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Abstract

Dochin, K. (2019). Functional and morphological groups in the phytoplankton of large reservoirs used for aquacul-
ture in Bulgaria. Bulgarian Journal of Agricultural Science, 25(1), 166–176

Functional and morphological concepts for the classifi cation of phytoplankton are increasingly used in environmental stud-
ies of freshwater ecosystems. The present study focuses mainly on the application of the three approaches (FGs, MFGs, MB-
FGs) for morpho-functional classifi cations used for detecting changes in phytoplankton communities in fi ve Bulgarian large 
reservoirs that have long been used for aquaculture. Totally 113 taxa of planktonic algae were identifi ed. The representatives of 
Cyanoprokaryota (H1, M; 5a, 5b, 5e; III, VII), Chlorophyta (J; 3b, 9b; IV), Streptophyta (P, N; 8a; IV) and Bacillariophy-
ceae (P, MP, D; 6b; VI) had the largest contribution to the abundance of algae in the studied reservoirs. Fourty-two dominant 
species from eighteen functional groups (FGs), fi fteen morpho-functional groups (MFGs) and seven morphologically based 
functional groups (MBFGs) were found. The functional groups with most species were:  H1, J, N, Lo, P и M, most common 
among MFGs were: 5a, 5b, 5e, 6b, 8a and 9b, and among MBFGs: III, IV, VI and VII. The large gelatinous colonial (M; 
5b; VII) and fi lamentous (H1; 5a, 5e, III) cyanoprokaryotes, some of which are potentially toxic species indicative of eutro-
phication, were among the most common taxa in three of the studied reservoirs. According to the presented study, the three 
morpho-functional environmental concepts provide an important tool for understanding the seasonal changes in phytoplankton 
communities, as well as for assessing the environmental status of heavily modifi ed freshwater reservoirs. 

Keywords: phytoplankton, functional group, morpho-functional group, morphologically based functional groups, 
reservoirs
Abbreviations: FGs – functional group; MFGs – morpho-functional group; MBFGs – morphologically based 
functional groups

Introduction

In recent years, when studying phytoplankton communities, 
some researchers have adopted an alternative scheme based 
on presenting the functional relationships between species. 
In freshwaters, the coexistence of species with similar envi-
ronmental needs and similar requirements to the environment 
inhabited by them is called functional group (Reynolds et al., 
2002). One of the fi rst attempts to formulate a phytoplankton 
classifi cation system based on its functional qualities was pro-

posed by Reynolds (1980). Nowadays, the functional group ap-
proach based on the physiological, morphological and environ-
mental characteristics of the species proves to be more effective 
in analyzing the seasonal changes in phytoplankton biomass 
(Becker et al., 2010). Fourteen groups of phytoplankton were 
identifi ed in the original study by Reynolds (1980).

The subsequent list of functional groups included 31 func-
tional groups of phytoplankton (Reynolds et al., 2002), and ad-
ditions and changes thereto were made by Padisak et al. (2009). 
Presently, phytoplankton functional groups are more than 40 
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(Reynolds, 2006; Padisak et al., 2009). The role of seasonal 
changes in physical processes and the selection of functional 
groups in environmental status assessment are also important 
(Becker et al., 2009). Both taxonomic and functional classifi -
cation schemes show signifi cant results, but the classifi cation 
based on functional connectivity has exceptional capabilities 
(Kruk et al., 2010).

For the fi rst time in Bulgaria the functional classifi cation of 
phytoplankton was applied for monitoring of lakes and reser-
voirs for the period from 2011 to 2012 by Stoyneva et al. (2013). 
Results of the application of functional classifi cation and similar 
conclusions were published by Belkinova et al. (2014). The per-
spective of their application was shown in the studies conducted 
by Stoyneva (2014) and Belkinova et al. (2014). Besides func-
tional groups, there are two more environmental concepts that 
provoke special interest among researchers these days: morpho-
functional groups (MFGS, Salmaso and Padisak, 2007) and 
morphologically based functional groupings (MBFGS, Kruk 
et al., 2010), according to which similar species are classifi ed 

together and they are expected to have, to a greater or lesser 
extent, common morphological or functional characteristics.

The study of phytoplankton in Bulgarian reservoirs was 
based mainly on the traditional approach related to the study of 
taxonomic structure and its seasonal succession. Research in this 
direction is signifi cant in number, but results based on the mod-
ern environmental, functional and morphological concepts men-
tioned above are very rare. The relevance of the outlined issues 
and the lack of such studies have determined the purpose of the 
presented study, which has focused mainly on the implementa-
tion of these environmental approaches to better clarify the varia-
tions in the development of phytoplankton communities in large 
reservoirs that have long been used for aquaculture in the country.

Materials and Methods

Study area
Four of the surveyed reservoirs are located in southern 

Bulgaria (Dospat IBW 3155, Kardzhali IBW 1668, Zhreb-

Table 1. Geographic locations and main morphometric features of the studied reservoirs 
Reservoirs DR KR ZR SKR OR
Altitude/m.a.s.l. (m) 1200 280 269 225 186
Length (km) 19 20 16 29 6.26
Width (km) 3 1.3 2.8 1.5 2.6
Max depth (m) 50 85 52 60 56
Water volume (m-3) 497 x 10-6 449 x 10-6 400 x 10-6 387 x 10-6 506 x 10-6

Main source/river Dospat Arda Tundzha Arda Ogosta
Built/year 1969 1957-1963 1966 1954-1957 1958-1986
Geographical 41° 38′ 36″ N 41° 38′ 24″ N 42° 36′ 56″ N 41° 38′ 28″ N 43° 22′ 31″ N 
coordinates 24° 9′ 32″ E 25° 22′ 15″ E 25° 51′ 33″ E  25° 32′ 48″ E 23° 10′ 56″ Е

Fig. 1. Location of the studied reservoirs in Bulgaria
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chevo IBW 2545 and Stouden Kladenets IBW 1763) and 
one (Ogosta IBW 1137) in the northern part of the country 
(Michev and Stoyneva, 2007, Figure 1). There are caged fi sh 
farms in the fi ve studied reservoirs. The cultured species in 
reservoirs Kardzhali (KR), Stouden Kladenets (SKR), Zhreb-
chevo (ZR) and Ogosta (OR) include sturgeons (Acipenseri-
dae), common carp (Cyprinus carpio) and wels (Silurus 
glanis) while in Dospat reservoir (DR) only rainbow trout 
(Oncorhynchus mykiss) is reared. The main morphometric 
characteristics of the reservoirs are presented on Table 1.

Sampling and analysis
During the study a total 25 phytoplankton samples were 

taken from 5 large reservoirs used for aquaculture: Dospat 
(7), Zhrebchevo (4), Stouden Kladenets (4), Ogosta (2) and 
Kardzhali (8) in the period 2016-2017 from sampling sites 
located near the cage farms in the reservoirs (Figure 1). The 
water samples for analysis of phytoplankton were collected 
and processed by standard methods of fi xation with forma-

lin to fi nal concentration 4% and further sedimentation (ISO 
5667-1:2006/AC:2007; ISO 5667-3:2003/AC:2007). 

The analysis of phytoplankton was done on Bürker 
blood-counting chamber (Laugaste, 1974). The species com-
position was determined by light microscope (Carl Zeiss, 
Axioscope 2 plus) with magnifi cation 400x using standard 
taxonomic literature with critical use of AlgaeBase (Guiry 
and Guiry, 2018). Diatoms were identifi ed according to Cox 
(1996). The biomass was estimated by the method of ste-
reometric approximations (Rott, 1981; Deisinger, 1984). The 
total biomass of each sample was assessed, defi ned as the 
amount of biomass of all species, summarized in separate 
taxonomic groups. Phytoplankton taxa were classifi ed into 
phytoplankton functional classifi cations: functional groups 
(FGs, Reynolds et al., 2002; Padisak et al., 2009; Borics 
et al., 2016); morpho-functional groups (MFGs, Salmaso 
and Padisak, 2007); and morphologically based functional 
groups (MBFGs, Kruk et al., 2010). Functional classifi ca-
tions were defi ned for species that contributed at least 5% 

Table 2. List of identifi ed phytoplankton species in fi ve Bulgarian large reservoirs: Kardzhali (KR), Dospat (DR), 
Stouden Kladenets (SKR), Zhrebchevo (ZR) and Ogosta (OR)
RESERVOIRS KR DR ZR SKR OR

1 2 3 4 5 6
Cyanoprokaryota
Anabaena planctonica Brunnthaler **
Anabaena sp. * * *
Anabaena sphaerica Bornet & Flahault ** *
Anabaenopsis arnoldii Aptekar *
Anathece clathrata (W.West & G.S.West) Komárek, Kastovsky & Jezberová ** ** * *
Aphanizomenon fl os-aquae Ralfs ex Bornet & Flahault ** * ** *
Aphanizomenon gracile Lemmermann ** *
Aphanocapsa delicatissima West & G.S.West * *
Aphanocapsa sp. * * *
Chroococcus minutus (Kützing) Nägeli *
Chroococcus turgidus (Kützing) Nägeli ** * *
Dolichospermum spiroides (Klebhan) Wacklin, L.Hoffmann & Komárek ** *
Dolichospermum viguieri (Denis & Frémy) Wacklin, L.Hoffmann & Komárek **
Gloeotrichia echinulata P.G.Richter ** *
Limnococcus limneticus (Lemmermann) Komárková, Jezberová, O.Komárek & Zapomelová ** ** * *
Merismopedia punctata Meyen *
Microcystis aeruginosa (Kützing) Kützing ** *
Microcystis sp. * *
Microcystis wesenbergii (Komárek) Komárek ex Komárek **
Oscillatoria sp. *
Planktolyngbya limnetica (Lemmermann) Komárková-Legnerová & Cronberg **
Pseudanabaena mucicola (Naumann & Huber-Pestalozzi) Schwabe **
Snowella lacustris (Chodat) Komárek & Hindák * * *
Woronichinia naegeliana (Unger) Elenkin **
Chlorophyta
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1 2 3 4 5 6
Ankyra judayi (G.M.Smith) Fott ** ** *
Characium angustum A.Braun * *
Chlorella vulgaris Beyerinck [Beijerinck] *
Coelastrum astroideum De Notaris **
Coelastrum microporum Nägeli ** * *
Coelastrum sp. * **
Coenochloris fottii (Hindák) Tsarenko *
Crucigenia quadrata Morren *
Crucigenia sp. * * *
Crucigeniella irregularis (Wille) P.M.Tsarenko & D.M.John * *
Crucigeniella pulchra (West & G.S.West) Komárek *
Desmodesmus bicaudatus (Dedusenko) P.M.Tsarenko *
Desmodesmus communis (E.Hegewald) E.Hegewald * *
Dictyosphaerium simplex Korshikov *
Eudorina elegans Ehrenberg *
Hariotina polychorda (Korshikov) E.Hegewald ** ** **
Hariotina reticulata P.A.Dangeard * *
Lemmermannia triangularis (Chodat) C.Bock & Krienitz *
Mucidosphaerium pulchellum (H.C.Wood) C.Bock, Proschold & Krienitz * * * *
Nephrocytium agardhianum Nägeli * *
Oocystis lacustris Chodat ** * ** ** *
Pandorina morum (O.F.Müller) Bory * ** ** ** **
Pediastrum duplex Meyen * * * *
Pediastrum simplex Meyen * * *
Planktosphaeria gelatinosa G.M.Smith * * *
Radiococcus polycoccus (Korshikov) I.Kostikov, T.Darienko, A.Lukesová & L.Hoffmann *
Scenedesmus arcuatus (Lemmermann) Lemmermann *
Scenedesmus bicaudatus Dedusenko *
Scenedesmus sp. *
Schroederia spiralis (Printz) Korshikov *
Sphaerocystis planctonica (Korshikov) Bourrelly * *
Tetradesmus lagerheimii M.J.Wynne & Guiry *
Tetradesmus obliquus (Turpin) M.J.Wynne * * **
Tetraedriella sp. *
Tetraëdron minimum (A.Braun) Hansgirg * * * *
Tetrastrum sp. *
Streptophyta
Closterium aciculare T.West ** ** ** *
Closterium acutum Brébisson ** *
Cosmarium baileyi Wolle *
Cosmarium margaritiferum Meneghini ex Ralfs ** * **
Cosmarium sp. ** * * *
Elakatothrix gelatinosa Wille ** ** ** *
Elakatothrix sp. *
Elakatothrix spirochroma (Reverdin) Hindák *
Staurastrum chaetoceras (Schröder) G.M.Smith *
Staurastrum gracile Ralfs ex Ralfs * **
Staurastrum pingue var. planctonicum (Teiling) Coesel & Meersters ** * ** *
Staurastrum sp. * * *

Table 2. Continued
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1 2 3 4 5 6
Staurodesmus dejectus (Brébisson) Teiling **
Teilingia granulata (J.Roy & Bisset) Bourrelly *
Euglenophyta
Euglena sp. * *
Euglena viridis (O.F.Müller) Ehrenberg *
Phacus longicauda (Ehrenberg) Dujardin *
Phacus sp. *
Trachelomonas hispida (Perty) F.Stein *
Trachelomonas nigra Svirenko *
Trachelomonas planctonica Svirenko * *
Trachelomonas sp. * *
Trachelomonas volvocina (Ehrenberg) Ehrenberg * *
Pyrrhophyta
Ceratium hirundinella (O.F.Müller) Dujardin * * ** **
Cryptophyta
Cryptomonas sp. *
Rhodomonas lacustris Pascher & Ruttner *
Rhodomonas sp. *
Ochrophyta
Synurophyceae
Mallomonas sp. * ** * * *
Mallomonas acaroides Zacharias *
Mallomonas tonsurata Teiling **
Bacillariophyceae
Achnanthes sp. *
Asterionella formosa Hassall ** * * * *
Aulacoseira granulata (Ehrenberg) Simonsen ** * * *
Cocconeis pediculus Ehrenberg * *
Cocconeis placentula Ehrenberg ** * ** ** *
Cocconeis sp. *
Cyclotella sp. * * * *
Cymatopleura solea (Brébisson) W.Smith *
Diatoma sp. *
Diatoma vulgaris Bory * *
Discostella stelligera (Cleve & Grunow) Houk & Klee **
Epithemia sp. *
Eunotia sp. *
Fragilaria acus (Kützing) Lange-Bertalot * *
Fragilaria capucina Desmazières *
Fragilaria crotonensis Kitton ** ** ** **
Lindavia bodanica (Eulenstein ex Grunow) T.Nakov, Guillory, Julius, Theriot & Alverson *
Navicula sp. * * * *
Pantocsekiella comensis (Grunow) K.T.Kiss & E.Ács **
Stephanodiscus astraea (Kützing) Grunow *
Stephanodiscus hantzschii Grunow * * ** ** **
Tabellaria fenestrata (Lyngbye) Kützing *
Ulnaria ulna (Nitzsch) Compère * *   **

* presence, ** dominant species

Table 2. Continued
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of the mean phytoplankton biomass (Reynolds et al., 2002, 
Reynolds, 2006).

Results

A total of 113 taxa of planktonic algae were found 
during the study of the fi ve reservoirs: Cyanoprokaryota 
(24, 21.2%); Chlorophyta (36, 31.9%); Streptophyta (14, 
12.4%); Pyrrhophyta (1, 0.9%); Cryptophyta (3, 2.7%) and 
Ochrophyta (26, 23% Synurophyceae 3, 2.7%; Bacillari-
ophyceae 23, 20.4%), forty-two of them were identifi ed as 
dominant species (Table 2). 

The most abundant phytoplankton species in the stud-
ied reservoirs were classifi ed in eighteen functional groups 
(FGs):  A, B, C, D, E, F, G, H1, H2, J, K, Lo, M, MP, N, 
P, S1, X1, given in Table 3 and Table 4. In all the studied 
reservoirs, the following functional groups contained the 
greatest variety of species: H1, J, N, Lo, P and M. Some 
of the dominant cyanoprokaryotes of codon H1 in KR res-
ervoir were: Aphanizomenon fl os-aquae Ralfs ex Bornet & 
Flahault, Aphanizomenon gracile Lemmermann, and Doli-
chospermum spiroides (Klebhan) Wacklin, L. Hoffmann & 
Komárek, and of codon M: Microcystis aeruginosa (Kütz-
ing) Kützing, Microcystis wesenbergii (Komárek) Komárek 
ex Komárek, known as potential producers of toxins. In the 
same reservoir there was also a great abundance of Pseudan-
abaena mucicola (Naumann & Huber-Pestalozzi) Schwabe 
and Woronichinia naegeliana (Unger) Elenkin (Table 3).

In high-altitude DR reservoir the blue-green algae were 
among the most abundant species: Dolichospermum vigui-
eri (Denis & Frémy) Wacklin, L.Hoffmann & Komárek 
(H1) and Gloeotrichia echinulata P. G. Richter (H2), and 
in lowland ZR Aphanizomenon fl os-aquae (H1) and Plank-
tolyngbya limnetica (Lemmermann) Komárková-Legnerová 
& Cronberg (S1). From the green algae, Oocystis lacustris 
Chodat (F) was among the most abundant species in KR, ZR, 
and SKR, while Pandorina morum (O.F.Müller) Bory (G) 
was among the dominant species in DR, ZR, SKR and OR. 
Ankyra judayi (G.M.Smith) Fott of codon X1 was among 
the most abundant in KR, SKR, and Hariotina polychorda 

(Korshikov) E.Hegewald, of functional group J, in ZR, SKR 
and OR. Streptophytes Closterium aciculare T.West (P) and 
Elakatothrix gelatinosa Wille (F) dominated KR, ZR and 
SKR reservoirs. Ceratium hirundinella (O.F.Müller) Dujar-
din (LO) was among the most common species in ZR and 
SKR, and members of codon E Mallomonas tonsurata Teil-
ing and Mallomonas sp. from Synurophyceae were part of 
the dominant complexes in DR. 

Diatoms Cocconeis placentula Ehrenberg (MP) were 
among the most abundant species in KR, ZR and SKR reser-
voirs, Fragilaria crotonensis Kitton (P) dominated KR, DR, 
ZR and SKR, and the representative of the functional co-
don D, Stephanodiscus hantzschii Grunow, dominated ZR, 
SKR and OR reservoirs. Members of codons P: Staurastrum 
pingue var. planctonicum (Teiling) Coesel & Meersters and 
N: Cosmarium margaritiferum Meneghini ex Ralfs, Cos-
marium sp. and Staurodesmus dejectus (Brébisson) Teiling 
were among the most abundant species in all the studied 
reservoirs, except for SKR reservoir, while Pandorina mo-
rum (O.F.Müller) Bory of codon G was among the dominant 
species in all the reservoirs, except for KR reservoir. The 
member of functional group K Anathece clathrata (W.West 
& G.S.West) Komárek, Kastovsky & Jezberová was identi-
fi ed as one of the dominant species in KR and DR, and those 
of codons A (Pantocsekiella comensis (Grunow) K.T.Kiss & 
E.Ács) and C (Asterionella formosa Hassall) dominated OR 
and KR reservoirs. 

According to the classifi cation of Salmaso and Padisak 
(2007), there are fi fteen identifi ed morpho-functional groups 
(MBFs): 1b, 2a, 3b, 5a, 5b, 5c, 5e, 5d, 6a, 6b, 7a, 8a, 9b, 
11a and 11c (Table 3, 4). The most common are: 5a, 5b, 5e, 
6b, 8a and 9b. Large unicellular organisms of Conjugato-
phytes/chlorophytes (8a) were among the dominant species 
in most of the lowland reservoirs, KR, ZR, SKR and OR. 
The representatives of 9b were also among the most abun-
dant species in KR, ZR, SKR and OR reservoirs. 

On the other hand, the members (Nostocales) of mor-
pho-functional group 5e were among the most common in 
KR and DR reservoirs. Large pennate diatoms (6b) were 
among the dominant species in KR, ZR and SKR reser-

Table 3. List of identifi ed groups based on different ecological approaches: FGs (Reynolds et al., 2002; Padisák et al., 
2009; Borics et al., 2016), MFGs (Salmaso and Padisák, 2007) and MBFGs (Kruk et al., 2010)
Reservoir  Ecological Groups

FGs MFGs MBFGs
KR C, F, H1, J, K, Lo, M, MP, N, P, S1, X1 5a, 5b, 5c, 5e, 5d, 6a, 6b, 8a, 9b, 11c I, III, IV, V, VI, VII
DR E, G, H1, H2, K, Lo, P, N 2a, 3b, 5c, 5e, 6b, 8a II, III, IV, V, VI, VII
ZR B, D, F, G, H1, J, LO, MP, P, S1 1b, 3b, 5a, 6b, 7a, 8a, 9b, 11c I, III, IV, V, VI, VII
SKR D, F, G, J, LO, MP, P, X1 1b, 3b, 6b, 7a, 8a, 9b, 11c I, IV, V, VI, VII
OR A, D, G, J, N, P 3b, 6b, 7a, 8a, 9b, 11a IV, V, VI
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voirs, while small centric diatoms (7a) were found in ZR, 
SKR and OR. The thin fi lamentous (Oscillatoriales) algae 
of morpho-functional group 5a as well as the large vacu-
olated (Chroococcales) of group 5b were among the rep-
resentatives with the greatest variety of species in KR and 
ZR reservoirs. The members of MFGS 2a and 1b, small 
chrysophytes and large pyrrhophytes, were among the 
dominant species in DR, ZR and SKR reservoirs. Colonial 
Phytomonadina 3b were found in all reservoirs except 
for KR. The large and small colonial species (Chroococ-
cales) of 5c and 5d groups were dominant only in KR and 
DR reservoirs, while the large-centric diatoms of group 
6a were dominant only in KR reservoir. The members of 

group 11c colonials dominated KR, ZR and SKR, while 
group 11a (naked colonies Chlorococcales) were found 
only in OR (Table 3, 4). 

By using the concept of Kruk et al. (2010), seven mor-
phologically based functional groups (MBFGs) were es-
tablished: I, II, III, IV, V, VI and VII (Table 3, 4). Groups 
III, IV, VI and VII were presented with most species. The 
representatives of group IV, organisms of an average size, 
in which no specialized characteristics are available, were 
identifi ed in KR, DR, ZR, SKR and OR. Non-fl agellate or-
ganisms with silica exoskeleton of group VI were among 
the most common species in all the studied reservoirs with 
the exception of OR reservoir. The large gelatinous colo-

Table 4. Morpho-functional classifi cations of phytoplankton in the investigated reservoirs according to: FGs (Reynolds 
et al., 2002; Padisák et al., 2009; Borics et al., 2016), MFGs (Salmaso and Padisák, 2007) and MBFGs (Kruk et al., 2010)

FGs MFGs MFGs / morphology MBFGs MBFGs / morphology

Colonies Cyanobacteria I Small organisms with high S/V

Lo 5d Small Chroococcales colonies

X1, J,  F 9b Small unicells (Chlorococcales)

E 2a Small Chrysophytes/Haptophytes II Small fl agellated organisms 
with siliceous exoskeletal structures

G 3b Colonial Phytomonadina Large fi laments 
with aerotopes

H1, S1 5a Thin fi laments (Oscillatoriales) III

H1, H2, K 5e Nostocales

Lo 5c Large colonies, mostly non-vacuolated IV Organisms of medium size 
lacking specialized traits

Chroococcales

P, N 8a Large unicells

(Conjugatophytes/Chlorophytes)

J 11a Chlorococcales (Naked colonies)

F 11c Other colonies

Lo 1b Large Dinophytes V Unicellular fl agellates 
of medium to large size

P 6a Large Centrics VI Non-fl agellated organisms 
with siliceous exoskeletons

C, D, MP, P 6b Large Pennates

A, D 7a Small Centrics

5b Large vacuolated Chroococcales VII Large 
mucilaginous colonies

M
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nial organisms classifi ed in group VII dominated KR, ZR 
and SKR reservoirs. The large fi lamentous (Nostocales/
Oscillatoriales) of group III dominated KR, ZR and DR. 
The representatives of group I, small organisms (with 
high ratio of S/V) were among the dominant species in 
KR, ZR and SKR reservoirs, and small fl agellates with 
silica exoskeletal structures of group II were among the 
dominants only in DR. Unicellular fl agellates of medium 
to large size of group V were among the most abundant 
species in all the reservoirs studied (Table 3, 4).

Discussion

In the study of phytoplankton, the application and 
comparison of various environmental classifi cation sys-
tems, as well as the categorization of species in environ-
mental groups have been widely used in recent years for 
monitoring and evaluation of the trophic state of different 
types of water basins (Salmaso et al., 2012; Izaguirre et 
al., 2012; Hu et al., 2013; Abonyi et al., 2014; Mihaljević 
et al., 2014; Zutinic et al., 2014; Salmaso et al., 2015; 
Török et al., 2016). This approach allows reduction of the 
number of variables in examining the ecological and tro-
phic state of water basins (Hu et al., 2013). Phytoplankton 
is a huge and heterogeneous group of organisms, and this 
fact often hinders the development and interpretation of 
various environmental models. The classifi cation of phy-
toplankton species with similar environmental character-
istics facilitates the interpretation of data obtained from 
the monitoring of various freshwater ecosystems. Pres-
ently, there are three main environmental concepts in the 
study of phytoplankton communities: functional groups, 
morpho-functional groups and morphologically based 
functional groups (Hu et al., 2013). 

According to the results of this phytoplankton study, 
different species of Cyanoprokaryota and Chlorophyta, 
Streptophyta and class Bacillariophyceae were dominant. 
According to the three morpho-functional concepts, the 
dominant groups of phytoplankton in the studied reser-
voirs were classifi ed as follows: cyanoprokaryotes in six 
FGs (H1, K, Lo, H2, M, S1), fi ve MFGs (5a, 5b, 5c, 5e, 
5d) and three MBFGs (III, IV, VII), green algae in four 
FGs (J, F, G, X1), three MFGs (9b, 3b, 11a) and fi ve 
MBFGs (I, IV, V, VII), streptophytes in three FGs (P, 
N, F), two MFGs (8a, 11c) and two MBFGs (IV, I) and 
respectively diatoms in fi ve FGs (C, MP, D, P, A), two 
MFGs (6b, 7a) and one MBFGs (VI). Cyanoprokaryotes 
were among the dominants in three of the studied reser-
voirs (KR, DR and ZR), while some potentially toxic spe-
cies were identifi ed among them. The largest and longest 

functioning cage fi sh farms in Bulgaria are located in KR 
and DR reservoirs. The data of this study once again con-
fi rm the presence of species indicative of eutrophication, 
as well as of species known as potential producers of tox-
ins in some of the largest reservoirs, such as KR and DR 
reservoirs, used for aquaculture production in the country. 

The blue-green algae Aphanizomenon fl os-aquae was 
reported among the dominants in Vacha reservoir (Bel-
kinova et al., 2014), Kardzhali (Dochin and Iliev, in press), 
Dospat (Dochin and Stoyneva, 2014, 2016), Tsankov 
Kamak (Dochin and Ivanova, 2017) and Batak (Dochin 
et al., 2018). Dolichospermum spiroides was found in 
Kardzhali and Dospat reservoirs (Dochin and Stoyneva, 
2014). According to Reynolds et al. (2002) and Padisak 
et al. (2009), the members of codon H1 Aphanizomenon 
fl os-aquae, Dolichospermum viguieri and  Dolichosper-
mum spiroides are found in eutrophic, stratifi ed and poor 
nutrient lakes, and according to MFGs and MBFGs con-
cepts, they belong to the group of large fi lamentous spe-
cies (5a; 5e; III) Nostocales and Oscillatoriales (Salmaso 
and Padisak 2007; Kruk et al., 2010). 

According to the concept of FGs, Microcystis aerugi-
nosa (M) inhabits small to medium-sized eutrophic lakes, 
and according to MFGs and MBFGs, this same species 
belongs to the group of large (5b; VII) colonial Chroococ-
cales (Reynolds et al., 2002; Padisak et al., 2009; Salmaso 
and Padisak, 2007; Kruk et al., 2010). Gloeotrichia echi-
nulata (H2) is characteristic of mesotrophic, deep strati-
fi ed lakes, with suffi cient light availability, and according 
to the other two classifi cations, it belongs to the large co-
lonial species (5e; VII) Chroococcales (Reynolds et al., 
2002; Salmaso and Padisak, 2007; Padisak et al., 2009; 
Kruk et al., 2010). On the other hand, Planktolyngbya 
limnetica and Pseudanabaena mucicola (S1) are among 
cyanoprokaryotes that are well-adapted to low light envi-
ronments, and according to the other two environmental 
classifi cations, they belong to the thin (5a; IV) fi lamen-
tous algae (Reynolds et al., 2002; Salmaso and Padisak, 
2007; Padisak et al., 2009; Kruk et al., 2010). The fi rst 
species were abundant in 2015 in Kardzhali reservoir 
and the second ones were found in Ogosta and Koprinka 
reservoirs (Stoyanov et al., 2016; Dochin et al., 2017). 
Woronichinia naegeliana (Lo; 5b; VII), comparatively 
abundant in KR, was found to be among the dominant 
species in Batak reservoir (Dochin et al., 2018). 

According to Padisak et al. (2009), the green Oocystis 
lacustris (F; 9b; VII) found in KR, ZR and SKR reser-
voirs, inhabits deep mixed eutrophic lakes, and belongs 
to the large Chlorococcales (Salmaso and Padisak, 2007; 
Kruk et al., 2010). Pandorina morum (G; 3b; V) found 
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in abundance in DR, ZR, SKR and OR reservoirs, inhab-
its small, eutrophic and nutrient-rich lakes (Reynolds et 
al., 2002). According to Salmaso and Padisak (2007), the 
same species belong to the large unicellular organisms of 
Phytomonadina, and according to the theory of Kruk et 
al. (2010) – to the unicellular fl agellates of medium to 
large size. The small-cell Ankyra judayi (X1; 9b; I) domi-
nant in KR, SKR reservoirs, is characteristic for shallow 
mixed waters (Reynolds et al., 2002; Salmaso and Padi-
sak, 2007; Kruk et al., 2010). According to Belkinova et 
al. (2014) and Dochin and Iliev (in press), the last three 
species were among the dominant ones in Kardzhali res-
ervoir. The green Hariotina polychorda (J; 9b; IV), found 
in abundance in ZR, SKR and OR reservoirs, also inhabits 
shallow mixed waters (Salmaso and Padisak, 2007; Padi-
sak et al., 2009; Kruk et al., 2010). The same species were 
found in Zhrebchevo reservoir (Beshkova et al., 2014), 
while in 2015 their bloom was noted in Koprinka reser-
voir (reported by Dochin et al., 2017). 

The large unicellular streptophytes Closterium acicu-
lare (P; 8a; IV) inhabits the epilimnion of stratifi ed lakes, 
and Elakatothrix gelatinosa (F; 11c; I) was dominant in 
KR, ZR, SKR reservoirs (Salmaso and Padisak, 2007; 
Padisak et al., 2009; Kruk et al., 2010). The last two spe-
cies were among the dominant species in Kardzhali res-
ervoir during the period 2015-2016 (Dochin and Iliev, in 
press). The large unicellular pyrrhophyte, Ceratium hirun-
dinella (LO; 1b; V), was among the most abundant species 
in ZR and SKR (Salmaso and Padisak, 2007; Kruk et al., 
2010). These species inhabit deep and shallow, oligo- to 
eutrophic, medium and large lakes, according to Padisak 
et al. (2009), and was among the most abundant in 2015 
in KR (Dochin and Iliev, in press). 

The dominant species in DR, Mallomonas tonsurata 
and Mallomonas sp. (E; 2a; II), belong to large fl agellate 
from Synurophyceae, and according to the theory of the 
functional groups they usually inhabit small, shallow and 
poor trophic lakes (Reynolds et al., 2002; Salmaso and 
Padisak, 2007; Padisak et al., 2009; Kruk et al., 2010). 
According to Belkinova et al. (2014) Mallomonas sp. was 
in abundance in Toshkov Chark reservoir, and in Kardzh-
ali reservoir according to Dochin and Iliev (in press). The 
diatom Cocconeis placentula (MP; 6b; VI), found in KR, 
ZR and SKR reservoirs, which according to the concepts 
belongs to MFGs (large pennates) and MBFGs (non-
fl agellates with silica exoskeletons), often inhabit shal-
low and turbid lakes (Salmaso and Padisak, 2007; Padisak 
et al., 2009; Kruk et al., 2010). The above species were 
among the most abundant in 2015 in Kardzhali reservoir 
(Dochin and Iliev, in press). 

The large pennate Fragilaria crotonensis (P; 6b; VI), 
dominant in four of the fi ve studied reservoirs (KR, DR, 
ZR and SKR), was also among the most abundant species 
in Kardzhali reservoir in 2015-2016, according to Dochin 
and Iliev (in press), and also in Krichim reservoir (Bel-
kinova et al., 2014), Tsankov Kamak reservoir (Dochin 
and Ivanova, 2017) and Batak reservoir (Dochin et al., 
2018). It is frequently found in the epilimnion of eutro-
phic, stratifi ed lakes (Reynolds et al., 2002). According to 
this study, the small centric Stephanodiscus hantzschii (D; 
7a; VI), abundant in ZR, SKR and OR reservoirs, is typi-
cal for shallow and turbid waters (Reynolds et al., 2002; 
Salmaso and Padisak, 2007; Padisak et al., 2009; Kruk et 
al., 2010). It was among the most widespread species in 
2015 in Kardzhali reservoir (Dochin and Iliev, in press). 

According to Reynolds et al. (2002) streptophytes 
Staurastrum pingue var. planctonicum (P; 8a; IV) inhab-
its poorly lit, stratifi ed lakes with depletion of Si, while N 
members Cosmarium margaritiferum, Cosmarium sp. and 
Staurodesmus dejectus (8a; IV) are characteristic of strat-
ifi ed lakes with increased pH and defi ciency of nutrients. 
The member of codon A Pantocsekiella comensis (7a; 
VI) inhabits lakes with increased pH and defi ciency of 
nutrients, while Asterionella formosa (C; 6b; VI) inhabit 
well-lit, stratifi ed, low-carbon and silicon-depleted lakes 
(Reynolds et al., 2002). The representatives of codon K 
Anathece clathrata and codon H1 Anabaena planctonica 
Brunnthaler (5e; VII) are found in shallow, nutrient-rich 
waters (Reynolds et al., 2002).

Conclusions

In conclusion, according to the data obtained from 
the study, the representatives of Cyanoprokaryota, Chlo-
rophyta, Streptophyta and Bacillariophyceae had the 
greatest contribution to the algal abundance in the fi ve res-
ervoirs included in the study, with a total of 113 taxa iden-
tifi ed. According to the three studied morpho-functional 
approaches, the forty-two dominant species found were 
classifi ed in 18 FGs, 15 MFGs and 7 MBFGs.  In KR 
and DR reservoirs where the oldest and largest cage fi sh 
farms in the country are located, as well as in ZR reser-
voir, a large part of the dominant species were gelatinous 
colonial (M; 5b; VII) and fi lamentous cyanoprokaryotes 
(H1; 5a, 5e, III), among which there are potentially toxic 
species which are well-known indicators of eutrophica-
tion. The proposed environmental concepts of functional 
groups (FGs), morpho-functional groups (MFGs) and 
morphologically based functional groupings (MBFGs) 
are, in our opinion, an important tool for understanding 
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the seasonal changes in phytoplankton communities as 
well as for assessing the environmental status of different 
types of freshwater reservoirs. This study has shown that 
these environmental models can be successfully imple-
mented in monitoring programs both for the assessment 
of changes and for the provision of more comprehensive 
information on the adaptations of phytoplankton commu-
nities in artifi cially modifi ed reservoirs. 
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