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Abstract. An analysis of selected macrofloras (leaves, fruits and seeds) from NW Bulgaria
using the Coexistence approach method was applied to obtain quantitative data about Volhynian
and Bessarabian climate in studied area. The aim of the study is to compare the climate data derived
from the analysis of macrofloras and palynological data. The Middle Miocene was a period of a
subtropical/warm temperate humid climate with mean annual temperature between 16 and 18 °C
and mean annual precipitation between 1,100 and 1,300 mm. Comparison of all data, received
from different floras we can observed, showed that nevertheless some differences, in all cases there
was a good relation between climate and vegetation dynamics. We observed some deviations in
quantities, but they varied in small limits. The climate data derived from macro- and microfloras
coincided well in regard to all parameters, nevertheless that different taxa determined coexistence
intervals. In some cases, the macropalacobotanical data provide narrow climate interval, that
is explained by better taxonomic resolution and better identification of nearest living relatives
(NLRs). The application of both methods has the advantage of obtaining both more accurate
climate data and tracking climate change in more detail throughout the study period.

Key words: Volhynian, Bessarabian, macroflora, pollen, Coexistence approach, climate
reconstruction
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INTRODUCTION

The history of vegetation change in Northwestern Bulgaria (Forecarpathian
Basin) has been studied last few decades on the basis of both macrofossil and
microfossil records. The well-preserved leaf imprints, seeds/fruits, dispersed
cuticles and palynomorphs (PALAMAREV & PETKOVA 1987 and IvANOV ET AL.
2002, and references therein) provide a good ground for vegetation and climate
reconstructions. Because of the specific geographic position of the Balkan
Penninsula in the Miocene between two vast marine basins — Mediterranean to the
south and Parathetyan to the north (ROGL 1998; MEULENCAMP & SISSINGH 2003),
it plays a major role in the evolution plants in the Neogene of Europe. This area
appears as a land bridge and a main migration route between Asia minor and Central
Europe, and apparently it also plays a major role in the evolution of Mediterranean
vegetation (PALAMAREV 1989). It is also important in understanding the evolution
of climate system in this area.

Palacoclimatic research is an important tool for the correct interpretation
of modern climate change and for the correct understanding of how the climate
system works. Data on terrestrial climate usually come from two main proxies
- analysis of fossil land animals (mainly mammals) and mainly from the data on
fossil flora and vegetation. The latter is widespread for reconstructions because of
different techniques developed for climate analysis of fossil plant data. There are
two approaches to extract climate data from plant fossils - leaf physiognomy and
nearest living relatives (NLR) approach. Recently a study comparing these two
approaches based on leaf-floras was published (IvaNOV ET AL. 2019) and the results
clearly showed the advantages and preciseness of the NLR’s using Coexistence
approach (CA) method. The present study uses the possibilities of the NLR’s
approach comparing palacofloristic data obtained by macro- and micro-floristic
studies.

Geological settings

The palacogeography of the Forecarpathian Basin and its variations during
the Neogene are relatively well known. A shallow brackish basin covered wide
territories in the NW Bulgaria in the Middle Miocene. The age of sediments is
well dated by characteristic mollusk associations, as well as by ostracods and
foraminifers (IvANov ET AL. 2002). The longitudinal depression was active in
the Volhynian (KoruMDGIEVA & Popov 1986, 1989; KOJUMDIIEVA ET AL. 1989;
IvaNOvV ET AL. 2019), and in the peripheral parts of the basin (the so called Marginal
stable area: Fig. 1) a lot of swamps and almost freshwater ponds existed. This
study is based on macrofloristic analysis of several localities of Volhynian and
Bessrabian ages situated south of the Forecarpathian Basin (Fig. 1). The studied
sediment successions are presented by sandy clays and clays, which contained well
preserved macroremains and palynomorphs. Stratigraphically they belong to the






species and it is assumed that the climatic requirements of fossil species are more
or less similar to those of their nearest living relatives. In this study the CA method
(MOSBRUGGER & UTESCHER 1997; UTESCHER ET AL. 2014) was applied to obtain
quantitative climatic data. This technique is straightforward and uses climatic
tolerances of nearest living relatives of fossil taxa with respect to various climatic
parameters to reconstruct past climates. The interval of possible coexistence of
all taxa is calculated for the various climate parameters, within which all nearest
living relatives of the fossil flora can exist. This coexistence interval is regarded
as representing a reasonable estimator of the past climate under which the fossil
flora lived. Such approach can be used with all kinds of plant remains (e.g. leaves,
fruits/seeds, pollen/spores) for which the NLRs can be reliably identified. The
method was recently applied for palaeoclimate reconstructions in Europe and Asia
(e.g. Pross ET AL. 1998; UTESCHER ET AL. 2000; UHL ET AL. 2003; IVANOV ET AL.
2002, 2011; BILTEKIN ET AL. 2015; DURAK & AKKIRAZ 2016; IvaANOvV & WOROBIEC
2017; Kayser-Ozer 2017; Kayser-Ozer ET AL. 2017; Yavuz ET AL. 2017;
Ivanov & LazAarova 2019). For a given fossil flora, the CA method determines the
nearest living relatives of fossil taxa and their climatic tolerances and calculates
the coexistence intervals (minimum and maximum values) for various climate
parameters (for details see MOSBRUGGER & UTESCHER 1997 and UTESCHER ET AL.
2014) within which all living relatives of fossil species can coexist. The climate data
were obtained with the help of Palacoflora database (UTESCHER & MOSBRUGGER
2015). The following climate parameters were considered as presenting the main
climate characteristics; MAT - mean annual temperature (°C), TCM - mean
temperature of the coldest month (°C), TWM - mean temperature of the warmest
month (°C), MAP - mean annual precipitation (mm). In addition, a brief description
of fossil vegetation is also presented based on autecological analysis (Ivanov 2015;
Ivanov & WOROBIEC 2017; IvaNov & LazArROVA 2019).

The present-day climate of Northwest Bulgaria is characterised by MAT 11.2-
11.5 °C, TCM -2.1 to0 -0.9 °C, TWM 22.6-23.6 °C and MAP 536-586 mm (VELEV
1997).

RESULTS AND DISCUSSION

The Volhynian

We analyzed four floras of Volhynian age located near the villages of Tsar
Shishmanovo-Tolovitsa, Ruzhintsi, Kladorub-Ostrokarptsi and Pelovo. These
floras are enough rich with taxa to provide reliable palacoclimate date.

The Volhynian palacoflora contains 154 species belonging to 114 genera
and 69 families of the whole macroflora. In addition, 139 palynomorphs have
been discovered. This flora is systematically very rich in representatives of
Algae, Bryophyta, Lycopodiophyta, Equisetophyta, Polypodiophyta, Pinophyta
and Magnoliophyta. The largest families are Lauraceae, Fagaceae, Fabaceae,
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Table 2. Climate data for Volhynian and Bessarabian derived from pollen re-
cord from core Deleina.

Age | Depth (m) | MAT (°C) | TCM (°C) | TWM (°C) | MAP (mm)
78 147-172 | 1,76,6 | 23,0278 | 740-740
80,5 11,6-184 | 1,781 | 23,6278 | 652-759

,:g 83,5 15,6-17,2 5,0-6,6 24,7-27,3 | 897-1308
g 106 17,2-18,4 5,0-8,1 24,7-27,8 | 1187-1322
g 110 15,6-17,2 5,0-7,0 24,7-27,3 | 823-1380
114 15,6-17,2 5,0-7,0 24,7-27,8 | 897-1322
120 17,2-17,2 5,0-6,6 24,7-27,8 | 1187-1308
143,5 15,6-17,2 5,0-6,6 24,7-27,3 | 1076-1281
150,5 15,6-17,2 5,0-6,6 24,7-27,8 | 897-1281
185 15,6-17,2 5,0-7,0 24,7-27,8 | 1187-1281
194 15,6-17,2 5,0-7,0 24,7-27,3 | 1187-1281
220 15,6-17,2 5,0-6,6 24,7-27,8 | 1187-1322
234 15,6-17,2 5,0-6,6 24,7-27,8 | 823-1322
245 15,6-17,2 5,0-6,6 24,7-27,1 | 1076-1380
& 258 15,6-17,2 5,0-6,6 24,7-27,8 | 1187-1281
E‘ 260 15,6-17,2 5,0-7,0 24,7-27,8 | 1187-1308
E 262 15,6-17,2 5,0-7,0 24,7-27,8 | 897-1281

264 15,6-17,2 5,0-7,0 24,7-27,8 | 1187-1281
268 15,6-17,2 5,0-7,0 24,7-27,8 | 740-1281
273,5 15,6-17,2 5,0-7,0 24,7-27,8 | 1187-1281
281,5 15,6-17,2 5,0-7,0 24,7-27,1 | 823-1281
285 15,6-18,4 5,0-8,1 24,7-27,8 | 1076-1308
349 15,6-17,2 5,0-6,6 24,7-27,8 | 823-1308
353 15,6-17,2 5,0-6,6 24,7 1076-1281

same time. This time interval (the end of Bessarabian) corresponds to the beginning
of Tortonian in Mediterranean area and the beginning of the so-called Vallesian
crisis - sequence of mammal events, changes in lower vertebrate record.

With regard to the ecological requirements, the paleoflora type consists of the
following components: hydrophytes (8.3%), hygrophytes (5.0%), hygromesophytes
(15.0%), mesophytes (51.7%) and hemixerophytes to xerophytes (20.0%). The
greatest change occurred in the group of hygromesophytes. Numerous macro-
and mesothermal ferns, laurel and magnolia species have fallen off. The number
of arctotertiary elements is significantly increased and this change is particularly
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could due both to climate change or incompleteness of fossil record. As regard
the precipitation the CA-intervals are wider — between 843 and 1,297 mm. It is
worth to note that the Besserabian macroflora comprise more xeric and semi-xeric
floristic elements that could suggest some drying of the climate during that period.
This is in agreement with results from CA-analysis of palynological data which
suggest drying at very late Bessarabian and early Chersonian (IVANOV ET AL. 2002).

The pollen data for Bessarabian shows that the palacoclimate is most similar to
the Volhynian (Table 2; Fig. 5). However, at the end of this stage a slight decrease
in MAT is indicated in cores C-12 Deleina and and C-1 Drenovets. Thus the end of
the Bessarabian represents the starting point for the climatic changes occurring in
the Chersonian. This latter substage is characterised by lower values in almost all
climate parameters (Fig. 5). MAT coexistence intervals are 13.3 (14.4) to 17.2 °C,
corresponding to a decrease of the lower boundary of about 2 °C as compared to
the Bessarabian and Volhynian. A similar cooling is observed for the TCM with the
lower boundary of the coexistence intervals changing from 5 °C in the Volhynian/
Bessarabian to 1.7 °C in the Bessarabian/Khersonian (IvANOV ET AL. 2002). The
lower boundary of the coexistence interval for the summer temperature (TWM) also
decreases by about 2 °C. But the most significant change occurs in the mean annual
precipitation. The climatic estimates for the end Bessarabian (Fig. 5) indicate that
the climate was slightly cooler (particularly in winter) and significantly drier. This
could mean a greater seasonality and probably more or less pronounced dry period
in the summer.

Comparison of all data, received from different observed floras showed, that
nevertheless some differences, in all cases there was a good relation between
climate and plants. We observed some of deviations in quantities, but they varied
in small limits. These deviations could due to several factors, in our case more
appropriate is to suggest that completeness of paleofloristic data, and the applied
paleobotanical method, which discloses different floristic components, influenced
in major part the preciseness and correctness of results.

CONCLUSION

The Volhynian and Bessarabian in Northwest Bulgaria were periods of
subtropical or warm-temperate and humid climate, with small fluctuations in
palacoclimatic parameters as evidence from bouth macropaleobotanical and
palynological data. The correlation between climate data derived from macro- and
microfloras shows coincidence as regard all parameters, nevertheless that different
taxa determine coexistence intervals. In some cases, the macropaleobotanical data
provide narrow climate interval, that is explain by better taxonomic resolution
and better identification of NLRs (e.g. at species level). The recognition of NLRs
for pollen taxa is usually at genus level. The application of both palacoclimate
recovery methods has the advantage of obtaining both more accurate climate data
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and tracking climate change in more detail throughout the study period.
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Abstract. This study presents data on the floristic composition of cyanoprokaryotes/
cyanobacteria and algae in the tropical River Congo, the second longest river in Africa after
the Nile, which at global scale is the second most important river after Amazon in terms of
drainage basin size and freshwater discharge. The results in this paper are based only on the
materials collected from the mainstem of the middle part of the River Congo, in a stretch of
1,450 km, in two sampling campaigns conducted in contrasting hydrologic conditions: in the
high water (HW) period, in December 2013 (33 sites), and in the low, falling water (FW) period
in June 2014 (38 sites). Totally 520 taxa of 7 divisions (Cyanoprokaryota — 76, Cryptophyta
— 1, Euglenophyta -17, Pyrrthophyta — 8, Chlorophyta — 108, Streptophyta — 38, Ochrophyta
— 272: 242 Bacillariophyceae, 24 Chrysophyceae, 1 Synurophyceae, 3 Tribophyceae and 2
Eustigmatophyceae), were identified in the phytoplankton samples but few of them (16) were
strictly tropical. Algal diversity was higher during the FW (431 taxa) compared with HW (314
taxa) and floristic similarity between both periods was only 57% based on 213 common taxa.
According to the frequency of distribution, most of the phytoplankters occurred rarely and
only two diatoms were found in all sites during both studied periods: Aulacoseira ambigua and
Nitzschia lancettula. They were followed by the widespread Aulacoseira agassizii, A. granulata
var. angustissima, Nitzschia cf. lacuum, Staurosivella leptostauron and Staurosirella pinnata.

*corresponding author: M. P. Stoyneva-Gértner — Sofia University “St. Kliment Ohridski”,
Faculty of Biology, Department of Botany, 8 Dragan Tsankov Blvd., BG-1164, Sofia, Bulgaria,
mstoyneva@uni-sofia.bg
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Cyanoprokaryotes and chlorophytes were found along the whole river flow, but with different
species composition.

Key words: algal distribution, diversity, phytoplankton, potamoplankton, tropical algae
INTRODUCTION

The knowledge on the phytoplankton of one of the most important large
world rivers, the tropical Congo River, which provides freshwater resources for
millions of people in central Africa (OBERG ET AL. 2009) and is the major transport
arteria of DR Congo is quite scarce. Only recently data on potamoplankton
structure, dynamics and main driving forces in the Middle Congo River became
available (DEscy ET AL. 2016). The results obtained by high-performance liquid
chromatography analysis of chlorophyll a (Chl a) and marker pigments, and to
the primary production measurements made by using the *C incubation technique,
demonstrated a pronounced difference in phytoplankton composition, biomass
and production in the periods of high waters (HW) and low, falling waters (FW)
(op. c1t.). For example, in the mainstem concentrations of Chl a varied between
0.07 and 1.77 ug L' in HW conditions, and between 1.13 and 7.68 pg L' in FW
conditions. Based on marker pigment concentration, green algae (both chlorophytes
and streptophytes) dominated in the mainstem in HW, whereas diatoms dominated
in FW; cryptophytes and cyanobacteria were more abundant but still relatively low
in the FW period, both in the tributaries and in the main channel (DEsCY ET AL.
2016). Daily integrated production measured in the mainstem varied between 64.3
and 434.1 mg C m? day' in FW conditions and between 51.5 and 247.6 mg C
mm? day! in HW (op. cit.). Phytoplankton growth in the Congo River can take
place in the main channel, with hydrological processes allowing maintenance
of phytoplankton biomass even during HW (Descy ET AL. 2016). The relative
contribution to phytoplankton biomass from tributaries (mostly black waters)
and from a few permanent lakes was low, and the main confluences resulted in
phytoplankton dilution. This result is in contrast to other tropical river systems
where connectivity with the floodplain and the presence of natural lakes and man-
made reservoirs play a prominent role in the recruitment of phytoplankton to the
main river (DESCY ET AL. 2016). At the same time, the presence of phytoplankton
developing in the main river channel is in accordance with data on its formation in
the lowest natural part of the temperate large European Danube River (STOYNEVA
& DraGaNov 1991; SToYNEvA 1994) and its tributary Tisa/Tisza (ISTVANOVICS ET
AL. 2010, 2011, 2012).

Regarding the river phytoplankton composition, DESCY ET AL. (2016) published
the most frequent 25 phytoplankton taxa from different taxonomic groups in the
Middle Congo mainstem: Aphanocapsa spp., Aphanothece spp., Limnococcus
limneticus, Planktolyngbya spp. (cyanobacteria/cyanoprokaryotes), Actinastrum
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rhaphidioides, Coelastrum spp., Coenochloris spp., Desmodesmus magnus, D.
perforatus, Scenedesmus communis, S. oahuensis, Planktosphaeria gelatinosa
(chlorophytes), Closterium spp., Hyalotheca cf. mucosa (streptophytes), Fuglena
spp., Strombomonas spp. (euglenophytes), Salpingoeca spp. (chrysophytes),
Aulacoseira granulata (including var. angustissima), A. agassizii, Cyclostephanos
invisitatus, Cyclotella spp., Discostella pseudostelligera, Staurosirella spp. and
Thalassiosira rudolfii (diatoms). However, “studies of African phytoplankton should
not only list the major components, but also all the accompanying taxa in order
to provide better knowledge on their distribution and biogeography” (LEMOALLE
ET AL. 1981, p. 38). Regarding this, JoHN (1986, p. 160) noted that “the correct
identification of taxa in many groups is becoming increasingly a specialist task
...”. Former studies on algae of the R. Congo basin reported floristic composition
of both periphyton and plankton from the mainstem and some tributaries, but on
relatively small sectors and dealt with specific taxonomic groups (e.g. KUFFERATH
1948; GoLaMA 1991, 1996; VERHEYEN ET AL. 2017). The aim of the present paper is
to present data on the total species composition of the Congo River phytoplankton,
in a stretch of 1,450 km corresponding to the Middle Congo River, in contrasting
hydrologic conditions, which could serve as a basis for future tracking of the algal
biodiversity in this important large tropical river.

MATERIAL AND METHODS

Study site

The Congo River (formerly known as the Zaire River) stretches from the Great
Rift Valley in Eastern Africa to the Atlantic Ocean in the west (Fig. 1). It is the second
longest river in Aftica after the Nile, with a length of about 4,300 km (OBERG ET AL.
2009; VANDEN BossCHE & BERNACSEK 1990 — cit. acc. to https://en.wikipedia.org/
wiki/Congo_River). The River Congo is also the second largest river in the world
by discharge volume, following only the Amazon: the discharge at its mouth ranges
from 23,000 to 75,000 m® sec!, with an average of 41,000 m*sec! (VANDEN BOSSCHE
& BERNACSEK 1990 — cit. acc. to https://en.wikipedia.org/wiki/Congo River). The
drainage basin has been estimated to cover about 4 million km? (BEADLE 1974;
VANDEN BOsSSCHE & BERNACSEK 1990 — cit. acc. to https:/en.wikipedia.org/wiki/
Congo River; OBERG ET AL. 2009). The river runs between 7 °N and 12 °S, mostly
through a flooded forest region, draining the largest expanse of lowland tropical forest
in Africa (BEaDLE 1974; BwaNGoy ET AL. 2010). Congo River crosses twice the
equator. In this way the dry season on the northern part of the basin is compensated
by the rainy season on the southern part of the basin, and vice versa, leading to a
regulation of seasonal water height variations, which are small (3—4 m) in the main
river bed (RUNGE 2008).
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Algal identification

The main part of the work on the algal biodiversity was done using conventional
light microscopy with magnification 100x and immersion on non-permanent
slides on microscopes Motic BA 4000 microscope with camera Moticam 2000,
and on Motic B1 microscope with camera Moticam 2.0 mp, supplied by Motic
Images 2 Plus and Motic Images 3 Plus software programs, respectively. Only
Bacillariophyceae were identified on permanent slides mounted with Naphrax
after peroxide digestion on Leitz Diaplan standard microscope, equipped with a
Euromex camera using the Image Focus 4 software. Identification of some diatoms
was checked by PrisciLa TREMARIN (Universidade Federal do Parana, Curitiba,
Brazil) using SEM.

The work is based on main standard floras (e.g. ETTL 1978; STARMACH 1983,
1985; KRAMMER & LANGE-BERTALOT 1991, 19974,B, 2004; KoMAREK & FoTT
1983; KOMAREK & ANAGNOSTIDIS 1999, 2005; TSARENKO ET AL. 2011; WEHR ET
AL. 2015; MogesTRUP & CALADO 2018) and numerous relevant current taxonomic
papers considering data in AlgaeBase (Gury & Guiry 2020), DiatomBase
(KocCIOLEK ET AL. 2020), and CyanoDB (HAUER & KOMAREK 2020).

Estimation of frequency of distribution and floristic similarity

For better understanding of the horizontal distribution of the species and their
role in the phytoplankton, for each species the frequency quotient (FQ standardly
calculated as per cent of the number of sites in which it was found vs total number
of checked sites), was estimated separately for each of both studied periods (HW
and FW) and as their average for the river phytoplankton. Estimated FQs were
grouped in five classes through 20%: I — 1-20%, II — 21-40%, 111 — 41-60%, 1V —
61-80%, and V — 81-100% (STOYNEVA & DRAGANOV 1991).

Floristic similarity between both studied periods was estimated according to
Serensen’s Similarity Index (SSI, SGRENSEN 1948).

RESULTS AND DISCUSSION

The results from taxonomical identification of the phytoplankton algae in
both studied periods are summarized in Table 1. There, some of the most popular
common former Latin names are kept as synonyms.

Intotal, 520 taxa from 7 divisions have beenidentified in the phytoplankton of the
Congo River (Table 1), some of which are illustrated on Figs 1-82. The distribution
of all taxa by phyla is: Cyanoprokaryota — 76, Cryptophyta — 1, Euglenophyta
-17, Pyrrhophyta — 8, Chlorophyta — 108, Streptophyta — 38, Ochrophyta - 272
(Bacillariophyceae — 242, Chrysophyceae — 24, Synurophyceae — 1, Tribophyceae
- 3, Eustigmatophyceae — 2) — Fig. 83. Thus, Ochrophyta represented 52% of all
phytoplankton diversity. Among them the richest were diatoms (Bacillariophyceae),
which formed 47% of all biodiversity and clearly prevailed over all other
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Pannus planus Hindak 3

Pannus sp. (?Aphanocapsa sp.) 6
Phormidium irriguum (Kiitzing ex Gomont) Anagnostidis 3

& Komarek

Phormidium cf. papyraceum Gomont ex Gomont 3
Phormidium spp. 3 16
Planktolyngbya cf. brevicellularis Cronberg et Komarek 82 24
Planktolyngbya contorta (Lemmermann) Anagnostidis et 3
Komarek

Planktolyngbya limnetica (Lemmermann) Komarkova-Leg- 30 18
nerova et Cronberg

Planktolyngbya microspira Komarek et Cronberg 3
Planktolyngbya minor (Geitler) Komarek et Cronberg) 6 3
Planktolyngbya regularis Komarkova-Legnerova et Tavera 3
Planktolyngbya undulata Komarek et Kling 3
Planktothrix clathrata (Skuja) Anagnostidis & Komarek 3
Planktothrix isothrix (Skuja) Komarek et Komarkova 3
Planktothrix rubescens (De Candolle ex Gomont) Anagnos- 3
tidis & Komarek

Radiocystis geminata Skuja 3 3
Rhabdogloea linearis (Geitler) Komarek 3

Snowella atomus Komarek et Hindak 3
Sphaerocavum microcystiforme (Hindak) Azevedo & 6 3
Sant'Anna (Syn. Pannus microcystiformis Hindak)

Spirulina corakiana Playfair 3

Spirulina tenuissima Kiitzing, nom. Inval. 3
Synechocystis aquatilis Sauvageau 3
Tychonema tenue (Skuja) Anagnostidis et Komarek 3
Woronichinia delicatula (Skuja) Komarek et Hindak 3
Woronichinia fremyi (Komarek) Komarek et Hindak 3
CRYPTOPHYTA

Chroomonas oblonga (Playfair) Pascher (Syn. Crypio- 3

monas oblonga Playfair)

EUGLENOPHYTA

Cryptoglena pigra Ehrenberg 3
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Acutodesmus acutiformis (Schroder) Tsarenko & D. M. John R}

(Syn. Enallax acutiformis (Schréder) Hindak)

Ankistrodesmus arcuatus Korshikov (Syn. Monoraphidium 3

arcuatum (Korshikov) Hindak)

Ankistrodesmus falcatus (Corda) Ralfs 3
Ankistrodesmus stipitatus (Chodat) Komarkova-Legnerova 9
Binuclearia lauterbornii (Schmidle) Proschkina-Lavrenko 6

(Syn. Planctonema lauterbornii Schmidle)

Carteria sp. 1 3

Carteria sp. 2 3
Chlamydomonas spp. 30
Chlorella elongata (Hindak) C. Bock, Krienitz et Proschold 3

(Syn. Dictyosphaerium elongatum Hindak)

Coelastrum astroideum De-Notaris 6 3
Coelastrum microporum Négeli in A. Braun 6
Coelastrum microporum var. octaedricum (Skuja) Sodom- 3

kova

Coelastrum proboscidewm Bohlin in Wittrock et Nordstedt 3
Coelastrum pseudomicroporum Korshikov 9 3
Coelastrum pulchrum Schmidle 9
Coenochloris fottii (Hindak) Tsarenko 21 8
Coenochloris pyrenoidosa Korshikov (Syn. Coenochloris 27 3
hindakii Komarek sensu Komarek et Fott)

Coenochloris sp. 3
Desmodesmus abundans (Kirchner) Hegewald (Syn. 3
Scenedesmus quadrispina Chodat)

Desmodesmus brasiliensis (Bohlin) Hegewald 3
Desmodesmus communis (Hegewald) Hegewald (Syn. 33 11
Scenedesmus communis (Turpin) Hegewald)

Desmodesmus denticulatus (Lagerheim) S. S. An, T. Friedl 3

et Hegewald

Desmodesmus insignis (West & G. S. West) E. Hegewald 3 3
Desmodesmus intermedius (Chodat) Hegewald 3
Desmodesmus magnus (Meyen) Tsarenko (incl. Syn. 36 13
Scenedesmus oahuensis (Lemmermann) G. M. Smith)

Desmodesmus opoliensis (Richter) Hegewald 3
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Microspora sp. (fragments)

Monactinus simplex (Meyen) Corda

Monactinus simplex var. echinulatum (Wittrock) Pérez,
Maidana et Comas

Monactinus simplex var. sturmii (Reinsch) Pérez Baliero et al.

Monoraphidium caribeum Hindak

Monoraphidium griffithii (Berkeley) Komarkova-Legnerova

Monoraphidium komarkovae Nygaard

Monoraphidium saxatile Koméarkova-Legnerova 1969 (Syn.
Chlorolobion saxatile (Komarkova-Legnerova) Komarek)

Wl || w]|Ww

Mucidosphaerium pulchellum (Wood) C. Bock, Proschold
& Krienitz

Mychonastes botrytella (Komarek & Perman) Krienitz, C.
Bock, Dadheech & Proschold (Syn. Dictyosphaerium bot-
rytella Komarek & Perman)

STREPTOPHYTA

Actinotaenium globosum (Bulnheim) Teiling

Actinotaenium sp.

Closterium angustatum Kiitzing ex Ralfs

Closterium gracile Brébisson ex Ralfs

w

Closterium limneticum Lemmermann

21

Closterium lineatum Ehrenberg ex Ralfs

Closterium moniliferum (Bory) Ehrenberg ex Ralfs

Closterium praelongum Brébisson

w

Closterium pronum Brébisson

w

Closterium strigosum Brébisson

Closterium sp.

Cosmarium abbreviatum Raciborski

Cosmarium contractum Kirchner

Cosmarium laeve Rabenhorst

Cosmarium obtusatum (Schmidle) Schmidle

Rl lw || W] W

Cosmarium phaseolus Brébisson ex Ralfs

Cosmarium tenue W. Archer

w

ct. Desmidium (fragments)

Gonatozygon sp.
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Diploeca flava (Korshikov) Bourrelly 1957

Diplosigopsis affinis Lemmermann 21 5
Epipyxis ct. epiplanctica (Skuja) Hilliard et Asmund 3

Epipyxis utriculus (Ehrenberg) Ehrenberg 1838 3
Lagynion infundibuliforme Starmach 1966 3
Lagynion oblongum (Pascher) Bourrelly 3
Salpingoeca cf. convolvulus Skuja 3
Salpingoeca eurystoma Stokes 1886 34
Salpingoeca cf. vaginicola Stein 1878 3
Salpingoeca sp. ad S. cylindrica Fott 9
Salpingoeca sp. 9 26
Stokesiella sp. ad Stokesiella epipyxis Pascher 1930 12 3
Stokesiella sp. ad Stokesiella longipes (Stokes) Lemmer- 3

mann 1908

Synurophyceae

Mallomonas sp. 3
Tribophyceae

Bumilleriopsis brevis (Gerneck) Printz 1914 3
Centritractus africanus F. E. Fritsch & M. F. Rich in F. E. 18

Fritsch, M. F. Rich & M. L. Stephens 1930

Centritractus ellipsoideus Starmach 1966 3
Eustigmatophyceae

Tetraédriella regularis (Kiitzing) Fott 1967 3
Tetraédriella spinigera Skuja 1948 3 3
Bacillariophyceae

Achnanthes inflata (Kiitzing) Grunow 16 4
Achnanthidium affine (Grunow) Czarnecki 32 4
Achnanthidium exiguum (Grunow) Czarnecki 52 15
Achnanthidium exiguum var. constrictum (Grunow) An- 19
dresen, Stoermer et Kreis

Achnanthidium lineare W. Smith 26 12
Achnanthidium minutissimum (Kiitzing) Czarnecki 68 38
Achnanthidium reimeri (Camburn) Ponader et Potapova 10
Achnanthidium subhudsonis (Hustedt) Kobayasi 71 62
Achnanthidium sp. (connective view) 23 8
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Cymatopleura solea (Brébisson) W. Smith 16 8
Cymbopleura frequens Krammer 4
Cymbopleura naviculiformis (Auerswald ex Heiberg) 3

Krammer

Diadesmis confervacea Kiitzing 68 31
Diadesmis gallica W. Smith 13 42
Diploneis elliptica (Kiitz.) Cleve 0 8
Discostella pseudostelligera (Hustedt) Houk et Klee 97 69
Discostella stelligera (Cleve et Grunow) Houk et Klee 16 27
Dorofeyukea kotschyi (Grunow) Kulikovskiy, Kociolek, 4
Tusset et T. Ludwig

Encyonema caespitosum Kiitzing 4
Encyonema silesiacum (Bleisch) Mann 13 19
Encyonema minutum (Hilse) Mann 16 4
Encyonopsis cesatii (Rabenhorst) Krammer 6
Encyonopsis krammeri Reichardt 8
Eolimna minima (Grunow) Lange-Bertalot et Schiller 23 12
Eolimna subminuscula (Manguin) Moser, Lange-Bertalot et 6 8
Metzeltin

Epithemia adnata (Kiitzing) Brébisson 6

Epithemia operculata (C. Agardh) Ruck et Nakov 3

Eunotia bilunaris (Ehrenberg) Schaarschmidt 8
Eunotia exigua (Brébisson ex Kiitzing) Rabenhorst 6

Eunotia flexuosa (Brébisson ex Kiitzing) Kiitzing 12
Eunotia formica Ehrenberg 3 4
Eunotia incisa W. Smith ex W. Gregory 6 15
Eunotia perminuta (Grunow) R. M. Patrick 23
Eunotia minor (Kiitzing) Grunow 52 23
Eunotia ctf. paludosa Grunow 10 4
Eunotia pectinalis (Kiitzing) Rabenhorst 23 15
Eunotia praerupta Ehrenberg 6 8
Eunotia praerupta var. excelsa Krasske 6

Eunotia rhomboidea Hustedt 10

Eunotia tenella (Grunow) Hustedt 32 38
Eunotia cf. tetraodon Ehrenberg 3
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Hippodonta capitata (Ehrenberg) Lange-Bertalot, Metzel- 6 4
tin et Witkowski

Hippodonta hungarica (Grunow) Lange-Bertalot, Metzeltin 6 4
et Witkowski

Humidophila contenta (Grunow) Lowe, Kociolek, J. R. Jo- 87 50
hansen, Van de Vijver, Lange-Bertalot et Kopalova

Karayevia clevei (Grunow) Round et Bukhtiyarova 10 8
Karayevia laterostrata (Hustedt) Round et Bukhtiyarova 3
Kobayasiella jaagii (Meister) Lange-Bertalot 10
Lemnicola hungarica (Grunow) Round et Basson 6 4
Luticola acidoclinata Lange-Bertalot 10 8
Luticola cohnii (Hilse) D. G. Mann 35 19
Luticola mutica (Kiitzing) D. G. Mann 71 35
Luticola saxophila (Bock ex Hustedt) D. G. Mann 26 15
Mayamaea atomus (Kiitzing) Lange-Bertalot 3 8
Melosira varians Agardh 3

Navicula cf. heimansii van Dam et Kooyman 97 62
Navicula cincta (Ehrenberg) Ralfs 6 4
Navicula cryptocephala Kiitzing 27
Navicula nielsfogedii Taylor et Cocquyt 97 65
Navicula schroeteri F. Meister 0 4
Navicula vandamii Schoeman et Archibald 92 92
Navicula viridula (Kiitzing) Ehrenberg 6

Navicula viridula var. rostellata (Kiitzing) Cleve 10 27
Navicula spp. 13 4
Neidium affine (Ehrenberg) Pfizer 6

Neidium cf. alpinum Hustedt 6

Neidium cf. hitchcockii (Ehrenberg) Cleve 3

Neidium productum (W.Smith) Cleve 8
Nitzschia cf. accomodata Hustedt 9 85
Nitzschia acicularis (Kiitzing) W. Smith 10 12
Nitzschia acidoclinata Lange-Bertalot 10

Nitzschia cf. archibaldii Lange-Bertalot 3

Nitzschia capitellata Hustedt 13 38
Nitzschia cf. congolensis Hustedt 6 38
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Pinnularia gibba Ehrenberg 6 8
Pinnularia microstauron (Ehrenberg) Cleve 10
Pinnularia subcapitata Gregory 16 35
Pinnularia viridis (Nitzsch) Ehrenberg 6
Pinnularia spp. 15
Placoneis clementis (Grunow) Cox 13
Placoneis dicephala (W. Smith) Mereschkovsky 4
Placoneis exigua (Gregory) Mereschkovsky 16
Placoneis exiguiformis (Hustedt) Lange-Bertalot 0 4
Placoneis elginensis (Gregory) Cox 13 15
Placoneis gastrum (Ehrenberg) Mereschkovsky 23 15
Placoneis cf. pseudanglica Cox 19 23
Plagiotropis lepidoptera var. proboscidea (Cleve) Reimer 3
Planothidium daui (Foged) Lange-Bertalot 19 12
Planothidium frequentissimum (Lange-Bertalot) Lange-Ber- 45 8
talot

Planothidium lanceolatum (Brébisson ex Kiitzing) Bukhti- 13 12
yarova

Planothidium rostratum (@strup) Lange-Bertalot 77 73
Planothidium sp. 3 8
Platessa bahlsii Potapova 26 4
Platessa hustedtii (Krasske) Lange-Bertalot 55 38
Pleurosira laevis (Ehrenberg) Compere 26 23
Psammothidium cf. daonense (Lange-Bertalot) Lange-Ber- 45 4
talot

Psammothidium subatomoides (Hustedt) Bukhtiyarova et 35
Round

Pseudofallacia tenera (Hustedt) Liu, Kociolek et Wang 61 23
Pseudostaurosira brevistriata (Grunow) Williams et Round 68 38
Rhoicosphenia abbreviata (C. Agardh) Lange-Bertalot 3
Rhopalodia acuminata var. protracta (Grunow) Krammer 3
Rhopalodia gibba (Ehrenberg) O. Miiller 4
Rhopalodia gibberula (Ehrenberg) O. Miill. 8
Rhopalodia sp. 8
Sellaphora bacillum (Ehrenberg) Mann 13 8
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Thalassiosira weissflogii (Grunow) G. Fryxell et Hasle 81 46
Tryblionella apiculata Gregory 10 8
Tryblionella calida (Grunow) Mann 84 23
Tryblionella coarctata (Grunow) Mann 10 15
Tryblionella hungarica (Grunow) Frenguelli 23 15
Tryblionella gracilis W. Smith 3

Tryblionella levidensis W. Smith 68 46
Ulnaria acus (Kiitzing) Aboal 23 4
Ulnaria danica (Kiitzing) Compere et Bukhtiyarova 58 23
Ulnaria delicatissima (Grunow) Aboal et P. C. Silva 8
Ulnaria ulna (Nitzsch) Compere 58 31

taxonomic groups. They were followed by chlorophytes (108 taxa, or 21%) and
cyanoprokaryotes (76 taxa, or 15%). - Fig. 83. Cyanoprokaryotes were represented
only by coccal colonial (60%) and non-heterocytous filamentous species (40%).
The lack of heterocytous cyanoprokaryotes capable of efficient nitrogen fixation,
clearly indicates that there was no nitrogen limitation, or nitrogen shortage in
riverine waters. This result is in accordance with the relatively high ammonium
and nitrate values recorded during both studied periods (mean values of 2.3 uM
and 11.3 uM in HW, and 1.3 uM and 36.7 uM in FW — DEscY ET AL. 2016). Among
green algae coccal species prevailed (92% in Chlorophyta and 90% in Streptophyta)
over filamentous algae (5% among chlorophytes and 10% in streptophytes) and
flagellates (3% from chlorophytes). Although the number of identified species is
high, considering the presence of taxa which could not be certainly identified in
fixed samples (green flagellates, euglenophytes, pyrrhophytes, etc.) it is evident
that our knowledge about the river algal biodiversity is far from complete and
further studies are needed.

The number of taxa during the HW period was 314, compared with 431 in
the FW period. This difference shows that 83% of the taxa occur during low water
periods, and 60% of all taxa were recorded in high water periods. Logically, all
taxonomic groups were more diverse during FW (Fig. 84), except the insignificantly
higher numbers of species for chrysophyceans and eustigmatophyceans during
HW period (Table 1). Algae from Cryptophyta, Tribophyceae and Synurophyceae
were found only during low waters (Fig. 84). Although the general phytoplankton
structure considered in terms of represented algal divisions is similar, we have to
note that while cyanoprokaryotes comprised almost the same part of this structure
during both FW and HW periods (14% and 13%, respectively), the contribution of
chlorophytes during the HW period was twice lower in comparison with LW (21%
and 12%, respectively), and the participation of diatoms was 14% lower during HW
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in each of both studied periods. Widespread taxa, with FQ of Vth class, comprised
only 3% of all species, and 5% and 3% of the species during LW and HW period,
respectively (Fig. 85).

A pronounced difference in the frequency distribution of algae by taxonomic
groups was observed: diatoms had the most diverse frequency in all five classes of
FQ during both studied periods, cyanoprokaryotes and chlorophytes were spread in
four and three FQ classes, respectively, while algae from all other taxonomic groups
had FQ of one or two classes only (Table 1). In accordance with these results is
the fact that most widespread algae in the river phytoplankton are representatives
of these three groups, with a leading role for diatoms, which were the most widely
spread along the main river bed. In all studied sites (FQ=100%) during both
studied periods were found Aulacoseira ambigua and Nitzschia lancettula. They
were followed (FQ=98-96%) by Aulacoseira agassizii, Aulacoseira granulata var.
angustissima, Nitzschia cf. lacuum, Staurosirella leptostauron and Staurosirella
pinnata. The most spread cyanoprokaryote in the river was Planktolyngbya cf.
brevicellularis (FQ=53%).

When discussing the distribution of algae along the river, we have to note that
some of the species, and especially of the rare ones, did not belong to the group
of typical plankters. Some of them were passively transported as epiphytes over
other planktic algae and such ones were most of the recorded chrysophycean algae
(with the most spread Salpingoeca eurystoma in particular). The second group was
represented by some filamentous algae, which could be considered tychoplanktic
due to their more typical benthic mode of life (e.g. singular fragments of Ulothrix
spp., Microspora sp., Klebsormidium sp.). However, generally, the number of
typical plankters (euplankters) among non-diatoms prevailed (255 from 278) and
they comprised 92% of the phytoplankton diversity. As for diatoms, the flora of
the Congo River is mainly composed of taxa of benthic origin, represented by
few specimens. A significant part of diatoms are characteristic of acid, low
conductivity rivers and streams, such as Eunotia spp. and Pinnularia spp., and are
likely originating from tributaries, such as the Lobilo, Lobaye and Lomami rivers,
located in the upstream part of the studied transect (VERHEYEN ET AL. 2017). Based
on estimates of abundance and frequency of occurrence in the samples from the
mainstem in the FW period, the number of euplanktonic diatom taxa may be fewer
than 30, i.e. not more than 12 % of the total number of diatom species.

CONCLUSION

The unique floristic data set obtained during the study shows the rich algal
biodiversity of the Middle Congo River phytoplankton. It comprised more than
520 taxa from 7 divisions, considering the presence of more taxa which could not
be certainly identified in fixed samples and the fact that the results are based on
two sampling series in such a large, still unregulated, river system. Moreover, the
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understanding of the drivers of the phytoplankton diversity is still very limited,
for instance as to the contribution of tributaries and lakes vs. the role of inputs
from different habitats, including the river margins, side arms and large patches of
aquatic plants, to the mainstem. Addressing these questions will certainly require
more studies, based on both longitudinal surveys and on regular sampling at fixed
sites, aiming at investigating the dynamics of phytoplankton diversity, which has
been understudied in large tropical rivers.
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INTRODUCTION

Biodiversity in small ponds is higher than the biodiversity in the larger water
bodies, but despite this fact they are rarely studied due to their variable water
balance, small volume and spatial heterogeneity. Water basins supplied with organic
matter, as a result of agricultural activity, have rich algal flora (Borics ET AL. 2003).
The loads of agricultural chemicals and the mismanagement of artificial fish ponds,
can lead to eutrophication. Fertilizers are often used in fisheries to stimulate the
development of the primary production and to increase the yields, which is why
fish ponds are eutrophic with frequent algal blooms (Raporsicic & Kopp 2016). Due
to their different hydrology and small water depth they lack seasonal temperature
stratification (Kopp ET AL. 2016). The use of high fish stocking densities increases
the trophic status of the water bodies, which commonly causes cyanobacterial
blooms, fluctuations in oxygen and high levels of nitrogen that destabilize these
aquatic ecosystems.

Cyanoprokaryotes often are the main contributors to the total phytoplankton
biomass in the summer, causing intense blooms and death among fish due to
oxygen depletion. The specific features of cyanobacteria make them more
adaptable to specific conditions, such as reduced light and depletion of nitrogen
(SEVRIN-REYSSAC & PLETIKOSIC 1990; KOMARKOVA 1998). At the same time, many
cyanoprokaryotes are widely known as toxin producers which cause severe harm
to human and ecosystem health. Therefore, the study of the summer ecosystems of
small fish-breeding ponds achieves greater importance.

According to MICHEV & STOYNEvA (2007) the species composition of algae
found in fish farms in Bulgaria consisted of approximately 600 species. Detailed data
on algal diversity in fish ponds in the country were published by VODENICHAROV ET
AL. (1974), LUDSKANOVA & PASKALEVA (1975), PASKALEVA (1975), KIRYAKOV ET AL.
(1982), PASKALEVA & VODENICHAROV (1984) and DOCHIN ET AL. (2020; IN PRESS).
The aim of the present study is to report the general changes in the phytoplankton
composition in fish ponds with polyculture with two-year-old grass carp as a mean
of biological control of unwanted aquatic vegetation.

MATERIAL AND METHODS

The study was carried out during a two-year period (2018-2019) in the
experimental ponds of the Institute of Fisheries and Aquaculture, Plovdiv, Bulgaria.
During the study, in these ponds common carp (Cyprinus carpio L.), hybrid bighead
carp (Hypophthalmichtys nobilis Rich. x Hypophthalmichtys molitrix Val.) and
grass carp (Crenopharyngodon idella Val.) were grown. During the second year
(2019) the stocking density of grass carp in the experimental ponds was twice lower
than the stocking density in 2018.

During the two-year period, 108 phytoplankton samples were taken from seven
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ponds (P6, P7, P12, P16, P18, P19 and P23), each with area between 0.18 to 0.40
ha. The macrophytic vegetation in the ponds was represented by Ceratophyllum
demersum L., Nuphar lutea (L.) Sm. and Typha angustifolia L.).

The sampling was conducted at the depth of 0.5 m bimonthly in the late
spring-summer period (from April/May to September) of both years with the
results discussed as average values per month. The phytoplankton samples were
collected and processed by standard methods of fixation with formalin to final
concentration 4% and further sedimentation (ISO 5667-1:2006/AC:2007; 1SO
5667-3:2003/AC:2007) with some additional living samples for identification
of raphidophytes. Microscope work was done on Burker chamber. The species
composition was determined by light microscope (Carl Zeiss, Axioscope 2 plus)
with magnification 400x using standard taxonomic literature with critical use of
AlgaeBase (Guiry & Guiry 2020). Diatoms were identified after Cox (1996). The
main counting unit was the cell and the biomass was estimated by the method of
stereometrical approximations (RoTT 1981; DEISINGER 1984). Counting units were
cells, filaments and colonies. The total biomass of each sample was assessed and
it was defined as the amount of biomass of all species summarized in separate
taxonomic groups. Dominant species were determined according to the percentage
of individual species to the total biomass.

RESULTS AND DISCUSSION

During a two-year study (2018-2019), totally 259 taxa of planktonic algae from 6
divisions were identified (Table 1).

During the first year of investigation, the total number of identified taxa was 216 and
during the second year it was 150 (Table 1, Fig. 1-3). The number of species ranged
around 100 per month during the first year, and was about twice less during the second
year (Figs. 1, 3). These pronounced differences in total number of taxa during each
studied month (Figs. 1, 2) were accompanied with changes in the dominant structure of
the phytoplankton (Table 1).

In April 2018, only 10 phytoplankton taxa, mostly from Ochrophyta, were
identified. In May 2018, among the 102 taxa identified the most abundant were
Aulacoseira granulata (Ehrenberg) Simonsen, Anabaena sphaerica Burnett & Flahault
and Trachelomonas hispida (Perty) F. Stein. In June 2018, number of species was 100
and Dolichospermum spiroides, Dolichospermum planctonicum and Aphanizomenon
Aosaquae Ralfs ex Bornet & Flahault reached the highest biomass. In July 2018, 105
taxa were identified, with the highest biomass of 1. spiroides, A. sphaerica and A.
granulata. In August 2018, among 103 species found, Microcystis aeruginosa (Kiitzing)
Kitzing and Oscillatoria limosa C. Agardh ex Gomont from Cyanoprokaryota and
Desmodesmus communis (Hegewald) Hegewald from Chlorophyta were the most
abundant. In September 2018, 110 taxa were found and D. spiroides, M. aeruginosa,
Trachelomonas planctonica Svirenko and A. granulata were dominants (Table 1).
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According to Borics ET AL. (2016) in small ponds, despite the expected
development of small nannoplankton, summer conditions favor the development
of large euglenoids, cyanoprokaryotes and chlorophytes but the size of the ponds
clearly affects the detailed composition of the phytoplankton. In our study, algal
biodiversity and abundance were significantly lowerin 2018 compared to 2019 with
registered changes in the dominant species. The most significant differences were
observed in the Chorophyta, Streptophyta and Ochrophyta divisions from which
more taxa were found in the first year than in the second, while there was almost
no difference in the number of identified Cyanoprokaryota species. These results
are on conformity with the data on the taxonomic structure of the phytoplankton
obtained in our previous research (DOCHIN ET AL., IN PRESS).

In the early summer of 2018, after the removal of macrophytes from the grass
carp, the development of phytoplankton rapidly increased and reached pronounced
peaks in all experimental ponds (except P6), which will be described in details
elsewhere. This rapid development with increase of the phytoplankton biomass
was linked with high amount of nutrients released after the aquatic vegetation was
removed by the grass carp and with the improved light regime in the water column
(DocHIN ET AL. 2020, in press). In turn, the intense development of phytoplankton
can cause shading and suppression of aquatic plants (BONAR ET AL. 2002) and this
is in accordance with the lack of macrophyte overgrowth observed during 2019
(this study; DoCHIN ET AL. 2020, in press).

CONCLUSION

The changes in the phytoplankton composition in fish ponds stocked with grass
carp polyculture observed by us showed relatively high algal biodiversity with
considerably less identified species in 2019 than those in 2018. At the same time,
a significant change in the structure of the phytoplankton dominants was detected:
while the blooms of some potentially toxic species of Cyanoprokaryota were
most intense in 2018, in 2019 the most abundant species were from Pyrrhophyta,
Euglenophyta and Raphidophyceae. The fact of detecting potentially toxic
cyanoprokaryotes as dominants in fish ponds can serve as alarm for monitoring of
the summer phytoplankton in these small water bodies.
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Abstract. Bulgaria is enormously rich in historical monuments. Burial mounds are one of
the most numerous among them. They are spread all over the country but are localized in lowlands
where active agriculture takes place. Patches of semi-natural vegetation are often preserved on
the ancient burial mounds most of which are remnants from thousands years ago. The burial
mounds which are generally surrounded by vast agricultural fields of monocultures often host
the remnants of autochthonous flora. Besides being hotspots for biodiversity preservation, the
ancient burial mounds are ideal objects for testing the theory of island biogeography. In our study
we selected 577 mounds distributed near equally in northern and southern Bulgaria. Around
each one mound a buffer of 200 m was outlined and the land use types were mapped aiming to
identify the influence of land use on the floristic diversity. Our methodology includes sampling
all vascular plants and their abundance within two sample plots of 25 m” positioned in the middle
of north and south facing slopes. The scientific goal of our research is to reveal the significance
of the burial mounds not only as cultural value, but also as natural treasure for the country. This
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would additionally emphasise their attraction as touristic objects.

Key words: biodiversity conservation, fragmentation, historical monuments, kurgans

INTRODUCTION

Land use changes and remarkable agricultural intensification during the past
decades have resulted in a considerable decrease in natural and semi-natural habitats
i the whole World. These changes involved the transformation of the natural
terrestrial habitats into agricultural and urban areas, which lead to a serious loss
and degradation of their vegetation (TILMAN 1999; WILLIAMS ET AL. 2009). These
processes are particularly pronounced in grassland ecosystems, where about 45%
of the temperate grasslands have been converted by human actions (HOEKSTRA ET
AL. 2005). Permanent grasslands and especially steppe habitats face serious threats,
because their soils are excellent for arable farming (e.g. chernozem; HOLZEL ET AL.
2002).

In the lowlands where the agricultural activity is the most intensive the natural
vegetation is generally present only in small fragments (DEAK ET AL. 20194). In
Bulgaria patches of semi-natural vegetation are often preserved on the mounds which
are remnants from ancient Thracian burial practices. The country is especially rich in
these historical monuments. The burial mounds host remmants of the autochthonous
flora which is surrounded sometimes by vast agricultural fields of monocultures.
According to SUDNIK-WOICIKOWSKA & MOYSIYENKO (2012) Paczoskl was the
first who has recognized the importance of kurgans in the restoration of the steppic
vegetation. During his expedition to Bulgaria, where he visited the mound of King
WeADYSEAW TIT WARNENCZYK, he wrote: “T wish to describe the plant species
composition of this kurgan, because this type of vegetation, as well as the vegetation
of Ukrainian kurgans, can play an important role in the restitution of the steppe that
was subjected to the strongest anthropogenic transformation” (Paczoski 1933, p.
156).

Bulgarian burial mounds are objects for archaeological surveys since more than
150 years. The terms mogili, mounds, tumuli, kurgans, barrows, or halom describe
similar hemispheric landscape structures that are widespread in the steppe and forest
steppe zones of Eurasia from Hungary to Mongolia (DEAK ET AL. 2016). Nobody has
studied flora on burial mounds in Bulgaria so far, even though burial mounds integrate
natural and cultural values and provide several important ecosystem services.

Since the beginning ofthe 21 st century, the number of botanical studies of kurgans
in Europe has increased. Information about the flora and vegetation developed on the
kurgans exists for the whole area of Hungary (PENKSzA & JoO 2002; Barczi 2003,
TéTH 2006, DEAK ET AL. 20198B), for a part of Ukraine (SUDNIK-WOICIKOWSKA &
MovysiyENko 2012, 2013) and Poland (CWENER & Towrasz 2003; CWENER 2004).

Besides being hotspots for biodiversity preservation, the ancient burial mounds
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are ideal objects for testing the theory of island biogeography (MACARTHUR
& WILsoN 1967) or the mosaic concept (DueLLI 1997). Whatever theoretical
background is followed, the burial mounds can be considered as the remnants of the
natural areas within the agricultural sea. We can measure and record the species
richness, as well as the abundance and occurrence of individual species growing on
them. Therefore, they could serve as a unique experimental field for studying the
role of fragmentation and isolation in shaping vegetation patterns. These historical
monuments have existed for millennia and provide invaluable information about
the semi-natural vegetation and serve as source of diaspores for nature conservation
activities.

In 2019 the Institute of Biodiversity and Ecosystem Research at the Bulgarian
Academy of Sciences started a project financed by the National Science Fund aiming
to fill the knowledge gap about the flora and vegetation of the burial mounds in
Bulgaria and to reveal their importance as semi-natural habitat patches in modified
agricultural landscapes. The project duration is 36 months. It is conducted in
collaboration with the Hungarian colleagues from the Seed Research Group in Pest.

MATERIAL AND METHODS

We intended to observe as much as possible mounds. In collaboration with the
National Archaeological Institute with Museum at the Bulgarian Academy of Sciences
we decided to use existing data included in the Archaeological map of Bulgaria. The
Archaeological map of Bulgaria is a database containing information for different
archacological sites in the country and is used for scientific research, preservation
and promotion of national archaeological heritage. It includes approximately 11, 000
burial mounds distributed all over the country. We randomly selected 577 mounds
distributed near equally in northern and southern Bulgaria. All mounds were verified
in terms of location and contemporary condition by using orthophoto images and
topographic maps. Visual observation of their vegetation coverage was additionally
performed by Google maps imagery. The land cover was assessed in percentage
herbaceous/woody vegetation coverage. Around each mound a buffer of 200 m was
outlined and the land use types were delineated (Fig. 1). Six land use types were
identified: annual crops, perennial crops, forests, grasslands, other semi-natural lands
and urban areas. Further on we selected mounds for field sampling. The selected
mounds represent different types of land use in their surroundings and different land
cover on the mounds.

Our intention is to sample 120 burial mounds in terms of their floristic diversity
icluding vascular plants, bryophytes and lichens. Our methodology includes two
sample plots of 25 m? situated in the middle of the north and south facing slopes
(Fig. 2). Data about plant species diversity and abundance is collected in each plot.
Species lists are completed by an additional survey all around the mound. We propose
a functional trait-based ecological research on the flora of the mounds to improve
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kurgan database was established (DEAK ET AL. 2019¢). It aims to serve as a public
repository of basic kurgan data that can be used by a wide range of end-users. It
provides an easy to use data for conservation managers and landscape planners who
require baseline information on the location, typical land use type and threatening
factors present on the kurgans.

Another significance of the project implementation is to attract farm owners to
enhance their knowledge about the importance of ecological approach in agricultural
practices. There is a trend in European Common Agricultural Policy (CAP) which
aims to provide additional financial support to the farmers to adopt agricultural
practices which are beneficial for biodiversity, environment and climate. Following
the EC Regulation Ne 1307/2013 farm owners must fulfill requirements to protect
Ecological Focus Areas (EFA). The EFA are territories within the arable lands
aiming at safeguarding and improving biodiversity on farms. This fits in particular
with the objective 3A of the EU biodiversity strategy to 2020 (COM/2011/0244).
EFAs can be features such as fallow land, field margins, hedges and trees or buffer
strips which directly benefit biodiversity. They can also include specific productive
areas whose effect on biodiversity is indirect through a lower use of inputs such as
fertilizers. EFAs in general are beneficial also for sustaining ecosystem services
(such as pollination, pest and disease control and soil erosion).

Some of the EFAs, the so called ‘landscape features’, have a particular
interest for biodiversity conservation. They include: ‘hedges or wooded strips’,
’isolated trees’, ‘trees in line’, ‘trees in groups’, ‘field margins’, ‘ponds’, ‘ditches’,
‘traditional stone walls’ and ‘other landscape features’. The EC Regulation Ne
1307/2013 provides opportunity for each member state to select “other landscape
features” and determine their significance for conservation. Bulgaria, which has
adopted Regulation Ne 1307/2013 in 2014, accepted all landscape features besides
stone walls and has not appointed any ‘other feature’. At the same time ancient
monuments or archaeological sites are included in the list of Other landscape
features in Denmark, Ireland, Hungary and UK Northern Ireland (EC 2015).
Therefore in these states the conservation of cultural and historical heritage is
combined with the conservation of natural habitats with characteristic flora and
fauna. In Bulgaria historical monuments are protected by the Cultural heritage law,
but the protection is not extended to their flora and fauna. Hungary is the only
country where all kurgans are protected by the nature conservation law regardless
whether they are situated in a protected area or not.

All mentioned above emphasizes the scientific goals of the project
implementation to reveal the significance of the burial mounds not only as cultural
treasure, but also as natural treasure for the country. Remaining outside EFAs these
landscape features will be overlooked in biodiversity conservation assessments in
the context of intensive agriculture. Project results will provide information for the
broad public and will enhance the local stakeholders’ interest about the significance
of the historical landscape features. We hope this will enlarge the tourist interest to
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the historical monuments also as spots of natural heritage.

Besides the particular importance of burial mounds in biodiversity preservation,
the project results will allow for further analyses on the effects of fragmentation and
isolation on grasslands using collected field data from Bulgaria. Such data is very
scarce for the country so far. The burial mounds are preserved as cultural heritage,
but we expect that the project results will offer arguments also for preservation their
natural heritage. This would additionally emphasise their attraction as touristic
objects. The new knowledge will emphasize the importance of national history and
culture in combination with the natural heritage .
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importnac efor teaching and learning. The competences that young people form at
school affect their ability to continue their education and integrate successfully in
society (JERRIM ET AL. 2020). It is considered that activities involving interactions
between students and professionals are useful for efficient competency achievement
(RoMANOVTSEVA 2016; UALIYEVA ET AL. 2016). During this process occur a changing
the focus of the training to mastering key competences and developing problem-
solving abilities such as: integrated cross-curricular interaction; practical orientation
of the training; result orientation; implementation of innovative approaches and
practices in the teaching and learning process. In the focus of the FoPD’s scope is
the integration of young people and improving their motivation for professional
orientation. Respectively, in Bulgaria during the organized FoPDs, three groups
of youngsters could be distinguished — under school age, school age, and students.
The first group of kids seemed to be enthusiastic about the engagement in any
kind of activity. The pupils were interested in the demonstrations and mostly
of these activities where they could participate, and they were readily initiating
discussions demonstrating personal knowledge and interest. The group of the
students were put in the role of teachers and it was observed their evolution in
hours — from unsecure presenters to well erudite supervisors in the field of science
that showed eagemess for better performance. In this way, mainly the students but
also the school children started to develop certain science literacy that is ability for
conscious and responsible engagement in questions of the natural sciences, for use
of technology, for application of theoretical knowledge to practice, for explaining
natural processes and phenomena, and for making reasoned conclusions about the
natural sciences as part of the knowledge for the world (CRESSWELL ET AL. 2015).

From the teachers’ point of view, the modern environment offers a wealth
of information flow and the teacher has the privilege, but also the responsibility
to choose those educational activities that will motivate students to participate
actively, provoke their thinking and help him achieve the intended results. One of
the biggest challenges for the modern teacher is to inspire his students to realize the
meaning of skill acquisition.

Extra-curricular activities are particularly useful for this purpose, including
visiting universities and laboratories and getting acquainted with the work of
scientists. The scientists can show both students and the teacher a different
perspective, "recharge" them and be more relevant to the situation. Therefore,
FoPD could be considered as such opportunity.

CONCLUSION

As a part of scientific community and researchers involved in plant science we
realize that the international FoPD aims to bring plant researchers closer to the society
and to increase awareness for plants, and innovation activities of plant science, with a
view to improve the public recognition of plants, creating a model for understanding
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INTRODUCTION

Aquatic plants are an important part of the ecosystems and require appropriate
control and conservation of their biotopes. They provide habitat for different species
of fish and ensure optimal oxygen regime in the water basins. When nutrients
are deposited in the ponds, they are difficult to remove. The accumulation of
phosphorus, which is a major limiting factor for the development of macrophytes,
can sustain their development for years. Different ecological problems are usually
registered in shallow eutrophic ponds. PETR (2000) notes that macrophytes can
have a positive and negative impact on the aquatic biotopes. They directly affect
oxygen saturation and convert ammonia into useful nitrates, and indirectly assist
the recirculation of nutrients. Aquatic plants also affect benthic, planktonic and
fish communities. Traditional methods of control of excessive aquatic vegetation,
such as mechanical and chemical methods, are too labor-intensive and costly, and
can have a negative impact on the aquatic ecosystems. Biological control can be an
alternative to the traditional methods.

In order to effectively manage macrophytes it is needed to ensure long-term
control without negative impacts on ecosystems and communities (PIPALOVA
2006; BozkurT ET AL. 2017). One of the most widely used species for control of
macrophytes development is the grass carp (Crenopharyngodon idella Val.). By
using the higher aquatic vegetation as a major food source, it can be one of the
solutions in managing aquatic vegetation overgrowth. The grass carp belongs to the
family Cyprinidae with natural populations in Southeastern Russia and Northwest
China. These herbivore species are introduced in many countries for the purposes
of control of macrophytes development. C. idella is a component of polycultures
in closed systems in most of Eastern European countries. After successful artificial
reproduction in the former USSR in 1961, the grass carp was introduced in a
number of Eastern European countries (VAN ZoN 1977). In Bulgaria, according to
our knowledge, it has been introduced in 1965 and a number of reproduction and
breeding technologies have been carried out in the country. However, studies on its
use in control of unwanted aquatic vegetation, its nutritional preferences and impact
on aquatic ecosystems and communities are scarce. Dynamic climate change,
as well as increased nitrogen and phosphorus concentrations in the water due to
agricultural activity, increase the aquatic plants overgrowth and can cause serious
problems in the fish farms. All mentioned environmental factors and ecological
issues support the need for research of C. idella as a mean in the biological control
of macrophytes overgrowth. The aim of the study is to develop a polyculture with
grass carp as a mean in the biological control of the macrophytes overgrowth in fish
ponds, by determining the effectiveness of the stocking density, age and size of the
fish and their impact on the aquatic communities and environment.
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MATERIAL AND METHODS

The study was carried on the territory of the Institute of Fisheries and
Aquaculture, Plovdiv, Bulgaria. Water samples were collected in four experimental
ponds (P12, P18, P19 and P23) from May to September 2018 during a research
project G-146 ,,Development of new polyculture as a tool for adaptation to climate
change™ (Agricultural Academy, Sofia, Bulgaria) according to the standard
methods and normative requirements. Water temperature (T °C), dissolved oxygen
(O,), oxygen saturation (O,%), electrical conductivity and pH were measured.
The determination of the biogenic conditions involved the measurements of
the following metrics: ammonium nitrogen (N-NH,), nitrite nitrogen (N-NO,),
nitrate nitrogen (N-NO,), total inorganic nitrogen (TN), orthophosphates (P-PO,)
and transparency of water (Sd) by means of a Secchi disk. The concentration of
the photosynthetic pigment chlorophyll ¢ was measured by spectrophotometric
method by extraction of chlorophyll in ethanol from phytoplankton. Phytoplankton
samples were taken twice a month in 11 glass banks. The further preservation of the
samples was carried out with formalin to a final concentration of 4%. Quantitative
and qualitative analysis was performed in Burker's counting chamber following
LAUGASTE (1974). Biomass was calculated using formulas for the corresponding
stereometric forms (Rott 1981; DEISINGER 1984). The identification of algae was
done on standard European floras and of diatoms in particular, was done after Cox
(1996). The total biomass for each sample was estimated as the sum of the biomass
of all phytoplankton, summed up by individual taxonomic groups. Dominant
species were determined according to the percentage of individual species to the
total biomass. The species identification was performed with light microscope Carl
Zeiss Axioscope 2 plus at a 400x magnification with critical use of Algac Base
(Guiry & Guiry 2019).

The macrobenthos sampling was done twice a month with ECKMAN & BIRGGE
grab with opening width of 225 cm? Samples were washed through sieves with
different mesh size (2 mm, 500 um, 250 pm, 150 pm and 63 pum) and fixed in 95%
ethanol. Further processing of the samples involved their washing with clean water,
sorting by fraction and separation of the bottom invertebrates in sample tubes with
95% ethanol. The taxonomic identification was done on a binocular magnifying
glass and a light microscope Carl Zeiss Axioscope 2 plus using keys and species
descriptions mainly by OLIVER (1971), EPLER (2010), Oscoz eT AL. (2011). During
the study, only macroinvertebrate fauna (> 500um) was recorded. In order to
determine the structure and composition of the benthic communities, the density of
the organisms (individuals m?) was calculated. The percentage of oligochaetes (%
Oligochaeta) and the percentage of chironomids (% Chironomus) were estimated.

The aquatic vegetation with its most common species (Ceratophyllum
demersum L., Nuphar lutea (L.) Sm. and Typha angustifolia L.) were monitored
bimonthly. The growth of macrophytes in the experimental ponds was calculated
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as a percentage of the total water area. During the vegetation period, the ponds
were stocked with polyculture of two-year old grass carp (Ctenopharyngodon
idella Valenciennes): 500 fish ha?!, common carp (Cyprinus carpio L.): 400
fish ha'! and hybrid silver carp (Hypophthalmichthys molitrix Valenciennes x
Hypophthalmichthys nobilis Richardson): 100 fish ha .

RESULTS AND DISCUSSION

After the application of polyculture grass carp stocking in density of 150 fish ha!
with fishes of the same age, the fastest and best results were achieved in removing of
Ceratophyllum demersum, but it took longer time for the less affected Nuphar lutea and
Bypha angustifolia.

The obtained data on minimum, maximum and average values of the
physicochemical parameters of the water of four studied ponds, are presented
in Table 1. According to them, the dissolved oxygen in the water had optimal
values. The registered maximum concentrations of phosphate ions in three of the
studied ponds (P12, P18 and P19) were optimal for the carp species. The only
higher phosphate amounts, above the technological requirements, were registered
in P12 in May and June. These high concentrations of orthophosphates in May and
June, especially in P12, coincided with the most intense period of macrophytes
growth in the experimental ponds. Afterwards, from July to September, during
blooms of phytoplankton and their intensive consumption, the concentrations of the
orthophosphates decreased.

During the experiment, the peak of chlorophyll @ concentration coincided
with the maximum growth of the phytoplankton, in which algae from the divisions
Cyanoprokaryota (known also as cyanobacteria or blue-green algae), Chlorophyta
and Ochrophyta (class Bacillariophyceae) were identified. In May dominant
species were the diatom Aulacoseira granulata (Ehrenberg) Simonsen, the green
alga Desmodesmus communis (Hegewald) Hegewald and the cyanoprokaryote
Anabaena sphaerica Bornet & Flahault. The biomass was lowest in P12 and highest
in P19 (Fig. 1). In June, dominants in P19 and P12 were the blue-green algae A.
sphaerica and Dolichospermum spiroides (Klebahn) Wacklin, L. Hoffmann &
Komarek with D. communis and A. granulata as co- dominants. The biomass
significantly increased with the highest recorded values in P18 (Fig. 1). Generally,
the biomass of phytoplankton and the concentration of chlorophyll a were more
than 10 times higher in May but the phytoplankton biomass in P18 and P19 was
significantly lower than the biomass in P23 and P12. In July the cyanoprokaryotes
Aphanizomenon flos-aquae Ralfs ex Bornet & Flahault and A. granulata were
dominating. In P18, P19 and P23 among the co-dominant species were A.
sphaerica, D. spiroides and Oscillatoria limosa C. Agardh ex Gomont, and in P18,
P23 and P12 Planktolyngbya limnetica (Lemmermann) Komarkova-Legnerova
& Cronberg. The phytoplankton biomass was the lowest in P18 and the highest
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Table 1. Physicochemical parameters of the water and the concentration of chlorophyll g in the
experimental ponds.

a1 v | o, |o,[pr|Nas | No; [No, | TN [ ~m, | cop | POz | Cond. | cua
Is\:ll::- °C | mgl!| % m%l mgl! | mgl! | mgt! | mgl?! | mgI' | mgd? | pS.cm™ | pgld!
Pond 12
X |2as] 76 |87 |s27] o4 123 | 0009 | 1639 | 0030 | 1192 | 686 408 81.86
mn |128] 29 |34 |773)| o025 | o082 | 0003 | 1123 o030 | o011 | o036 349 37
max | 275| 103 | 126|888 | 053 | 145 | o020 | 1910 | oos2 | 2475 | 2475 570 203.62
n 30 30 |30 ]3] 10 10 10 10 10 10 10 30 10
s |421] 18 |20 Jo2s| o1 019 | o007 | 0231 | 9718 | 877 | 6336 63 7138
Pond 18
x |23 82 ]os|sem| 03 | 106 | 0013 | 1456 | 0035 | 1268 | 045 340 3289
mn | 148 | 49 | 59 |794] 025 | o7 | 0003 | 1190 | 0017 | 816 | oo 274 11.09
max | 27 | 122 | 147|884 047 | 129 | o026 | 1647 | 0083 | 1543 | o063 519 104.12
n 2% % 2|26 10 10 10 10 10 10 10 2 10
s 32| 18 |21 o2t ]| o8 | 018 | o009 | 0166 | 002 3 017 67 2675
Pond 19
X |27 73 |86 |82 045 | 116 | 0016 | 1618 | 0026 | 1183 | o0& 367 314
min | 149| 32 | 40 |784] 021 | 063 | 0003 | 0903 | o012 | 694 | o001 283 494
max | 273 | 123 | 134|869 | 066 | 164 | o040 | 199 | 0030 | 1659 1 505 107.7
n 26 2% |2 |2 ] 10 10 10 10 10 10 10 26 10
s 31| 21 | 23 o] ots | 027 | o2 | o33 | o | 27:m | o2 65 3051
Pond 23
x |20) 79 |88 |817] 035 | 122 | oos | 1588 | oo | 122 | 046 3% 3591
min |144| 54 |11 |765] o | o069 | o003 | 1113 | o011 | 755 | om 292 74
max [ 279 | 126 | 154|879 | o042 | 193 | oo40 | 2200 | 0040 | 1334 [ 07 352 6731
n 23 % | 2w |2s] w0 10 10 10 10 10 10 28 10
s 36 | 18 |25 |o21| 005 | o041 | oota | 0422 | 0009 | 199 | o019 56 17.28

in P19 (Fig. 1). Phytoplankton blooms were registered, being most intensive in
P19. Green algae were dominant in August and some euglenophyte algae (Euglena
sp., Trachelomonas planctonica Svirenko) species also increased their abundance.
Among the most abundant species were also 4. sphaerica, D. spiroides, O. limosa
and P. limnetica. During the study period A. granulata was found in all studied
ponds. Compared to the previous month, no significant changes in the phytoplankton
growth were recorded. Biomass values varied, with the lowest values in P12 and
the highest in P19. Phytoplankton blooms continued to be most intensive in P18
and P19. In September, in all studied ponds, the dominant species was 4. granulata.
The cyanoprokaryotes Dolichospermum planctonicum (Brunnthaler) Wacklin, L.
Hoffmann & Komarek and D. spiroides caused intensive blooms and were among
the dominant species in P19, P23 and P12, with Microcystis aeruginosa (Kiitzing)

107






Table 2. Average abundance (individuals m?) of Chironomus and Oligochaeta individuals.

Chironomus Oligochaeta
Month Average abundance Average abundance
(individuals m?) (individuals m)
May 95.3£5.9 45.3.3+11.4
June 117.7+£24.5 72.7£16.5
July 138.0+24.5 97.3+12.0
August 153.7+15.5 94.7+16.3
September 94.3+9.5 66.7+4.5
Pond Ne Average abundance Average abundance
(individuals m2) (individuals m)
P12 102.8+38.3 48.0+£9.0
P18 112.0+£29.3 74.4+25.5
P19 122.8+28.0 81.8+22.5
P23 124.6+30.9 69.8+23.2

2017). Macrophytes density is a factor that affects not only the different parameters of
the aquatic ecosystem, but also the nature of the interactions between them. However,
registering only the average levels of the density of aquatic vegetation is insufficient, as
the impact of the macrophytes varies according to the time they reach their maximum

P12 |

P18 |

LS

P23

50

100 150

individuals m

200 250

Fig. 2. Total abundance (individuals m?) of macrobenthic fauna in four experimental
ponds (P12, P18, P19 and P23) with grass carp polyculture, represented in average val-
ues for the studied period (for details see text).
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density (NIKOLOVA ET AL. 2013). According to these authors, macrophytic overgrowth
impacts the rearing of fish and the interactions of other environmental factors, but this
influence changes its strength and direction depending on the type and the stage of
development of the macrophytes. According to these authors, the relationship between
macrophytes, water transparency and biomass of zoobenthos and zooplankton is
negative, and between the biomass of phytoplankton and chlorophyll a is positive. In
the present study, the peaks in chlorophyll concentration coincided with the peaks in
phytoplankton growth. According to NIKOLOVA ET AL. (2013) the density of the aquatic
vegetation affects negatively all biotic components, with the most significant impact on
the biomass of zoobenthos and zooplankton, with weaker impact on the phytoplankton
biomass. In our study also the highest zoobenthos density was registered during the
active summer period after the elimination of the macrophytes and the abundance of
chironomids was higher than the abundance of oligochactes.

According to our results, the abundance of macrophytes coincided with the lowest
biomass of phytoplankton and, by contrast, its highest biomass was registered in
the period after the removal of the aquatic vegetation by the grass carps. This is on
conformity with the results of ABDEL-TAwWWAB (2006) and PeTr (2000), who reported
a negative relationship between macrophyte density and chlorophyll & and phyto- and
zooplankton abundance. When interpreting the complex relationships between aquatic
plants and various organisms, these authors noted that plants provided shelter for the
larger zooplankton organism, which increased the zooplankton density and inhibited
the growth of the smaller zooplankton organisms, thus preventing negative changes in
the structure of the phytoplankton.

While exploring the impact of certain technological factors on the growth of carp
fish, NikoLova (2013) found that one-year old grass carp grows faster than the two-year
old individuals, noting that the organic fertilization of the ponds has a significant impact
on the growth rate. In a different study NikoLova (2004) reported a considerable impact
of the pond area on the growth rate of the grass carp. The results of NIKOLOVA ET AL.
(2008) demonstrated that a polyculture with two-year old grass carp with density of 100
fish ha! leaded to effective control of the macrophytes overgrowth, resulting in their
further development being stopped. Besides the size, vegetation has a significant effect
on the studied carcass slaughter characteristics of other species reared in polyculture
with grass carp. For example, the macrophytic growth of the ponds had a positive effect
on the slaughter characteristics of silver carp (NIkoLova & DocHIN 2017). However,
although the grass carp rears under similar conditions and aquatic vegetation is its
main source of food, it has been found that macrophytic overgrowth has a negative
effect on its slaughter characteristics and it has been supposed that this is most likely
related to the specific plant species in the different ponds and to the food selectivity of
grass carp (NIKOLOVA & DocHIN 2011), the last studied in detail by CATARINO ET AL.
(1997). VInoGraDOV & ZoLoTova (1974) reported the disappearance of 36 species of
aquatic plants after two years of rearing of grass carp. Its impact on the species diversity
of aquatic vegetation depends on the stocking densities and the size of the fish, the
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presence or absence of preferred plant species, the survival rate and the duration of its
impact (PiPALOVA 2006). Higher density of grass carp can have serious consequences
for the functioning of the aquatic systems. Ecological changes may be associated with
alterations in the structure and abundance of the plant communities (e.g. CATARINO ET
AL. 1997), as well as different transformations in the habitat, such as shifts in water
transparency, sedimentation, and increased levels of biogenic waste as result of fecal
deposition (PipALOVA 2006; DIBBLE & KOVALENKO 2009).

However, we have to underline that rearing of grass carp, as well as the use of other
species, does not eliminate the factors that cause excessive aquatic plant overgrowth,
which is often associated with human activity. Shallow ponds, eutrophication, climate
change and the occurrence of invasive species can favor development of macrophytes.
When intensive plant development is associated with long-term nutrient loadings,
grass carp can help convert them into fish biomass and phytoplankton (PiPALOVA 2006;
VorperT 2010). At high stocking density, the grass carp can eliminate the vegetation,
and the released nutrients cause an increase in phytoplankton. As it was described
above, a similar effect was recorded in the present study: after the removal of aquatic
vegetation, a significant increase in the phytoplankton biomass and chlorophyll a
concentration was observed. Moreover, their elimination significantly improved the
light regime in the pond, which is one of the necessary conditions for phytoplankton
blooms. Thus, our data confirmed that changes in the biomass and species composition
of phytoplankton are depending on the presence or absence of aquatic macrophytes.
On turn, high phytoplankton biomass can cause macrophyte suppression, and winds
decrease water transparency due to sediment movement (BoNAR ET AL. 2002).
According to RICHARD ET AL. (1984) three years after the introduction of the grass
carp, a significant increase of Chlorophyta and Bacillariophyceae, and a decrease in
Cyanoprokaryota has been observed. Similarly, HOLDREN & PORTER (1986) reported
on changes in the dominant phytoplankton species after the introduction of the grass
carp. In taxonomic aspect, we detected another set of events: at the beginning of the
experiment, algae had relatively high biodiversity, while at the end of the study period
Cyanoprokaryota were predominantly found in the samples.

The elimination of macrophytes affects the fish growth rate, especially when
no additional feeding is received by the fish, as is the case of our experimental
study. Despite the detailed description of the growth rates of different fishes in this
polyculture is out of the scope of the present paper, we would like to note that during
the experiment there were differences in the development of the fishes. For example,
the elimination of the macrophytes in the ponds which led to improved light regime
and phytoplankton blooms, created a rich food base for the hybrid silver carp and in all
experimental ponds it grew almost 10 times its initial weight, while the growth of the
carp was mostly insignificant. Moreover, negative growth rate and lack of growth rate
of grass carp in two of the studied ponds was detected. In one of these ponds, where
only Ceratophyllum demersum was found shortly at the beginning of the study period,
no growth and no reduction of weight were observed. Considering the lack of additional

111



feeding of the grass carp during the experiment, we could suppose that the growing
of grass carp would be higher in the presence of sufficient vegetation and additional
feeding. However, since overgrowth by macrophytes in undesirable, it is necessary to
find a balance between their development and fish production. One possible solution
for this is to optimize the polycultures with a focus on the age structure and the number
of grass carp used.

CONCLUSION

In conclusion, based on the results from the present study, the two-year old
grass carp with a stocking density of 150 fish ha! was sufficient to reduce aquatic
vegetation overgrowth and had effects on composition and abundance of both
phytoplankton and zoobenthos. This study can serve as a base for further research
on the uses of polyculture with grass carp as a mean in the biological control
of unwanted growth of macrophytes, with focus on the impact on the aquatic
ecosystems and their biological communities.
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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 (¢e-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
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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.
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* corresponding author: M. P. Stoyneva — Sofia University “St. Kliment
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which should express the important new results precisely and should be limited
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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 field. 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.
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,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 &
PETROV (1942) or (IvANOV & PETROV 1942), respectively. When more authors have
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Ivanov 1971; BaBov 1987). In case of unchanged citation certain pages of a paper
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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
are abbreviated as Comp. and Comps respectively (e.g PETROV 1. P. (Ed-in-Chief)
2013; PETROV A. V. (Comp.) 2015; PETROV A. V. & DrAGANOV L. 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, ¢, ... are 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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should be written in full titles. The form of citations should conform to general use,
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 CO,-fixation pathways. —Ann. Rev. Plant Physiol.
21 (2): 141-263.
Ivanov L. P. & PeTrOV P. 1. 2013. Photosynthetic CO,-fixation pathways. — Ann.
Rev. Plant Physiol. 21 (2): 141-263.
Ivanov 1. P, PETROV P. I. & Dmvitrov V. N. 2013. Photosynthetic CO,-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. & PeTROV F. B. (Eds) 2000. Water ecosystems.
Elsevier, New York, 265 pp.

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

P. & PetrOV F. B. (Eds), Water ecosystems, Elsevier, New York, 59-105.
When the cited paper/chapter occupies only one page, it should be written as
follows:
PetrOV F. K. 2000. Padina pavonica. — In: Ivanov W. J., StoyaNov 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. & Karakupis 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:

Bocpan 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:

Bocpan 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: PENgv 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.
asp on 19.11.2017.

Or, alternatively

INDEX  FUNGORUM. 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:

Perkov N. H. 1915. La flore algologique du mont Pirin-planina.- Sbornik na
Bulgarskata Akademiya na Naukite 20; 1-128 (In Bulgarian).

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

Book:

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

VarkanNov D. E., DrRacanova 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):

Hmpak F. 1996. KIu¢ na uréovanie nerozkonarenych vlaknitych zelenych rias
(Ulotrichineae, Ulotrichales, Chlorophyceae) [Key to unbranched filamentous
green algae (Ulotrichineae, Ulotrichales, Chlorophyceac)]. - 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/1doc/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. IvaANOV), 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 Europaea).

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 placedin 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 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 electronic 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:
AnnSofUniv2Botany@biofac.uni-sofia.bg. 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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