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Impact of the factors of the aquatic environment is an inevitable aspect of the life of fish as poikilothermic animals and provokes res-
ponses in their organisms. The study focused on determining peculiarities in the composition of the metabolic products in the tissues of 
different age and sex groups of common bream Abramis brama (L.) depending on the living conditions in the water reservoirs of the 
Upper Volga. The fish were captured in the fattening period in summer and autumn, measured, weighed, identifying sex, maturity stage of 
the gonads and age. In the muscles, liver and gonads of bream, we analyzed the contents of water, dry matter, lipids, protein, ash and 
carbohydrates using the standard techniques. The contents of biochemical components in the organism of bream were to a higher degree 
determined by the peculiarities of the living conditions rather than sex and age of the individuals. In the muscles and liver of bream living 
in the conditions of increased water temperature and low concentration of oxygen, the concentrations of protein and ash were lower. In the 
same tissues of bream from the water bodies with high concentrations of pollutants in the water and benthic deposits, we found increased 
fat content. The muscles of male bream contained less protein and more carbohydrates than females and juvenile individuals, and the 
muscles of juveniles had less fat. The environmental factors had greater influence on the content of the metabolic products in the liver of 
bream than sex, and only females had higher ash content than males. The testes had more fat and less protein than the ovaries. During the 
transition of the gonads from maturity stage II to III, the contents of dry matter and lipids in them decreased. We determined that the envi-
ronmental factors have stronger impact on biochemical parameters in the tissues of bream than age, because we found no general age 
patterns in the dynamics of biochemical components, except the liver, in which the highest content of organic compounds was found in 
individuals aged 6 to 10 years. Water heated by the Hydro Power Plant positively influenced the young bream, as indicated by higher 
content of metabolic products in individuals aged 5+ than older groups and bream from the surveyed water bodies. Monitoring of the 
physiological condition of bream focusing on the contents of metabolic products in the tissues may provide necessary data for successful 
regulation of bream populations in the water reservoirs of the Upper Volga.  

Keywords: Abramis brama; protein; fat; proximate composition; water temperature; pollution of bed deposits.  

Introduction  
 

The patterns of the relationships between fish and abiotic and anthro-
pogenic factors are among the problems studied within the scope of hy-
drobiology, because the effects of the environment such as fluctuation of 
water temperature, pH, oxygen, hydraulic regimes, pollutants and other 
are an inevitable aspect of life of fish as poikotherm animals (Shuter et al., 
1989; Ali et al., 2005; Fang et al., 2010; Guiet et al., 2016; Santos et al., 
2020). In order to analyze the responses of the organism to the environ-
mental factors, biomarkers are used, the most successful being considered 
histological, biochemical and physiological parameters. Indicators of 
metabolism attract great scientific interest, for their content may change 
due to the effects of various factors of the aquatic environment (Larsson 
et al., 1984; Lund et al., 2011; Collier et al., 2013; Filippov et al., 2017). 
This specificity of the organism of fish has developed in the process of the 
evolution to survive in changing conditions. Exhaustion of reserves over 
time due to stress factors may lead to impairments in the physiological 
processes and death of fish (Adams, 1999; Schultz & Conover, 1999; Biro 
et al., 2004; Takegaki & Takeshita, 2020).  

A significant role in the metabolic process belongs to water. It partici-
pates in many physical-chemical reactions, the normal functioning of cells 
and tissues requiring its content to be maintained at stable levels, changes 
in which may be related to unfavourable conditions (Meyer et al., 1956; 
Martemyanov, 2013, 2015; Payuta et al., 2019b). There are data reporting 

inverse relation between the content of lipids and share of water in the 
organs and tissues of many fish (Bano, 1977; Sutton et al., 2000; Payuta & 
Flerova, 2019). The content of lipids and their dynamics in the organism 
of hydrobionts are important parameters of the condition of both the indi-
viduals and their offspring (Adams, 1999; Tocher, 2003; Lloret et al., 
2014). Choosing a strategy of distribution and storage of fat reserves al-
lows every species of fish to adapt to the living conditions and successfully 
compete with other species, for such adaptation is based on energy ba-
lance (Adams, 1999; Grande et al., 2016; Murzina et al., 2020). Protein 
plays an important role in anabolism and energy metabolism. Protein 
synthesis is associated with processes of growth, fish development, matu-
ration of their sex glands, and its deficiency in the diet reduces or halts the 
growth and weight gain of fish because of intense expenditure of proteins 
to support the organism (Bano, 1977; Winfree & Stickney, 1981; Houli-
han et al., 1994; Carter & Houlihan, 2001). Mineral substances, their ions 
and compounds are important components of hormones, enzymes and 
activators of enzymes, and participate in some metabolic processes and 
are essential in the organism (Lall, 2003; Fawole et al., 2007; Njinkoue 
et al., 2016). Carbohydrates are the commonest energy source. The resul-
ting energy is used for mechanical work of muscles, biosynthesis, secreto-
ry function, and part of it disperses as heat (Shulman & Love, 1999; Da-
browski & Guderley, 2003; Lloret et al., 2014).  

Data on the peculiarities of the contents of metabolic products in the 
organism of fish are the basis for understanding the mechanisms of adap-
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tations of individuals to changing environmental conditions. Studying the 
shifts in the accumulation of metabolic products in the tissues of hydro-
bionts may be an indicator of the conditions of individual species, fish 
populations, and also the environment they live in (Shearer, 1994; Ahmed 
& Sheikh, 2017; Payuta et al., 2019b).  

Over recent years, research has been published on the metabolism of 
hydrobionts depending on the environmental conditions (Ali et al., 2006; 
Karamushko, 2016; Payuta et al., 2018; Payuta et al., 2019b). Aside from 
the environmental factors, the influence of sex, age of individuals, and 
maturity stage of the gonads on the contents of metabolic products in the 
organism of fish have been noted (Vdovin & Antonenko, 2014; Ganguly 
et al., 2017; Massresha et al., 2017; Mitra et al., 2017; Payuta et al., 2019a; 
Payuta & Flerova, 2019). To a greater degree, similar research has been 
performed on industrial marine fish (Marais & Venter, 1991; Karakoltsi-
dis et al., 1995; Shulman & Love, 1999; Amara et al., 2007; Lloret et al., 
2014; Gorbatenko & Lazhentsev, 2016; Cui et al., 2018). However, there 
are very few studies dealing with a broad spectrum of factors influencing 
freshwater fish that live in the natural conditions, these studies are scattered 
and focus on dynamics of individual parameters of metabolism (Jabeen 
et al., 2015; Tsegay et al., 2016; Payuta et al., 2019a).  

The Volga-Caspian Basin is a unique hydrological system that unites 
water reservoirs different in morphological, morphometric specifics, and 
anthropogenic impact. Given these specifics, the water reservoirs of the 
Upper Volga may be a convenient model to study the influence of the 
aquatic environment on different age and sex groups of fish. Common 
bream Abramis brama is one of the most abundant species of Cyprinidae 
family in the water reservoirs of the Volga-Caspian Basin. The species has 
an important place in the ecosystem of water bodies and is considered an 
important object of commercial and sport fishing (Subbotkin & Subbotki-
na, 2016; Gerasimov et al., 2018; Karabanov et al., 2018). Therefore, stu-
dy of the content of metabolic products in the muscles and organs of 
bream that live in the conditions of the water reservoirs of the Upper Vol-
ga is of great interest for solving a number of tasks in hydrobiology.  

The objective of the study was complex exploration of the influence 
of the environmental conditions on the parameters of metabolism in the 
organs and tissues in freshwater fish taking into account sex and age spe-
cifics (on the example of bream of the Gorky, Uglich and Ivankovo water 
reservois).  
 
Materials and methods  
 

All the procedures with the objects of the study were performed ac-
cording to the ARRIVE recommendations for using animals in scientific 
purposes (Kilkenny et al., 2010). All the applicable international, national 
or institutional instructions on care and use of animals were observed.  

The Gorky Reservoir is divided into lake and river parts and is a 
moderate eutrophic water body. On its right bank, there is one of the lar-
gest European and Russian Electric Power Stations – the Kostroma Power 
Station (Kostromskaya GRES). In the zone of distribution of heated wa-
ters, no negative impact on hydrobionts was determined. Surveys of the 
water body revealed local areas with heightened contents of heavy metals 
and persistent organic pollutants in water and benthic deposits (Kopylov, 
2001; Dzyuban et al., 2007; Perova, 2010; Golovanov, 2013; Mineeva & 
Makarova, 2018). The Uglich Reservoir is a eutrophic water body of 
stream bed type, with high concentrations of heavy metals reported for its 
water and benthic deposits (Gapeeva & Zakonnov, 2016; Tolkachev et al., 
2017; Mineeva & Makarova, 2018; Mineeva, 2019).  

The Ivankovo Reservoir is a eutrophic water body of valley type with 
lake-like stream pools characterized by high contents of benthos; pollution 
in the benthic deposits has been assessed as acceptable. The main source 
of thermal pollution is the Konakovo Power Station (Konakovskaya 
GRES), near which there are observed high water temperatures that ex-
ceed the norms and negatively affect the development of macrozooben-
thos. High temperature is observed 5 km downstream all across the water 
(Golovanov, 2013; Tolkachev et al., 2017; Mineeva & Makarova, 2018; 
Mineeva, 2019). It has to be noted that in the period of the current study, 
the Uglich and Ivankovo Reservoirs were characterized by heightened 
water temperatures and dangerously low concentrations of oxygen for 
hydrobionts (less than 5 and 2 mg/L) (Lazareva et al., 2018a, 2018b; 

Mineeva, 2019). Bream were caught from the research vessel Akademik 
Topchiev during expeditions with the Papanin Institute for Biology of 
Inland Waters Russian Academy of Sciences. In the Gorky Water Reser-
voir, the fish of different sexes and ages were collected at the end of the 
fattening period (September – early October) on standard trawling sta-
tions, excluding the material collected in the areas with high degree of 
pollution (Table 1). In the Uglich and Ivankovo Reservoirs, the bream 
were caught in August (fattening period) on standard catching stations. 
The gonads and the liver were extracted from mature specimens.  

Table 1  
Body size, weight and condition factor of bream (x ± SE)  

Reservoir n Age Length  
(SL), cm Weight, g Fulton con-

dition factor 
Clark con-
dition factor 

Gorky 104 3+ – 10+ 26.7 ± 0.6 440 ± 26 2.06 ± 0.02 1.82 ± 0.02 
Uglich   46 2+ – 11+ 26.6 ± 0.9 450 ± 43 2.06 ± 0.03 1.86 ± 0.03 
Ivankovo   79 4+ – 12+ 29.9 ± 0.8 634 ± 50 2.20 ± 0.06 1.95 ± 0.05 

 

After catching, the fish were kept in containers with river water, 
where they underwent acclimatization. We measured standard length 
(SL), weight of fish, weight of gutted fish, determined sex and stage of 
maturity of the gonads of each individual. We separated the scales, then 
the skin from the skeletal muscles, took samples of the muscular tissue 
from along the cord and extracted the liver and the gonads from the inter-
nal cavity. All the samples had been weighed and frozen before the ana-
lysis. Age of fish was determined according to the growth zones on the 
scales. In all the individuals, we identified the indices of physiological 
condition according to Fulton and Clark.  

In the muscular tissue and the organs of fish, we determined the bio-
chemical parameters: content of water, dry mass, fat, protein, ash, carbo-
hydrates in three replications. The concentrations of water and dry matter 
were determined using two step moisture determination: first the samples 
were dried in 60 °С till reaching their constant weight, and then ground in 
a laboratory mill and dried in the temperature of 105 °С until the constant 
weight. Then the concentrations of water and dry matter were calculated 
using the technique (Flerova, 2014). The number of lipids was calculated 
according to the method of defatted sediment in Soxhlet apparatus. Ex-
traction was carried out using non-polar solvent – petroleum ether that 
mostly extracts reserve fats (Parrish, 1999; Min & Ellefson, 2010; Elliott 
et al., 2017). Protein content was determined using the Kjeldahl method. 
Nitrogen content was determined in a semi-hydraulic distiller UDK 139 
(Velp Scientifica, Italy, 2011). We multiplied the obtained percentage of 
nitrogen in the sample by empirical coefficient of protein conversion 6.25 
and determined the value of raw protein, which is the total amount of 
various nitrogen substances based on protein (Chang, 2010; Yeganeh 
et al., 2012). Ash content was determined using the gravimetric method of 
burning samples in a muffle furnace at the temperature of 550 °С (Mar-
shall, 2010; Flerova, 2014).  

The data were statistically analyzed in Statistica 10.0 (StatSoft Inc., 
США, 2011). The data are presented as mean values and their standard 
errors (x ± SE). The differences between the values were determined 
using ANOVA. The differences between the compared parameters were 
considered significant at P < 0.05.  
 
Results  
 

Mean parameters of fattening and chemical composition of the 
muscles and the organs of bream. As a result of the study, we deter-
mined that the physiological condition indices between bream in the 
Gorky and Uglich Reservoirs differed insignificantly (Table 1). In bream 
of the Ivankovo Reservoir, this parameter was higher than in individuals 
of other water bodies.  

On average, the contents of metabolic products in the muscular tis-
sues of bream living in different conditions were similar (Table 2). None-
theless, compared with the bream from the Uglich and Ivankovo Reser-
voirs, the individuals from the bream population of the Gorky Reservoir 
had significantly higher content of dry matter, including proteins and ash, 
but lower amounts of fat and carbohydrates than the bream of the Uglich 
Reservoir. The muscular tissue of bream from the Ivankovo Reservoir 
contained less water compared with bream from the other water bodies.  
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Table 2  
Biochemical parameters of muscles, liver and gonads of bream (x ± SE) 

Organ / tissue Reservoir n Content, % 
water dry matter lipids protein ash carbohydrates 

Muscle 
Gorky 104 78.87 ± 0.11a 21.13 ± 0.11a 0.97 ± 0.05a 17.25 ± 0.12a 1.16 ± 0.02a 1.75 ± 0.10a 

Uglich 42 80.85 ± 0.18b 19.15 ± 0.18b 1.10 ± 0.05a 15.37 ± 0.26b 1.05 ± 0.03b 1.85 ± 0.03a 

Ivankovo 43 80.93 ± 0.21b 19.07 ± 0.21b 1.04 ± 0.07a 15.87 ± 0.23b 1.11 ± 0.04ab 1.05 ± 0.12b 

Liver 
Gorky 84 79.56 ± 0.46a 20.44 ± 0.46a 4.30 ± 0.44a 8.56 ± 0.26a 0.77 ± 0.06a 6.81 ± 0.32a 
Uglich 46 81.22 ± 0.53a 17.87 ± 0.53a 6.43 ± 0.48b 8.49 ± 0.16a 0.75 ± 0.03a 3.11 ± 0.14b 

Ivankovo 79 83.24 ± 0.51b 16.76 ± 0.51b 4.90 ± 0.30a 7.93 ± 0.21a 0.74 ± 0.03a 3.19 ± 0.13b 

Testes* 
Gorky 33 66.37 ± 2.60a 33.63 ± 2.60a 24.43 ± 2.94a 5.06 ± 0.51a 0.73 ± 0.19a 3.40 ± 0.56a 
Uglich 16 68.07 ± 1.64a 31.93 ± 1.64a 18.00 ± 2.18a 8.57 ± 1.52b 1.26 ± 0.21a 4.09 ± 1.29a 

Ivankovo 16 66.33 ± 3.46a 33.67 ± 3.46a 22.16 ± 3.05a 7.80 ± 0.56ab 0.95 ± 0.06a 2.76 ± 1.09a 

Ovaries* 
Gorky 51 71.45 ± 2.71a 28.55 ± 2.71a 15.35 ± 2.96a 8.54 ± 0.63a 1.21 ± 0.31a 3.45 ± 0.73a 
Uglich 27 76.75 ± 0.79a 23.25 ± 0.79a 5.21 ± 0.64b 14.21 ± 0.64b 0.90 ± 0.09a 2.93 ± 0.39a 

Ivankovo 59 73.24 ± 1.20a 26.76 ± 1.20a 11.36 ± 1.13a 12.12 ± 0.47c 1.22 ± 0.09a 2.07 ± 0.36a 
Note: gonads of fish at maturity stages II and III; different letters in the column indicate values that significantly differ one from another between the reservoirs separately for the 
muscular tissue, liver and gonads of males and females using Bonferroni correction (P < 0.05).  

In the liver of bream of the Ivankovo Reservoir, there was statistically 
greater concentration of water, whereas the individuals of the Uglich 
Reservoir had more lipids and those of the Gorky Reservoir – carbohyd-
rates. The gonads of male and female bream of the Gorky Reservoir con-
tained the largest amount of lipids, while having the lowest content of 
protein. Bream of the Uglich Reservoir had more ash and carbohydrates in 
the testes than males of the examined water bodies had in the gonads. 
The sex glands of females from the Gorky Reservoirs were characterized 
by heightened concentration of carbohydrates, and the gonads of females 
of the Ivankovo Reservoir – increased content of mineral substances.  

Chemical composition of the muscles and organs of bream of dif-
ferent sexes and maturity stages of the gonads. Content of dry matter 
and fat in the muscles of bream of the Gorky Reservoir decreased as fol-
lows: males – females – juveniles. The highest content of protein was 
found in the muscular tissue of immature bream, the lowest – in the mus-
cles of males. The level of ash accumulation decreased in the following 
order: males – juveniles – females; the descending order of the content of 
carbohydrates was as follows: males – females – juveniles (Table 3).  

The liver of male bream of the Gorky Reservoir contained more dry 
matter, including protein, ash and carbohydrates, than females. Content of 
fat in the liver of both sexes was similar. The ovaries of bream of the 

Gorky Reservoir had lower concentrations of dry matter and fat, but sig-
nificantly greater amounts of protein and mineral compounds (Table 3).  

In both the ovaries and testes of bream of the Gorky Reservoir, the 
content of dry matter, lipids decreased and those of water and carbohyd-
rates increased with maturity. During the maturation, the content of protein 
and ash in the gonads of male bream increased, by contrast to the repro-
ductive organs of females, where the analyzed parameters decreased as 
the gonads maturated (Table 4).  

The concentrations of dry matter and protein in the muscles of bream 
of the Uglich Reservoir increased in the following order: males – juveniles – 
females. Lower content of fat was seen in the muscles of males and juve-
niles as compared with females. The content of ash increased in following 
order: immature individuals – males – females. The highest content of 
carbohydrates was seen in the muscles of males, while the lowest was 
observed in females of the Uglich Reservoir (Table 5).  

In the liver of female bream of the Uglich Reservoir, we found 
heightened contents of dry matter, fat, carbohydrates and decreased 
amounts of protein and ash compared with females. The testes of bream 
of the Uglich Reservoir contained statistically significantly greater 
amounts of dry matter and fat and lower content of protein compared 
with the ovaries (Table 5).  

Table 3  
Biochemical indicators of muscles, liver and gonads of bream, differing in sex, from the Gorky Reservoir (x ± SE)  

Organ / tissue Sex n Content, % 
water dry matter lipids protein ash carbohydrates 

Muscle 
Males 33 78.82 ± 0.15 21.18 ± 0.15 1.07 ± 0.09 17.04 ± 0.20 1.23 ± 0.05 1.84 ± 0.22 

Females 51 78.87 ± 0.19 21.13 ± 0.19 0.97 ± 0.08 17.33 ± 0.18   1.09 ± 0.03* 1.74 ± 0.13 
Juveniles 20 78.95 ± 0.17 21.05 ± 0.17 0.82 ± 0.07 17.38 ± 0.20 1.17 ± 0.04 1.68 ± 0.18 

Liver Males 33 80.03 ± 2.19 19.97 ± 2.19 4.73 ± 2.22 7.96 ± 0.67 0.74 ± 0.15 6.54 ± 0.53 
Females 51 79.08 ± 2.09 20.92 ± 2.09 4.73 ± 0.94 8.69 ± 0.81 0.89 ± 0.22 6.61 ± 0.91 

Gonads Males 33 65.24 ± 2.89 34.76 ± 2.89 25.62 ± 3.29 5.15 ± 0.59 0.48 ± 0.08 3.51 ± 0.68 
Females 51 69.43 ± 2.50 30.57 ± 2.50 17.17 ± 3.15 8.93 ± 0.64*   0.80 ± 0.09* 3.67 ± 0.91 

Note: index * in the column indicates values that are significantly different from males separately for the muscles, liver and gonads, taking into account Bonferroni correction (P < 0.05).  

Table 4  
Biochemical parameters of bream gonads, differing in maturity stage, from reservoirs of the Upper Volga (x ± SE)  

Reservoir Sex, gonad 
maturation stage n Content, % 

water dry matter lipids protein ash carbohydrates 

Gorky 
Males, II 26 60.95 ± 3.88 39.05 ± 3.88 31.60 ± 3.76 4.49 ± 0.71 0.32 ± 0.08 2.64 ± 0.90 

Males, III 7   72.11 ± 2.24*   27.89 ± 2.24* 16.05 ± 2.74* 6.21 ± 0.99 0.74 ± 0.07* 4.89 ± 0.86 

Females, II 47 69.29 ± 3.05 30.71 ± 3.05 17.67 ± 3.81 9.23 ± 0.74 0.86 ± 0.09 2.95 ± 0.80 

Females, III 4 70.17 ± 2.08 29.83 ± 2.08 14.65 ± 2.90 7.47 ± 0.58 0.47 ± 0.26 7.24 ± 4.14 

Uglich 
Males, II 10 66.63 ± 1.55 33.37 ± 1.55 21.69 ± 0.98 5.77 ± 0.18 0.93 ± 0.04 4.99 ± 1.79 

Males, III 6 68.14 ± 3.35 31.86 ± 3.35 17.38 ± 4.23 8.74 ± 2.78 1.03 ± 0.19 4.72 ± 2.12 

Females, II 14 75.49 ± 0.12 24.51 ± 0.12 8.06 ± 1.11 12.42 ± 0.87 0.97 ± 0.11 3.05 ± 0.86 
Females, III 13 77.63 ± 1.10 22.37 ± 1.10 3.22 ± 0.37*   15.46 ± 0.81* 0.85 ± 0.14 2.84 ± 0.32 

Ivankovo 
Males, II 8 65.77 ± 3.37 34.23 ± 3.37 22.64 ± 2.52 8.22 ± 0.34 1.04 ± 0.14 2.34 ± 0.98 
Males, III 8 66.71 ± 5.88 33.29 ± 5.88 21.84 ± 5.26 7.52 ± 0.96 0.90 ± 0.06 3.04 ± 1.86 
Females, II 20 71.57 ± 1.17 28.43 ± 1.17 14.26 ± 1.41 11.22 ± 0.46 1.07 ± 0.14 1.89 ± 0.46 

Females, III 39 74.35 ± 1.88 25.65 ± 1.88 9.42 ± 1.59* 12.72 ± 0.72 1.31 ± 0.13 2.19 ± 0.54 

Note: index * in the column indicates values that significantly differ from maturity stage II of the gonads separately for males and females of one reservoir taking into account 
Bonferroni correction (P < 0.05).  
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Table 5  
Biochemical indicators of muscles, liver and gonads of bream, differing in sex, from the Uglich Reservoir (x ± SE)  

Organ / tissue Sex n Content, % 
water dry matter lipids protein ash carbohydrates 

Muscle 
Males 13 81.24 ± 0.16 18.76 ± 0.16 1.05 ± 0.11 14.88 ± 0.39 1.00 ± 0.04 1.84 ± 0.42 

Females 21 80.54 ± 0.33 19.46 ± 0.33 1.16 ± 0.07 15.64 ± 0.42 1.16 ± 0.04* 1.51 ± 0.25 
Juveniles 8 81.04 ± 0.22 18.96 ± 0.22 1.05 ± 0.05 15.48 ± 0.38 0.86 ± 0.04f 1.57 ± 0.30 

Liver Males 16 80.41 ± 0.94 19.59 ± 0.94 7.04 ± 1.18 8.23 ± 0.27 0.74 ± 0.06 3.58 ± 0.40 
Females 27 81.13 ± 0.74 18.87 ± 0.74 6.50 ± 0.62 8.64 ± 0.23 0.76 ± 0.05 2.97 ± 0.16 

Gonads Males 16 68.07 ± 1.64 31.93 ± 1.64 18.00 ± 2.18 8.57 ± 1.52 1.26 ± 0.21 4.09 ± 1.29 
Females 27   76.75 ± 0.79*   23.25 ± 0.79*   5.21 ± 0.64*   14.21 ± 0.64* 0.90 ± 0.09 2.93 ± 0.39 

Note: index * in the column indicates values that are significantly different from males, f – from females separately for the muscles, liver and gonads taking into account Bonfer-
roni correction (P < 0.05).  

The more mature the gonads of males and females, the lower the 
amounts of dry matter, fat, carbohydrates and higher content of protein 
they had. The ash content in males increased, while that of females de-
creased. The dynamics of the amounts of lipids and protein in females was 
statistically significant (Table 4).  

Male bream of the Ivankovo Reservoirs had greater content of lipids 
of carbohydrates in the muscular tissues than the females did, but had 
lower contents of dry matter, protein and ash (Table 6).  

In the liver of female bream, there were more fat and mineral sub-
stances, but less proteins and carbohydrates than in males. In the testes of 
bream, the content of protein was significantly higher, and amounts of dry 
matter and lipids were lower than in the ovaries (Table 6).  

During maturation, in the gonads of male and female bream of the 
Ivankovo Reservoir, the content of dry matter and fat decreased, while the 
share of carbohydrates increased. In the testes, the amount of protein and 
ash decreased with maturation, while in the ovaries it increased (Table 4).  

Table 6  
Biochemical indicators of muscles, liver and gonads of bream, differing in sex, from the Ivankovo Reservoir (x ± SE)  

Organ / tissue Sex n Content, % 
water dry matter lipids protein ash carbohydrates 

Muscle Males 12 81.20 ± 0.39 18.80 ± 0.39 1.14 ± 0.15 15.28 ± 0.52 1.05 ± 0.06 1.33 ± 0.35 
Females 31 80.83 ± 0.25 19.17 ± 0.25 1.00 ± 0.08 16.10 ± 0.24 1.13 ± 0.05 0.94 ± 0.11 

Liver Males 16 82.54 ± 0.50 17.46 ± 0.50 4.77 ± 0.47   8.27 ± 0.39 0.68 ± 0.02 3.73 ± 0.19 
Females 59 83.37 ± 0.75 16.63 ± 0.75 5.21 ± 0.41   7.66 ± 0.27 0.72 ± 0.03   3.04 ± 0.17* 

Gonads Males 16 66.33 ± 3.46 33.67 ± 3.46 22.16 ± 3.05   7.80 ± 0.56 0.95 ± 0.06 2.76 ± 1.09 
Females 59   73.24 ± 1.20*   26.76 ± 1.20*   11.36 ± 1.13*   12.12 ± 0.47* 1.22 ± 0.09 2.07 ± 0.36 

Note: index * in the line indicates the values significantly different from the males separately for the muscles, liver and the gonads taking into account Bonferroni correction (P < 0.05).  

Chemical composition of bream individuals of different age and 
water bodies. The content of dry matter and fat in the muscles of bream 
of the Gorky Reservoir had an increasing trend with age (Table 7). Mini-
mum amount of protein was found in three-year old bream, further in-
creasing. Ash content changed insignificantly with a tendency towards 
increase. The amount of carbohydrates in the muscles was characterized 
by decreasing trend.  

In the liver of bream from the Gorky Reservoir, we found no significant 
changes in the amounts of water and dry matter with age. We determined 
age-related increase in fat reserves, the protein component had increased in 
the period from 6+ to 8+, and then dropped to minimum at 10+. Content of 
mineral substances insignificantly changed at the age from 6+ to 8+, and at 
9+ decreased almost 2-fold. Share of carbohydrates changed insignificantly 
with age, having a tendency towards decrease (Table 7).  

Table 7  
Biochemical parameters of muscles, liver and gonads of bream of different ages from the Gorky Reservoir (x ± SE) 

Organ / tissue Age n Content, % 
water dry matter lipids protein ash carbohydrates 

Muscle 

3+ 3 80.42 ± 0.83a 19.58 ± 0.83a 0.79 ± 0.07ac 15.38 ± 0.89a 1.01 ± 0.10a 2.39 ± 0.92a 
4+ 30 79.15 ± 0.14ab 20.85 ± 0.14ab 0.76 ± 0.04a 17.15 ± 0.13ab 1.16 ± 0.05a 1.78 ± 0.13a 
5+ 15 79.14 ± 0.14ab 20.86 ± 0.14ab 0.79 ± 0.07ac 16.86 ± 0.32ab 1.11 ± 0.11a 2.09 ± 0.27a 
6+ 10 79.22 ± 0.72ab 20.78 ± 0.72ab 0.74 ± 0.10ac 17.60 ± 0.59ab 1.12 ± 0.05a 1.33 ± 0.11a 
7+ 15 78.76 ± 0.22ab 21.24 ± 0.22ab 0.94 ± 0.13ac 17.16 ± 0.32ab 1.16 ± 0.06a 1.97 ± 0.37a 
8+ 10 78.31 ± 0.31ab 21.69 ± 0.31ab 1.16 ± 0.19abc 17.52 ± 0.45ab 1.12 ± 0.06a 1.88 ± 0.46a 
9+ 11 78.47 ± 0.28ab 21.53 ± 0.28ab 1.25 ± 0.20bc 17.57 ± 0.31ab 1.18 ± 0.05a 1.53 ± 0.35a 
10+ 10 77.99 ± 0.45b 22.01 ± 0.45b 1.72 ± 0.17b 17.83 ± 0.37b 1.22 ± 0.07a 1.25 ± 0.30a 

Liver 

6+ 9 79.51 ± 0.18a 20.49 ± 0.18a 1.75 ± 0.18a 8.62 ± 0.04a 0.97 ± 0.20a 9.15 ± 0.24a 

7+ 14 78.98 ± 0.76a 21.02 ± 0.76a 3.74 ± 0.51a 9.82 ± 0.74a 0.95 ± 0.09a 6.51 ± 0.78ab 

8+ 9 79.02 ± 1.27a 20.98 ± 1.27a 4.16 ± 0.74a 9.33 ± 0.14a 0.97 ± 0.11a 6.52 ± 0.49b 

9+ 11 79.33 ± 1.12a 20.67 ± 1.12a 4.70 ± 1.15a 8.00 ± 0.53a 0.54 ± 0.13a 7.43 ± 0.38ab 

10+ 10 80.11 ± 2.21a 19.89 ± 2.21a 5.18 ± 1.98a 7.81 ± 0.51a 0.61 ± 0.03a 6.29 ± 0.62b 

Testes 

6+ 3 61.86 ± 0.52a 38.14 ± 0.52a 31.05 ± 2.20a 6.10 ± 0.40a 0.51 ± 0.25a 0.48 ± 0.07a 

7+ 4 54.17 ± 1.06a 45.83 ± 1.06a 37.54 ± 2.47a 3.29 ± 0.93a 0.16 ± 0.02a 4.84 ± 2.32a 
8+ 5 67.60 ± 6.08a 32.40 ± 6.08a 24.08 ± 6.44a 4.15 ± 1.17a 0.32 ± 0.15a 3.85 ± 1.55a 
9+ 4 64.00 ± 11.04a 36.00 ± 11.04a 25.26 ± 13.01a 5.98 ± 2.30a 0.61 ± 0.27a 4.15 ± 1.43a 

10+ 6 73.76 ± 3.80a 26.24 ± 3.80a 15.95 ± 4.19a 5.96 ± 1.22a 0.71 ± 0.05a 3.62 ± 1.85a 

Ovaries 

6+ 7 79.44 ± 0.36a 20.56 ± 0.36a 2.39 ± 1.07a 11.94 ± 0.18a 1.02 ± 0.42a 5.21 ± 1.19a 

7+ 9 63.72 ± 0.18a 36.28 ± 0.18a 22.02 ± 4.05a 11.00 ± 0.71a 0.61 ± 0.10a 2.65 ± 2.03a 

8+ 4 62.87 ± 5.80a 37.13 ± 5.80a 23.27 ± 8.43a 7.96 ± 0.27a 0.68 ± 0.12a 5.22 ± 3.10a 
9+ 7 68.44 ± 5.64a 31.56 ± 5.64a 21.14 ± 7.02a 7.73 ± 1.47a 0.73 ± 0.28a 1.96 ± 1.47a 
10+ 4 76.46 ± 0.01a 23.54 ± 0.01a 12.00 ± 2.38a 7.13 ± 0.71a 1.06 ± 0.12a 3.35 ± 1.78a 

Note: different letters in the column indicate values that significantly differ one from another between individuals of different age separately for the muscular tissue, liver, testes 
and ovaries taking into account Bonferroni correction (P < 0.05).  
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In the testes of bream of the Gorky Reservoir, the content of water 
had an increasing trend and fat had a decreasing trend. The amount of 
protein changed unequally within 3.29–6.10%. Decrease in ash content at 
the age from 6+ to 7+ was followed by increase. Concentration of carbo-
hydrates increased 10-fold at the age of 7+, and then changed insignifi-
cantly (Table 7).  

In the gonads of females, the amount of water decreased till the age of 
8+, and then increased. After increase in fat level in the period from 6+ to 
8+, it decreased by almost two times at the age of 10+. Content of protein 
in the ovaries had a decreasing trend. Ash content decreased till the age 

7+, and then increased, whereas age-related changes in the dynamics of 
content of carbohydrates manifested poorly (Table 7).  

Age dynamics of the water content in the muscles of bream of the 
Uglich Reservoir was characterized by a tendency towards decrease (Ta-
ble 8). The amount of lipids with age changed inequally. Till the age of 
7+, we observed alternation of positive and negative shifts in the protein 
content, and then this parameter peaked at the age of 11 years. Maximum 
content of mineral substances was found at the age of 11+, and the lo-
west – in young individuals. The amount of carbohydrates with age had a 
descending trend, the highest values occurring at the age of 5+ and 7+.  

Table 8  
Biochemical parameters of muscles, liver and gonads of bream of different ages from the Uglich Reservoir (x ± SE)  

Organ / tissue Age n Content, % 
water dry matter lipids protein ash carbohydrates 

Muscle 

2+ 4 81.11 ± 0.28a 18.89 ± 0.28a 1.09 ± 0.03ab 14.85 ± 0.52a 0.86 ± 0.06a 2.10 ± 0.40a 

3+ 4 80.98 ± 0.44a 19.02 ± 0.44a 1.00 ± 0.10ab 16.11 ± 0.38ab 0.86 ± 0.07a 1.05 ± 0.27a 
5+ 5 81.56 ± 0.56a 18.44 ± 0.56a 1.18 ± 0.04ab 13.63 ± 0.90a 0.93 ± 0.06ab 2.70 ± 1.32a 

6+ 5 81.60 ± 0.15a 18.40 ± 0.15a 0.92 ± 0.08ab 15.49 ± 0.31a 0.91 ± 0.03ab 1.08 ± 0.40a 

7+ 8 81.08 ± 0.26a 18.92 ± 0.26a 1.14 ± 0.09ab 14.39 ± 0.48a 1.18 ± 0.04b 2.21 ± 0.50a 

8+ 10 81.01 ± 0.15a 18.99 ± 0.15a 1.22 ± 0.09a 14.86 ± 0.47a 1.10 ± 0.03ab 1.81 ± 0.44a 

9+ 3 81.19 ± 0.66a 18.81 ± 0.66a 0.64 ± 0.17b 16.50 ± 0.60ab 0.94 ± 0.11ab 0.73 ± 0.19a 

11+ 3 77.93 ± 0.76b 22.07 ± 0.76b 1.39 ± 0.36a 18.61 ± 0.24b 1.39 ± 0.19c 0.68 ± 0.07a 

Liver 

6+ 5 82.15 ± 0.05ab 17.85 ± 0.05ab 5.59 ± 0.22ab 8.24 ± 0.38ab 0.65 ± 0.01a 3.38 ± 0.20a 

7+ 8 83.22 ± 0.76a 16.78 ± 0.76a 5.19 ± 0.46ab 7.90 ± 0.22a 0.69 ± 0.04a 3.01 ± 0.28a 

8+ 17 82.58 ± 0.54a 17.42 ± 0.54a 5.13 ± 0.37a 7.98 ± 0.23a 070 ± 0.05a 3.61 ± 0.61a 

9+ 7 77.59 ± 0.54b 22.41 ± 0.54b 9.37 ± 0.91b 9.53 ± 0.46b 0.87 ± 0.11a 2.64 ± 0.39a 

10+ 6 80.32 ± 2.08ab 19.68 ± 2.08ab 7.44 ± 1.98ab 8.82 ± 0.24ab 0.78 ± 0.10a 2.63 ± 0.21a 

11+ 3 82.11 ± 0.13ab 17.89 ± 0.13ab 5.32 ± 0.24ab 8.66 ± 0.31ab 0.81 ± 0.15a 3.11 ± 0.27a 

Testes 8+ 13 65.88 ± 2.01a 34.12 ± 2.01a 22.30 ± 1.38a 5.30 ± 0.41a 0.94 ± 0.13a 5.59 ± 1.52a 

9+ 3 72.46 ± 1.13b 27.54 ± 1.13b 9.42 ± 2.07b 15.13 ± 1.15b 1.90 ± 0.48b 1.09 ± 0.90a 

Ovaries 

7+ 5 75.63 ± 0.61a 24.37 ± 0.61a 8.63 ± 2.46a 12.45 ± 1.45a 1.12 ± 0.26a 2.18 ± 0.99ab 

8+ 8 74.36 ± 1.96a 25.64 ± 1.96a 7.04 ± 1.85a 12.51 ± 1.10a 0.64 ± 0.23a 5.45 ± 1.32a 

9+ 5 80.61 ± 2.61a 19.39 ± 2.61a 3.56 ± 0.73a 13.35 ± 1.76a 0.78 ± 0.23a 1.69 ± 0.54b 
10+ 6 75.87 ± 0.86a 24.13 ± 0.86a 4.35 ± 0.76a 15.98 ± 1.15a 0.95 ± 0.16a 2.85 ± 0.41ab 
11+ 3 76.49 ± 1.32a 23.51 ± 1.32a 2.82 ± 0.09a 16.69 ± 0.42a 1.06 ± 0.11a 2.94 ± 1.13ab 

Note: different letters in the column indicate values that significantly differ one from another between individuals of different age separately for the muscular tissue, liver, testes 
and ovaries taking into account Bonferroni correction (P < 0.05).  

In the liver of bream of the Uglich Reservoir, water content increased 
till the age 7+, and then fell to a minimum and at age of 9+ increased 
again. After decrease in the fat content in the liver of bream aged 6+ to 8+, 
we observed an almost two-fold increase in this parameter at the age of 
9+. Protein content changed inversely proportionate to the water. Ash 
content increased up to maximum at the age of 9+, and then decreased 
and increased again. In the liver of bream, there occurred alternation of 
decrease and increase in carbohydrates with age (Table 8).  

In the gonads of bream of the Uglich Reservoir, in the period between 
eight and nine years, the content of water, protein and mineral substances 
significantly increased, while that of fat significantly decreased (Table 8).  

In the ovaries, we saw alternation of decrease and growth of water 
content. The level of fat during the general decreasing trend with age 8+ 
changed inversely proportionate to the water content, while that of protein 
increased. In the period between the ages 7+ to 8+, we determined a 2-fold 
decrease in ash with following increase till the age of 11+. Age-related 
changes of the content of carbohydrates in the gonads of female bream 
were expressed poorly (Table 8).  

After increase in the water content in the muscles of bream of the 
Ivankovo Reservoir, there occurred alternation of decrease and accumula-
tion in this parameter in the age period from 5+ to 7+ (Table 9). Level of 
lipids in the context of general decreasing trend achieved the lowest value 
at the age of 9+. Protein content decreased till the age of seven years, and 
from age 8+ increase and decrease alternated. Ash content changed in 
parabola form: from maximum at the age of 5+ it decreased to minimum 
at the age of 9+, and then increased till 12+. Assessment of content of 
carbohydrates in the skeletal muscles of bream in the period from five to 
twelve years showed alternation between positive and negative shifts in 
the interval of 1.77–0.09%.  

In the liver of bream from the Ivankovo Reservoir, the water level de-
creased till the age of 7+, and then the parameter was characterized by 
increasing trend. Fat content in the liver of bream changed inversely pro-

portionate to that of water. With age, there was alternation of positive and 
negative shifts in the content of protein within 4.32–9.60% and ash in the 
interval of 0.40–1.04%, the lowest values of the both parameters were 
seen in 12-year old individuals. The amount of carbohydrates increased 
until the age of 7+, and then the parameter was characterized by decreas-
ing trend, reaching minimum at the age of 12+ (Table 9).  

In the testes of bream from the Ivankovo Reservoir, in the period bet-
ween 8+ to 10+ years, there occurred alternation of decrease and increase 
in water content and mineral substances. Content of fat and carbohydrates 
increased till the age of 9+, and then decreased at 10+, protein – decreased 
with age (Table 9).  

In the ovaries of bream from the Ivankovo Reservoir, we observed 
inverse relationship between age-related changes in the contents of water 
and fat. Content of protein tended to increase with age, peaking at 12+. 
Content of ash and carbohydrates increased with age equally, being within 
0.64–1.80% for mineral substances and 0.68–3.92% for carbohydrates 
(Table 9).  
 
Discussion  
 

Indices of the physiological condition of fish may reflect the health 
and wellbeing of individuals and be criteria for evaluating the living condi-
tions of hydrobionts (Teubner et al., 2015; Arame et al., 2020; Khillare & 
Khandare, 2020; Tenji et al., 2020). The indices of physical conditions are 
considered to positively correlate with the content of lipids in the organism 
of fish (Salam & Davies, 1994; McPherson et al., 2011; Pradhan et al., 
2015; Ahmed & Sheikh, 2017). In bream, Fulton’s indices of physiologi-
cal condition may vary within 1.17–3.55 (Kangur, 1996; Tierney et al., 
1999; Khristenko & Kotovska, 2017; Flerova et al., 2019a, 2019b, 2020), 
and Clark’s indices – 1.25–3.29 (Chuiko et al., 2007; Lapirova et al., 2017; 
Flerova et al., 2019a, 2019b, 2020; Payuta et al., 2019; Yurchenko & 
Morozov, 2019).  
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As known, the content of biochemical components in the body of hy-
drobionts is subject to first of all their living and feeding conditions (Rei-
nitz et al., 1979; Berge et al., 2009; Lund et al., 2011; Payuta et al., 2018; 
2019a). The area of the water surface of the Ivankovo and Uglich Reser-
voirs is significantly smaller than that of the Gorky Reservoir, and there-
fore the level of influence of various factors in the water bodies varies. 
Accordingly, scientific assessment of the degree of thermal pollution 
revealed that heated waters affect the ecosystem of the Ivankovo Reser-
voir in the 3 km stretch in the zone of high heating and 15 to 25 km in the 
zone of weak heating depending on the season. In the Gorky Reservoir, 
the influence of heightened temperatures was localized within 17 km in 
summer and 30 km in winter (Kopylov, 2001; Perova et al., 2018; Ver-
bitsky et al., 2018).  

In summer, in the area of drainage of warm waters into the Mosh-
kovskiy bay of the Ivankovo Reservoir, high water temperatures that were 
measured that exceeded the norm, which in turn leads to negative impact 
on the development of macrozoobenthos (Kopylov, 2001; Lazareva et al., 

2018a; 2018b). The Uglich and Ivankovo Reservoirs were characterized 
by high productivity of the benthic communities, but the oxygen deficien-
cy found in the survey period in the near-bottom layer of these water 
bodies led to decrease in the species diversity and population of benthic 
animals, while the overall biomass of macrozoobenthos in the Gorky 
Reservoir increased (Zhiteneva, 1998; Lazareva et al., 2018b; Perova et 
al., 2018). Furthermore, increase in water temperature affects the physio-
logical condition of bream by reducing solubility of oxygen and causing 
critical values of the parameter, the fish being observed to have feeding 
inhibition (Buentello et al., 2000; Shoji et al., 2005; Tran-Duy et al., 2008; 
Araújo‐Luna et al., 2018). Heightened water temperatures of water to-
gether with various toxicants may take negative impact on the condition of 
hydrobionts (Adams, 1999; Golovanov, 2013; Lazareva et al., 2018b). 
Perahaps those were the reasons why the bream of the Gorky Reservoir 
had higher content of dry matter, including protein and mineral substances 
in the muscles and the liver than the bream of the Uglich and Ivankovo 
reservoirs.  

Table 9  
Biochemical parameters of muscles, liver and gonads of bream of different ages from the Ivankovo Reservoir (x ± SE)  

Organ / tissue Age n Content, % 
water dry matter lipids protein ash carbohydrates 

Muscle 

5+ 4 79.03 ± 0.22a 20.97 ± 0.22a 1.35 ± 0.23a 18.03 ± 0.05a 1.50 ± 0.16a 0.09 ± 0.01a 

6+ 6 80.87 ± 0.79a 19.13 ± 0.79a 1.32 ± 0.24a 15.39 ± 0.90a 1.31 ± 0.15ab 1.11 ± 0.52ab 

7+ 6 81.73 ± 0.41a 18.27 ± 0.41a 1.16 ± 0.05a 15.11 ± 0.31a 1.07 ± 0.06ab 0.93 ± 0.21ab 

8+ 5 80.89 ± 0.27a 19.11 ± 0.27a 1.01 ± 0.10a 16.26 ± 0.52a 1.00 ± 0.05b 0.83 ± 0.32ab 

9+ 7 81.20 ± 0.55a 18.80 ± 0.55a 0.79 ± 0.06a 15.30 ± 0.77a 0.94 ± 0.04b 1.77 ± 0.45b 

10+ 6 80.84 ± 0.25a 19.16 ± 0.25a 1.08 ± 0.27a 15.94 ± 0.14a 1.02 ± 0.04b 1.13 ± 0.19ab 

11+ 5 81.14 ± 1.25a 18.86 ± 1.25a 0.74 ± 0.33a 15.78 ± 0.98a 1.04 ± 0.20ab 1.30 ± 0.26ab 

12+ 4 81.23 ± 0.39a 18.77 ± 0.39a 0.92 ± 0.32a 16.11 ± 0.28a 1.10 ± 0.03ab 0.65 ± 0.25ab 

Liver 

4+ 11 86.53 ± 0.11ac 13.47 ± 0.11ac 2.44 ± 0.12a 7.35 ± 0.13ab 0.75 ± 0.16abc 2.94 ± 0.03abc 
5+ 5 85.18 ± 0.08abc 14.82 ± 0.08abc 3.15 ± 0.08a 8.03 ± 0.04a 1.04 ± 0.03a 2.61 ± 0.02abc 
6+ 6 81.28 ± 0.04ab 18.72 ± 0.04ab 5.73 ± 0.02a 9.60 ± 0.22a 0.98 ± 0.08ab 2.42 ± 0.20abc 
7+ 9 79.84 ± 2.44b 20.16 ± 2.44b 6.31 ± 1.48a 9.17 ± 0.79a 0.76 ± 0.08ab 3.93 ± 0.38a 
8+ 20 82.37 ± 0.57ab 17.63 ± 0.57ab 5.27 ± 0.44a 8.39 ± 0.53a 0.68 ± 0.03bc 3.29 ± 0.26ac 
9+ 12 83.20 ± 0.29ab 16.80 ± 0.29ab 4.78 ± 0.37a 7.67 ± 0.30a 0.69 ± 0.07bc 3.66 ± 0.27ac 
10+ 9 81.91 ± 1.03ab 18.09 ± 1.03ab 5.98 ± 0.91a 7.84 ± 0.31a 0.72 ± 0.05ab 3.55 ± 0.18ac 
11+ 4 84.27 ± 0.95ab 15.73 ± 0.95ab 4.72 ± 0.89a 7.69 ± 0.13a 0.85 ± 0.04ab 2.47 ± 0.19bc 
12+ 3 91.64 ± 0.00c 17.71 ± 0.00c 2.56 ± 0.04a 4.32 ± 0.18b 0.40 ± 0.02c 1.09 ± 0.24b 

Testes 
8+ 10 70.84 ± 6.75a 29.16 ± 6.75a 17.42 ± 5.98a 8.92 ± 0.39a 1.09 ± 0.08a 1.73 ± 1.27a 
9+ 3 61.22 ± 6.41a 38.78 ± 6.41a 26.14 ± 5.49a 7.27 ± 1.29a 0.84 ± 0.11a 4.54 ± 2.58a 
10+ 3 67.54 ± 0.05a 32.46 ± 0.05a 23.70 ± 0.30a 6.63 ± 0.18a 0.90 ± 0.16a 1.24 ± 0.69a 

Ovaries 

4+ 8 64.64 ± 0.14a 29.16 ± 0.14a 19.90 ± 1.65a 10.53 ± 0.40a 1.48 ± 0.22a 3.46 ± 0.89a 
5+ 4 72.78 ± 0.01a 27.22 ± 0.01a 13.48 ± 0.18a 10.94 ± 0.08a 1.39 ± 0.69a 1.41 ± 0.95a 
6+ 3 69.55 ± 0.00a 30.45 ± 0.00a 18.37 ± 0.73a 10.00 ± 0.62a 1.07 ± 0.07a 1.01 ± 0.18a 

7+ 6 80.13 ± 1.47a 19.87 ± 1.47a 5.99 ± 1.51a 10.60 ± 0.65a 1.40 ± 0.12a 1.89 ± 0.54a 
8+ 10 72.58 ± 1.33a 27.42 ± 1.33a 11.21 ± 1.93a 11.16 ± 0.80a 1.13 ± 0.20a 3.92 ± 1.37a 
9+ 9 74.61 ± 2.18a 25.39 ± 2.18a 10.23 ± 3.17a 12.68 ± 0.71a 1.80 ± 0.37a 0.68 ± 0.46a 

10+ 6 73.27 ± 2.92a 26.73 ± 2.92a 11.48 ± 3.85a 12.74 ± 0.86a 0.89 ± 0.17a 1.63 ± 0.82a 
11+ 4 80.53 ± 2.23a 19.47 ± 2.23a 6.37 ± 0.41a 11.38 ± 2.04a 0.64 ± 0.29a 1.08 ± 0.91a 
12+ 3 64.60 ± 8.62a 35.40 ± 8.62a 14.62 ± 5.76a 16.69 ± 3.23a 1.41 ± 0.23a 2.68 ± 0.97a 

Note: different letters in the column indicate values that significantly differ one from another between individuals of different age separately for the muscular tissue, liver, testes 
and ovaries taking into account Bonferroni correction (P < 0.05).  

The fish subjected to prolonged influence of heightened temperatures 
were observed to have increased development of fat, especially tryglice-
rids, compared with proteins, which may be related to reduced rates of 
metabolic processes with lipids during thermal acclimatization (Lukya-
nenko et al., 1983; Smirnov & Bogdan, 1997; Tidwell et al., 2003). 
The fact that the samples for the research were taken in summer in the 
Uglich and Ivankovo resrvoirs and in autumn in the Gorky Reservoir may 
explain the lower accumulation of fat in the muscular tissues and the liver 
of bream of the Gorky Reservoir compared with the bream populations of 
the Uglich and Ivankovo reservoirs.  

We should note that, having similar productivity and feeding condi-
tions in the Uglich and Ivankovo Reservoirs (Mineeva & Makarova, 
2018; Perova et al., 2018; Mineeva, 2019), the bream had similar parame-
ters of metabolism in the muscles, while having significant differences in 
the liver. In the water and benthic sediments in the Uglich Reservoir, we 
observed heightened concentrations of pollutants compared with the Ivan-
kovo Reservoir (Gapeeva & Zakonnov, 2016; Tolkachev et al., 2017; 
Tolkachev, 2019). Hepatic lipids that perform a protective role concentrate 

pollutants, thereby preventing their ingress to other organs (Adams, 1999; 
Ribeiro et al., 2005; Sun et al., 2018). Perhaps, the high content of fat in 
the liver of bream of the Uglich Reservoir, compared with the liver of 
bream of other studied water bodies, may be related to a complex of ther-
mal influence and impact caused by the pollutants (Lal & Singh, 1987; 
German & Kozlovskaya, 2001; Kruchkov et al., 2006).  

Low values of protein and ash in the muscles of bream of the Uglich 
Reservoir may be explained by unfavourable environmental conditions 
due to anthropogenic impact on the water body (Gapeeva & Zakonnov, 
2016; Lazareva, 2016; Tolkachev et al., 2017). The lower content of lipids 
in the gonads of bream of the Uglich and Ivankovo Reservoirs, compared 
with those of the Gorky Reservoir, is likely related to the energy expendi-
ture mechanisms of synthesis of protein products in the gonads and their 
recovery in unfavourable living conditions. Thus, intensity of accumula-
tion of metabolic products in the muscles, liver and gonads of bream of 
various water bodies is likely different because of the overall effect of the 
abovementioned peculiarities of each water body. Comparison of the 
parameters of metabolism in the muscular tissues of bream groups of 
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different sexes from different water bodies revealed that their contents 
were similar. Nevertheless, the male bream in the studied water bodies 
were observed to have less protein and more carbohydrates in the muscu-
lar tissues compared with females and immature individuals. Skeletal 
muscles of female bream were characterized by decreased content of 
water and increased amount of dry matter compared with male and imma-
ture bream. In the muscles of juvenile specimens, there was seen low 
content of fat compared with mature bream (Table 3, 5, 6). Earlier, re-
search revealed that in bodies of fish, regardless of their living location, the 
amount of metabolic products differed insignificantly (Nargis, 2006; 
Yousaf et al., 2011; Payuta et al., 2019a; Payuta & Flerova, 2019). Re-
duced content of protein and increased amount of carbohydrates in the 
muscles of males were determined in marine and freshwater fish, includ-
ing Cyprinidae, in a number of studies (Medford & Mackay, 1978; Nar-
gis, 2006; Payuta et al., 2019a). The studies of chemical composition in 
the bodies of Cyprinidae and Pleuronectidae found higher content of fat in 
the bodies of mature fish compared with immature specimens (Rijnsdorp 
& Ibelings, 1989; Payuta et al., 2019a; Payuta & Flerova, 2019). If the 
mature fish were characterized by dominance of fat accumulation over 
protein synthesis, the juvenile stage was characterized by inverse dyna-
mics. Similar dynamics in young individuals is related to more intense 
energy metabolism because of their greater mobility and energy expendi-
tures for somatic growth till sexual maturity in order to be able to avoid 
predators and effectively find food and develop the reproductive system 
(Dutta, 1994; Shulman & Love, 1999; Lloret et al., 2014).  

A difference was determined in the content of metabolic products in 
the liver between males and female bream, but the orientation of these 
differences varied in different water bodies. In females from the studied 
water bodies, the content of mineral substances in the liver alone was 
greater compared with the males. We determined sex-related correlation 
between changes in the amount of protein in the liver for bream of the 
Gorky and Uglich reservoirs, and dry matter and carbohydrates for 
breams of the Uglich and Ivankovo Reservoirs (Tabls 3, 5, 6). The con-
centration of metabolic products in the liver of bream is likely to be more 
influenced by the environmental conditions rather than sex. For example, 
in the liver of Atlantic cod Gadus morhua living in different water bodies, 
high content of fat and carbohydrates was found both in males and fe-
males (Krivobok & Tarkovskaya, 1964; Jangaard et al., 1967; Addison 
et al., 1968; Bogoyavlenskaya & Veltishcheva, 1972; Dey et al., 1983).  

Sexual diamorphism of biochemical composition in the gonads was 
expressed more strongly: content of fat in the testes was higher, while the 
amount of protein was significantly lower than in the ovaries (Table 3, 5, 
6). During the transition of the gonads from stage II of maturity to stage 
III, a decrease was seen in the content of dry matter, including fat, in the 
sex glands of bream from the examined water bodies (Table 4). With 
increase in stage of maturity of the gonads, we observed similar changes 
in the amount of mineral substances in the sex glands of bream of the 
Gorky and Uglich Reservoirs, carbohydrates – in bream of the Gorky and 
Ivankovo Reservoirs. As known, the metabolic processes in the testes and 
ovaries significant dependend on stage of sexual cycle. Content of meta-
bolic products in the sex glands changed at certain stages of the gonads’ 
maturity regardless of a species’ environment (Hendry & Berg, 1999; 
Zaboukas et al., 2006; Nogueira et al., 2017; Payuta & Flerova, 2019). 
For example, the studies of sockeye salmon Oncorhynchus nerka of the 
water bodies of Russia, USA and Canada revealed that the gonads of 
females collected in the period of spawning migration had greater content 
of dry matter and fat than the sex glands of males (Idler & Bitners, 1960; 
Hendry & Berg, 1999; Shershneva & Gorodovskaya, 2010). A number of 
studies revealed that the ovaries of fish, including Cyprinidae, contain 
higher amount of protein compared with the testes, which correlates with 
the results of our study (Domashenko et al., 1975; Hanna, 1984; Payuta & 
Flerova, 2019).  

During the transition of the gonads of the examined bream from ma-
turity stage II to stage III, they were observed to have similar changes in 
the contents of dry matter and lipids. It is considered that during vitelloge-
nesis and the yolk stage the sexual glands mainly synthesize essential 
aminoacids, and structural lipids are being developed from free fatty acids. 
Most proteins and lipids that are introduced to the gonads come from food 
(Shulman & Love, 1999; Lloret et al., 2014; Maslova, 2019). This is 

possibly why the dynamics of accumulation of metabolic products in the 
sex glands of bream living in different conditions during development of 
the gonads vary. Our presumptions are confirmed by the studies of bio-
chemical composition of the gonads of Atlantic herring Clupea harengus 
of various water bodies. During maturation of male bream in the water 
bodies of USA, the content of fat in the testes decreased, in Scotalnd and 
the Sea of Okhotsk – increased (Bruce, 1924; Henderson & Almatar, 
1989; Gorbatenko et al., 2018).  

As a result of the studies, the environmental factors were found to 
have a stronger effect on the contents of metabolic products in the muscles 
and the organs of bream than age. In the liver alone, the bream from the 
examined water bodies were found to have some patterns: the greatest 
amount of biochemical components in the organ was concentrated in 
individuals aged 6 to 10 (Tables 7–9).  

Despite the uneven dynamics of the content of lipids and carbo-
hydrates in the gonads of bream with age, the testes and ovaries of the 
individuals were observed to have increase in the parameters till a certain 
age with subsequent decrease in older groups (Table 7–9).  

In the muscular tissue of bream from the Ivankovo Reservoir, we ob-
served a tendency towards increase in water content with age, whereas 
individuals of the Gorky Reservoir had no such a dependency (Table 7–9). 
The studies of chemical composition of marine and freshwater fish report 
both increase and decrease in the water content in the muscles with age 
(Borisov & Shatunovskii, 1973; Naeem & Ishtiaq, 2011; Payuta et al., 
2019a; Payuta & Flerova, 2019). High water content in the muscles may 
be related to the expenditures of muscular protein and lipids during both 
hunger and spawning, for it replaces these components when the orga-
nism spends the energy it increasingly needs due to increases in the rela-
tive weight of spawning products (Borisov & Shatunovskii, 1973; Daw-
son & Grimm, 1980; Flath & Diana, 1985; Ali et al., 2005). Such changes 
in the metabolic processes in the organisms of fish indicate exhaustion of 
individuals, deterioration of their wellbeing due to which the probability of 
their death increases under the influence of biotic and abiotic factors (Bori-
sov & Shatunovskii, 1973; Martemyanov, 2013, 2015). Decrease with 
age in the amount of water in the muscles of bream of the Gorky and 
Uglich Reservoirs may indicate more favourable living conditions com-
pared with the Ivankovo Reservoir.  

Dynamics in the parameters of lipid, protein and mineral metabolisms 
in the muscles of bream of the Gorky and Uglich Reservoirs had an over-
all correlational relationship (Table 7–9). In the skeletal muscles of older 
groups of bream (10+, 11+) of these reservoirs, there were found the hig-
hest contents of fat, protein and mineral substances, whereas in the Ivan-
kovo Reservoir, the highest values of these parameters were seen for five-
year old individuals (Tables 7–9). The favourable conditions in the zone of 
influence of heated waters in the Ivankovo Reservoir promoted concentra-
tion of young individuals of heat-loving species, including bream (Hölker, 
2006; Golovanov & Smirnov, 2011; Golovanov, 2013). This is likely 
associated with the accumulation of fat and protein reserves in the muscles 
of five-year old bream in the Ivankovo Reservoir, whereas those in the 
Gorky and Uglich Reservoirs had the highest amounts of these compo-
nents in the muscles of ten- and eleven-years old individuals. The relative-
ly low contents of lipids and protein in bream aged 2+ to 4+ are likely 
related to difficult feeding conditions in the sublitoral zone. The rich bio-
coenosis of phytophile larvae of Chironomidae and Cladocera is inaccess-
ible to the young individuals due to body structure in that period of the 
development, but with increase in size, the individuals become better at 
finding food in the benthic sediments, including deep layers (Zhiteneva 
et al., 1984; Lammens & Hoogenboezem, 1991; Zhiteneva, 1998; Pers-
son & Brönmark, 2002).  

Thus, we may presume that the living conditions (temperature, oxy-
gen concentration, pollutants, feeding conditions, etc.) have a stronger 
effect in the content of metabolic products in the muscles than age. Simi-
larly, a number of authors found different dynamics of accumulation of 
protein with age in the body of pike Esox lucius living in different water 
bodies (Medford & Mackay, 1978; Salam & Davies, 1994; Hadjinikolova 
& Zaikov, 2006).  

The literature does not report similar dynamics in the accumulation of 
metabolic products in the liver of individuals of a species which live in 
different conditions. In the liver of Atlantic cod of the Baltic Sea, the 
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amount of fat changed equally with age, having a the tendency towards 
decrease, whereas in the Bering Sea it increased; a similar tendency to age-
related changes in glycogen was found in the liver of Capoeta umbla from 
the lakes of Turkey with different living conditions (Krivobok & Tarkovs-
kaya, 1964; Bogoyavlenskaya & Veltishcheva, 1972; Coban & Sen, 2011). 
Perhaps, similar changes occurring in the liver of bream of the Upper Volga 
Reservoirs, specifically the accumulation of metabolic products in middle-
aged individuals is a peculiarity of the ecology of this species.  

The gonads of the female and male bream we examined were found 
to have similar dynamics in the contents of fat and carbohydrates with age. 
The data on content of protein in the testes and ovaries allows us to state 
inequality between the sexual glands of breams of different age. Nonethe-
less, compared with the fat content, the amount of protein was characte-
rized by higher stability. It is interesting to note the higher content of pro-
tein in the ovaries of bream aged 10+ and 11+ of the Uglich and Ivankovo 
Reservoirs compared with the gonads of female bream of other ages. 
A number of studies discovered increase in protein concentration in the 
ovaries with increase in size and age of the marine fish (Grauman, 1972; 
Domashenko et al., 1975; Veltishcheva & Tokareva, 1978; Boyko & 
Ruzhinskaya, 2019). In the testes and ovaries of bream, there was found a 
tendency to accumulation of lipids, which corresponds to accumulation of 
dry content and is inversely proportionate to water content. It is likely 
related to the fact that dry matter in the sex glands of fish is to a larger 
degree represented by fat. Inverse correlation between the contents of 
lipids and water in the organism of fish, including their sex glands, is 
shown in many studies (Jafri, 1969; Craig, 1977; Grigorakis & Alexis, 
2005; Zaboukas et al., 2006; Bilokon et al., 2013; Rudenko et al., 2019; 
Payuta & Flerova, 2019).  
 
Conclusions  
 

Thus, biochemical parameters of the muscles, the liver and gonads of 
bream living in different reservoirs of the Upper Volga to a greater degree 
depend on the complex impact of factors of the aquatic environment 
which are characteristic of each water body, rather than sex, stage of ma-
turity of the gonads and age of specimens. Higher contents of protein and 
mineral substances in the muscles and liver of bream of the Gorky Reser-
voir were associated with more favourable living conditions in it com-
pared with the Uglich and Ivankovo Reservoirs, in which we observed 
increased water temperature and low oxygen concentration that reduces 
the species diversity and populations of benthic animals, as well as nega-
tively affecting the appetite of fish. Higher content of lipids in the liver of 
bream of the Uglich Reservoir may be due to high overall water tempera-
ture and presence of pollutants in it and benthic deposits, for lipids concen-
trate the pollutants, thus preventing their distribution in the organism. 
For juvenile bream of the Upper Volga  prevalence of protein synthesis 
over the accumulation of lipids was characteristic because of their need for 
energy for somatic growth in order to be able to avoid predators and effec-
tively find food and develop the reproductive system. Inequal dynamics of 
biochemical parameters in the gonads of bream during their maturation is 
due to different feeding conditions of the reservoirs, because most proteins 
and lipids that are introduced to the gonads in phases II and III come from 
food. In the Ivankovo Reservoir, heated waters have a positive effect on 
the young bream as a result of increasing the period of fattening and better 
development of a food base, as indicated by the higher content of bio-
chemical components in specimens aged 5+ compared with individuals of 
older groups and bream of the examined water bodies. In the organism of 
bream, a inverse dependency was seen between the fat and water amo-
unts, indicating the fact that lipids in different tissues and organs have a 
notable hydrophoby that affects the content of the metabolic products. 
We may pressume that increase in the parameters of metabolism demon-
strates that the energy from them was spent on supporting the systems and 
the organs in order to alleviate the unfavourable living conditions of this 
species. The data we obtained allow assessment of the physiological con-
dition of bream for rational organization of fishing and management of 
fish populations.  
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