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Abstract. The paper presents data on the biodiversity of prokaryotic and eukaryotic algae in
the tropical Lake Edward, compiled from publications of the Damas mission (1935-1936), HEcky
& KNG (1987) and our own results from a recent investigation of the lake phytoplankton in a
three-year period (2016-2018) in the frame of the HIPE (Human_impacts on ecosystem health
and resources of Lake Edward) project (http://www.co2.ulg.ac.be/hipe). The provided checklist
is based on modern algal taxonomy with relevant synonymizing of lists of previous authors.
In total, 577 taxa from seven divisions were registered in the lake waters and in the Kazinga
Channel. The richest division was Ochrophyta (287 taxa, 274 of which from Bacillariophyceae),
followed by Chlorophyta (131 taxa), Cyanoprokaryota (134), Streptophyta (14), Euglenophyta
(8), Pyrrhophyta (5) and Cryptophyta (1). 52 species (or only 1% of the taxa found) persisted in
the lake since 30s of the 20th century till nowadays. More than half of the cyanoprokaryotes (65)
are potentially toxic and harmful species. The checklist contains also data on algal abundance
and frequency of occurrence, originally provided by the authors. In the phytoplankton samples,
collected during the three cruises of the HIPE project, 248 taxa were found, among which the
richest division was Cyanoprokaryota (104). From this total of 248 taxa, only 3 were frequent
and 199 were very rare (from 1-3 samples) with 121 taxa found in one sample only. During
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MATERIAL AND METHODS

The data concern Lake Edward (also known as Rutanzige or Edward Nyanza),
situated in the Western Rift in East Africa on the border between the Democratic
Republic of the Congo (DRC) and Uganda. This lake lics at 920 m a. s. L. just a
few kilometers below the equator and is the smallest of the Great African lakes. It
is a large (2325 km?), deep (max depth = 112 m), weakly stratified tropical lake,
draining the Virunga volcanoes and the Ruwenzori Mountains. The lake is fed
mainly by the waters of five rivers (Nyamugasani, Ishasha, Rutshuru, Ntungwe
and Rwindi) and receives the waters from the above situated Lake George through
the Kazinga Channel (https://en.wikipedia.org/wiki/Lake Edward). In its northern
part it outflows into the Lake Albert through the Semliki river. Lake Edward lies
within the Virunga National Park (DRC) and the Queen Elizabeth National Park
(Uganda) and does not have extensive human habitation on its shores, except
at Ishango (DRC) (https://en.wikipedia.org/wiki/Lake Edward). It is presently
mesotrophic but was eutrophic a few decades ago (LEHMAN ET AL. 1998).

Cyanoprokaryote and algal biodiversity (algal biodiversity from here on) of
the lake reported in the XX™ century was estimated on the basis of the publications
from the Damas’s expedition (1938) and Hecky & Kring (1987). The data on
the algal biodiversity in years 2016-2018 were originally obtained by the authors
after processing of the phytoplankton samples of HIPE project. The main part
of the work was done using conventional light microscopy with magnification
100x and immersion on non-permanent slides for non-siliceous algae, and for
Bacillariophyceae on permanent slides mounted with Naphrax after peroxide
digestion. For Bacillariophyceae, scanning electron microscopy (SEM) was used
on some samples and help in identification was provided by Luc Ector and
Carros WETZEL, at the Luxembourg Institute of Science and Technology (LIST).

The work is based on modern algal taxonomy from main standard recent floras
(e.g. KRAMMER & LANGE-BERTALOT 1991, 19974, B, 2004; KOMAREK & FoTT 1983;
KOMAREK & ANAGNOSTIDIS 1999, 2005; KoMAREK 2013, MOESTRUP & CALADO
2018) and relevant current taxonomic papers (e.g. LANGE-BERTALOT 1980; TayLoR
ET AL. 2007; PoTaPova 2009, SiToKI ET AL. 2013; TROBAJO ET AL. 2013; WYNNE
& Guiry 2016; WYNNE & HALLAN 2016; STRUNECKY ET AL. 2017; AGUILERA ET
AL. 2018) considering data in AlgacBase (Gury & Gury 2018), DiatomBase
(KocioLek ET AL. 2018), CyanoDB (Hauer & KomArek 2018). Taxonomical
synonymizing was done after checking of authors taxonomical notes and indicated
identification sources, detailed descriptions and drawings. When taxonomical
synonymizing was not possible, the original writing of the Latin names and authors
was kept and the relevant names were given between quotes. Only synonyms used
in the cited literature on Lake Edward are provided in the checklist. The checklist is
organized in atable format and the authors” data on algal abundance or frequency of
occurrence are provided. We tried to unify the categories, used by different authors,
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whenever possible without missing or diminishing the nuances of difference.
Therefore, all the terms, originally used by authors, are mentioned in the legend of
Table 1 as relevant for the proper abbreviation. For the HIPE samples we indicated
in brackets the real number of samples in which a given species was found (numbers
from 1 to 29). For easier comparison with data of previous authors, we used the
following relative scale: species found in 1-3 samples — very rare; in 4-9 samples -
rare, in 10-23 samples — common and in 24-29 samples — pretty common=frequent.
The abbreviations for these categories (indicated in the legend of Table 1)
are written before the real number of samples in which the species was found.

For some groups (e.g. Cyanoprokaryota), algal abundance was shown by FREMY
(1949) for cach sample, for others (e.g. Bacillariophyceae) abundance or frequency
of occurrence were indicated by HUSTEDT (1949) for groups of samples. In this way,
given species could be very rare in one group of samples, but frequent or abundant in
another group. In these cases, we cited in the checklist table all possible variations of
abundance and occurrence in different sample groups separated by commas (Table1).

It has to be underlined that despite the general knowledge on groups is given by
the relevant authors and parts of the reports of Damas mission, it is possible to find
data on some additional species in the reports of other authors on different groups.
For example, PascHER (1949) mentions Rhizoclonium sp. which was not included
in the text of CoNrAD (1949), or some green algae and diatoms were noted by
FrEmy (1949). Also, due to differences in the taxonomic positioning of some green
and yellow-green algae, their numbers in the publications cited above and our tables
appear different. For example, Tetraédron mutica (A. Braun) Hansgirg published
by ConraD (1949c) among green coccal algae, recently is considered as the
vellow-green alga Goniochloris mutica (A. Braun) Fott. Vice versa, Botryococcus
braunii Kiitzing originally published as a yellow-green alga and therefore included
in the Xanthophyceae list (CoNraD 19498), has been transferred to the green coccal
algae and we also pointed it among them. Some differences could be found in
the writings of taxa names or taxonomic levels in the tables and in the texts by
authors (e.g. form and variety in the table and text by HUSTEDT 1949). We tried to
eliminate all these differences, but yet recommend to future researchers who need
to go deeper in the taxonomy of given species to go through all texts of the Mission
Dawmas publications (1949). Some reference to taxa was done also on the basis of the
drawings of H. KLING provided in HEcky & KLING (1987). For example, according
to their Appendix 3, Fig. 12, it is possible to state that she found Cylindrospermopsis
helicoides, which was described much later by CRONBERG & KoMAREK (2004)
and then was transferred to Raphidiopsis helicoidea by AGUILERA ET AL. (2018).
In such cases, relevant notes or figure numbers are given in the checklist text.

The potentially toxic cyanoprokaryotic taxa are indicated after BERNARD
ET AL. (2017) with some additions from the papers by MARSALEK ET AL. (2003),
TENEVA ET AL. (2013), STOYNEVA ET AL. (2015), CaANTORAL URizA ET AL. (2017)
and STOYNEVA-GARTNER ET AL. (2017). In addition, especially for the toxicity of






































































































1949, Navicula molestiformis Hustedt 1949 (transferred to Craticula molestiformis
(Hustedt) Mayama 1999), Navicula subcontenta var. africana Hustedt 1949 (from
Kazinga), Nitzschia aequalis Hustedt 1949, Nitzschia amphioxoides Hustedt 1949,
Nitzschia congolensis Hustedt 1949, Nitzschia obsidialis Hustedt 1949, Nitzschia
obsoleta Hustedt 1949, Nitzschia spiculoides Hustedt 1949, Nitzschia stricta
Hustedt 1949, Nitzschia tarda Hustedt 1949 and Stephanodiscus damasi Hustedt
1949 (transferred to Cyclostephanos damasii (Hustedt) Stoermer & Hakansson
in Theriot, Hakansson, Kociolek, Round & Stoermer 1988); Chrysophyceae:
Lagynion vasicola Pascher 1949.

New taxa found in the samples of Damas mission from Lake Edward and from
other water bodies were: Caloneis bacillum f. inflata Hustedt 1949 (transferred to
Caloneis inflata (Hustedt) Metzeltin & Lange-Bertalot 2007; also in lakes Kivu
and Ndalaga), Navicula zanoni Hustedt 1949 (also in Lake Kivu), Nitzschia adapta
Hustedt 1949 (also in lakes Kibuga and Ndalaga), Nitzschia amphibia var. pelagica
Hustedt 1949 (also in Lake Kibuga and in a swamp near Karisimbi), Nifzschia
bacata f. linearis Hustedt 1949 (also in the lakes Kivu and Kibuga), Nitzschia
epiphyticoides Hustedt 1949 (also in Lake Kivu), Nitzschia intermissa Hustedt 1949
(also in Lake Kivu), Nitzschia tropica Hustedt 1949 (also in the lakes Kibuga and
Ndalaga), Nitzschia palea var. tropica Hustedt 1949 (also in Lake Kivu), Nitzschia
spiculum Hustedt 1949 (also in Lake Kivu and in the Kazinga Channel).

Unclear remains the locality of the new chrysophyceaen genus Arthrogloea
Pascher 1949 with the new species Arthrogloea annelidiformis Pascher 1949
although it is clear that the taxon was found in the samples from the mission of H.
Dawmas in the Albert National Park (PascHER 1949B). However, the genus and the
species are currently accepted as taxonomic entities in AlgacBase (GUIRY & GUIRY
2018).

In the HIPE phytoplankton samples, 199 very rare, 35 rare, 11 common and
3 frequent taxa were found (Table 1). Among the 199 very rare species, 121
(61%) were found in one sample only. Besides the clear tropical species, like
Microcystis novacekii (Komarek) Compere, we found some thermophilic species
(e.g. Chroococcus globosus (Elenkin) Hindak), which could originate from the
nearby volcano regions. It is possible to suggest the introduction of such algae
in the lake by birds or other transport vectors. At the same time, some of the rare
species are known as distributed in temperate and/or northern regions of Europe or
other continents (e.g. Chroococcus distans (G. M. Smith) Komarkova-Legnerova
et Cronberg, Gomphosphaeria natans Komarek et Hindak 1988, Microcystis
firma (Kitzing) Schmidle). They also could be transported in the lake by different
vectors. Similar “cold water” taxa were found by previous lake investigators (e.g.
Microcystis ichtyoblabe (G. Kunze) Kiitzing), and in both their and our samples as
well (e.g. Microcystis flos-aquae (Wittrock) Kirchner). These species, alien for the
lake (some of which were included in the checklist with a sign for uncertainty), will
be discussed in detail elsewhere.
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The most frequent species in the lake phytoplankton were Nitzschia cf. lacuum
Lange-Bertalot (probably corresponding to Nitzschia fonticola sensu Hustedt
1949), Nitzschia spiculum and Nitzschia tropica (Table 1). The same species were
the most abundant among diatoms. At the same time, quite abundant (sometimes
even dominant) in the samples were some coccal (e.g. Aphanocapsa, Microcystis)
and heterocytous cyanoprokaryotes (mainly Raphidiopsis), as well as green coccal
(e.g. Tetraédron) or filamentous green algae (Binuclearia lauterbornii (Schmidle)
Proschkina-Lavrenko 1966).

The comparison of data of different authors with our contemporary results
(Tables 1, 2) can be taken only tentatively due to different approaches, aims of
investigations, types of samples, sampling sites and techniques for processing
and identification as well. In this way the highest number of taxa published after
Damas mission is easily explainable by the presence of benthic and qualitative
samples with special investigation of the slow-flowing Kazinga Channel (Table
2). Therefore, we shall not underline the floristic similarity/dissimilarity, but shall
point only the fact that 52 species (1%) were present in the lake since the mission
of H. Damas till nowadays (Table 1). Five cyanoporokaryote species were found
in all the three studied periods: Aphanocapsa incerta (Lemmermann) G. Cronberg
et Komarek, Limnolyngbya circumcreta (G. S. West) X. Li et R. Li, Microcystis
Aos-aquae (Wittrock) Kirchner, Microcystis prasina (Wittrock) Lemmerman and
Planktolyngbya contorta (Lemmermann) Anagnostidis et Komarek (Table 1). The
high abundance of cyanoprokaryotes found in the 1930s (CoNRAD & DUVIGNEAUD
1949) obviously continues to be typical of the lake in the 1970s (HECKY & KLING
1987) and continues nowadays (STOYNEVA-GARTNER ET AL. in prep.). Therefore, it
has to be noted, that 65 species of Cyanoprokaryota are potentially toxic and need
further attention from the scientific community. This is especially important for
Africa, where “freshwater is the resource contributing perhaps more than any other
to the nutrition and welfare of the African people” (Joun 1986, p. 1).
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INTRODUCTION

Algae of the thermal springs, their permanent fontal water bodies and effluents
form the ecological group commonly named thermophyton. Published data on the
species composition of this important group in Bulgaria are quite scattered. The
studies started with the papers by PETKOFF (1898, 1904, 1907, 1908, 1908-1909,
1913, 1922, 1925, 1929, 1934, 1934-1935, 1942, 19504, B) and GUERQUIEFF (1906).
Later, a few species from thermal waters were mentioned by GEORGIEV (1948),
VALKANOV (1955), VoDENICAROV (1967) and SEMERDZHIEV ET AL. (1980). In the
Flora of Bulgarian algac (VoDENICHAROV ET AL. 1971) included 36 taxa as found
in thermal habitats (mainly springs), almost without indication of the localities.
Out of them Aphanocapsa thermalis Brigger 1863 and Trichormus thermalis (V.
Vouk) Komarek & Anagnostidis 1989 (Syn. Anabaena thermalis V. Vouk 1916)
were indicated as “species which have not been found in Bulgaria”. Afterwards
the studies on the Bulgarian thermophyton continued with the works by STOYNEVA
(2003, 2014), StoyNEvA & GARTNER (2004) and LUkavsky ET AL. (2011). Then
GARTNER ET AL. (2015) applied combined light microscopical investigation
with transmission electron microscopy and biochemical studies of the cell wall
composition for identification of a strain of Chlorella, collected from Rupite thermal
springs. Currently, STRUNECKY ET AL. (2018) published the algal composition from
the same region, based on polyphasic approach, which unites conventional light
microscopy and modern molecular methods. The first summary on the biodiversity
of thermal springs from the region of Pirin Mts and its surrounding valleys and
kettles was made by PETROFF (1925). Later on, summaries on the Bulgarian
thermophyton were provided in SToyNEvA (20038, 2014), STOYNEVA & MICHEV
(2007) and StoyNEVA & TEMNISKOVA-ToPALOVA (2007). STOYNEVA (2003) made
a generalization of the knowledge on temperature limits of distribution of green
algae with a summarizing table with the temperatures at which green algal species
were documented for Bulgarian thermes. Nowadays STRUNECKY ET AL. (2018)
published data on temperature of findings and cultivation of some species found in
Rupite region.

Data published in all works cited above concern mainly effluents of the thermal
springs and baths of Slivnitsa and Opitsvet (kettle Sofiyska Kotlovina), Banki
(Lyulin Mt), Sofia (incl. Ovcha Kupel, Knyazhevo) and Zheleznitsa (Vitosha Mt),
Pancharevo (gorge Iskurski Prolom), Ravno Pole (plain Sofiysko Pole), Sapareva
Banya (Rila Mts), Kyustendil (kettle Kyustendilska Kotlovina of Osogovo Mts),
Blagoevgrad, Simitli, Rupite, Marikostinovo and Sveti Vrach (valley Strumska
Dolina), Dobrinishte, Ognyanovo (incl. Futovishta), Gotse Delchev, Razlog, Banya
(Guliyna Banya) and Bansko (Pirin Mts), Vurshetski Bani and Karlovski Bani
(Stara Planina Mts), Hisarya spring complex and Strelcha spring (Sredna Gora
Mts), Haskovo (valley Trakiyska Nizina), Malo-Belovo, Draginovo (=Korova),
Vetren Dol (=Eli-dere), Narechen and Mihalkovo (Rodopi Mts), as well as the
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thermal springs Novata Voda, Svetata Voda and “thermal spring in Yanensko™, for
which more geographical data are not provided. The UTM map and main abiotic
parameters of most studied springs and limits of main hydrothermal formations
were given in STOYNEVA (2003) and STOYNEvA & GARTNER (2004).

By time the ecosystems of many Bulgarian thermal springs were completely
destructed, lost natural habitats or were severely fragmented because of their
transformation into balneotherapy and SPA centers, exploitation of springs for
heating purposes or their use as carpet or car washing sites. All these events led
to biodiversity losses, noted firstly by PeTkOFF (1922, 1929) for the thermal
complexes of Ovcha Kupel and Malo Belovo, and afterwards confirmed for
them and additionally pointed for the springs in the regions Slivnitsa-Opitsvet-
Bezden, Zheleznitsa and Rupite (SToyNEvA 2003, 2014; STOYNEVA & GARTNER
2004). Therefore, the thermal springs of Zheleznitsa were included in the first Red
List of Bulgarian wetlands with the category Crifically Endangered (MICHEV &
StoyNEvA 2005, 2007). Similar is the example with the only geyser in the last 50
years in our country - the one in Sapareva Banya, which was captured for the needs
of the heating of the town and practically remained algologically uninvestigated.
This geyser, which arose as a result of the earthquake in 1999, and survived in its
natural state for less than a year, was also included in the first Red List of Bulgarian
wetlands with the category Vulnerable (MicHEvV & SToyNEvA 2005, 2007). All
thermal habitats of Bulgaria were categorized as Vulnerable in the Red Book of
Bulgarian habitats (BisErkov ET AL. 2015) and threatened species were included
in the Red Lists of Bulgarian macro- and microalgac (TEMNISKOVA ET AL. 2008;
STOYNEVA-GARTNER ET AL. 2016) and in the Red Data Book of Bulgarian Plants
and Fungi (STOYNEVA ET AL. 2015).

Considering the increase of the modern society in balneotherapy and
recreation, and the rising pace of construction of SPA centers combined with the
development of tourism, we decided to summarize the knowledge on the algal
biodiversity of Bulgarian thermal springs. The Checklist provided below shows the
algal distribution by springs and is organized according to the recent state-of-art
of modern taxonomy. It is supposed to serve as a biodiversity archive and basis for
future investigations and nature conservation measures.

MATERIAL AND METHODS

Data were taken from all published sources on the thermophyton biodiversity,
issued in the period 1898-2018: PeTkOFF (1898, 1904, 1907, 1908, 1908-1909,
1913, 1922, 1925, 1929, 1934, 1934-1935, 1942, 19504, B), GUERQUIEFF (1906),
GEORGIEV (1948), VaLKANOV (1955), VODENICAROV (1967), VODENICHAROV ET
AL. (1971), SEMERDZHIEV ET AL. (1980), SToYNEVA (2003), STOYNEVA & GARTNER
(2004), Lukavsky ET AL. (2011), GARTNER ET AL. (2015) and STRUNECKY ET AL.
(2018). Taxonomical updating was done for taxa supplied by descriptions and
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indications of taxonomical sources used by the authors (in case of different species
understanding by later authors and existence of different synonyms) or for taxa with
a single, doubtless taxonomical transformation. For all other species the original
writing of the Latin and author names is kept and they are represented included in
quotes. Species which need further taxonomic assessment due to deviations from the
descriptions noted by the authors, are indicated by asterisk (*) after the site, where
deviation was observed. We added taxonomic comments in cases when authors
provided cytomorphological data which differ from species diagnosis without
noting the differences. The Checklist is organized in alphabetical order in each
algal division, with the current algal names checked in AlgacBase (GUIRY & GUIRY
2019), in CyanoDB 2.0 (HAUER & KoMAREK 2019) and in DiatomBase (KocioLek
ET AL. 2018) in addition to the standard taxonomic sources (e.g. GEITLER 1931,
1942; GOLLERBAKH ET AL. 1953; KRAMMER & LANGE-BERTALOT 1991, 19974, B,
2004; KrRAUSE 1997; KOMAREK & FoTT 1983; KOMAREK & ANAGNOSTIDIS 1999,
2005; ELorRANTA ET AL. 2011; KoMAREK 2013). Threatened status of the recorded
algae is provided after TEMNISKOVA ET AL. (2008) and STOYNEWVA ET AL. (2015) for
macrophytes, and after STOYNEVA-GARTNER ET AL. (2016) for the microalgae.

For each species the distribution by thermal systems (altogether 35) is provided.
When details on the exact spring or bath basin are not described by the author, we
note the whole thermal spring complex, but when the exact name of the spring
or bath in a region with more springs is pointed by the author, it is given for the
relevant taxon in brackets after the name of the complex. When available, data
on algal abundance, are provided in brackets as translation of the original authors
texts. The indication “in thermal springs™ follows the text in the Flora of Bulgarian
algac (VODENICHAROV ET AL. 1971).

RESULTS

The species list provided below contains 205 taxa of algae, found in Bulgarian
thermal springs or their effluents during a period of 120 years. They belong to five
algal divisions (phyla) and twenty-one of them are of conservation significance
according to the Red Lists of Bulgarian macro- and microalgae and Bulgarian Red
Data Book.

DivisioN CYANOPROKARYOTA

Aphanothece elabens (Brébisson ex Meneghini) Elenkin 1938 (Syn. Microcystis
elabens (Brébisson) Kiitzing 1846) - Bansko

Aphanothece stagnina (Sprengel) A. Braun in Rabenhorst 1863 — Bansko

Aphanothece sp. — Rupite

Beggiatoa alba Trevisan 1893 — Saparcva Banya (spills of the main spring;
abundant)

Calothrix thermalis Hasngirg ex Bornet & Flahault 1886 — Pancharevo (dominant
together with Gloeocapsa gelatinosa in amat on aconcrete wall). In our opinion,
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this species needs taxonomic reconsideration since the dimensions provided
by LUKAVSKY ET AL. (2011, p. 8) are smaller (“Cells width 4 um, filaments
width 5 um, including vellow coloured mucillage sheath, bearing heterocysts,
basal, transparent. The end of filament rounded,width 3 pum, emerging from
sheath”) than the dimensions in the species description provided by GEITLER
(1930-1932: filaments 8-10 um wide, cells 5-8 um wide), GOLLERBAKH ET
AL. (1953: filaments 9.5-16.5 um wide at the basis, then 7-11.5 um wide;
trichomes at the basis 5.5-13 um wide and then 4.5-9.5 um wide; heterocytes
4.5-11.5 pm ...or more or less cylindrical, 5.5-8 pm wide and 9-23 pum long)
and KoMAREK (2013: filaments (8)9-16.5 um wide at the basis, mostly 7-11.5
um in the middle, trichome 5.5-13 um wide at the basis and 4.5-9.5 um at the
middle, heterocytes 4.5-11.5 (23) x (4.5)5.5-8.5 (11.5) um). More, the species
ends with a hair-like protrusion, which is not mentioned by LUKAVSKY ET AL.
(2011). Endangered in the Red List of Bulgarian microalgae [EN - A4 B3 C4
D3 El F4 G4 T23].

Chlorogloeopsis sp. - Rupite

“Chroooccales” - Haskovo

Chroococcus membraninus (Meneghini) Nigeli 1849 — Blagoevgrad (Shafa
Banya), Simitli, Dobrinishte, Ognyanovo, Banya (Guliyna Banya),
Marikostinovo, Sveti Vrach (abundant). The text in Bulgarian Flora obviously
is a summary of previous findings: “in thermal springs. Valleys of the rivers
Mesta and Struma”.

Chroococcus thermalis (Meneghini) Nigeli 1849 (Syn. Chroococcus turgidus
var. thermalis (Meneghini) Rabenhorst ex Hansgirg 1892) — Blagoevgrad
(Shafa Banya), Simitli, Dobrinishte, Ognyanovo, Banya (Guliyna Banya),
Marikostinovo, Sveti Vrach. The text in Bulgarian Flora obviously is a
summary of previous findings: “in effluents of thermal springs in Simitli and
Petrich region™.

Chroococcus turgidus (Kiitzing) Nigeli 1849 — Bansko

Cyanobacterium aponinum 1. Moro, N. Rascio, N. LaRocca, M. DiBella & C.
Andreoli 2007 - Rupite

Chroococcus sp. — Rupite

Desertifilum sp. - Rupite

Geitlerinema splendidum (Greville ex Gomont) Anagnostidis 1989 (Syn.
Oscillatoria splendida Greville ex Gomont 1892) — Malo Belovo, “...in
thermal springs. Belovo, Vitosha Mt, Razlog and Sofia regions™, Rupite

Gloeocapsa gelatinosa Kiitzing 1843 (as “Gloeocapsa gelatinosa (Meneghini)
Kitzing 1843”) — Pancharevo. Vulnerable in the Red List of Bulgarian
microalgae [VU - A4 B3 C4 D3 E1 F2 G1 T18].

Gloeocapsa kuetzingiana Nigeli ex Kiitzing 1849 — Hisarya (fountain Tinkova
Cheshma)

Gloeothece fuscolutea (Nigeli ex Kiitzing) Nigeli 1849 (Syn. Gloeocapsa
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fuscolutea Néageli ex Kiitzing 1849 as Gloeocapsa fusco-lutea) - Bansko

“Gloetrichia rufescens” (?Rivularia rufescens Nageli ex Bomet & Flahault 1886
as Rivularia rufescens (Nig.) Born. et Flah. according to GOLLERBAKH ET AL.
1953. Endangered in the Red List of Bulgarian microalgae [EN - A4 B4 C4 D3
E1 F4 G4 T24]) — Karlovski Bani

Gomphosphaeria aponina Kiitzing 1836 — Bansko

Hapalosiphon pumilus Kirchner ex Bornet & Flahault 1887 (Syn. Hapalosiphon
fontinalis Bomet 1889 as “Hapalosiphon fontinalis (Ag.) Born.”) — “sometimes
in thermal springs...Pirin, Rila”

Heteroscytonema crispum (Bornet ex De Toni) G. B. McGregor & Sendall in G.
B. McGregor 2018 (Syn. Scyfonema crispum Bomet ex De Toni 1907 as “S.
crispum (Ag.) Bom.”; Scytonema cincinnatum Thuret ex Bornet & Flahault
1886 as “S. cincinnatum Thur.”) — Malo Belovo (extremely abundant). PETKOFF
(1929) indicated for Malo Belovo “Scyfonema crispum f. pauciramosa™ as
“abundant before 1890 and already progressively disappearing in 1929 in
addition to the abundant Scyronema cincinnatum Thuret (which was included
for the same site in this and in his earlier paper — PETKOFF (1908-1909). Both
species — S. crispum and S. cincinnatum were given by KoMAREK (2013, p.
82) as separate taxa, but with unclear relations, considered as synonyms by
several authors. The synonymizing of both species under the new generic
name Heteroscytonema (MCGREGOR 2018; SENDALL & McGREGOR 2018) was
accepted in AlgaeBase. Since f. pauciramosa is not discussed in the standard
taxonomic literature and in AlgacBase, and PETKOFF (1929) did not provide an
author name, we believe that with this naming he noted findings of more rarely
ramificated thalli in addition to the typical ones. Therefore, in this Checklist
we refer both taxa to H. crispum. Endangered in the Red List of Bulgarian
microalgae [EN - A4 B3 C4 D3 E1 F2 G4 T21].

Homoeothrix juliana (Bornet & Flahault ex Gomont) Kirchner 1898 (as
“Homoeothrix juliana (Menegh.) Kirchner”) — “...also in thermal springs.
Vitosha.” The combination Homoeothrix juliana (Menegh.) Kirchner
according to the basionym Calothrix juliana Bornet ¢t Flahault was used in
VODENICHAROV ET AL. (1971) after GEITLER (1930-1932, p. 575).

Jaaginema geminatum (Meneghini ex Gomont) Anagnostidis & Komarek 1988
(Syn. Oscillatoria geminata Menegh). The name and synonym are provided
after KOMAREK & ANAGNOSTIDIS (2005). Obviously, the writing of the name as
Jaaginema geminatum (Schwabe ex Gomont) Anagnostidis & Komarek 1988
in AlgacBase is a technical mistake. - Blagoevgrad (Shafa Banya), Simitli,
Dobrinishte, Ognyanovo, Banya (Guliyna Banya), Marikostinovo, Sveti Vrach.
The text in Bulgarian Flora obviously is a summary of previous findings: “In
thermal springs... Valleys of Struma and Mesta...”. Near Threatened in the
Red List of Bulgarian microalgae [NT - A3 B4 C3 D2 E1 F1 G1 T15].

Jaaginema kuetzingianum (Nigeli in Kiitzing) Anagnostidis et Komarek 1988
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(Syn. Oscillatoria kuetzingiana Négeli in Kitzing as “Oscillatoria amphibia
Ag. var. kiitzingiana (Nag.) Geitl.”) — Haskovo (baths)

Jaaginema pseudogeminatum (G.Schmid) Anagnostidis & Komarek 1988 (Syn.
Oscillatoria pseudogeminata G. Schmid 1914) — Simitli, Marikostinovo, Sveti
Vrach, Hisarya

Kamptonema cortianum (Meneghini ex Gomont) Strunecky, Komarek & J.
Smarda 2014 (Syn. Oscillatoria cortiana Meneghini ex Gomont 1892 as
“Oscillatoria cortiana Menegh. (Syn. O. formosa Bory f. latior Petkoff)”) —
“in thermal springs... Rila”. The synonymy with O. formosa Bory f. latior
Petkoff needs further checking due to lack of any comments in VODENICHAROV
ET AL. (1971).

Kamptonema okenii (C. Agardh ex Gomont) Strunecky, Komarek & J. Smarda
2014 (Syn. Oscillatoria okenii C. Agardh ex Gomont 1892 as “Oscillatoria
okeni Ag.”) — Pancharevo*, “In thermal springs... Lovech and Sofia regions™

Leibleinia epiphytica (Hieronymus) Compére 1985 — Pancharevo (filaments
twisted around Phormidium corium Gomont ex Gomont 1892). According to
Lukavsky ET AL. (2011) this species has Schizothrix calcicola (C. Agardh)
Gomont as a synonym requires its further taxonomic reconsideration.

Leptolyngbya boryana (Gomont) Anagnostidis & Komarek 1988 — Rupite

Leptolyngbya compacta (Hansgirg ex Hansgirg) Komarek in Anagnostidis 2001
- Rupite

Leptolyngbya fragilis (Gomont) Anagnostidis & Komarek 1988 (Syn.
Phormidium fragile Gomont 1893) — Pancharevo* (extremely abundant)

Leptolyngbya geysericola (J. J. Copeland) Anagnostidis 2001 - Rupite

Leptolyngbya tenerrima (Hansgirg) Komarek in Anagnostidis 2001 (Syn.
Oscillatoria tenerrima [Kitzing 1843, nom. inval.] ex Prain 1905, Lyngbya
tenerrima | Kiitzing] Hansgirg ex Hansqirg as “O. fenerrima Kiitz., L. fenerrima
(Ktz) Hansq. o var. genuina (Ktz) Hnsq.”) — Draginovo, Haskovo (in masses,
in the springs)

Leptolyngbya tenuis (Gomont) Anagnostidis & Komarek 1988 (Syn.
Phormidium tenue Gomont 1892, also as “Phormidium tenue (Menegh.)
Gom.”) — Ognyanovo, “in... thermal springs...Region of Gotse Delchev and
Sofia region”

Leptolyngbya valderiana (Gomont) Anagnostidis & Komarek 1988 (Syn.
Phormidium valderianum Gomont 1892 as “Phormidium valderiae (Delp.)
Geitler”) — Hisarya. In GerTLER (1930-1932, p. 1011) Leptothrix valderiae
Delp. is pointed as synonym of Phormidium valderianum (Delp.) Gom. The
name Phormidium valderiae (Delp.) Geitl. is used in GOLLERBAKH ET AL.
(1953, p. 486).

Leptothrix ochracea Kiitzing 1843: 198, nom. inval. — Marikostinovo

Lyngbya aestuarii Liebman ex Gomont 1892 (as “Lyngbya aestuarii (Martens)
Liebmann™) — ... more rare in thermal springs. Sozopol and Burgas regions”.
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Lyngbya major Meneghini ex Gomont 1892 — ““._.in thermal springs. Black Sea
coastal region.”

Lyngbya martensiana Meneghini ex Gomont 1892 - ““...and in thermal springs.
Plovdiv and Trun regions”. According to LUukavsky ET AL. (2011) this species
pointed for Bulgarian thermal springs in VODENICHAROVET AL. (1971) coincides
with Lyngbya thermalis, found by them in Pancharevo. Since L. thermalis and
L. martensiana are listed as separate taxonomic entities in AlgacBase and
standard taxonomic literature on Cyanoprokaryota, and LUKAVSKY ET AL. (2011)
have not checked the original material used by VODENICHAROV ET AL. (1971)
we do not synonymize both species in this Checklist. More, the description of
L. martensiana Menegh., provided in Bulgarian Flora is on conformity with
its smaller dimensions to the description of L. martensiana in GEITLER (1930-
1932) and KoMAREK & ANAGNOSTIDIS (2005) in comparison with 1. thermalis
in the text by GEITLER (1930-1932) and KOMAREK & ANAGNOSTIDIS (2005).

Lyngbya thermalis Kiitzing ex Gomont 1892: 152, nom. inval. — Pancharevo. See
the notes on L. martensiana.

Mastigocladus laminosus Cohn ex Kirchner 1898 (Syn. Hapalosiphon laminosus
Hansgirg ex Bornet & Flahault 1886) — Guliyna Banya (abundant), Pancharevo,
Sofia, Kazichane, Zhelznitsa, Ravno Pole, Strelcha, Gradeshnitsa, Rupite
and Sandanski, and without locality included in the Algal flora of Bulgaria
(VoDENICHAROV ET AL. 1971). According to LUKAVSKY ET AL. (2011, p. 10)
“VODENICHAROV ET AL. (1971) did not list Mastigocladus laminosus, but they
mentioned Hapalosiphon fontinalis in the thermal waters of the Pirin and the
Rila ranges. Maybe Mastigocladus was not recognised, since there are no
drawings of the species”. In fact, Mastigocladus laminosus as Hapalosiphon
laminosus was first reported for Guliyana Banya by PETKOFF at temperature
of 56°C (1925, p. 37, p. 103) and then was included in Bulgarian Algal Flora
(VODENICHAROV ET AL. 1971, p. 96-97) as “representative found in Bulgaria”
without pointing the exact location), while in the same flora H. fontinalis (Ag.)
Born. was included as “sometimes found in thermal waters™ (op. cit., p. 95-
96). M. laminosus was presented with a Vuinerable status in the Red List of
Bulgarian microalgae [VU - A2 B3 C4 D3 E1 F2 G4 T19].

Microcoleus autumnalis (Gomont) Strunecky, Komarek & J. R. Johansen in
Strunecky et al. 2013 (Syn. Phormidium autumnale Gomont 1892) — Vurshets,
Rupite (rarely found; mentioned also as Microcoleus sp.)

Merismopedia glauca (Ehrenberg) Kiitzing 1845 - Malo Belovo (abundant)

Merismopedia tranquilla (Ehrenberg) Trevisan 1845 (Syn. Merismopedia
punctata Meyen 1839) — ... in thermal springs. Pirin Mt, Plovdiv region, Rila
Mt, Black Sea coastal region.”

Microcoleus amoenus (Gomont) Strunecky, Komarek & J. R. Johansen in
Strunecky et al. 2013 (Syn. Oscillatoria amoena Gomont 1892) — “in thermal
springs. Lovech region™
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Microcystis pulverea (H. C. Wood) Forti 1907 (Syn. Polycystis pulverea (Wood)
Wolle) - Malo Belovo (in great amounts)

Microcystis sp. - Rupite

Nostoc linckia Bornet ex Bornet & Flahault 1886 — Blagoevgrad (Shafa Banya),
Simitli, Dobrinishte, Ognyanovo, Banya (Guliyna Banya), Marikostinovo,
Sveti Vrach

Nostoc muscorum C. Agardh ex Bornet & Flahault 1888 — ““... and in thermal
springs. regions of Plovdiv, Sozopol, Sofia.”

Nostoc paludosum Kiitzing ex Bornet & Flahault 1886 - Bansko

Nostoc verrucosum Vaucher ex Bornet & Flahault 1886 - Narechen

“Nostocales” — Haskovo

Oculatella sp. - Rupite

“Oscillatoria antiliaria Juerg.", Cooke Freshw. algaec p. 250, pl. 97, fig. 2;
(Oscillatoria antiliiaria (Jurg.) Hansg. var. genuinea Krch. (Hansq. I, ¢. 11, p.
114)” — Sapareva Banya (abundant)

Oscillatoria arachnoidea C. Agardh ex Gomont 1892 (Syn. Beggiatoa
arachnoidea (C. Agardh) Rabenhorst 1865) — Draginovo (quite spread),
Haskovo (abundant)

Oscillatoria curviceps C. Agardh ex Gomont 1892 - Haskovo

Oscillatoria princeps Vaucher ex Gomont 1892 - Blagoevgrad (Shafa
Banya), Simitli, Dobrinishte, Ognyanovo, Banya (Guliyna Banya), Rupite,
Marikostinovo, Sveti Vrach, Bansko, Haskovo, “... and in thermal springs.
Widely distributed species in Bulgaria™.

Oscillatoria proboscidea Gomont 1892 — Hisarya

Oscillatoria spiralis Carmichael ex Gomont 1892 (Syn. Oscillatoria spiralis
Carmichael 1833) — Sapareva Banya (abundant in the middle basin named
Srednoto Topilo)

Oscillatoria tenerrima var. nigricans Hansgirg ex Drouet 1957 (as “Oscillaria
tenerrima var. nigricans Hansgirg”) — Haskovo (abundant in Kutela and other
sites)

Oscillatoria tenuis C.Agardh ex Gomont 1892 (as “Oscillatoria tenuis (Ag.)
Hansg.” and as “Oscillatoria tenuis Ag.”) — Kyustendil (lower baths), Svetata
Voda (abundant), Sapareva Banya

Oxynema acuminatum (Gomont) Chatchawan, Komarek, Strunecky, Smarda
& Peerapornpisal 2012 (Syn. Oscillatoria acuminata Gomont 1892) —*. .. in
thermal springs™

Phormidesmis molle (Gomont) Turicchia, Ventura, Komarkova & Komarek
2009 - Pancharevo

Phormidium ambiguum Gomont 1892 — “in... thermal springs... Rila, Sofia
region, Black Sea coastal region”

Phormidium breve (Kiitzing ex Gomont) Anagnostidis & Komarek 1988 (Syn.
Oscillatoria brevis Kiitzing ex Gomont 1892, Oscillatoria neapolitana Kiitzing
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ex Gomont 1892) — Ovcha Kupel (“separate filaments between Symploca™)

Phormidium carboniciphilum (Prat) Anagnostidis & Komarek 1988 (Syn.
Oscillatoria carboniciphila Prat 1929) — Marikostinovo, Mihalkovo

Phormidium chalybeum (Mertens ex Gomont) Anagnostidis & Komarek 1988
(Syn. Oscillatoria chalybea Mertens ex Gomont 1892) - “in. .. thermal springs.
Black Sea coast”

Phormidium corium Gomont ex Gomont 1892 - Pancharevo

Phormidium favosum Gomont 1892 (as “Phormidium favosum (Bory) Gom.”) —
.. and in thermal springs... Lovech, Samokov region™

Phormidium fragile Gomont 1893 (as “Phormidium fragile (Menegh.) Gom.”) —
“in.... thermal springs. Sofia region.”

Phormidium papyraceum Gomont ex Gomont 1892 (as “Ph. papyraceum (Ag.)
Gom.”) — Sapareva Banya

Phormidiumterebriforme C.Agardh ex Gomont) Anagnostidis & Komarek 1988
(Syn. Oscillatoria terebriformis C. Agardh ex Gomont 1892) — Blagoevgrad
(Shafa Banya), Simitli, Dobrinishte, Ognyanovo (Futovishta), Banya (Guliyna
Banya), Marikostinovo, Sveti Vrach. The text in Bulgarian Flora obviously
is a summary of previous findings: “in thermal springs. Valleys of the rivers
Struma and Mesta, Sofia region”

Phormidium uncinatum Gomont ex Gomont 1892 — Opitsvet, Vurshets, Malo
Belovo, ... and in thermal springs. Widely distributed species in Bulgaria™.

“Scytonema mirabile var. leprieurii (Mont.) Born. et Flah.” — Bansko (rare,
in the spring effluents). This variety is not included in ALGAEBASE and in
KoMAREK (2013), and in the opinion of GEITLER (1930-1932) had not to be
separated from the main species Scyronema mirabile. GOLLERBAKH ET AL.
(1953) included Scyronema mirabile f. leprieurii (Mont.) Kossinsk. as a form
typical for thermal springs. In his notes, PETKOFF (1925) provided description
of the form compared to the main species. He noted also that this form was
found in thermal springs in Italy with outermost thin and colorless layer of the
mucilage sheath as a main difference with the typical species.

Spirulina subsalsa Oersted ex Gomont 1892 — “in thermal springs”

Spirulina subtilissima Kiitzing ex Gomont 1892 — Haskovo, Malo Belovo
(extremely abundant), “in sulphur springs. Village Belovo, Razlog region, ...
Rodopi Mts, Stara Planina Mts™

Spirulina thermalis Meneghini ex Kiitzing 1847 (as “Spirulina subtilissima Kuetz.
var. thermalis (Menegh.) Kabh.”) — Haskovo (rare). According to GEITLER
(1930-1932) the variety thermalis with the author Rabenhorsthad to be included
in the main species Spirulina subtilissima. KOMAREK & ANAGNOSTIDIS (2005)
had included Spirulina thermalis Meneghini ex Kiitzing 1847 among the
unrevised species. Currently, in ALGAEBASE (2019) this species without any
synonym was included as an entity that is currently accepted taxonomically
but with a lower “Taxonomic note™: "Unrevised species." (KOMAREK &
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ANAGNosTIDIS 2005: 154). - (25 Feb 2014) - M. D. Gury”. There is also a
“Nomenclature note: Often attributed to "Meneghini ex Gomont" even though
it was merely listed as a Species inquirendate by Gomont (1892: 255). - (25
Feb 2014) - M. D. Gury”. These all, in our opinion, explains the obvious
typographic error in the author name “Kabh.” provided by PeTKOFF (1908)
after the name of MENEGHINI in brackets.

Symploca meneghiniana Kiitzing ex Gomont 1892 — Ovcha Kupel (extremely
abundant). The text in Bulgarian Flora obviously is a summary of previous
findings: “In thermal springs, on wet walls. Sofia region”.

Symploca thermalis Gomont 1892 — Pancharevo (dominated in some samples).
Endangered in the Red List of Bulgarian microalgae [EN - A4 B3 C4 D3 El
F4 G4 T23]

Synechococcus bigranulatus Skuja 1933 — Rupite (rarely observed)

Synechocystis aquatilis Sauvageau 1892 — Blagoevgrad (Shafa Banya), Simitli,
Dobrinishte, Ognyanovo, Banya (Guliyna Banya), Marikostinovo, Sveti Vrach.
The text in Bulgarian Flora obviously is a summary of previous findings:
“....in thermal waters. Along the valleys of the rivers Mesta and Struma”.

Thermoleptolyngbya albertanoae Sciuto & Moro 2016 - Rupite

DivisioN OCHROPHYTA

CLAss TRIBOPHYCEAE

Tribonema bombycinum (C. Agardh) Derbés & Solier in Castagne 1851 (Syn.
Conferva bombycina C. Agardh 1817) — Knyazhevo (as “Conferva bombycina
var. genuina”), Bansko (abundant). Most probably, here is to be referred
also “Conferva bombycina (Ag.) Lagerh. var. pallida Kuetz.” found in Malo
Belovo.

Vaucheria geminata (Vaucher) De Candolle in Lamarck & De Candolle 1805 —
Opitsvet (extremely abundant), Vurshets, Malo Belovo

Vaucheria sessilis (Vaucher) De Candolle in Lamarck & De Candolle 1805 -
Opitsvet (extremely abundant)

CLASS BACILLARIOPHYCEAE

Amphora affinis Kiitzing 1844 (Syn. Amphora ovalis var. affinis (Kiitzing) Van
Heurck 1885 as “Amphora ovalis var. affinis Kiitz.”) — Blagoevgrad (Shafa
Banya - rare), Simitli, Dobrinishte, Ognyanovo, Banya (Guliyna Banya),
Marikostinovo, Sveti Vrach

Amphora ovalis (Kiitzing) Kiitzing 1844 - Razlog

“Amphora ovalis var. tenuis Kiitzing” — Malo Belovo

Brachysira exilis (Kiitzing) Round & D. G. Mann 1981 (Syn. Navicula exilis
Kiutzing 1844) — Blagoevgrad (Shafa Banya), Simitli, Dobrinishte, Ognyanovo,
Banya (Guliyna Banya), Marikostinovo, Sveti Vrach, Bansko

Caloneis amphisbaena (Bory) Cleve 1894 (Syn. Navicula amphisbaena Bory in J.
V. Lamouroux et al. 1827) — Blagoevgrad (Shafa Banya - abundant)
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Cocconeis thwaitesii W. Smith 1853 — Bansko (abundant)

Craticula cuspidata (Kutzing) D. G. Mann in Round, R. M.Crawford & D. G.
Mann 1990 (Syn. Navicula cuspidata (Kutzing) Kutzing 1844) - Marikostinovo

Ctenophora pulchella var. lanceolata (O'Meara) Bukhtiyarova 1995 (Syn.
Synedra pulchellavar. lanceolata O'Meara 1875) — Dobrinishte. Data Deficient
in the Red List of Bulgarian microalgae.

Cymatopleura elliptica (Brébisson) W. Smith 1851 — Bansko, Malo Belovo (not
evenly distributed but abundant in some sites)

Cymbella aspera (Ehrenberg) Cleve 1894 (Syn. Cymbella gastroides (Kiitzing)
Kiitzing 1844) - Razlog

“Cymbella sp.” — Haskovo

Diatoma vulgaris Bory 1824 (as “Diatoma vulgare Bory”) — Malo Belovo

“Diatomaceae” — Opitsvet

Diploneis elliptica (Kiitzing) Cleve 1894 (Syn. Navicula elliptica Kiitzing 1844)
- Blagoevgrad (Shafa Banya - rare), Simitli, Dobrinishte, Ognyanovo, Banya
(Guliyna Banya), Marikostinovo, Sveti Vrach, Bansko

Epithemia adnata (Kiitzing) Brébisson 1838 (Syn. Cystopleura zebra (Ehrenberg)
Kuntze 1891) — Blagoevgrad (Shafa Banya - rare), Dobrinishte, Guliyna
Banya, Bansko (rare)

Epithemia turgida (Ehrenberg) Kiitzing 1844 (Syn. Cystopleura turgida
(Ehrenberg) Kuntze 1891) — Dobrinishte

Epithemia turgida var. westermannii (Ehrenberg) Grunow 1862 (Syn.
Cystopleura turgida var. westermannii (Ehrenberg) De Toni 1892) -
Dobrinishte (“abundant on Oedogonium together with E. adnate™)

Gomphonema acuminatum Ehrenberg 1832 (Syn. G. acuminatum var. laticeps
(Ehrenberg) Grunow in van Heurck 1880 as “G. acuminatum var. laticeps
(Ehr.)) VH”) — Malo Belovo

Gomphonema constrictum Ehrenberg in Kiitzing 1844 — Malo Belovo

Gomphonema ventricosum W. Gregory 1856 — Malo Belovo

Iconella hibernica (Ehrenberg) Ruck & Nakov in Ruck et al. 2016 (Syn.
Campylodiscus hibernicus Ehrenberg 1845). According to the “Status of
name” in the species page in Algacbase (http://www.algacbase.org/search/
species/detail/?species_id=r89bfc8cbc8b4d99a) “This name is of an entity
that is currently accepted taxonomically”. However, in the “Taxonomic notes™
to the same species on the same page of Algaebase it is written: “Combination
also proposed by E. C. Ruck, T. Nakov, A. J. Alverson & E. C. Theriot, 2016:
155, appendix A, but it is invalid: format of online material not qualifying as
effective publication. [INA] - (9 Oct 2016) - SALVADOR VALENZUELA MIRANDA”
— Bansko, Malo Belovo

“Navicula appendiculata var. budense Grun.” (In ZABELINA ET AL. (1951; p. 345)
Navicula appendiculata is synonym of Pinnularia appendiculata (Ag.) Cl. and
additionally is included P appendiculata var. budense Grun.) - Ognyanovski
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Bani (Futovishta)

Navicula amphigomphus var. amphigomphus Ehrenberg 1843 (Syn. Navicula
iridis var. amphigomphus (Ehrenberg) van Heurck 1880) - Bansko

“Navicula nobilis (Ehr.) Kiitz.“ (most probably Pinnularia nobilis (Ehrenberg)
Ehrenberg 1843, Syn. Navicula nobilis Ehrenberg 1841; Data Deficient in
the Red List of Bulgarian microalgac) — Blagoevgrad (Shafa Banya), Simitli,
Dobrinishte, Ognyanovo, Banya (Guliyna Banya), Marikostinovo, Sveti Vrach

Neidium affine (Ehrenberg) Pfitzer 1871 (Syn. Navicula affinis Ehrenberg 1843)
— Marikostinovo. Vulnerable in the Red List of Bulgarian microalgae [VU - A3
B3 C4 D3 E1 F1 G2 T17]

Nitzschia sinuata (Thwaites) Grunow 1880 — Bansko (rare)

Pinnularia appendiculata (C. Agardh) Schaarschmidt 1881 (Syn. Navicula
appendiculata (C. Agardh) Kiitzing 1844) — Ovcha Kupel

Pinnularia major (Kiitzing) Rabenhorst 1853 (Syn. Navicula major (Kiitzing)
Ehrenberg 1838) — Malo Belovo

Pinnularia viridis (Nitzsch) Ehrenberg 1843 (Syn. Navicula viridis (Nitzsch)
Ehrenberg 1832) - Blagoevgrad (Shafa Banya), Simitli, Dobrinishte,
Ognyanovo, Banya (Guliyna Banya), Marikostinovo, Sveti Vrach, Bansko,
Haskovo

Pinnularia sp. — Marikostinovo

Pleurosigma spenceri (Bailey ex Quekett) W. Smith 1856 - Ovcha Kupel

Rhoicosphenia abbreviata (C. Agardh) Lange-Bertalot 1980 (Syn.
Rhoicosphenia curvata (Kiutzing) Grunow 1860) - Malo Belovo

Stauroneis phoenicenteron (Nitzsch) Ehrenberg 1843 — Bansko. Vulnerable in
the Red List of Bulgarian microalgae [VU - A3 B3 C4 D3 E1 F1 G2 T18]

Staurosirella mutabilis (W. Smith) E. Morales & Van de Vijver in Morales et al.
2015 (Syn. Odontidium mutabile W. Smith 1856) — Bansko (abundant)

“Suriraya ovalis var. ovata Kiitz.” — Blagoevgrad (Shafa Banya - rare), Simitli,
Dobrinishte (rare), Ognyanovo, Guliyna Banya

“Suriraya spiralis Ktz” (most probably Surirella spiralis Kiitzing 1844, which is
currently regarded as a synonym of Iconella spiralis (Kiitzing) E. C. Ruck &
T. Nakov in Ruck et al. 2016. According to the “Status of name™ in the species
page in Algacbase (http://www.algacbase.org/search/species/detail/?species
1d=161230) “This name is of an entity that is currently accepted taxonomically™.
However, in the “Taxonomic notes™ to the same species on the same page of
Algacbase it is written: “Combination also proposed by E. C. Ruck, T. NAKov,
A. J. ArversoN & E. C. THERIOT, 2016: 155, appendix A, but it is invalid:
format of online material not qualifying as effective publication. [INA] - (9
Oct 2016) - SALVADOR VALENZUELA MIRANDA”; Vulnerable in the Red List of
Bulgarian microalgae [VU - A3 B3 C4 D4 E1 F1 G3 T20]) — Bansko (rare)

“Surirellabiseriata(Ehr.) Bréb.f. minor obtusaV.Heurck”and “Suriraya biseriata
Breb. f. minor obtusa V. Heurck” (According to Algaebase (http://www.
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algacbase.org/search/species/detail/?species_id=32189) Surirella biseriata
Brébisson in Brébisson & Godey 1835: 53, pl. VII [7] (as 'Surirella (Suriraya)
biseriata") has the homotypic synonyms Surirella biseriata Brébisson 1835
and Suriraya biseriata (Brébisson) Pfitzer 1871, and is currently regarded as a
synonym of Iconella biseriata (Brébisson) Ruck & Nakov in Ruck et al. 2016.
According to the “Status of name”™ in the page of the last species in Algacbase
(http://www.algaebase.org/search/species/detail/?species 1d=161635). “This
name is of an entity that is currently accepted taxonomically”. However, in
the “Taxonomic notes” to the same species on the same page of Algacbase
it is written: “Combination also proposed by E. C. Ruck, T. Nakov, A. J.
ALVERSON & E. C. THERIOT, 2016: 155, appendix A, but it is invalid: format of
online material not qualifying as effective publication. [INA] - (9 Oct 2016) -
SALVADOR VALENZUELA MIRANDA”) - Malo Belovo

Surirella minuta Brébisson ex Kiitzing 1849 (Syn. Surirella ovalis var. ovata
(Kitzing) Van Heurck 1885 and Suriraya ovalis var. ovata (Kitzing)
Gutwinski 1899 as “Suriraya ovalis var. ovata Kiitz.”) — Blagoevgrad (Shafa
Banya - rare), Simitli, Dobrinishte (rare), Ognyanovo, Banya (Guliyna Banya),
Marikostinovo, Sveti Vrach, Haskovo

Surirella ovalis Brébisson 1838 (Syn. Suriraya ovalis (Brébisson) Pfitzer 1871 as
“Suriraya ovalis Bréb.” — Blagoevgrad (Shafa Banya - rare)

Ulnaria ulna (Nitzsch) Compére 2001 (Syn. Synedra ulna (Nitzsch) Ehrenberg
1832) — Marikostinovo, Malo Belovo (“some forms™)

DivisioN CHLOROPHYTA

Bulbochaete sp. st. - Bansko

Chaetomorpha herbipolensis Lagerheim 1887: commented in STOYNEWA &
GARTNER (2004) — Opitsvet (abundant; not found in 2002). Data Deficient in
the Red List of Bulgarian macroalgae

Chaetophora elegans (Roth) C. Agardh 1812 (as “Chaefophora elegans (Roth)
Ag. f. genuina (Roth) Hansg.”) — Malo Belovo

Chlorella vulgaris Beyerinck [Beijerinck] 1890 - Rupite

“Chlorococales”: commented in SToYNEvA & GARTNER (2004) — Haskovo
(Haskovski Mineralni Bani)

Cladophora glomerata (Linnaeus) Kiitzing 1843: the material from Hisarva
commented in STOYNEvA & GARTNER (2004) — Vurshets, Hisarya (Tinkova
Cheshma, Havuz Dere)

Cladophora fracta (O. F. Miiller ex Vahl) Kiitzing 1843 — * thermal springs...
Balchik region, Varna region... Vitosha Mt”

Cladophora sp. 1. commented in STOYNEVA & GARTNER (2004) — Hisarya (Chair
Banya)

Cladophora spp. — Opitsvet, Ovcha Kupel

Coelastrum proboscideum Bohlin in Wittrock, Nordstedt & Lagerheim 1896 —
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Bansko (rare)

Draparnaldia acuta (C. Agardh) Kiitzing 1845 (Syn. Draparnaldia glomerata
var. acuta C. Agardh 1824) — Malo Belovo

Gloeocystis vesiculosa Nigeli 1849 - Bansko

Hpydrodictyon reticulatum (Linnaeus) Bory 1824 — Sapareva Banya, Ognyanovski
Bani (Futovishta), Karlovski Bani

Neglectella solitaria (Wittrock) Stenclova & Kastovsky in Stenclova et al. 2017
(Syn. Oocystis solitaria Wittrock in Wittrock & Nordstedt 1879; Oocystella
solitaria (Wittrock in Wittrock et Nordstedt) Hindak 1988) — Bansko (rare)

Oedogonium capillare Kiitzing ex Hirn 1900 — Malo Belovo

“Oedogonium cardiacum (Hass.) Wittr. f. thermalis Petkoff” (Oedogonium
cardiacum Wittrock ex Hirmm 1900 is an entity that is currently accepted
taxonomically, but f. thermalis is not included in AlgacBase) — Ovcha Kupel.
The text in Bulgarian Flora obviously is a summary of previous findings:
“Sofia region”.

Oedogonium concatenatum Wittrock ex Hirn 1900 — “in ... thermal springs.
Vitosha Mt, Sofia region”

Oedogonium intermedium Wittrock ex Hirn 1900: commented in STOYNEVA &
GARTNER (2004) — Hisarva (spring Samodivsko Kladenche)

Oedogonium spp. st.. commented in STOYNEVA & GARTNER (2004) — Dobrinishte,
Malo Belovo, Opitsvet, Zheleznitsa

Palmella mucosa Kiitzing 1843: commented in STOYNEvA & GARTNER (2004) —
Bansko

Pediastrum boryanum var. vagum (A. Braun) Chodat (Syn. £. vagum A . Braun):
not included in AlgacBase, commented in STOYNEvA & GARTNER (2004) -
Bansko

Pithophora roettleri (Roth) Wittrock 1877 (Syn. Pithophora kewensis Wittrock
1877; Pithophora oedogonia (Montagne) Wittrock 1877): commented in
SToYNEVA & GARTNER (2004) — Hisarya (spring Samodivsko Kladenche;
“uncaptured spring of Hisarya with temperature about 30°C™)

Pithophora sp.: commented in STOYNEVA & GARTNER (2004) — Hisarya

Pseudopediastrum boryanum (Turpin) E. Hegewald in Buchheim et al. 2005
(Syn. Pediastrum boryanum (Turpin) Meneghini 1840) — Malo Belovo
(abundant)

Rhizoclonium hieroglyphicum (C. Agardh) Kiitzing 1845: commented in
SToYNEVA & GARTNER (2004) - Zheleznitsa, Opitsvet

Scenedesmus bijugatus var. seriatus Chodat 1902 — Bansko (quite often)

Scenedesmus quadricauda (Turpin) Brébisson in Brébisson & Godey 1835 —
Draginovo, Haskovo (abundant)

Sphaerellocystis ampla (Kiitzing) Novakova 1964 (Syn. Gloeocystis ampla
(Kitzing) Rabenhorst 1863) — Bansko (abundant)

Stauridium tetras (Ehrenberg) E. Hegewald in Buchheim et al. 2005 (Syn.
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Pediastrum tetras (Ehrenberg) Ralfs 1845) — Bansko (quite often)
Stigeoclonium thermale A. Braun in Kiitzing 1849: commented in STOYNEvA
& GARTNER (2004) — Hisarya, Zheleznitsa, Opitsvet, “mainly, preliminary in
thermal springs™
Ulothrix zonata (F. Weber & Mohr) Kiitzing 1833: commented in STOYNEVA &
GARTNER (2004) — Ovcha kupel (on the thalli of Chara foetida f. thermalis
Petkoff, extremely abundant in the spring before its capture), Opitsvet
Ulothrix zonata var. rigidula (Kiitzing) Hansgirg 1886 - Simitli

D1vISION STREPTOPHYTA

Chara braunii C. C. Gmelin 1826 (Syn. Chara coronata ). B. Zizex G. W. Bischoff
1828): commented in STOYNEVA & GARTNER (2004) — Hisarya (Samodivski
Izvor and nameless spring in front of the fountain Tinkova Cheshma), Karlovski
Bani

“Chara coronata ZLiz. f. intermedia Petkoff (inter f. humilior A. Br. et f. fenuior A.
Br.”). (Chara coronata J. B. Ziz ex G. W. Bischoff 1828 is currently regarded
as a synonym of Chara braunii C. C. Gmelin 1826): commented in STOYNEVA
& GARTNER (2004) — Karlovski Bani

“Chara foetida A. Br. o) subinermis B) longibracteata A. Br.” (? Chara foetida
var. subinermis f. longibracteata; Chara foetida A. Braun 1834 is currently
regarded as a synonym of Chara vulgaris Linnacus 1753): commented in
StoyNEvA & GARTNER (2004) — Malo Belovo

“Chara foetida f. macrostephana Wahldst” (Chara foetida A. Braun 1834 is
currently regarded as a synonym of Chara vulgaris Linnaeus 1753): commented
in STOYNEVA & GARTNER (2004) — Malo Belovo

“Chara foetida f. macroptila. 2. Minor, humilior, pauciramosa brevipapillosa”
(Chara foetida A. Braun 1834 is currently regarded as a synonym of Chara
vulgaris Linnacus 1753): commented in STOYNEvA & GARTNER (2004) — Malo
Belovo

“Chara foetida f. microptilla Mig.” (C. foetida A. Braun 1834 is currently regarded
as a synonym of Chara vulgaris Linnacus 1753): commented in STOYNEvA &
GARTNER (2004) — Malo Belovo

“Chara foetida f. minor, humilior, pauciramosa brevipapillosa” (C. foetida A.
Braun 1834 is currently regarded as a synonym of Chara vulgaris Linnacus
1753) — Malo Belovo

“Chara foetida f. thermalis Petkoff* (C. foetida A. Braun 1834 is currently
regarded as a synonym of Chara vulgaris Linnacus 1753): commented in
SToYNEVA & GARTNER (2004) - Ovcha Kupel (abundant before capture; not
found in 2002)

“Chara fragilis Dezv. f. normalis Mig.” (Chara fragilis Desvaux in Loiseleur
Deslongschamps 1810 is currently regarded as a synonym of Chara globularis
Thuiller 1799): commented in STOYNEVA & GARTNER (2004) — Vetren Dol
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“Chara gymnophylla f. thermalis Petkoff 1934” (Chara gymnophylla A. Braun
1835 is currently regarded as a synonym of Chara vulgaris var. gymnophylla
(A. Braun) C. F. Nyman 1884): commented in STOYNEVA & GARTNER (2004)
including its mentioning as Chara gymnophylla f. pulchella Mig. — Malo
Belovo (extremely abundant in 1913, 1934)

Closterium acerosum Ehrenberg ex Ralfs 1848: commented in SToyNEwA &
GARTNER (2004) - Dobrinishte (rare)

Closterium closterioides (Ralfs) A. Louis & Peeters 1967 commented in
STOYNEVA & GARTNER (2004) - Zheleznitsa

Closterium decorum f. minor Petkoff — sce Closterium delpontei (Klebs) Wolle
1885

Closterium delpontei (Klebs) Wolle 1885: commented in STOYNEVA & GARTNER
(2004) with the proposal that Closterium decorum f. minor Petkoff 1925
belongs to this species - Bansko (rare). Near Threatened in the Red List of
Bulgarian microalgae [NT - A4 B3 C4 D1 E1 F1 G1 T15]

“Closterium digitus”. commented in STOYNEVA & GARTNER (2004) as most
probably belonging to Netrium digitus (Brébisson ex Ralfs) Itzigsohn &
Rothe in Rabenhorst 1856; according to AlgaecBase (2019) Closterium
digitus Ehrenberg 1832: 68, nom. inval. should be regarded as synonym of
Netrium digitus (Brébisson ex Ralfs) Itzigsohn & Rothe in Rabenhorst 1856)
— Marikostinovo

Closterium ehrenbergii Meneghini ex Ralfs 1848 — Malo Belovo

Closterium lanceolatum Kiitzing ex Ralfs 1848 — Vurshets, Malo Belovo

Closterium pritchardianum W. Archer 1862: commented in SToYNEWA &
GARTNER (2004) — Ovcha Kupel. Near Threatened in the Red List of Bulgarian
microalgae [NT - A3 B4 C3 D2 E1 F2 G1 T16]

“Closterium” - Opitsvet

Cosmarium botrytis Meneghini ex Ralfs 1848: commented in SToyNEVA &
GARTNER (2004) — Bansko (often, even abundant), Malo Belovo (“between the
filaments of Scytonema cincinatum and O. splendida™)

“Cosmarium botrytis ad var. paxilosporum West et West”: commented in in
STtoyNEVA & GARTNER (2004) — Bansko* (often, even abundant)

Cosmarium laeve Rabenhorst 1868: commented in in STOYNEvA & GARTNER
(2004) — Bansko

Cosmarium meneghinii Brébisson ex Ralfs 1848 - Bansko

Cosmarium sexnotatum Gutw. ad var. tristriatum (Luetkemiiller) Schmidle: the
species is currently accepted taxonomically, but the variety is not discussed in
Algae Base; PETKOFF 1925 identified it after “West et G. G, West, p. 228, pl.
LXXXVI, fig. 8-9” and provided a description; comments on the description
are given in STOYNEVA & GARTNER (2004) — Simitli*

Cosmarium subtumidum Nordstedt in Wittrock, Nordstedt & Lagerheim 1878:
commented in in STOYNEVA & GARTNER (2004) with pointing the similarity
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in dimensions with C. subtumidum var. klebsii (Gutwinski) W. et G. S. West
(which is not discussed in AlgacBase)- Bansko

Cosmarium tinctum Ralfs 1848 — Bansko

Cosmarium turpinii Brébisson 1856 — Vurshets

Cosmarium venustum (Brébisson) W, Archer in Pritchard 1861 — Bansko (rare)

“Cosmarium” — Opitsvet

“Euastrum binale f. secta Turn.” (Euastrum binale Ehrenberg ex Ralfs 1848
is currently accepted taxonomically, but f. secta Turn. is not included in
AlgaeBase) — Bansko (often)

Euastrum insulare (Wittrock) J. Roy 1877 - Bansko

Mesotaenium endlicherianum var. grande {. brevior Petkoff 1925: commented in
STOoYNEVA & GARTNER (2004) — Bansko (rare). Data Deficient in the Red List
of Bulgarian microalgae.

Mougeotia angusta (Hassall) Czurda 1932 (Syn. Mougeotia parvula var. angusta
(Hassall) Kirchner): commented in STOYNEVA & GARTNER (2004) — Bansko.
Near Threatened in the Red List of Bulgarian microalgae [NT - A4 B3 C4 D1
E1 F2 G1 T16]

Mougeotia spp. st.. commented in STOYNEVA & GARTNER (2004) — Zheleznitsa,
Opitsvet, Narechenski Bani

Netrium digitus (Brébisson ex Ralfs) Itzigsohn & Rothe in Rabenhorst 1856:
commented in STOYNEVA & GARTNER (2004); see also “Closterium digitus™ -
Bansko

Pleurotaenium trabecula Niigeli 1849: commented in STOYNEVA & GARTNER(2004)
— Bansko* (rare)

Spirogyra columbiana Czurda 1932: commented in STOYNEVA & GARTNER (2004)
— Ovcha Kupel. Vulnerable in the Red List of Bulgarian microalgae [VU - A3
B2 C4 D2 E1 F4 G3 T19]

Spirogyra crassa (Kiitzing) Kiitzing 1843 (as “Spirogyra crassa (Kuetz.) Petit.”)
— Malo Belovo, Ovcha Kupel

Spirogyra jugalis (Dillwyn) Kiitzing 1845: commented in STOYNEvA & GARTNER
(2004) — Marikostinovo; Data Deficient in the Red List of Bulgarian microalgae

Spirogyra neglecta (Hassall) Kiitzing 1849 — Malo Belovo

Spirogyra reticulata Nordst. forma Petkoff 1934/35: commented in STOYNEvA &
GARTNER (2004) — Vurshets

Spirogyra varians (Hassall) Kiitzing 1849: commented in STOYNEVA & GARTNER
(2004) - Bansko

Spirogyra spp. st.. commented in STOYNEVA & GARTNER (2004) — Dobrinishte,
Svetata Voda, Novata Voda, spring in Yanensko, Hisarya, Narechen,
Zheleznitsa, Opitsvet

Zygnema spp. st. — Dobrinishte

Zygnema sp. st. (7 Zygogonium sp. ster. ad Zygogonium ericetorum Kiitzing 1843):
commented in STOYNEVA & GARTNER (2004) - Opitsvet
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DivisioN RHODOPHYTA

Audouinella chalybea (Roth) Bory 1823 (Syn. Chantransia chalybea (Roth) Fries
1825) — Malo Belovo

“Batrachospermum moniliforme Roth var. helminthoides Sirod” (most probably
Batrachospermum helminthosum Sirodot 1884, nom. illeg. which is accepted
by ELORANTA ET AL. (2011) as a synonym of Batrachospermum confusum
(Bory 1808) Hassal 1845 emend. Vis et al. 1995; the variety is not included
in AlgaeBase) — Malo Belovo (well developed before 1908, completely
disappeared before 1929)

Hildenbrandia rivularis (Liebmann) J. Agardh 1851 — Malo Belovo (well
developed before 1908, progressively disappearing in 1929). Near Threatened
in the Red List of Bulgarian macroalgae

Thorea hispida (Thore) Desvaux 1818 (Syn. Thorea ramosissima Bory 1808) —
Gotse Declhev (Toplitsi, karst), Malo Belovo (abundant in 1908 but in 1929
mentioned as "completely disappeared since the last 10 years"). Critically
Endangered in the Red List of Bulgarian macroalgae [CR Blab(i,ii,iii); C1]
and in the Red Data Book of R Bulgaria.

In addition to all taxa enlisted above, SToynEvA (2003) considered species
from the unpublished diploma paper of Lurov (1964) and summarized data on
14 taxa from the papers by PETKOFF (1900, 1904, 1907, 1908, 1913, 1922, 1934)
reported for villages with thermal springs without indication of the exact localities.
In the opinion of SToyNEvA (2003) it is difficult to refer the last taxa to thermal
habitats but they have to be considered in further studies.

Considering the results from the checklist provided above, the order of thermal
complexes according to their algal biodiversity is as follows: Bansko — 45, Malo
Belovo — 40, Dobrinishte — 22, Marikostinovo — 21, Simitli — 18, Ognyanovo —
15, Rupite — 17, Blagoevgrad (Shafa Banya) — 17, Banya (Guliyna Banya) — 16,
Haskovo — 15, Opitsvet -15, Hisarya -14, Sveti Vrach — 14, Pancharevo — 11, Ovcha
Kupel — 10, Vurshets — 7, Sapareva Banya — 6, Zheleznitsa — 6, Karlovski Bani —
4, Razlog — 4, Draginovo — 3, Narechen — 3, Gotse Delchev — 2. From each of the
other thermal springs only one species was published.

DISCUSSION

Although records on biodiversity of Bulgarian thermophyton are scarce, the
results from literature search proved its general richness — 206 taxa from five
divisions (phyla): Cyanoprokaryota (82), Rhodophyta (4), Ochrophyta (44: 3 -
Tribophyceae, 40 - Bacillariophyceae), Chlorophyta (32) and Streptophyta (44) —
Fig. 1. This total number of taxa, obtained after the recent taxonomic updates, is on
conformity with the total number of “more than 200 species, varieties and forms™
pointed by SToYNEvA (2003, p. 566). The highest number of cyanoprokaryotes
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of the thermal springs without pointing the exact distance from the source, or
temperature difference. Therefore, it is difficult to state that all species listed above
are strictly thermal and more detailed investigations in this aspect are needed. More,
all algae have been found in a period of 120 years and it is not possible to state
that they all occurred at the same time and could be find recently in the thermal
spring systems of Bulgaria. However, in the increased pace of habitat losses due to
capturing of the springs, construction of new modemn spa centers with permanent
cleaning of the algae, or usage of springs for heating purposes or as laundries, this
Checklist can serve as a basic archive for future investigations of this important
ecological group of extremophilic algae.
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Abstract. Gentiana lutea ssp. symphyandra 1s a target species in the National System for
monitoring of biodiversity in Bulgaria, where it is included in category 1 — Priority species.
The control populations are located in the Central Balkan National Park (above the hut 7uzha),
Vitosha Nature Park (below the locality Rezrnyovete), Rila National Park (localities 7ika Rila
and Urdina reka) and in the Pirin National Park (locality Kazanite). The paper presents new data
on the population structure (in terms of space and age) of Gentiana lutea subsp. symphyandra,
its vegetation dynamics, reproductive capacity and participation in different phytocenoses and
habitats. Eleven natural populations of the subspecies in five mountains located in four floristic
regions and one subregion of Bulgaria were examined. Evidence for under the snow development
of plants is reported for the first time. Prognosis and proposals for better protection of the species
are given.

Key words: habitats, medicinal plant, protection, reproductive capacity, threats
INTRODUCTION

Gentiana lutea ssp. symphyandra (Murb.) Hayek is a target taxon in the National
System for monitoring of biodiversity of Bulgaria (NBMS), where it is included
in category 1 — Priority species. At the same time, there are some taxonomical
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uncertainties and gaps in the knowledge on its distribution and reproduction in
Bulgaria. According to TUTIN (1972) G. lutea ssp. lutea is widespread throughout the
range of the species, except the Balkan Peninsula, while G. lutea ssp. symphyandra
occurs on the Balkan Peninsula and in South-Eastern Alpes.

The first data on the occurrence of Gentiana lutea in Bulgaria (localities around
Suhoto Ezero and Kobilino Branishte in the Rila Mt) were reported by VELENOVSKY
(1898). During the next period of about hundred years, there was less progress in
the studies of this species, but in the last three decades KozHUHAROV & PETROVA
(1982), KozHUHAROWA ET AL. (1994), KozHUHAROVWA (1997, 1999), ViTKOVA &
EvsTaTiEvA (1999), EvsTATIEVA & VITROVA (1999), KozHUHAROVA & BozILovA
(2001), KozHUHAROVA & Hapzieva (2004), GEORGIEVA (2007) and Assyov &
PeTROVA (2012) have contributed to its chorology in Bulgaria. The interspecific
variability and taxonomic status of G. lufea in Bulgarian populations have been
mterpreted in different ways. For example, VELENovsKY (1898) noted the species
without any variability, while later (Havex 1928) included in his Prodromus G.
lutea ssp. symphyandra (Murb.) Hayek. StovyaNnov & STeEFaNoOV (1925) accepted
this distinction, but pointed out the taxon with a different taxonomic level: G.
lutea var. symphyandra Murb. Later on, KozHUHAROV & PETROVA (1982) rejected
the possibility of occurring of G. lutea ssp. lutea in Bulgaria, while Assyov &
PeTROVA (2012) accepted the species G. [ufea s.l. as spread in the country. Most
information about G. /utea s.1. in Bulgaria can be found in GEORGIEVA & EVSTATIEVA
(2000) and GEoRGIEVA & Russakova (2000). Currently, the species is spread in
five floristic regions of Bulgaria — the mountains Stara Planina, Vitosha, Rila, Pirin
and the Rodopi (GEorRGIEvA 2007). The author reported 37 localities according
to herbarium materials, her own research and literature data, where the species
populations covered area between 50 and 10 000 m? on silicate or limestone rock
bases at different soil horizons and different humidification.

The information on the vegetation dynamics of Gentiana lutea s.l. reported
by different authors is quite similar. Certain data about the height distribution of
the species can be found for the Stara Planina Mt, Rila Mt, Pirin Mt. and Rodopi
Mts, where the altitude range is between 1200 m a.s.l. (KozHUHAROV & PETROVA
1982) and 2900 m a.s 1. (Assyov & PETROVA 2012). EvsTaTIEVA (2015) reports that
G. lutea grows on rocky slopes or forest meadows, located near the upper border
of the forest. The slopes of the terrain occupied by the species vary from almost
equal to 45°.

The species is pollinated by insects, less often by wind, and is propagated
generatively by seeds and vegetatively by growing from the rhizome. Comparative
testing of fresh harvested seeds showed very low germination (4%) (GEORGIEVA
2007). A low reproductive capacity /<I/ was reported from three localites of G.
lutea ssp. symphyandra in the Rila Monastery Reserve (SipjiMova ET aL. 2014).

The value of G. [utea as a medicinal plant is well known. The activity of its
root compounds in the treatment of dyspepsia, anemia, and fatigue after severe

75



illness was shown by Kitanov (1987), PeTkov (1982) and NikorLov (2006).
The phenolic content and antioxidant activity in roots and leaves collected from
Bulgarian populations of G. lufea ssp. symphyandra were investigated (NIKOLOVA
ET AL. 2012). According to the official data, during the last 75 years more than
5000 kg roots of the population of the locality Yurushka Gramada in the Stara
Planina Mts have been excavated. This activity has led to a significant reduction
of the population area and in abundance of plants, which have not recovered yet.
A similar case was observed in the locality Skakavitsa of the Rila National Park.
Some years ago the population was destroyed by illegal collection of roots and
now it exists through some individuals only (GEorRGIEVA 2007). Because of such
threats, G. lutea s.1. was recently included in the MEDICINAL PLANT AcT (2000),
BioLogicaL DIvERSITY AcT (2002), SUPPLEMENT 3 OF THE ACT ON AMENDING AND
SUPLEMENTING THE BIOLOGICAL DIVERSITY ACT (2007), in the Red List of Bulgarian
vascular plants (PETRovA & Vriabpmirov 2009) and in the Bulgarian Red Data
Book (Peev 2015) with the IUCN category Endangered. As it was outlined above,
Gentiana lutea ssp. symphyandra in particular, is a target priority taxon in the
National System for monitoring of biodiversity of Bulgaria.

Considering the conservational importance of this subspecies and the
background of unresolved problems of its taxonomy and distribution, the main aims
of the present study were: 1) To investigate the spread of G. lufea ssp. symphyandra
and to map its populations in Bulgaria; 2) To reveal the occurrence of the species
in plant communities and habitats; 3) To determine its breeding capacity, as well as
the spatial and age structure of the populations; 4) To outline the main threats an d
propose relevant conservation measures.

MATERIAL AND METHODS

The present study was carried out in the periods July-September 2010 and
April — October 2011. A chorological review of the herbarium collections of SOM,
SO, SOA was done. Populations of the species were investigated in four floristic
regions of Bulgaria - Rila Mt (Rila National Park), Pirin Mt (Pirin National Park),
Vitosha Mt (Vitosha Nature Park), Rodopi Mts (Shabanitsa Natural Reserve) and
floristic subregion Stara Planina (central) (National Park Central Balkan) - Fig. 1.
The control populations (according to NSMB) are located in the Central Balkan
National Park (above the hut 7uzha), Vitosha Nature Park (below the locality
Reznyovete), Rila National Park (localities 7iha Rila and Urdina reka) and in the
Pirin National Park (locality Kazanite).

During the field research, GPS coordinates were taken, and some biotic
and abiotic parameters were measured. The area, altitude, exposure and slope
inclination are provided in Table 1. The age structure of the populations of G. lutea
ssp. symphyandra was evaluated by transects. The number of plants was examined
on two sites with an area of 1-10% of the total population area.
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The data from the control populations were included in a special “Terrain form™
for plants accepted by the Bulgarian National Biomonitoring System (GUSSEV ET
AL. 2008). The data will be used as a basis for the official National Data Base
for Gentiana lutea ssp. symphyandra. The fulfilled forms were deposited in the
National Environmental Executive Agency, in the directorates of National Parks as
well as in the Regional Inspectorate of Environment and Waters.

RESULTS AND DISCUSSION

1. Gentiana lutea ssp. symphyandra and its presence in phytocenoses and
habitats

1.1. Phytocenoses
In the course of the present study it was found that most of the localities of G.
lutea ssp. symphyandra were found at the altitudes between 1589 and 2200 m a.s.L.
According to the vertical zonation of the Bulgarian forest complex, the populations
of the subspecies were found mostly in the coniferous belt and in the alpine belt
(Rapkov 1963). The populations were distributed in the open places in the Pinus
peuce forests (Rila National Park, around the chalet Skakavitsa) in grass-lands of
Picea abies forests (Rila National Park, localities Kirilova polyana and Beliya
Uley). In addition, we observed a very interesting coenotic combination of G. lufea
ssp. symphyandra with Pinus heldreichii Christ. in the localities Yavorova Polyana
and Pogledets of the Pirin National Park.

The disposition of significant populations in different coenotic structures
corresponded with relatively high ecological plasticity of the subspecies and its
compatibility with the function of mountain plant communities. The distribution
of the populations allowed finding the ecological optimum for the development
of the investigated plant in the Bulgarian mountains. In the altitude range of
1800-2220 m a.s.1., the populations of G. lutea ssp. symphyandra were observed
within communities of Juniperus sibirica Burgsd. and/or Pinus mugo Turra (Rila
Monastery Reserve/Rila National Park — locality 7ika Rila, Pirin National Park -
locality Kazanite, Central Balkan National Park and Vitosha Nature Park). In this
zone, the species grew on rich, highly humid, brown forest soil, with occasional
small rocky fragments. The populations were distributed in open spaces in
coniferous forests. The well-developed root system of the plants makes them a
stable element in the communities occupying steep terrains. The bottom part of the
root is oriented perpendicularly to the slope (Fig. 2) and this prevents the plants
from eradicating in case of accelerated melting of the snow. The highest studied
population was at 2200 m a.s.l. in the locality Kazanite in the Pirin National Park.
There the species grows in the extreme conditions of the steep terrain and soil
mixed with rock fragments. Similar are the environmental conditions, in which
grow the populations of Vitosha Natural Park, located along the paths between the
huts Aleko and Fizkulturnik. The populations of Kozya Stena in the Central Stara
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was also found in other high-mountain plants, such as Primula deorum Velen. (PEEY,
unpubl.). The plants form vegetative buds on the rhizome at the end of the growing
season (Fig. 9). Thus, alpine plants are preparing for the coming vegetation season,
which is relatively short at the altitude of 1700-2200 m a.s.l.

3. Spatial structure

According to the mode of propagation and microtopographic conditions of the

populations, their spatial structures were identified as follows:

» Single individuals: at 300-400 m distance from the main group (in the locality
Tiha Rila of the Rila Monastery Reserve and in the Pirin National Park — on the
castern slope in the locality Kazanite)

*  Small-numbered group (40-50 individuals): at a distance of 4-15 m from
cach other (Rila National Park - locality Golyamo Pole - cirque of the rivulet
Urdina Reka; Vitosha Nature Park - along the path between the huts Aleko and
Fizkulturnik);,

*  Middle-numbered group (up to 1000 individuals): in a relatively small area, at
a distance of 0.8—-1.5 m from each other in Rila Mt. (locality 7iha Rila),

*  Numerous group (more than 1000 individuals): at a distance of 1-14 m from
cach other, covering a comparatively large area (1.5-10 ha). Such examples
were observed in the Central Balkan National Park, above the chalet Tuzha;
in the Pirin National Park, locality Kazanite, and in the Rodopi Mts, locality
Shabanitsa.

The highest abundance of the species was recorded in the localities near huts

Tuzha and Shabanitsa, with 0.43 plants m? and 0.41 plants m?, respectively (Table

1).

4. Age structure

During the survey in 2011, the vegetative individuals dominated in the all observed
populations (Table 1). The number of generative /flowering/ plants was about
three times less compared to the number of vegetative plants. This ratio can be
interpreted as a big biotic reserve of the species for future vegetation seasons.
The highest number of flowering individuals per m? was found in the localities
Shabanitsa (The Rodopi Mts), between the peaks Maluk Rezen and Golyam Rezen
(Vitosha Mt), and Yavorova Polyana (Pirin Mt). Most vegetative individuals were
found in the localities above Tuzha hut, Shabanitsa and along the path between
the huts Aleko and Fizkulturnik. The highest number of juvenile plants was found
in the localities near the hut 7uzha and Shabanitsa (The Rodopi Mts). The highest
total number of juvenile, vegetative and generative plants was found in the localites
Tiha Rila (Rila National Park) and Shabanitsa Natural Reserve (Rodopi Mts).
This high biological potential is most likely due to the favorable environmental
conditions in these areas combined with the conservation regime in Rila National
Park and Shabanitsa Natural Reserve. The latter reserve is situated at the southermn
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state border of Bulgaria, where the former border regime restricted the number of
tourists and gatherers.

5. Reproductive capacity

It is widely known that the reproductive capacity is strongly related to the pollen
productivity, pollination effectiveness and seeds production. The populations of
G. lutea ssp. symphyandra could be accepted as clear panmictic populations since
only groups of cross-pollinated individuals were observed. This was experimentally
proved by covering the flowers by bags, thus protecting them from visits of eventual
pollinators, as a result of which they did not form seeds. Therefore, it is possible
to state that there is a difference from the opinion of KozZUHAROVA ET AL. (1994),
KozunAarROVA & BoziLova (2001) and KozuHAROVA (2004) that this subspecies
forms partially self-pollinated groups of individuals and is characterized by
geitonogamy.

The metapopulations observed in one season (2011) had a total of about 8092
flowering plants. Each of these plants had 1 to 3 flowering stems on average. The
average number of flowers per stem was 25, therefore it could be accepted that
cach flowering plant had 112.5 flowers on average. According to GEORGIEVA &
Evstatieva (2000), each fruit capsule contains about 70-100 seeds. In our study,
we found 68.2 seeds per capsule on average. The general seed production of all
studied populations in one season (2011) could be estimated? maximum 8092
flowering plants with average of 7677 seeds per individual, which makes a total of
62 125 757 seeds (Table 2). Since the number of vital seeds is about 50% of their
total number (GEORGIEVA & EvsTATIEVA 2000), i.e. maximum number of seeds that
could be produced in real conditions is 31 062 878. However, despite the great
seed productivity of the species in the natural populations, very few seeds actually
germinate. This is due to both the physiological features of the subspecies and the
specific ecological conditions in the habitats in which it occurs. GEORGIEVA (2007)
followed seed germination of Gentiana lutea s.1. under controlled conditions and
found that it was very low (4%). According to her observations, plants enter a
generative period at the age of ten years, when they begin to bloom and form seeds.
During our study, the generative individuals were found to bloom over a 2-3 (4)
year period in most localities of G. lufea ssp. symphyandra. Similar results were
reported by Brouz (1992) and SipymmMova ET AL. (2014).

6. The populations of G. lutea ssp. symphyandra and their threats

The studied populations of G. lutea ssp. symphyandra in Bulgaria are
distributed over different types of protected Bulgarian areas and on some sites
from of the European ecological network NATURA 2000. However, inhibited/
restricted/arrested? development of the species was observed on some localities
caused by the negative anthropogenic impact such as the destruction of the
vegetation by the passage of large groups of tourists (in the locality Rilski Ezera),
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illegal root extraction, terrain erosion (nearby hut Skakavitsa) and strong grazing
pressure (in the locality 7ika Rila). Excessive presence in the communites of G.
lutea ssp. symphyandra of dominant species such as Juniperus sibirica Burgsd.
or Chamaecithysus absinthioides (Janka) Kuzm., as well as the climate warming,
led to a reduction of the frequency of occurrence and of the territories covered
by its populations. A similar trend was observed in the Rila National Park in the
vicinity of the locality 7i4a Rila and in the Central Balkan National Park near hut
Tuzha. Some negative effects were caused by the wild boars (which eat the roots of
Gentiana) and by the rolling stones on the steep slopes in the Pirin National Park
(locality Kazanite) and Rila National Park (locality Beliya Uley). Regarding the
conservation and sustainable use of this valuable medicinal plant, its cultivation
is necessary. Successful trials were already conducted in the Rodopi Mts., on the
Beglika Experimental Field (GEORGIEVA 2007; VITKOWA ET AL. 2012) - Fig. 10.

CONCLUSION

The results of the present study provide valuable information on the current
state of the populations of the protected plant Gentiana lutea ssp. symphyandra
in Bulgaria. Its populations were found to be in good condition, but climate
change, natural phytocenotic processes and anthropogenic pressures have negative
impact on some of them. Although this plant has a very high seed production, its
reproductive capacity is comparatively low in nature, with approximately 0.1% of
the seeds germinating and forming plants in the natural populations. This is due to
the following reasons: 1) The thick grass cover often prevents seeds to fall under
conditions favorable to their germination; 2) In some cases, due to the steep slope,
strong erosion involves the soil together with the germinating seeds and young
plants.

The warming of the climate in recent years has probably changed the optimal
conditions necessary for the development of this high-mountain plant in the natural
populations. The elaboration of Action plans, microtopographic mapping of the
populations and serious control in situ by the Park’s directorates make it possible
to give a positive prognosis for further protection. In relation to the conservation of
G. lutea ssp. symphyandra in nature, as well as its sustainable use in medicine, the
species needs to be cultivated in conditions close to those in the natural habitats.
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which is a part of the European ecological network NATURA 2000. The literature
review shows that there is one preceding publication on the flora of the studied
arca and more data on its vegetation with a stress on riparian forests (PENEV
1984; IvaNov ET AL. 2002; PEEv ET AL. 2003; GEORGIEV 2004, 2008; RUSEV
2004; ZHELEV & YURUKOV 2004). Current status of its five forest and non-forest
natural habitats was discussed by TasHEV ET AL. (20184,B) with special attention
on the flora and vegetation of the non-forest habitats (TASHEvV ET AL. 2017).

MATERIAL AND METHODS

The studied protected area (PA) Kamchia is a part of the European ecological
network NATURA 2000, declared as such with a decree of the Council of Ministers
of the Republic of Bulgaria Nr. 802/04.12.2007 (STaTE GAZETTE Nr.107/2007). The
territory of PA Kamchia is 129 199.37 dka and includes a nature reserve with the same
name. PA Kamchia covers the easternmost parts of the Kamchia river valley and the
foothills of Stara Planina (Balkan Range) going to the Black Sea. The zone covers
the territories on the banks of Kamchia from Grozdyovo village from the West to the
mouth of the Kamchia river in the Black Sea at the East. It is announced protected
area according to DIRECTIVE 92/43/EEC/ and DirecTIVE 2009/147/EC with the name
Complex Kamchia (BG0002045). The orography of PA Kamchia is variable — it is
plain along Kamchia river and becomes hilly in the north and south direction. On the
entire territory of the area, longer or shorter ravines are deeply jutted into the rock
fundament, thus forming steep and very steep slopes. The studied area belongs to the
Continental-Mediterrancan climatic area, Black Sea climatic sub-arca and Northern
Black Sea climatic region (VELEV 2002, 2010). The climate is characterized by warm
summer and mild winter, relatively small annual temperature amplitude, and autumn-
winter precipitation maximum and the absence of annual sustainable snow cover in
regions out of the mountains. Annual precipitation amounts are between 500 and
1000 mm and the higher values are related to the ways of the Mediterranean cyclones.
The soils are classified as belonging to Carpatho-Danubian soil region, and the East
Balkan province (MarLiNova 2010). The predominant soil types are Luvisols, Chromic
Luvisols, which form complexes with Rankers and Lithosols in some places. There
are also Fluvisols and Alluvial Fluvisols. Soils are mainly IV productivity class,
characterized with acid reaction, poor, seasonal surface over-moisturising, erosion
processes and shallow.

The field work was conducted during the period July-September 2011. The
identification of habitats was done according to KavRUKoOVA ET AL. (2008) and to the
Red Data Book of the Republic of Bulgaria (Biserkov 2015). Each natural habitat
was checked also using EUNIS classification. The choice of the places for description
was done after visual evaluation of typical sectors within a plant community. The arca
of description was 256 m?* (16x16 m experimental plots — EP). Full floristic inventory
was done for each plot and the cover of each taxon was evaluated according to BRAUN-
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Table 9. Geographical coordinates of phytocoenological descriptions of natural habitat 92A0.

Experimental Geographical coordinates Altitude [m] Date

Plot N E

EP1 43.01232 27.85741 12 7.08.2011
EP2 43.04052 27.55403 27 8.08.2011
EP3 43.04996 27.59413 22 9.08.2011
EP4 43.04149 27.63415 21 9.08.2011
EP5 43.02883 27.67261 5 11.08.2011
EP6 43.01656 27.72096 18 12.08.2011

Table 10. Floristic and phytocoenological characterization of natural habitat 92A0 Salix alba and
Populus alba galleries in PA Kamchia.

Ne | Species Abundance (after BRAUN-BLANQUET 1964)
EP1 | EP2 | EP3 | EP4 | EP5 [ EP6
Trees
1. | Acer campestre L. + - - - - +
2. | Acer negundo L. - 1 - 1 -
3. | Fraxinus oxycarpa M. Bieb. ex Willd. 3 - +-1 + -
4. | Juglans regia L. - - - +-1 - -
5. | Morus alba L. - + 1 + _ +
6. | Populus alba 1.. 2-312-3 4 2-3 3
7. | Prunus cerasifera Ehrh. + + + - - +
8. | Quecus robur L. + - + - - -
9. | Salix alba L. 4 3 2 2-3 3 3-4
10. | Salix fragilis L. - - 2 - 3
11. | Ulmus leavis Pall. - 1 1 +-1 + +
12. | Ulmus minor Mill. 1-211-2 - +-1 -
Shrubs and lianas
13. | Amorpha fruticosa L. +-1 + 1-2 + +-1 2
14. | Clematis vitalba L. + + - - -
15. | Crataegus monogyna Jacq. - 1 - - - -
16. | Hedera helix L. +-1 - - - - -
17. | Ligustrum vulgare L. - + - - - -
18. | Periploca graeca L. 2 - - + - -
19. | Prunus spinosa L. - + - - - -
20. | Rubus hirtus Waldst. & Kit. 2 2 3-4 2 2 2-3
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Abstract. This study aims to supplement the available research data on medicinal plants for the
territory of Shabla-Ezeretz Lake Complex Protected Area by carrying out a taxonomic and analysis of the
floristic elements and creating a database of their therapeutic action, usable parts and the groups of diseases
they are applicable for.

The medicinal plants identified as such in our surveys constitute 113 species of higher plants
referring to 46 families and 91 genera. The predominant biological types are herbaceous perennial plants
- 69 species or 61 percent. With respect to moisture and humidity as a factor dominant position hold the
mesophytes - 49 species (43%). Eurasian geo-elements are prevalent (26 species or 23%), followed by
FEuro-Mediterranean, cosmopolitans and sub-Mediterranean (14 species or 12%). Among the medicinal
plants in the studied wetlands there are 33 species (29%) of conservation significance. The established
medicinal plants have a wide variety of more than 38 types of healing action. Half of them are used mainly
for the treatment of gastrointestinal diseases, kidney and urinary tract diseases, respiratory diseases, and
those with haemostatic action. The species in which the above ground part (herba) is collected dominate
over the rest and represent half of the established for the area medicinal plants.
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INTRODUCTION

The wetlands are among the most productive ecosystems on Earth providing
unique living conditions for numerous plants and animal species, many of which
are protected or found only within that area. The latter is setting their conservation
as a priority in human activities since the deterioration and annihilation of species
would lead to their extinction. In this respect, the Northern Black Sea Coastal
Wetlands of Bulgaria among which is the Shabla-Ezeretz Lake Complex included
in the Ramsar List of Wetlands of International Importance (RAMSAR CONVENTION
SECRETARIAT 2010), and in the Red List Critically Endangered category wetlands in
Bulgaria (MicHEV & SToYNEvA 2007), represent a definite research interest.

In-depth floristic studies of the Shabla-Ezeretz Lake Complex Protected Area
were carried out within the 1992-1994 period as part of the North Wetlands Coastal
Area project of the Bulgarian — Swiss Biodiversity Conservation Programme
(BSBCP) (PHiLIPOVA ET AL. 2002). However, there is limited evidence on the
medicinal plants in the area. Information is found in a few publications referring
to the biological diversity of medical plants along the Northern Black Sea coast
(DivitroV ET AL. 2000; FILIPOVA ET AL. 2002; IVANOV ET AL. 2002; ZAHARIEV ET AL.
2016). This has driven us to supplement the available data on medicinal plants on
the Shabla-Ezeretz Lake Complex area by producing a taxonomic analysis, analysis
of'the floristic elements and creating a database of their healing action, usable parts
and the groups of diseases they exert influence on.

MATERIALS AND METHODS

The Shabla-Ezeretz Lake Complex is located in the most North-eastern part
of Bulgaria, 24 km from the Bulgarian-Romanian border and 3-5 km northeast of
Shabla, district of Dobrich. The wetlands area includes two coastal lakes - Shabla
Lake and Ezerets Lake connected by a canal, adjacent sand dunes, grassland, forest-
tree and shrub communities and arable agricultural land (GEORGIEV ET AL. 2003).

Field surveys were conducted by way of the inventory route technique during
the 2013-2015 vegetation seasons.

The floristic analysis was based on the method of ToLMacHEVY (1974).

Species were identified after the Flora of the Republic of Bulgaria (Y oRDANOV
1963-1979; VELCHEV 1982-1989; KozHUHAROV 1995; PEEV 2013) and Identification.
Guide to Higher Plants in Bulgaria (KozHUHAROV 1992).

The analysis of the floristic elements is according Asyov & PETROVA (2006).

The status of medicinal plants is based on the MEDICINAL PLaNTS AcT (2000,
2014) and the National Strategy for Biodiversity Conservation (HARDALOVA ET AL.
1994).

The conservation status of the species has been determined nationwide accordant
with the Red Data Book of the Republic of Bulgaria (PEEv 2013), the BioLoGICAL
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Diversity Act (2002, 2007), Order RD-83 of 03.02.2014, Lucas (1983), the
IUCN Red List (2014), Appendix 1 to the CONVENTION ON THE CONSERVATION
OF EUROPEAN WILDLIFE AND NATURAL HABITATS (BERN CONVENTION 1979) and
the Appendices to the CONVENTION ON INTERNATIONAL TRADE IN ENDANGERED
SpECiEs oOF WILD FAUNA AND FLoRA (CITES 1975) were used as determinants and
basis at an international level. Endemism is demonstrated at the level of Balkan
and Bulgarian endemics, according to the Balkan Endemics in the Bulgarian Flora
(PETROVA & VLADIMIROV 2010) and the List of Bulgarian Endemic Plants (PETROVA
& VELCHEV 2006).

The phytotherapeutic characteristics of the plants are reported after PETkOV
(1982), Asenov (1988) and NikorLov (2006), and their uses and utilization in
traditional medicine are according to PETKoV (1982).

RESULTS AND DISCUSSIONS

From 278 species of higher plants of the flora in the area we determined 113
species as medicinal plants. Of these, 105 (92%) are medicinal plants as per the
MEDICINAL PLaNTs AcT (2000, 2014) and 47 (41%) are classified as medicinal
plants according to the National Strategy for Biodiversity (HARDALOVA ET AL.
1994). In total, they account for 41% of the area's higher plants and for 15% of the
medicinal wild plants in Bulgaria.

The medicinal plants established for the Shabla-Ezeretz Lake Complex belong
taxonomically to 46 families and 91 genera. Families with the greatest number
of species are: Lamiaceae - 21 species or 19%, Asteraceae - 16 species or 14%,
Fabaceae - 7 species or 6%, and Apiaceae - 5 species or 4%, which club together
for 43% of the established types of medicinal plants. These families, with the
exception of Poaceae, Cyperaceae, Brassicaceae and Chenopodiaceae, are among
the most species-rich families among the flora of the research area (FILIPOVA ET AL.
2002). The least presented are 9 families with 2 species each and 25 families with
1 species each. Families with the largest genera variety of medicinal plants are:
Asteraceae (13), Lamiaceae (12), Fabaceae (5), Apiaceae (4) and Brassicaceae (4),
the same being the most well represented in the flora of the area. Genera with the
most species are Arthemisia (4), Mentha (4), Salvia (3) and Teucrium (3). At the
same time the genera Arthemisia and Salvia are among the richest in species and in
the flora of the arca (FILiPovA ET AL. 2002).

Herbaceous perennial type plants are the predominant biological type - 69
(61%), followed by the annual ones - 21 (18%), and the shrubs - 9 (8%). The
biennials are represented by 7 species (6%), annuals to biennials - with 3 species
(3%), annuals to perennials are presented by 2 species (2%), while biennials to
perennial and perennial to shrubs have only 1 species (1 %) each to account for.
Analysis display that the distribution of the biological types identified in the area
follows that of all plants species of the same area (FILIPovA ET AL. 2002).
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Moisture and humidity as factors differentiate the medicinal species as follows:
mesophytes occupy the dominant position of 49 species (43%), followed by the
xerophytes - 39 species (35%); hygrophytes - 21 species (19%) and hydrophytes
presented with only 4 species (3%). A similar ecological structure for the flora of
Shabla-Ezeretz Lake Complex is established by FiLipova ET aL. (2002).

Primary analysis of the floristic elements of the established medicinal plants
indicates predominance of the Eurasian geo-elements (26 species or 23%). Second
in numbers come the Euro-Mediterranean, cosmopolitan and Sub-Mediterrancan
(14 or 12%), followed by Boreal (13 species or 11%), European (8 species or 7%)
and Euro-Siberian (7 or 6%). In total, there are 35 species with different types of
Mediterranean distribution, representing 31% of the overall number of species. The
count of species with different types of European distribution is 57 representing
50% of the total number of species. Analysis of the floristic elements of the flora of
Shabla-Ezeretz Lake Complex Protected Area shows similar distribution (FILIPOVA
ET AL. 2002). The presence of a large number of cosmopolites among the medicinal
species (12%), as well as within the area’s flora (14%) is due mainly to the fact that
the subject of our survey is a wetlands area dominated by marsh plants the majority
of which are cosmopolitans.

There are 33 species (29%) of medicinal plants with conservation significance
in the studied wetland arca. Depending on the degree of threat to the biological
diversity they refer to different conservation categories and status.

The Near Threatened category (NT) of the European Red List for endangered
species includes 22 species: Alisma plantago-aquatica L., Apium graveolens L.,
Bidens tripartita L., Butomus umbellatum L., Ephedra distachya L., Equisetum
palustre L., Myriophyllum spicatum L., Iris pseudacorus L., Lycopus europaeus
L., Mentha aquatica L., Mentha pulegium L., Mentha spicata L., Salvia officinalis
L., Lemna minor L., Lythrum salicaria L., Najas marina L., Nymphaea alba L. |
Galium palustre L., Salix alba L., Veronica beccabunga L., Sparganium erectum
L. and 7ypha angustifolia L. The Bulgarian Red Data Book for endangered
species includes 3 species: Eryngium maritimum L., Nuphar lutea (L.) S. et S. and
Nymphaea alba L.

Protected plants according to BULGARIAN BioLoGicAL DIVERSITY ACT,
Appendix 3, Article 37, are 6 species: Eryngium maritimum L., Artemisia lerchiana
Web., Ephedra distachya L., Euphorbia peplis L., Nuphar lutea (L.) S. et S. and
Nymphaea alba L. There are 2 species fully prohibited for collection from their
natural habitats according to Order Ne RD-83 of 03.02.2014 of the Minister for the
Environment and Water issued on the basis of the MEDICINAL PLANTS AcT, Article
10: Althaea officinalis L. and Artemisia santonicum L. subsp. patens (Neibr.) K.
Pers.

On account of research data for the healing activity and plant substances,
we grouped the medicinal plants of the studied Shabla-Ezeretz Lake Complex
according to the diseases they are relevant or appropriate (Table 1).
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Abstract. Phenols (sometimes called phenolics) are synthesized by plants for their general
defense and particularly in response to antioxidative stress. These biologically active compounds are
well known to have beneficial effects on human health. The aim of the present study was to apply
a fast in vitro approach to compare the antioxidant potential of yarrow (Achillea millefolium 1..)
and thyme (Thymus vulgaris 1.) that were freshly collected from their natural habitat in the Rodopi
Mits with some randomly selected herbs for infusion from traders in Sofia region. Ethanol extracts
from yarrow and thyme plants were compared with an extract from the Chinese white tea (Camellia
sinensis (L.) Kuntze) used for infusion and known for its high phenolic content with antioxidant
effect. The total quantity of phenols in both studied herbs varied in a close range but was 5-8 times
lower than this in the white tea. The average antioxidant activity in thyme was slightly higher than
in yarrow but was nearly four times lower in comparison to their activity in the white tea. Slight
variations between the herbs from the Rodopi Mts and Sofia were found in the phenolic content of
yarrow and thyme, and in the antioxidant activity of thyme. Significant positive correlation between
the content of phenolic and antioxidant activity was observed m white tea and thyme, but not in
yarrow but our in vitro approach would need to be confirmed by further in vivo analyses. Our results
show that the genotype, habitat and storage conditions could influence the plant antioxidant potential
and that it is likely that the Bulgarian herbs contain additional classes of metabolites which determine
distinct biological activities.

Key words: antioxidant activity, herbs, phenolics, tea, white tea
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INTRODUCTION

The secondary plant metabolites serve as reducing agents that result in decrease
of the amount of active oxygen species inside the cell, which prevents further
damages and cell malfunction (GUPTA & SHARMA 2006; PEREIRA ET AL. 2013).
The phenols (sometimes called phenolics) are secondary metabolites, widespread
in herbal plants, and often studied for their antioxidant potential. The variable
biological properties of the phenolics are due to their molecular structure including
at least one phenol ring in which the hydrogen is usually replaced by a more active
residue, such as hydroxyl, methyl or acetyl. These compounds often contain more
phenolic rings, therefore they are called polyphenols (DziALo ET aL. 2016). Plants
synthesize phenolic compounds mainly to protect themselves against unfavourable
environmental conditions such as ultraviolet light, herbivores and pathogens, as
well as to attract pollinators and animals dispersing the seeds (BoupeTt 2007). The
defence costs are paid mainly in the form of energy, carbon, and nitrogen, while
phenolics are suggested to be cheaper than alkaloids because of the additional effort
that is required to make inorganic nitrogen bioavailable (MITHOFER & BoLAND
2012).

Polyphenols are the subject of increasing scientific interest as they have various
functions in the human body - antioxidant protection, anti-viral, antibacterial, anti-
tumor and anti-inflammatory activity (PANDEY ET aL. 2009). Epidemiological
studies and associated meta-analyses strongly suggested that long term consumption
of diets rich in plant polyphenols offered some protection against development of
cancers, cardiovascular diseases, diabetes, osteoporosis, and neurodegenerative
discases (PANDEY ET AL. 2009). The teas made from Camellia sinensis (L.) Kuntze
contain polyphenols and flavonoids (mainly catechins), which are considered as
their most important phytochemicals in terms of health benefits due to their ability
to act as antioxidants by donating electrons or hydrogen protons to reactive oxygen
or nitrogen species (SHANNON ET AL. 2018). White teas have been reported to
possess higher anticlastase, anticollagenase, and antioxidative activity than green
tea, which has led to an increased interest in this tea type (THRING ET aL. 2009). In
comparison, tisanes derived from herbs or fruit infusions, as chamomile and berry/
hibiscus, also contain polyphenols but at significantly lower levels than C. sinensis
derived teas.

Ethnobotanical studies highlighted the members of the Asteraccae and
Lamiaceac families among the most popular medicinal plants in Bulgaria and other
countries on the Balkan Peninsula, with different species of varrow (Achillea L.)
and thyme (Zhymus L.) as commonly used herbs (e.g. EvSTATIEVA ET AL. 2007;
JARIC ET AL. 2015). The application of these medicinal plants in food industry,
cosmetology and pharmacology has been increasingly studied (MEKINIC ET AL.
2014; Boutaourl ET AL. 2018). Previous research work on these plants has been
mainly confined to their essential oil, however, much attention has recently been

132



directed to the water-soluble components (BENETIS ET AL. 2008; KRATCHANOVA ET
AL. 2010; MEKINIC ET AL. 2014; RoGova ET AL. 2015; Boutaour ET AL. 2018).
In yarrow, phenolic compounds such as flavonoids (e.g. vicenin-2, luteolin-3',7-
di-O-glucoside, luteolin-7-O-glucoside, rutin, apigenin-7-O-glucoside, luteolin,
apigenin) and phenolic acids (e.g. rosmarinic acid, m-hydroxybenzoic acid,
o-coumaric acid, caffeic, ferulic acid) constitute one of the most important groups
of pharmacologically active substances (BENETIS ET AL. 2008; MEKINIC ET AL.
2014). Recent investigation on bioactive substances in thyme species also revealed
high content of phenolic compounds (benzoic acid, epicatechin, chlorogenic acid,
syringic acid, naringin, catechin, o-coumaric acid) - Boutaour et AL. (2018).

Plant extracts made with water are nutritionally more relevant since herbs
are traditionally ingested as hot-water infusions. However, stronger polar solvents
(methanol, acetone, ethanol) are preferred for more exhaustive extraction
of polyphenol compounds due to their polar groups (BENETIS ET aAL. 2008;
KratrcHANOVA ET AL. 2010). KRATCHANOWA ET AL. (2010) investigated the influence
of the extraction agent on the extractability of polyphenol components and the
antioxidant activity of 25 Bulgarian medicinal plants, among which A. millefolium
and 77 vulgaris. It was found that the antioxidant potential was higher for 80%
acetone extraction than for water extraction.

The phytochemical composition of medicinal plants is influenced by variables
such as cultivar, ontogenetic factors, growth conditions, processing conditions,
storage (FIEEN 2002; KapcHINA ET AL. 2014; BouTaoul ET AL. 2018; SHANNON ET
AL. 2018). In the present study, we applied a simple preliminary, but fast in vitro
approach to examine the total quantity of phenolic compounds and antioxidant
activities of yarrow and thyme herbs from two different regions in Bulgaria, and
compared them to the antioxidant potential of Chinese white tea, when using
cthanol as a solvent.

MATERIALS AND METHODS

Plant material

The plant material was collected on 24™® June 2017, from a natural habitat
in Bulgaria, the Rodopi Mts (Plovdiv Province, village Dryanovo, latitude
41.7946091; longitude: 24.7867012; altitude 1000 m a.s.1.). The voucher specimens
were deposited in the Herbarium of Sofia University ,,St. Kliment Ohridski”, as
follows: SO107842 for Achillea millefolium L. (varrow) and SO107844 for Thymus
vulgaris L. (thyme). Flowers were air dried at room temperature in darkness until
no significant change of the dry weight was detected. The samples were analyzed
four weeks after the collection. The commercially purchased yarrow and thyme
herbs were randomly selected from Bulgarian producers in Sofia region (at average
altitude of 500 m a.s.l.). The white tea (Camellia sinensis) consisted of unopened
buds and it was purchased from a herbal pharmacy in Sofia in 2017.
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Preparation of extracts

For extract preparation 50 mg of air-dried plant material was homogenized
with 5 ml 100% ethanol and disintegrated in ultrasonic bath for 2 min. After
centrifugation (at 9000 rpm for 20 min) the supernatant was subjected to further
analyses.

Total phenolic content analysis

The total phenolic content was determined according to SINGLETON ET AL.
(1999). Test samples contained 0.1 ml plant extract, 1.5 ml Folin-Ciocalteau reagent
(previously dissolved in distilled water 1:10), 1.4 ml 7.5% Na,CO,. The samples
were incubated in darkness, at room temperature for 30 min. The absorbance was
measured at A = 765 nm by spectrophotometer Shimadzu UV 1800. Standard
curve based on known concentrations of gallic acid (GA) was used to calculate the
amount of phenolic compounds as GA equivalents per dry weight (mg GA .g* DW).

Total antioxidant activity analysis

The total antioxidant activity of each extract was measured according to
PrIETO ET AL. (1999). Each sample contained 0.25 ml extract and 2.5 ml reagent
solution (0.6 MH_SO,, 28 mM CH,COOK and 4 mM (NH,) Mo.0O,,). The samples
were incubated in a water bath for 90 min at 95°C. The reaction was stopped
by placing the samples on ice. The absorbance was measured at & = 695 nm by
spectrophotometer Shimadzu UV 1800. The total antioxidant activity is calculated
according to PRIETO ET AL. (1999) by multiplication with a coefficient from a
standard curve with known concentrations of a-tocopherol and expressed as mM
a-tocopherol per DW (mM.g! DW).

Statistical analysis

The shown values are mean values of six to nine measurements (three
extractions with two-three technical repetitions) and the related standard deviation.
The r-test was applied for statistical evaluation with a threshold P < 0.05. For the
correlation analysis, first, linear regression analysis was applied after checking the
assumptions for normality and equality of the variances. Next, Pearson Product
Moment Correlation coefficient () was calculated with P = 0.05 accepted as a level
of significance. Data analysis was made by SigmaPlot software.

RESULTS

The maximal phenolics content of yarrow and thyme ranged in close limits
(28.0-47.0 mgGA .gDW?). However, there were statistically significant differences
between the material from the Rodopi Mts and Sofia regions. In yarrow, the phenolic
content was higher in the plants from the Rodopi Mts in comparison to the plants
from Sofia region (35.8 and 28.0 mgGA gDW', respectively). By contrast, in
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In this study, the total amount of the identified phenolics in yarrow flowers from
different populations varied from 13.290 to 27.947 mg.g'. Since the examined
populations of A. millefolium were located in different regions of Lithuania
within habitats with different environmental conditions (e.g. in microclimate, soil,
ultraviolet radiation), it was concluded that the observed diversity could have a
genetic basis, but it may be attributed also to the environmental differences. In
Bulgaria, Rogova ET AL. (2015) performed similar screening of the antioxidant
potential of the endemic species A. thracica Vel., grown in vivo, in vitro and ex
vitro conditions, and reported lack of correlation between the phenolics content
and the total antioxidant activity. Most of the studies on different Achillea species
(including the endemic A. thracica) in Bulgaria were focused on their essential
oil composition with revealing a dependence of the sesquiterpene lactone profile
from the habitat or cultivation conditions (ToporovA ET AL. 2000, 2004, 2007
Y ORDANOVA ET AL. 2017).

The comparison of the phenolics and antioxidant activity of all studied yarrow
and thyme plants showed that they were several folds lower than in the Chinese
white tea. As in other screens for the antioxidant potential of herbs, our work is an
in vitro approach and the determined values could differ from those in vivo since
polyphenols undergo extensive modification during digestion via conjugation in the
intestinal cells and liver by sulphation, methylation, and glucuronidation (SETCHELL
ET AL. 2003). Therefore, for revealing the real antioxidant potential of the investigated
herbs, it would be more useful to use more antioxidant methods and to investigate
the biological activities of the extracts from medicinal plants which can provide more
detailed information about the specific roles of the metabolites (BADARINATH ET AL.
2010; MexiNIC ET AL. 2014). However, our results show the potential of the applied
screening of total phenolics content and antioxidant activity as a fast approach to
overview the general trend in the antioxidant potential and factors (such as genotype,
habitat and storing conditions) that influence it in medicinal plant species used for
infusions in the households.

ACKNOWLEDGEMENTS

The authors are grateful to the colleagues from specialty Molecular Biology in
the Biological Faculty of Sofia University who provided technical support during the
summer practice in Plant Physiology. We thank Assoc. Prof. ZHENYA Y orDANOVA for
the useful discussions regarding the work. The authors highly appreciate the critical
comments and suggestions of the editors for improving the manuscript.

CONFLICT OF INTERESTS

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

137



AUTHOR CONTRIBUTIONS

N.G.G. performed experimental work; G.T.C. and M.K.Z. designed the
experiments and interpreted the results; M. K. Z. wrote the manuscript.

References

BADARINATHA. V., MALLIKARIUNA R. K., MADHU SUDHANA CHETTY C., RAMKANTH
S.,RAIANT. V. S. & GNaNAPRAKASH K. 2010. A review on in-vitro antioxidant
methods: comparisons, correlations and considerations. - International Journal
of PharmTech Research (2): 1276-1285.

BENETIS R., RADUSIENE J. & JanuLis V. 2008. Variability of phenolic compounds
in flowers of Achillea millefolium wild populations in Lithuania. - Medicina
(Kaunas) 44 (10): 775-781.

Bouper A. 2007. Evolution and current status of research in phenolic compounds.
- Phytochemistry 68 (22-24): 2722-2735.

Boutaoul N., ZAITER L., BENAYACHE F., BENAYACHE S., CARRADORI S., CEsA S,
Grusti A. M., CAMPESTRE C., MENGHINI L., INN0osA D. & LocaTeLL M. 2018.
Qualitative and quantitative phytochemical analysis of different extracts from
Thymus algeriensis Aerial Parts. - Molecules 23 (2): pii: E463.

Dziaro M., MiErzIAK J., KorzUN U., PREISNER M., Szora J. & KuLma A. 2016.
The potential of plant phenolics in prevention and therapy of skin disorders. -
International Journal of Molecular Science 17 (2): 160.

Evstatieva L., HARDALOVA R. & STovanowa K. 2007. Medicinal plants in Bulgaria:
diversity, legislation, conservation and trade. — Phytologia Balcanica 13 (3):
415-427.

Fiean O. 2002. Metabolomics-the link between genotypes and phenotypes. - Plant
Molecular Biology 48 (1-2): 155-171.

Gupta V. & SHARMA S. 2006. Plants as natural antioxidants. - Natural Product
Radiance 5 (4): 326-334.

JARIC S., MAcCukaNovi¢-Joci¢c M., DyurpIevic L., Mitrovic M., Kosti¢ O,
KarRaDZIC B. & Paviovi¢ P. 2015. An cthnobotanical survey of traditionally
used plants on Suva planina mountain (south-castern Serbia). - Journal of
Ethnopharmacology 175: 93-108.

KapcHINA-TOTEVA V., DiMITROVA M. A, STEFANOVA M., KoLEvA D., Kostov K.,
Yorpanova ZH. P, STEFaNov D. & ZHronova M. K. 2014. Adaptive changes
in photosynthetic performance and secondary metabolites during white dead
nettle micropropagation. - Journal of Plant Physiology 171 (15): 1344-1353.

KrarcHANOVA M., DENEV P, Ciz M., LoJEk A. & MiHAILov A. 2010. Evaluation
of antioxidant activity of medicinal plants containing polyphenol compounds.
Comparison of two extraction systems. - Acta Biochimica Polonica 57 (2):
229-34,

138



Krausaris P, VENskUTONIS P. R. & RacazINskiENE O. 2011. Antioxidant
activities and phenolic composition of extracts from Nepefa plant species.
— In: Proceedings 6™ Baltic Conference on Food Science and Technology
Innovations for Food Science and Production - FOODBALT 2011, Jelgava,
Latvia, 79-83.

Mekini¢ 1. G., Skroza D., LiuBenkov 1., Krsturovi¢ L., MoziNa S. S. &
KaraniNi¢ V. 2014, Phenolic acids profile, antioxidant and antibacterial
activity of chamomile, common yarrow and immortelle (Asteraceae). - Natural
Product Communications 9 (12): 1745-1748.

MITHOFER A. & BorLanp W. 2012, Plant defence against herbivores: chemical
aspects. - Annual Review of Plant Biology 63: 431-450.

PanDEY K. B. & Rizvi S. . 2009. Plant polyphenols as dietary antioxidants in
human health and disease. - Oxidative Medicine and Cellular Longevity 2 (5):
270-278.

PEREIRA O.R.,MaciasR. 1. R, PEREZ M. J., MarINC ]. J. G. & CarRDOsO S. M. 2013.
Protective effects of phenolic constituents from Cytisus multiflorus, Lamium
album L. and Thymus citriodorus on liver cells. - Journal of Functional Foods
5 (3): 1170-1179.

Prieto P, PINEDA M. & AGUiLAR M. 1999. Spectrophotometric quantitation
of antioxidant capacity through the formation of a phosphomolybdenum
complex: Specific application to the determination of vitamin E1. - Analytical
Biochemistry 269 (2): 337-341.

Rocova M. A ., DraGgoLova D. T., DIMITROVA M. A, Y ORDANOVA ZH. P., MANTOVSKA
D., Zurronova M. & KapcHiNA-ToTEVA V. M. 2015. Micropropagation and ex
situ conservation of Achillea thracica Velen. - Science & Technologies 5 (1),
Medicine: 38-41.

SENGUL M., YiLpiz H., GUNGOR N., CETIN B, Eser Z. & ErcisL1 S. 2009. Total
phenolic content, antioxidant and antimicrobial activities of some medicinal
plants. - Pakistan Journal of Pharmaceutical Sciences 22 (1): 102-106.

SETCHELL K. D., FAUGHNAN M. S., AvADES T., ZIMMER NECHEMIAS L., BROWN N.
M., WoLFE B. E., BRASHEAR W. T., DEsa1 P., OLDFIELD M. F. & BoTTING N. P.
2003. Comparing the pharmacokinetics of daidzein and genistein with the use
of 13C-labeled tracers in premenopausal women. - The American Journal of
Clinical Nutrition 77 (2): 411-419.

SHanNON E., JaiswaL A. K. & ABu-GHANNAM N. 2018. Polyphenolic content and
antioxidant capacity of white, green, black, and herbal teas: a kinetic study. -
Food Research 2 (1): 1-11.

SINGLETON V. L., ORTHOFER R. & LAMUELA-RAVENTOS R.M. 1999, Analysis of'total
phenols and other oxidation substrates and antioxidants by means of Folin—
Ciocalteu reagent. - Methods in Enzymology 299: 152-178.

THRING S. A. T, HiL1 P. & NaugHTON D. P. 2009. Anti-collagenase, anti-clastase
and anti-oxidant activities of extracts from 21 plants. - BMC Complementary

139



and Alternative Medicine 9: 27.

Toporova M., VoGLER B. & Tsankowa E. 2000. Terpenoids from Achillea setacea.
- Zeitschrift fiir Naturforschung C 55 (9-10): 840-842.

Toporova M. N., Tsankova E. T. & MusTAKEROWA E. 1. 2004. Spirodepressolide:
an unusual bis-norsesquiterpene lactone from Achillea depressa Janka. -
Natural Product Research 18 (5): 461-464.

Toporova M., TRENDAFILOVA A., MikHOVA B., ViITRKOVA A. & DUDDECK H. 2007.
Chemotypes in Achillea collina based on sesquiterpene lactone profile. -
Phytochemistry 68 (13): 1722-1730.

YoRrDANOVA Z. P, Rocova M. A ., ZaipoNova M. K., GEORGIEV M. 1. & KAPCHINA-
ToTteva V.M. 2017. Comparative determination of the essential oil composition
in Bulgarian endemic plant Achillea thracica Velen. during the process of ex
situ conservation. - Phytochemistry Letters 20: 456-461.

Received 10 August 2018
Accepted 26 November 2018

140



TOJMIIHKK HA COOHUCKIST YHUBEPCUTET | CB. KIIMMEHT OXPUICKI*

BEUOJIOTUYECKHU GAKVIITET
Krra 2 — boranuka

Tom 102, 2018

ANNUAL OF SOFIA UNIVERSITY “ST. KLIMENT OHRIDSKI”

FACULTY OF BIOLOGY
Book 2 — Botany

Volume 102, 2018

REPORT ON THE INTERNATIONAL MEETING PAYMENT
FOR ECOSYSTEM SERVICES - FOREST FOR WATER (COST
ACTION 15206 PESFOR-W), ALBENA, BULGARIA

MARIYANA LYUBENOVA!™ & GREGORY VALATIN?

! Department of Ecology and environmental protection, Faculty of Biology, Sofia University
“St. Kliment Ohridski”, 8 Dragan Tsankov Bid., 1164 Sofia, Bulgaria
2 Forest Research, Alice Holt Lodge, Wrecclesham, Farnham, Surrey, GUI0 4LH, UK

Abstract. The paper reports on the meeting of the Payment for Ecosystem Services Cost
Action/18.10.2016-17.10.2020 (CA 15206 PESFOR-Water), which took place from 25% to
27% September, 2018 in the Congress Center of the Flamingo Grand Hotel, Albena, Bulgaria.
The meeting was related to the European scientific program COST (European Co-operation in
Science & Technology). COST Action PESFOR-W includes representatives of 39 countries.

A meeting related to the European scientific program COST (European
Co-operation in Science & Technology) and in particular to the Payment for Eco-
system Services Cost Action/18.10.2016-17.10.2020 (CA 15206 PESFOR-Water)
took place from 25% to 27" September, 2018 in the Congress Center of the Flamingo
Grand Hotel, Albena, Bulgaria (Figs. 1-4).

COST Action PESFOR-W includes representatives of 39 countries, out of
which the following 32 are COST countries: Austria, Belgium, Bosnia and Her-

*corresponding author: M. Lyubenova — Department of Ecology and environmental protec-
tion, Faculty of Biology, Sofia University “St. Kliment Ohridski”, 8 Dragan Tsankov Blvd., 1164
Sofia, Bulgaria; ryana_l@yahoo.com
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http://www.forestresearch.gov.uk/research/

The main objective of this international scientific cooperation is to synthesize
knowledge and promote research in order to improve Europe's capacity to use Pay-
ments for Ecosystem Services (PES) to achieve the Water Frame Directive (WFD)
objectives and other policy goals through initiatives for planting forests to reduce
diffuse pollution from agriculture. Gathering and synthesizing information on ex-
isting developing woodlands for water PES schemes will help the design of a user
manual to aid the development of future schemes. Look-up tables on the effective-
ness of planting trees at reducing agricultural diffuse pollution to watercourses are
under development, and a common approach to calculating the cost-effectiveness
of woodlands for water PES schemes is also currently under discussion.

The meeting in Albena reported on the Action progress. A focus of the field
visit organised as part of the meeting was on the forest belts created in the agri-
cultural areas to reduce nitrate, phosphate, pesticide and sediment pollution as the
main pollutants causing water eutrophication, as well as for demonstration of the
irrigation role of the forest belts on the adjacent territories and agricultural lands.
Further studies on the effects of planting different tree species, as well as on the
effects of species mix, woodland structure, age, area, management, etc. are need-
ed to identify the most efficient and cost-effective ways to increase surface water
quality. Demonstrations on exploring the potential of trees in helping to preserve
the water quality of regionally important wetlands for biodiversity protection was
a further focus of the visit.

The hosts of the meeting were Prof. Dr MARIANA LyUBENOvA from the Faculty
of Biology, Sofia University and Assoc. Prof. ALEXANDER SHIKALANOV from the
Faculty of Information Sciences, University of Library Studies and Information
Technologies, who are members of the Management Committee of the Action.

The meeting was held with the assistance of: Director of the Basin Directorate
Black Sea Region Eng. D. KonsuLova, Director of the Regional Inspectorate of
Environment and Water - Varna Eng. H. GENova, Executive Forestry Agency in the
person of Assoc. Prof. D. PANDEva (Director of Science and International Activities
Directorate), Director of the Northeastern State Enterprise Eng. V. NiNov, Director
of the Forest Protection Station, Varna Eng. M. KiriLova, Director of the Forestry
Institute (BAS) Assoc. Prof. M. ZH1anskl1, Director of State Hunting Farm, Balchik
Eng. K. Toporowa and Eng. R. RapEy, Director of State Forestry Farm, General
Toshevo Eng. Y. STovanova and Eng. Dr. J. PETROV, Institute for Economic Re-
search (BAS) Dr Y. KiriLova and Dr D. VELKova, WWF in Bulgaria V. Kavra-
KoVA (Director) and G. STeranov, National Archacological Institute with Museum
(BAS) with Dr. I. Werssov as Head of Archeological Studies of the Eneolithic Set-
tlement Mound - The Big Island (Durankulak Lake Protected Area), Director of the
Vitosha Nature Park Directorate Landsc. arch. S. PETRovA and Senior Specialist
and Coordinator Visitor Center and Museum A. STANEVA, Director of the Green Ed-
ucational Center at Shabla Municipality Dr. D. Toporova, and experts from Shabla
Municipality - Chief Expert Ecology G. CamBEROVA and Senior Expert Cultural
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and historical heritage I. HRISTAKIEV.

The representatives of Bulgarian institutions introduced their achievements
related to the management of water resources, development of payment schemes,
management of forest resources in Bulgaria, mapping and assessment of forest eco-
system services, and legislative developments (e.g. the Article in the Forests Act
concerning the forest ecosystem services and an Ordinance providing for their val-
uation). These included the following reports: Control and management of surface
water. Assessment indicators. Management and Payment Schemes (K. KUSHEWA &
S. Ivanova) — Fig. 5; The Costs Directive and the Floods Directive - the Bulgari-
an example (Y. KIRiLova & D. VELKOVA) — Fig. 6; Forest and water resources in
Bulgaria. Estimation of Ecosystem Services from Forests (D. PANDEVA) — Figs. 7, 8
and Soil related ecosystem services provided by natural, urban and suburban forest
ecosystems - assessment and mapping (M. ZH1aNsKI) — Fig. 9.

The first results from the Bulgarian project Development of an ecosystem ser-
vices assessment scheme, their effectiveness for purification and protection of wa-
ter and other natural components in the regions (Contract DCOST 1/30/20.12.2017
of the National Scientific Fund, Ministry of Education and Sciences as addition to
the COST Action Payment for Ecosystem services (Forest for Water)/ CA 15206
PESFOR; http://www.e-ecology.org were presented under the title Cost-efficiency
assessment of forest ecosystem services for water protection and research in Bul-
garia (A. SHIKALANOV & M. Lyusenow) — Fig. 10. This project includes some of
the implementations of the first dendrometers in natural forests, which will scan
24-hour radial growth of Quercus frainetfo Ten. and Quercus cerris L. to help mon-
itor the state of oak forests and the sustainability of ecosystem service provision,
and develop more robust growth forecasts (Figs. 11, 12). Long-term observations
will help create a useful database to underpin future participation in international
projects.

Achievements related to the development of PES schemes as part of different
projects carried out by WWEF, Bulgaria (http://www.wwf bg) were presented by G.
SteFaANOV (Development of PES schemes for wetlands and forests for water).

Professor MARGARET SHANNON of Baldy SUNY Buffalo Law School gave an
insightful presentation on Crifical transformational deliberative science: A critical
element for PESFOR - W.

The Bulgarian experience of the construction, maintenance and management
of field forest protection belts in the Bulgarian part of Dobrudzha was reported. The
large-scale network of belts is considered a unique phenomenon in forest/agricul-
tural practice as reported in the following presentations: 7he system of protection
forest belts in Dobrudzha. Meaning, status, perspectives and management issues.
Possible ways of financing the activities (R. RADEV) — Fig. 13 and Coastal forest
belts in Dobrudzha. Design, construction, schemes for creation, growth, condition
and efficiency (Y. PETROV) — Fig. 14. Some background on the development of
forest protection belts in Bulgaria is provided below.
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The first field protective forest belts (shelter belts) in Bulgaria were created
in 1925. Their wider application in agroforestry dates back to the beginning of the
1950s. According to the Northeastern State Enterprise - Shumen, a system of forest
belts covering area of 14 631 ha exists within the territory of Dobrich Region, 8 110
ha of which are state protective belts (with a length of about 1000 km in total) and
6 522 ha are non-state protective belts (with a length of over 4000 km). The area
of existing forest belts today is only half of the planned area and 2/3 of the area
that existed in the 1960s, and only 53% of the belts are currently in good condition,
with 22% satisfactory and 25% in poor condition (PETROV ET AL. 2002). In addition
to water quality benefits, the system of forest shelterbelts provides a set of ecosys-
tem services, including wildlife habitats and biodiversity, soil protection from the
strong winds, microclimate improvements, protection of water supplies in the soil,
and humidity of the air. In drought conditions, relative humidity in protected areas
is 5-7% higher, absolute humidity is 12-15% higher, and soil temperature at 20 cm
depth in protected areas is 2-3 to 7-8% lower. Improving the conditions for growth
of agricultural crops has been found to increase crop yields. For example, at an
altitude of 8 to 17 m, the average increase in yields for the period 1956-1995 was
as follows: 9.8%, 15.5%, 10.6% and 8% respectively for wheat, maize, sunflower
and common beans (e.g. [vaNov ET AL. 1995; ToNEV ET AL. 1996, 2002; ToNEV &
ILiev 2005).

The participants in the meeting visited the system of forest belts in Balchik
municipality. Eng. R. RADEv and Eng. Dr J. PETROV showed belts formed from dif-
ferent main species with different structures and in different phases of development
and management. They highlighted existing problems with the financing, creation,
exploitation and management of the belts and answered a number of questions of
great interest to the participants, as many of them had not seen such an agro-for-
estry system previously (Figs. 15, 16). The forest belt system in Dobrudzha can be
considered a national asset, because of its uniqueness and the complex of benefits
(services) it offers. In order to preserve, maintain and develop the network of forest
belts, it is useful to consider how PES schemes can provide funding for their sus-
tainable management, as well as for the reconstruction and creation of new belts.
The experience of creating forest belts in Bulgaria is worthy of wider consideration
as creating forest belts may potentially play an important role in other European
countries, where similar to those in Bulgaria financing issues may arise.

Furthermore, the participants in the meeting visited the Green Educational
Center at Shabla Municipality (http://www.shabla-greencenter.info), where Dr. D.
Toporowa presented the purpose and activities of the Center for the environmental
education in relation to the sustainable development of local wetlands, as well as
potential to develop PES schemes; the project activities of the center and the oppor-
tunities for cooperation — Figs. 17, 18.

The biodiversity of wetlands in the Shabla Municipality and the ecosystem
services that the wetlands provide were presented by G. CAMBEROVA (Ecosystem
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the Natura 2000 network. During the field trip, the meeting participants also visited
the Big Island in Durankulak Lake and the Museum Collection in the Green Edu-
cational Center. Mr. 1. ILLIEV talked about the rich cultural and historical heritage
of Dobrudzha, which is an attractive center for cultural and archacological tourism.

In addition, the participants in the meeting visited the Ba/fafa managed reserve,
located in close proximity to the Albena resort, which hosts the northernmost lon-
goz forests at the lower part of Batova river (Figs. 21, 22). These forests are unique
communities in the vegetation of Bulgaria with significant biodiversity and species
of importance for conservation (ANoNYMous 2004; MicHEV & SToyNEva 2007).

The reserve Baltata contributes significantly to the unique conditions that A/-
bena offers to its guests - a combination of preserved nature and a modern tourist
resort providing various forms of recreation and ecotourism (Figs. 20, 21). The
reserve provides a natural example of the role of forests in surface water purifica-
tion. The river Batova flows through five villages and resorts: Dolishte (Ahtopol
municipality), Batovo (Municipality of Dobrich), Tsurkva, Obrochishte, Kranevo,
Balchik and Albena (Balchik region). During the summer the large part of the arca
is a massively used recreational destination, while its other part is occupied by
agricultural lands. Two roads of the national road network pass through the riv-
er valley: between Obrochishte and Kranevo - a section of 5.1 km of road -9
(Durankulak - Vara - Burgas - Malko Turnovo), and, between the villages of
Batovo and Obrochishte, a section of 9.5 km from the road II-71 (Silistra - Dobrich
- Obrochishte). Although very high pollution of the surface water flowing into the
river Batova could be expected, the national monitoring data indicate that it is char-
acterized by medium to low water pollution, with very pure water flowing into
the Black Sea. The regulating and supporting ecosystem services that the longoz
forests provide are of great importance to maintain the good ecological status of the
surface waters in the Batova basin and the coastal seawater.

As it could be seen from the report above, the field trip elaborated on the Bul-
garian experience in creation of forest protecting belts as providers of important
ecosystem services, and on the good practices in nature conservation with focus on
the significant role of the wetlands and their ecosystem services. Together with the
successful theoretical sessions, they contributed to the meeting work in developing
ideas for further proceeding of the COST Action.
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Flora (CITES), and for others the information on their including into the BERN
Convention is provided. For third, it is commented on whether they fall under the
Habitats Directive and whether they are included in NaTura 2000 sites.

The need for the book is highlighted by several of its peculiarities. Due to
the specifics of the Red List terminology and the foreign language character of
the presentation of the information, the author believes that for its easier use for
educational purposes and reaching a wider audience in Bulgarian, there is a need
for a Bulgarian edition. Moreover, following the principles of systematics is more
appropriate for presenting information than the alphabetical order used in the
electronic version of the Red List. This version provides a way to differentiate
geographic information, but terrestrial territories are not divided by continents
according to the nature-geographic understanding, which is necessary for more
synthesized data acquisition and avoid confusion. It has to be noted that this problem
is solved in the book. In addition, it solves another problem related to the listing
of all critically endangered species in a given geographical region, regardless of
which kingdom they belong to. In the present edition, critically endangered plant
species are separated from critically endangered species from other kingdoms and
then attached to their adjacent geographic space. It also provides a summary of
the number of critical species of plants in each continent, as well as in some of
its natural geographic and political-geographic units. The synthesized information
about families and species that fall on the territory of more than one continent is
also presented. In this book there is a representation of several types on one and the
same map, which is different from the global Red List where each type is presented
separately. This option allows for a wider view of the geographical distribution of
individual species, which would facilitate the analysis of the information.

The literature review at the end of the book is comprehensive and includes a
number of publications that can be used to expand the reader's horizons. In addition,
there is a list of sources of information related to the lists of protected species in
many countries and regions of the world. The Alphabetical index allows the reader
to quickly search for a specific look and one of the merits of the book. At the very
end, an application with photos of a number of commented critically endangered
plant species is provided, which provides a good illustration of the published taxa.

Assoc. Prof. Asen 1. Asenov, PhD

Head of the Department of Landscape ecology and environmental protection
Faculty of Geology and Geography, Sofia University “St. Kliment Ohridski™
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Book 2 — Botany of the Annual of Sofia University is a peer-reviewed
periodical, issued yearly in one volume, which is published on-line with an open
access and in a printed version with two relevant [USSNs.

Original papers covering the entire field of scientific botany and mycology
with a worldwide geographical scope are published with special encouragement
to the papers of students and young scientists. Five categories of contributions are
published: 1) Research articles; 2) Review articles (invited or published with the
editors® consent); 3) Short communications; 4) Book reviews; 5) Information about
scientific events, past or forthcoming or, preferably, overview of the topics and
contributions of the scientific meetings, as well as obituaries.

Manuscripts have to be written in English and first three categories of
contribution must present new and important research findings that have not been
published or submitted for publication elsewhere. By submitting a manuscript
the author expresses his agreement to transfer the copyright and all rights of
reproduction of any kind, translations and distribution to the publisher.

Manuscripts should be submitted as electronic file/files (¢-mail attachment).
Text, references, tables and figure captions should be submitted as .doc/docx
(Times New Roman 12, double-spaced, A4 with margins 3cm all around). In
case of tables, when necessary, the font size could be smaller. Figures should be
provided in .tif or .jpg format (min 300 dpi required). Details on their formatting
and presentation are described in the end of the instructions.

Incoming manuscripts are initially judged by the editor. If the manuscript
does not meet the criteria and standards for publication it may be rejected without
being sent out for review. It the manuscript is acceptable as corresponding to the
scope of the journal and representing a major contribution deserving publication
in an international journal, it will be forwarded to reviewers for evaluation. The
editors decide on acceptance after the recomendation of international expert
referees and on corrections and alterations of the manuscript thought to be
advisable. Final responsibility for acceptance of all submissions rests with the
Editor-in-Chief. After the approval of the final version by the Editorial Board, the
manuscript will be accepted for publication. The editor reserves the right to make
editorial changes. Authors agree, with the acceptance of the manuscript, that the
copyright is transferred to the publisher. The editorial policy does not support
any form of plagiarism and requires correct citations from the authors.

In preparing the manuscripts, the authors are kindly requested to adhere
to the following instructions:

As a rule, the size of the contributions should not exceed 16 printed pages. If
a paper exceeds the pointed limits, the authors are requested to obtain the editors*
consent in advance.

The text must be accurate and the language clear and correct.
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The title of the paper must be concise, but informative, describing the matter
of the contribution as well as possible. If a Latin name of a species is used in the
title, it is recommended to indicate the division, class, order, or family to which it
belongs.

The authors® given names must be spelled in full, while a middle name should
be abbreviated: full first name(s), middle initials and surname(s). The authors’
address(es) should be stated on the first page of the paper below the title. The
addresses should be as complete as possible (affiliation, street, postal code, town,
country). In case of authors from different affiliations, a number (superscript)
should be put in the end of the authors name and the same number with a normal
font size should be placed before the address. The postal adress and the email of the
corresponding author should be indicated as a footnote on the first page.

Example:

* corresponding author: M. P. Stoyneva — Sofia University “St. Kliment
Ohridski”, Faculty of Biology, Department of Botany, 8 Blvd. Dr. Tsankov, BG-
1164, Sofia, Bulgaria; mstoyneva@uni-sofia.bg

The proper paper text must be preceeded by an English summary (,,Abstract®),
which should express the important new results precisely and should be limited
to 300 words. Please, remember that the abstract will be seen and used by many
more people than the full paper will! Subsequently up to 6 key words (or key
word combinations) suitable for information-retrieval system are to be listed (in
alphabetical order). The key words should not repeat those, which already are
mentioned in the title. The disposition of the paper sections should be in agreement
with common use. The , Introduction® should outline the essential background
for the work and the reasons why it was undertaken. It should clearly explain
the purpose of the work and its relations to other studies in this ficld. Before the
material and method description, optionally, due to author® decission, a description
of the studied site/s could be included. Descriptions of materials and methods
should provide sufficient information to permit repetition of the experimental
work. This includes proper documentation of the sources of cultures, plants and
fungi used in the work. Authors should consider depositing voucher nmaterial in an
internationally reputable museum, collection or herbarium and the relevant numbers
or codes should be provided in the text. All new gene or protein seguences should
be submitted to major databases (DDBJ, EMB, GenBank) before the submission
of manuscripts and the accession codes should be indicated in the manuscript. The
geographic names should be transliterated from the common geographic names used
in the certain country (e.g. Rodopi Mts instead of Rhodopes). The proper Bulgarian
legislative documents for translation and transliteration are cited at the end of
this Instruction. The origin of the material investigated, methods of preparation
and the herbaria and collections in which the vouchers are deposited, should be
indicated completely. In case of work with threatened species and protected areas
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it is recommended to provide the permission data. For the metric measurements
SI-units are requested. They shouls not be followed by ful stops and slashes have
to be replaced by minus index (e.g. mg 1! should be used instead of mg/1). Please,
use % instead of per cent.

Not commonly used abbreviations should be explained at the end of the chapter
,Material and methods®. The , Results* preferably have to be separated from the
,Discussion®. The discussion should deal with the interpretation of the results, not
only recapitulate them. It should evaluate the results in relation to the reasons why
the study was undertaken, place the results in the context of the other work, and
point out their significance.

The beginning of a paragraph should be indicated by indenting the first line.

The scientific names of the taxa (genera, species and lower ones) must be
quoted completely, denominating the name of the genus, species epitheton (if
necessary subspecies, cultivar etc.) and the author, when mentioned for the first
time in the text. Full scientific names, as a rule, should be mentioned in the
summary also. The author names in the scientific names should not be formatted.
The classification system used is up to the authors, but in case of different from
commonly approached, should be properly indicated.

The Acknowledgments may be inserted at the end of the text, before the
literature references. Their correctness and ethics are total responsibility of the
authors.

References to the works cited are given in the text by the name of the author
and the year of publication, e.g. Ivanov (1971), or (Ivanov 1971) and IvaNov &
PeETROV (1942) or (Ivanov & PETROV 1942), respectively. When more authors have
to be cited in brackets semicolons between them should be used and works should
be listed in chronological (not in alphabetical!) order, e.g. (IvaNov & PETROV 1942;
Ivanov 1971; BaBov 1987). In case of unchanged citation certain pages of a paper
referenced should be indicated as follows: Ivanov 2013: 149150, or Ivanov 2013:
169. The abbreviated citation ET AL. should be used in the text only in cases where
three and more authors are involved, e.g. IvaNov ET AL. (1971), or (IvANOV ET AL.
1971). In case of editor/editors, they have to be indicated only in the reference
list, but not in the text of the paper (e.g. PETROV (2013) in the text and PETROV L.
A. (Ed.) 2013....in the references). In the same way, in the references, but not in
the text, the Editor in chief is abbreviated as Ed-in-Chief and Compiler/Compilers
arc abbreviated as Comp. and Comps respectively (e.g. PETRov 1. P. (Ed-in-Chief)
2013; PETROVA. V. (Comp.) 2015; PETROV A. V. & DRAGANOV I. P. (Comps) 2017).

References to the cited works (and only those) are to be arranged alphabetically
at the end of the paper, the papers of the same author(s) should be listed in
chronological order and according to the number of co-authors. In cases of one and
the same first author, when three and more authors are involved, the Latin letters
a, b, c, ... arc added after the year to indicate the relevant paper. The well-known
journals should be enlisted with their common abbreviations; the other journals
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as the following examples, organized for one, two and three or more authors (please
note that after a punctuation mark an interval should be used):
Journals:
Ivanov 1. P. 2013, Photosynthetic CO2-fixation pathways. — Ann. Rev. Plant
Physiol. 21 (2): 141-263.
Ivanov I. P. & PetrOV P. 1. 2013, Photosynthetic CO2-fixation pathways. — Ann.
Rev. Plant Physiol. 21 (2): 141-263.
Ivanov . P, PETROV P. I. & Dmmitrov V. N. 2013. Photosynthetic CO2-fixation
pathways. — Ann. Rev. Plant Physiol. 21 (2): 141-263.
Alternatively, we accept full text citations of journal titles. However, the
reference list must be consistent in this regard.

Books:

Dmvitrov D. G. & Ivanov A. N. 2017. Biodiveristy of the seashores of Bulgaria.
Springer, Heidelberg, 405 pp.

Ivanov W. H., Stovanov H. M. & PeTtrOV F. B. (Eds) 2000. Water ecosystems.
Elsevier, New York, 265 pp.

Book chapters:
PetrROV F. K. 2000. Grazing in water ecosystems. — In: Ivanov W. J., Stovyanov H.

P. & PETrOV F. B. (Eds), Water ecosystems, Elsevier, New York, 59-105.
When the cited paper/chapter occupics only one page, it should be written as
follows:
PetrROV F. K. 2000. Padina pavonica. — In: Ivanov W. J., Stovanov H. P. & PETROV
F. B. (Eds), Water ecosystems, Elsevier, New York, p. 49.

Conference papers (or abstracts if they provide essential information):

Bogpanov D. M. 2017. Danube Delta. - In: Somov N. P. & Karakubis F. E. (Eds),
Proceedings of the First European Symposium Conservation and management
of biodiversity in the European seashores, Melnik, Bulgaria, 8-12 May 2017,
36-46.

When the cited paper/abstract/summary occupies only one page, it should be
written as follows:

Bogpan D. M. 2017. Biosphere reserves and special legislation for environmental
protection. - In: VENEV N. (Ed-in-Chief), Book of Abstracts, First European
Symposium Conservation and management of biodiversity in the European
seashores, Primorsko, Bulgaria, 8-12 May 2017, p. 36.

Or, alternatively, depending on the order of date and place in the original title
of the Proceedings/Abstract books:

Bogpan D. M. 2017. Biosphere reserves and special legislation for environmental
protection. - In: VENEV N. (Ed-in-Chief), Book of Abstracts First European
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Symposium Conservation and management of biodiversity in the European
seashores, 8-12 May 2017, Primorsko, Bulgaria, p. 36.

Electronic publications should be cited with their author or title in the references
with indication of the date of retrievement or of the last access of their full web
address:

GENEVA M. M. 2011. Cortinarius caperatus. — In: PENEv D. (Ed.), Red Data Book
of the Republic of Bulgaria. Vol. 1. Fungi. Retrieved from http://eclab. bas.bg/
rdb/en/voll/ on 14.11.2014.

InpEX FUuNGORUM. Retrieved from http://www.indexfungorum .org/Names/Names.
aspon 19.11.2017.

Or, alternatively

InpDEX FuNGOrRUM. http://www.indexfungorum.org/Names/Names.asp  (Last
accessed on 19.11.2017).

In special cases, as an exception, the websites of electronic publications could
be placed in the text.

References to manuscripts in preparation should not be included in the text
and in the reference list, except for extremely significant data. Other data should be
cited as unpublished (unpubl. or unpubl. data) or as manuscripts (diploma works,
efc.), personal communications (pers. comm.) or written documents (in litt.) in the
text, but not in the references.

Titles of the papers in cyrillic should be translated (or their relevant German,
French or English titles provided by authors in abstracts should be used with
indicating of the original language and the language/s of the summary/summaries
(see the examples below and, please, note the places of dots). The title of the journal
and/or publishing house should be transliterrated in case that there is no accepted
international journal abbreviation:

Journal:

Perrkov N. H. 1915. La flore algologique du mont Pirin-planina.- Sbomik na
Bulgarskata Akademiya na Naukite 20: 1-128 (In Bulgarian).

Perrkov N. H. 1915. La flore algologique du mont Pirin-planina.- Sbomik na
Bulgarskata Akademiya na Naukite 20: 1-128 (In Bulgarian, French and
Russian summ.).

Book:

Varkanov D. E., Dracanowa P. M. & Tsvetkova B. B. 1978. Flora of Bulgaria.
Algae. Izd. Narodna Prosveta, Sofia, 642 pp. (In Bulgarian)

Varkanov D. E., Dracanowa P. M. & Tsvetkova B. B. 1978. Flora of Bulgaria.
Algae. Izd. Narodna Prosveta, Sofia, 642 pp. (In Bulgarian, English summ.)
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In case of slavic languages, which do not use Cyrrilic, double titles could be
provided (optional):

Hmvpak F. 1996. Klu¢ na urCovanie nerozkonarenych vlaknitych zelenych rias
(Ulotrichineae, Ulotrichales, Chlorophyceac) [Key to unbranched filamentous
green algae (Ulotrichineae, Ulotrichales, Chlorophyceae)].- Bull. Slov. Bot.
Spol., Bratislava, Suppl. 1: 1-77 (In Slovakian).

Footnotes should be avoided.

Transliteration should follow the Bulgarian legislative documents (State
Gazette 19/13.03.2009, 77/01.10.2010, 77/09.10.2012, 68/02.08.2013 - http://
lex. bg/en/laws/ldoc/2135623667). The geographic names should be fully
transliterated except the cases of titles of published works.

The required type-setting is as follows: author‘s names (except those in the
Latin names) in the text to be set in Small Capitals (e.g. IvaNov), scientific names
of plant genera, species, varieties, forms (but not the names of plant communities),
to be set in [falics in accordance with the rules of the International Code for
Nomenclature for algae, fungi and plants (Melbourne Code 2011), e.g. Closterium
Nitzsch ex Ralfs, or Closterium monilferum (Bory) Ehr. ex Ralfs. The literature
references are to be treated in the same manner. The Latin abbreviations in the text
like e.g., efc., in vitro, in situ should be written in Italic.

In the case of taxonomic keys and floras the author name and title can be
combined in the text (e.g., Rothmalers Exkursionsflora and Reynolds Flora Iranica)
but titles without authors are not admissible (e.g. Flora Europaca).

Thenumber ofboth tables and illustrations must be restricted to the indispensable
amount and numbered consecutively with Arabic numerals. Repeated presentation
of the same fact by tables and figures will not be accepted. In case of doubt, figures
(line drawings) should be preferred.

Figures should be placed in a consecutive order and abbreviated in the text— Fig.
1, or Figs. 3—6. Figures must be original, or supplied by permission for publication
(in case of photos or unchanged drawings, pictures or schemes). Figures should
be of high quality with sharp lines in drawings and well contrasted in the case of
photos. If applicable, figures should be mounted to groups adapted to the type area
of 13x18 cm. In papers with geographical components an outline map of the region
of interest should be included. In case of maps or other figures and photos retrived
from Internet, authors are responsible for correct keeping of the copyright laws
and for the quality of the figures. Low print quality figures will be not accepted.
The authors are strongly requested, to check the legibility of the figures at the
final size within the type area of 13x18 c¢cm and to take into account the effect of
the reduction of the figures to this size. Magnifications or reductions should be
indicated preferably by a scale bar in the figure. The indication of magnification or
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reduction factors in the legend is less appropriate.

The colour photos and figures will appear in the on-line edition, but have to
be prepared in a way to be readable in the black-and-white paper copy.

Brief legends to the figures (line drawings as well as photographs) should
be listed separately after the references with the proper Figure captions. Please,
add the figures and tables separate from the text document, naming them as in the
examples given: Fig. 1 — PetrovEtAl jpg, or Table 1- Petrovlvanov.docx.

Authors are kindly invited together with the submitted paper to provide a
Declaration for lack of conflict of interests. They will get the exact form of such
declarations from the Assistant Editor by e-mail and have to sign and return it to the
Assistant Editor in paper and ¢lectronic version.

The Editorial Board strongly supports and recommends addition of |, Author
Contributions® part, in which the exact participation of each author is declared.
This part is optional and has its place after the Conflict of Interest statement.

The corresponding author will receive only one proof for checking (PDF
file). Only printer errors /misprints may be corrected. The authors are requested to
correct the galley proofs carefully and to return them within maximum two weeks
to the editors.

The authors will receive a pdf-file of their paper.

Manuscripts, proofs and any correspondence concerning the editoral
matter should be directed to the Editorial Board and/or to the Editor-in-
Chief Prof. Maya P. Stoyneva-Giirtner on the following e-mail address:
AnnSofUniv2Botanv@gmail.com. Please, note that manuscripts which do not fit
to the Instructions to the authors of this journal, will be not accepted for further
processing and reviewing process. The same is valid for the papers and reviews,
send to the personal addresses of the Editor-in-Chied, Editorial Secretary or
members of the Editorial Board. It is strongly recommended before submitting to
check the outfit of newest published papers and in case of hesitation to send a
request to the Editorial e-mail.
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