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Abstract. Restructures in the communities of hydrobionts take place for 

the rivers with abrupt changes in hydrography and hydrological regime, as 

a result of flow regulation. They require long-term monitoring to develop 

preventive measures to avoid negative consequences and to restore the river 

ecosystem. Some biological characteristics of the broad whitefish 

(Coregonus nasus) have been studied during spawning migration in the 

upper reaches of the Yenisei River. The limiting values of the fish length 

were higher in 2016, and the average - in 2013. In 2013, the sampling frame 

consisted of fish of 51-55 cm in size, in 2014 and 2016. - 41-45 cm. In 2013, 

most of the fish in the catches were aged from 6+ to 11+ years, in 2014 - 

from 8+ to 10+ years, in 2016 - from 8+ to 11+ years. The gender ratio was 

close to 1:1; most of the individuals had gonads at maturity stage III.  

1 Introduction 

As a result of hydroelectric construction, a number of water reservoirs have been appeared 

in the Yenisei River basin. With the commissioning of the Krasnoyarsk hydroelectric power 

station in the Yenisei River, a change in the hydrological, hydrochemical and hydrobiological 

regimes took place. The consequences of regulation can be traced according to some 

indicators at a considerable distance from the alignment of the hydroelectric complex [1]. 

Any rearrangements in communities of hydrobionts require in-depth study and long-term 

monitoring to obtain statistical information on the river ecosystem [1-13]. 

In the lake-river system of the Upper Yenisei (Tyva Republic), one of the representatives 

of the whitefish was found - the broad whitefish (Coregonus nasus, Pallas, 1776) [14]. 

Whitefish are valuable commercial fish that provide a significant share of fish products in 

freshwater reservoirs of Siberia. The study of the biological features of whitefish in the large 

spawning rivers of Siberia - the Ob, Yenisei, Lena, and Kolyma - is used to calculate the 

damage to fisheries, to develop the measures for the protection of fish resources, and to plan 

fishing. 

A goal of research was to study and to supplement some biological characteristics of the 

broad whitefish of the Yenisei River. To achieve this goal, it was necessary to study the size, 

weight, and age composition; to characterize the gender ratio and the degree of maturity of 

the gonads.  
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2 Research materials and methods  

The data for the research were provided to the authors by the employees of the department 

of Processing of agricultural products, fisheries, food security of the Ministry of Agriculture 

and Food of the Republic of Tyva (Kyzyl) (Table 1). Primary data were collected in 2013, 

2014, and 2016 during the spawning migration of broad whitefish in the upper reaches of the 

Yenisei. A river seine was used as a fishing gear. Biological analysis was performed 

according to the generally accepted method [14]. 

Table 1. The basic data. 

Year (month) 
The number of fish taken for biological 

analysis, ind. 

2013 (20.08. – 28.08) 100 

2014 (18.08. – 25.08) 100 

2016 (16.08. – 25.08) 81 

Total 281 

3 Research results 

Within the framework of monitoring the state of the broad whitefish, its main biological 

characteristics were studied. 

3.1 Size composition 

According to the data published in 1980-1987, in the commercial catches, fish of 37-45 cm 

in length were present [14, 15]. When we studied, along with this size group, there were 

also large individuals (more than 45 cm in length). 

According to our data, the size composition of the broad whithefish in 2013 was 

represented by individuals from 27 to 60 cm in length (Table 2). Most of the fish in the 

commercial catches had a length of 51-55 cm (52.2%), in the range of 46-50 cm - 29.8% 

(Table 2). 

The broad whitefish of 31 to 60 cm in length was encountered in 2014 (Table 2). The 

most of the individuals had a length of 41 to 50 cm. The smallest number of fish was in the 

range of 31-35 and 56-60 cm. 

In 2016, the size of the broad whitefish varied from 36 to 75 cm (Table 2). The modal 

group included fish from 41 to 50 cm. Most of the fish were 41-45 cm long. 

The limiting values of the broad whitefish length were higher in 2016, and the average - 

in 2013. In 2013, the sampling frame consisted of fish of 51-55 cm in size, and in 2014 and 

2016, it was - 41-45 cm. 

Table 2. Broad whitefish length in 2013, 2014, and 2016. 

Year n, ind. X min, cm X max, cm 𝑿± mх, cm 

2013 100 27 60 48,9±1,01 
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2014 100 31 60 45,1±0,58 

2016 81 36 75 47,3±0,78 

3.2 Weight composition 

The weight composition reflects the nature of fish nutrition and the food supply of the water 

reservoir. By the weight of the fish, one can speak of the presence of food items or their 

absence. According to the data published in 1980-1987 the commercial catches included fish 

weighing from 1 to 2.2 kg [14, 16, 17]. 

When we studied, the weight of individuals varied from 380 to 3950 g (Table 3). Most 

individuals had a mass in 2013 from 1240 to 1700 g, in 2016 - from 1540 to 2100 g. 

Table 3. Weight of broad whitefish in 2013, 2014, and 2016. 

Year n, ind. X min, g X max, g 𝑿± mх, g 

2013 100 420 3450 1822±190,2 

2014 100 380 3120 1523±139,4 

2016 81 450 3950 1976±129,4 

3.3 Age composition 

For the natural replenishment of a fish population in a water reservoir, knowledge of the 

average age of the population is of direct importance for its reproduction. 

Broad whitefish is a long-lived fish. According to the data published in 1980-1987 in the 

commercial catches there were individuals aged from 1+ to 22+ years [14-18]. Most were 

between the ages of 3+ and 6+ years. Until 1980, the most common fish in catches were at 

the age of 4+ - 6+ and 13+, 14 years [19-27]. 

According to our data, in 2013, the minimum age of fish was 3+ years, and the maximum 

age was 15+ years. The modal class consisted of individuals of 10+ years. Most of the fish 

were from 6+ to 11+ years old. 

In 2014, the minimum age of fish was 4+ years, and the maximum age was 15+ years. 

The modal class consisted of individuals 9+ years. Most of the fish were aged from 8+ to 10+ 

years. 

In 2016, the smallest age was 4+ years, the largest - 17+ yeras. Most of the fish were aged 

of 8+ - 11+ years. Age groups from 5+ to 11+ years accounted for 80% of the catch. 

3.4 Gender ratio 

The gender ratio is an adaptive property of fish and is aimed at ensuring the enhanced 

reproduction. As a rule, in a small amount, broad whitefish matures at the age of 4+ – 5+ 

years, but the mass maturity of this fish species in the rivers of Siberia occurs at 7+ –  9+ and 

even at 10+ – 12+ years. The maturation of each generation lasts 3 – 4 years [14–18]. 
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In 2013, the gender ratio of broad whitefish was practically equal: 52% of females and 

48% of males. The sampling frame consisted of individuals with gonads at maturity stages 

III and IV (Fig. 1). Females matured faster than males. 

In 2014 and 2016, the proportion of females was 52.3%, and the proportion of males - 

47.7%, which corresponds to a sex ratio of 1: 1. 

 

Fig. 1. Maturity stages of broad whitefish gonads in 2013 

In the catches of 2014 and 2016 the most of the individuals had gonads at the III stage 

of maturity, and the majority were males - about 60%, while the females were only 23%. 

 

Fig. 2. Maturity stages of broad whitefish gonads in 2014 and 2016 

Thus, in the years of our study, the gender ratio was 1: 1; most of the individuals had 

gonads at stage III of gonad maturity. 
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4 Conclusions 

As a result of the research carried out, the following conclusions can be made. 

In 2013 and 2016 the size of the broad whitefish in the Yenisei River varied from 27 to 

75 cm, the average length was greater in 2013 - 48.9 ± 1.01 cm. The weight of the broad 

whitefish varied from 380 to 3950 g, the average weight was greater in 2016 - 1976 ± 129.4 

g. During the years of the study, no differences in the values of the length and weight of

females and males were found.

The catches included individuals aged from 3+ to 17+ years; in 2013, the sampling frame 

consisted of fish aged from 6+ to 11+ years, in 2014 - from 8+ to 10+ years, in 2016 - from 

8+ to 11+ years. Individuals of the same age had a significant variation in body length and 

weight. A number of authors associate the uneven growth of broad whitefish with a low food 

supply for zoobenthos in rivers as compared to lakes. According to Andriyanova A.V. after 

the regulation of the Yenisei, the quantitative characteristics of zoobenthos increased 

significantly, especially in the area from the dam to the mouth of the Angara [1]. This is most 

likely not the only reason for the uneven growth of the broad whitefish. 

In the years of our study, the gender composition in the catches was practically equal. In 

2013, the sampling frame (96%) consisted of individuals with gonads at stages III and IV of 

maturity, in 2014 and 2016, fish with gonads at maturity stage III predominated (81%). 

According to literary data, in the Yenisei the broad whitefish becomes sexually mature in 

the seventh-eighth year of life, with a length of 43-48 cm and a weight of 1.3-2.1 kg. The 

time of puberty in the broad whitefish depends on the living conditions and stretches for 3-4 

years [20]. A significant part of the catches in 2013, 2014, and 2016 were young producers, 

that is, individuals spawning for the first time or in the second year after the onset of puberty. 

Our data are consistent with the literature data that earlier in commercial catches the broad 

whitefish was found at the age of up to 18–22 years, now individuals older than 10–12 years 

are rare [19–22]. The reason is probably that in most fishing areas of Siberia, broad whitefish 

is harvested at the age of 4–7 years, thus reducing the reproductive potential of the 

populations of this species. On the whole, the main biological characteristics of the broad 

whitefish are consistent with the literature data. 

The information we have obtained on some biological parameters of the broad whitefish 

in the Yenisei River supplements the information about it in the framework of monitoring 

the regulated river ecosystem. 
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