
Hydrobiological Journal, 2014, Vol. 50, No. 5

Relationship between Chlorophyll a Content and Some

Phytoplankton Characteristics in Fish Ponds and Adjacent

Watercourses*
1

B. V. Adamovich1, 2 & A. A. Zhukova2

1Institute of Fishery

Minsk, Belarus
2Belarus State University

Minsk, Belarus

Relationship between phytoplankton characteristics (biomass, taxonomic

structure, and dimensional composition) and chlorophyll a content in fish ponds

of the “Vileyka” fish farm and in adjacent watercourses, including the Smerdiya

and Viliya rivers, is analyzed in the paper.

KEYWORDS: phytoplankton, biomass, dimensional composition,

chlorophyll.

Introduction

The intensity of phytoplankton development is one of the main hydrobiological indices reflect-

ing the state of aquatic ecosystems. Relationship was established between the intensity of

phytoplankton development and the concentration of photosynthetic pigments in the water [1, 3,

10]. In recent years, the method of assessing the intensity of phytoplankton development in terms of

chlorophyll a content is widely used [14].

Many publications are dealt with the study of relationship between phytoplankton biomass and

chlorophyll a content in natural water bodies and watercourses [1, 3, 9, 10, 12, 19, 20]. However, in

fish ponds this relationship is not clearly understood. Fish ponds receive organic and mineral fertil-

izers and fish food. As a consequence, their productivity and the degree of eutrophication increase

[2, 7, 16].
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The main objective of the present work was to study relationship between phytoplankton bio-

mass, its taxonomic structure, dimensional composition, and the content of chlorophyll a and seston

in the water of fish ponds and adjacent rivers connected with them, and also to assess a possibility of

the calculation of phytoplankton biomass in terms of chlorophyll a.

Material and Methods

Investigations were carried out in 2010–2011 in three fish ponds of the “Vileyka” fish farm (the

Minsk region), and also in the Smerdiya and Viliya rivers. The area of the studied fish ponds is

0.1–0.3 km2. The Smerdiya River 14 km long is the left bank tributary of the Viliya River. The

Viliya River 498 km long is the right bank tributary of the Neman River. The fish ponds of the

“Vileyka” fish farm form the cascade. In spring, they are supplied with the water from the Smerdiya

River, and also from the Viliya River (under conditions of water deficiency). From the fish ponds,

the water incomes into the Smerdiya River and then into the Viliya River.

In the Smerdiya River, the samples were taken at four stations: the first station was dislocated

upstream of the fish farm, the second station – in the place of water release, the third station – 0.5 km

downstream from the place of water release, and fourth station – 2.7 km downstream from the place

of water release. In the Viliya River, the samples were collected in 2010 at two stations located in

the place of water intake and downstream of the mouth of the Smerdiya River. In addition, in 2011

samples were taken upstream of the Viliya Reservoir (45 km upstream of the fish farm), and also up-

stream and downstream of the town of Smorgon (32 and 40 km downstream of the fish farm). The

samples of water were taken monthly during the vegetation season (April – October) from the un-

der-surface layer of water. In the fish ponds and in the Viliya River, the samples of water were taken

using the Lyakhnovich – Shcherbakov tube.

The samples of phytoplankton of 0.5 L volume were fixed by the method of Utermel in the

modification of T.M. Mikheyeva [4] and then concentrated by the method of sedimentation. The

numbers of phytoplankton were calculated using the Fuchs – Rosenthal chamber. The biomass of

algae was determined by the count cell-volume method [5, 13]. The content of suspended matter

was determined gravimetrically. The average individual mass of algae cells was calculated as the

ratio between the total biomass of phytoplankton and its numbers. The samples of water were fil-

tered through the nucleus filters (with the openings of 1 µm in diameter) and then dried to the con-

stant mass at 70oC. The same filters were used in determining the content of chlorophyll a (without

correction to the presence of phaeopigments). Analysis was carried out by the method of

spectrophotometry with the extraction of pigments in 90% acetone [8, 18]. The content of seston

and chlorophyll a was determined in 3–6 replicas at each station.

The obtained data were statistically processed using the MS Excel and Statistica 8.0 Programs.

The Spearmen coefficient of rank correlation was also used. In this case, p = 0.05.

Results and Discussion

In the fish ponds of the fish farm, the intensity of phytoplankton development was essentially

higher than that in the Smerdiya River (the main source of its water supply) (Table 1). In the Viliya

River, its biomass was closely similar to that observed in the fish ponds. In the Smerdiya River,
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phytoplankton biomass varied over a wide range, which is typical to small rivers. In this case, its av-

erage per season biomass was rather low.

All the three studied ecosystems essentially differed in the taxonomic structure of

phytoplankton biomass. In the studied fish ponds, mainly Chlorophyta prevailed in terms of their

biomass. On the average over the period of investigations, their contribution accounted for 54%.

The contribution of Cyanophyta was 20%, whereas that of Bacillariophyta – about 15%. A high in-

tensity of Chlorophyta development was observed during the whole vegetation season. The maxi-

mal intensity of Bacillariophyta development was registered in April – May, whereas the peak of

Cyanophyta biomass was observed in summer. In the Smerdiya River, the distribution of algae bio-

mass over their divisions was more uniform. In this case, Chlorophyta somewhat prevailed. Mainly

Bacillariophyta (typical representatives of phytoplankton of river ecosystems) dominated in the

Viliya River in spring and early summer. Cyanophyta predominated in late summer and autumn at a

high concentration of nutrients and at a rather high temperature of water.

In the ponds, the numbers of phytoplankton were essentially higher than those in the rivers. In

this case, in the ponds and in the Smerdiya River the individual mass of organisms proved to be sev-

eral times lower than that in the Viliya River characterized by a predominance of large-sized forms.
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Table 1

Phytoplankton structure and seston and chlorophyll a content in the studied water bodies and

watercourses

Indices
Fish ponds

(n = 12–25)

Smerdiya River

(n = 16–30)

Viliya River

(n = 21–33)

Biomass (B), mg/L 7.6/6.8/4.99 2.8/1.3/5.1 6.3/4.6/4.4

Chlorophyta, % 53.6/57.5/28.0 35.1/33.8/28.1 4.8/3.0/6.1

Cyanophyta, % 19.9/9.1/23.9 14.5/8.3/22.4 30.4/31.7/28.9

Bacillariophyta, % 14.5/6.3/19.3 25.6/20.1/24.4 53.0/59.1/32.0

Others, % 12.0/5.6/19.6 24.8/21.0/26.7 11.8/1.9/19.9

Numbers (N), million cells/L 35.5/22.0/40.9 6.0/3.3/6.9 3.9/3.6/2.4

Average individual mass of

algae cells (B/N), 10–9 g

0.5/0.5/0.3 0.6/0.3/0.6 2.0/1.6/1.5

Seston, mg/L 16.8/15.9/6.9 9.9/5.4/11.6 10.1/8.9/4.5

Chlorophyll a, µg/L 80.6/70.6/53.3 17.0/5.8/22.5 21.2/18.4/11.1

Chlorophyll a in seston, % 0.4/0.4/0.2 0.2/0.1/0.1 0.2/0.2/0.1

Chlorophyll a in biomass, % 1.2/0.7/1.4 0.8/0.6/0.8 0.4/0.4/0.3

Note. The average/median/standard deviations are given for all stations per vegetation season.



At the studied stations, the content of seston ranged from 1 to 30 mg/L. Its minimal content was

observed in August in the Smerdiya River in the place of water release, whereas the maximal con-

tent of seston was registered in the ponds in August – September. On the whole, in the rivers the

content of seston was lower than that in the ponds (Table 1).

The concentration of chlorophyll a varied over a wide range: from 1 (the Smerdiya River, June)

to 162 µg/L (the fish pond, September). On the whole, seasonal dynamics of chlorophyll a content

correlated well those of seston. Both indices increased by September. In the ponds on the average

per vegetation season, the content of chlorophyll proved to be essentially higher than that in the

Smerdiya and Viliya rivers. In the studied fish ponds in seston and in phytoplankton biomass, the

specific content of chlorophyll was somewhat higher than that in the rivers.

Literature data [3, 10] suggest that a relative content of chlorophyll in phytoplankton biomass

varies over a wide range – from 0.02 to 9.70%. In some rivers of Belarus, this index accounts for

0.22–1.12% [6]. In this case, in the contaminated sections it is higher. Only some publications are

dealt with the study of relationship between the content of chlorophyll and phytoplankton biomass

in fish ponds [2, 16, 20]. Thus, in the fish ponds of the first group in the organic matter of algae the

content of chlorophyll accounted for 1.1–1.7%, whereas in the fish ponds of the second group it was

0.8–0.9% [2]. In fish ponds of Belarus [7], the content of chlorophyll in phytoplankton biomass ac-

counted for 0.09–0.46% (on the average 0.26%), which is essentially lower than that obtained as a

result of original investigations.

It has been found that in the Smerdiya and Viliya rivers phytoplankton biomass correlates well

with chlorophyll content (Table 2). In fish ponds, such correlation was not observed. On the whole,

the concentration of chlorophyll in the water increased with increasing phytoplankton total biomass

(r = 0.70). However, in fish ponds phytoplankton biomass in terms of chlorophyll content is rather

difficult to assess.

In both studied rivers, the specific content of chlorophyll a correlated well with phytoplankton

biomass. In the fish ponds, this correlation was not statistically valid (Table 2). In this case, the coef-

ficient of correlation was negative. The specific content of chlorophyll decreased with increasing

the total biomass of phytoplankton, which is supported by literature data [1, 2, 9, 10, 20]. On the

whole, the coefficient of correlation was not high (-0.44). However, it was statistically valid (p ≤
0.05).

At present the reasons of the difference in the specific content of chlorophyll in phytoplankton

are not clearly understood. For the most part it is accounted for by changes in the taxonomic struc-

ture of phytoplankton, that is by changes in the complex of dominant species differing in the spe-

cific content of chlorophyll [12, 19]. It is thought that in green algae the content of chlorophyll is

4–6 times higher than that in Cyanophyta and Bacillariophyta. A predominance of Chlorophyta in

phytoplankton is responsible for a high relative content of chlorophyll in the total biomass of

phytoplankton [1, 3]. However, a set of publications [9, 10, 15, 20] suggests that in studies of sur-

face water bodies such relationship is not registered, or the content of chlorophyll decreases with in-

creasing the contribution of Cyanophyta to 95%. In this case, chlorophyll content does not correlate

with the contribution of green algae [16].

In the studied rivers, relationship between the contribution of Chlorophyta to the total biomass

of phytoplankton and the specific content of chlorophyll was not established. In fish ponds, the co-
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efficient of correlation between these indices was rather high and statistically valid. However, it was

negative (r = -0.60). Thus, the specific content of chlorophyll decreased with increasing

phytoplankton biomass. In fish ponds during the whole period of investigations, Chlorophyta pre-

vailed in terms of their biomass (on the average 54%). Thus, a relative content of chlorophyll de-

pended inversely on phytoplankton biomass. On the whole, in the studied ecosystems relationship

between the taxonomic structure of phytoplankton and the specific content of chlorophyll in algae

biomass was not established. It should be noted that in fish ponds the contribution of Chlorophyta

increased with decreasing the contribution of Cyanophyta (r = -0.45), whereas in the Smerdiya and

Viliya rivers the increase in the contribution of Cyanophyta was accompanied by the decrease in the

contribution of Bacillariophyta (r = -0.37 and -0.77, respectively).

In addition it is thought that the specific content of chlorophyll in phytoplankton depends on the

difference in the individual dimensions of its representatives. The increase in their dimensions

rather often is accompanied by the decrease in a relative content of chlorophyll [2, 11, 12, 17].
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Table 2

Coefficients of correlation between phytoplankton biomass and seston and chlorophyll a content

in the studied water bodies and watercourses

Indices
Fish ponds

(n = 12)

Smerdiya

River (n = 16)

Viliya River

(n = 21)

Seston / biomass 0.07 0.45 0.52*

Chlorophyll a / biomass 0.27 0.81* 0.62*

Chlorophyll a in biomass/biomass -0.31 -0.54* -0.60*

Chlorophyll a / seston 0.83* 0.71* 0.85*

Chlorophyll a in biomass/seston 0.71* 0.20 0.19

*Statistically valid coefficients of correlation with p � 0.05.

Table 3

Coefficients of correlation between the average individual mass of algae cells and phytoplankton

biomass and chlorophyll a content in biomass in studied water bodies and watercourses

Indices
Fish ponds

(n = 12)

Smerdiya

River (n = 16)

Viliya River

(n = 21)

Average individual mass of algae

cells/phytoplankton biomass

0.01 0.79* 0.68*

Average individual mass of algae

cells/chlorophyll a content in biomass

-0.61* -0.81* -0.22

*Statistically valid coefficients of correlation with p � 0.05.



In the studied fish ponds and in the Smerdiya River, the average individual mass of algae cells

depended inversely on a relative content of chlorophyll (Table 3). It should be noted that this corre-

lation was rather close and statistically valid. In the Viliya River, such relationship was also ob-

served. However, the coefficient of correlation was not statistically valid. On the whole, a relative

content of chlorophyll decreased with increasing the average individual mass of algae cells. This re-

lationship is approximated well by regression curve (Fig. 1). In this case, the coefficient of correla-

tion is 0.76 with p = 0.0045.

Conclusion

The obtained data suggest that in the studied watercourses and fish ponds the specific content of

chlorophyll decreased with increasing phytoplankton biomass. In the ponds in terms of chlorophyll

content, phytoplankton biomass should be assessed with caution. To characterize the intensity of

phytoplankton development, both these indices should be used. The specific content of chlorophyll

in phytoplankton decreased with increasing the average individual mass of organisms. In this case,

relationship between changes in the taxonomic structure of phytoplankton and the specific content

of chlorophyll in biomass was not established.
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Fig. 1. Relationship between the specific content of chlorophyll a in phytoplankton bio-

mass (Chl/B, %) and the average individual mass of algae cells (B/N, 10–9 g): 1 – fish

ponds; 2 – the Smerdiya River; 3 – the Viliya River (on the average over the studied sta-

tions).



Literature Cited

1. Yelizarova, V.A. 1993. Chlorophyll as the index of phytoplankton biomass. Pp. 126–131 in:

Metodicheskiye voprosy izucheniya pervichnoy produktsii planktona vnutrennikh vodoyemov.

(Methodical problems of the study of primary production of plankton of inland water bodies.) /

Ed. by I.L. Pyrina. Saint-Petersburg, Gidrometeoizdat Press. [Rus.]

2. Kuzmicheva, V.I. 1970. Pervichnaya produktsiya planktona pri ispolzovanii mineralnykh

udobreniy v rybovodnykh prudakh. (Plankton primary production in using mineral fertilizers in

fish ponds.) Author’s abstract of PhD Thesis. Dmitrov, VNIIPRKh Press. 24 pp. [Rus.]

3. Mineyeva, N.M. 2004. Rastitelnye pigmenty v vode volzhskikh vodokhranilishch. (Plant pig-

ments in the water of the Volga Reservoirs.) / Ed. by V.T. Komov. Moscow, Nauka Press.

156 pp. [Rus.]

4. Mikheyeva, T.M. 1989. Methods of the quantitative assessment of nanophytoplankton (a re-

view). Gidrobiol. Zhurn. 25(4): 3–21. [Rus.]

5. Mikheyeva, T.M. 1999. Algoflora Belarusi. Taksonomicheskiy katalog. (Algae flora of

Belarus. Taxonomic catalog.) Minsk, Belorusskiy Universitet Press. 396 pp. [Rus.]

6. Mikheyeva, T.M. & A.P. Ganchenkova. 1979. Indicator significance and functional role of

phytoplankton in the rivers differing in the degree of their contamination. Gidrobiol. Zhurn.

15(1): 53–60. [Rus.]

7. Prosyanik, L.V. 1974. Productivity of pond phytoplankton and its regulation. Voprosy Rybnogo

Khozyaystva Belarusi 10:36–51. [Rus.]

8. Sigareva, L.Ye. 1993. Spectrophotometric method of determining phytoplankton pigments in

the mixed extraxt. Pp. 75–85 in: Metodicheskiye voprosy izucheniya pervichnoy produktsii

planktona vnutrennikh vodoyemov. (Methodical problems of the study of primary production

of plankton of inland water bodies.) / Ed. by I.L. Pyrina. Saint-Petersburg, Gidrometeoizdat

Press. [Rus.]

9. Sidelev, S.I. & O.V. Babanazarova. 2008. Analysis of relationship between pigments and struc-

tural characteristics of phytoplankton in the high eutrophic lake. Journal of Siberian Federal

University. Biology 2(1): 162–177. [Rus.]

10. Trifonova, I.S. & B. Desortova. 1983. Chlorophyll as a measure of phytoplankton biomass in

water bodies of various types. Pp. 58–80 in: Gidrobiologicheskiye protsessy v vodoyemakh.

(Hydrobiologicla processes in water bodies.) Leningrad, Nauka Press. [Rus.]

11. Chetelat, J., F.R. Pick & P.B. Hamilton. 2006. Potamoplankton size structure and taxonomic

composition: influence of river size and nutrient concentrations. Limnol. Oceanogr. 51 (1,

p. 2): 681–689.

12. Felip, M. & J. Catalan. 2000. The relationship between phytoplankton biovolume and chloro-

phyll in a deep oligotrophic lake: decoupling in their spatial and temporal maxima. J. Plankton

Res. 22(1): 91–106.

13. Hillebrand, H., C.-D. D�rselen, D. Kirschtel et al. 1999. Biovolume calculation for pelagic and

benthic microalgae. J. Phycol. 35: 403–424.

14. Lampert, W. & U. Sommer. 2007. Limnoecology. 2nd ed. Oxford, Oxford University Press.

324 pp.

15. Nicholls, K.H. & P.J. Dillon. 1978. An evaluation of phosphorus-chlorophyll-phytoplankton

relationships for lakes. Int. Revue ges. Hydrobiol. 2: 141–154.

16. Pereira, E., I. Anne, M. L. Fidalgo & V. Vasconcelos. 2001. Phytoplankton and nutrient dy-

namics in two ponds of the Esmoriz wastewater treatment plant (Northern Portugal). Limnetica

20(2): 245–254.

33



17. Peters, R.H. 1983. The ecological implications of body size. Cambridge, Cambridge University

Press. 329 pp.

18. SCOR-UNESCO Working group N 17. Determination of photosynthetic pigments in

sea-water. 1966. Pp. 9–18 in: Monographs on Oceanologic Methodology. UNESCO, Paris.

19. Tolstoy, A. 1979. Chlorophyll a in relation to phytoplankton volume in some Swedish lakes.

Arch. Hydrobiol. 2: 133–151.

20. Voros, L. & J. Padisak. 1991. Phytoplankton biomass and chlorophyll a in some shallow lakes

in central Europe. Hydrobiologia 215: 111–119.

34


