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Abstract. The present paper provides first detailed data on the phytoplankton species composition 
collected during two summer campaigns (2019 and 2021) from 21 Bulgarian microreservoirs 
(<100 ha). By conventional light microscopy (LM) 414 algae from seven phyla were identified, 
among which Chlorophyta were the taxonomically richest group (143 taxa). The recorded high 
algal biodiversity corresponded to the average species contribution of 36 taxa per site. It was 
associated with a significant variability between the phytoplankton composition in different 
microreservoirs: the total number of species ranged from 9 to 97. The dominant/co-dominant 
and sub-dominant phytoplankton composition comprised 46 algae from six phyla, most of which 
were cyanoprokaryotes (26 species, out of which 17 dominated in 12 microreservoirs and 11 
sub-dominated in seven microreservoirs). The floristic similarity estimated through S0rensen’s 
Correlation Index (SCI) was quite low (0-43%) corresponding to the high number of species 
(256, or 61%) found in a single waterbody. We strongly believe that the obtained results will 
stimulate further investigations of such small waterbodies as unexplored genetic reservoirs of 
algae.
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INTRODUCTION

Bulgaria is a country well-known for its significant contribution to the 
biodiversity of the Balkan Peninsula, considered as a hot-spot of the European 
biodiversity (G riffits  et  a l . 2004). The algal diversity, despite not thoroughly 
studied, has been recognized as notable, comprising more than 5,500 taxa (S to yneva  
2014). Most of these algae have been found in the wetlands, the number of which 
exceeds 10,000 (M ic h e v  &  S to yn ev a  2007). In a more than a century, the largest 
and most significant of them have been sampled with different regularity (M ic h e v  
& S to yn ev a  2007, S to yn ev a  et  a l . 2017, D esc y  et  a l . 2018). However, much less 
phycological attention has been paid to the shallow small waterbodies (<100 ha), 
which serve as microreservoirs for irrigation, as fish-breeding ponds or as sport- 
fishing recreational sites, and are of great importance for the local people, espe­
cially in the lowlands, plains and kettles with small summer precipitation (M ic h e v

&  S to yn ev a  2007). In addition, it has to be noted that many of these waterbodies 
serve as resting, nesting or over-wintering places for waterfowl and currently are 
of nature conservational interest (M ic h e v  &  S to yn ev a  2007). The number of such 
waterbodies in the country exceeds 2484 and the vulnerability of their water quality 
has been stressed (M ic h e v  & S to yn ev a  2007). Therefore, considering the ongoing 
climatic global change combined with anthropogenically speeded-up eutrophication, 
which result in increasing threats from harmful algal blooms (e.g., D el pl a  et  a l . 
2009, W h it e h e a d  et  a l . 2009, A h m ed  et  a l . 2020, M ee r h o ff  et  a l . 2022, WHO 
2022, Z e p p e r n ic k  et  a l . 2023), we decided to investigate 21 microreservoirs in the 
country, which have never been studied in relation to phytoplankton.

The work was done in the frames of three complementary projects, oriented 
towards harmful algal blooms in relation to public health and national security in 
the country, during which the summer phytoplankton of 43 different waterbodies 
has been studied (S to y n ev a -G a r t n e r  et  a l . 2023). Some data on their general 
diversity with details on the main toxin producers, as well as on their quantitative 
structure, have been published in a set of papers (S to y n ev a -G a r t n e r  et  a l . 2019, 
2021, 2022, 2023; Ra d k o v a  et  a l . 2020; S tefanova  et  a l . 2020; U z u n o v  et  a l . 
2 0 2 1 a , b ).

The present paper provides the first detailed data on the species composition 
of the summer phytoplankton of 21 small waterbodies from different parts of the 
country, selected according to their vulnerability, significant local importance and 
lack of previous algological studies. The only exception is the reservoir Mechka, 
from which ten cyanoprokaryotes were published in 2022 (D o c h in  2022). Although 
based on single samplings, our results demonstrate the great biodiversity of the 
phytoplankton in all these waterbodies with strong variability from site to site and 
low floristic similarity of the studied microreservoirs. We strongly believe that the 
obtained results will stimulate further investigations of such small waterbodies as 
unexplored genetic reservoirs of algae.
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MATERIALS AND METHODS

Sampling sites
The paper is based on phytoplankton samples from 21 selected microreservoirs 

in Bulgaria collected during two summer campaigns in August 2019 and August 
2021 (Table 1). In regard to the sampling periods, we would like to recall that there 
was no sampling campaign in the year 2020 because of the travelling restrictions 
during Covid-19 pandemics (S to y n ev a -G a r t n e r  et  a l . 2021, 2023).

For most of the studied microreservoirs, except Hadzhidimovo, Byalata Prust- 
Mezek and Yunets, data on location, morphometry, usage, etc. are available in the 
Database of the Inventory of Bulgarian wetlands (IBW - M ic h e v  &  S to y n ev a  2007)

Fig. 1. Map of Bulgaria with location of the studied waterbodies. The waterbodies are represent­
ed by numbers that follow Table 1 (modified after Google Earth and Ginkgo maps).
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and, therefore, their identification numbers are provided in Table 1. We would 
like to note, that after our visit the unidentified waterbody near to village Vulkosel 
(“Vodoem do Vulkosel” in Bulgarian language), provided by IBW number 6013, 
has to be renamed as reservoir of Ablanitsa (“Yazovir Ablanitsa” in Bulgarian 
language), used mainly for local irrigation.

Aquameter AM-200 and Aquaprobe AP-2000 from Aquaread water monitoring 
instruments, 2012 Aquaread Ltd were used to prove the geographical coordinates 
and altitude, as well as for the in situ measurements of the physical and chemical 
water parameters (water temperature, pH, water hardness expressed by total 
dissolved solids, oxygen concentration, chlorophyll a and conductivity). The ex 
situ measurements of the total nitrogen (TN) and total phosphorus (TP) were done 
using Aqualytic AL410 Photometer from AQUALYTIC®, Dortmund, Germany - 
Table 1.

Regarding the sampling sites, it has to be boldly underlined that they were 
selected according to the identification of algal blooms as one of the main targets 
of the projects, and, therefore, the collection of water from inflatable boats was 
preceded by drone observations Methodological details and advantages of drone 
application have been provided in a set of our papers (S to y n e v a -G a r t n e r  et  a l . 
2019, 2021, 2022, 2023; R a d k o v a  et  a l . 2020; S tefan o v a  et  a l . 2020; U z u n o v  
et  a l . 2 0 2 1 a , b ; Va l sk y s  et  a l . 2022), but for the completeness of the methods 
description here, we recall that two types of drones (each supplied by a photo 
camera) have been used: DJI Mavic Pro, Model: M1P GL200A (SZ DJI Technology 
Co., LTD, Shenzhen, China) in 2018 and DJI Mavic 2 Enterprise Dual Pro (DJI 
Technolo-gy Co, LTD, Shenzhen, China) in 2019, 2021, which can measure the 
surface water temperature.

Algal identification and counting by light microscopy
At each site, a surface water sample (0.5-1.5 L) was collected for algal 

determination and counting by light microscopy (LM). These samples were 
immediately fixed with 2-4% formalin and transported in a dark box to the lab, 
where they were sedimented to 30 ml for at least 48 hours (S t o y n ev a -G a r t n e r  
et  a l . 2019, 2021, 2022, 2023; R a d k o v a  et  a l . 2020; U z u n o v  et  a l . 2 0 2 1 a , b ). 
The taxonomic LM work was performed twice: 1) almost immediately after the 
collection on a Motic BA microscope with a Moticam 2000 camera, supported by 
Motic Images 2 Plus software program; 2) some months later, all samples were 
processed in a repetitive and comparative way on a Motic B1 microscopes supplied 
by a Moticam 2.0 mp camera with Motic Images 3 Plus software program. To 
ensure the consistency of LM data, the identification and counting was done by one 
and the same person (MPSG) (S to y n ev a -G a r t n e r  et  a l . 2023).

The algal identification was done on non-permanent slides under magnification 
100x with application of immersion oil and was based on standard European 
taxonomic literature consulted with recent data in AlgaeBase (G u ir y  & G u ir y
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2023). The floristic similarity was based on S0rensen Correlation Index (SCI) with 
considering the presence/absence of the species ( S 0r e n s e n  1948).

Algae were counted on a Thoma blood-counting chamber, in minimum four 
reiterations for each sample with the cell taken as the main counting unit and 
further estimation of the biomass (S to y n ev a  et  a l . 2015; S to y n ev a -G a r t n e r  
et  a l . 2019, 2021, 2022, 2023; R a d k o v a  et  a l . 2020; U z u n o v  et  a l . 2 0 2 1 a ). 
Likewise in our former article (S t o y n e v a -G a r t n e r  et  a l . 2023), here the relative 
abundance of species is expressed using the modification of the Starmach’s scale 
(S t a r m a c h  1955) according to the species contribution to the biomass S to yn ev a  
2000): “rare species” were those seen as single specimens in the whole microscopic 
slide (<0.5% of the biomass), “occasional species” -  those represented by up to five 
specimens (<5% of the biomass), “common, or abundant species”-  those seen with 
six to 30 specimens in a slide (5-20% of the biomass), whereas dominants and sub­
dominants were evaluated among the most numerous species which contributed 
with >20 and >25% of the biomass, respectfully.

RESULTS

Total biodiversity of the phytoplankton
Total biodiversity of the phytoplankton comprises 414 species, varieties and 

forms from seven phyla (Fig. 2). Green algae were represented by the highest number 
of taxa (164), comprising 40% of the total biodiversity, with predominance of the 
phylum Chlorophyta (143, or 34%) over the second green phylum -  Streptophyta 
(17, or 4%). Cyanoprokaryota, represented with 110 species, occupied the second 
place in the total taxonomic structure (27%), followed by Ochrophyta (70, or 17%, 
mainly diatoms -  55 taxa), Euglenophyta, Pyrrhophyta and Cryptophyta (Fig. 2).

Likewise in the total phytoplankton diversity, in almost all microreservoirs, 
chlorophytes were the main contributors to the phytoplankton structure: if the 
average number of species per waterbody was 36, about half of them (15) were green 
algae (14 chlorophytes and one streptophyte). The second position belonged to the 
blue-green algae (9 species per site), followed by yellow-brown algae (5, mainly 
diatoms - 4) and euglenophytes (4), with very low contribution of pyrrhophytes and 
cryptophytes - two and one species per site, respectively (Fig. 3).

Seven, or almost one third of the sampled microreservoirs, had total number of 
species over the calculated average per site, with the highest number (97) detected 
in Duvanli -  Fig. 3. Only in Shumensko Ezero, commonly used for sport fishing, 
quite low number of species (9) was identified.

The number of widespread algae was very low: only 18 (or 4% from all) 
were found in more than 5 waterbodies. They belonged to Chlorophyta (8), 
Cyanoprokaryota (3), Pyrrhophyta (2), Euglenophyta (1) and Cryptophyta (1). 
The most widely spread chlorophytes were: Tetraedron minimum (16 sites), 
followed by Coelastrum astroideum and Nephrochlamys subsolitaria (each in 9
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sites), Golenkinia radiata (8 sites) 
and Oocystis lacustris (7 sites),
Monactinus simplex, Monactinus 
simplex var. echinulatum and 
Tetradesmus lagerheimii (each 
in 6 sites). The most widespread 
algae from other taxonomic 
groups in descending order of 
findings were: the pyrrhophytes 
Parvodinium elpatiewskyi (9 sites) 
and Parvodinium goslaviense 
(7 sites), the cyanoprokaryote 
Planktolyngbya limnetica and 
Microcystis wesenbergii (each in
7 sites), Aphanizomenon klebahnii, Coelomoron pusilum, Microcystis aeruginosa and 
Pseudoanabaena limnetica (each in 6 sites), as well as the cryptophyte Cryptomonas 
erosa (7 sites) and by the euglenophyte Trachelomonas volvocina (6 sites). No algal 
species was found as spread in all sampled microreservoirs, despite of their similar 
morphometry.

Fig. 2. Total biodiversity of the summer phytoplankton 
of 21 Bulgarian microreservoirs colected in the years 
2019 and 2021.
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Fig. 3. Number of species in the main taxonomic phyla in the summer phytoplankton of 21 Bulgarian mi­
croreservoirs (abbreviations of their names follow those in Table 1) in comparison with their average num­
ber (Aver): Cyano -  Cyanoprokaryota, Chloro -  Chlorophyta, Strepto -  Streptohyta, Pyrrho - Pyrrhophyta, 
Eugleno -  Euglenophyta, Ochro - Ochrophyta, and Crypto -  Cryptophyta.
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Fig. 4. Microphotos of algae from the phytoplankton samples of 21 microreservoirs in Bulgaria, or­
ganized by taxonomic groups: a - Merismopedia tranquilla (Ehrenberg) Trevisan 1845 in reser­
voir Mogila; b - Anabaenopsis elenkinii V. V. Miller 1923 in reservoir Mogila; c - Dolichosper- 
mum scheremetieviae (Elenkin) Wacklin, L. Hoffmann & Komarek 2013 in reservoir Yunets; 
d - Stauridium tetras (Ehrenberg) E. Hegewald 2005 and Dolichospermum planctonicum 
(Brunnthaler) Wacklin, L. Hoffmann & Komarek 2009 in reservoir Ablanitsa; e - Neocystis ova- 
lis (Korshikov) Hindak 1988 in reservoir Hadzhidimovo; f - Ankistrodesmus fusiformis Corda 
1838 in reservoir Satovcha 2; g - Treubaria schmidlei (Schroder) Fott & Kovacik 1975 in res­
ervoir Nikolovo; h - Pseudopediastrum boryanum var. longicorne (Reinsch) P. M. Tsarenko 
2011 in reservoir Studena; i - Vitreochlamys fluviatilis (F. Stein) Batko 1970 in reservoir Yunets; 
j - Eudorina cylindrica Korshikov 1938 in reservoir Hadzi Yani; k - Cosmarium phaseolus
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var. elevatum Nordstedt 1873 in reservoir Dubnitsa; l - Cosmarium subcostatum Nordstedt in 
reservoir Chetiridesette Izvora; m - Dinobryon sertularia var. annulatum Z. X. Shi et Y. X. Wei 
(arrow) in reservoir Birgo; n - Mallomonas cf. tonsurata Teiling 1912 in reservoir Studena; o - 
Centritractus belenophorus (Schmidle) Lemmermann 1900 in reservoir Byalata Prust-Mezek; p 
- Epithemia adnata (Kutzing) Brebisson 1838 in reservoir Yunets; q - Parvodinium goslaviense 
(Woloszynska) Carty 2008 - in reservoir Mechka; r - Lepocinclis longissima (Deflandre) Zakrys 
& Chaber -  in reservoir Satovcha 2; s - Trachelomonas hispida (Perty) F. Stein 1878 in reservoir 
Birgo; t - Phacus convexus Zakrys & Lukomska 2020 in reservoir Hadzhi Yani.
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Most the algal taxa (256, or 61%) were found in a single waterbody, and most of 
them were with very low abundance, found as single specimens (Table 2). In the same 
time, altogether 46 algae were identified as dominants, co-dominants or sub-dominants 
(Table 2). Among them the most significant were cyanoprokaryotes (25 species, out 
of which 17 dominated/co-dominated in 12 waterbodies and 11 were sub-dominants 
in seven microreservoirs), followed by Euglenophyta (seven species: three dominants 
in two microreservoirs and four sub-dominants in three microreservoirs), Pyrrhophyta 
(five species, out of which four dominants in five microreservoirs and two were sub­
dominants in three microreservoirs), Chlorophyta (four species: one dominant and 
three sub-dominants in one and two microreservoirs, respectively), Ochrophyta (two 
species dominating, each in a single microreservoir) and Streptophyta (two varieties, 
dominat-ing and sub—dominating, each in a single microreservoir) -  Table 2.

Florisric similarity of the studied sites
The floristic similarity between the microreservoirs was quite low, with values 

of SCI varying between 0 and 43%, and being mostly between 1-20%: 50% of the 
microreservoirs were with similarity between 1 and 10%, 35% were with similarity 
between 11 and 20%. Only three sites (1%) showed similarity between 21 and 30%
- Mogila, Duvanli and Malka Smolnitsa (Table 3), and the highest similarity (43%) 
was estimated for Mogila and Preselka. It has to be noted that 9% of the estimated 
SCI values were 0, or that 18 pairs of sites had no similarity with each other. Among 
them the most striking was the lack of similarity between Shumensko Ezero and 13 
other microreservoirs. Detaileded checking of the common species between each 
pair of microreservoirs revealed that in most of the cases, the similarity was due to 
species with low abundance in the studied microreservoirs.

DISCUSSION

Results from the present study demonstrated high phytoplankton diversity 
in the sampled microreservoirs, in which 414 taxa (species, varieties and forms) 
from seven phyla were identified. The green algae, represented by 160 species 
(39% from all identified taxa) comprised the taxonomically richest group and were 
followed by Cyanoprokaryota (110 species). Although occupying the second place 
in the taxonomical structure, cyanoprokaryotes comprised the highest number of 
species in dominant and sub-dominant complexes: 23 species out of the totally 46 
algae with such significant quantitative role. This is consistent with our previous 
results obtained on the quantitative phytoplankton structure, according to which 
blue-greens dominated in 13 of the discussed in this paper microreservoirs (i.e., 
Chetiridesette Izvora, Duvanli, Fisek, Hadzhi Yani, Izvornik 2, Mogila, Kriva Reka, 
Malka Smolnitsa, Nikolovo, Plachidol 2, Preselka, Satovcha 2, Yunets) and with 
the well-known summer dominance of cyanoprokaryotes in nutrient-rich waters in 
lowlands, plains and kettles (for details see S to y n ev a -G a r t n e r  et  a l . 2023).
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■î
iS 3̂ 
s  >o w 

O ĉ
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•ĵ

m

HS  1Й 
c  <u
iu n2

'U u  
.:^

Q
,

R O ?  <N
^  ^C D
ig jg

1  ^
■§ O  

•O <U ^  
^ 4 3  ;
^  ^  :*  

Cl, £ч P

<UUi

r-ч ^
CD 
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Table 3. Floristic similarity between the studied 21 microreservoirs, shown in the blue horizontal 
and vertical headings (abbreviations of the names follow those in Table 1). Diagonal boxes 
(brown colour) show the total number of phytoplankton species in each of the microreservoirs, 
numbers above the diagonal reflect the number of common species between the sites, and 
numbers below the diagonal show the percentage values of the S0rensen Similarity Index (SCI). 
Colour below the diagonal indicate different classes of SCI values: white -  0%, grey -  1-10%, 
green -  11-20%; bright yellow -  21-30%, bright brown -  31-40%, and brown -  41-50%.

Hd Db Ab Sv Cl Mc BP Br Sd Mg Hy Yn PI MS Pr Iz Fs SE KR Nk Dv
Hd

00 4 5 9 1 4 7 7 1 8 4 2 2 9 6 6 3 1 4 2 14
Db 10 30 11 1 2 2 5 2 4 2 3 2 1 5 3 1 2 0 1 4 5
Ab 13 3 31 3 2 4 5 3 3 1 2 1 1 4 4 4 1 1 4 1 2
Sv 21 3 12 38 1 4 7 4 4 7 2 2 5 7 10 5 1 0 3 1 10
Cl 3 8 8 4 19 2 6 2 1 1 0 1 2 3 3 2 2 0 1 1 5
Mc 11 7 14 13 9 26 7 2 3 5 1 2 4 5 4 1 3 1 2 1 6
BP 15 13 13 16 18 19 47 7 5 8 5 2 4 7 5 2 5 1 2 2 11
Br 19 7 11 13 9 8 19 25 3 3 0 1 1 3 3 2 3 0 2 2 7
Sd 2 12 9 11 4 10 12 10 35 4 5 1 4 8 2 3 1 0 2 4 10
Mg 17 5 3 16 3 14 17 8 10 48 3 1 6 12 9 9 3 0 3 2 17
Hy 11 11 7 7 0 4 14 0 17 8 23 2 2 1 1 5 0 0 2 5 5
Yn 6 9 4 7 6 9 6 5 4 8 10 17 1 1 1 2 0 0 1 0 1
PI 9 3 3 14 8 14 10 3 12 28 7 4 33 12 7 5 2 0 2 2 13

MS 16 11 8 14 7 11 13 7 16 33 2 2 25 64 14 10 7 0 5 7 24
Pr 15 10 13 29 12 14 13 11 6

co 4 4 22 29 32 7 3 0 8 3 18
Iz 12 2 9 11 5 2 4 5 7 27 13 5 11 17 16 56 2 1 6 6 20
Fs 8 7 4 3 9 12 14 12 3 17 0 0 7 16 10 5 26 2 1 3 9
SE 4 0 5 0 0 6 4 0 0 0 0 0 0 0 0 3 11 9 0 0 1
KR 10 3 12 8 4 6 5 7 6 13 7 4 6 10 24 13 3 0 36 4 6
Nk 5 14 4 3 4 4 14 8 13 11 20 0 7 16 10 15 12 0 13 26 9
Dv 19 8 3 15 9 10 15 11 15 32 8 2 20 30 28 26 15 2 9 15 97

The high general phytoplankton biodiversity with the relatively high average 
number of 36 taxa per site was associated with a great variability from site to 
site: from 9 species in Shumensko Ezero to 97 in Duvanli. In this regard, the 
recorded high number of rarely spread species (256) correlates well with the low 
estimated floristic similarity (SCI ranging from 0 to 43%) between the studied 
microreservoirs. Since this similarity was mostly based on the algae found in a 
low abundance (Table 2), we would like to point on the necessity to investigate 
the whole species composition in limnological studies. Moreover, the notable 
recorded general biodiversity shows the great potential of the small waterbodies as 
unexplored genetic pool of algae.

CONFLICT OF INTERESTS

The authors declare that there is no conflict of interests regarding the publication 
of this article.

53



ACKNOWLEDGEMENTS

This research was funded by the Scientific Research Fund of the Bulgarian 
Ministry of Education, grant numbers DN-13/9 - 15.12.2017, KP-O6-OPR 03/18 
- 19.12.2018, and KP-O6-OPRO6/2 - 18.12.2018. Sampling in the years 2018 and 
2021 was financed by the project DN-13/9 - 15.12.2017, whereas the sampling in 
2019 was financed by KP-06-0PR 03/18 - 19.12.2018 and by KP-06-0PR06/2 - 
18.12.2018.

AUTHORS CONTRIBUTION

Conceptualization and supervision - MSG; writing—original draft preparation, 
MSG, MA, KI; writing—review and editing, MSG, GG, BA; visualization - BA, 
MSG, GG; field sampling -  BA, GG, MSG, MA; project administration - BU; 
funding acquisition -  MSG, BU. All authors have read and agreed to the published 
version of the manuscript.

References

A h m e d  T., Z o u n e m a t-K e r m a n i M. & S c h o l z  M. 2020. Climate change, water 
quality and water-related challenges: a review with focus on Pakistan. - 
International Journal of Environmental Resources and Public Health 17 (22): 
8518.

D e l p l a  I., Ju n g  A.-V., B a u r e s  E., C l e m e n t  M. & T h o m a s  O. 2009. Impacts of 
climate change on surface water quality in relation to drinking water production.
- Environment International 35 (1): 1225-1233.

D e sc y  J.-P., S to y n e v a -G a r t n e r  M. P., U z u n o v  B. A., D im itrova  P. H., Pavlova V. 
T & G a r t n e r  G. 2018. Studies on cyanoprokaryotes of the water bodies along 
the Bulgarian Black Sea Coast (1890-2017): A review, with special reference 
to new, rare and harmful taxa. -  Acta zoologica bulgarica, Suppl. 11: 43-52. 

D o c h in  K. 2022. The dominance of invasive algae Raphidiopsis raciborskii in 
lowland reservoirs in Bulgaria. - Bulgarian Journal of Agricultural Science 28 
(1): 158-165.

G in k g o  M a p s  -  Free Digital Maps. Retrieved from https://www.ginogomaps.com 
on 25 January 2023.

G o o g l e  E a r t h . Retrieved from https:/earth.google.com on 25 January 2023. 
G r iff it h s  H. I., B. K r y st u f e k  & R eed  J. M. (E d s ) 2004. Balkan Biodiversity.

Pattern and Process in the European Hotspot. Springer, Dordrecht, 43-52. 
G u ir y  M. D. & G u ir y  G. M. 2023. AlgaeBase. Retrieved from http://www.

algaebase.org/ on 26 May 2023.
M e e r h o f f  M., A u d e t  J., D a v id so n  T. A., D e M e e ste r  L., H ilt S., K o st e n  S., 

L iu  Z., M a z z e o  N., Pa e r l  H., S c h e f fe r  M. & Je p p e se n  E. 2022. Feedback

54

https://www.ginogomaps.com
http://www


between climate change and eutrophication: revisiting the allied attack concept 
and how to strike back. - Inland Waters 12 (2): 187-204.

M ic h e v  T. & S t o y n ev a  M. (E d s ) 2007. Inventory of Bulgarian Wetlands and Their 
Biodiversity. Elsi-M, Sofia, Bulgaria, 364 pp. + CD

R a d k o v a  M., S tefan o v a  K., U z u n o v  B., G a r t n e r  G. & S t o y n e v a -G a r t n e r  M. 
2020. Morphological and molecular identification of Microcystin-producing 
cyanobacteria in nine shallow Bulgarian water bodies. - Toxins 12 (1): 39.

S 0r e n s e n  T. 1948. A method of establishing groups of equal amplitude in plant 
sociology based on similarity of species content and its application to analysis 
of the vegetation on Danish commons. - Biologiske Scripter 5 (1): 1-34.

S t a r m a c h  K. 1955. Metody badania plankton [Plankton study methods]. PWRiL, 
Warszawa, 136 pp. (In Polish)

S tefan o v a  K., R a d k o v a  M., U z u n o v  B., G a r t n e r  G. & S t o y n ev a -G a r t n e r  
M. 2020. Pilot search for cylindrospermopsin-producers in nine shallow 
Bulgarian waterbodies reveals nontoxic strains of Raphidiopsis raciborskii, R. 
mediterranea and Chrysosporum bergii. -  Biotechnology and Biotechnological 
Equipment 34 (1): 384-394.

S to y n ev a  M., T r a y k o v  I., T o sheva  A., U z u n o v  B., Z id a r o v a  R. & D esc y  J ­
P. 2015. Comparison of ecological state/potential assessment of 19 Bulgarian 
water bodies based on macrophytes and phytoplankton (2011-2012). - 
Biotechnology and Biotechnological Equipment 29 (1): 33-38.

S to y n ev a  M. P. 2000. Planktic green algae of Bulgarian coastal wetlands. - 
Hydrobiologia 438 (1): 25-41.

S to y n ev a  M. P. 2014. Contribution to the studies of the biodiversity of hydro- and 
aero-biontic prokaryotic and eukaryotic algae in Bulgaria. DrSc Thesis, Sofia 
University “St. Kliment Ohridski”, Faculty of Biology, Department of Botany, 
825 pp. + Appendices (In Bulgarian, English summary).

Stoyneva-Gartner M. P., Descy J.-P, L atli A., U z u n o v  B., Pavlova V., B ratanova  
Z. l ., B a b ic a  P., M a r sa l e k  B., M e r il u o t o  J. & S p o o f  L. 2017. Assessment of 
cyanoprokaryote blooms and of cyanotoxins in Bulgaria in a 15-years period 
(2000-2015). - Advances in Oceanography and Limnology 8 (1): 131-152.

S t o y n e v a -G a r t n e r  M. P., D e sc y  J.-P, U z u n o v  B. A., M il a d in o v  P., S tefanova  
K., R a d k o v a  M. & G a r t n e r  G. 2023. Diversity of the summer phytoplankton 
of 43 waterbodies in Bulgaria and its potential for water quality assessment. - 
Diversity 15: 472.

S t o y n e v a -G a r t n e r  M., S tefan o v a  K., U z u n o v  B., R a d k o v a  M. & G a r t n e r

G. 2022. Cuspidothrix is the first genetically proved anatoxin A producer in 
Bulgarian lakes and reservoirs. - Toxins 14: 778.

S t o y n e v a -G a r t n e r  M., S tefanova  K., D e sc y  J.-P., U z u n o v  B., R a d k o v a  M., 
Pavlova V., M itreva  M. & G a r t n e r  G. 2021. Microcystis aeruginosa and 
M. wesenbergii were the primary planktonic microcystin producers in several 
Bulgarian waterbodies (August 2019). - Applied Science 11: 357.

55



S to y n ev a -G a r t n e r  M. P., U z u n o v  B. A., D e sc y  J.-P., G a r t n e r  G., D r a g a n o v a  P.
H., B o riso va  C. I., Pavlova V. & M itreva  M. 2019. Pilot application of drone 
observations and pigment marker detection by HPLC in the studies of Cyano 
HABs in Bulgarian in-land waters. - Marine and Freshwater Research 71 (1): 
606-616.

U z u n o v  B., S tefan o v a  K., R a d k o v a  M., D e sc y  J.-P., G a r t n e r  G. & S t o y n e v a - 
G a r t n e r  M. 2 0 2 1 a . First report on Microcystis as a potential microviridin 
producer in Bulgarian waterbodies. - Toxins 13 (1): 448.

U z u n o v  B., S tefan o v a  K., R a d k o v a  M., D e sc y  J.-P., G a r t n e r  G. & S t o y n e v a - 
G a r t n e r  M. 2 0 2 1 b . Microcystis species and their toxigenic strains in 
phytoplankton of ten Bulgarian wetlands (August 2019). -  Botanica 27: 77-94.

Va l sk y s  V., G u l b in a s  Z., SToYNEvA-GaRTNER M., U z u n o v  B., S k o r u p sk a s  
R., K a r o s ie n e  J., K a s p e r o v ic ie n e  J., R a so m a v ic iu s  V., U o g in t a s  D., 
A u d z ij o n y t e  A., D a in y s  J., U r b a n a v ic iu s  R., U r b a n a v ic iu t e  I., Va ic iu t e  
D., B u c a s  M., G r e n d a it e  D., S t o n e v ic iu s  E., G e d v il a s  A. & K o r e iv ie n e  J. 
2022. Remote sensing in environmental studies: Advantages and challenges.
-  Annual of Sofia University, Faculty of Biology, Book 2 - Botany 106 (1): 
31-44.

W h it e h e a d  P. G., W il b y  R. L., B attabee  R. W., K e r n a n  M. & W a d e  A. J. 2009. 
A review of the potential impacts of climate change on surface water quality. - 
Hydrological Science Journal, 54: 101-123.

W o r l d  H ea lt h  O r g a n iz a t io n  (WHO). Guidelines for drinking-water quality: 
Fourth edition incorporating the first and second ad-denda. https://www.who. 
int/publications/i/item/9789240045064 (Last accessed on 10 January 2023).

Z e p p e r n ic k  B. N., W ilh el m  S. W., B u l l e r ja h n  G. S. & Pa e r l  H. 2023. Climate 
change and the aquatic continuum: A cyanobacterial comeback story. - 
Environmental Microbiology Reports 15 (1): 3-12.

Received 15th September 2023 
Accepted 17th November 2023

56

https://www.who

