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Contemporary assessment of the development of the genus Chaetoceros in the Bulgarian 
coastal waters 

1 1 2D. Petrova *, D. Gerdzhikov , G. Kostadinova

1Institute of Fishing Resources, 4 Primorski Blvd., 9000 Varna, Bulgaria 
2Department of Applied Ecology and Animal Hygiene, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. The genus Chaetoceros Ehrenberg of class Bacillariophyceae is widespread and abundant in species in the Black Sea phytoplankton. The aim of 
the article was to study its distribution in water and to analyzed its contemporary involvement in the formation of qualitative and quantitative composition of 
phytoplankton, the season dynamics of genus during the hydro-biological year and its role in the ecology of the Bulgarian Black Sea coastal water area for the 
period 2008 – 2010. It was found out that the highest species diversity, abundance and biomass of the genus were in the autumn and spring – a bimodal pattern 
of annual growth. 20 species and forms were registered of the genus Chaetoceros. They formed up to 1/3 of the taxonomic composition of Diatoms and 1/10 of 
all phytoplankton species. "Blooms" of representatives of the genus Chaetoceros in the researched period were not registered. 

Keywords: Chaetoceros Ehrenberg, taxonomy, Black Sea, phytoplankton, development, ecological assessment.

Abbreviations: n.m. – nautical miles, R/V – Research Vessel

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 6, No 1, pp 91 - 97, 2014

that do not reach mass development but are encountered in a Introduction
significant number – Ch. compressus Lauder, 1864; Ch. danicus 
Cleve, 1889; Ch. densus Cleve, 1901; Ch. peruvianus Brightwell, The genus Chaetoceros is represented by a great diversity of 
1856; to the occasionally occurring with high concentrations are species in the Black Sea (Proshkina-Lavrenko, 1955). Chaetoceros 
related: Ch. anastmosans Grunov, 1885; Ch. coronatus Gran,1897; species are worldwide distributed and often dominate in marine 
Ch. laciniosus Schuütt, 1895 and Ch. scabrosus Proshkina-ecosystems (Hernández-Becerril, 1996). Total of about 400 species 
Lavrenko (Proshkina-Lavrenko, 1955). belonging to the genus have been described so far (Vanlandingham, 

The aim of the present article was to study the distribution of 1968; Rines and Hargraves, 1988; Hasle and Syvertsen, 1996). 
genus Chaetoceros Ehrenberg of class Bacillariophyceae, its Ferrario et al. (2004) reported 175 species (Lee and Lee, 2011). In 
contemporary involvement in the formation of qualitative and many temperate and neritic zones the genus Chaetoceros is a major 
quantitative composition of phytoplankton, its seasonal dynamics component of phytoplankton coenosis and its population is 
during the hydro-biological year and its role in the ecological status observed throughout the year  (Rines and Hargraves, 1987). Some 
of the Bulgarian Black Sea coastal water area.species cause significant "blooms" in both ocean and coastal 

habitats (Shevchenko and Orlova, 2010). Dominance of the genus 
Chaetoceros is typical of the second stage of phytoplankton 

Material and methodssuccession in marine ecosystems (Raymond, 1980). 
In the contemporary structure of the Black Sea phytoplankton 

During the period 2008 – 2010, total of 389 phytoplankton the genus Chaetoceros is represented by 78 species and forms 
samples were collected along the Bulgarian coast of Black Sea. The (Black Sea Phytoplankton checklist, 2011). According to the general 
samples were collected by the R/V Prof. Al. Valkanov from March to trend in biodiversity development of the phytoplankton in the Black 
December at standard depths (0 m, 10, 25, 50, 75 and 100 m) by Sea we have registered an increase in the number of species of the 
bathometers type Niskin (5l) in shallow waters (up to 15 m depth) at genus Chaetoceros. In the middle of the 20th century were identified 
surface – bottom horizons. They were fixed on board in 2% formalin 40 species and 8 varieties among total of 165 species and varieties 
solution. of diatoms in the Black Sea (Proshkina-Lavrenko, 1955).

 The following abbreviations and acronyms for the stations  Chaetoceros species play a key role in marine phytoplankton. 
studied are used in the text:  nautical miles (n.m.) cape Galata – (G), They vegetate throughout the year forming spring and autumn 
(G - 1, G - 3, G - 10 and G - 20 n. m.), cape Kaliakra – (K), (K - 1, К -3, К "blooms" in bays and coastal waters. They are autotrophic and hold 
- 10 и К - 20 n. m.), cape Emine – (E), (Е - 1, Е - 3, Е - 10 n. m.), Varna a high percentage share of the primary production in the Black Sea 
bay (B), (B - 1, B - 2, B - 3, B - 4, B - 5, B - 6, B - 7, B - 9, B - 10). Cape ecosystem (Proshkina-Lavrenko, 1955). To the most conventional 
Emine – 15 n. m. (Еmine - 15), Pomorie – 21 n.m. (Pom - 21), species of Chaetoceros which occur permanently and develop 
Sozopol – 3 n.m.  (Soz - 3), Sozopol – 4 n.m. (Soz - 4),  Sozopol – 5 widely in certain seasons of the year are related: Chaetoceros 
n.m.  (Soz - 5), cape Maslen – 3 n.m.  (Masl - 3), cape Maslen – 20 curvisetus Cleve, 1889; Ch. affinis Lauder, 1864; Ch. socialis 
n.m. (Masl - 20), Ahtopol – 6 n.m. (Aht - 6). Bourgas bay – B.zalN1, Lauder, 1864; in the north-western part of the Black Sea - Ch. 
B.zalN2, B.zalN3, B.zalN4. Midena ferma – 2 samples from one- lorenzianus Grunov, 1863; Ch. wighamii Brightwell, 1856; to species 
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mile zone near Kranevo village. Iujen plaj, pl. Pochivka monitoring Ostenfeld, 1901 developed twice a year, from winter to early spring 
stations at shallow waters near Varna beaches. MF – 1, 3 and 6 - (March, April and May) and from August to November. Ch. insignis 
stations located in the one-mile zone near the mouth of Kamchiya Prosckina-Lavrenko, 1955 vegetated from April to October. Ch. 
River. socialis H.S.Lauder, 1864  developed in May and from September to 

The samples were concentrated by the settling method Decemeber. Ch. affinis Lauder, 1864 – in April, September and 
(Morozova-Vodyanitskaya, 1954). Qualitative and quantitative October. Ch. septentrionalis Oestrup, 1895 was identified in March 
analyzes were performed with a light microscope Nikon Eclipse - and May. The remaining 12 species were registered by us only once 
E400, mainly at magnification of 200x and 100x, for small objects a year, namely: Ch. borgei Lemmerman, 1904 (accepted in WoRMS 
were used 400x and 600x. Cells were enumerated in Sedgewick- (2013) is syn. Ch. muelleri Lemmermann, 1898) – in March; Ch. 
Rafter Counting Cell – 1 ml and Palmer – Maloney – 0.05 ml using wighamii Brightwell, 1856 – in April; Ch. scabrosus Prosckina-
standard methods. Species forming trichomes and colonies were Lavrenko – in July. Ch. densus (Cleve) Cleve, 1899, Ch. lorenzianus 
presented with the total number of cells in a camera. The cell volume v.solitarius Proshkina-Lavrenko, 1955, Ch. teres Cleve, 1896 and 
was calculated by geometric formulas. Software Phytomar 2.0 (IFR- Ch. peruvianus Brightwell, 1856 were observed only in September. 
Varna 2008),  STATISTICA v.10 (StatSoft, Inc. 2011) and Excel 12 Ch. anastomosans Grunov, 1885, Ch. rigidus Ostenfeld, 1901, Ch. 
(Microsoft Office 2007) was used for calculations and graphs. The similis Cleve, 1896 and Ch. subtilis Cleve, 1896 – only in October. 
contemporary taxonomic names of the species and forms of the Ch. danicus Cleve, 1889 – in December. 
genus Chaetoceros were specified by means of electronic Species with the most intensive development (high numbers) in 
databases “WoRMS” (WoRMS, 2013) and “Algaebase” (Guiry MD the period 2008–2010 were: Ch. curvisetus, Ch. insignis, Ch. 
and Guiry GM, 2013). compressus and Ch. affinis (Table 1 and Figure 2). Their maximum 

numbers were established in May, July, October and December. The 
remaining species of the genus were not observed with 

6 3concentrations higher than 62 x 10  cells/m . During the period of the Results and discussion 
study "blooms" of species of the genus Chaetoceros were not 
registered (Table 1). Only five species dominated and sub-A total of 20 species and forms of the genus Chaetoceros were 
dominated in the phytoplankton. In biomass dominated: Ch. registered during the studies carried out in the period 2008 – 2010 
curvisetus and Ch. insignis, (≥ 50%); Chaetoceros sp. and Ch. (Table 1). They formed up to one third (31.25%) of the taxonomic 
compressus were found out only among the subdominats in the composition of diatoms (represented by total of 29 genera and 64 

species and taxa (Petrova et al., 2013). Representatives of the 
genus Chaetoceros were found out only in the half (44.99%, 175 
samples) of all 389 collected samples. The distribution of species 
diversity of the genus in the period 2008 – 2010, demonstrated two 
annual maxima. The first one was in spring (March, April and May) 
when a total of 10 species were registered and the second - in the fall 
(September and October) when 15 species were encountered. 
During the rest of the hydro-biological year species diversity of the 
genus was relatively low, a total of 8 species were registered (Figure 
1).

With a year-round development (March–December), 
consistent with literature data after Proshkina-Lavrenko (1955) the 
following species were identified: Chaetoceros curvisetus P.T. 
Cleve, 1889; Ch. compressus Lauder, 1864 (without July) and 
Chaetoceros sp. Ehrenberg, 1844 (without April). The other species 
developed only during certain periods of the year. Ch. simplex 

Figure 1. Distribution of species diversity (number of 
species by months) of the genus Chaetoceros 
throughout the year
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representatives of the genus Chaetoceros, 2008 - 2010



93

Petrova et al., 2013) (Table 1).biomass (50%<≥25%). Domination in number  was not registered. 
3Monthly averages of the number (mln.cells/m ) and biomass In the group of subdominating species in number (<50%≥25%) were 

3(mg/m ) of the genus Chaetoceros showed two maxima of found only Ch. insignis and Ch. affinis. Most of the Chaetoceros 
development during the hydro-biological year, in May (286.35 species were developing only in the group of those “present" in the 

3 3 3 mln.cells/m  and 535.12 mg/m ) and October (116.93 mln. cells/mcommunity (<25%) (Lobo and Leighton 1986; Colton et al., 2008; 

Table 1. List of identified species and forms of the genus Chaetoceros with their maximum number and biomass (mln.cells/
3 3m ; mg/m ); sum of the number of months of occurrence during the hydro-biological year and the maximum percent of

participation in the phytoplankton coenosis (* - dominant and ** - subdominant) 

№ Species
Max of 

Abundance
3 (mln. cells/m )

Max of 
Biomass 

3(mg/m )

Sum of the
 months of 
occurrence

 during the year

Max %
of 

Abundance 

Max % 
of 

Biomass 

Chaetoceros curvisetus P.T. Cleve, 1889 

Chaetoceros compressus Lauder, 1864 

Chaetoceros sp. Ehrenberg, 1844

Chaetoceros simplex Ostenfeld, 1901 

Chaetoceros insignis Prosckina-Lavrenko, 1955 

Chaetoceros socialis H.S.Lauder, 1864 

Chaetoceros affinis Lauder, 1864 

Chaetoceros septentrionalis Oestrup, 1895

Chaetoceros borgei Lemmerman, 1904 (accepted

in WoRMS is syn. Ch. muelleri Lemmermann, 1898)

Chaetoceros wighamii Brightwell, 1856

Chaetoceros scabrosus Prosckina-Lavrenko

Chaetoceros densus (Cleve) Cleve, 1899 

Chaetoceros lorenzianus v.solitarius Proshkina-

Lavrenko, 1955

Chaetoceros teres Cleve, 1896

Chaetoceros peruvianus Brightwell, 1856

Chaetoceros anastomosans Grunov, 1885 

Chaetoceros rigidus Ostenfeld, 1901

Chaetoceros similis Cleve, 1896

Chaetoceros subtilis Cleve, 1896

Chaetoceros danicus Cleve, 1889
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Figure 4. Maximum number and biomass (mln.cells/
3m3; mg/m ) of Ch. curvisetus per month in the 

period 2008 – 2010 
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Figure 3. Average monthly values of number
3 3(mln.cells/m ) and biomass (mg/m ) of the genus 

Chaetoceros, 2008-2010 
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3and 153.36 mg/m ) and coincided with the peaks in the development 
of phytoplankton stocks (number and biomass) in the coastal 
waters. (Petrova et al., 2013). Annual average monthly value of the 

3 3number and biomass was 73.71 mln.cells/m  and 107.90 mg/m  
respectively (Figure 3).

With the highest abundance and biomass for the period studied 
was registered the species Ch. curvisetus (the most widespread and 

6 3 3common of this genus) – 973.20 x10  cells/m  and 2062.69 mg/m  
(Bay of Varna, station B-5, 0m, May) (Figure 4). Its maximum percent 
of participation in the phytoplankton coenosis was 24.23% in 
number and 67.05% in biomass (B-5, 17m, May). The statistical 
distribution of number and biomass of Ch. curvisetus was focused 

3 3mostly up to 200 (mln. cells/m ; mg/m ). The percentage contribution 
of the species in number and biomass was mostly up to 10% 
(Statistica 10). 

The other species with intensive development: Ch. insignis, Ch. 
compressus and Ch. affinis were identified with numbers between 

3406.98 ÷ 108.80 mln.cells/m  and biomass between 323.20 ÷ 
3184.48 mg/m  (Table 1 and Figure 5).

An annual trend of reduction of the percentage share in 
biomass and abundance of the genus Chaetoceros was recorded 
(Figure 6 a, b). The maximum number of its presence in the 
phytoplankton was registered in July – 40.50% (G-10, 10m), and the 
peak of biomass in May – 67.05% (B-5, 17m) (Figure 6 a). The 
average percent of participation was the highest also in July - 
14.88% (in number) and in May 21.46% (in biomass) (Figure 6 b). 
Four maxima of the percent of participation of the genus 
Chaetoceros were observed during the year (March – December), in 
May, July, October and December (Figure 6 a, b).

The genus Chaetoceros had the highest share in forming the 
biomass of diatoms in March (35.24%), May (44.36%) and 
December (32.38%). In forming the number of diatoms its presence 

When analyzing the horizontal distribution of the development was the highest in December (50.60%), September (40.82%) and 
of the genus, the stations where we recorded the highest level and December (26.14%) (Figure 7 a, b). The average monthly percent of 
amount of its participation (2008–2010) appeared to be in coastal participation of the genus Chaetoceros in the group of diatoms was 
waters – in front of c. Galata (G-10, 10m, May) 40.50% in number 21.14% in number and 21.94% in biomass (Figure 7 a, b). The 
and at Varna Bay (B-5 17 m, May) 67.05% in biomass. High average monthly presence of species of the genus in phytoplankton 
prevalence was also registered at the stations in front of Kranevo composition in coastal waters is relatively low - 6.39% in number and 
village (Midena ferma), in front of cape Maslen (Masl-20, 20 miles), 8.95% in biomass. Summing up, the genus Chaetoceros had the 
and in front of Kamchiya River (MF1) (Figure 8).highest share in the formation of the number of diatoms during the 

The analysis of the vertical distribution of the genus second half of the year from July to December and for biomass it was 
Chaetoceros showed that its highest number, biomass and percent the period from December to May (Figure 7 b).
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3Figure 5. Maximum number and biomass (mln.cells/m ;
mg/m3) of Ch. insignis, Ch. compressus and Ch. affinis,
2008 - 2010

3Ch.Insignis Max of Abundance mln/cells/m
3Ch. Insignis Max of Biomass mg/m

3Ch. affinis Max of Abundance mln/cells/m
3Ch. affinis Max of Biomass mg/m

3Ch. comressus Max of Ambundance mln/cells/m
3Ch. compressus Max of Biomass mg/m

80.00

70.00

60.00

50.00

40.00

30.00

20.00

10.00

0.00

M
ar

ch

A
pr

il

M
ay

Ju
ne

Ju
ly

A
ug

us
t

S
ep

te
m

be
r

O
ct

ob
er

N
ov

em
be

r

D
ec

em
be

r

Max % by abundance

A B

Max % by biomass

25.00

20.00

15.00

10.00

5.00

0.00

M
ar

ch

A
pr

il

M
ay

Ju
ne

Ju
ly

A
ug

us
t

S
ep

te
m

be
r

O
ct

ob
er

N
ov

em
be

r

D
ec

em
be

r

Average % by abundance Average % by biomass

Figure 6. Maximum - a) and average values - b) of percentage share of the genus Chaetoceros in relation to the total
number in a sample by months, 2008 – 2010
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3 3Figure 8. Dynamics of percentage shares - a), and the quantitative values (mln.cells/m ; mg/m ) - b), of the
genus Chaetoceros per station, 2008 – 2010
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of participation in the phytoplankton were concentrated in the photosynthesis in the Black Sea during summer months the 
surface water layer from 0 to 20 m and the maximum levels (mln. maximum phytoplankton growth is at about 25m (Angelov, 1971), 

3 3 showed its significance as a primary producer in the Black Sea cells/m ; mg/m )  occurred in the layer 0–1 m (Figure 9). There were 
coastal ecosystem.also characteristic peaks of development in the near bottom 

horizons (Figure 9a) which were most probably related to the 
mechanism of formation of resting spores and cells under adverse 
environmental conditions and the growth of the population of them Conclusion
under favorable ones, which is characteristic of the life cycle of the 
representatives of the genus (Figure 9). It was estimated that spores In the period 2008 – 2010 in the Bulgarian coastal waters of 
of the typical marine genus Chaetoceros formed 50% of the Black Sea were registered 20 species and forms of the genus 
sediments in coastal areas and in the northern Pacific Ocean Chaetoceros. They formed up to 1/3 of the taxonomic composition of 
(Temniskova and Stoyneva, 2011). diatoms and 1/10 of all phytoplankton species. The highest species 

The data analysis for the development of the genus diversity, abundance and biomass of the genus were in the autumn 
Chaetoceros (2008 – 2010) demonstrated its significant share in the and spring – a bimodal pattern of annual growth. In phytocoenosis 
taxonomic composition of the class Bacillariophyceae (1/3 of all dominated and sub-dominated only five species, Ch. curvisetus and 
species) and its humble contribution in the total phytoplankton Ch. insignis dominated in biomass. Chaetoceros sp. and Ch. 
composition, 1/10 of all species. Comparable to the above figures compressus were detected among the subdominants in biomass. 
was also its percentage share in the formation of phytoplankton Domination in number was not registered. In the group of 
abundance and biomass. Indicative for its role in the second stage of subdominants in number occurred only Ch. insignis and Ch. affinis. 
development of phytoplankton seasonal successions (Raymond, Most species evolved only among the group of "the present" in the 
1980; Petrova et al, 2013) in the coastal waters were also the community. Percentage contribution of the species of the genus 
identified periodic peaks in the percentage involvement of the genus Chaetoceros in phytoplankton coenosis showed four peaks during 
during the months of May, July and October.  the year – in May, July, October and December. Its maximum 

 Autotrophity of the genus and its concentration in the 20 m presence in number was registered in July (40.50%), and the peak of 
surface water layer, above the compensation point for biomass in May (67.05%). Dominance of quantitative values 
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(number and biomass) of the genus was registered in the special intercalary setae in Korean coastal waters. Algae, 26, 2, 153-
anthropogenic loaded water areas as Varna Bay and in front of c. 165.
Galata. The vertical distribution of the species was mainly in the Lobo E and Leighton G, 1986. Estructuras comunitarias de las 
surface water layer from 0 to 20 m. "Blooms" of representatives of fitocenosis planctonicas de los sistemas de desembocaduras de 
the genus Chaetoceros during 2008–2010 were not established. rios y esteros de la zona central de Chile. Revista de Biologia 

Marinha, vol. 22, 1-29.
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