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Abstract

The paper presents a review of the algological studies on Bulgarian surface coastal lotic and non-lotic

water bodies carried out during the last ca. 130 years (1890-2017) and reflected in 168 available scien-
tific sources. The algal biodiversity of these different coastal wetlands was evaluated and analyzed with
special attention to the new described taxa (two genera and 42 species, varieties and forms) and peculiar
taxa noted (17). The conservation status of the studied water bodies followed the Red List of Bulgarian
Wetlands, and the threatened status of the species was indicated according to the Red Lists of Bulgarian
macro- and microalgae, from which 14 and 64 taxa were found. Quantitative data are mentioned mainly
in temporal aspect with reference to the occurrence of algal blooms, toxic species and toxins. The analysis
showed the rich algal flora, which comprised of 42 new described taxa and 78 threatened algae, but also
lead to the revealing of main gaps in the algological knowledge on our coastal wetlands.
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Introduction

According to the MILLENNIUM ECOSYSTEM
ASSESSMENT reports (MEA 2005) and Ramsar
GUIDELINES FOR THE RAPID ECOLOGICAL ASSESSMENT
OF BIODIVERSITY IN INLAND WATER, COASTAL AND
MARINE AREAS (2006) coastal ecosystems are
amongst the most threatened world’s main habitat
types, which support a very large diversity of life.
Therefore, the Bulgarian coastal region of the unique
Black Sea (characterized by lack of real tides, low ha-
linity levels of 16-18%o and significant anoxic layer
well below the surface waters) is an important
subject for recent biodiversity studies. Moreover,
Bulgaria occupies a part of the Balkan Peninsula,
recognised as a hot spot of the European biodiver-
sity (GRIFFITHS et al. 2004) and as the richest and
the most diverse region of the Western Palearctic in
respect to its flora and vegetation (e.g. BLAZENCIC
et al. 2006). The whole country is well-known for

its rich biodiversity, among which many species
and habitats are of high conservation significance
(Peev 2015). The algae are not an exception in this
case and therefore the aim of the recent paper is to
evaluate the degree of knowledge on their biodiver-
sity in the lotic and non-lotic water bodies along the
Bulgarian Black Sea coast. It is estimated on the
basis of analysis of all available literature sources,
issued in the period 1890-2017. The year 1890 is the
starting point for studies of recent Bulgarian algal
biodiversity due to the work by ISTVANFFI (1890),
who reported 65 diatoms, yellow-green and green
algae collected earlier by IMRE FRIVALDSKY mainly
from the Thracian lowland and described the new
taxon QOedogonium cyathigerum var. rumelicum
Jstv., without pointing the exact locality.

PETKOFF (1911, 1939a, b) depicted the history
of botanical (incl. algological) studies in Bulgaria
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with annotated bibliography on its flora and my-
cota. Later on, bibliography on recent Bulgarian al-
gae was published by DraGganov (1971), life-time
activities of all Bulgarian algologists were summa-
rized by TEMNISKOVA & STOYNEVA (2011), and the
algal biodiversity of the country was evaluated by
VODENICHAROV et al. (1998), TEMNISKOVA et al.
(2005) and STOYNEVA (2014). According to the last
author non-marine algae comprise of ca. 5500 spe-
cies, varieties and forms of 650 genera and 8 divi-
sions. Data on separate algal groups were reviewed
by PETKOFF (1936), VODENICAROV et al. (1991),
Kiriakov (1994), TEMNISKOVA (2001), KRISTIANSEN
et al. (2002), BLAZENCIC et al. (2006), and the first
volume of Bulgarian algal flora (VODENICHAROV
et al. 1971) encompassed blue-green and green al-
gae. Knowledge on toxic algae was summarized
by STOYNEVA-GARTNER et al. (2016a) and cyano-
prokaryote data during the last 15 years were as-
sessed by STOYNEVA-GARTNER et al. (2017). A brief
summary on the algological studies in coastal wet-
lands was provided by PETROVA-KARADIOVA (1975).
The diversity of algae in lakes and in all non-lotic
Bulgarian wetlands was analyzed by IvaNov et al.
(1964) and STOYNEVA & TEMNISKOVA-TOPALOVA
(2007), respectively with more detailed data in-
cluded in the DataBase of Bulgarian wetlands and
their biodiversity (STOYNEVA & MICHEV 2007a).
Afterwards, diverse data on algae from different
Bulgarian coastal wetlands were provided in 18
more works (CHESHMEDJIEV et al. 2010, STOYNEVA
2010a, b, DIMITROVA et al. 2014a, b, PAVLOVA et al.
2013a, b, 2014, 2015, StovaNov et al. 2013, 2016,
BELKINOWVA et al. 2014, SToYANOV 2014, STOYNEVA
2014, 2015, StoYNEVA et al. 2015, STOYNEVA-
GARTNER et al. 2016a, 2017). The aim of the present
paper is to analyze the algological studies and the
knowledge on algal diversity in different types of
coastal water bodies since 1890 till nowadays, ful-
filling the gaps and correcting some technical mis-
takes in the former general or more specific over-
views.

Material and methods

The study covers the Bulgarian Black Sea coastal
region, which is 378 km in length (starting from the
cape Sivriburun on the Romanian border at the North
and finishing on the mouth of Rezovska reka on the
border with Republic of Turkey on the South) and is
10 to 40-50 xm wide, as it is defined in STOYNEVA &
MicHEvV (2007¢) by the border of breeze’ influence.
The analysis of the number of non-lotic water bodies
which have been spread or recently exist along the
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coastal line (305 monostructural and 51 polystruc-
tural — STOYNEVA & MICHEvV 2007b) shows that they
comprise quite low amount (i.e. <0,1%) of the total
non-lotic water bodies of the country (ca. 10 000
in MICHEV & STOYNEVA 2007b). However, the sur-
face wetland types in Black Sea coastal region (acc.
to the wetland classification system of STOYNEVA &
MicHEev 2007¢) comprise about 10-14% of all sur-
face wetland types known from the country and are
spread in both low mountain and lowland parts of
the coastal region with prevalence in the lowlands
(STOYNEVA & MICHEV 2007b). This diversity of wet-
lands, doubtless influences the algal biodiversity,
which is presented in this paper in the general hy-
drobiological wetland categories (DIMITROVA et al.
2007). For easier orientation of the readers, in the
text below the water bodies are enlisted in alpha-
betical order with their identification number in the
DataBase of Bulgarian non-lotic wetlands and their
biodiversity (STOYNEVA & MICHEV 2007a) together
with their category of threat.

The diversity of species and habitats is closely
related with the nature conservation and it has to
be pointed that 77 of the coastal non-lotic wetlands
found their place in the Red List of 346 Bulgarian
wetlands (MICHEV & STOYNEvVA 2005, 2007a), i.e.
coastal wetlands of conservation importance com-
prise 22% from this category of water bodies in the
country. Their distribution in different threatened
categories is as follows: Extinct — 16 (from 99 in
the country), Critically Endangered — 13 (from 42),
Endangered — 14 (from 28), Vulnerable — 26 (from
97) and Data Deficient — 8 (from 74). In addition,
more than 55 singular water bodies or wetland com-
plexes are designated by different international and
national legislative conservational status, including
7 Ramsar sites (MICHEV 1993, MICHEV & STOYNEVA
2007a, VassiLEv et al. 2013). The species conser-
vation status was evaluated after the Red List of
Bulgarian macroalgae — RLBMaA (TEMNISKOVA et
al. 2008) and Red List of Bulgarian microalgae —
RLBMiA (STOYNEVA-GARTNER et al. 2016b). For
all algae the currently accepted taxonomic names
in AlgaeBase (GUIRY & GUIRY 2017) are used and
the general classification system used follows
STOYNEVA-GARTNER & UzunNov (2017).

The present analysis is based on data pro-
vided in 168 sources issued in the period 1890-
2017, where many different ways of translitera-
tion and even translation of the geographic names
could be found. In this paper, we follow the recent
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/
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1doc/2135623667) and, accordingly, the geographic
names are transliterated.

Results

Algological studies in lotic water bodies

I.1. Algological studies in coastal rivulets and
streams

Data on separate species found in the small
coastal rivers (rivulets) Batova, Dyavolska reka,
Elenitsa, Fakiyska reka, Irakliysko (=Erekliysko)
dere, Kamchiya, Kitenska reka (=Karaagach,
Karaagachkareka, Orlyashkareka), Malka Tsarevska
reka, Elenitsa, Potamyata, Provadiyska reka, Reka
Izvorska, Reka Mladezhka, Ropotamo (=Kargan,
Tsarska reka), Sredetska reka (=Kaynardzha, with
its tributary Tendzheklidere) and Veleka, as well as
from the “mouths of Black Sea coastal rivers”, “slow
stream below the village Banya”, “small streams
with slow water from Eminski Balkan”, “slow stream
nearby Ahtopol”, “small river between Tsarevo
/=Vasiliko/ and Ahtopol”, “small stream in the place
Popova kushla between Burgas and Panicharevo”,
“small stream nearby the saline swamps of Pomorie
(=Anhialo)” and from “the river of Anhialo” were
published by PeTkOFF (1906, 1913, 1919, 1932,
1934, 1935, 1938, 1943), VaLkaNoV (1935, 1936),
MIHAILOVA-NEIKOVA (1961), VODENICAROV (1962),
VODENICHAROV et al. (1971, 1986), TEMNISKOVA-
ToraLova (1977), Kiriakov (1978), VODENICAROV
et al. (1991), Kirsakov (1985, 1989, 1993, 1998b),
SToYNEVA (2000b, 2003) and PavLova et al. (2007).
In total, 58 taxa of blue-green, red, golden and green
algae, euglenophytes, pyrrhophytes and diatoms
were reported and the following new taxa have been
described: Chara foetida var. macroptila f. thracica
Petk., Phacus curvicauda f. thracica Kir., Spirogyra
adnata var. obscura Petk. and S. neglecta var.
intermedia Petk. PETKOFF (1913, 1934) gave details
on a peculiar form of Chara foetida var. macroptila
(nana, valde incrustata, fragilis) and peculiar sub-
forms of C. foetida var. subinermis f. normalis Mig.,
C. foetida var. subinermis f. macroptila subforma 8
(minor, tenuor et minor robustior) and subforma 11,
without noting them as new taxa.

Amongst the recorded taxa was Thorea hispida
(Th.) Desv. — one of the first algal species pro-
posed for conservation in the country (DRAGANOV
& STOYNEVA 1994) and later on included in the
RLBMaA and in the Red Data Book of Bulgaria
(StoynEwvA et al. 2015). The other threatened spe-
cies were: Paralemanea annulata (Kiitz.) Vis et
Sheath (from RLBMaA), Gongrosira calcifera
Krieg., Spirogyra adnata var. obscura, S. jugalis

(Dillw.) Kiitz. and Uronema intermedium Bourr.
(from RLBMiA).

Quite a few quantitative data are available on
Ropotamo phytoplankton (SToyneEva 2000b, 2003,
Paviova et al. 2007). VaLkaNoOv (1935, 1936) noted
“brownish” colour of the water in the left tributary
of Kitenska reka due to a mass autumn develop-
ment of Prorocentrum sp. and a “blue coloration”
of Provadiyska reka from abundant development
of Chroocoocus sp. The proposals to use the algal
species composition for monitoring (VODENICAROV
1984) in Bulgaria were tested firstly on the coastal
river Veleka (VODENICAROV et al. 1984).

1.2. Algological studies of coastal canals

PeETKOFF (1934, 1943), VaLkanov (1935) and
MIHAILOVA-NEIKOVA (1961) sampled the coastal
lake canals and documented 16 algae, one of which
(Glenodinium sp.) was outlined to cause a “brown-
ish” bloom in the old canal between the lakes
Beloslavsko ezero and Varnensko ezero. PETKOFF
(1934, 1943) described the new taxon Oscillatoria
geminata f. subsalsa and noted a peculiar subform
of Chara foetida var. macroptila f. mollis Mig.

1.3. Algological studies in cold-water springs

PeTKOFF (1906, 1907b, 1913, 1938, 1942) and
LEepst (1926) published algae from the karst spring
complex Devnenski izvori and from springs of
Kavarna, some of which were included in the Flora
of Bulgarian algae (VODENICHAROV et al. 1971).
Totally 32 cyanoprokaryotes, diatoms, eugleno-
phytes, red and green algae developed on the stones
and walls around the springs. Amongst them were
Thorea hispida and Chaetomorpha herbipolensis
LaG. from the RLBMaA, as well as Cladophora
fracta var. genuina (Kiitz.) Kirchn. with deviations
in dimensions (PETKOFF 1907b) and the new taxon
described by PETKOFF (1938) — Closterium monilif-
erum f. devnense (included in the RLBMiA).

II. Algological studies in lentic and other non-
lotic water bodies

II.1. Algological studies in coastal lakes and
tuzlas

Data on recent algal flora of nine coastal lakes, name-
ly Durankulak (IBW0216, CR), Shablensko Ezero
(IBWO0219, CR), Ezeretsko ezero (IBW0233, CR),
Varnensko ezero (IBW0203, CR), Beloslavsko eze-
ro (IBW0227, CR), Pomoriysko ezero (IBW8614,
VU), Ezero Vaya (IBW0191, CR), Ezero Uzungeren
(IBW0710, VU) and Mandrensko ezero (IBW0810),
and of the lakelet Ezertse do Varna (IBW4003) were
given by PETKOFF (1905, 1907a, b, 1919, 1932,
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1934, 1938, 1943), Ivanov (1922), VALKANOV
(1935, 1936, 1937, 1960, 1964), MARKOFF (1935,
1939), StunpL (1937), HUBER-PESTALOZZI (1941),
PASPALEW (1943), CASPERS (1949, 1951), CVETKOV
(1955), Zvetkov (1955), SASHEV & ANGELOV
(1959), MIHAILOVA-NEIKOVA (1961), VODENICAROV
(1962, 1972), PETROVA (1957, 1961, 1962, 1966,
1967, 1968a, b), TsveTkoV (1958), KoLAaROV (1962),
Ivanov et al. (1964), VALKANOV & MARINOV (1964),
VODENITSCHAROW (1964), VODENICHAROV et al.
(1971), Namenow (1967), PETROVA-KARADJOVA
(1974, 1975), VaLkaNov et al. (1978), NAIDENOV
(1981, 1998), Saiz (1981), NAIDENOV & SAIZ
(1984), VODENICHAROV et al. (1986), MONCHEVA
(1991), VobpeniCAarov et al. (1991), CHIPEV &
VASSILEV  (1994), VASSILEV (1994), VASSILEV et
al. (1994, 1998), STOYNEVA & MICHEV (1996),
STOoYNEVA (1997), BEesHkoOvA (1998), KALCHEV
(1998), KiricHOVA et al. (1998), VELIKOVA et al.
(1998), STOoYNEVA (1998a, b, 2000a, b, 2002, 2003,
2008, 2010a, b, 2014, 2015), BELkiNOvA (2001),
BeLkINOVA et al. (2003, 2014), MLADENOV et al.
(2003), PavLova et al. (2006, 2007, 2013a, 2014,
2015), CHESHMEDJIEV et al. (2010), DIMITROVA et al.
(2014a,b), SToyanov (2014), STOYNEVA et al. (2015),
Stoyanov etal. (2013,2016), STOYNEVA-GARTNER et
al. (2016a, 2017) and DEscy et al. (2018). More than
380 taxa, mainly green algae, cyanoprokaryotes and
diatoms, were recorded. One genus (“Chrysotheca”
Valk.) and other eight taxa were described, or noted
for deviations from diagnoses: Oscillatoria gemi-
nata f. subsalsa Petk., Batrachospermum vagum f.
densa Petk., Botrydium milleri Vod., “Chrysotheca
minima” Valk., Kephyrion valkanovii Hub.-Pest.,
Chara foetida var. longibracteata subforma 2 Petk.,
C. foetida var. subinermis f. macroptila subforma 6 —
submunda, elongata Petk. and a subform with short
internodes of C. foetida f. gracilis Mig. PETKOFF
(1934) found one more peculiar Chara (close to C.
gymnophylla A. Br.) in Varnensko ezero, but because
of lack of sexual organs could not describe it as a
new taxon. Some “lake” algae have been reported
also from stomachs of different fishes (e.g. 18 taxa in
MIHAILOVA-NEIKOVA 1961) and SASHEV & ANGELOV
(1959) noted ,,Conjugatae* among the food of indus-
trially important fishes.

Amongst the algae found, 32 were of conser-
vational importance: Batrachospermum turfosum
Bory, Laurencia lacustris Skolka and Cladophora
coelothrix Kiitz. from the RLBMaA, as well as
Arachnochloris maior Pasch., Binuclearia tectorum
(Kiitz.) Beg., Botrydium milleri, Botryococcus
neglectus (W. et G.S. West) Kom. et Marv.,
Bumilleriopsis  peterseniana Visch. et Pasch.,
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Closterium setaceum Ehr. ex Ralfs, Crucigeniopsis
divergens (Sm.) Hind., Cyanobacterium diachloros
(Skuja) Kom., Kop. et Cep., Choricystis hindakii
Tell, Dichotomococcus bacillaris Kom., D. curvatus
Korsh., Dictyosphaerium  granulatum  Hind.,
Didymocystis inermis (Fott) Fott, Didymogenes
anomala (Sm.) Hind., Elakatothrix gelatinosa
Wille, Goniochloris triradiata Pasch., Hindakia
tetrachotoma (Pr.)) Bock, Prosch. et Krien.,
Lagerheimia circumfilata (Sel.) Hegew. et Schmidt,
Oscillatoria annae Van Goor, Phacotus minusculus
Bourr., Pseudokirchneriella roselata (Hind.) Hind.,
Pteromonas torta Korsch., Radiococcus planctonicus
Lund, Rivularia rufescens Nég. ex Born. et Flah.,
Spermatozopsis exsultans Korsh., Lemmermannia
triangularis (Chod.) Bock et Krien. (Syn. Tetrastrum
triangulare (Chod.) Kom.), Trachychloron regulare
Pasch., Uronema elongatum Hodg. and Vischeria
undulata Pasch. from the RLBMiA.

Despite that strong and long-lasting cy-
anophycean blooms were outlined for some of
these lakes in the middle of the last century (e.g.
CvETKOV 1955, Tsvetkov 1958) and some of them
were related with fish kills (e.g. Anabaenopsis
arnoldii Apt. bloom in Vaya in 1962 — PETROVA
1968a), quantitative data remained scarce, from
separate periods, oriented mainly towards phyto-
plankton abundance (expressed mostly through
cell numbers) and, more rarely, towards structur-
al parameters (e.g. PASPALEw 1943, MIHAILOVA-
NEIKOvVA 1961, Saiz 1981, CHIPEV & VASSILEV
1994, VASSILEV 1994, BESHKOVA 1998, VASSILEV
et al. 1998, SToYNEVA 1997, 2002, DIMITROVA et
al. 2014a). Comparative studies of different lakes
of fish productive importance were published by
PETROVA (1967, 1968b) for the period 1964-1967
and by PETROVA-KARADIOVA (1974) for Vaya in
the period 1967-1970, whereas comparisons of the
algal composition and abundance for a period of ca.
30 years obtained by different authors have been
published only for the lakes Durankulak, Shabla,
Ezerets and Vaya (BEsHkOvA 1998, STOYNEVA
2000a, 2002, DiMITROVA et al. 2014a, b). According
to most of these authors data on the multiple in-
crease of phytoplankton numbers clearly show the
negative trends in the development of these shal-
low and therefore quite vulnerable water bodies.
The increased abundance of the phytoplankton
in combination with the rising significant partici-
pation of the cyanoprokaryotes and their blooms
(for details see DEscy et al., 2018) is related with
the cyanotoxins detected in the lakes Durankulak,
Shabla and Vaya (PavLova et al. 2006, 2013a, 2014,
2015, PavLova 2007, STOYNEVA-GARTNER et al.
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2016a, 2017). The toxic haptophyte Prymnesium
parvum Cart. caused fish mortalities in the larg-
est coastal lakes (Varnensko ezero, Beloslavsko
ezero and Vaya) in the middle of the last century
but during the last four decades, harmful blooms
of this alga have not been detected (VALKANOV
1960, KoLArROV 1962, PETROVA 1962, 1966, 1967,
PETROVA-KARADIOVA 1975, STOYNEVA-GARTNER et
al. 2016a). Non-toxic blooms of Chaetoceros spp.,
Cyclotella choctawhatcheeana Prasad (Syn. C. cas-
pia Grun.), Prorocentrum cordatum (Ost.) Dodge
and Prorocentrum micans Ehr. were registered in
Varnensko ezero (PETROVA 1961), and of Euglena
haematodes Lemm. — near the Phragmites-belt of
Mandrensko ezero (MIHAILOVA-NEIKOVA 1961).

Tuzlas are peculiar natural hyperhaline coast-
al lowland water bodies situated on the Black Sea
shore. After the transformation of Pomoriyska tuzla
(IBW8613, EX), nowadays Bulgaria has only three
such water bodies: Shablenska tuzla (IBW0218, EN),
Nanevska tuzla (IBW0217, EN) and Balchishka tu-
zla (IBW0213, EN). Despite their regional and even
global rarity and peculiarity they have been quite
poorly investigated from algological point of view.
Only 32 species (mainly diatoms, green and blue-
green algae) were reported by PETKOFF (1905, 1919,
1943), Ivanov et al. (1964), VALKANOV & MARINOV
(1964), DrRAGANOV et al. (1984), STOYNEVA (1998b,
2000b, 2003) and KoZuHAROV et al. (2001).

I1.2. Algological studies of the coastal swamps

PETKOFF (1913, 1914, 1919) and Kirjakov (1985)
sampled coastal plateau and mountain swamps
in the most eastern parts of Stara Planina (Blata
do Kazul-Kyoy — IBWS5367, Blato Kalgamach
— IBWO0747, DD, Blato Kozichino — IBW(0749,
DD) and one oxbow — Murtvitsa do Mladezhko
(IBW9787) in the most western part of the coastal
region of Strandzha Mt. The authors provided data
on 30 taxa, amongst which were the newly described
Oedogonium balcanicum Petk. (recently included in
the RLBMiA) and peculiar form of Chara gymno-
phylla f. submunda (form 4 — laxa, valde incrustata,
folia atriculorum inferiorum) Petk.

Data on the algal flora of more than 24 coast-
al lowland swamps (incl. oxbows), namely Alepu
(IBWO0177, CR), Anhialski Blata (IBW0753),
Arkutino (IBWO0187, EN), Batovsko Blato
(IBW0225, EX), Blata do Topola (IBW0214), Blata
do ustieto na Ropotamo (IBW0198), Blata Potamyata
(IBW0925, EX), Blata v Longoza na Ropotamo
(IBW0899), Blatisti mesta do Burhamskite pyasutsi
(IBW9669), Blato Stomoplu (IBW0186, CR), Blato
Punchevo (0880), Blato Sinemorets (IBW0902),

Blattse do Tzarevo (IBW4540), Chengene-Skele
(IBW0715, VU), Dyavolsko Blato (IBW0178, CR),
Irakliysko Blato (IBW0205, EN), Karaagachko
Blato (IBW0241, EN), Murtvitsa na Reka Kamchiya
(IBW0922), Poda (IBW0193), Nesebursko blato
(IBW0924, EX) and adjacent small swamps, Novo
Panicharevsko Blato (IBW0754), Orlovo Blato
(IBW0242, EN), Sindelsko-Sultanlarsko Blato
(IBW0195, EX), Uzun-Kum (IBW0220, EX), and
Velyov Vir (IBW0711) were provided by PETKOFF
(1905, 1907a, 1913, 1914, 1919, 1934, 1935, 1938),
VALKANOV (1935, 1936, 1964), VODENICHAROV
(1960), MIHAILOVA-NEIKOVA (1961), VODENICAROV
(1960, 1962), VODENITSCHAROW (1964), IvaNov
et al. (1964), TeMNISKOVA-TopaLOVA (1965),
Nampenow  (1967), Kiriakov (1974, 1981),
Kirsakov (1993), SToYNEva (2000a, b, 2002, 2003,
2014, 2015), BLAZENCIC et al. (2006), PavLovA et
al. (2007), CHESHMEDJIEV et al. (2010), BELKINOVA
et al. (2014), Stovanov (2014), STOYNEVA et al.
(2015), StovaNov et al. (2016), STOYNEVA-GARTNER
et al. (2017). These works contain data on about 270
taxa (mainly green and blue-green algae), amongst
which the following new taxa have been described
or noted: Lyngbya contorta f. duplo-latior PETK.,
Peridinium marchicum f. duplo-major Petk., Chara
foetida t. bulgarica Petk., C. foetida var. macroptila
f. euxinopontica Petk., C. paragymnophylla f. bul-
garica Petk., Cosmarium galeritum f. sultanlarum
Petk., Zygogonium ericetorum var. scrobiculatum
Petk., Salpingoeca longipes Valk., S. maxima Valk.,
Botrydium corniforme Vob. and B. milleri. PETKOFF
(1913, 1934, 1938) found peculiar subforms of
Cosmarium margaritiferum f. regularior and Chara
foetida var. subinermis f. normalis Mig., as well as
forms of Cosmarium bioculatum Bréb. (ad hians
West et G. S. West), C. margaritiferum Menegh.
(ad f. regularius (Nordst.) W. et G. S. West), C.
ochtodes Nordst. and C. porteanum Arch. with de-
viations in dimensions. VALKANOV (1964) described
the new genus Korsikovella with the species K.
vaucheriae (found in Vaucheria dichotoma (L.) C.
Mart.), which were renamed by BOURRELLY (1965)
as Valkanoviella and V. vaucheriae, respectively.
The last species, Botrydium corniforme, B. milleri,
Cosmarium galeritum f. sultanlarum, Nephroselmis
discoidea Skuja, Nostoc carneum (Lyngb.)
Ag. ex Born. et Flah., Oedogonium longatum
Kiitz., Pseudotetrastrum  punctatum  (Schm.)
Hind., Selenochloris angusta Pasch., Uronema
confervicolum Lag. and Zygogonium ericetorum var.
scrobiculatum were included in the RLBMIiA, and
Chara canescens Desv. et Loisel. with C. hispida L.
were included in RLBMaA.
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I1.3. Algological studies of the coastal morasses
and soggy meadows

The only sampled coastal morasses and soggy
meadows were those situated in close vicinity
of the lakes Beloslavsko ezero, Varnensko ezero
(IBW9667, etc.), Mandrensko ezero (e.g. IBW0244)
and Uzungeren, as well as the morasses surrounding
the small haline swamps of Pomorie (IBW4800).
PETKOFF (1913, 1914, 1934) and MIHAILOVA-
NEekova (1961) documented 26 algae amongst
which the most peculiar was Chara foetida var.
subinmermis f. macroptila subforma 6 — submun-
da, elongata Petk. For the soggy meadows around
Beloslavsko ezero VALKANOV (1935: 226) noted the
“abundant development of conjugates, which never
occur in such amount in the lake”.

I1.4. Algological studies of the coastal river
effluents

PeTkOFF (1907a, 1919, 1931, 1934), NAIDENOW
(1967), VoDENICHAROV et al. (1971), VODENICAROV
(1972) and Kirsakov (1985, 1989, 1993) studied
the effluents of the coastal rivulets Fakiyska reka,
Kamchiya, Rezovska reka, Ropotamo, Silistar,
Sredetska reka and Veleka (IBW0188, IBW1739,
IBW0903, IBW0905, etc.). Amongst the 46 al-
gae found, the newly described were the both dis-
cussed above hydro-terrestrial species Botrydium
milleri and B. corniforme, as well as Aphanocapsa
rivularis f. major Petk., Closterium acutum f. latior
Petk., C. strigosum f. brevior Petk., Oedogonium
cardiacum var. polymorphum Petk. et f. pyriforme
Petk., et f. latior Petk. et f. scrobiculatum Petk.,
“Oedogonium sp.” Petk. and Phacus curvicauda f.
thracica. Together with Aphanocapsa testacea Nag.
and Ulothrix gigas (Visch.) Mattox et Bold, they
(except Oedogonium sp. and forms of O. cardiacum
var. polymorphum) were included in the RLBMiA.

I1.5. Algological studies of the coastal lake floods

In the floods of Mandra lake MIHAILOVA-NEIKOVA
(1961) found Amphora ovalis (Kiitz.) Kiitz. and
Tabellaria sp.

I1.6. Algological studies of the fontal water bodies
and effluents of coastal cold-water springs

PeETKOFF (1907b, 1913, 1934, 1938) published
more than 25 algae from the fontal water bod-
ies and effluents of the karst complex of Devnya
springs (IBW0197, IBW0725), from where he de-
scribed Chara foetida var. macroptila f. devnensis,
C. foetida var. subinermis f. macroptila subforma
6 — submunda, elongata, C. foetida var. macroptila
subforma ad formam brevifolia and C. foetida var.
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macroptila . robustior valde incrustata fragilis.

I1.7. Algological studies of coastal fountains and
watermills and their outfalls

Some coastal fountains and their outfalls have been
studied by PETKOFF (1907b, 1919, 1938, 1943) and
Kiriakow (1970). The finding of the abundant de-
velopment of Bangia atropurpurea (Mert. ex Roth)
Ag. on the wall of a fountain situated nearby the
village Topola served to publish the first data on
red algae in Bulgaria (PETKOFF 19078). There and
in some other coastal fountains and watermills with
their outfalls ten more blue-green, diatom, yellow-
green and green algae were found and the new taxon
Phormidium favosum f. tenuior Petk. was described.
By contrast with the inland fountain near the village
Varvara from which a species of the aero-terrestrial
genus Coelastrella was isolated (DiMITROVA et al.
2016), this alga had never been reported from coast-
al fontains.

11.8. Algological studies in the salines

Data on five costal salt-productive complexes —
Burgaski solnitsi (=Solnitsi na Atanasovskoto eze-
ro — IBW8804), Solnitsi nad Gelareto (IBW0551,
EX), Starite solnitsi nad Balchik (IBW0213, EX),
Pomoriyski solnitsi (=Anhialski solnitsi— IBW8805)
and Sozopolski solnitsi (IBW8145, EX) and on the
effluents below the stone-salt productive factory of
Provadia were given by PETKOFF (1905, 1919, 1938,
1943), Tvanov (1922), Caspirs (1952), KOMAREK
(1956), Ivanov et al. (1964), VODENITSCHAROW
(1964), VAaLKANOV (1970), VODENICHAROV et al.
(1971), TEMNISKOVA-TOPALOVA (1977), VASSILEV
(1994), STOYNEVA & MICHEV (1996), STOYNEVA
(1997, 2000b, 2003, 2008, 2010a, b, 2014, 2015),
CHIPEV & VASSILEV (1994), PavLova et al. (1998),
VassiLEv et al. (1998), BLAZENCIC et al. (2006),
PavLova et al. (2007), CHESHMEDJIEV et al. (2010),
BeLkiNnova et al. (2014), Stovanov (2014),
StoynEvAa et al. (2015), Stovanov et al. (2016),
STOYNEVA-GARTNER et al. (2017). Few algological
data on separate species from the extinct Sozopolski
solnitsi, Balchishki solnitsi and Solnitsi nad Gelareto
(situated above the Black Sea cape Kaliakra) were
provided by PETKOFF (1905, 1919, 1943). About
250 taxa, mainly cyanoprokaryotes, diatoms and
green algae, but also some euglenophytes, pyr-
rhophytes and golden algae (s.l.) were document-
ed for the saltworks from the complex wetlands
Atanasovsko ezero and Pomoriysko ezero situated
near the towns Burgas and Pomorie (i.e. Burgaski
solnitsi and Pomoriyski solnitsi). Quantitative data
and structural parameters of their phytoplankton
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communities are available in the works by CHIPEV &
VASSILEV (1994), VASSILEV (1994), STOYNEVA (1997,
2010a), PavLova et al. (1998) and VASSILEvV et al.
(1998). The most quantitatively important macro-
phytes in the salines were the genera Ulva L. (e.g.
PETKOFF 1905, VASSILEV 1994, STOYNEVA 2010Db)
or Cladophora (Ivanov 1922), while amongst the
phytoplankters seasonal and spatial variations in the
composition and abundance were more pronounced,
depending on the halinity of the water.

The cyanoprokaryote Phormidium bulgaricum
(Kom.) Anagn. et Kom. (Syn. Oscillatoria bulgarica
Kom.) was discovered by KOMAREK (1956) from the
canals of the complex wetland Atanasovsko ezero.
The following two new green algae were described
from the salines of Atanasovsko ezero, where
they were found as dominants: Nephrochloris nu-
dum Valk. and Lobocystis michevii Stoyneva. P.
bulgaricum and L. michevii were included in the
RLBMIiA together with Dunaliella lateralis Pasch.
et Jah., Thorakomonas korschikoffii Conr. and
Spermatozopsis exsultans. PETKOFF (1913) pro-
vided details on the deviations from the description
of Chara aspera f. marina MiG., which developed
abundantly “in the temporariry haline pools be-
tween Atanasovsko ezero and Black Sea”, but did
not note it as a new taxon. It was included in the
RLBMaA as synonym of Chara aspera Willd.

In the effluents of stone-salt factory of
Provadiya PeTKOFF (1938) found Kamptonema
laetivirens (H. Crouan et P. Crouan ex Gom.) Strun.,
Kom. et Smarda (Syn. Oscillatoria laetivirens
H. Crouan et P. Crouan ex Gom.) as an abundant
species, Gyrosigma acuminatum (Kiitz.) Rabenh.
as a rare species, and discovered a special form
of Phormidium tergestinum (Rabenh. ex Gom.)
Anagn. et Kom. (Syn. Oscillatoria tenuis var. terg-
estina (Kiitz.) Rabenh.) without outlining it as a
new taxon.

I1.9. Algological studies in the coastal lowland
reservoirs and microreservoirs

Data on the algae from the coastal lowland
reservoirs and microreservoirs Aheloy (IBW3032),
Izvor (IBW2875), Mandra (IBW1720, EN),
Marinka (IBW2877), Poroy (IBW3038), Studena
voda (IBW2883) and Yasna polyana (IBW2887)
have been provided by VODENITSCHAROW (1964),
PeETROVA (1967, 1968a, b), PETROVA-KARADJOVA
(1974), Ivanov et al. (1980), Kirjakov (1985,
1989), MONEVA & VODENICHAROV (1988),
MLADENOV (1997), BELKINOVA (2001), PavLova
et al. (2006, 2007, 2013a), CHESHMEDJIEV et al.
(2010), BELKINOVA et al. (2014), StoyaNOV (2014),

StoyNEVA et al. (2015), Stovanov et al. (2013,
2016), STOYNEVA-GARTNER et al. (2017) and Descy
et al. (2018). Totally 200 algae were reported, most
of which green and blue-green. Long-term data on
the phytoplankton abundance (expressed as num-
bers) are available only for the reservoir Mandra
for the period 1964-1978 (Ivanov et al. 1980).
The same authors reported general increase of al-
gal abundance after 1972 with blooms of diatoms
(Cyclotella sp. and Aulacoseira distans (EHR.) SIM.)
and cyanoporokaryotes (Aphanizomenon flos-aquae
Ralfs ex Born.et Flah. and Microcystis aeruginosa
(Kiitz) Kiitz.) and their alteration in reservoir wa-
ters. Toxic species and blooms were detected in the
reservoirs Aheloy, Mandra and Poroy, microcys-
tins were proved in Mandra, while their purposive
sampling in Yasna polyana showed negative results
(PETROVA 1967, 1968a, PETROVA-KARADJOVA 1974,
MONEVA & VODENICHAROV 1988, BELKINOVA et al.
2003, 2014, MLADENOV et al. 2003, CHESHMEDJIEV
et al. 2010, STOYNEVA-GARTNER et al. 2017, DEscy
et al. 2018). The lack of strong cyanoblooms in
Yasna polyana was predicted by ANGELOV (1968).

I1.10. Algological studies in coastal park lakes

VODENICAROV  (1962) and WODENICAROV &
KaBassanova (1970) found three algae, namely
Aphanocapsa elachista var. irregularis Peters.,
Aphanothece stagnina (Spreng.) A. Br. and
Cosmarium laeve Rabenh. in the small garden lakes
of the Balchik Palace.

II.11. Algological studies in industrial water
bodies

SmmeoNov (1980, 1985) investigated the water col-
lectors of the Poda region and documented 25 taxa.
Kirsakov (1998a) noted the finding of the golden
alga Ollicola pascheri (Goor) Vers in the plankton of
purification water bodies of the refinery Neftochim-
Burgas amongst other 60 taxa of blue-green, green,
euglenophyte and diatom algae. Altogether 71 taxa
(mainly chlorophytes) were included in these three
works.

I1.12. Algological studies in coastal temporary
pools and puddles

PeTkorr (1905, 1907b, 1913, 1919, 1938),
VODENICAROV (1963), VODENITSCHAROW (1964),
TemNISKOVA-TopaLOVA (1965, 1975, 1977),
NAIDENOW (1967), STARMACH (1969), VODENICHAROV
et al. (1971), Kirtakov (1974) and Kirjakov (1993)
reported 107 algal taxa (cyanoprokaryotes, diatoms,
euglenophytes and green algae) from small coastal
temporary pools with fresh, brackish or even “salty”
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water. Among them is the new species Micractinium
valkanovii Vod., which is included in the RLBMiA
and the peculiar form of Chara aspera (close to its
form marina MiG.), outlined by PETKOFF (1913). As
it was mentioned above, this form was included in
the RLBMaA as Chara aspera. The community of
the blue-green algae in the sea-side pools in Bulgaria
was denoted as Lyngbyetum aestuarii diatomosum to
emphasize the large number of diatoms (>82) living
there together (STARMACH 1969).

I1.13. Algological studies in coastal lithotelms
(small temporary rock pools)

The first studies of the freshwater lithotelms along
the Black Sea coast were carried out by PETKOFF
(1943). Later on, CzAPIK (1952), VODENICHAROV et
al. (1971), DraGgaNov et al. (1984) and GEORGIEV et
al. (1985) published some algae found in the coastal
lithotelms, most of which with mixohaline waters.
Altogether 36 taxa of blue-green, green and pyrrho-
phyte algae have been reported, among which was
Gloeocapsopsis crepidinum (Thur.) Geitl. ex Kom.
from the RLBMiA.

ITII.Comparative algological studies in different
types of coastal water bodies

Comparisons between the phytoplankton composi-
tion and dynamics of different coastal bodies of fish
importance are available from PETROVA (1968a, b)
and PETROVA-KARADIOVA (1974). Data on purpo-
sive comparative studies of the role of different algal
groups in diverse coastal water bodies could be found
only in STOYNEVA (2000a, 2003) and PavLOvA et al.
(2007), where the significant role of cyanoprokary-
otes and green algae was outlined, and rare steady-
state assemblages have been documented from the
shallow coastal lake Vaya. More recently, a compari-
son of planktonic data from different water bodies in
the country, including 12 different coastal wetlands,
showed the problems related with increased cyano-
prokaryote amounts on the background of the total al-
gal abundance and cyanotoxins as serious risk factors
for human and ecosystem health (STOYNEVA-GARTNER
etal. 2017, DEscy et al. 2018). A special type of com-
parative studies on algal distribution proved the taxo-
nomic richness of the algae along the Bulgarian Black
Sea coast covered by important bird migration route
Via Pontica (MICHEV et al. 2012) and pointed differ-
ent vectors for algal distribution, among which the
water birds were mentioned as notable transporting
agents and the spread of invasive algal species with a
special attention to the coastal wetlands was discussed
(SToYNEVA 2015).
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IV. Newly described taxa, general data and
checklists of algae from different coastal water
bodies without their exact indication

VILHELM (1912: 29-30) described a new form of
Chara “from the vicinity of the town of Varna,
which is situated on the Black Sea coast of
Bulgaria” on the basis of material, collected by A.
YAVASHEV — Chara gymnophylla f. velenovskyi Vilh.
Data on separate algal species from different sites
(mainly with standing waters) along the Black Sea
coast, without more detailed descriptions, were pro-
vided by PETKOFF (1905, 1906, 1907b, 1913, 1919,
1934, 1936, 1943), VoDENICAROV (1958, 1962),
WODENITSCHAROV (1960), TEMNISKOVA-TOPALOVA
(1963) and WODENITSCHAROW (1963). The last
author reported 8 charophytes for “the Black Sea
coastal phyto-climatic region of Bulgaria” and out-
lined this region as the richest in charophyte taxa
(together with the West-Bulgarian mountain re-
gion). PETKOFF (1932) provided a checklist of 288
algae (“Schizophyceae — 24, Bacillariales — 134,
Conjugatae — 8, Rhodophyceae — 39, Phacophyceae
— 15, Chlorophyceae — 57, Charales — 13”) found as
“marine, brackish or freshwater” along the Black Sea
coast as an addition to his former (i.e. PETKOFF 1931)
data. The Flora of Bulgarian algae (VODENICHAROV
et al. 1971) also contains general broad informa-
tion on 132 algae (widely or frequently) distributed
along the coastal line (58 cyanoprokaryotes and
74 green algae), for most of which the occurrence
in standing (fresh or brackish) waters is pointed.
Among the algae noted by PETKOFF (1913, 1934)
the most peculiar were “Chara foetida var. macrop-
tila f. robustior valde incrustata fragilis” and a
form of Lamprothamnus alopecuroides (Del.) A. Br.
The last was included as Lamprothamnus papulosus
(Wallr.) Bég. et Formigg. in the RLBMaA together
with Chara kokeilii A. Br., Chara connivens Salzm.
ex A.Br. (Syn. C. globularis f. connivens (Salzm. ex
A. Br.). Wood), C. tomentosa L. and Nitella flexilis
(L) C. Ag.

VarLkanov (1962) conducted studies on the
development of Hymenomonas coccolithophora
Conr., which was found frequently in brackish
ditches and also as a blooming species in eutroph-
ic coastal lakes. Nowadays it is included in the
RLBMIiA together with Dangeardinella saltathrix
Pasch., Lauterborniella elegantissima Schm.,
Merismopedia affixa Richt., M. mediterranea Nag.,
Micractinium crassisetum Hortob., Oedogonium
longatum and Thorakomonas korschikoffii (all
found in different coastal standing waters).
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Discussion

In total, 168 works issued in the period 1890-2017
contain information on algae from more than 150
different lotic and non-lotic water bodies situated
along the Bulgarian Black Sea Coast. Nevertheless
of the high total number of publications and of sites
sampled, the knowledge on algae from the coastal
water bodies is far away from being sufficient: 1)
there is no purposively and thoroughly investigated
algal group in any type of lotic or non-lotic coastal
water body; 2) not all algal taxonomic and ecologi-
cal groups have been equally investigated, depend-
ing on the knowledge of the relevant researcher,
aims and design of the studies and benthic algae
and communities are more often omitted when
compared with planktonic ones; 3) there is an obvi-
ous lack of long-term qualitative and quantitative
data in the vast majority of coastal wetlands; 4)
there are still unstudied or very poorly studied types
of coastal water bodies; 5) molecular studies of
the newly described species and especially of the
endemics are necessary in combination with recent
re-checking of their morphological and ecologi-
cal descriptions. Most of these conclusions, logi-
cally correspond with the statements made earlier
by STOYNEVA & TEMNISKOVA-TOPALOVA (2007) on
the basis of data on non-lotic Bulgarian wetlands.
We can also fully agree with these authors that “the
‘white spots’ depicted above were not mistakes of
the researchers cited but could be rather explained
with the diversity of Bulgarian coastal wetlands
combined with high algal diversity on all taxonomic
levels, on the background of the low number of
investigators and total lack of network of real
monitoring hydrobiological teams and stations in
the country. All the works devoted to wetland studies
were based on the authors enthusiasm more than on
a real financial support and this is the explanation
of the high number of publications based on results
of one-day sampling without complete set of
environmental data” (op. cit.: 167).

All the studies analyzed are quite diverse,
different in aims, details and sampling design (some-
times even without clear indication of the sampling
sites). Moreover, during the last century most of the
coastal water bodies passed serious transformation
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