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Abstract  
The paper presents the research results of taxonomic composition and quantitative 
development of phytoplankton in the Abkhazian sector of the Black Sea in spring-and-
autumn periods 2011–2020. Water was sampled onboard the R/V Deneb of SSC RAS 
on several horizons in the upper layer of the sea, up to 50 m. One hundred and nine (109) 
species of phytoplankton of 10 classes were found, among them 18 potentially toxic 
and harmful and 2 new for the eastern coast of the Black Sea species of planktonic 
algae. The average values of abundance and biomass in the water  area were 
40.26 thousand cells/L (from 8.8 thousand cells/L in autumn to 90 thousand cells/L 
in spring) and 74 mg/m3 (from 64 mg/m3 in autumn to 78 mg/m3 in summer). The highest 
values (79 thousand cells/L and 113 mg/m3) were observed on the sea surface (0–2 m), 
which was 1.5–18 times higher than on other studied horizons (10–50 m). The maximum 
abundance of plankton cells (476 thousand cells/L) was observed in the upper sea horizon 
in May 2013. This was associated with intense development of primnesian algae 
(Emiliania huxleyi), which formed 95 % of the total abundance and 53 % of the biomass 
during that period. The basis of the phytoplankton abundance and biomass generally was 
formed by diatomic (30 % and 31 %, respectively) and dinophytic algae (30 % and 60 %, 
respectively). In spring and autumn, the role of cryptophytic algae increased (up to 20 % 
of the total abundance). 
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Аннотация 
Представлены результаты исследования таксономического состава и количествен-
ного развития фитопланктона в районе Абхазии (Черное море) в весенне-осенний 
периоды 2011–2020 гг. Пробы воды отбирали с борта НИС «Денеб» ЮНЦ РАН 
на нескольких горизонтах, расположенных в верхнем слое моря, до 50 м. Обнару-
жено 109 видов фитопланктона из 10 классов, среди них 18 потенциально токсич-
ных и вредоносных и два новых для восточного побережья Черного моря вида 
планктонных водорослей. Средние по акватории значения численности и биомассы 
составили 40.26 тыс. кл./л  (от 8.8 тыс. кл./л осенью до 90 тыс. кл./л весной) и 
74 мг/м3 (от 64 мг/м3 осенью до 78 мг/м3 летом). Наиболее высокие значения 
(79 тыс. кл./л и 113 мг/м3) отмечены в поверхностном слое моря (0–2 м), что в 1.5–
18 раз выше, чем в других исследуемых слоях (10–50 м). Максимальное количество 
планктонных клеток (476 тыс. кл./л) наблюдали в верхнем слое моря в мае 2013 г., 
что было связано с интенсивным развитием примнезиевых водорослей (Emiliania 
huxleyi), которые в этот период формировали 95 % общей численности и 53 % био-
массы. В целом основу численности и биомассы фитопланктона формировали диа-
томовые (30 и 31 % соответственно) и динофитовые водоросли (30 и 60 % соответ-
ственно). Весной и осенью повышалась роль криптофитовых водорослей (до 20 % 
общей численности). 

Ключевые слова :  фитопланктон, таксономический состав, численность, 
биомасса, район Абхазии, Черное море 
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Marine scientific research in the waters of the Republic of Abkhazia was 
carried out until the mid-1980s and were completely stopped in 1991 in connec-
tion with the collapse of the USSR and the military conflict between Abkhazia 
and Georgia. In June 2010, in the territorial waters of the Republic of Abkhazia, 
the staff of SSC RAS resumed complex ecosystem studies and made a baseline 
assessment of the current ecological state of the Abkhazian waters. In the com-
position of phytoplankton, 91 taxa (rank below the genus) of microalgae from 
8 divisions were identified. Dinophytic and diatomic algae were the most diver-
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sified ones in terms of species – 49 and 17 species, respectively. The largest 
abundance of species was found in such genera as Chaetoceros, Protoperidinium, 
Prorocentrum, Gynmodinium, Dinophysis, Ceratium. The main contribution to 
the formation of the abundance of phytoplankton was made by small-celled green 
and dinophytic algae [1, 2]. The maximum values of abundance and biomass 
were noted in the near-surface layer of the sea (663.7 thousand cells/L and 
1.7 g/m3). The biomass of phytoplankton was formed mainly due to the devel-
opment of two groups of phytoplankton: dinophytic and diatomic algae, which 
is typical for the summer period of development of the Black Sea algocenosis 
[2]. In March 2011 and for the last part of May 2013, the bloom of coccolitho-
phorids (2  106 – 4.4  106 cells/L) was noted in the Abkhazian sector of 
the Black Sea [3, 4]. 

For the period from June to September in 2016–2017, 55 following taxa 
were found in the phytoplankton of the Sukhumi Bay: Bacillariophyta (21), Di-
nophyta (28), as well as Cyanophyta, Cryptophyta, Euglenophyta, Chrysophyta. 
The average values of phytoplankton abundance for the period of study made 
234.0 ± 67.9 thousand cells/L, biomass – 471.0 ± 141.2 mg/m3. The maximum 
abundance (582 thousand cells/L) was observed in July, the maximum biomass 
(658– 1120 mg/m3) – in August. In summer (June–July), the value of the cocco-
lithophorid Emiliania huxleyi increased (80–96 % of the total phytoplankton 
abundance). Diatomic algae dominated in late summer – early autumn (82–94 % 
of the total phytoplankton abundance). The abundance of Dactyliosolen 
fragilissimu, Pseudosolenia calcar-avis, Pseudonitzschia pseudodelicatis-
sima, Talassiosira sp., Skeletonema costatum was observed in August, and 
in September – that one of Cylindrotheca closterium. The proportion of 
dinoflagellates in the total phytoplankton biomass in June–July varied from 65 
to 48 % (300–130 mg/m3). Prorocentrum micans, Scrippsiella trochoidea, 
Dinophysis rotundata, the species of genera Protoperidinium, Gyrodinium, 
Glenodinium, Gymnodinium were in the mass. Among the dinophytic algae, such 
a rare for the Black Sea species as Peridinium quinquecorne was registered. Dur-
ing the study, 2–8 % of the total abundance of phytoplankton was formed by eu-
glena algae (genera Eutreptia, Euglena) and cyanobacteriae (Oscillatoria, 
Lyngbya). The presence of these species indicates higher levels of nutrients, 
pollution and desalination of the marine area [5]. As a part of the phyto-
plankton of the estuarine sections of the rivers of the coast of Abkhazia, 
84 taxa were identified with a rank below the genus, among them diatoms – 
44, green – 17, euglena – 10, others – 13 [6]. 

Thus, the phytoplankton studies carried out earlier in the Abkhazian sector 
were episodic and did not reflect the features of seasonal changes in the abun-
dance of planktonic algae over a long period. Therefore, the purpose of our 
work is to trace the main changes in the taxonomic structure, abundance and 
biomass of planktonic algocenoses in the main growing season (spring-autumn) 
in 2011–2020. 
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Characteristics of the study area 
Hydrophysical conditions in the Abkhazian sector were studied in 2011–2013 

[3, 4]. The analysis of long-term data obtained in the study area showed that 
the average monthly water temperature on the sea surface during the year varies 
from 8.7 ºС in February to 25.7 ºС in August. The annual range of average 
monthly salinity values in the coastal areas of the sea is not so large: the average 
values were recorded in June–July (16.63–16.68 ‰); the highest salinity values 
were observed from August to January (17.35–17.74 ‰); from February to May, 
the salinity values decreased (from 17.07 to 16.08 ‰) with an increase in the vol-
ume of territorial runoff. 

Materials and methods 
The studies were carried out in the open part of the Black Sea, in 

the Abkhazian sector, during the voyages of the R/V Deneb of SSC RAS in dif-
ferent seasons of 2011–2020. The study of the vertical structure of phytoplank-
ton was carried out at the horizons of 0, 5, 10, 25, and 50 m or at 3–5 horizons: 
surface; ½ water layer up to the thermocline; at the beginning, directly in 
the layer and at the end of the thermocline. Totally, 247 samples were taken and 
processed. Phytoplankton samples were collected during daylight hours in 1–1.5 L 
bottles and fixed with Lugol’s solution. In order to preserve the coccolitho-
phorids, the duplicate samples were fixed with formalin to a final concentration 
of 1–2 %. The sedimentation method was used to concentrate the samples 1, 2). 
Phytoplankton organisms were counted quantitatively using MICMED-2 and 
MICMED-5 microscopes in chambers with the volume of 0.05 and 0.1 mL using 
objectives of 10/0.30 and 40/0.65 at least three times. To determine rare and 
large forms of phytoplankton, a part of the concentrate (1/5–1/10) was examined. 
The minimum size of considered cells makes 3–5 μm. Guidelines [7, 8] were used 
for species identification. The raw biomass of algae was estimated by the volumet-
ric method, based on the size and shape of the cells according to the most similar 
geometric similarity, assuming the specific gravity of algae equal to one, using 
the original and literature data on cell volume measurements for each species [9]. 

To assess the similarity of the taxonomic composition 3) of the microalgae 
communities in the studied water areas of the Black Sea, the Sørensen–
Czekanowski (Dice) coefficient (Cs) was applied [10]: 

Сs = (2C / (A+B))  100 %, 

where A, B – total abundance of species recorded in compared samples; С – abun-
dance of forms common to two compared samples. 

                                                   
1) Makarevich, P.R. and Druzhkov, N.V., 1989. [Guidelines for the Analysis of Quantitative and 

Functional Characteristics of Marine Biocenoses of the Northern Seas. Part 1. Phytoplankton. 
Zooplankton. Suspended Organic Matter]. Apatity: KNTs RAN, MMBI, 50 p. (in Russian). 

2) Fedorov, V.D., 1979. [On Methods of Studying Phytoplankton and its Activity]. Moscow: MGU, 
pp. 106–108 (in Russian). 

3) Shmidt, V.M., 1984. [Mathematical Methods in Botany]. Leningrad: Izd-vo Leningr. Un-ta, 288 p. 
(in Russian). 
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Results and discussion 

Taxonomic composition 
In the period from 2011 to 2020, 109 species of algae were found in 

the phytoplankton of the studied Abkhazian sector, as well as several taxonomic 
forms, which were not identified to the species level and belonged to the follow-
ing classes: Bacillariophyceae (diatomic), Dinophyceae (dinophytic), Prymnesio-
phyceae (primnesian), Cyanophyceae (blue-green), Dictyochophyceae (dic-
tyochales) and Ebriaphyceae (ebridian), Cryptophyceae (cryptophytic), Eugleno-
phyceae (euglena), Prasinophyceae (prasinophytic) and Chlorophyceae (green) 
(Appendix, Table А.1). Dinophytic (71 species) and diatomic (27 species) algae 
were distinguished by the greatest species diversity. Other classes numbered from 
one to three species. Previous studies (spring-autumn periods of 2005–2011) 
showed that the taxonomic composition of phytoplankton in the open northeast-
ern part of the Black Sea (NEBS) – from the Kerch Strait to Abkhazia – included 
significant number of dinophytic species (78), while the diversity of diatomic al-
gae (37) was significantly inferior to them [11]. The similarity coefficient (Сs) of 
taxonomic composition in the Abkhazian sector and in the Russian open NEBS 
made 86 %. The largest abundance of species (62–71) in the Abkhazian sector 
was found in the spring-and-summer seasons (May–July) 2011–2013, which was 
due to the high diversity of warm-water species of dinophytic algae forming 
the part of algocenosis (43–58). At other times, the total number of phytoplankton 
species was somewhat lower (42–50). 

The mesohalobiotic representatives of blue-green (genera Oscillatoria, 
Planktolyngbya, Anabaena, Aphanizomenon) and euglena algae (Eutreptia lanowii, 
Euglena viridis and Euglena sp.), typical for desalinated and eutrophic water ar-
eas, were not widespread and preferred the upper layers of the sea (0–15 m). Few 
representatives of dictyochales (Dictyocha speculum, Octactis octonaria) and 
ebridian (Hermesinum adriaticum) were usually found in the lower studied layers 
(30–50 m). In the study area, 14 potentially toxic and harmful species of plank-
tonic dinophytic algae of the genera Сeratium, Prorocentrum, Dinophysis, Lingu-
lodinium, Polykrikos, Protoceratium, Protoperidinium; 2 species of the diatomic of 
the genus Pseudonitzschia; 2 species of the blue-green genera Planktolyngbya, 
Aphanizomenon were detected, which, due to their small abundance, could not have 
any significant negative impact on marine flora and fauna (Appendix, Table А.1). 

In September 2014, in the study sector of the sea, a species of dinophytic al-
gae − Oxyphysis oxytoxoides Kofoid – new for the eastern part of the Black Sea, 
was found in a small amount (on average 23 cells/L). In her review article on 
the dinophyte algae of the Black Sea, L. M. Terenko indicates it as an exotic spe-
cies, known only in the waters of the Bulgarian coast, where, however, it often 
results in the bloom of water [12, 13]. In May 2013, another species new to 
the study sector of the sea was discovered (with an average abundance of 
8 cells/L) – Spatulodinium pseudonoctiluca (Pouchet) J.Cachon & M.Cachon. 
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Quantitative values of development and their vertical distribution 
The average values of abundance and biomass for the entire study period 

were 40.26 thousand cells/L and 74 mg/m3, respectively. The abundance values 
were close to the long-term averages (54 thousand cells/L) recorded in the open 
NEBS in the 0–50 m layer in the spring-and-autumn periods of 2007–2011; and 
biomass values were significantly (four times) inferior to them (280 mg/m3) [11]. 
The highest values of abundance and biomass in the Abkhazian sector (79 
thousand cells/L and 113 mg/m3) were noted on the sea surface (0–2 m).  
In the 10–20 m layer, these values were 1.4–2.3 times lower (35 thousand cells/L 
and 81 mg/m3), while in the 25–30 m layer (19 thousand cells/L and 48 mg/m3) − 
2.3–4 times lower (Fig. 1 and 2). In the lower studied layer of the sea (40–50 m), 
the values of phytoplankton abundance (4.5 thousand cells/L and 28 mg/m3), 
respectively, were 4–18 times lower than the surface values. 

The maximum abundance of planktonic cells (476 thousand cells/L) was ob-
served in the upper layer of the sea in May 2013. High abundance values (51 and 
104 thousand cells/L) on the sea surface were also noted in the summer periods of 
2011 and 2012. All abundance peaks were stipulated by the intensive develop-
ment of primnesian algae (Emiliania huxleyi), which during this period formed up 
to 95 % of the total abundance and 53% of the phytoplankton biomass 4). Accord-
ing to the IO RAS researchers, this species was the reason for the bloom of water 
on the sea surface in the Abkhazian sector in the spring of 2011 and 2013 [3, 4]. 
In other seasons, the abundance values on the sea surface did not exceed  
26 thousand cells/L. Two peaks of cell density were noted in the 10–20 m layer 
(87 and 112 thousand cells/L) in July 2012 and in May 2013. One abundance 
peak (68 thousand cells/L) was found in the 25–30 m layer in May 2013. 

High biomass values (120–216 mg/m3) on the sea surface were noted 
in May, July 2011–2013, October 2011 and September 2014; at other times, 
these values in the upper layer of the sea varied in the range of 45–92 mg/m3. 
The maximum biomass values (140 mg/m3) in the 10–20 m layer were observed 
in July 2012; during the rest of the study period, they amounted to 32–93 mg/m3. 
In the 25–30 m layer, biomass values varied from 33 mg/m3 (July 2011) to 
72 mg/m3 (April 2012). 

Seasonal dynamics of dominant classes and species of algae 
In general, the highest total values of phytoplankton abundance in the 

studied water column (surface – 50 m) were recorded in the spring time  
(90 thousand cells/L). In summer, the total number decreased by more than two 
times (39 thousand cells/L), in autumn it was minimal (8.8 thousand cells/L) and 
was an order of magnitude inferior to the spring values. At the same time, the 
biomass values of the entire community of planktonic microalgae in the studied 
layer of the sea changed little depending on the season: 66 mg/m3 in spring and 
64 mg/m3 in autumn, while some increase in biomass was observed in summer 
(78 mg/m3). 

 
                                                   
4 Yasakova, O.N., 2015. [Development of Phytoplankton in the Black Sea, the Region of Abkhazia 

in the Spring-Autumn Period of 2012]. Proceedings of the Conference ‘Modern Methods and 
Means of Oceanological Research’. Moscow: ISOI-2015. Vol. 2, pp. 362–365 (in Russian). 
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F i g .  1 .  Vertical distribution of the total phytoplankton 
abundance in layers 0–2 m (red), 10–20 m (green); 
25–30 m (purple), 40–50 m (blue) in the Abkhazian sector 
of the Black Sea in different seasons of 2011–2020 

 
 
 

 
 

F i g .  2 .  Vertical distribution of the total phytoplankton 
biomass in layers 0–2 m (blue), 10–20 m (red), 25–30 m 
(green), 40–50 m (purple) in the Abkhazian sector of 
the Black Sea in different seasons of 2011–2020 
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As detailed above, primnesian algae were one of the dominant components 
of plankton: they formed from 36–68 % of the abundance in July 2011 and 2012, 
35–45 % in October 2019 and 2020, up to 95 % of the abundance in May 2013. 

Cryptophytic algae were significantly dominant in abundance (from 4 to 
20 %) in 2011, 2012 and 2014, with their maximum proportion (17–20 %) 
observed in April 2012 and September 2014. 

On average, the diatomic algae formed 30 % (from 1 to 55 %) of the total 
abundance and 31 % (from 5 to 77 %) of the biomass during the study period. 
Their maximum proportion in abundance values (55 %) was observed in April 
2012; in biomass values (58–77 %) – in the autumn period of 2014 and 2019. 
In a significant number among them there were medium-sized species of algae of 
the genera Chaetoceros, Pseudonitzschia, as well as Dactyliosolen fragilissimus, 
Nitzschia tenuirostris, Thalassionema nitzschioides, etc. (Appendix, Table А.2). 
As a rule, the large-celled species Pseudosolenia calcar-avis was dominant 
in diatomic biomass. Occasionally, the role of Proboscia alata, Chaetoceros 
affinis, Ch. curvisetus and Thalassionema nitzschioides increased. 

Dinophytic algae also formed on average 30 % of the total abundance (from 
3 to 59 %), while they accounted for the main component of the phytoplank-
ton biomass, namely, 60 % on average (from 22 to 84 %). A high proportion 
(50–59 %) of dinophytic algae in abundance values was noted in the autumn pe-
riod of 2012 and 2014. Their role increased in the spring-and-summer periods of 
2011 and 2012 and in the autumn periods of 2014 and 2020 in terms of biomass 
(76–84 %). Small species of algae of the genera Prorocentrum, Gymnodinium, 
Gyrodinium, as well as Heterocapsa rotundata, Katodinium glaucum, 
Torodinium robustrum, were dominant in abundance. The large-celled represen-
tatives of the genera Ceratium, Protoperidinium, Dinophysis, as well as Polyk-
rikos cofoidi, Gyrodinium spirale, Protoceratium reticulatum, Diplopsalis len-
ticula and some others, were dominant in biomass. 

It should be noted that if in the upper layers (0–20 m) high abundance of 
primnesian algae was observed, then in the deeper layers of the sea (30–50 m) 
the dinophytic algae dominated, probably due to their possible transition to het-
erotrophic and mixotrophic types of nutrition. 

In the open NEBS, in the spring-and-autumn periods of 2007–2011, the dia-
tomic (40 %), primnesian (34 %) and dinophytic (23 %) algae also were domi-
nant in phytoplankton abundance. The greatest contribution to the phytoplankton 
biomass was made by diatomic (55 %) and dinophytic (42 %) algae. The leading 
species in abundance among diatomic algae were Nitzschia tenuirostris, Thalas-
sionema nitzschioides, Proboscia alata, Pseudosolenia calcar-avis, Skeletonema 
costatum, species of the genera Chaetoceros and Pseudo-nitzschia; among dino-
phytic ones – Prorocentrum cordatum, Scrippsiella trochoidea, representatives of 
the genera Gymnodinium and Gyrodinium [11]. The main component of the bio-
mass was formed by numerous medium and large-celled species of diatomic 
algae, such as Proboscia alata, Pseudosolenia calcar-avis, and dinophytic 
algae of the genera Ceratium, Protoperidinium, Scrippsiella and Prorocentrum. 
In the warm period of the year (June–July), in the temperature range from 20 to 
24 °C, an increase in the proportion of Emiliania huxleyi (up to 67 % of 
the phytoplankton abundance) was also observed. The species preferred the 
upper (up to 20 m) layer of the sea. 
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Conclusions 
In the spring-and-autumn periods of 2011–2020, 109 species of phytoplank-

ton from 10 classes were found in the Abkhazian sector, among them 18 poten-
tially toxic and harmful, and 2 species of planktonic algae new for the eastern part 
of the Black Sea. The species diversity was somewhat inferior to the species di-
versity noted in the Russian sector of the open NEBS in 2005–2011 (136 spe-
cies). However, the similarity coefficient of taxonomic composition (the Søren-
sen–Czekanowski (Dice) coefficient, Cs) in the compared sectors was quite high 
and made 86 %. 

The average abundance values concerning the water area made 40.26 thou-
sand cells/L and were close to the long-term average values (54 thousand cells/L) 
noted in the open NEBS in the 0–50 m layer in the spring-and-autumn periods of 
2007–2011. The average values of biomass (74 mg/m3) were significantly (four 
times) inferior to the long-term average values (280 mg/m3). 

In the dynamics throughout the season, the peak of phytoplankton abundance 
(90 thousand cells/L) in the studied layer of the sea (with the surface of 50 m) 
was recorded in the spring time; in summer and autumn, these values decreased 
by 2–10 times. Biomass values changed little depending on the season: 66 mg/m3 
in spring, 64 mg/m3 in autumn, and 78 mg/m3 in summer. 

The highest values (79 thousand cells/L and 113 mg/m3) were noted in the sur-
face layer of the sea (0–2 m), which is 1.5–18 times higher than in other studied 
layers (10–50 m). The maximum number of planktonic cells (476 thousand cells/L) 
was observed in the upper layer of the sea in May 2013, which was associated 
with the intensive development of primnesian algae (Emiliania huxleyi), which 
were dominant in abundance (95 %) and biomass (53 %) during that period. 
An increase in the proportion of primnesian algae in the warm season is generally 
recorded throughout the open NEBS water area. 

The maximum value of biomass (216 mg/m3) on the sea surface was noted 
in September 2014. 77 % of it was formed by a large-celled species of diatomic 
algae, Pseudosolenia calcar-avis, which is one of the dominant taxa of the Black 
Sea phytoplankton. 

During the study, diatomic and dinophytic algae in the Abkhazian sector, as 
well as in the Russian open NEBS, constituted a significant part of phytoplankton 
abundance (totalling to 60 %) and biomass (91 %). In April 2012 and in September 
2014, cryptophytic algae made up a significant part of the abundance (17–20 %). 

Thus, the results of the study supplement significantly the previously published 
works covering phytoplankton in the Abkhazian sector of the Black Sea. New data 
on the seasonal dynamics of species diversity, quantitative development and hori-
zontal distribution of planktonic algae in the studied sector of the sea are presented. 
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