoirs. Human
pressure was predominantly expressed in
local load of tourism and angling, influence of
adjacent agricultural areas, changes in
morphology and in hydrological regime in the
dams,
using
for
drinking-household,
industrial purposes and irrigation (River Basin
Management plans, 2016-2021). Mentioned
effects have led to a reduction in taxonomic
richness and domination of more tolerant to
pollution species of oligochaetes and
chironomids,
registering
a
permanent

presence in the community of species as
isopod Asselus aquaticus and water leech
Erpobdella octoculata.
The presence of macrozoobenthos in
lentic ecosystems is strongly influenced by
various abiotic factors such as temperature,
salinity, dissolved oxygen, pH, and substrate
of the bottom water (BEUCHEL et al. 2006).
These factors have determining role in nonpolluted or slightly affected superficial
water.
The evaluation by the physicochemical
parameters, defined in the national legislation
(Regulation H-4/2012) characterized the state
of the environment that supports the
biological assessment in determining the
ecological status/potential of the standing
water bodies (Table 2).
The studied waters were representative
for different types of standing water bodies
and were suitable for testing experimental
methods for ecological status/potential
assessment. Official data presented in the
current River Basin Management Plan
(2016-2021) showed that the standing
water bodies with identified reference
conditions (Bezbog Lake and Kalin Dam)
or close to maximum ecological potential
(Stoikovtzi and Pyasachnik Dam) were
characterized in this study in high and
good status by all physicochemical
parameters and experimental biological
(assessed according Cheshmedjiev &
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Varadinova, 2013) indices. Choklyovo
marsh, which is protected under the
Habitats Directive (1992) and Biodiversity
act (2002) and riverside wetland (Bistraka
Dam) were also defined in high and good
status based on physicochemical and
biological indices. The most unfavorable
assessments
pursuant
to
biological
parameters
were
recorded
in
the
Ovcharitsa and Ovchi Kladenets Dams. In
these water bodies destroyed trophic
structure evaluated by PETI was also
registered. According to the information of

the River Basin Management Plan (20162021), the reasons could be the influence of
discharging
industrial
wastewaters
(Ovcharitsa
Dam)
and
the
local
anthropogenic impact caused by active
angling (Ovchi Kladenec Dam). It should
be noted that estimates of Ovcharitsa and
Ovchi Kladenets Dams were based on
earlier studies conducted in the period
2013-2017. The upcoming autumn and next
seasonal sampling will present an up-todate picture of the potential of the pointed
out water bodies.

Table 2. Evaluation of the ecological status/potential of the studied water bodies.
Name of the
O2
water body mg/dm3

pH

Conductivity µS/cm

TNT

BI

% Oligochaeta

PETI

Bezbog Lake

High

Good

High

Good

Good

High

Good

Kalin dam

Good

Good

High

Good

Good

High

Good

Studena dam
Chuklyovo
marsh
Bistraka dam

High

Good

High

Moderate

Moderate

Good

Good

High

Good

High

High

Good

High

Good

High

Good

High

High

Good

High

Good

Dospat dam

Good

Good

High

Good

Moderate

Good

Good

Stoykovtsi
dam

Good

Good

High

Good

Good

Lack of
oligochetes

Good

High

Good

High

Good

Moderate

High

Good

High

Good

High

High

Moderate

Good

Good

High

Good

High

High

Moderate

High

Moderate

High

Good

High

Good

Moderate

High

Moderate

High

Good

High

Good

Good

Good

High

Ovcharitsa
dam

High

Outside
the
categories

Moderate

Good

Moderate

Moderate

Bad

Ovchi
kladenets
dam

High

Good

High

Moderate

Poor

Bad

Drenov dol
dam
Pchelina
dam
Dolna
Dikanya
dam
Dyakovo
dam
Pyasachnik
dam

The highest evaluations were obtained
on the physicochemical parameters and TNT
index. It should be noted that the scales used
to estimate the tested biological indices are

common and non type-specific.At this stage,
according to expert judgment, BI has the
leading role in determining the ecological
status
of
standing
water
bodies
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(Cheshmedjiev & Varadinova, 2013). Our
results showed that none standing water
was evaluated in high ecological status or
maximum ecological potential based on BI.
Further on-going studies will reveal whether
this was due to insufficient refinement of
ecological quality ratio scale, especially
boundaries between good and high
ecological status. The lowest/unfavorable
assessments of the tested standing waters
were recorded through BI and PETI. Higher
values of PETI characterized high water
quality and stable, unaffected aquatic
ecosystems (Schweder, 1990). Status worse
than good was indicative of an imbalanced
benthic communities as a result of pressures
such as influx of heavy organic pollution
and water level fluctuation which most
strongly affect the macrozoobenthos,
especially in the littoral zone where the
sampling was taken. In addition, the other
local anthropogenic impact (camping,
fishing) could also have an adverse impact
on the ecological situation in the aquatic
ecosystems. Bad ecological status according
PETI revealed that the trophic structure of
the benthic communities was considered to
be
destroyed.
Both
the
previous
(VARADINOVA, 2012; 2013) and the current
study showed that the %Oligochaeta works
well for a sludgy substrate and given the
multi-habitat sampling approach, it is not
appropriate to use this metric as an
independent evaluation but possibly as a
part of a multimetric system.
Conclusions
The obtained results are preliminary,
based on a single sampling and analysis of the
taxonomic
composition
of
the
macrozoobenthos fauna. The scales of the
tested indices need optimization and
refinement of the boundaries between the
quality classes. The challenge is also to develop
type-specific scales of relevant evaluation
indices. This requires longer-term studies to
provide a more objective assessment of the
relevance of each index, particularly when it is
applied separately. Three-year seasonal (spring,

summer, autumn) surveys are going to be
conducted to help gather the data needed to
develop
a
relevant
type
specific
multimetric/metrics for assessment the
ecological status/potential of the standing
water bodies by biological quality element
macrozoobenthos. The seasonal sampling
will give opportunity to take into account
the life cycles of macrozoobenthos, as well as
the specifics of the sampling of the littoral
zone, where the environmental factors are
highly variable. Another aspect related to
the need of conducting periodic studies is to
assess the impact of the natural dynamics of
water levels on benthic communities without
underestimating the water abstraction for
different purposes in the heavily modified
and artificial water bodies.
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Abstract. The aim of this study was to determine the current microbiological status of the microbial
communities and their ability to form biofilms in two protected by Natura 2000 wetlands in
Southern Bulgaria. The numbers of heterotrophic bacteria (TVC22 and TVC 37), actinomycetes,
fungi, and sanitary state indicators were determined for dry soil samples and sediments collected
form Zlato pole wetland and Tsalapitsa rice paddies. The number of heterotrophic microorganisms
(TVC22 and TVC 37) and indicators of sanitary status (FS, FC, and Escherichia coli) in the two rice
paddies near the city of Plovdiv is higher in comparison to the control zone Zlato pole – the
maximum was recorded in the rice paddy near Tsalapitsa village (C1 and C2 was 12.6х10 6 cfu.g-1
and 26х106 cfu.g-1, respectively). In the studied samples, the bacterial complex takes a dominant
position and it exceeds the number of both fungus and actinomycetes at least 1.5 times. The cluster
analysis showed a high similarity between the soils surrounding the paddy fields and separated
sediment from Zlato pole (ZP2) because of the lowest organic load. The biofilm formation
capability of the soil microbial communities was tested in vitro and measured using the dye crystal
violet (CV). The development of the biofilm was analyzed for seven days in four different nutrient
mediums. Results showed better biofilm growth on R2A media for all stations. Our data showed a
good correlation between the structure of microbial communities and biofilm-forming capacity.
Key words: wetlands, TVC, FC, FS, biofilm, microbial community.

Introduction
Wetlands are important ecological
territories or aquatories, and their microbial
community structure, including biofilms, play a
significant role in primary productivity,
nutrient cycling, and water pollution.
Constructed wetlands are low-cost ecological
facilities based on the idea of biological
treatment
methods
for
remedying
anthropogenic pollution. The microbial
biodiversity
depends
on
different
environmental parameters such as pH, nutrient
source, the size of the zone, macrophyte
© Ecologia Balkanica
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community etc. (HORNER-DEVINE et al., 2003).
The effective removal of coliforms (over 90%),
fecal enterococci (over 80%) (KADLEC &
KNIGHT, 1996) and other indicators for
contamination, such as Clostridium perfringens,
is due to the long water retention time, the
activity of microbial community and natural
macroflora (STEER et al., 2002; AGUILAR et al,
2008). Most functional wastewater treatment
systems, such as constructed wetlands, depend
on naturally occurring microorganisms that are
responsible for organic carbon degradation and
nutrient cycling (DAIMS et al., 2006). Although
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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these microorganisms are considered to be in
the planktonic, now it is known that the most
active microorganisms are located in biofilm
consortium (WUERTZ et al., 2003). The soil is a
natural habitat with multiple variables, which
affects the growth of microorganisms and in
general is nutrient poor. The amount of organic
matter varies widely with the bulk of the
carbon in recalcitrant forms, such as humic
acids. Therefore, soil bacteria often are forced to
cope
with
nutrient
deprivation.
Microorganisms can exist freely in nature, but
most often, they proliferate more effectively by
interacting and forming communities (DAVEY
& O’TOOLE, 2000). The initial definition of
biofilms as structured communities included in
the polymer matrix attached to biotic or abiotic
surfaces have undergone evolution in recent
years. Today, the authors note the irreversible
adhesion and the different phenotype of
microorganisms in biofilms as a reflection of
altered gene expression and metabolic activities
(HALL-STOODLEY et al., 2004). The matrix is the
predominant part of the mass of biofilms. Its
composition is highly hydrated and includes
exo-polysaccharides produced by the cells in
the community, as well as nucleic acids,
proteins, lipids. The functions of biofilms are
always determined by the biodiversity,
environmental conditions, attachment surface
and nutrient availability (WATNICK & KOLTER,
2000). Microbial cells attached to the wetland
matrix (solid particles and plant roots) are
responsible for effective biodegradation of
waterborne pollution. Wetlands are dynamic
and variable systems and any change reshape
the structure and diversity of the microbial
community. There are many data from in vitro
studies for monospecies biofilms, but there are
differences in composition of natural biofilms
as they are found mostly as multispecies and
may include bacteria as well as fungi, algae,
and protozoa (BURMØLLE et al., 2014).
Multispecies composition of natural biofilms
leads to search for a convenient model for
investigation of such complex systems in situ
and in vitro (RØDER et al., 2016). In addition,
most of the microorganisms in natural habitats
are “unculturable”, and their roles in natural

systems are unclear (TYSON at al., 2004).
Microbiologists have been developing new
strategies for culturing “unculturable” bacteria.
Such strategies include the use of dilute
nutrient media (particularly for oligotrophs)
and
attempting
to
simulate
natural
environmental conditions (VARTOUKIAN et al.,
2010).
The aim of the study was to determine the
current microbial status of protected areas in
Natura 2000 along the Maritza River. The total
number and the ratio bacteria: fungi:
actinomycetes were used to characterize the
condition of soil micriobiocenosis and to
evaluate the status of the Tsalapitsa rice
paddies and Zlato pole wetland. The analysis of
the ability of the natural microbiota to form
biofilm gives additional insights into the
physiological status of the microbial
community and contributes for complete and
accurate assessment of wetlands.
Materials and Methods
Study sites and sample collection
The study was carried out in two wetlands
along the Maritza River included in the Natura
2000. Zlato pole is the largest natural wetland
along the river. Tsalapitsa rice paddies are
constructed wetlands. Both protected under the
Birds Directive 2009/147/EC (EC, 2009). Dry
soils (ZP1, C2, P2) and sediment samples (ZP2,
C1, P1) were collected from three sampling sites
situated as follows: Zlato pole – ZP1 (42° 2.241',
25° 42.944'), ZP2 (42°2.207', 25°42.938');
Tsalapitsa rice fields - P1 (42° 10.436', 24°
40.403'), P2 (42°10.307', 24°40.502'), C1
(42°13.600', 24° 33.804'), C2 (13.396', 24° 33.202').
Bulk samples from the upper soil layer (5
to 10 cm) were collected in sterile containers,
each consisting of at least four single samples to
reduce spatial variability. They were stored at
4°C in the dark until microbiological analysis
for no longer than 24 h.
Microbiological analysis
Prior to the analysis, the samples were
diluted x100 in sterile physiological solution
and homogenized for 30 minutes at 200 rpm,
then left 10 minutes for precipitation. The soil
suspension was used for bacterial enumeration
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according to ISO 6222:2002 (TVC at 22°C and
37°C), ISO 9308-1:2014 (Escherichia coli and
coliforms), ISO 9308-1:2004 (fecal enterococci).
Actinomycetes were analyzed according to
ZHANG (2011). In brief, 5g sieved soil sample
(particle size <1 mm) were dried for 7 days at
room temperature and heated for 10 minutes at
110°C. The treated soils were diluted 1:9 with
sterile physiological solution and homogenized
at the same conditions. A hundred microliters
were plated on Actinomyces Isolation Agar
(HiMedia, India) supplemented with 50mg/L
nalidixic acid (Sigma-Aldrich, USA) and
100mg/L nystatin (Sigma-Aldrich, USA) and
cultivated for 14 days at 28°C. the total number
of culturable fungi was determined by colony
enumeration after incubation at 22°C for 14
days on Sabouraud dextrose agar (HiMedia,
India) supplemented with chloramphenicol
(PITT & HOCKING, 2009).
Biofilm formation assay
Biofilm-forming capabilities of microbial
communities were quantified after cultivation
in microtiter plates with crystal violet (CV)
assay as described by DEMETER et al. (2015).
Samples for analysis were prepared by dilution
x100 of 1g in four different media - TSB
(National Center of Infectious and Parasitic
Diseases, Sofia), AB minimal medium (CLARK
& MAALÙE, 1967), M63 minimal medium and
R2A (Merck, USA) to obtain soil/sediment
slurry and homogenized on rotary shaker for
30 min at 200 rpm. After 10 min for
precipitation 200 µl samples with three
replicates were cultured in flat bottomed 96well cell culture plates (Costar) at 22°C for 7
days. Sterilized (autoclaved) samples and
sterile media were used as a negative control.
The development of biofilm was measured
each day after staining with 0.1% crystal violet,
dissolution of attached CV with 95% ethanol
and measurement of the absorbance at 630 nm
using a microtiter plate reader Bio Tek
ELX800G.
Statistical analysis
Statistical analysis was performed with
SPSS v. 23 (IBM analytical). A bivariate Pearson
correlation was used for interconnection
analysis
between
the
microbiological

parameters and biofilm forming capability of
the microbial communities. Hierarchical cluster
analysis (CA) was applied for the
determination of the similarities between the
sampling sites based on the studied variables.
Results and Discussion
Soil quality is defined by its compositional
structures, functional characteristics and
natural functions (FILIP, 2002). The assessment
of the ecological status of territories that have
long been under the influence of anthropogenic
pressure is often based on microbiological and
sanitary state research. The assessment of the
total microbial count (TVC) at 22 ° C / 37 ° C,
fungi and actinomycetes, makes it possible to
form an idea of the general status of the soil
microbiota, which is a reliable indicator for
monitoring the soil response and, more
generally, the quality of the soil itself (SHARMA
et al., 2005; KENNEDY et al., 2006).
The TVC22 in the dry soil samples varies
from 8.4х106 cfu.g-1 at ZP1 to 26х106 cfu.g-1 at C2
(Figure 1a), in the sediments TVC22 are in
range of 5х106 to 12.6х106 cfu.g-1. The highest
values for TVC22 were established for the rice
field samples from C1 and C2 stations, and the
lowest – in the Zlato pole control zone. On
average, their numbers are higher in dry soils
than sediments. According to KUZNETZOVA
(2007), the fluctuations of the microbial count in
the soils are often related to the increase in the
amount of bioavailable carbon as a result of the
plant material decomposition.
The TVC at 37°C (TVC37) provides
information on the presence of organic
contamination. The number of TVC37 is in the
range of 6x105 - 52x105 cfu.g-1 in the dry soils
and 4.6x104 - 23x105 cfu.g-1 in sediment samples
(Fig. 1a). The lowest value was recorded in the
sediment from the control zone (ZP2), which is
a functional indicator of a good ecosystem
potential. The highest load based on the
indicators is recorded at station C2, evidencing
a higher anthropogenic pressure. The values of
both indicators were higher in the sediments
compared to the dry soils, but the differences
are not statistically significant, due to higher levels
of variation of the TVC22 indicators in the dry
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soils and TVC37 in sediments (Fig. 1a). TVC22
and TVC37 showed high levels of correlation,
which coincides with the results of the BATH &
ARNEBRANT (1994). Higher TVC values in the rice
fields suggest an intense bacterial mineralization
activity in the soils, rich in accessible organic
substances (ONET & ONET, 2013).
The fecal coliforms (7х103 cfu.g-1 to 12х103
cfu.g-1) were the predominant group of sanitary
state indicators, detected in the studied samples
(Fig. 1b). At all stations, the numbers of
Escherichia coli and fecal streptococci were
relatively low and with the exception of C2
station did not exceed 5x102 cfu.g-1. The lowest
values of under 20 cfu.g-1 were established for
the Zlato pole sediments, evidence of the lack of
contamination with human or animal origin.
The FC: FS ratio in the other samples range
from 0.9 to 1.3, which indicates the presence of
a non-point source of pollution. In general, the
number of indicators in sediments is lower than
in the soil layer.
The point and non-point sources of
organic pollution within the river system are
the major sources of sanitary indicators in the
wetlands. Discharges from combined sewage
systems are considered as the main source of
bacteria in streams in many urban areas
(MURRAY et al., 2001). The lower numbers in the
sediments stress the importance of the
artificially
created
wetlands
in
the
environmental pollution control. The natural
sedimentation processes and the combination

of environmental factors in the wetlands
facilitate the removal of fecal and pathogenic
microorganisms from the water layer (HENCH
et al., 2003; STOTT et al., 2003).
The data analysis showed that fungi form
a significant component of the soil microbiota
in the studied area (Fig. 2a). Their numbers
range from 16х104 to 101х104 cfu.g-1 in the dry
soils, and from 2х104 to 78х104 cfu.g-1 in the
sediments. Fungi play a crucial role in the soil
biogeochemical cycles (DE RUITER et al., 1993).
The anthropogenic pressure can result in a shift
of the microbial composition in the direction of
increasing or decreasing the proportion of one
or another type of fungi and the conditions of
permanent technogenic soil contamination may
cause the replacement of “safe” species with
potentially pathogenic and epidemiologically
unsafe for humans and animals’ species
(MARFENINA, 2015).
The higher values at ZP1, suggest better
degradation capability and organic matter
processing efficiency of the microbiota, as 85%
of the organic matter is usually degraded by the
combined effect of fungi and bacteria (STUR et
al., 2015). The reduction of their number at P2
and C2 station in our study suggests a decrease
in the soil quality, as the increase of the
anthropogenic
pressure
on
the
soil
communities, follows a significant reduction of
the fungal component in the ratio of fungi:
bacteria (BARDGETT & LEEMANS 1995;
IVASHTENKO, 2017).

Fig. 1. Average values by station for: a) total number of heterotrophic bacteria;
b) sanitary state indicators.
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Fig. 2. Average values by station for: a) Fungi; b) Actinomycetes;
c) Relative abundance of the studied taxa

Actinomycetes are the third major group
forming the microbial communities in the
studied samples (Fig. 2b, 2c). Their abundance
in the dry soils (238х102 to 480х102 cfu.g-1) was
significantly higher than in the sediments
(92х102 to 181х102 cfu.g-1) (ANOVA, p<0.05).
According to KOLESNIKOV (2006), the main
reason for the increase in their number is the
entry of additional amounts of organic matter
into the habitat. Similar results have been
reported by ABROSIMOVA et al. (2012), showing
a clear trend of increase of the actinomycetes
number in soil samples under high
anthropogenic impact in the urban areas,
exceeding more than twice those in the control
samples. Hence, the change observed in the
species diversity of microorganisms, such as
the increase in the abundance of actinomycetes
and fungi, and the decrease in the abundance
and biodiversity of the bacteria in the studied
samples has a strong impact on the condition
of soils and, respectively, ecosystems. In the
studies of NAZARKO & LOBANOV (2007) an
increased number of actinomycetes was
recorded in the agrocenoses, regardless of the
type of soil, which reflects another kind of
anthropogenic influence on the ecosystems agricultural and management activities.
The ratio of the different groups of
microorganisms characterizes the condition of

the microbiocenoses. Comparison of the
abundance of the studied taxa in the soil
(bacteria: fungi: actinomycetes), is a reliable
tool for general characterization of soils from
territories under different level anthropogenic
impact (BELUCHENKO, 2016).
The comparative analysis of the soil from
different
stations
demonstrates
the
heterogeneous structure of the communities
and shows that the bacterial complex has a
dominant position exceeding the number of
fungi and the actinomycetes at least 1.5 times
(Fig. 2c). In the ZP2, P2 samples fungi are a
minor component of the soil microbiota, while
in all other samples their number exceeds that
of actinomycetes. The control zone at ZP1
station is characterized by the highest reported
number and highest fungi: bacteria ratio,
which has a significant effect on the organic
matter decomposition efficiency (Fig. 2c). On
average, higher numbers of all taxonomic
units were reported in dry soil samples
compared to sediment, which is direct
evidence of higher levels of biological activity
and a better physicochemical regime.
The current results are in agreement with
other authors (LEON et al., 2006) and suggest
that the field amendments related to rice
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production caused a shift in the microbial
population compared to the control zone. The
data shows that the constructed wetlands play
a crucial role in pollution protection,
providing conditions that favor the removal of
the sanitary microbiological indicators and the
potentially present pathogens.
The assembly of the microbial population
in natural biofilm is spontaneous and therefore
considered as “black box”. A large part of it
still remains unraveled (TRUU et. al., 2009).
One of the reasons is the extracellular matrix
as it contains water and a large range of
biopolymers that are difficult to analyze. For
this reason, it is known as a “dark matter of
biofilm” (FLEMMING et al., 2007). One of the
most varying soil parameters is the water
content and the biofilm formation for soil
microorganisms is a good solution to the
problem of drying up. The matrix is a major
component of biofilm and its high water
content
provides
protection
against
desiccation (BURMØLLE et al., 2011).
We investigated the ability of soil
microbial communities at different stations to
form biofilm using in vitro model for static
cultivation in flat-bottomed 96-well cell culture
plates. Four different culture media were used
in order to compare their suitability for
multispecies soil and sediment biofilm
formation in laboratory conditions. The TSB
broth is a nutritious medium that supports the
growth of a wide variety of microorganisms,
including common aerobic and facultatively
anaerobic bacteria. The AB and M63 media are
used as defined glucose minimal media. The
R2A media was used as dilute nutrient media
in an attempt to simulate better the natural
environmental conditions in in vitro model.
Biofilm formation was detected daily in seven
days period. When TSB media was used for
multispecies biofilms, most biomass was
detected at sixth day for all tested samples
(Fig. 3a). Similar results we obtained when the
soil and sediment samples were tested for
biofilm formation in R2A media but the

formed biomass was significantly greater (Fig.
3b). Biofilm biomass formed from tested
multispecies communities in M63 reaches
maximum on the seventh day and was lower
from that in R2A (Fig. 3d). Microbial societies
in the tested samples showed almost nonbiofilm forming capacity in AB medium (Fig.
3c). We observed that the multispecies
communities in tested soils and sediment
samples formed maximum biofilm biomass in
R2A medium (Fig. 4). Our data show better
biofilm forming capacity of tested sediment
communities at P1 and C1 stations compared
to control sediments ZP2. The same ratio is
observed for soil samples P2 and C2 and
control ZP1 but with less biofilm biomass
formed in vitro.
In multispecies biofilms, complex
relationships exist that include the whole array
of symbiotic interactions between cooperation
and competition such as mutualism,
commensalism, synergy, antagonism (ELIAS &
BANIN, 2012; RENDUELES & GHIGO, 2012;
BURMØLLE et al., 2014). There is evidence of the
establishment
of
complex
metabolic
relationships in multi-species communities
reflecting the amount and accessibility of
nutrients in certain ecological niches.
Researchers support the view that the copresence of many species in biofilm structures
is an advantage for the microbial communities
at
different
ecological
and
clinical
environments; one can assume that synergistic
interactions between species predominate over
antagonistic ones, particularly synergies that
facilitate a robust coexistence (ELIAS & BANIN,
2012). Data from different models for in vitro
biofilm formation experiments suggest more
often cooperative and synergistic relationships
than competitive or antagonistic for different
bacterial soil isolates obtained from one
specific soil environment simultaneously (REN
at al., 2015). It is more likely that in natural
multispecies biofilms, adhesion and initial
stages of formation are part of the activity of
naturally occurring biofilm “formers”, which
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then facilitates the attachment of non-biofilm
forming species (CHRISTENSEN et al., 2002; REN
et al., 2015). We concluded that minimal
composition of AB media probably leads to
slower development and synchronization of
species present in the sample and so restrict
their opportunities for development step by
step of complex metabolic network and
biofilm and so was not suitable for the further
analysis.
The data from comparative analysis of
biofilm – forming capabilities of tested soils
and sediments multispecies communities
suggest that R2A was a better choice for in
vitro assay creating opportunities to bring
experimental conditions closer to the
environmental one. We`ve studied the
planktonic growth and we`ve established that
it reaches its maximum after 24 h of
incubation. The cell density remains constant
during the experimental period and showed
no significant correlation with the biofilm
formation.
Our data showed a good correlation
between the composition of microbial
communities and biofilm-forming capacity
(Table 1).
Our studies showed a correlation
between the formation of multi-species
biofilms in vitro from the soil and sediment
samples and some of the selected
microbiological indicators (Table 1). We
believe that the negative correlation between
TCV37 and the amount of in vitro formed
biofilm is suggestive for the importance of
anthropogenic impact and organic matter
loading on the temporary composition of the
microbial communities and the soil quality. To
confirm these assumptions, it would be useful
to conduct a metagenomic analysis of
microbial communities to establish the relative
involvement of different species in building a
metabolic network and biofilm.
Biofilm model systems are important for
better understanding of the mechanisms
involved in biofilm development, social

behavior of microorganisms in multispecies
communities and changed metabolic profile
(COENYE & NELIS, 2010; REN et al., 2013).
Recently, studies of multi-species biofilms
have increased, but there are still difficulties in
choosing model systems and approaches.
We`ve performed a cluster analysis based
on the studied microbiological indicators in
order to assess the similarity between
sampling stations (Fig. 5). The analysis
grouped the samples into two statistically
significant clusters (CA1 and CA2) with a
large cluster distance. CA1 include two subclusters. The first includes the dry soil samples
from the three zones, with the results showing
an extremely high degree of similarity
between the soils surrounding the paddy
fields. The second one combines sediment
samples from the rice paddy. CA2 includes
only the sample from station ZP2, which is
characterized by the lowest anthropogenic
impact based on our results. The results
confirm the that the Zlato Pole wetland is an
area of national significance that has the
potential for water retention volume as well as
a trap for biogenic elements and pollutants in
the Maritsa River (VASSILEV et al., 2013).
We have found the highest biofilmforming ability for the multispecies
communities in the sediments at P1 and C1
relative to the control station ZP2, which
correlates with the reported values of TCV37
and indicates the physiological status of the
environmental microbiota in these areas. We
propose the use of the R2A media in the
development of a potential model system for
assay of environmental multi-species biofilms
in vitro. Wetlands are located in areas with a
low elevation and a high water table and play
an important role in the purification of
pollution near urban areas. Studies of
environmental multispecies communities and
their abilities for development metabolic
network and biofilms will be useful for
application
in
bioremediation
of
environmental contamination.
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Fig. 3. The biofilm formation of multispecies communities in four different media:
a) TSB; b) R2A; c) AB; d) M63
T S B
R 2 B
A B
M 6 3
M e a n ; W h i s k e r : M e a n ± 0 , 9 5 C o n f . In t e r v a l
2 ,0

А6 3 0

1 ,5

1 ,0

0 ,5

0 ,0

Z P 1

Z P 2

P 1
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C 1

C 2

S t a t io n

Fig. 4. Comparative analysis of maximum values of biofilm biomass formed from multispecies
communities in four different media.
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Table 1. Pearson correlation matrix of the microbiological parameters and biofilm formation
capability on different media.
TVC22
TVC37
FC
FS
E. coli
Fungi
Actino
TSB
R2B
AB
M63

TVC22 TVC37
1
.777*
1
-,242
-,071
,591
-,055
,522
-,055
-,159
-,347
-,576
,641
,014
-,012
,433 -,929**
-,837*
,085
,267
,465

FC
1
,288
,418
,252
-,039
,136
-,095
,289
,176

FS

E. coli

1
,405
-,004
,282
,154
-,273
,842*

Fungi

1
,445
-,092
,124
,166
-,180
,793

1
,159
,045
,508
,656
,237

Actino

1
,564
-,638
,437
,453

TSB

1
-,193
-,118
,370

R2A

1
-,010
-,350

AB

1
-,138

M63

1

Fig. 5. Cluster analysis using Wards linkage of the similarities between sampling sites based on
the studied variables.
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Abstract. One hundred sixty-six bacterial strains belonging to genus Bacillus were tested for
protease production. Ninety percent of the studied strains demonstrated protease activity on
nutrient gelatin and milk agar. A strain Bacillus thuringiensis was selected as the most promising for
enzyme production based on its initial enzyme activity of 9.2 U/ml. The nutrient medium
composition and cultivating conditions were optimized aiming better yields. The highest protease
activity of 15 U/ml was achieved on the following conditions: inoculation of the medium with 5%
inoculum (6.0 McF), followed by 16 hours of cultivation in liquid medium containing 0.5% glucose,
0.55% Bacto Peptone, 50mM phosphate buffer and 0.2% magnesium ions. The produced enzymes
were partially purified 5.6 fold by ultrafiltration and size-exclusion chromatography on Sephadex
G-75 and had a specific activity of 17.7 U/mg. The approximate molecular weights were
determined by SDS-PAGE to be between 45 and 66 kDa.
Key words: Bacillus, protease, enzyme production, SDS-PAGE, zymography.

Introduction
A vast variety of organisms, such as
plants, animals, and microorganisms produce
proteolytic enzymes. It is estimated that more
than 40% of the proteases, which are sold
worldwide, are of а microbial origin (GODFREY
& WEST, 1996). Microorganisms are attractive
sources of proteases because they can be
cultivated in artificial conditions and in large
quantities for a relatively short time by
established fermentation methods. Screening
and characterization of proteases from
different sources has many advantages both
from an environmental and industrial point of
view (MIENDA et al., 2014). In addition,
microbial proteins have a long shelf life and
can be stored for weeks under normal
© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

conditions without losing their activity (GUPTA
et al., 2002). Bacteria are the best choice for
producers of enzymes. They are preferred to
these with plant or animal origin because they
have almost all desirable qualities for
application in biotechnology (HAMZA, 2017).
The species of genus Bacillus are one of
the most important groups of protease
producers. This is mainly due to their high
protein secretion capacity of over 20 g/l
protein (HARWOOD & CRANENBURGH, 2008)
and rapid growth rate with short
fermentation cycles (CONTESINI et al., 2017).
This is also the reason for the existence of a
large number of patents and "commercial"
proteases from strains of Bacillus species
(VETTER et al., 1993; MERKEL et al., 2007). The
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secreted proteases from bacilli are three
different types from which alkaline, neutral
proteases are produced in the highest
amounts, and esterases, which have weak
proteolytic activity, are secreted in minimal
quantity (MÄNTSÄLÄ & ZALKIN, 1980;
REHMAN et al., 2017; ANANDHARAJ et al.,
2016). Proteases, secreted from Bacillus
species, have some unique properties, which
explain their application in different
industries. They have a broad pH and
temperature activity and stability range. This
makes them suitable as ingredients for the
production of detergents. The addition of
enzymes in the detergents lowers the need
for high temperatures of the water, reduces
the need for extensive mixing and prolongs
the life of the clothes. Preparations with
proteases are ideal for the removal of blood
stains and stains from food with high
protein content (CONTESINI et al., 2017). Some
Bacillus strains, used as enzyme producers,
have GRAS status, which means that they
are safe and their use in the food production
is allowed. Their proteolytic enzymes can be
used for the ripening of cheese, production
of fermented sauces, and for production of
bioactive peptides (CONTESINI et al., 2017;
OZCANE & KURDAL, 2012). Bacillus proteases
are also stable in organic solvents, which
makes them ideal for use in organic
synthesis reactions (FABIANO et al., 2017).
Proteases are produced from Bacillus
species mainly during stationary phase and
the synthesis is regulated by the source and
quantity of carbon and nitrogen, agitation,
dissolved oxygen and other parameters
(FABIANO et al., 2017). In Bacillus
thuringiensis, the synthesis and secretion of
proteases start during the late exponential
phase and stationary phase of growth. They
secrete them to hydrolyze the remaining
polypeptides in the medium to satisfy the
cell needs for nitrogen (BRAR et al., 2007).
Proteases are also a crucial factor for the
insecticidal properties of this species. These
enzymes hydrolyze the prototoxins to form
active insecticidal crystals (ANDREWS et al.,
1985). Bt proteases have also some other

favorable properties. They are stable and
remain active in the range of pH 7-10 and
temperatures of 30-80 °С (ZOUARI et al.,
1999). After the fermentation process, the
medium contains not only proteases but also
δ-endotoxins. The produced toxins are used
in the agriculture for pest control.
Theoretically, proteases and endotoxins can
be produced in the same time and can be
separately purified, giving two products of
great importance and making the production
process cost-effective (ZOUARI et al., 1999). In
the field of medicine, proteases are used for
digestive aids, for the treatment of skin
problems and they are even used against
inflammation (CRAIK et al., 2011).
The aim of the current study was to
examine the extracellular protease production
capabilities of Bacillus strains and to optimize
the cultivation conditions for the enzyme
synthesis for achieving higher yields.
Materials and Methods
Bacterial strains
Strains of genus Bacillus (166 strains)
from the microbial collection of the
Department
of
Biochemistry
and
microbiology, Faculty of Biology, University
of Plovdiv, Bulgaria were examined for
proteolytic activity. Cultures of the
organisms were maintained on nutrient agar
medium at 4°С for routine laboratory use.
For long-term use, the strains were
maintained in nutrient agar under paraffin
layer at 4°С. The initial screening was based
on the ability of the strains to hydrolyze
gelatin and milk casein.
Hydrolysis of gelatin
Test tubes, containing soluble gelatin
medium (peptone – 10 g/l; NaCl – 2.5 g/l;
gelatin – 120 g/l; pH 6.8) were inoculated
with the test strains. After 7 to 14 days of
incubation at 37°С, the test tubes were
cooled to 4°С. The liquefaction of the
medium is considered as a positive result.
Hydrolysis of casein
Each strain was inoculated on a petri
dish containing solid milk agar medium
(skim milk – 30 g/l; Nutrient broth
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(HiMedia, India) – 13 g/l; agar – 15 g/l; pH
7.2) and incubated for 24 to 48 hours at 37°С.
The casein hydrolysis zone appears as a
transparent circle around the colony, which
diameter is measured.
Fermentation conditions and separation of
culture filtrates
A subculture was prepared prior to the
fermentation by inoculation of the strain in
nutrient broth and incubation for 8h on a
rotary shaker at 37°С, 120 rpm. The cell
density of the culture was then diluted to 6.0
McF units. Erlenmeyer flasks with 300 ml
volume, containing 30 ml growth medium
(casein hydrolysate – 5.5 g/l; Bacto Peptone
– 5 g/l; glucose – 5 g/l; Na 2CO3 – 5 g/l;
MgSO4 – 2 g/l; pH 8; sterilized for 15
minutes at 121°С) were inoculated with 5%
(6.0 McF) subculture. The inoculated flasks
were placed in a rotary shaker at 37°С, 120
rpm for 12 hours. For the separation of the
cells, the culture medium was centrifuged at
4°С, 14 000 rpm for 20 minutes. The
supernatant was collected for further
analysis.
Optimization of the culture conditions for
enzyme production
Optimum protease production was
studied at different incubation periods (0 –
24 h), inoculum volume (1 – 10%), buffering
agents, carbon sources (mannose, fructose,
maltose and ribose), concentrations of the
carbon source (0.2 – 0.8%), and different
metal ions (Mg2+, Mn2+, Zn2+, Ca2+).
Total protein and Enzyme activity analysis
The
protein
concentration
was
determined by the Bradford (BRADFORD et
al., 1976) and Hartree (HARTREE, 1972)
methods using BSA as standard.
Protease assay
Proteolytic activity was determined by
the modified Anson method using a solution
of 0.65% casein as substrate as described by
CUPP-ENYARD (2008). In brief the reaction
was carried out in a reaction mixture
containing 2 ml of 0.65% casein (SigmaAldrich, New Zeland) and 1 ml adequately
diluted supernatant by incubation at 37°С
for 30 minutes. The reaction was stopped by

the addition of 5 ml of 110 mM
trichloroacetic acid. The quantity of the
hydrolyzed
casein
was
determined
spectrophotometrically at A650 against casein
treated with inactive enzyme as blank. A
tyrosine standard curve was used for the
expression of the enzyme activity. One unit
of protease activity was defined as the
amount of enzyme liberating 1 µg of tyrosine
per minute.
Purification of protease
Ultrafiltration
The bacterial supernatant was subjected
to ultrafiltration by Millipore`s Amicon
Stirred cell UFSC20001 (200 ml), using
membranes made of regenerated cellulose
with dimensions of the pores of 10 kDa. A
constant pressure of 0.3 Mpa was generated
using a pressurized bottle with argon gas.
Sephadex G-75 chromatography
The
concentrate
obtained
by
ultrafiltration was loaded onto a Sephadex
G-75 column (2.5 x 94 cm ), pre-equilibrated
with 50 mM Tris-HCl (pH 7.5), at a flow rate
of 20 ml/h. Fractions of 7 ml were collected
and those having proteolytic activity were
subjected to electrophoretic separation by
SDS-PAGE.
Electrophoretic separation
Denaturating SDS-PAGE
The samples were mixed with reducing
sample buffer (0.5 ml 1M Tris-HCl pH 6.8
buffer, 2 g glycerol, 0.4 g SDS, 0,3 ml
mercaptoethanol, 4 mg Bromophenol blue,
8.5 ml distilled water) in 1.5 ml tube. The
tubes were heat treated at 100°C for 90
seconds and cooled in ice. A 40 µl per
sample was loaded on 10% polyacrylamide
gel and separated at 120 V for 4h in SDSTris-glycine buffer, pH 8.05. The gel was
stained with Coomassie blue R-250 (Merck,
USA) for 1h and distained using a solution
of water, methanol and acetic acid. The
molecular weight of the proteins was
determined using protein ladder (Amersham
Low Molecular Weight Calibration Kit).
Zymography
Ten percent polyacrylamide gels were
co-polymerised with 0.1% gelatin. The
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samples were mixed with non-reducing
sample buffer (0.5 ml 1M Tris-HCl pH 6.8
buffer, 2 g glycerol, 0.4 g SDS, 4 mg
Bromophenol blue, 8.5 ml distilled water)
and incubated for 5 min at 25°C before being
loaded
into
gels.
The
following
electrophoresis at 120 V at 4°C. After the
electrophoretic separation, the gels were
incubated for 30 min in wash buffer (2.5%
Triton X-100 in H2O). Then left in developing
buffer at 37 for 16 h (10 mM Tris pH 7.5 with
5 mM CaCl2, 1 M ZnCl2). Gels were stained
with 30% methanol and 10% acetic acid,
containing 0.5% Coomassie brilliant blue R250 (Merck, USA). De-staining was
performed with 50% methanol and 10%
acetic acid. Gelatinase activity was
visualized as unstained bands on a blue
background,
representing
areas
of
proteolysis of the substrate protein
(MCKENNA et al., 2017).
Statistical analysis
Data analysis was performed using
Statistica™ (StatSoft). The results were
presented as mean ± 95% confidence interval.
Results and Discussion
In the present study, 166 strains of genus
Bacillus were screened for proteolytic activity
using milk agar and gelatin medium. Ninety
percent of the tested strains showed
proteolytic
activity,
their
taxonomic
distribution is shown on Figure 1 a. Sixteen
strains with hydrolysis zone with radius,
larger than 5 mm, were selected for further
quantitative
determination
of
their
extracellular protease activity. The strains
demonstrated highly variable enzyme activity,
but the highest activity was established for B.
cereus №67, (8.04 U/ml), B. cereus №88 (7.74
U/ml), B. thuringiensis №14 (9.20 U/ml) and
B. thuringiensis №4 (8.13 U/ml) (Fig. 1 b).
Further analyses were carried out with B.
thuringiensis №14 as the most productive
strain. Other researchers reported for
producers, whose proteolytic activities ranged
from 2.85 U/ml (NABRDALIK et al., 2010) to
20.67 U/ml (BADHE et al., 2016), and even
higher values (BHUNIA et al., 2011).

Dynamics of the enzyme production of B.
thuringiensis №14
For the determination of the optimal
duration of the fermentation process aiming
high enzyme activity, the studied strain was
cultivated for 24 hours and on every 2 hours, a
sample from the culture was taken for
analysis. The pH of the culture and the
extracellular
proteolytic
activity
were
determined (Fig. 2 a).
The protease secretion began at the 4-th
hour of the cultivation and gradually
increased until it reached its maximum activity
of 9.79 U/ml at the 16-th hour. The starting pH
of the medium was pH 8, and during the
cultivation, it slowly alkalized reaching pH
8.7. The highest protease activity was
established at pH 7.1. The optimal cultivation
periods is a strain-specific property and can
vary – 24 h, 48 h, etc. The optimal pH level of
the medium can also vary from pH 6 to pH 11
(CONTESINI et al., 2017; BADHE et al., 2016).
Optimization of the production of
proteolytic enzymes
One of the most important components
of the medium is the buffering agent. At
first, it was buffered with 0.5% Na 2C03, as
described in the literature (PANT et al., 2015).
During the experimental work, the
carbonate-buffering system proved to be
insufficient for maintaining a constant pH
when cultivating B. thuringiensis №14.
Phosphate
buffer
with
varying
concentrations (from 50 mM to 200 mM) was
tested as a substitute buffering system. The
highest activity was achieved when the
medium was buffered with 50 mM
phosphate buffer - 11.82 ± 0.74 U/ml (Fig. 2
b). Higher phosphate concentrations of 100
mM reduced the enzyme activity to 4.16 ±
0.63 U/ml, 3.22 ± 0.83 U/ml at 150 mM and
1.53 ± 0.47 U/ml at 200 mM (Fig. 2 b).
The volume of inoculum is an essential
factor that creates a balance between biomass
and available resources, which ensures
optimal enzymatic production (SANDHYA et
al., 2005). To determine the optimal volume of
inoculum, equal volumes of culture medium
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were inoculated with a 1%, 2.5%, 5%, 7.5%
and 10% 8-hour subculture with a cell
density of 6.0 McF (1.8 x 109). The highest
enzyme production was achieved when 5%
inoculum was used - 13.80 ± 2.85 U/ml (Fig.
3 a). When inoculum with volume lower and
higher than 5% was used, the examined
strain produced a reduced quantity of the

proteolytic enzymes (Fig. 3 a). ABUSHAM et
al. (2009) and GEORGE-OKAFOR et al. (2012)
described the same results. In the first case,
this can be explained by the insufficient
number of active cells of the strain producer,
in the second case when the cell density is
too high, the free surface to volume ratio is
reduced.

Fig. 1. Protease activity of strains of genus Bacillus –
qualitative (a) and quantitative (b) analysis.

Fig. 2. a) Dynamics of the protease production; b) Influence of the buffering system on the
protease production. *Na2CO3 was used as control (K) buffering agent.
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Fig. 3. Influence of a) the volume of the inoculum; b) different carbohydrates; c) different
concentrations of glucose; d) different metal ions on the protease production.
The production of protease also depends
on the specific preference of the carbon
source. To determine the most appropriate
carbon source for the synthesis of protease
enzymes four carbohydrates with a
concentration of 0.5% were examined as
substitutes of the glucose – fructose, maltose,
ribose, and mannose. The highest protease
production was achieved on the initial
medium with glucose as a sole carbon source
- 15.32 ± 2.86 U/ml (Fig. 3 b). When fructose
was used the activity was 8.89 ± 2.41 U/ml,
when maltose was used - 7.27 ± 1.55 U/ml
and ribose - 2.57 ± 0.72 U/ml There was no
extracellular protease activity on medium
containing mannose. The lack of some key
enzymes may prevent the absorption of
mannose, so the strain develops at the

expense of the pepton available in the
medium. At the same time, the highunchanged monosaccharide concentration in
it inhibits the synthesis of proteases (KOLE et
al., 1988). BADHE et al. (2016) studied the
influence of various monosaccharides and
polysaccharides and found that the highest
stimulation of protease activity is observed
with the addition of glucose. Similar findings
are made by other authors (SEN &
SATYANARAYANA, 1993; PASTOR et al., 2001;
SANTHI, 2014), which are reporting that the
highest production is observed when glucose
or starch is added to the culture medium.
Another crucial factor for the protease
production is the concentration of the carbon
source. Lower concentrations may be
insufficient to sustain a large bacterial
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population, while higher concentrations may
have an inhibitory effect over the protease
synthesis (KOLE et al., 2007). The effect of the
different glucose concentrations on the
enzyme production was determined (Fig. 3
c). Our results confirm that high protease
production is achieved when glucose is used
as a carbon source in the medium at a
concentration of 0.5% - 15.76 ± 2.33 U/ml.
When glucose is added to the medium at
concentrations lower or higher than 0.5%,
the enzyme production is reduced. Our data
differs from the findings of other authors.
SUGUMARAN et al. (2012) have found that
their strain produces a maximal quantity of
proteases when the carbon source is 0.6%.
ASHA et al. (2018) report that the optimal
concentration of the carbon source for their
strain is above 1% and MHAMDI et al., (2014)
report for preference to even higher
concentrations of 6%. NADEEM et al. (2008)
report that increasing the concentration of
glucose to above 0.5% results in increased
protease production, but our results don`t
support that observation.
The expression of proteases and the
regulation of their activity depends on the
presence of some metal ions (ADINARAYANA
et al., 2003). Sources of metal ions (MgSO4,
MnSO4, ZnCl2, CaCl2) were added to the
culture medium to evaluate their effect on the
extracellular protease activity. The addition of
Mg2+ enhanced the enzyme activity up to
15.02 ± 1.77 U/ml (Fig 3 d). Manganese, zinc
and calcium ions had rather inhibitory effects
over the synthesis or the activity of the
proteolytic enzymes. These findings are
consistent with the work of other authors
(SHARMA et al., 2012; VEERAPANDIAN et al.,
2016; KHAJURIA et al., 2015; YILMAZ et al.,
2016; SAYEM et al., 2006). Different metal
compounds can stimulate the protease
production, and this is strain specific
property. Some authors describe that
manganese and calcium ions can separately
stimulate the production (SHARMA et al., 2012;
VEERAPANDIAN et al., 2016; KHAJURIA et al.,
2015; CHITTOOR et al., 2016). Others have
shown that the stimulation is achieved by the

synergetic influence of calcium and
magnesium ions (NASCIMENTO et al., 2004).
The observed inhibition of protease activity in
the present study is demonstrating the
absence
of
metalloproteases
in
the
supernatant of B. thuringiensis № 14. Many
authors had found a similar inhibitory effect
on the synthesis and activity of proteases
(SHARMA et al., 2012; VEERAPANDIAN et al.,
2016; LAILI et al., 2017; NASCIMENTO et al.,
2004; SAYEM et al., 2006) with the inclusion of
zinc, cobalt, mercury and copper ions in the
medium. In some cases, calcium and
magnesium may also have an inhibitory
effect (LAILI et al., 2017; LIU et al., 2013).
Partial purification of proteolytic enzymes
from Bacillus thuringiensis №14
The strain was cultivated at the optimal
conditions, after which the liquid culture was
centrifuged at 14 000 rpm, 4°С for 20 minutes.
The collected supernatant subjected to
ultrafiltration using Millipore`s Amicon®
Stirred Cell with filter membranes made of
regenerated cellulose with 10 kDa pores
under pressure (0.3 atm) using argon gas.
Using this method, the volume was reduced
6.66-fold. The final concentrate showed
protease activity of 15.66 U/ml. The enzyme
purification was 1.74-fold times, the yield
based on the activity was 50.7%, and the total
protein was reduced 3.43-fold compared with
the supernatant (Fig. 4.).
The contained proteolytic enzymes
were partially purified using size-exclusion
chromatography. Ten milliliters of the
concentrate were applied to a column (94 x
2.5 cm) filled with Sephadex G-75. Forty-one
fractions with 7 ml volume were collected.
The proteolytic enzymes were eluted in 13
fractions from 172 to 263 ml. The total
volume collected was 91 ml (Fig. 4, Table 1).
After the gel filtration with Sephadex G75, the achieved purification was 5.62
compared with the specific activity of the
supernatant. The amount of the total protein
was reduced 11.56-fold and the yield
according to the total activity was 48.61%
compared with the supernatant. Three
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separated peaks of activity were detected on
the
chromatogram
corresponding
to
fractions – 19 (2.56 U/ml), 24 (1.36 U/ml)
and 27 (3.77 U/ml), which were eluted
respectively at the 186 – 193 ml; 221 – 228 ml;
242 – 249 ml. Our results suggest that the
strain can produce more than one
extracellular protease enzyme, which
molecular weight varies in a broad range.
Using this method of chromatographic
separation AHMETOGLU et al. (2015) achieved
13-fold purification of the protease with a yield
of 23%. Other researchers achieved a 23.78-fold
purification and a 40.9% yield of enzymes
produced by a strain of Bacillus megaterium
RRM2
using
a
Sephadex
G-100
chromatographic column (RAJKUMAR et al.,
2011). Some researchers are carrying out a
direct
purification
with
ion-exchange
chromatography of the resulting preparation
after. For example, BADHE et al. (2016) achieved
2.94-fold purification of a Bacillus subtilis
preparation by ion exchange chromatography
with DEAE-cellulose. The cited data confirmed
the high susceptibility of the enzymes to the
separation methods used, associated with loss
of activity and low-end yields.
Electrophoretic separation and visualization
Samples of the supernatant, the
concentrated supernatant after ultrafiltration and
samples of the most active fractions obtained
after size-exclusion chromatography were

analyzed using SDS-PAGE electrophoresis for
the determination of the molecular weight. The
SDS-PAGE results clearly showed that the
supernatant and its concentrate had high protein
content with a broad range of molecular weight
(Fig. 5). The protein content in the fractions was
reduced thanks to the chromatographic
purification. In fractions, 27 and 28 were
detected three identical bends with a molecular
weight between 45 and 66 kDa. In fraction 19,
there was established a fourth band with lower
molecular weight. The size of the isolated
proteases varied between 45 – 66 kDa. Although
many researchers are describing proteases with
а molecular weight of 40 kDa (JALKUTE et al.,
2017), 40 and 60 kDa (SELIM et al., 2015) their
weight can vary in a broad range between 15
kDa to 130 kDa (OZTÜRK et al., 2009).
The same samples (from the supernatant,
concentrated supernatant, and the most
active fractions) were analyzed for proteolytic
activity by zymography (Fig. 6). The method
allowed the identification of gelatinase
activity in the analyzed samples using SDS
polyacrylamide
gels,
which
were
impregnated with gelatin. The results showed
that Bacillus thuringiensis №14 produces
several extracellular protease enzymes with
different molecular weight. Two clearly
visible signals were detected in all studied
samples, while in fraction 19, there were
additional signals with lower molecular
weight.

Fig. 4. Sephadex G-75 chromatography of protease enzymes produced by B. thuringiensis No 14.
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Table 1. Purification of proteolytic enzymes produced by B. thuringiensis No 14.
Step
Supernatant
Ultrafiltrate
Sephadex G75

Volume
(ml)
67.00
10.00
91.00

Activity
(U)
308.87
156.60
150.15

Protein
(mg)
97.82
28.50
8.46

Spec. activity (U/
mg)
3.16
5.49
17.74

Purification
(fold)
1.74
5.62

Yields
(%)
100
50.70
48.61

Fig. 5. SDS gel electrophoresis of samples of the supernatant (9), ultrafiltrate (8) and the three most
active fractions – 19 (6), 27 (5) and 28 (3).

Fig. 6. Zymography of the supernatant (a – 1, 2, 4 and 7), the ultrafiltrate (a – 4, 5, 6 and 8) and the
three most active fractions 19 (b – 1, 4), 27 (b – 2, 5) and 28 (b – 3, 6).
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Conclusions
The studied B. thuringiensis strain
showed consistent extracellular protease
activity. The highest activity was recorded at
the end of the exponential phase of growth.
Changes of the buffering agent and the
addition of Mg2+ to the culture medium lead
to enhancement of the activity up to 15 U/
ml. The stable protease production makes
the strain B. thuringiensis №14 a promising
producer. The partial purification showed
that the strain is producing at least two
separate proteases with a molecular weight
between 45 and 66 kDa. Their presence was
confirmed by zymography. Further studies
are needed in other to separate and
characterize the proteases.
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Abstract. The five basic characteristics of personality were analyzed in relation to the expression of
different talents in 945 persons aged 16-90, 70.9% of whom were women and 29.1% – men. The
measures used include Goldberg's "Markers of the Big Five Factors" questionnaire, adapted to
Bulgarian culture, as well as self-reported data about musical talent and talent in three other
domains with proven manifestations and achievements: art, writing or sports. The analysis of the
relationships between the Big-Five personality factors and talents found that people with musical
talent had higher levels of Agreeableness and Intellect/Imagination. Participants with other talents
had higher values of Extraversion and Intellect/Imagination.
Key words: big-five personality factors, musical talent, other talents.

Introduction
With his behavior, worldview, and
attitude to the surrounding world, humans
could reasonably be seen as an “ecological
factor”. They influence the environment
through their decisions, planning and concrete
actions. People's responsibility, their goodwill
and openness to the world and nature could be
characterized by studying their personality
traits, as well as by looking at the complex
relationships between personality traits and
other individual features that have a significant
inheritance component. Such studies are at the
borderline of psychology and genetics, and
mentioned interdependencies are a part of the
subjects of behavioral genetics.
The
complex
human
behavior,
including temperament and personality
© Ecologia Balkanica
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characteristics, is the subject of different
investigations aimed to describe both their
multifaceted phenotypic expression and
their
relationship
with
well-studied
mechanisms of the genetic constitution. It is
widely recognized that human behavior
depends on an interaction between a
multitude of genetic and environmental
factors. The basic characteristics of the
personality, the approaches to their
characterization and their frequency of
expression in different human populations
have been studied by many authors
(MCCRAE & JOHN, 1992; GOLDBERG, 1990;
1992; 2001; COSTA & MCCRAE, 1992a, b, 2008;
GOLDBERG et al., 2006; ALEXANDROVAKARAMANOVA, 2016). At the same time,
complex psychogenetic studies as a whole
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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are presented in works of BORINSKAYA &
ROGAEV (2000), HILL et al. (2002), BAKER
(2004), LUCHININ (2005).
The complex impact of genetic factors
and
environmental
factors
on
the
manifestation of musical talent and other
talents has excited scientists for a long time
(SHOCKLEY, 1957; PRICE, 1963; LYKKEN, 1982;
1998; LYKKEN et al., 1992; WALLER et al., 1993;
SIMONTON, 1986; 1987; 1988; 1997; 1999;
2001; 2005; DRAYNA et al., 2001). A pioneer
in the field was Francis GALTON, who in
1869 described studies dedicated to the
genetics of the talent, and the relationships
between heredity and talents. Although such
studies would enrich scientific information on
the multifactorial bases of complex
behavioral-genetic characteristics such as
personality, temperament or talents, for
example, in Bulgaria they are almost absent
(IVANOVA et al., 2017a, b). This motivated the
present study – to explore by appropriate
statistical approaches possible dependencies
between the basic characteristics of
personality and the manifestation of different
talents in the field of music, art, writing or
sports.
Materials and Methods
A total of 945 individuals (70.9% female
and 29.1% male) with average age of 32.3
years were included in this study. The sample
was collected at random with voluntary
participation in the study and this determines
the difference in male and female
representation.
Among
the
studied
population, 68.1% were young people – up to
35 years of age. The Big-five basic
characteristics of personality (Extraversion,
Agreeableness, Conscientiousness, Emotional
stability and Intellect/Imagination) were
analyzed by Goldberg's "Markers of the Big
Five Factors" questionnaire (GOLDBERG, 1990,
1992), adapted to Bulgarian culture
(ALEKSANDROVA-KARAMANOVA, 2016). For
each one of the five traits, participants were
categorized into one of five groups according
to their score: (1) low expression of the trait;

(2) rather low expression of the trait; (3) in the
middle; (4) rather high expression of the trait;
(5) high expression of the trait.
Self-reported questionnaire data about
manifested talents were also collected. On the
basis of the data presented in the completed
questionnaires,
the
participants
were
classified into two groups – with musical
talent and with other talents. The second
group was formed mainly by participants
showing talents other than musical or having
the performance of two or three different
talents, such as dancing and sports, acting
and dancing, writing and painting, etc. Only
proven manifestations and achievements in
the field of music, art, writing, or sports
certified by diplomas, awards and other
documents requested by the participants
were included in the statistical analysis which
was done by means of the SPSS software
package (version 2). To identify possible
statistically significant associations between
the basic features of the personality and the
musical talent or other talents, descriptive
statistic and independent t-test was
performed.
Results and Discussion
It is known that humans create a rich
variety of music, that most of them enjoy
music in some form. The connection between
human, nature and art in all its dimensions is
significant and tangible. In fact, music and the
other arts are interwoven in the complicated
relationships between the persons and nature
as an environment, that the ability to perceive
and create art is present in all human societies
known to date.
The results of our study showed that
24.6% of the participants had a musical
talent, manifested as composing, singing, or
playing a musical instrument, and 35.3% of
the participants had other talents, different
than musicals, manifested independently or
in combinations including fine arts,
literature and poetry, dancing, and sports.
The mean values of the five personality traits
showed that Agreeableness was most
pronounced, followed by Conscientiousness
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and Intellect/Imagination. The lowest values
had
Emotional
stability
(i.e.
high
Neuroticism was observed). Regarding
groups of persons with high and somewhat
high expression of the respective personality
traits, 45.2% were agreeable (or somewhat

agreeable); 64.1% were Conscientious (or
somewhat Conscientious); 44.3% had high or
somewhat high Intellect/Imagination; 21.4%
were (somewhat) extraverted and 33.0%
were (somewhat) emotionally stable (Table
1).

Table 1. Legal documents in the contemporary Bulgarian and European legislation,
determining the conservation status of the registered species in the current study.
Personality
factors >
Level of
expression of
the trait V
Low
expression
Rather low
expression
In the middle
Rather high
expression
High
expression
Total

Extraversion
N/%

Consciousness Agreeableness
N/%
N/%

Emotional
Stability
N/%

Intellect/
Imagination
N/%

360/39.9

47/5.1

122/13.3

226/24.8

118/13.0

178/19.5

97/10.6

173/18.8

208/22.9

169/18.6

181/19.8

184/20.1

208/22.7

176/19.3

219/24.1

102/11.1

222/24.3

192/20.9

120/13.2

180/19.8

94/10.3

364/39.8

223/24.3

180/19.8

223/24.5

915/100

914/100

918/100

910/100

909/100

The analysis of the relationships
between the basic characteristics of
personality and talents established that
people with musical talent had higher levels
of Agreeableness and Intellect/Imagination.
The found Significances were 0.035 and
0.001, respectively (Table 2.) The high
Agreeableness of participants appearing in
the field of music may reflect their desire to
connect with people through music, and to
give joy, harmony, etc. to others by creating
music. High Intellect/Imagination probably
reflects the high creativity and creative
potential of the persons with musical talent
and their ability to master / improve their
musical skills. Participants with other talents
had higher values of Extraversion and
Intellect/Imagination.
The
found
Significances were 0.016 and 0.000,
respectively (Table 2.). The association with
Intellect/Imagination is analogous to that of
musical talent. The relationship with
Extraversion is likely to indicate the desire

for public appearances / an audience, which
is characteristic of performers, authors,
athletes.
Studies with such a complex design are
rare, and this is the reason our results could
not be compared to other literature
information. Data obtained in our study
show higher levels of expression of the basic
personality
characteristics
of
Conscientiousness,
Agreeableness
and
Intellect/Imagination and lower levels of
Extraversion
and
Emotional
stability
expression. At the same time, a relatively
high percentage of the studied individuals
(24.6% and 35.3) show their talents in the
field of music and other arts, which is an
evidence of their creative potential.
Conclusions
Higher
levels
of
expression
of
Conscientiousness,
Agreeableness
and
Intellect / Imagination and lower levels of
Extraversion and Emotional stability have been
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obtained in this study. People with musical
talent had higher levels of Agreeableness and
Intellect / Imagination. Participants with other
talents had higher values of Extraversion and
Intellect / Imagination. The relationships

between the individual creative and personal
basic characteristics could be used to solve
problems related to education or to reveal
opportunities for personal self-improvement
and wellbeing.

Table 2. Significant associations between the musical talent and other talents and the
Big-five personality traits in the whole sample: results from the t-test.
Personality Factor
Extraversion
Agreeableness
Consciousness
Emotional stability
Intellect/
Imagination
Personality Factor
Extraversion
Consciousness
Agreeableness
Emotional stability
Intellect/
Imagination

presence
absence
presence
absence
presence
absence
presence
absence
presence
absence

presence
absence
presence
absence
presence
absence
presence
absence
presence
absence

Musical talent
N
194
608
196
608
197
606
197
599
194
604
Other talents
N
260
480
261
480
257
481
258
476
257
480
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Abstract. The study aimed to describe the prevalence of some health problems with a genetic
component and to analyze their relationships with age and sex specificity. The sample size of the
investigation included more than 900 persons aged 16-90 years (average age 32.3 years). Using a
self-reported questionnaire, data were collected about the presence or absence of a physiciandiagnosed health problem such as high blood pressure, migraine, allergies and refractive disorders
(myopia and astigmatism). The data were analyzed through the IBM SPSS Statistics software
package, version 22.0. Descriptive statistics analyses (frequencies, crosstabs) and the χ 2-test were
used. The prevalence of high blood pressure, migraine, allergies, myopia and astigmatism within
the whole sample were 9.9%, 10.4%, 21.1%, 29.0% and 22.4%, respectively. High blood pressure and
myopia have been found to be in statistically significant relations with the age of the individuals. In
this aspect, data showed that the older people (aged 56 years or more) have more problems
connected with the both diseases. Migraine, astigmatism and myopia have been found to be in
statistically significant associations with the sex of the individuals and are expressed in a higher
percentage of women in comparison with men. Due to the complexity of these interactions, and in
order to better understand them, their dynamics needs research and analysis in the course of
ontogenesis. In view of this, it is important to note that further targeted studies are needed to
clarify the joint impact of age, sex and environmental factors on the human health status.
Key words: high blood pressure, migraine, allergies, myopia, astigmatism, sex and age specificities,
statistical significance.

Introduction
Genetics as a science studies heredity
and variability in various aspects. Of
particular interest to the researchers are
questions related to the emergence of
complex
phenotypic
characteristics,
including many diseases depending on both
genotype and environmental factors. On the
other hand, age, sex and hereditary are the
main factors that influence the health. The
© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

genetic perspective could be applied to
certain multifactorial pathologies in humans
with evidence for genetic conditionality such
as refractory deviations - astigmatism,
myopia and hyperopia (TEIKARI et al., 1989;
HAMMOND et al., 2001; TONG et al., 2002;
GRJIBOVSKI et al., 2006), high blood pressure
(VASAN et al., 2002, ROOM et al., 2005; GO et
al., 2013; PAZOKI et al., 2018), migraine
(TAKESHIMA & NAKASHIMA, 2004; ANTTILA et
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al., 2018), and allergies (HOLLOWAY et al.,
2010). These health problems are much
interesting for research because of the
combination of underlying biological and
environmental factors such as sex, age,
environmental pollution, noise, stress in the
school and working environment, eating
habits and the use of harmful food and drinks.
Recent reviews confirm that the
changing environmental conditions, habits
and behavior of people affect their health. In
this regard, it is important to focus
researches on the development process and
on the interactions between the various
factors and the health status in the
perspective of lifespan.
The present study aims to describe the
prevalence of health problems such as high
blood pressure, migraine, allergies and
refractive
disorders
(myopia
and
astigmatism) in the studied sample and to
analyze the age and sex influence on the
investigated health problems.
Materials and Methods
The sample included 945 persons aged 16-90
(average age 32.3 years) of whom 70.9% were
women and 29.1% were men. Six age groups
were differentiated: 16 to 25 years (N=424, 46.3%),
26 to 35 years (N=200, 21.8%), 36 to 45 years
(N=116, 12.7%), 46 to 55 years (N=95, 10.4%), 56 to
65 years (N=50, 5.5%) and 66 or more years
(N=31, 3.4%). In this investigation about two
thirds of the participants (68.1%) were young
people aged between 16 and 35 years.
Using a self-reported questionnaire,
data were collected about the presence or
absence of a physician-diagnosed health
problem such as high blood pressure,
migraine, allergies and refractive disorders
(myopia and astigmatism). The data were
analyzed through the IBM SPSS Statistics
software package, version 22.0. Descriptive
statistics analyses (frequencies, crosstabs)
and and the χ2-test were used.
Results and Discussion
The prevalence of high blood pressure,
migraine, allergies, myopia and astigmatism

within the whole sample were 9.9%, 10.4%,
21.1%, 29.0% and 22.4%, respectively (Table 1).
The prevalence of the studied health
problems within each of the six age groups
was evaluated too. The percentage of selfreported high blood pressure ranged from
3.6% in the 26-35 years group to 50.0% in the
66+ years group (Table 2). Overall, the
prevalence of high blood pressure in the first
three age groups (people aged 16 to 45) was
relatively low (between 3.6% and 8.1%),
compared to the much higher prevalence in
the older age groups (people aged 46 or
more) – from 22.2% in the 46-55 years group,
to 35.4% in the 56-65 years group and 50.0%
in the 66+ years group.
The prevalence of the studied health
problems within each of the six age groups
was evaluated too. The percentage of selfreported high blood pressure ranged from
3.6% in the 26-35 years group to 50.0% in the
66+ years group (Table 2). Overall, the
prevalence of high blood pressure in the first
three age groups (people aged 16 to 45) was
relatively low (between 3.6% and 8.1%),
compared to the much higher prevalence in
the older age groups (people aged 46 or
more) – from 22.2% in the 46-55 years group,
to 35.4% in the 56-65 years group and 50.0%
in the 66+ years group.
As regards the occurrence of migraine, no
such vast differences between age groups were
observed. Prevalence rates range from 6.3% (5665 years group) to 16.7% (66+ years group),
with people aged 16-45 years reporting about 910% incidence of migraine. Lowest percentage
of allergies was registered in the 46-55 years
group (14.8%), and highest percentage of
allergies – in the 66+ years’ group (26.7%). The
prevalence of myopia was lower in the people
aged 16-45 years (25.2% to 27.6%) and higher in
the older age groups (about 37% in the 46-55
and 66+ years’ groups and 53.5% in the 56-65
years’ group). Prevalence rates of astigmatism
range from 16.8% (36-45 years group) to 32.1%
(66+ years group). In general, older people
(aged 46 years or more) seemed to have more
health problems. The relationships between the
studied health problems and the age factor
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were investigated in the whole sample, as well
as within the subgroups. Statistically significant
associations were found for the high blood
pressure and for the myopia between the
younger group (persons aged 16-45 years) and

the older group (persons aged 46-90 years)
where χ2 was 0.000 and 0.004, respectively
(Table 2). No significant associations with age
factor were found for migraine, allergies and
astigmatism.

Table 1. Prevalence of high blood pressure, migraine, allergies, astigmatism and
myopia (numbers in brackets represent the total number of individuals in groups).
Health problem
High blood pressure
(N=897)
Migraine
(N=895)
Allergies
(N=825)
Myopia
(N=854)
Astigmatism
(N=872)

Frequency

Percent

presence

89

9.9

norm
presence
norm
presence
norm
presence
norm
presence
norm

808
93
802
174
651
248
606
195
677

90.1
10.4
89.6
21.1
78.9
29.0
71.0
22.4
77.6

Prevalence of high blood pressure,
migraine, allergies, astigmatism and
myopia per both sex groups (males and
females) is presented in Table 3 where it
could be seen that the percentage of male
individuals with high blood pressure,
migraine,
allergies,
myopia
and
astigmatism was 12.4%, 6.9%, 19.3%; 28.7%
and 17.4, respectively. The percentage of
female individuals with the same health
problems was correspondingly 9.1%, 12%,
21.6%, 32.2% and 24.5%.
The results show, that the men suffer
more often from high blood pressure
compared to the women. At the same
time, the other studied diseases (migraine,
allergies, astigmatism and myopia) are
more common in women. Statistically
significant associations were found for
migraine, myopia and astigmatism, which
have been observed as more common in
the female group (12% and 6%; 32.2% and
28.7%; 24.5 and 17.4%, respectively) in
comparison with the male one (Table 3).
High blood pressure, migraine and
allergies are health problems of a multifactor
nature. In addition to the genetic component
responsible for their appearance, various factors

of the environment, such as diet, food and
drink, harmful habits (alcohol, cigarettes, etc.),
stress and over-pressure in and out of work,
other professional hazards, medication use, etc
are in relation with them.
According to the results of our study, the
percentage of self-reported high blood pressure
ranged from 3.6% in the 26-35 years group to
50.0% in the 66+ years group. According to the
recommendations of the Bulgarian League for
Hypertension (2013), the prevalence of
hypertension among the adult population of
European countries, including Bulgaria, is
about 30-45%. Our study shows a similar
prevalence of 31% in the older (46-90 years)
group, 22.2% in the 46-55 years group, 35.4% in
the 56-65 years group and 50.0% in the 66+
years group. The young group had a low
prevalence of high blood pressure, which is in
line with the tendency of high blood pressure
prevalence to increase stepwise with age
(KOLEVA & HRISTOVA, 2014). We found that
general tendency for older people (particularly
46-90 years) to have more health problems in
regard to all of the studied health problems.
Different studies have shown that men
younger than 65 consistently have higher
levels of hypertension compared to women
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of the same age group. This difference is
particularly pronounced in early adulthood—for
instance, among 18- to 29-year-old adults, 1.5 to
4 percent of women and over 5 to10 percent of
men reported hypertension (HAJJAR &
KOTCHEN, 2003; CUTLER et al., 2008; EVERETT &
ZAJACOVA, 2015). Observed sex differences in
expression of high blood pressure are in
connection with both biological (sex hormones,

chromosomal differences, and other biological
sex differences) and behavioral (high body mass
index (BMI), smoking, physical activity) factors
(VITALE et al. 2009; SANDBERG & JI 2012; EVERETT
& ZAJACOVA, 2015). In our study we found
slight, statistically not significant difference
between prevalence of high blood pressure in
males and females studied (12.4% and 9.1%,
respectively).

Table 2. Prevalence of high blood pressure, migraine, allergies, astigmatism and myopia
per age group: χ2 for high blood pressure – 0.000*; for migraine – 0.673; for allergies – 0.428;
for myopia – 0.004*; for astigmatism – 0.235; * – statistical significant relation presence.
Age
(years)

16-25
26-35
36-45
46-55
56-65
66+

Presence
/norm

presence
norm
presence
norm
presence
norm
presence
norm
presence
norm
presence
norm

High
blood
pressure

Migraine

Allergies

N

%

N

%

N

%

N

%

21
379
7
185
9
102
20
70
17
31
15
15

5.3
94.8
3.6
96.4
8.1
91.9
22.2
77.8
35.4
64.6
50.0
50.0

42
355
18
175
12
99
12
78
3
45
5
25

10.6
89.4
9.3
90.7
10.8
89.2
13.3
86.7
6.3
93.8
16.7
83.3

86
280
33
141
33
83
13
75
8
39
8
22

23.5
76.5
19.0
81.0
21.0
79.0
14.8
85.2
17.0
83.0
26.7
73.3

105
276
49
138
27
80
32
55
23
20
9
15

27.6
72.4
26.2
73.8
25.2
74.8
36.8
63.2
53.5
46.5
37.5
62.5

Myopia

Astigmatism

N

%

81
310
46
145
18
89
23
60
13
32
9
19

20.7
79.3
24.1
75.9
16.8
83.2
27.7
72.3
28.9
71.1
32.1
67.9

Table 3. Prevalence of high blood pressure, migraine, allergies, astigmatism and myopia
per sex group: χ2 for high blood pressure – 0.146; for migraine – 0.026*; for allergies – 0.473; for
myopia – 0.002*; for astigmatism – 0.024*; * – statistical significant relation presence.

Sex

Male

Presence
/norm

presence
norm

Female

presence
norm

High
blood
pressure

Migraine

Allergies

N

%

N

N

31

12.4

17

6.9

45

19.3

52

28.7

43

17.4

219

87.6

231

93.1

188

80.7

188

78.3

204

82.6

58

9.1

76

12.0

126

21.6

194

32.2

150

24.5

577

90.9

559

88.0

458

78.4

408

67.8

462

75.5

Myopia

%

208

%

Astigmatism

N

%

N

%
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The results of our study demonstrated that
10.4% of the sample suffered from migraine,
which is similar to the data of MITEV (2006).
Concerning migraine our results showed not
statistically significant differences between the
studied age groups. At the same time, there
were found significant relationships between
expression of migraine and the sex of
individuals - 6.9% and 12% respectively for
males and females studied. Significant sex
differences exist in migraine and other
headache disorders. Several hypotheses have
been proposed to explain these differences,
including fluctuations in sex hormones and
receptor binding, genetic factors, differences in
exposure to environmental stressors, as well as
differences in response to stress and pain
perception (PETERLIN et al., 2010; 2011).
Different researches are focused to significant
sex differences in the expression of migraine.
Data from different studies indicate that
migraine occurs three times more in women
than in men and affects approximately 18% of
women and 6% of men (WEITZEL et al., 2001;
PETERLIN et al., 2008) – values higher than those
found in our study concerning females.
According to statistics, about 10 percent of
people seeking medical care show symptoms of
food allergy or intolerance to environmental
factors that are generally harmless to healthy
people. At present, the percentage of people
who have developed some type of allergy has
increased threefold compared to the past
century. Between 20% and 30% are people who
have suffered from some type of allergy during
a certain period of their life (BOZHKOV, 2003).
Similar results were observed in our study –
21.1% have reported a physician-diagnosed
health problem associated with allergies. We
did not find in our investigation statistically
significant differences in the studied groups
according to age (from 17% to 26.7%) and sex
(19.3% and 21.6% for males and females,
respectively) specificity. Worldwide, the
number of people suffering from different
allergies increases, and their relationship to sex
remains unclear, which requires further
research into the sex role in the pathogenesis of

these diseases (CAZZOLETTI et al., 2015). There
was observed that asthma, food allergies and
anaphylaxis are more frequently diagnosed in
females (JENSEN-JAROLIM & UNTERSMAYR, 2008)
but in other studies the incidence rates of
allergies in both sexes were similar
(CAZZOLETTI et al., 2015). Overall, there are not
enough clear conclusions on this issue.
Refractive disorders astigmatism and
myopia are common in human populations.
Over 30% of people wearing glasses or lenses
suffer from astigmatism that may be inherited
and inborn or develop after an eye disease,
injury or surgery. Frequency of myopia varies
between 30% and 40% in Europe and increases
in individual development, especially among
reading and educated people. In the studied
sample 22.4% and 29% of persons suffer from
refractory disorders astigmatism and myopia,
respectively which is lower or similar to that
found for Europe (DIRANI et al., 2006; 2008).
This is understandable given the fact that many
of the studied individuals are from the group of
learners. Feeding, noise, lack of sleep, stress,
smoking, computers and mobile phones are
among the factors of the environment that are
related to myopia. The relationship of refractive
errors (myopia, hyperopia and astigmatism)
with sex factor seems to be a complex as it is
reported in inconsistent findings of various
studies (CZEPITA et al., 2007; PEET et al., 2007;
PREMA et al., 2008; REZVAN et al., 2012).
Reason for this probably lies in the fact that, in
addition to exerting genetic influence, sex factor
might influence some lifestyle characteristics.
Most reports do point towards a higher
prevalence of myopia in the females (SOOD &
SOOD, 2012). HUANG et al. (2014) reported
slight differences concerning the interactions
between astigmatism and sex of individuals.
Results of our study showed that myopia is
statistically significant associated with the
factors age and sex and that astigmatism is in
statistically significant relation with the sex of
individuals. Both refractive disorders were
more often expressed in females, and the
prevalence of myopia was lower in the group
of younger (up to 45 years) and higher - in the
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older age groups (over 46 years).
Conclusions
High blood pressure and myopia are in
statistically significant relations with the age
of the individuals. A general tendency is
found for older people (particularly 46-90
years) to have more health problems in
regard to all of the studied diseases.
Migraine, astigmatism and myopia are
in statistically significant associations with
the sex of the individuals and are expressed
in a higher percentage of women in
comparison with men.
Due to the complexity of these
interactions, and in order to better
understand them, further targeted studies
are needed to clarify the joint impact of age,
sex and environmental factors on the human
health status.
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Abstract. Fifty four species are reported from the Central Rilski Reserve. Among them, Lecidea
plana is a new record for Rila Mts; Nephromopsis chlorophylla and Calicium viride (indicators of oldgrowth forest communities) were observed in the vicinity of Soleniya Dol stream and nearby the
Musalenska Bistritsa river, while Bryoria subcana, B. capillaris, B. fuscescens, Chaenotheca
chrysocephala, Hypogymnia tubulosa and Vulpicida pinastri were observed with high frequence.
Cladonia coniocraea, C. ecmocyna, C. gracilis, C. macilenta, C. sulphurina, Diploschistes scruposus f.
flavicans, Pertusaria albescens, Polychidium muscicola, Ramalina farinacea, Rhizocarpon hochstetterii and
Rinodina milvina are among the rarely recorded ones.
Key words: biodiversity, Bulgaria, old forests, Rila Mts.

Introduction
The Central Rilski Reserve (Southwestern
Bulgaria, National Park Rila), with a total area
of 12393.7 hectares, is the largest national
reserve in the Balkan Peninsula. The higher
parts of the subalpine belt are occupied mostly
by communities of old-aged Pinus mugo Turra,
P. peuce Griseb. and Picea abies (L.) H. Karst.
Many lichenized fungi had been
recorded from Rila Mts (SUZA, 1929;
SZATALA, 1930; CRETZOIU, 1936; MOTYKA &
ZHELEZOVA, 1962; KLOSS, 1962; POPNIKOLOV
& ZHELEZOVA, 1964; PIŠÚT, 1969, 2001;
SLAVÍKOVÁ-BAYEROVÁ & ORANGE, 2006;
SLAVÍKOVÁ-BAYEROVÁ & FEHRER, 2007;
ATANASSOVA
&
MAYRHOFER,
2012);
however, studies on the biodiversity of
lichens in the region of the reserve dated
from the researches of KAZANDZHIEV (1900)
© Ecologia Balkanica
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and PODPĚRA (1911), who listed 45 species
mainly from Musala peak and Shatur (the
former
Chadur
Tepe)
peak.
Later
ZHELEZOVA (1956; 1960; 1962; 1963) noted 18
species in the reserve area. Prior to the
present work 54 species belonging to 27
genera were known (Table 1).
This study is aimed to contribute to the
species diversity of lichens, especially focusing
on the rarely recorded taxa from the reserve
area.
Materials and Methods
Field excursions were conducted in 2004
and 2015, and two regions of the Central Rilski
Reserve were investigated, following the
linear transects. They are: - Borovets park area
(1). along the track from Sarugyol hutZhultoezeren Circus, altitudes 1580-2300 m;
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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(2). along the track from Sitnyakovo lift station
- Soleniya Dol stream - Musalenska Bistritsa
river, alts 1825-1740 m; (3). slope of Deno peak,
2650 m; - Beli Iskar park area (4). above Beli
Iskar dam-lake, alts 2045-2206 m. On the basis
of 160 specimens collected in the study
regions, 54 lichen taxa growing on wood,
rocks and soil have been examined. All new
records for the reserve area are marked with
an asterisk (*). The nomenclature of the lichen
taxa given in Table 1 follows MAYRHOFER et al.
(2005). The localization of the lichen collections
follows the methods, described in STOYKOV
(2014). Identifications were made generally
after HENNIPMAN & SIPMAN (1978), HODGETTS
(1992), DOBSON (2000) and SMITH et al. (2009).
Microscopic examinations were prepared in
distilled water and observed under Boeco BM180/T/SP LM; lactophenol is used to examine
ascus and spore details; oil immersion is
added to observe ascospore morphology; spot
tests with C, K, lugol (recipies after DOBSON,
2000) and UV light reaction were applied ex

situ. The herbarium specimens are housed at
the Mycological Collection, Institute of
Biodiversity and Ecosystem Research, Sofia
(SOMF).
Results
Thirty five species are reported for the first
time from the Central Rilski Reserve. Lecidea
plana is a new record for Rila Mts.
Nephromopsis chlorophylla and Calicium viride
(indicators of old-growth forest communities)
were observed in single points, while Bryoria
subcana, B. capillaris, B. fuscescens, Chaenotheca
chrysocephala, Hypogymnia physodes, H. tubulosa
and Vulpicida pinastri were observed with
high frequence. Baeomyces rufus, Cladonia
carneola, C. coniocraea, C. gracilis, C. macilenta,
C. sulphurina, Diploschistes scruposus f. flavicans,
H. austerodes, Icmadophila ericetorum, Pertusaria
albescens, Platismatia glauca, Polychidium
muscicola, Ramalina farinacea, Rhizocarpon
badioatrum, R. hochstetteri and Rinodina milvina
were studied from single localities.

Table 1. Lichenized fungi, known from Central Rilski Reserve.
Taxon
Alectoria ochroleuca
Anaptychia ciliaris
Arthrorhaphis citrinella
Brodoa intestiniformis
Cetraria aculeata
C. eicetorum, C. islandica
Cladonia arbuscula
C. carneola
C. confusa f. confusa
C. deformis, C. digitata, C. ecmocyna
C. gracilis
C. pocillum, C. pyxidata, C. rangiferina, C.
sulphurina, C. uncialis ssp. uncialis
Cornicularia normoerica
Flavocetraria cucullata
F. nivalis
Hypogymnia austerodes
Ionaspis lacustris; Lecanora intricata; L.
polytropa; Lecidea tesselata; Parmelia
omphalodes, P. saxatilis
Peltigera rufescens
P. didactyla

Author
PODPĚRA (1911); ZHELEZOVA (1956; 1960)
PODPĚRA (1911)
PODPĚRA (1911); ZHELEZOVA (1960)
PODPĚRA (1911); ZHELEZOVA (1956)
KAZANDZHIEV (1900); PODPĚRA (1911)
PODPĚRA (1911)
PODPĚRA (1911); ZHELEZOVA (1963)
PODPĚRA (1911)
ZHELEZOVA (1956)
PODPĚRA (1911)
PODPĚRA (1911); ZHELEZOVA (1963)
PODPĚRA (1911)
PODPĚRA (1911)
PODPĚRA (1911); ZHELEZOVA (1956)
ZHELEZOVA (1956; 1960)
ZHELEZOVA (1960)
PODPĚRA (1911)
PODPĚRA (1911)
ZHELEZOVA (1960)
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Porpidia albocaerulescens, P. flavocaerulescens,
P. glaucophaea
Protomicarea limosa; Protoparmeliopsis
muralis; Pseudephebe pubescens
Ophioparma ventosa
Pycnothelia papillaria
Protopannaria pezizoides
Pseudevernia furfuracea
Rhizocarpon alpicola, R. geographicum,
R. hochstetteri, R. petraeum
Solorina crocea
Thamnolia vermicularis var. vermicularis
Stereocaulon alpinum, Umbilicaria cylindrica,
U. crustulosa, U. deusta, U. spodochroa
U. decussata
Vulpicida juniperinus

PODPĚRA (1911)
PODPĚRA (1911)
ZHELEZOVA (1956; 1963)
PODPĚRA (1911); ZHELEZOVA (1960)
ZHELEZOVA (1963)
ZHELEZOVA (1962)
PODPĚRA (1911)
PODPĚRA (1911); ZHELEZOVA (1956; 1963)
PODPĚRA (1911); ZHELEZOVA (1956)
PODPĚRA (1911)
ZHELEZOVA (1956)
PODPĚRA (1911)

List of taxa
*Acarospora fuscata (Schrad.) Th. Fr. (1).
N42°12’29.4’’, E023°36’57.3’’, 2293 m, SOMF
27473; (4). N42°06’ 04.8’’, E023°32’01.9’’, 2068
m, on siliceous rocks, companied by R.
geographicum, SOMF 30046;
*Alectoria sarmentosa (Ach.) A. Massal.,
s.l. (2). N42°14’33.3’’, E023°36’37.9’’, 1783 m,
on twigs of old spruce, SOMF 30050;
*Aspicilia cinerea (L.) Körb. (2). near
Musalenska Bistritsa river, N42°13’59.1’’,
E023°35’37.3’’, 1875 m, on rocks, SOMF
30042;
*Baeomyces rufus (Huds.) Rebent. (1).
along the track to Zhultoezeren Circus, on
soil, SOMF 27365; (2). N42°14’24.2’’,
E023°36’06”, 1745 m, on granite rock;
*Bryoria capillaris (Ach.) Brodo & D.
Hawksw.,
s.l.
(1).
N42°13’06.0’’,
E23°37’32.9’’, 1580 m, SOMF 26263, on twigs
of spruce; (2). N42°14’30.8’’, E023°36’36.2’’,
1770 m, om twigs of conifers, spot tests K,
KC (+) yellow, C(+) red; N42°14’25.2’’,
E023°36’26.0’’, 1730 m, N42°14’38.2’’,
E023°36’37.3”, 1824 m, SOMF 30051;
N42°14’38.2’’, E023°36’37.3’’, 1830 m, on
twigs of spruce;
*B. fuscescens (Gyeln.) Brodo & D.
Hawksw.,
s.l.
(1).
N42°13’06.0’’,
E023°37’32.9’’, 1600 m; (2). N42°14’30.8”,
E023°36’36.2”, 1770 m, SOMF 26257,

companied by P. furfuracea, on twigs;
N42°14’33.3’’, E023°36’37.9’’, 1783 m, SOMF
30049, on twigs of spruce, companied by H.
physodes;
*B. subcana (Nyl. ex Stizenb.) Brodo & D.
Hawksw.,
s.l.
(1).
N42°13’06.0’’,
E023°37’32.9’’, 1600 m, on old spruce, spot
tests (-); (2). N42°14’28.2’’, E023°36’ 09.5’’,
1721 m, SOMF 26262, on bark of spruce, spot
tests (-);
*Calicium viride Pers. (2). N42°14’27.6’’,
E023°36’08.7’’,
1728
m,
nearby
the
Musalenska Bistritsa river, on bark of oldaged Picea abies trees (Fig. 1), SOMF 30061,
UV(+), rare species;
Cetraria
islandica
(L.)
Ach.
(1).
N42°13’06.0’’, E023°37’32.9’’, 1580 m, on soil,
among grass; N42°12’39.2’’, E023°37’05.7’’,
2213 m, on soil, among moss; N42°12’30.9’’,
E023°37’00.7’’, 2252 m, on soil, among
mosses, N42°12’25.9’’, E023°36’59.1’’, 2286 m,
on soil, among grasses with Geum bulgaricum
Pančić, N42°12’29.4’’, E023°36’57.3’’, 2293 m,
abundant on soil, SOMF 29711; (2).
N42°14’30.8’’, E023°36’36.2’’, 1770 m, on
grassy soil, among mosses, SOMF 26267; (3).
on soil; (4). N42°06’00.6’’, E023°31’29.4’’,
2204 m, on soil; N42°06’ 02.3°, E023°31’24.6’’,
2206 m, SOMF 30044;
*Chaenoheca chrysocephala (Turner ex
Ach.) Th. Fr. (2). N42°14’22.7’’, E023°36’8.4’’,
1745
m,
on
bark;
N42°14’29.1’’,
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E023°36’21.3’’,
1689
m,
on
bark;
N42°14’23.9’’, E023°36’31.6’’, 1740 m, on bark
of old spruce trees (Fig. 6);
Cladonia carneola (Fr.) Fr., s.l. (1).
between 2100-2230 m, on soil, among
mosses, SOMF 26260;
*C. coniocraea (Flörke) Spreng. (1).
N42°12’58.6’’, E023°37’31.9’’, 1990 m, on bark
of spruce; (2). N42°14’33.3’’, E023°36’37.9’’,
1783 m, bark at the base of old spruce;
N42°14’24.2’’, E023°36’06.1’’, 1738 m, idem.,
SOMF 30059; along the track to Musalenska
Bistritsa river, among moss, on soil, SOMF
30052;
C. ecmocyna Leight., s.l. (1). N 42°12’30.9’’,
E023°37’00.7’’, 2252 m, SOMF 30054;
*C. fimbriata (L.) Fr. (1). N42°12’52.6’’,
E023°37’23.8’’, 2050 m, SOMF 26264; (2).
N42°14’30.8’’, E023°36’36.2’’, 1770 m, SOMF
30049; (4). N42°0’04.8’’, E023°32’11.8’’, 2045
m, on soil;
*C. furcata (Huds.) Schrad. (1).
N42°12’39.2’’, E023°37’05.7’’, 2213 m, on soil
with mosses, as f. foliolosa; (2). N42°14’30.8’’,
E023°36’36.2’’, 1770 m, on soil, SOMF 27217;
C. gracilis (L.) Willd., s.l. (1).
N42°12’30.9’’, E023°37’00.7’’, 2252 m, on soil
among mosses, SOMF 26261;
*C. macilenta Hoffm. (2). N42°14’33.3’’,
E023°36’37.9’’, 1783 m, on decaying bark,
SOMF 30043; N42°14’30.8’’, E023°36’36.2’’,
1769 m, with sparingly branched podetia, on
decaying old trunk, SOMF 29638, spot tests
C(-), K(+) yellow;
C. pyxidata (L.) Hoffm. (1). N42°12’43.6’’,
E023°37’11.4’’, 2133 m, on soil, SOMF 27344;
(3). on soil;
C. rangiferina (L.) F.H. Wigg. (1).
N42°12’30.9’’, E023°37’00.7’’, 2252 m, on soil
among moss; growing with podetia of C.
gracilis, (3). on soil; (4). N42°06’02.3’’,
E023°31’ 24.6’’, 2206 m, on soil;
C. sulphurina (Michx.) Fr., s.l. (1).
N42°12’30.9’’, E023°37’00.7’’, 2252 m, on soil,
among moss, SOMF 30038, podetia up to 4.5
cm, with red apothecia on podetial tips,
spores oval, 10-11.5 × 4-5 µm (in tap water),
spot tests C(-), K(-), CK (faint yellow), UV(+)
white, basal squamules usually large, spot

test K(+) under LM dark purple (some
morphotypes of C. pleurota (Flörke) Schaer.
and C. carneola could be distinguished from
C. sulphurina with the help of t.l.c. analysis
only); idem., on decaying trunk, SOMF
27482;
C. uncialis (L.) Weber ex F.H. Wigg. ssp.
uncialis (1). N42°12’ 30.9’’, E023°37’ 00.7’’,
2252 m, on soil among plant debris and
mosses, SOMF 30039;
*Diploschistes
scruposus
(Schreb.)
Norman f. flavicans (Moris & De Not.)
Zahlbr. (2). N42°14’22.7’’, E023°36’28.4’’,
1745 m, on big rocks near the track to
Soleniya Dol stream, SOMF 30048;
N42°13’59.1’’, E023°35’37.3’’, 1780 m, above
Musalenska Bistritsa river, along the road to
Musala chalet, SOMF 30053 (Fig. 3);
*Evernia divaricata (L.) Ach. (1).
N42°12’58.6’’, E023°37’31.9’’, 1990 m; (2).
N42°14’25.2’’, E023°36’26.0’’, 1730 m, spot
tests K, CK(-); N42°14’33.3’’, E023°36’ 37.9’’,
1783 m, on twigs of spruce, N42°13’59.1’’,
E023°35’37.3’’, 1780 m; above Musalenska
Bistritsa river, along the track to Musala
chalet, on branches of Abies alba, UV (-), spot
tests K, KC (-), according to ZHELEZOVA
(1963) it is common in mountainous
coniferous forests;
Hypogymnia austerodes (Nyl.) Räsänen
(1). N42°12’29.4’’, E023°36’57.3’’, 2293 m, on
decorticated twig of Pinus mugo;
*H. physodes (L.) Nyl. (2). N42°14’30.8’’,
E023°36’36.2’’, 1770 m, on twigs, SOMF 30049;
*H. tubulosa (Schaer.) Hav. (1).
N42°12’58.6’’, E023°37’31.9’’, 1990 m, on
twigs, SOMF 30057; (2). N42°14’25.2’’,
E023°36’26.0’’, 1730 m, on bark of conifers;
*Icmadophila ericetorum (L.) Zahlbr. (1).
N42°12’43.6’’, E023°37’11.4’’, 2133 m, on
decaying wood, SOMF 26266;
Lecanora polytropa (Ehrh. ex Hoffm.)
Rabenh. (1). N42°12’58.6’’, E023°37’31.9’’,
1990 m; (4). N42°06’04.8’’, E023°32’01.9’’,
2070 m, companied by R. geographicum, on
rocks, SOMF 30045;
*Lecidea plana (J. Lahm) Nyl. (1).
N42°12’58.6’’, E023°37’31.9’’, 1990 m, on
siliceous rocks, SOMF 26258;
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*Lepraria incana (L.) Ach., s.l. (1). along
the track to Zhultoezeren Circus, on small
wooden piece, spot tests C, K, CK(-); (2).
N42°14’30.8’’, E023°36’36.2’’, 1770 m, spot
test C, K(-), on decaying trunk; N42°14’22.7’’,
E023°36’28.4’’, 1745 m; N42°14’33.3’’,
E023°36’37.9’’, 1783 m, on bark of old spruce;
*Nephromopsis
chlorophylla
(Willd.)
Divakar, A. Crespo & Lumbsch (2).
N42°14’28.2’’, E023°36’09.5’’, 1721 m, on twig
of coniferous tree (Fig. 5), SOMF 28749, spot
tests K, C(-), rare species;
Parmelia saxatilis (L.) Ach. (1). N42°13’06’’,
E023°37’32.9’’, 1600 m, on mossy rock; (2).
along the track from Solenia Dol stream to
Musalenska Bistrita river, on mossy rock;
*P. sulcata Taylor (1). N42°13’06’’,
E023°37’32.9’’, 1600 m; (2). N42°14’24.2’’,
E023°36’06.1’’, 1740 m; N42°14’30.8’’,
E023°36’36.2’’, 1770 m, on bark of old spruce;
*Peltigera aphthosa (L.) Willd. (1). N42°12’
42.2’’, E023°37’ 08.9’’, 2152 m, on peat soil,
among moss, UV(+) orange;
*P. canina (L.) Willd. (2). N42°14’25.1’’,
E023°36’32.6’’, about 1712 m, on soil, among
moss, SOMF 26259;.
*P. venosa (L.) Hoffm. (1). N42°12’58.6’’,
E023°37’31.9’’, 1990 m, on soil, SOMF 30041
(Fig. 8);
*Pertusaria albescens (Huds.) M. Choisy
& Werner (2). N42°14’22.7’’, E023°36’28.4’’,
1745 m, on bark of tree by Soleniya Dol
stream;
*P. lactea (L.) Arnold (2). N42°14’25.1’’,
E023°36’32.6’’, 1712 m; (4). N42°06’02.3’’,
E023°31’24.6’’, 2206 m, on rocks, UV (+);
*Platismatia glauca (L.) W.L. Culb. & C.F.
Culb. (2). N42°14’ 24.2’’, E023°36’06.1’’, 1735
m, on bark of old spruce;
*Polychidium muscicola (Sw.) Gray (1).
N42°12’58.6’’, E023°37’31.9’’, 1990 m, with
apothecia, on siliceous rocks, SOMF 30062,
rare species (Fig. 4);
Protoparmeliopsis muralis (Schreb.) M.
Choisy (1). along the track from N42°12’58.6’’,
E023°37’31.9’’, 1990 m towards N42°12’ 40.9’’,
E023°37’07.7’’, 2190 m, on rocks;
Pseudevernia furfuracea (L.) Zopf (1).
N42°13’06’’,
E023°37’32.9’’,
1600
m,

N42°12’52.6’’, E023°37’23.8’’, 2050 m,
abundant on twigs and bark of Pinus mugo;
(2). N42°14’22.7’’, E023°36’28.4’’, 1745 m, on
twigs of spruce, common;
*Ramalina farinacea (L.) Ach. (2).
N42°14’22.7’’, E023°36’28.4’’, 1745 m, on bark
of old tree;
*Rhizocarpon badioatrum (Flörke ex
Spreng.) Th. Fr. (1) along the track to
Zhultoezeren Circus, between 2000-2300 m,
on rocks, SOMF 26255;
R. geographicum (L.) DC., s.l. (1).
N42°12’58.6’’, E023°37’31.9’’, 1990 m; along
the banks of the first lake, 2200 m; (2)
N42°14’30.8’’, E023°36’36.2’’, 1769 m; (4).
N42°06’ 04.8’’, E023°32’01.9’’, 2068 m, on
siliceous rocks, UV(+);
R. hochstetteri (Körb.) Vain. (1).
N42°12’58.6’’, E023°37’31.9’’, 1990 m, along
the track to Zhultoezeren Circus, on siliceous
rocks, SOMF 30055 (Fig. 2);
*Rinodina milvina (Wahlenb.) Th. Fr. (2).
N42°14’30.8’’, E023°36’36.2’’, 1769 m, on
siliceous rocks, SOMF 30056 (Fig. 7);
Thamnolia vermicularis (Sw.) Schaer. var.
vermicularis (1). N42°12’29.4’’, E023°36’57.3’’,
2293 m, on soil, SOMF 30060, UV (+) faint
orange;
Umbilicaria crustulosa (Ach.) Frey (1).
N42°13’06.0’’, E023°37’32.9’’, 1600 m, on
rocks, SOMF 30058, companied by U. deusta;
(4). N42°06’02.8’’, E023°31’23.2’’, 2205 m, on
rock;
U. cylindrica var. fimbriata (Ach.) Nyl.
(1). N42°12’58.6’’, E023°37’31.9’’, 1990 m; (4).
N42°06’04.8’’, E023°32’11.8’’, 2045 m, SOMF
30047, on rocks;
U. deusta (L.) Baumg. (1). N42°12’58.6’’,
E23°37’’31.9’, 1990 m, along the track to
Zhultoezeren Circus, on rocks; (2).
N42°13’59.1’’, E 023°35’37.3’’, 1780 m, on
large granite rock by the path to Musala
chalet; (4). N42°06’00.6’’, E023°31’29.4’’, 2204
m, on rock;
*Usnea filipendula Stirt., s.l. (1).
N42°12’58.6’’, E023°37’ 31.9’’, 1990 m, on
twigs; (2). N42°14’33.3’’, E023°36’37.9’’, 1783
m, on twigs of conifers, SOMF 30059, spot
tests C(-), K(+);
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*U. florida (L.) F.H. Wigg., s.l. (1).
N42°12’58.6’’, E023°37’ 31.9’’, 1990 m; (2).
N42°14’25.1’’, E023°36’32.6’’, 1712 m, on
twigs of spruce, SOMF 30052; (2).
N42°14’33.3’’, E023°36’37.9’’, 1783 m, on
twigs of spruce;
*Vulpicida pinastri (Scop.) J.-E. Mattsson
& M.J. Lai (1). N42°12’52.6’’, E023°37’23.8’’,
2050 m, on twigs of Pinus mugo, companied
by H. physodes, H. tubulosa and P. furfuracea,
SOMF
26254;
(2).
N42°14’29.2’’,
E023°36’21.6’’, 1685 m, N42°14’29.1’’,
E023°36’21.3’’, 1690 m, spot tests C, CK(-),
N42°14’23.9’’, E023°36’31.6’’, N42°14’25.4’’,
E023°36’07.5’’, 1740 m, spot tests (-),
N42°14’38.2’’, E023°36’37.3’’, 1824 m, SOMF
30040, on bark of old spruce trees.
Discussion
As a result of field work and the
microscopic examination under LM of the
materials, collected from the studied areas in
the Central Rilski Reserve (Fig. 9), 54 species
of lichenized fungi are reported.
Calicium viride (Fig. 1) was known so far
in Bulgaria from Rila (Parangalitsa Reserve,
1600 m, Borovets – ZHELEZOVA (1960) on
bark of spruce, and by the road to Ribnite
Lakes, 1300 m – ZHELEZOVA (1956) on Abies
alba), Rhodopi (Jundola resort, at 1300 m –
PIŠÚT (2001) on A. alba) and Pirin Mts IVANOV (2010). During the present study it
was observed with thalli, grown on bark of
old-aged spruce trees near the bank of the
Musalenska Bistritsa river. Diploschistes
scruposus f. flavicans was reported on granite
rock, at 1700 m, along the road from
Borovets resort to Musala peak by
ZHELEZOVA (1963). During this excursion it
was collected in the reserve area (during the
track to Soleniya Dol stream) and by the
road to Musala peak, 1780 m (Fig. 3).
Nephromopsis chlorophylla (Fig. 5), known in
Bulgaria under the name of Cetraria
chlorophylla (Willd.) Vain. - POPNIKOLOV &
ZHELEZOVA (1964), recorded for the first time
from the area of Central Rilski Reserve, is
considered as old-growth forests indicator
(ELLIS et al., 2015). It is known as a species of

conservation concern in some parts of
Europe (CZARNOTA, 2012; GRAFHAM, 2012).
Rinodina milvina (Fig. 7) was reported by
SUZA (1929) on granite rock at 1600-1800 m
from Rila Mts (Skakavitsa Reserve). It is
registered in a single point from the Central
Rilski Reserve, at 1770 m. Polychidium
muscicola (Fig. 4) is a rare species in Bulgaria,
known only with single localities in Rila
(SUZA, 1929) and Rhodopi Mts (SZATALA,
1930). It was collected on siliceous rocks
above Sarugyol hut at 1990 m. Icmadophila
ericetorum was known from Rila Mts
(Parangalitsa Reserve) at 1900 m on
decaying trunk (ZHELEZOVA, 1960) and
Alectoria sarmentosa was known from the
Rilomanastirska Gora Reserve (vicinities of
Kirilova Polyana, at 1250 m) on twigs of
Abies alba (ZHELEZOVA, 1956).
During our field work in the collection
sites (Fig. 9) we have observed the following
species Alectoria sarmentosa, Calicium viride,
Chaenotheca chrysocephala (Fig. 6), Cladonia
coniocraea, C. macilenta, Evernia divaricata,
Hypogymnia austerodes, H. physodes, H.
tubulosa, Icmadophila ericetorum, Nephromopsis
chlorophylla, Parmelia sulcata, Pseudevernia
furfuracea, Platismatia glauca, Vulpicida
pinastri, Pertusaria albescens, Ramalina
farinacea, Lepraria incana s.l. along with
Bryoria capillaris, B. fuscescens, B. subcana and
Usnea filipendula, U. florida (with pendulous
thalli) have ecological preferences to oldgrowth conifers (Picea abies, Pinus mugo).
Some of them are known as lichens,
associated with different types of old-growth
boreal
forests
in
Northern
Europe
(MOTIEJŪNAITĖ et al., 2004; LÕHMUS &
LÕHMUS, 2011; ANDROSOVA et al., 2018).
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Fig. 1-8. Thalli of: 1. C. viride (ex situ); 2. R. hochstetteri (ex situ); 3. D. scruposus f. flavicans; 4.
P. muscicola; 5. N. chlorophylla ; 6. C. chrysocephala (ex situ); 7. R. milvina (ex situ); 8. P. venosa.
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Fig. 9. Indicative map of the collection sites.
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Abstract. The aim of the study was to check the current loaded with heavy metals (Pb, Cd, Cu and
Zn) liver and kidney tissues of European roe deer (Capreolus capreolus) inhabiting typical forest
mountain region in Bulgaria. The roe deer’s liver and kidneys were used as test systems for
determination of analytic concentrations of the studied heavy metals by an inductively coupled
plasma atomic emission spectrometry (ICP-AES) using a Perkin Elmer Optima 7000 DV. The
concentrations [mg/kg dry tissues] of the tested metals, specific for each organ showed the limits of
their variability. In the liver, the limits of the variability of metal concentration were as follows: for
Cu from 29.65 to 348.86; for Zn from 13.6 to 166.57; for Pb from 0.75 to 4.78 and for Cd from 0.025 to
3.22. Respectively in the kidneys, they are for Cu from 35.66 to 61.70; for Zn from 81.41 to 224.47;
for Pb from 0.35 to 9.22 and for Cd from 8.87 to 35.82. The results of this study show that the roe
deer in the mountainous regions of the Rhodope Mountains is suitable for use as a biomonitor for
contemporary heavy metal environmental pollution in the trophic area of the big game in the forest
mountain regions of Bulgaria. In addition, the established results could be used to create a baseline
for the estimation of current heavy metal accumulation in roe deer. They also offer an opportunity
for it to be used as a biomonitor of future potential anthropogenic negative impact on the
environment in forest regions of the country, under the conditions of modern anthropogenic
activities therein.
Key words: roe deer, Capreolus capreolus, heavy metals, forest mountain ecosystems, environmental
pollution.

Introduction
The European roe deer (Capreolus
capreolus Linnaeus, 1758) is common for
Bulgaria and is a typical game species in the
terrestrial ecosystems of the country. The
potential inhabitable territory in the country
is about 7.55 million hectares, of which 3.77
million hectares are field resources and
include biotopes with various ecological
conditions. The survey of the game in
© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

Bulgaria conducted in the spring of 2018
indicates that there are about 116,000 roe
deer in the country (DZHUPAROV, 2018). In
Bulgaria, as in other European countries, it is
one of the key species of European terrestrial
ecosystems (ANDERSEN et al., 1998;
APOLLONIO et al., 2010) and so, it is of great
importance in forest mountain area.
The main threats to wildlife health from
heavy metals are associated with exposure to
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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non-essential elements, such as lead (Pb) and
cadmium (Cd). The anthropogenic pollution
of ecosystems with essential heavy metals
(Zn and Cu) is also problematic at some
sites. These latter two metals can be toxic to
wildlife if the concentration of available
metal in it is high enough (ENVIRONMENTAL
FACT SHEET, 2005). The real risk presented by
heavy metals to wildlife and humans is
mostly demonstrated as a chronic or sublethal
effect,
e.g.
nephrotoxicity,
carcinogenicity, teratogenicity, endocrine
and reproductive toxicities (RANI et al., 2014).
Therefore, it is necessary and important
to check heavy metals concentrations in the
environment, in areas that are not directly
related to pollution sources in forest
mountain regions.
Wild animals, especially game species,
such as roe deer, are suitable as biomonitor
(FROSLIE et al., 2001) due to their large
geographical distribution, a residential way
of life, feeding habits, relatively long lifespan
and easy sample collection (regular hunting
activities). For sustainable use of the
potential of roe deer as a natural resource
and for balanced development of terrestrial
ecosystems, which it inhabits, it is crucial to
assess the degree of load of its internal
organs (liver and kidneys) with toxic
elements (TATARUCH & KIERDORF, 2003)
The aim of the study was to measure the
concentrations of several toxic elements (Cd,
Cu, Pb and Zn) in the liver and kidney
tissues of roe deer inhabiting typical forest
mountain area in the Rhodope Mountains,
Bulgaria. The established in the current
survey reference values of their residuals in
roe deer from forest mountain trophic areas
would give an opportunity to use this
species as a biomonitor of future potential
anthropogenic negative influence on the
environment in forest mountain area in the
country, under the conditions of modern
industrial activities in Bulgaria.
To reveal the specificity of heavy
metals’ residuals obtained in the internal
organs of roe deer inhabiting the landscape
in Rhodope Mountains, Bulgaria they are

considered in a comparative aspect with to
those in the liver and kidney of roe deer
inhabiting the northwestern part of Poland,
in an area dominated by agriculture and
industry. Forests and forestlands occupy
almost 35% of this area. It is characterized by
a medium air pollution level. In the northern
and eastern part of this region, the pollutant
concentrations of heavy metals are low and
permissible levels of air pollutants are not
exceeded (WIECZOREK-DĄBROWSKA et al.,
2013).
Materials and Methods
Field study
The roe deer included in the present
study are 15 adult male roe deer, between 2
and 5 years. They were legally hunted from
different areas in forest mountain regions in
the Rhodope Mountains during the hunting
season of 2017 in southern Bulgaria. The age
of the roe deer was determined by analyzing
their exterior features and the degree of
development and wear of their teeth (HOYE,
2006).
The study area represents a forest
mountain region, which is a typical trophic
area of the big game in the Rhodope
Mountains (Fig. 1), where woody vegetation
is varied and up to about, 1200 m altitude is
formed of oak and beech formations. The
natural features of the studied territory, such
as diversity of terrain, wood, shrub and
grass vegetation, as well as the abundance of
spring and river water, favor the presence of
a number of hunting economic mammal
species, such as red deer, fаllow deer,
mouflon, roe deer and wild boar.
Chemical analyses
All investigated individuals of roe deer
according to the initial veterinary health
inspection were in normal physiological
condition. The livers and the kidneys were
used as test systems for the determination of
analytic concentrations of the studied heavy
metals (Pb, Cd, Cu and Zn) in the roe deer
specimens. A small piece of liver and kidney

224

Georgi G. Markov, Atidzhe A. Ahmed
tissues, around 3 g, without external
contamination was removed from each roe
deer immediately after its shooting. The
collected samples were cooled in a portable
cooler, transported to the laboratory, and
stored at −20°C freezer until analysis.
The preliminary preparation of samples
to establish the analytical concentration of
the investigated heavy metals, by methods
of atomic spectrometry, includes the
following steps: a) drying to air dry weight
and grinding to a homogenized mass; b)
dissolving the sample with a mixture of
HNO3 and HClO4 for 24 hours at room
temperature; c) evaporating it to a wet
residue on a sand bath and d) quantitatively
transferring it to a test tube and bringing it
to a standard final volume with 1N HNO3.
The content of Pb, Cd, Zn and Cu in the
analyzed samples was determined using an
inductively coupled plasma atomic emission
spectrometry (ICP-AES) in a Perkin Elmer
Optima 7000 DV instrument, based in the
Chemical Laboratory of the Institute of
Biodiversity and Ecosystem Research at
Bulgarian Academy of Sciences, Sofia The
residual amounts of the studied elements
were established using an atomic-absorption

analysis and expressed as mg/kg of dry
analyzed tissue.
Statistical analyses
The reference interval of the residues of
all investigated heavy metals in both internal
organs was calculated using a nonparametrical
percentile
method.
All
concentrations were described by their basic
descriptive statistics (Median; Std. Dev. and
2. 50 and 97. 5 percentile value). They were
calculated by the algorithm of statistical
analysis “Nonparametric Methods”. The
range of each variable was determined by
the values of the 97. 5th and 2. 50th percentiles
– width of the range about the median that
includes 95% of the cases.
To assess the difference of the observed
concentrations of the studied heavy metals
in both target organs, a nonparametric test
(Man-Whitney test) for independent samples
was applied using the median as a goal and
a means to do their comparison; the p-value
of 0.05 was treated as a "border-line
acceptable" error level. All calculations were
performed using the statistical package
STATISTICA, version 10.0 (STATSOFT INC.,
2011).

Fig. 1. The black point marks the location of the roe deer sampling area in the Rhodope
Mountains in Southern Bulgaria.
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Results and Discussion
Descriptive statistics for residuals of Cu,
Zn, Pb and Cd in the liver and kidney tissue of
the investigated roe deer are presented in Fig. 2.
The results of the Man-Whitney test
showed that the differences of the medians of
the observed heavy metals’ concentrations in
both target organs were of different statistical
significance: for Cu and Pb it is p>0.05, while
for Zn and Cd it is p<0.05. As could be seen, the
measured concentrations of Zn and Cd were
specific to each one of the target organs, while
the median value of the concentrations of Cu
and Pb do not differ at p-value, which was
treated as a "borderline acceptable" error level.
The concentrations of the tested metals,
specific for each organ, characterized by the
width of the range about the median that
includes 95% of the cases show the limits of
their variability (Table 1).
The overview of the Median's values of the
concentrations of the heavy metals resulting in
the current study with those of the roe deer
from Poland (WIECZOREK-DĄBROWSKA et al.,
2013) in the liver: Cu (12.69 mg/kg dry tissues),
Zn (54.92 mg/kg dry tissues), Pb (0.055 mg/kg
dry tissue) and Cd (0.770 mg/kg dry tissue); in
the kidneys Cu (14.72 mg/kg dry tissues), Zn
(81.37mg/kg dry tissues), Pb (0.092 mg/kg dry
tissues) and Cd (6.139 mg/kg dry tissues))
shows that their values in the roe deer from
Poland are considerably lower than those in the
roe deer inhabiting in Rhodope Mountains. At
the same time, they do not fall (with the
exception of Cu concentration in the liver)
within the limits of the variability of the

investigated heavy metals in the liver and
kidney of adult male roe deer from of the
environment in forest mountain regions in
Rhodope Mountains, Bulgaria.
Relatively broad limits of the studied
heavy metals variability are predetermined by
the high load on the internal organs of
individuals with some of these metals. This
effect is probably related to the heterogeneity of
the load on the separate components of the
environment in the Rhodope Mountains both
because of natural geochemical characteristics
and because of human activities, which greatly
impair the natural environment in many parts
of the mountain. In the areas of mining, much
of the land is degraded. Flotation activity and
lead-zinc extraction conduce to local
contamination of the soil and water by heavy
metals in non-ferrous metal production areas
(KOPRALEV et al., 2002).
The presence of Pb and Cd with proven
highly toxic effect on living organisms in
considerable concentrations, together with the
noteworthy presence of elements with
dependent toxic effects elements (Cu & Zn) in
sizeable residues in the internal organs of some
roe deer, as well as the potential for
deterioration of the quality of the environment
in the mountainous habitats of the roe deer in
the Rhodope Mountains, as a result of
anthropogenic activity, requires concentrations
of these elements in wild animals to be
constantly monitored. This suggests that
regular assessment and forecasting of
accumulation of heavy metals in free-living
game animals in ecosystems is necessary.

Table 1. The limits of variability of the concentrations [mg/kg dry tissues] of the
investigated heavy metals in liver and kidney of adult male roe deer inhabiting environment
in forest mountain regions in Rhodope Mountains, Bulgaria.
Metal
Limits

Cu
From
29.65

Metal
Limits

To
348.86
Cu

From
35.66

To
61.70

Liver
Zn
From
To
13.67
166.57
Kidney
Zn
From
To
81.41
224.47

226

Pb
From
0.75

Cd
To
4.78

From
0.025

To
9.22

From
8.876

Pb
From
0.35

To
3.22
Cd
To
35.82
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DT

Fig. 2. Values of basic statistical characteristics of
the concentrations [mg/kg dry tissues] of the
heavy metals Cu and Zn, (A), and Pb and Cd (B) in
livers and kidney of adult male roe deer inhabiting
Rhodope Mountains (Southern Bulgaria).
Conclusions
The results of this study show that the roe
deer in the mountainous regions of the Rhodope
Mountains is suitable for use as a biomonitor of
contemporary heavy metal environmental
pollution in the trophic area of the big game in the
forest mountain regions of Bulgaria. The
established results describing heavy metal content
in its internal organs create a baseline for the
estimation of current heavy metal accumulation in
roe deer and offer an opportunity for it to be used
as a bioimonitor of future potential anthropogenic
negative impact on the environment in forest
regions of the country, under the conditions of
modern anthropogenic activities therein.
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Abstract. A key table for species determination of the Bulgarian representatives from the genus
Carduus was modified, basing on the findings from the biosystematical study. Taxonomic
classification of C. nutans and C. thoermeri was assumed, and new floristic regions of distribution
were found for six species. The species C. uncinatus was not confirmed for the Bulgarian flora.
Key words: Carduus, biosystematic study, taxonomic structure.

Introduction
In the Bulgarian flora, the genus Carduus is
represented by 14 species, and 5 of them are
endemic (TUTIN et al., 1976; DELIPAVLOV &
CHESHMEDZHIEV,
2003;
PETROVA
&
VLADIMIROV, 2010). Another species (C.
uncinatus Bieb.) is included in “Flora of
Bulgaria” (STOJANOV et al., 1967), and in
“Handbook of the vascular flora in Bulgaria”
(KOZHUHAROV, 1992), however, it has not been
confirmed so far. The species Carduus
rhodopaeus and Carduus thracicus are of
conservation status and they are included in
both: Bulgarian Red Data Book (PEEV et al.,
2015) in the categories "endangered" for C.
rhodopaeus and "vulnerable" for C. thracicus,
respectively, and in Biological diversity act of
Bulgaria (2002). The species C. thracicus is also
© Ecologia Balkanica
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mentioned in Red list of the Bulgarian vascular
plants (PETROVA & VLADIMIROV, 2009) in the
category "vulnerable", and in the category
“rare” in IUCN Red List of Threatened Plants
(WALTER & GILLETT, 1998).
This article is the result of a detailed
biosystematic study on the genus Carduus in
Bulgaria. It is a reasonable consequence of the
fact that there are not any in-depth taxonomic
studies, which have been done in Bulgaria
recently on that genus, the conservation status
of some species, as well as the widespread use
of others in folk medicine. Good knowledge
and determination of the morphological and
taxonomic characteristics in species from the
genus Carduus would inevitably help with
their differentiation and application in various
fields of science.
Union of Scientists in Bulgaria – Plovdiv
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Materials and Methods
All these 14 species from the genus
Carduus, that are common in Bulgaria, were
studied – our own collections and herbarium
samples. The materials were collected in the
time period 2010-2016, from 15 floristic
regions in Bulgaria. There were examined
337 herbarium samples of these species that
are kept in the herbariums of Sofia
University
"St.
Kliment
Ohridski",
Agricultural University, Plovdiv, IBER-BAS,
Sofia and Regional Museum of Natural
History, Plovdiv. Some of the collected plant
materials were deposited in the herbarium of
Agricultural University Plovdiv – 56
samples; another part is stored in the
collection of the Department "Botany and
Methods of Biology Teaching" in the Faculty
of Biology at the University of Plovdiv.
Results and Discussion
From the genus Carduus, the group C.
nutans is difficult to determine in taxonomic
terms, so it is divided into at least 8 species
and 14 subspecies by the European botanists,
and it is included in “Flora Europaea” (19641980) (TUTIN et al., 1976). The European
species in this complex are as follows: 1 – C.
macrocephalus
Desf.
(C.
m.
subsp.
macrocephalus, C. m. subsp. sporadum (Halacsy)
Franco, C. m. subsp. siculi's Franco); 2 – C.
granatensis Willk.; 3 – C. taygeteus Bioss. &
Heldr. (C. t. subsp. taygeteus = C. nutans
subsp. taygeteus (Boiss. & Heldr.) Hayek, C.
t. subsp. insularis Franco); 4 – C. thoermeri
Weinm. = C. nutans L., C. leiophyllus Petrovic;
5 – C. nutans L. (C. n. subsp. nutans, C. n.
subsp. alpicola (Gillot) Chassagne, C. n.
subsp. platylepis (Reichenb. & Sauter) Nyman
= C. platylepis Reichenb. & Sauter); 6 – C.
micropterus (Borbas) Teyber (C. m. subsp.
micropterus = C. nutans subsp. micropterus
(Borbas) Hayek, C. m. subsp. perspinosus
(Fiori) Kazmi); 7 – C. broteroi Welw. ex
Coutinho; 8 – C. sandwithii Kazmi. In this
group, from the Bulgarian flora are the
species C. nutans (C. nutans subsp. nutans)
and C. thoermeri Wienm. (syn. C. lejophyllus
Petrovic). In the third edition of the flora of

Bulgaria, STOYANOV & STEFANOV (1948)
indicated the two species as one species – C.
nutans with two subspecies, namely C.
nutans subsp. nutans and C. nutans subsp.
lejophyllus. In the fourth edition (STOYANOV
et al., 1967), the two taxa are represented as
one species with two varieties, namely C.
nutans var. nutans and C. nutans var.
lejophyllus. Later, KOZHUHAROV (1992) and
DELIPAVLOV & CHESHMEDZHIEV (2003)
classified the taxonomic statuses of these
species at a higher species level – C. nutans
and C. thoermeri (C. lejophyllus).
The following taxonomic conclusions
have been drawn, as well as the actualization
of the key for determining the species of the
genus Carduus in Bulgaria, basing on the
investigated scientific literature and also on
the conducted biosystematics study on the
palynomorphological data about the genus
(TODOROV et al., 2014), the morphological
and molecular-genetic research (DENEV et al.,
2018) and comparative-anatomical data on
the species C. nutans and C. thoermeri
(TODOROV et al., 2017).
Taxonomic conclusions
We accept 12 species, belonging to the
genus, as single and independent in their
taxonomy, and they are – C. pycnocephalus L.,
C. acicularis Bertol, C. thracicus (Velen.)
Hayek, C. personata (L.) Jacq., C. hamulosus
Ehrh., C. kerneri Simonkai, C. candicans
Waldst. ¿ Kit., C. carduelis (L.) Gren., C.
rhodopaeus Velen., C. crispus L., C. acanthoides
L. and C. armatus Boiss. & Heldr. As far as
the species C. nutans L. and C. thoermeri
Wienm., we confirm the classification of
STOJANOV
& STEFANOV (1948)
and
DESROCHERS et al. (1988); we believe that the
taxonomic status of both species should be
changed, but at subspecies level, namely: C.
nutans subsp. nutans and C. nutans subsp.
lejophyllus (Petr.) Stoj. & Stef. As a result of
the conducted fieldwork and examination of
herbarium specimens, the species C.
uncinatus (Velen.) Bieb. has not been
confirmed in the Bulgarian flora, in the
present study.
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A key table for species from the genus Carduus L.
1.
+.

Capitula cylindrical, longer than wide. Florets regular…………………………………………. 2
Capitula depressed-globose. Florets irregular/ one lobe of the corolla more or less longer than
others…………………………………………………………………………………………………3
2. Stem wings up to 4 mm wide, with an apical spine to 16 mm. Leaf lobes with apical spine up
to 8 mm. The middle involucral bracts 2-4 mm wide. Annual or biennial up to 150 cm. Waste
places and roadsides. Flowering V-VIII. Black Sea coast, Northeast Bulgaria, Valley of the river
Strouma, Rhodope Mts (Eastern), Thracian Lowland, Toundzha Hilly Plain, Strandzha Mts. (0.3)…………………………………………………………………………….1. C. pycnocephalus L.
+. Stem wings up to 10 mm wide, with an apical spine up to 3.5 mm. Leaf lobes with apical spine
up to 5 mm. The middle involucral bracts 0.7-1.2 mm wide. Annual up to 70 cm. Waste places.
Flowering V-VIII. Black Sea coast, Valley of the river Strouma, Thracian Lowland, Toundzha
Hilly Plain, Strandzha Mts. (-0.8)……………………………………………………………………
………………………...2. C. acicularis Bertol. [C. argentatus L. subsp. acicularis (Betrol.) Meikle]
3. Involucral bracts distinctly constricted in the proximal part. Leaves – 5-14-lobed………………
…………………………………………………………………………………………3. C. nutans L.
а. Lower part of the stem more or less arachnoid-hairy. Leaf lobes palmate. Capitula 1.5-3.5 cm in
diameter. Involucral bracts in the distal part as wide as in the proximal. Pappus 20-34 mm.
Biennial up to 110 cm. Cultivated ground. Flowering VI-X. Throughout Bulgaria. (-1.5)
………………………………………………………………………………………….subsp.nutans
+. Lower part of the stem ± glabrous. Leaf lobes wide triangular shape. Capitula 2-8 cm in
diameter. Involucral bracts distinctly widened /2-8 mm/ into a flat ovate-lanceolate. Pappus
21-50 mm. Biennial up to 200 cm. Cultivated ground. Flowering VI-X. Throughout Bulgaria. (1.5). ........................................................................subsp. lejophyllus (Petr.) Stoj. & Stef. (C. thoermeri)
+. Involucral bracts not constricted in the proximal part. …………………………………………...4
4. Involucral bracts curling in an S-shape in the distal part. ………………………………………...5
+. Involucral bracts not curling in the distal part / straight or slightly deflexed/. ………………..8
5. Stem wings up to the apical part. Leaves tender, bristly on the edge. Capitula in clusters of 2-4.
Perennial up to 120 cm. In woods. Flowering VI-VIII. Forebalkan (Eastern), Balkan Range
(Western, Central), Znepole region, Vitosha region, Belasitsa Mts, Pirin Mts, Rila Mts, Rhodope
Mts (Western, Central).(-2.5). ……………………………………………...4. C. personata (L.) Jacq.
+. Stem wings below the apical part. Leaves stiff with rigid spines on the edge. Single capitula
with peduncles up to 10 cm. ………………………………………………………………………..6
6. Stem white-fibrous, wings up to 7mm wide, apical spine up to 5 mm. Leaves densely hairy
above, greyish-tomentose beneath, with 6-8 pairs of lobes, each with an apical spine up to 3
mm. Pappus 10-13 mm. Annual or biennial up to 70 cm. Dry grassland. Flowering VII-IX. ?
Black Sea coast, ?Northeast Bulgaria, ?Toundzha Hilly Plain.(-0.5)……………….........….5. C.
uncinatus Bieb.
+. Stem sparsely arachnoid-hairy with wings up to 5 mm wide and apical spine up to 2.5 mm.
Leaves sparsely hairy above, more densely hairy beneath with 8-10 pairs of lobes, each with
an apical spine up to 2 mm. Pappus 13-15 mm. …………………………………………………..7
7.
Capitula 2.5-4 cm in diameter. Annual up to 100 cm. Dry grassland and waste places.
Flowering VI-IX. Northeast Bulgaria, Danubian Plain, Sofia region, West Frontier Mts, Sredna
Gora Mts, Rhodope Mts (Eastern, Central), Thracian Lowland, Strandzha Mts. (0.5-1). …….…
…………………………………………………………………………..…….6. C. hamulosus Ehrh.
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+.

8.
+.
9.

+.
10.

+.

11.

+.
12.

+.
13.

+.

Capitula up to 1.3 cm in diameter. Biennial up to 100 cm. Rocky waste places. Flowering VIVII. Northeast Bulgaria, Forebalkan, Balkan Range (Eastern), Valley of the river Strouma,
Rhodope Mts, Thracian Lowland, Toundzha Hilly Plain, Strandzha Mts. (0.7-1). ………...……..
................................................................................................................7.  C. thracicus (Velen.) Hayek
Capitula in clusters, without peduncles. …………………………………………………………. 9
Capitula solitary with short (up to 2.5 cm) and long (up to 20 cm) peduncles. ………………..11
Stem wings up to 4 mm wide, with an apical spine up to 2 mm. Leaves tender, with short (up
to 2 mm) bristles on the edge, lobed or crenate-dentate, sparsely arachnoid-hairy and dark
green above, glabrescent beneath. Involucral bracts recurved at apex. Perennial up to 150 cm.
Mountain forests. Flowering IV-VIII. Black Sea coast (Northern), Northeast Bulgaria,
Danubian Plain, Forebalkan, Vitosha Mts, Rila Mts, Rhodope Mts (Eastern), Thracian
Lowland, Toundzha Hilly Plain. (1-2). ……………………………………………. 8. C. crispus L.
Stem wings up to 14 mm wide, with an apical spine up to 7 mm. Leaves stiff, with an apical
spine longer than 2 mm, glabrescent above, with multicellular hairs on the middle vein
beneath. ……………………………………………………………………………………………..10
Stem wings 3-14 mm wide, with an apical spine up to 7 mm. Capitula solitary with short
peduncles or no peduncles. Middle involucral bracts with mid-vein in the distal part. Biennial
up to 170 cm. Cultivated ground. Flowering VI-IX. Throughout Bulgaria. (-1.3). ………….
…………………………………………………………………………………...9. C. acanthoides L.
Stem wings 6-9 mm wide, with an apical spine up to 5 mm. Leaves with an apical spine up to
15 mm. Capitula in racemose or thyroid inflorescence. Middle involucral bracts with raised
mid-vein throughout its length. Perennial up to 100 cm. Grassland places. Flowering VII-VIII.
Balkan Range (Northern), Znepole region, Slavyanka Mts, Rila Mts, ? Rhodope Mts (Eastern),
Osogovo Mts. (1.5-2). ……………………...10. C. armatus Boiss. & Heldr. (C. tmoleus subsp.)
Involucral bracts linear, sharp on the apical part. Leaves glabrescent above, with single hairs
beneath, 6-13 pairs of lobes and an apical spine 1-2 mm wide. Annual-Perennial up to 100 cm.
Rocky places. Flowering VI-IX. Slavyanka Mts, Rhodope Mts (Western, Central), Thracian
Lowland (0.8-2)………………………………….11. C. rhodopaeus Velen.(C. adpressus subsp.)
Involucral bracts style-shape, gradually tapering into a spine. …………………………………12
Stem arachnoid-hairy, wings up to 18 mm and an apical spine 1-7 mm. Leaves whitetomentose beneath, the lobes with an apical spine up to 5 mm. Involucral bracts with a raised
mid-vein throughout its length, apical spine 0.5-1 mm, the outer usually outspread. BiennialPerennial up to 125 cm. Grassland places. Flowering VI-VIII. Throughout Bulgaria. (-1)
…………………………………12. C. candicans Waldst. & Kit. subsp. globifer (Velen.) Kazmi
Stem subglabrous or very sparsely hairy, wings up to 4 mm and apical spine up to 2 mm.
Leaves green beneath, glabrous or very sparsely hairy, the lobes with an apical spine 1-3 mm.
……………………………………………………………………………………………………… 13
Stem wings below. Leave lobes with 8-10 pairs. Involucral bracts straight or deflexed.
Perennial up to 80 cm. Grassland places. Flowering VII-IX. Balkan Range (Western, Central),
Vitosha Mts, West Frontier Mts, Pirin Mts, Rila Mts. (1.5-2.5). ………………………………..…
………………………………………………………………13. C. carduelis (L.) Gren. (C. alpestris)
Stem with wings throughout its length. Leave lobes with 14-20 pairs. Involucral bracts
outspread. Perennial up to 100 cm. Grassland places. Flowering VI - IX. Balkan Range
(Western, Central), Vitosha Mts, Pirin Mts, Rila Mts, Rhodope Mts (Western), Osogovo Mts.
(1.5-2.8). ……………...14.  C. kerneri Simonkai subsp. austro-orientalis Franco (C. scardicus).

Legend: - Balkan endemic;  - Bulgarian endemic.
The new floristic regions of some species are in bold. The symbol “?”, before the names, marks
the non-confirmed habitats.
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Abstract. The induction of micronuclei and other nuclear abnormalities (NAs) - nuclear buds,
nucleoplasmic bridges, binucleated cells, as well as notched, blebbed, lobed and eight-shaped
nuclei - was analyzed in peripheral blood erythrocytes of common carp (Cyprinus carpio L.) treated
with cadmium (Cd) at legally allowed concentration. Young specimens of the common carp were
exposed to the lowest of the four permitted concentrations of Cd (0.45 μg/L) in surface waters,
according to Directive 2013/39/EU, for 72 h and 144 h in laboratory conditions. Blood smears were
stained with acridine orange and tested for the presence of micronuclei and other NAs. We report
that Cd exposure for 72 h resulted in a significantly increased number of blebbed and lobed nuclei
and eight-shaped nuclei, as well as an increase in the frequency of Total NAs. Cd exposure for 144
h resulted in an increase in the number of cells with notched nuclei and nucleoplasmic bridges, as
well as an increased occurrence of binucleated cells. Our results highlight the cytotoxic and
genotoxic effects of Cd, even at low permissible levels, and confirm the use of NAs as an effective
biomarker. The elevated levels of NAs observed after just 144 h of exposure to Cd highlight the
need for further research. Once confirmed, changes in national and EU legislation of permitted
concentrations of Cd in surface waters might be required.
Key words: cadmium, cytotoxicity, genotoxicity, nuclear abnormalities, Cyprinus carpio.

Introduction
Cadmium is a highly toxic ubiquitous
trace metal that is released to the aquatic
environment from anthropogenic sources,
such as industrial, agricultural and urban
effluents, and natural sources, such as rocks
and soils. Persistent pollution continues to
cause Cd accumulation in the aquatic food
web and thereby impacts the health of
organisms in aquatic ecosystems (BERVOETS
et al., 2009). The International Agency for
Research on Cancer (IARC, 1993) has
© Ecologia Balkanica
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classified Cd and its compounds as
carcinogenic to humans and experimental
animals. Moreover, Cd has been considered
as a priority toxic substance in surface
waters according to Directive 2013/39/EU
(EC, 2013) of the European Parliament and
of the Council.
Fish are very susceptible and vulnerable
to heavy metal contamination due to their
sensitivity to low concentrations of
genotoxic substances in the aquatic
environment (ÇAVAŞ & ERGENE-GÖZÜKARA,
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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2005). It has been reported that fish can
accumulate Cd at levels up to 10 – 1000 times
higher than those found in ambient water
(WHO, 1989). The increase in temperature of
the water basins due to global warming is
presumably connected to the increase in
toxicity levels of Cd for the hydrobionts. Cd
exposure (0.5 mg/L) had a deteriorative
effect on the growth and health of Nile
tilapia (Oreochromis niloticus) and the
cadmium’s hazardous effect increased as
water temperature increased (ABDELTAWWAB & WAFEEK, 2014). Cd is a nonessential heavy metal that does not play any
known physiological role, but very often
induces anemia in fish due to its adverse
effect on iron uptake and metabolism and
direct damage to erythrocytes (CAMBIER et
al., 2010; WITESKA et al., 2011; KONDERA &
WITESKA, 2013). Irrespective of the exposure
or accumulation levels, Cd is found in all
cellular compartments, in both the gill and
liver of fish organism (KAMUNDE, 2009). A
high positive correlation between Cd levels
and metallothioneins (responsible for
binding heavy metals in aquatic organisms
and reducing their toxicity) was detected in
fish organs. Thе Cd distribution levels were
in the following order: liver > kidney > gills
> muscles (ABDEL-TAWWAB & WAFEEK,
2014). The toxic effects of Cd are known to
be due to its interaction with a myriad of
molecules at the cellular level (LUPARELLO et
al., 2011).
The common carp (Cyprinus carpio L.) is
a common fish species which is often reared
and used for fish culture. Multiple studies
have highlighted its role as an excellent
bioindicator for heavy metal contamination,
as well as for Cd bioaccumulation.
ARKCHIPCHUK & GARANKO (2005) observed
that cadmium (0.005 and 1.0 mg/L) ions
increased the number of nucleoli in common
carp fin cells. JIA et al. (2011) demonstrated
that the exposure of low concentrations of
Cd (0.41, 0.52, 0.69, 1.03 and 2.06 mg/L,
respectively) for 7 days induced oxidative
stress and DNA damage in the livers of
Cyprinus carpio var. color. The data presented

by KONDERA & WITESKA (2013) suggest that
Cd exposure in concentrations equal to 100%
of 96hLC50 (6.50 mg/dm3) for 3 h or for 4
weeks to 10% of 96hLC50 (0.65 mg/dm3)
may affect the hematological and immune
status of C. carpio by disturbing the process
of hematopoiesis.
The peripheral blood of fish is
commonly used in genotoxic studies due to
its high mitotic index. It also provides
thousands of scorable erythrocytes with
large nuclei (UDROIU, 2006), which are in
direct contact with the toxicant during its
transportation (RUAS et al., 2008). In addition,
the use of peripheral blood erythrocytes
avoids the complex procedures involved in
cell preparation and animal sacrifice
(BOLOGNESI et al., 2006). The effects of shortterm and long-term in vivo exposure to Cd (3
h exposure at 6.5 mg/l; 4 weeks – at 0.65
mg/l) on the morphology of juvenile carp
erythrocytes were evaluated by WITESKA et
al. (2011). It was observed that all exposures
resulted in a significant increase in the
frequency of abnormal erythrocytes. Their
results confirmed the genotoxic and
cytotoxic properties of Cd and demonstrated
that fish erythrocytes are a good model for
cytotoxicity studies.
The
comparison
between the effects of different in vitro
toxicity levels of various cadmium salts on
these cells in the same experiment showed
that cadmium nitrate induced more
anomalies in carp erythrocytes than chloride
and sulfate (WITESKA et al., 2011).
Since CARRASKO et al. (1990) first
described morphological alterations in
nuclei and suggested their use as indicators
of damage in genotoxicity surveys, NAs
(lobed, notched, blebbed and eight-shaped
nuclei, buds, binucleated cells and
binucleated cells
with nucleoplasmic
bridges), along with micronuclei (MN), have
been recommended as reliable biomarkers in
fish toxicology (FERRARO et al., 2004; ÇAVAŞ
& ERGENE-GÖZÜKARA, 2005; BOLOGNESI et
al., 2006; ANBUMANI & MOHANKUMAR, 2011;
BOLOGNESI & HAYASHI, 2011). Although the
mechanism of their occurrence is still not
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fully determined, they are associated with
errors in cell division, DNA replication and
chromatin
condensation,
chromosome
fragments
lacking
telomeres
and
centromeres, apoptosis, and genotoxicity
and/or mutagenicity (LINDBERG et al., 2007;
FENECH, 2007; FENECH et al., 2011). In recent
years, NAs have complemented MN scoring
in routine genotoxic procedures and
environmental studies, and have therefore
been shown to be a sensitive biomarker in
the testing of in vivo genotoxic effects of
heavy metals in fish in situ (BARŠIENĖ et al.,
2014; FURNUS et al., 2014; REBOK et al., 2017)
and ex situ (ROCHA et al., 2011;
STANKEVIČIŪTĖ et al., 2016; MITKOVSKA et al.,
2017). NAs have also been used as effective
biomarkers for Cd-induced cytotoxicity and
genotoxicity in fish erythrocytes (GÜNER et
al., 2011; JINDAL & VERMA, 2015) and in C.
carpio erythrocytes (ÇAVAŞ et al., 2005;
WITESKA et al., 2011). By induction of
micronuclei and NAs in blood of Cd-injected
juvenile individuals of gilthead seabream
(Spratus aurata) COSTA & COSTA (2007)
suggest the fluorescence microscopy based
on acridine orange (AO) staining as a more
reliable genotoxicity assessment method for
fish erythrocytes compared to traditional
bright-field techniques. Due to the specificity
of AO staining to DNA and RNA,
discrimination of NAs with this approach
proved to be less time-consuming and more
accurate, since non-nucleic acid artefacts are
not stained and there is better contrast to
discriminate
small
structures,
like
micronuclei and nuclear buds.
Some scientific experiments have
examined the genotoxic effect of different
concentrations of soluble salts of Cd on fish
erythrocytes – 0.001, 0.01 and 0.1 mgL -1
CdCl2 (ZHU et al., 2004); 0.005-0.1 mg/L of
CdCl2 (ÇAVAŞ et al., 2005); 0.1 ppm and 1
ppm of CdSO4.8H2O (GÜNER et al., 2011);
0.65 and 6.5 mg/L of CdCl2 .2 ½ H2O
(WITESKA et al., 2011); 0.37 and 0.67 mg l-1 of
CdCl2, (JINDAL & VERMA, 2015). However,
the possibility of inducing NAs (including
MN) from very low, permitted Cd

concentrations has not yet been studied.
Here, we aimed to assess the genotoxic and
cytotoxic potential of the Maximum
Allowable Concentration (MAC) of Cd (at
the lowest permit level – 0.45 μg/L),
considered safe by regulatory agencies,
trough the ex situ induction of NAs
(including
MN)
in
the
circulating
erythrocytes of exposed specimens of the
common carp (Cyprinus carpio L.).
Material and Methods
Experimental design
For the purpose of this study, juvenile
forms of the same size group (total length
10.6 cm ± 1.5; total weight 20 g ± 0.5) of the
common carp (Cyprinus carpio L.) were
exposed to permitted Cd concentration for
72 h and 144 h in laboratory conditions.
According to the Bulgarian legislation
(Regulation on environmental quality
standards for priority substances and certain
other pollutants, 2015) based on Directive
2013/39/EU (EC, 2013) of the European
Parliament and of the Council, the MAC of
Cd and its compounds in surface waters is
based on the water hardness (5 classes). It
ranges from 0.45 μg/L (1st and 2nd class) to
1.5 μg/L (5th class). The lowest permitted
MAC (0.45 μg/L) was selected in order to
test the effect of Cd in the lower permitted
levels. The Cd concentration (soluble nitrate
salt, Cd(NO3)2.xH2O) in our experiment was
prepared for 100 L of water (45 µg/100 L) for
each tank. Fish were obtained from the
Institute of Fisheries and Aquaculture
(Plovdiv, Bulgaria). They presented with no
external pathological abnormalities. After
transportation, the fish were acclimatized for
four days in glass aquaria containing well
aerated, dechlorinated (by evaporation)
water at constant temperature and a
photoperiod prior to heavy metal treatment.
Fish were not fed prior or during the
experiment.
The
physico-chemical
characteristics of the aquarium water,
including pH, temperature, oxygen levels
and conductivity, were measured once a day
according to a standard procedure using a
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combined field-meter (WTW, 162 Germany).
The
experiment
was
conducted in
accordance with national and international
guidelines of the European Parliament and
the Council on the protection of animals
used for scientific purposes according to
Directive 2010/63/EU (EC, 2010). After
acclimatization, the individuals were
divided into two groups in 100 l tanks:
exposed group to the MAC of Cd for 72 h
(n=10) and 144 h (n=8), and a control group
of untreated fish (n=10) was used as a
negative control for result comparisons. No
fish mortality was recorded during the
exposure period. Following the total acute
time of exposure (72 h and 144 h), blood
probes from individuals were collected
using an intracardiac puncture and whole
blood smears were prepared.
Slide preparation and scoring criteria for
different types of NAs
Whole blood smears were prepared on
clean glass slides immediately after
sampling, dried at room temperature, fixed
with absolute ethanol for 20 min, and
stained with acridine orange (AO) (0.003% in
PBS) at the time of analysis (UEADA et al.,
1992). Two smears were prepared from each
individual. The frequency of different NAs
was manually scored at a magnification of
1000× using an epifluorescence microscope
(Leica DM 1000) equipped with an
appropriate filter and photo camera. Only
nucleated erythrocytes with intact cellular
and nuclear membrane were scored. On each
slide, only areas with a uniformly spread
monolayer of non-overlapping cells were
targeted. As a result of AO metachromasia,
the cytoplasm of immatures polychromatic
erythrocytes (PCEs) emits red fluorescence,
the cytoplasm of mature normochromatic
erythrocytes
(NCEs)
emits
green
fluorescence, and the nuclei emit yellowgreen or yellow fluorescence. Analyses
consisted of detecting and counting
erythrocytes with NAs (including MN), as
distinguished by notched, lobed, or blebbed
nuclei according to the criteria of CARASCO

et al. (1990). Furthermore, an additional two
types of NAs were observed: these were
denominated as “eight-shaped” and “bud”.
Binucleated cells and nucleoplasmic bridges
were also reported. MN were defined as
clearly separated from the main nucleus, no
larger than 1/3th of the size of the main
nucleus, of round or oval shape, and
displaying the same staining (yellow-green)
and focusing pattern as the main nucleus.
Notched nuclei (NotchN) exhibited a
substantial notch into the nucleus; lobed
nuclei (LobeN) displayed large evaginations
(lobes) of the nuclear membrane; blebbed
nuclei (BlebN) exhibited relatively small
evaginations of the nuclear membrane which
contained euchromatin; nuclear buds
(NBud) were defined as nuclei containing
euchromatin and having a relatively small
evagination (bud) of the nuclear membrane
that was partially separated from the
nucleus; eight-shaped nuclei (EN) (according
to FURNUS et al., 2014) represented a
constriction resembling the shape of the
number eight; binucleates (BN) were defined
as cells with two nuclei of approximately
equal sizes; nucleoplasmic bridges (NPB)
represented two daughter cells connected by
a chromatin bridge.
The average frequency of nuclear
abnormalities (NAsF) represented the
number of cells with NAs per a minimum of
2000 counted erythrocytes (both PCEs and
NCEs), expressed as per mille. This was
calculated for each animal tested and for
every type of NAs separately. Total NAsF
(‰) was expressed as a sum of the
frequencies of all abnormality types:
NAsF ‰=

Number of cells containing NAs
×1000
Total number of cells scored

For the statistical analysis, the different types
of NAs are counted separately for each exposure
period and expressed as a frequency per a
minimum of 2000 observed erythrocytes, per mille.
The overall frequency of NAs (Total NAsF, ‰) for
each period of exposure is presented as the sum of
all types of abnormalities per 2000 erythrocytes.
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Using these indicators, statistically significant
differences from the control were reported for each
period of exposure (P < 0.05).
Statistical analysis
Statistical analysis of the data was
performed using GraphPad Prism 4.0. Data were
tested for normal distribution using the
D'Agostino & Pearson omnibus normality test.
As the data were not normally distributed,
significant differences between the control and
treated groups were assessed using a
nonparametric Kruskal-Wallis test followed by
Dunn's Multiple Comparison Test. The results
were expressed as a mean ± standard error. The
differences were considered significant at P<0.05.
Results
The physico-chemical properties of the water
showed relatively constant values in the control
and experimental tanks. The conditions in the

control tank were as follows: pH – 8.1 ± 0.5,
conductivity – 435 µS/cm ± 1.5, temperature –
20.5˚C ± 1.5 and oxygen level – 6.8 mg/l ± 0.5; and
the conditions in the experimental tank: pH – 7.9
± 0.3; conductivity – 461 µS/cm ± 3.5, temperature
– 20.5 ˚C ± 1.5 and oxygen level – 6.5 mg/l ± 1.5,
respectively. Therefore, it is likely that the changes,
observed in the fish were not due to physicochemical properties, but due to the Cd exposure.
Our results show that the exposure of the
lowest MAC of Cd (0.45 μg/L) can induce
multiple types of NAs in the erythrocytes of the
common carp: BlebN, LobeN, EN, NotchN, NPB
and BN (Fig. 1). In contrast, the control group
exhibited very few types of abnormalities and at a
much lower frequency. Control group erythrocytes were packed with hemoglobin and presented with elliptically-shaped nuclei. A statistically
significant increase in the frequency of MN (P =
0.557) and in NBud (P = 0.339) was not registered
either at the 72 h or the 144 h exposure time point.

Fig. 1. Microphotographs of blood smears representing common observed NAs in acridine
orange stained erythrocytes of C. carpio exposed to the lowest Maximum Allowable Cd
Concentration of 0.45 μg/L (1000×, in immersion).
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Statistical analysis of the data (Fig. 2)
showed a statistically significant increase in the
frequency of certain types of NAs – BlebN,
LobeN (P < 0.0001) and EN (P = 0.0003) – when
compared with the control group, as early as 72
h post-exposure to the MAC of Cd. These three
types of NAs, as well as NotchN, were most
frequently observed at both the 72 h exposure
(BlebN72h = 110.5 ± 44.34; NotchN72h = 23.0 ± 26.2;
LobeN72h = 8.80 ± 7.33; EN72h = 4.81 ± 4.82), and
144 h exposure (BlebN144h = 198.6 ± 41.78;
NotchN144h = 49.7 ± 21.8; LobeN144h = 10.0 ± 5.27;
EN144h = 9.40 ± 6.16). The number of NAs
observed nearly doubled with the increased
exposure, indicating a time-dependent induction
of these abnormalities. Multiple comparison
with Dune's post-test showed that BlebN,
LobeN and EN had statistically significant
differences with controls after 72 and 144 hours
NotchN

of exposure, while NotchN differred from the
controls only after 144 hours of exposure.
In addition to statistically significant
increases in the frequencies of BlebN, LobeN, EN
and Total NAs at the 144 h exposure, we also
detected a statistically significant increase in the
frequency of BN (P < 0.0001) and NPB (P =
0.0039). The frequencies of these anomalies at 144
hours (BN144h = 2.07 ± 1.07; NPB144h = 1.68 ± 1.66)
differed statistically with both the control group
(with zero values) and 72 h exposed group
(BN72h = 0.396 ± 0.856; NPB72h = 0.272 ± 0.860).
At the 72 h exposure, we detected a
statistically significant increase in the frequency
of Total NAs (P < 0.0001). The average
frequency of Total NAs (Total NAsF72h = 148 ±
66.2) nearly doubled at the 144 h exposure
(Total NAsF144h = 272 ± 41.8) when compared to
the control group (P < 0.0001).
BlebN

100

***

LobeN

300

***

80

40

***

**

20

*
200

60

25

15
10

100

20

5

0

0
l
ro
nt
Co

3

y
da

6

0
l
ro
nt
Co

y
da

EN

y
da

6

l
ro
nt
Co

y
da

Nbud
***

20

*

15

3

3

y
da

6

y
da

NPB

1.0

4

0.8

**
*

3

0.6
10

2
0.4

5

1

0.2

0

0.0
l
ro
nt
Co

3

y
da

6

0
l
ro
nt
Co

y
da

BN

3

y
da

6

l
ro
nt
Co

y
da

MN

4

400

1.5

300

2

1.0

200

1

0.5

100

0

0.0

***

**

l
ro
nt
Co

3

y
da

6

y
da

y
da

6

y
da

Total NAs

2.0

3

3

***

*

0
l
ro
nt
Co

3

y
da

6

y
da

l
ro
nt
Co

3

y
da

6

y
da

Fig. 2. Frequencies (‰) of different NAs in circulating erythrocytes of C. carpio induced in
vivo by the lowest Maximum Allowable Concentration of Cd (0.45 μg/L) at the beginning of
the experiment (0 hour) and after 72 h (3 days) and 144 h (6 days) exposure.
* P < 0.05; ** P < 0.001; *** P < 0.0001, compared to negative control.
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Discussion
The genotoxic and cytotoxic potential of
Cd and its compounds are well-documented.
The International Agency for Research on
Cancer has classified Cd as a Group I
carcinogen (IARC, 2012). Due to the
accumulation of Cd in food chains, the risk
of environmental exposure has increased,
making it essential to develop and improve
biomonitoring approaches and tools. By
applying biomarkers at different levels of the
biological organization, the toxic effects of
different concentrations of Cd and its
compounds have been tested in aquatic
organisms, especially fish (ZHU et al., 2004;
KAMUNDE, 2009; KONDERA & WITESKA, 2013;
ABDEL-TAWWAB & WAFEEK, 2014; DUBEY &
TRIPATHI, 2014; ONUKWUFOR et al., 2017).
Very few of the conducted experiments have
tested the effect of lower permitted levels of
Cd. It was observed earlier that the 72 h
exposure in the allowable Cd concentration
of 0.45 μg/L is accompanied with an
increase in the respiration rate index,
compared with the control, as well as
significant histological changes on gills of
juvenile carps, which were grouped as
proliferative
and
degenerative
ones
(YANCHEVA et al., 2016). This means that the
tested fish are sensitive even at exposure to
low concentrations of Cd. However, it is still
unclear what levels of Cd are actually safe to
living organisms and whether the permitted
allowable Cd concentrations in water exhibit
no cytotoxic and genotoxic effect on fish
erythrocytes. The main aim of this study,
therefore, was to assess the cytotoxic and
genotoxic potential of the lowest current
MAC of Cd considered safe by regulatory
agencies.
In recent years, considerable attention
has been directed towards the use of NAs
and MN in the piscine micronucleus test
(BARŠIENĖ et al., 2014; FURNUS et al., 2014;
STANKEVIČIŪTĖ et al., 2016; MITKOVSKA et al.,
2017; REBOK et al., 2017). Among current
cytogenetic techniques, the presence of NAs
and MN is considered an indicator of
cytotoxicity and genotoxicity, respectively

(ÇAVAŞ et al., 2005; GRISOLIA et al., 2009). MN
are products of chromosome fragments or
whole chromosomes that lag at cell division
due to a lack of centromere, a damaged
centromere or a defect in cytokinesis
(HEDDLE et al., 1991). The formation of
NBuds may reflect the clastogenic action of
the agent, as well as the differential capacity
of organisms to deal with failed DNA
replication,
improperly
condensed
chromatin, or chromosome fragments
lacking
telomeres
and
centromeres
(LINDBERG et al., 2007). It seems likely that
MN, NBud and BlebN share a common
origin and can therefore all be applied as
genotoxicity analogues. It is assumed that
the initiation of the breakage-fusion-bridge
cycle to separate entangled or attached
chromosomes can lead to LobeN, BlebN,
NBuds, nucleoplasmatic bridges and MN
during the isolation of the amplified DNA
from the nucleus (SHIMIZU et al., 1998, 2000;
FENECH et al., 2011). The induction of binucleated cells containing nucleoplasmic
bridges is an indicator of dicentric
chromosomes (FENECH, 2007). Bi-nucleated
erythrocytes are formed during abnormal
cell division due to a block in cytokinesis
(ÇAVAŞ et al., 2005). The formation of 8shaped erythrocytes, considered to be
remnants of the mitotic spindle, is also used
as a cytotoxicity marker because it reflects a
failure in erythropoiesis (BARŠIENĖ et al.,
2014).
Here we report a statistically significant
increase in the frequency of BlebN, LobeN
and EN in the erythrocytes of the common
carp after just 72 h of exposure to Cd.
Furthermore, we found that of the different
types of NAs, the frequency of BlebN is most
markedly increased at both 72 h and 144 h of
exposure to Cd. Our results are in agreement
with those reported by WITESKA et al. (2011),
who show a highest frequency of
erythrocytes with nonuniform distribution
of chromatin at the nuclear border in carp
exposed to various Cd salts. Certain authors
suggest that both BlebN and LobeN can give
rise to MN (SHIMIZU et al., 1998; ANBUMANI
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& MOHANKUMAR, 2012). It has been
established that the increase in the frequency
of occurrence is dose-dependent and can be
explained by the cellular mechanism of
dealing with excess chromatin, during which
the excess genetic material is incorporated
into micronuclei such that the cell can
dispose of it as a “double minute” (SHIMIZU
et al., 1998).
The eight-shape nuclei were described
as a separate type of nuclear abnormality in
a relatively small amount of studies. This is
most likely due to some authors including
them in broader terms like “lobed nuclei”.
They were described by FURNUS et al. (2014)
examining the baseline micronuclei and
nuclear abnormalities frequencies in native
fish. In our study, this abnormality was
described separately and it stood out with a
statistically-significant higher values in the
first 72h. Increased frequencies of eightshaped erythrocytic nuclei were observed
also by BARŠIENĖ et al. (2014) during their
assessment in situ of the genotoxic risk to
flounder (Platichthys flesus), herring (Clupea
harengus) and cod (Gadus morhua) at chemical
munitions dumping zones in the southern
Baltic Sea. The induction of EN, as well as
binucleated cells, was used as a cytotoxicity
endpoint by the authors, while the frequency
of MN, NBuds and NPB in erythrocytes was
used as a genotoxicity endpoint.
We observed a statistically significant
increase in the frequency of NPB after 144 h
of exposure to the lowest MAC of Cd,
thereby highlighting the genotoxic effect of
Cd even at such low, allowable
concentrations. Nucleoplasmic bridges are
formed during anaphase, when the
centromeres of dicenteric chromosomes are
pulled in opposite directions during mitosis.
When the anaphase bridge fails to separate,
the nuclear membrane encloses the daughter
nucleus as well as the anaphase bridge,
thereby leaving the two cells connected via
their nuclei (FENECH, 2007; FENECH et al.,
2011). Nucleoplasmic bridges are therefore a
commonly used biomarker of DNA damage
resulting from radiation-induced clastogenic

events (CHEONG et al., 2013; MEENAKSHI et
al., 2017). By using the fluorescent dye
acridine orange in our experiments, we
could accurately detect this type of anomaly.
On the other hand, we did not observe a
statistically significant increase in the
frequencies of either MN or NBud at either
exposure time point. MN arise during cell
division and can appear at different times
following the DNA damage (BOLOGNESI &
HAYASHI, 2011). GRISOLIA & CORDEIRO (2000)
evaluated the time-dependent response of
MN formation during hematopoiesis in the
kidney and the micronucleus peak in
circulating blood erythrocytes after exposing
fish to cytochalasin B. The experiment
showed that micronuclei formed in young
kidney erythrocyte cells were detected in the
peripheral blood 2–4 days later, and that this
time lag is species- and clastogen-dependent.
In this regard, both 72 h and 144 h of
exposure to Cd in our experiment were
sufficient to induce MN in carp erythrocytes.
Induction of MN in polychromatic
erythrocytes of C. carpio by Cd treatment
was demonstrated by ZHU et al. (2004). It
was found that micronuclei frequencies
increased with the rise of CdCl2
concentrations. In carp exposed to 0.1 mgL-1
Cd2+ and 0.01 mgL-1 Cd2+-, micronuclei
erythrocyte frequencies were higher than
those in the control group in this study. The
MN assay has also been applied in vivo by
ÇAVAŞ et al. (2005) in three different fish
species, Corydoras paleatus, Carassius gibelio
and Cyprinus carpio, to show the potential of
Cd (0.005 – 0.1 mg/L) to cause genotoxicity.
It has been observed that fish species and
their tissues showed differential sensitivity
to the heavy metal treatment; gill and liver
cells showed higher frequencies of
micronuclei and binuclei than erythrocytes.
On the other hand, C. carpio was the most
resistant of the three fish species exposed to
different doses of cadmium. The timedependent response was observed in all
three studied fish species with all clastogens
tested, and must therefore be determined
before extensive testing of a given species.
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The treatment with four sub-lethal
concentrations of cadmium chloride i.e., 1.0,
2.0, 4.0 and 8.0 mg/l for 24, 48, 72 and 96 hrs
of exposure induced higher MN frequencies
in gills, red blood cells and kidney cells of
fresh water fish, Channa punctatus (DUBEY &
TRIPATHI, 2014). However, it has also been
observed that MN frequencies increase in
tissues in a concentration- and timedependent manner in Labeo rohita specimens
acutely exposed to relatively low and
environmentally realistic concentrations
(0.37 and 0.67 mg l-1) of CdCl2 (JINDAL &
VERMA, 2015). The concentrations used in the
afore mentioned studies more often use Cd
concentrations of tens and hundreds times
higher than the MAC applied in our study.
The low levels of Cd exposure (0.45 μg/L)
could explain the lack of MN and NBud in
our experiment and also indicates that the
lowest MAC of Cd does not induce these
types of anomalies, but induces other
abnormalities (BlebN, LobeN, EN, NPB, BN).
In support of our findings, GÜNER et al.
(2011) also established that at Cd exposure
(0.1 ppm and 1 ppm) of Gambusia affinis for 1
and 2 weeks, NAs were significantly
induced compared to control groups, even
though Cd did not significantly increase
micronuclei frequency.
In mammals, the observed correlation
between MN, NPB and NBud suggest that
these biomarkers of genomic instability may
share a common mechanism leading to the
formation
of
dicentric
chromosomes
(FENECH et al., 2011; MEENAKSHI et al., 2017).
Such a correlation could explain the lack of a
statistically significant increase in NBud and
MN in our experiment. BOLOGNESI et al.
(2006) also reported the existence of a strong
correlation between the induction of MN
and the induction of NBud in fish
erythrocytes, which is in accordance with
our results. NBuds are characterized by the
same morphology as MN, with the exception
that they are connected to the nucleus by a
stalk of nucleoplasmic material depending
on the stage of the budding process. While it
is thought that NBud are precursors to MN,

we previously reported that the statistically
significant increase in the frequency of NBud
formation in carp erythrocytes following 72
h of exposure to allowable concentrations of
Pb and Ni was not accompanied by a similar
increase in the formation of MN (MITKOVSKA
et al., 2017). On the other hand, such a
correlation between MN, NPB and NBud in
mammals could not explain the increased
frequencies of NPB that we observe after 144
h of exposure to Cd; these, however, could
be associated with the observed increase in
the frequency of BN. Cd-mediated increases
in the frequency of BN in carp erythrocytes,
gill and liver cells have also been reported
by ÇAVAŞ et al. (2005). Cadmium ions also
demonstrated a genotoxic capacity with a
tendency of formation of erythrocytes with
double nuclei in crucian carp (Carassius
auratus gibelio) (ARKCHIPCHUK & GARANKO,
2005). Binucleation is an indicator of
abnormal cell division because of a block in
cytokinesis. This abnormal cell division
could result in a genetic imbalance in the
cells, which may also be involved in
carcinogenesis (RODILLA, 1993).
The statistically significant increases in
the total values of NAsF that we observed at
both the 72 h and 144 h time point indicate
that even the lowest MAC of Cd (0.45 μg/L),
as specified by current law, can induce
cytotoxic and genotoxic effects in the
erythrocytes of the common carp. YANCHEVA
et al. (2016) also observed that the 72 h
exposure in the same permitted Cd
concentration affects the gill structure and
respiration rate of C. carpio. Therefore, it
turns out that the juvenile carps prove to be
sensitive even at such a low Cd
concentration as is the lowest MAC of Cd.
Conclusion
Here we show that while the MAC of
Cd does not induce the formation of MN or
NBud, a number of structural abnormalities
were observed at the nuclear level in C.
carpio erythrocytes when exposed to the
lowest of the four MAC of Cd (0.45 μg/L).
The induction of BlebN, LobeN, EN and
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Total NAs that we observed was timedependent. Even short-term exposure at the
low MAC of Cd affects the nuclei of
erythrocytes. Our results demonstrate the
cytotoxic and genotoxic effects of Cd, even at
low permissible levels, and confirm the use
of NAs as an effective biomarker. The
significant increases in NAs, such as
nucleoplasmic bridges and binucleated cells,
following 144 h of acute exposure to Cd
indicate the need for further research into
the MAC of Cd. Changes in national and EU
legislation regarding the MAC of Cd in
surface waters might be required.
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Terrestrial Snails (Mollusca: Gastropoda) as Intermediate Hosts of
Protostrongylid Nematodes in Balkan Chamois in the Regions of
Western Rhodopes Mts and Pirin Mts., Bulgaria: Preliminary Data
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Abstract: The nematodes from family Protostrongylidae Leiper, 1926 parasitize in the lungs of wild
and domestic ruminants and rabbits. Five meadows from the region of Western Rhodopes Mts and
Pirin Mts used from the Balkan chamois (Rupicapra rupicapra balcanica) were studied for terrestrial
gastropods as a potential intermediate hosts of protostrongylids, during the summer of 2018. A
total of 28 specimens of Cattania haberhaueri, Xerolenta macedonica and Helix pomatia in the Pirin Mts
and 161 specimens of Zebrina detrita, Chondrus zebra tantalus, Xerolenta sp., Cattania rumelica, Cepaea
vindobonensis and Euomphalia strigella in the Western Rhodopes Mts were collected. The highest
levels of infestation with protostrongylids were detected in Xerolenta macedonica and Xerolenta sp.
for the meadows of Pirin Mts and Western Rhodopes Mts, respectively.
Key words: Protostrongylidae, natural invasion, gastropods, larvae.

Introduction
The
nematodes
from
Family
Protostrongylidae Leiper, 1926 parasitize in
the lungs of rabbits and wild or domestic
ruminants including Balkan chamois,
Rupicapra rupicapra balcanica Bolkey, 1925
(PANAYOTOVA–PENCHEVA, 2007). Their life
cycles
going
with
the
obligatory
involvement of terrestrial snails as
intermediate hosts, reaching stage L3,
invasive for final hosts (BOEV, 1975). The
intermediate hosts species composition of
protostrongylids has been studied in a
European and the Mediterranean countries
(CABARET,1983; SKORPING, 1981).
In Bulgaria, Zebrina detrita and Xserolenta
obvia were recorded as intermediate hosts of
protostrongylids for the Sofia region
© Ecologia Balkanica
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(SAMNALIEV, 1966); Z. detrita, X. obvia, Cepaea
vindobonensis and Monacha sp. (reported as
cartusiana) - for the region of Varna
(ZURLIYSKI, 1994), and Z. detrita, X. obvia, M.
cartusiana and Cernuella virgata variabilis - for
the Stara Zagora region (GEORGIEV &
GEORGIEV, 2002). Data for the range of natural
invasion with protostrongylids for the
terrestrial snails in mountain regions of
Bulgaria are still lacking.
The aim of our study was to obtain data
about gastropod intermediate hosts species
composition in Pirin Mts and Western Rhodopes
Mts meadows inhabited by the Balkan chamois.
Materials and Methods
Five meadows from the Pirin Mts and the
Western Rhodopes Mts inhabited by the
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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chamois were examined for the presence of
terrestrial snails positive for protostrongylid
larvae, during the summer of 2018. The
meadows’ locations were as follows: Vihren
SE: N41° 45.709’ E23° 24.258’, KazaniteBanderitsa: N41° 46.304’ E23° 25.307’, Lakata:
N41° 45.234' E24° 20.412', Tsankow Kamak:
N41° 45.017’ E24 25.383’, Mugla: N41° 37.843’
E24° 29.801’, with an altitude between 840
and 2500 m a.s.l. (fig. 1). A total of 189 snails
have been collected by hand, from all the
meadows visited. Snails were further
processed in the laboratory conditions. After
shell removing, the body of each snail was
pressed between glass plates and observed

under microscope (10x), to register the
number of protostrongylid larvaes (L3).
The species were identified by
DAMYANOV & LIKHAREV (1975) and WELTERSCHULTES (2012). The updated nomenclature
of gastropods accepted by IRIKOV & ERÖSS
(2008) was adopted in the present study.
Results and Discussion
A total of nine terrestrial snails’ species,
members of 3 families were found in the
investigated area (Table 1). Three species
were identified in Mugla meadow, two - in
meadows of Lakata and Vihren SE and one in Tsankov kamak and Kazanite Banderitsa.

Fig. 1. Locations of meadows investigated for the presence of protostrongylid nematodes’
larvae in terrestrial snails in Pirin Mts and Western Rhodopes Mts.
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Table 1. Species composition of terrestrial gastropods registred in the Pirin Mts and
Western Rhodopes Mts at the summer of 2018 (by IRIKOV & ERÖSS, 2008).
Taxa

Pirin Mts.
Kazanite
Vihren SE
Banderitsa

Western Rodopi Mts.
Tsankov
Lakata
Mugla
kamak

Family Enidae
Zebrina detrita
Chondrus zebra tantalus

-

-

-

+

+
-

Family Helicidae
Cattania haberhaueri

+

-

-

-

-

Cattania rumelica

-

-

-

-

+

Cepaea vindobonensis
Helix pomatia
Family Hygromiidae
Xerolenta macedonica
Xerolenta sp.

-

+

+
-

-

-

+
-

-

-

-

+

Euomphalia strigella

-

-

+

-

-

Seven of the founded species belonged to
the
European
faunistic
complex,
in
zoogeographical terms. Cattania haberhaueri
was Bulgarian endemic and Cattania rumelica
was Balkan endemic (IRIKOV & MOLLOV,
2006). The Balkan endemic Xerolenta
macedonica (IRIKOV & ERÖSS, 2008) should be
included in the European faunistic complex as
well. Cepaea vindobonensis was representative
of the Euroasian faunistic complex (Table 2).
In the two of registered species: Xerolenta
macedonica from the meadows of Pirin Mts and
Xerolenta sp. from Western Rhodopes Mts,
infections of protostrongylids were found.The
first comprehensive summary of Bulgarian
terrestrial snails' fauna provided data on 213
species (DAMYANOV & LIKHAREV, 1975). DEDOV,
(1998) reported 236 species and 42 subspecies
terrestrial snails. Recent information for the
Bulgarian malacofauna revealed 226 species and
33 subspecies, making altogeder 259 taxa (IRIKOV
& ERÖSS, 2008). Only 9 species of them (3.47%)
were able to register on the examined meadows,
during the summer of 2018. Three (13.04%) of
the 23 terrestrial snails’ species reported for the
northern Pirin areas (DEDOV & MITOV, 1998),

were registered in the present study. IRIKOV &
MOLLOV, (2006) anounced 106 species and 19
subspecies as valid for Bulgarian part of Western
Rhodopes Mts.- 125 taxa. Six of them (4.7%)
were registered in this mountain (Table 1).
Eight terrestrial snails’ species were
reported as intermediate hosts for Bulgaria: Z.
detrita, H. obvia, C. vindobonensis, Monacha
cartusiana and Cernuella virgata variabilis
(SAMNALIEV, 1968; ZURLIYSKI, 1994; GEORGIEV
AND GEORGIEV, 2002; GEORGIEV et al., 2003),
Chondrula microtraga, Helix pomatia and
Deroceras reticulatum (GEORGIEV et al., 2003).
Two of them were found in the course of the
present study, without being registered
invasion of protostrongylids: Z detrita and C.
vindobonensis. Only two species of terrestrial
snails were identified as intermediate hosts of
protostrongylids. The higest values of
protostrongylids larvae prevalence were
recorded in X. macedonica -85%. The other
species determined to order (Xerolenta sp.) was
infected with 47% prevalence (Table 3).
One of the snails’ species found, X.
macedonica was first reported as an
intermediate host of protostrongylids.
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Table 2. Some biogeographic characteristics of the registered snail species in the meadows in
the Pirin Mts and Western Rhodopes Mts (IRIKOV & MOLLOV, 2006; DAMYANOV & LIHAREV, 1975).
Species
Zoogeographic categories
Ekological data
Zebrina detrita Holosubmediterranean
Inhabits limestones and prefers open
subelement, Submediterranean herbarous habitats, but often it.
element, European faunistic
can be found in bushes and rarely in oak and
complex.
pine forests. Drought-resistant, capable of
surviving big and continuous dry periods.
Xerophilic, thermophilic, drought-resistant,
eurythermic and euryhygrobiontic species.
Chondrus zebra Euxinian subelement,
Inhabits exclusively limestones, but prefers
tantalus
Submediterranean element,
open herbaceous habitats with bush
European faunistic complex
vegetation. Drought-resistant, capable of
surviving big and continuous dry periods.
Xerophilic, thermophilic, drought-resistant,
distributed in heterozonal mountain sites
eurythermic and euryhygrobiontic species.
Cattania
Bulgarian endemic,
Inhabits very diverse habitats in the middle
haberhaueri
Eastsubmediterranean
and high parts of the.
subelement, Submediterranean mountain and prefers rocks within
element, European faunistic
broadleaved forests, but rarely it can be found
complex.
in pinetree forests with high humidity. Mesoto microthermic, mesohygrophilic, coolloving, cold-resistant.
Cattania
Balkan endemic,
Inhabits limestones, but it can also be found in
rumelica
Eastsubmediterranean subelement, broadleaved forests and rarely in pinetree forests
Submediterranean element,
as well as in open rocky terrains. Mesophilic,
European faunistic complex.
thermophilic, relatively drought-resistant.
Cepaea
Pontosubmediterranean
Inhabits open herbaceous habitats, sparce
vindobonensis
subelement, Steppe element,
broadleaved forests, within shrubs and in
Steppe Euroasian faunistic
open rocky areas in the lower and middle
complex
parts of the mountain. Xeromesophilic,
thermophilic, drought-resistant.
Helix pomatia
Mid European element,
Inhabits broad-leaved forests as well as pinetree
European faunistic complex
forests and open terrains with herbaceous
vegetation, especially along rivers, mostly in the
middle and the high parts of the mountain. It
prefers high humidity and lower temperatures.
Mesophilic, mesothermic, cool-loving.
Xerolenta
Balkan endemic
Under stones, in shallow rocky cracks and on
macedonica
herbaceous plants, strongly lit by the sun.
Xerolenta sp.
Eastsubmediterranean subelement, Inhabits open limestone terrains with tall
Submediterranean element,
herbaceous vegetation at low humidity.
European faunistic complex
Xerophilic, thermophilic, drought-resistant.
Eoumphalia
Mid European element,
A forest species, which prefers broad-leaved
strigella
European faunistic complex
forests especially in the mountain river
valleys. It inhabits humid and shady places.
Mesophilic, cool-loving, cold-resistant
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Table 3. Invasion of terrestrial snails with
protostrongylids larvae in the meadows from
Pirin Mts and Western Rhodopes Mts during
summer of 2018.
Snail
N
species
X. macedonica 14
Xerolenta sp. 23

Ninf

P%

I

Iav

A

12
11

85%
47%

1 - 11
1 - 32

5.42
6.37

4.64
3.04

Legend: N - sample size; Ninf.- number of infected
snails; P% - prevalence; I - intensity of the invasion; Iav Average intensity; A – abundance.
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Abstract. Both, the daily and seasonal activity of Edible dormouse (Glis glis Linnaeus, 1766) in the
region of National Park “Bulgarka” (Stara Planina Mts, Bulgaria) were studied using camera traps.
The results showed nonstop full night activity of this species in the region (1266 m a.s.l.). It became
active in the beginning of May and minimized its movements above the ground in the end of
October. Short decrease period of its activity was observed during August.
Key words: Edible dormouse, night activity, camera traps.

Introduction
Edible dormouse (Glis glis Linnaeus,
1766) is a small to medium sized rodent from
family Gliridae. The species is categorized by
the International Union for Conservation of
Nature (IUCN) as Least Concern (AMORI et
al., 2016). It is the largest dormouse
inhabiting Bulgaria (POPOV & SEDEFCHEV,
2003).
The
Edible
dormouse
was
characterized as arboreal and nocturnal
species, spending most of the daytime in
nests and tree cavities (KRYSTUFEC, 2010) and
considered true hibernator (WILZ &
HELDMAIER, 2000). To investigate the activity
pattern of the species the “continuous
recording” (RODOLFI, 1994) and radio
tracking (PROPERZI et. al, 2003) were applied.
Little is known about the activity of the
Edible dormouse in mountainous regions in
Bulgaria. It is only known that the species is
going out of hibernation at the end of April
and the beginning of May (PASPALEV et al.,
1952).
© Ecologia Balkanica
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Materials and Methods
Three infrared camera traps Keep
Guard EB 690 were set in a coniferous tree
patches (Pinus spp.) in a forest dominated by
beech (Fagus sylvatica) on the summit of the
Central Stara Planina Mts, Bulgaria
(National Park "Bulgarka"). For successful
detection the cameras were set at the places
related to the target species’ locomotion
(ANCRENAZ et al., 2012). Slope trees - typical
dormouse habitat niches were chosen for the
observation. The cameras were mounted on
the neighbor tree at a distance 1.5-2 m,
taking side pictures of the target tree
(captures - 3, interval - 5 minutes), similar to
the method used for detecting martens
(RAICHEV, 2018). According to the individual
territory parameters of the Edible dormouse
reported by PROPERZI et al. (2003), a distance
of 600 m between the used trap sites
prevents the capturing of the same
individual. A total of 428 photographs of
Edible dormouse specimens were made.
Union of Scientists in Bulgaria – Plovdiv
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Camera traps were set between January and
December
2017.
The
photographed
individuals were determined according
POPOV & SEDEFCHEV (2003).
Results and Discussion
The results showed that the Edible
dormouse from Central Stara Planina Mts
was active from May to October (Fig.1). Its
activity increased from May to July. A little
decrease during August was observed,
followed by a peak in September. A similar
tendency in activity changing was described
in Italy (RODOLFI, 1994). Returning to
dormancy in summer of non-reproductive
dormice (BIEBER & RUF, 2009), as well as a
possibility for temporal migration from a
microhabitat in search for food, could affect
detectability of species by camera traps. In

the present study, no young individuals
have been detected. Thus the probability of
unreal increased activity owing to the raised
number of photographed individuals was
minimized.
In the study area the Edible dormouse
demonstrated emphatic nocturnal activity
(Fig. 2). There were no any photos obtained
during daylight. A survey revealed that
another dormouse species, Muscardinus
avellanarius, was being active around 30 min
after sunset and around 50 min before
sunrise. The authors considered that this
pan-seasonal activity to be influenced by
photoperiod (BRIGHT et al., 1996).
In this survey the peak of activity of the
species was registered around midnight for
all the months and a fall of its activity between 01.00 and 03.00 a.m.

300

250

200

150
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100
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Fig. 1. Seasonal activity of the Edible dormouse (Glis glis) from Central Stara Planina
Mts expressed by a total number of photographs made per month.
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Fig. 2. Night activity of the Edible dormouse (Glis glis) from Central Stara Planina Mts
expressed by total number of photographs made per particular hour interval
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Abstract. Essential oils are complex mixtures of volatile compounds, mainly terpenes and
phenylpropanoids, particularly abundant in aromatic plants. In the last decades, there are many
reports about herbicidal potential of essential oils. An initial step to assess their herbicidal activity
is to determine their effect on seed germination and seedling growth. The present review
summarizes the methods for assess the effects of essential oils on seed germination and seedling
growth. The advantages and disadvantages of using essential oils for weed control are discussed.
Also important conclusions regarding their application as natural herbicides are drawn. Essential
oils obtained from plant species from the families Myrtaceae, Pinaceae, Lauraceae, Poaceae,
Lamiaceae, Asteraceae, Cupressaceae, Apiaceae and etc. are determined as promising for weed
control. Based on some essential oils derived from lemongrass, cloves and cinnamon, commercial
weed control products have already been developed. The studies in Bulgaria have been mainly
focused on the effect of extracts on seed germination. However, it was found that essential oils of
Bulgarian species Origanum vulgare subsp. hirtum (Link) Ietsw, Thymus longidentatus (Degen &
Urum.) Ronniger., Thymus moesiacus Velen, Micromeria dalmatica Benth. exhibit strong inhibitory
activity on seed germination of weeds. The main components of essential oil identified for each
species were respectively carvacrol for O. vulgare subsp. hirtum, citral isomers: neral and geranial of
T. longedentatus, α-terpinyl acetate of T. moesiacus, piperitone oxide, carvacrol, β-pinene of M.
dalmatica. The presented data show that the essential oils have strong inhibitory effects on
germination and seedling growth of weeds and this makes them a promising source for production
of natural herbicides.
Key words: germination inhibition, weed, Origanum vulgare subsp. hirtum, Thymus longidentatus,
Thymus moesiacus, Micromeria dalmatica.

Potential of essential oils as natural herbicide
The use of synthetic herbicides in weed
control results in a negative impact on the
environment and human health. Moreover,
weeds develop resistance to applied
herbicides and the need for new molecules
with new mechanisms of herbicidal action is
of great importance.
In the course of
evolution, plants interacting with each other
as well as with the abiotic and biotic factors
of their environment, develop mechanisms
© Ecologia Balkanica
http://eb.bio.uni-plovdiv.bg

of protection and adaptation by synthesizing
a variety of secondary metabolites. It has
been demonstrated that these compounds
although called secondary metabolites have
important biological activities and role in the
plant survive, that making them a source for
developing of natural products for pest
control in agriculture. A large group of
secondary metabolites, with an important
biological
role,
are
the
terpenes.
Monoterpenes (hydrocarbon and oxygenated
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House
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monoterpens) and sesquiterpenes (hydrocarbon and oxygenated sesquiterpens) are
main components of the essential oils. The
last represent complex mixture of volatile
compounds, particularly abundant in
aromatic plants, which except terpenes
contained phenylpropanoids belonging to
various chemical classes: alcohols, ethers or
oxides, aldehydes, ketones, esters, amines,
amides, phenols, and heterocycles. Essential
oils are localized in the cytoplasm of plant
cells, components of various secretory
structures – glands, secretory hairs, resin
ducts, secretory cavities etc. (DHIFI et al.,
2016). The advantage of using essential oil to
weed control is that they are environmentally
safe and human friendly due to their rapid
environmental biodegradation and low
toxicity to non-target organisms (MANN &
KAUFMAN, 2012). Also essential oils expose
new mechanism of herbicidal action and
they also can improve pollination (HAZRATI
et al., 2017; DAYAN et al., 2012). Inhibitory
effects of essential oils also showed species
specificity (ÖNEN et al., 2002; UREMIS et al.,
2009; ULUKANLI et al., 2014; GRICHI et al.,
2016). Beside to the advantages of applying
essential oils in crop protection, there are
also some disadvantages. Essential oil of one
species has great variability in its
composition because besides genetic factors,
geographic and climatic conditions, harvest
stage and extraction methods have
important effects. The paradoxically high
volatility of essential oils, which makes them
safe for the environment, is at the same time
a disadvantage. Recent studies have been
published that this problem is solved
through the application of essential oils by
microencapsulation
and
nanoemulsion
(HAZRATI et al., 2017). Essential oils are
hydrophobic that is another disadvantage.
Usually essential oils extracted from freshly
(KAUR et al., 2010) or dried plant material
(KORDALI et al., 2009; BENVENUTI et al., 2017)
by hydrodistillation, the most common
method, but there are other techniques such as
liquid carbon dioxide, microwaves and etc.
(LAHLOU, 2004; DJILANI & AMADOU, 2012).

An initial step to assess the potential
herbicidal activity of an essential oil is to
determine its effect on seed germination and
seedling growth. The results of studies on
the allelopathic and phytotoxic properties of
essential oils are a valuable source of
information for selecting substances with
herbicidal activity (SCOGNAMIGLIO et al.,
2013; AMRI et al., 2013a; DAYAN et al., 2009;
DHIFI et al., 2016).
Methods for assessing germination inhibition
There are different variants for assessing
germination of seeds which vary according to
the methods of dissolving of the essential oil,
the mode of application and doses. Essential
oils are slightly soluble in water but soluble in
alcohol, ether, ethylene glycol, non polar or
weakly polar solvents. Most often essential oil
has been dissolved in emulsifying detergent:
1% water solution of Tween 20 (AMRI et al.,
2012a) 0.5 %, 0.2% or 0.1% of Tween 80
(LAHLOU, 2004; ULUKANLI et al., 2014). Also
they can be dissolved in water–acetone mixture
(99.5:0.5) (DE ALMEIDA et al., 2010; SYNOWIEC et
al., 2017) and DMSO–water solution (1%, v/v)
(KORDALI et al., 2009). In the most cases, the
bioassay tests for seed germination are
conducted in Petri dishes where the essential
oils are applied as solutions in the
concentration range of 0.06-5 μg/mL (DE
ALMEIDA et al., 2010; AMRI et al., 2012a; AMRI et
al., 2017). Essential oils showing completely
inhibitory effect on seed germination in the
range 0,5-4 μg/mL or from 0.02 to 17 mg/mL
are considered as promising for further
research on herbicidal effects (DE ALMEIDA et
al., 2010; AMRI et al., 2013b; ANGELINI et al.,
2003; ULUKANLI et al., 2014; SYNOWIEC et al.,
2016; ULUKANLI et al., 2018). It has been
reported that essential oil of Peumus boldus Mol.
shows complete inhibition on germination of
Portulaca oleracea L. seeds at concentration 0.5-1
μg/mL (BLÁZQUEZ & CARBÓ, 2015). In other
cases essential oils has been applied by using a
micropipette on the inner side of a Petri dishes
in different concentrations 2-32 μL/Petri dish
(ÖNEN et al., 2002; SALAMCI et al., 2007; UREMIS
et al., 2009), 10 mg/Petri dishes (KORDALI et al.,
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2009), 44 μg/Petri dishes (BENVENUTI et al.,
2017). Rarely seeds are soaked in a solution of
essential oils before conducting a germination
test (ANGELINI et al., 2003). Except in Petri
dishes, some experiments have been conducted
in plastic pots. In these cases, essential oils has
been applied to the soil surface as aqueous
solutions (5 mL) in different concentrations as
example from 5.4, 21.6, 86.4 and 345.6 mg/L as
the last concentration corresponds to a
concentration in which a commercial herbicide
is applied (CAMPIGLIA et al., 2007). KAUR et al.,
(2010) applied Artemisa oil in the concentration
range 5-50 μg/g sand to study effect on seed
germination of test weeds. In these
experiments, the need for microencapsulation
of essential oils has been noted. It has been
reported that the type of soil is decisive for the
inhibitory activity of the essential oils (DUDAI et
al., 1999).
Methods to assess inhibition of seedling growth
There are many reports on application of
essential oils that reduce significantly seedling
growth. Reductions in root and shoot length,
plant weight, chlorophyll content, respiratory
activity as well as visible injury - chlorosis,
necrosis, complete wilting of plants are the most
common indicators for estimating impaired
growth (UREMIS et al., 2009; KORDALI et al., 2009;
KAUR et al., 2010; ULUKANLI et al., 2014;
TWORKOSKI, 2002; RASSAEIFAR et al., 2013;
RAHIMI et al., 2013). Often essential oils are
applied for treatment on post- emergence
seedling in the form of a spray at concentrations
of 5-10% from red thyme, summer savory,
cinnamon and clove oil (TWORKOSKI, 2002), 2%,
4%, and 6% from Artemisia oil (KAUR et al., 2010)
10-1000 mg/L from Artemisia annua and
Xanthium strumarium oil (BENVENUTI et al., 2017),
25-100 mL/L from Eucalyptus astringens oil
(GRICHI et al., 2016) and 1-5 mL/L of Satureja
hortensis oil (HAZRATI et al., 2017). HAZRATI et al.,
(2017) reported complete lethality at 4 mL/L .
Plant species - sources of essential oils for
weed control
Summarizing the scientific reports in the
literature the following plant species are among

the most promising sources of essential oils for
weed control: Myrtaceae: Syzygium aromaticum
(L.) Merrill & Perry, Eucalyptus citriodora Hook,
E. astringens Maiden; Poaceae: Cymbopogon
citratus (DC.) Stapf, C. nardus (L.) Rendle, C.
flexuosus D.C.; Lamiaceae: Satureja montana L.,
Thymus vulgaris L., Rosmarinus officinalis L.,
Origanum sp., Micromeria fruticosa (L.) Druce,
Mentha piperita (L.) Huds., Ocinum basilicum L.,
Mellisa officinalis L., Thymbra spicata L. Pinaceae:
Pinus pinea L., Pinus brutia Tenore, Pinus nigra
J.F.Arnold, Pinus halepensis Mill.; Monimiaceae:
Peumus boldus;
Lauracea:
Cinnamomum
zeylanicum L.; Asteraceae: Artemisia annua L.,
Tanacetum chiliophyllum (Fisch. & Mey.) Schultz,
Achillea gypsicola Hub-Mor., Achillea biebersteinii
Afan.; Apiaceae: Carum carvi L.; Anacardiaceae:
Pistacia vera L., Pistacia terebinthus L.;
Cupressaceae: Juniperus phoniceae L., Thuja
occidentalis Rutaceae: Ruta graveolens L.
(ANGELINI et al., 2003; TWORKOSKI, 2002; SETIA
et al., 2007; CAMPIGLIA et al., 2007; SALAMCI et al.,
2007; KORDALI et al., 2009; UREMIS et al., 2009; DE
ALMEIDA et al., 2010; AMRI et al., 2012a; AMRI et
al., 2012b; AMRI et al., 2013b; RASSAEIFAR et al.,
2013; PINO et al., 2013; ULUKANLI et al., 2014;
BLÁZQUEZ & CARBÓ, 2015; GRICHI et al., 2016;
BENVENUTI et al., 2017; AMRI et al., 2017).
Weed and crop species used as test objects
The ability of essential oils to inhibit seed
germination was evaluated in many studies.
The most commonly used weeds and crops in
these experiments are Amaranthus retroflexus L.,
Chenopodium album L., Portulaca oleracea L.,
Trifolium campestre Schreb., Lolium rigidum
Gaud., Centaurea cyans L. Cynodon dactylon (L.)
Pers., Lathyrus annuus L., Vicia villosa Roth.,
Capsicum annuum L., Sinapis arvensis L., Lactuca
sativa L., Zea mays L., Raphanus sativus L.,
Brassica napus L., Phaseolus vulgaris, Triticum
durum, (RASSAEIFAR et al., 2013; RAHIMI et al.,
2013; GRICHI et al., 2016; HANANA et al., 2017). It
has been observed that dicots weeds are
significantly more sensitive than monocots
(AMRI et al., 2012a; b); DAYAN et al., 2009, 2012).
SYNOWIEC et al., (2017) suggest that the size of
the seeds is important for the sensitivity to
essential oils. Small seed are more sensitive
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than large such as Zea mays which appeared the
most tolerant. Some authors conclude that
weeds are more sensitive to essential oils than
crops (GRICHI et al., 2016; SYNOWIEC et al., 2017).
Compounds with significant germination
inhibitory activity
Many authors reported that the germination
inhibitory activity of the essential oils is attributed
to their relatively high content of monoterpenes,
especially oxygenated ones (VOKOU et al., 2003;
AMRY et al., 2012a; b; DHIFI et al., 2016).
Compounds such as carvacrol, thymol (DE
ALMEIDA et al., 2010; SYNOWIEC et al.,2016;
ULUKANLI et al., 2018), α- β- pinene (AMRI et al.,
2013b; ANGELINI et al., 2003; SALAMCI et al., 2007),
1,8 cineole, borneol, limonene, camphor
(BENVENUTI et al., 2017) have been defined as
strong inhibitors of seed germination.
Mechanism of action of essential oils on plant cell
Mechanisms of action on essential oils as
inhibitors of germination and growth have
been insufficiently studied. It has been reported
that essential oils induce oxidative damage in
cells which is evidenced by the increased
proline production and level of antioxidant
enzymes. Also, essential oils damage the cell
membrane that cause electrolyte leakage,
inhibition of mitochondrial ATP production,
cell proliferation, DNA synthesis and mitosis
(ABRAHIM et al., 2003; BAKKALI et al., 2008;
PERGO & ISHII-IWAMOTO, 2011; AMRI et al.,
2013a; RAHIMI et al., 2013; GRICHI et al., 2016).
The herbicidal effect of d- limonene – main
component of commercial product GreenMatch
TM
O has been shown to be due to on the
disruption of the leaf cuticle which leads to
wilting (KOIVUNEN et al., 2008).
Commercial products containing essential oils
used for weed control
On the basis of essential oils, there are created
several commercial products used for weed control
(QUARLES, 2010; DAYAN et al., 2009). GreenMatch
EX® is a non-selective, post-emergent weed killer
based on the essential oil of lemongrass
(Cymbopogon flexuosus) - 50%. The best efficacy is
achieved at 10 to 15% dilution rate v/v. Good

coverage is required for good weed control.
Younger weeds is are more sensitive and the
product has a stronger effect on them than older
(AVILA-ADAME et al., 2018). GreenMatch TM O
contains 70% d-limonene (monoterpene of orange
peels) and provides control of broadleaved and
grass weeds at dilution 1:3 or as 18%. Good
coverage is required for the best control especially at
low temperature and for large weeds. (KOIVUNEN
et al., 2008). Matran II contains up to 50% clove oil
(Syzygium aromaticum) and it is applied as 5-8%
solution. Weed Zap TM contains cinnamon and
clove oil up to 30% (DAYAN et al., 2009).
Essential oils from Bulgarian Flora with
germination inhibitory activity
To the best of our knowledge, the studies in
Bulgaria are mainly focused on the effects of
water extracts on seed germination (DRAGOEVA
et al., 2010, 2014, 2017a, 2017b; PETROVA et al.,
2015; VALCHEVA et al., 2018). Recently,
YANKOVA-TSVETKOVA et al., (2018) reported that
essential oils of Origanum vulgare subsp. hirtum
(Link) Ietsw, Thymus longidentatus (Degen &
Urum.) Ronniger., Thymus moesiacus Velen,
Micromeria dalmatica Benth. exhibited strong
inhibitory activity on seed germination. The main
components of essential oils identified for each
species were respectively carvacrol (84,59%) for
O. vulgare subsp. hirtum, citral isomers: neral
(27,47%) and geranial (30,25%) of T.
longedentatus, α-terpinyl acetate (76,24%) of T.
moesiacus, piperitone oxide (34,66%), β-pinene
(14,08%), carvacrol (10,75%), of M. Dalmatica.
Conclusion
The data presented in this review show
that essential oils have strong inhibitory effects
on germination and seedling growth of weeds
and can be used manufacturing of products for
weed control. There are plants species in the
Bulgarian flora that also produce essential oils
with potent herbicide activity which can be
used for production of natural herbicides.
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