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1. Introduction

Currently, many freshwater ecosystems are 
recovering after anthropogenic eutrophication. 
Vygozerskoe reservoir in Karelia is a naturally oligo-
mesotrophic reservoir, into which wastewater from a 
pulp and paper mill has been flowing for a long time. 
The phosphorus content in wastewater increased 
significantly after the start of biological wastewater 
treatment in 1976. The ecosystem of the northern 
part of the reservoir quickly reached a meso-eutrophic 
state. A decrease in the nutrient load on the aquatic 
ecosystem began due to the economic crisis in the 
early 1990s. Previous studies of photosynthesis, 
chlorophyll a, total phosphorus in 2001–2011 showed 
that reoligotrophization processes took place in the 
ecosystem. However, in the structure of phytoplankton 
there were still changes caused by an increase in the 
trophic level (Tekanova et. all, 2011). 

The aim of the study was to assess the current 
state of the production characteristics of phytoplankton 
in the Vygozerskoe reservoir after a long decrease in 
nutrient load.

2. Material and methods 

 The studies were carried out in August 2017 
in the surface layer of water. Chlorophyll a in water 
was determined spectrophotometrically. The rate 

of photosynthesis was measured by the oxygen flask 
method. An assimilation factor of 1.25 was taken when 
converting data to carbon units (Bouillon, 1993). 

3. Results and discussion 

The values of photosynthesis in the water body 
in August 2017 ranged from 20.4 to 136.3 (67.4±19.7) 
μg C/l·day, the chlorophyll a concentration – 2.8–7.5 
μg/l, total phosphorus – 12–16 μg/l. Higher rates of 
photosynthesis, concentrations of chlorophyll a and 
total phosphorus were observed in the southern part of 
the reservoir, which is strongly influenced by the river 
inflow, and not in the northern part, which receives 
wastewater from the pulp and paper mill. 

A component data analysis showed that 
photosynthesis during the study period was independent 
of the total phytoplankton biomass and the total 
phosphorus concentration in the water. Factors that 
reliably intensify the biosynthesis of phytoplankton were 
the chlorophyll a concentration, water temperature, 
the total number of phytoplankton and the contribution 
to the community of chlorophyll-rich green and blue-
green algae, and Euglenophyta. An increase in the 
community of chrysophytа and dinophytes negatively 
affected the rate of photosynthesis.

A comparative analysis of the statistical 
characteristics of the rate of photosynthesis, the 
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concentration of chlorophyll a and total phosphorus in 
2017 and 2007–2011 showed that medians in 2007 did 
not exceed the upper limit of the confidence interval 
for the previous study period.

The values of photosynthesis and the total 
phosphorus concentration in the Vygozerskoe reservoir 
from 2007 to the present time correspond to the 
period of the early 1970s before the development 
of anthropogenic eutrophication (Vislyanskaya and 
Kharkevich, 1985). The chlorophyll concentration in 
water has not changed significantly since the 2000s, 
when it decreased by almost 4 times compared to the 
eutrophication period. However, these concentrations 
remain 3‒3.5 times higher than in the early 
1970s (Vislyanskaya and Kharkevich, 1985). This 
discrepancy is caused by changes in the structure of 
phytoplankton that occurred in the 1980s during 
eutrophication. In the early 1970s, more than 95% of 
the community were diatoms, and in the 1980s, this 
group decreased to 70%. In phytoplankton, the share 
of highly productive species-indicators of increasing 
trophic level and organic pollution from blue-green 
algae, Chlorococcales, Volvocales, and Euglenophyta 
increased (Tekanova et al., 2011). This phytoplankton 
composition was preserved in 2007–2011 and in 2017, 
despite a decrease in quantitative characteristics. The 
retention over time of these structural changes in the 
shallow Vygozerskoe reservoir (average depth of 6.2 
m) can be caused by an increase in the duration of the 
biological summer by 17 days and thermal content by 
307 degrees days as a result of climate warming in the 
region (Efremova and Palshin, 2015).

4. Conclusions 

For a long time, the rates of photosynthesis 
and phosphorus concentrations in the water body are 
similar to those before anthropogenic eutrophication. 
This allows us to conclude that the process of 
reoligotrophization in the Vygozerskoe reservoir is 
completed. The structure of phytoplankton retains a 
large proportion of highly productive forms acquired 

during the eutrophication. This affects the increased 
concentrations of chlorophyll a and may in the 
future become a driver for the rapid development of 
eutrophication under conditions of an increase in the 
phosphorus load on the water body or intensification 
of warming.
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