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Abstract. European vendace in the Kaliningrad Region is represented only in Lake Vishtynetskoe. It is a valuable com-
mercial species and it was actively used by fishing in the 70-80s of the 20th century. Its annual catch reached 29 tons with 
an average catch of 16 tons. However, currently catches of this fish do not exceed 2 tons while a recommended volume is 
12 tons. Modern studies have shown a decrease in size characteristics and a high vendace population in Lake 
Vishtynetskoe. In order to increase the efficiency of targeted fishing for this species in a reservoir and determine areas  
of the water area in which it forms high concentrations, its spatial distribution was studies over the period from 2014  
to 2021 by conducting night hydroacoustic surveys. Processing of echograms made it possible to obtain quantitative char-
acteristics of the densities of vendace aggregations along the ship’s route. By using of geographic information systems for 
each section of lake, for which fishing squares were selected, the average concentration of this species were determined. 
An average density of aggregations for the considered series of years, amounting to 10,000 specimens/ha, was chosen as 
a measure of high concentration. The results of the studies showed that in different years high densities of vendace aggre-
gations are formed in different parts of the lake and the number of population does not reliably affect the number of such 
areas. Spatial analysis showed that during the period under review consistently high concentrations of this species were 
observed annually in only two fishing squares and its can be recommended for targeted vendace fishing. 
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Научная статья 

Многолетняя динамика пространственного распределения  

европейской ряпушки (Coregonus albula L.)  

озера Виштынецкого Калининградской области
4
 

Андрей Викторович Алдушин�, Ксения Евгеньевна Деогенова  

Калининградский государственный технический университет,  
Калининград, Россия, aldushin@klgtu.ru� 

Аннотация. Европейская ряпушка в Калининградской области представлена только в оз. Виштынецком. Яв-
ляясь ценным промысловым видом, она в 70–80-е гг. XX в. активно использовалась промыслом, а годовые ве-
личины ее вылова достигали 29 т при среднем вылове 16 т. Однако в настоящее время уловы данного вида  
не превышают 2 т при рекомендуемом объеме вылова в 12 т. Современные исследования показали снижение 
размерных характеристик и высокую численность ряпушки в оз. Виштынецком. С целью повышения эффек-
тивности целевого промысла данного вида на водоеме и определения участков акватории, в которых она фор-
мирует высокие концентрации, за период с 2014 по 2021 гг. было изучено ее пространственное распределение 
путем проведения ночных гидроакустических съемок. Обработка эхограмм позволила получить количествен-
ные характеристики плотностей скоплений ряпушки по маршруту следования судна, а средствами геоинфор-
мационных систем для каждого участка водоема, в качестве которых были выбраны промысловые квадраты, 
была определена средняя концентрация данного вида. В качестве критерия, определяющего, что считать вы-
сокой концентрацией, была выбрана средняя плотность скоплений за рассматриваемый ряд лет, составившая 
10 000 экз./га. Результаты проведенных исследований показали, что в разные годы высокие плотности скоп-
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ти лений ряпушки формируются в различных частях озера, при этом численность популяций достоверно не вли-
яет на количество таких мест. Пространственный анализ показал, что за рассматриваемый период ежегодно 
постоянно высокие концентрации данного вида отмечались только в двух промысловых квадратах  
оз. Виштынецкого, которые могут быть рекомендованы к целевому ведению промысла ряпушки.  

Ключевые слова: европейская ряпушка (Сoregonus albula L.), озеро Виштынецкое, гидроакустический метод, 
пространственное распределение, плотность скопления, численность, промысловый квадрат 
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Introduction 
European vendace (Сoregonus albula (L., 1958)) is 

a valuable commercial object with high nutritional val-
ue. In the Kaliningrad region this species is represented 
only by a residential form living in Lake Vishtynets- 
koe [1]. Vendace was actively used by fisheries in this 
reservoir in the 70-80s: catches reached 29 tons, average 
catches were 16 tons per year [2]. However, the decline 
of the fishery in the 90s and its gradual resumption in 
the 2000s showed an 8-10-fold decrease in catch vol-
umes. As it turned out, the drop in catches is not associ-
ated with the decrease of the number of vendace, ac-
cording to available estimates the catch values can reach 
18 tons [2, 3], but is caused by changes in its size struc-
ture: a decrease in the body length of this species has led 
to the impossibility of entangling it with fixed nets with 
a mesh size 18 mm, which were used by fishing organi-
sations [4]. Reducing the minimum mesh size in the 
Fishing Rules [5] to 14 mm made it possible to slightly 
increase the volume of catch of this species in Lake 
Vishtynetskoe. Currently catch volume is about 2 tons 
while a recommended catch volume is 12 tons [6]. 

It is known that the efficiency of fishing, among oth-
er things, depends on the fish concentrations, the stability 
and places of formation of these aggregations [7, 8]. In 
this regard increasing of vendace catches can be facilitat-
ed by identifying areas of water area of Lake 
Vishtynetskoe in which high densities of vendace aggre-
gations are observed annually. From the point of view of 
managing aquatic biological resources it is most conven-
ient to use the existing division of the lake into fishing 
squares. During assessment of fishing areas, it is neces-
sary to take into account the fact that the spatial distribu-
tion of vendace is influenced by abiotic and biotic factors 
and its effect can vary greatly from the year to year. 

The purpose of this work is to study the long-term 
dynamics of the spatial distribution of vendace in Lake 
Vishtynetskoe and to identify fishing areas in which 
fishing is most appropriate from the point of view of the 
formation of high concentrations of vendace in them. 

 
Material and research methods 
The material for this work was long-term data of 

hydroacoustic surveys conducting on Lake 
Vishtynetskoe in July during the period of 2014-2021. 
The surveys were carried out in night time using the 
AsKor software and hardware complex [9]. In this 
period of time vendace makes vertical migrations from 

the bottom into the water column to provide itself with 
food and form in this moment multiple aggregations 
that are easily detected by the hydroacoustic complex 
[10]. Vendace is the dominant species in the water 
column of Lake Vishtynetskoe both in terms of num-
bers (97%) and biomass (95%) [4]. This allows the 
echo signals recorded by the hydroacoustic complex in 
the water layer above 2-3 m from the bottom to be 
considered as belonging to this species. 

The methodology of conducting of hydroacoustic 
surveys on Lake Vishtynetskoe consisted from three 
stages: data collection, desk processing of the received 
data and its further analysis including spatial pro-
cessing by geographic information systems. 

The data collection stage consisted of conducting 
of hydroacoustic survey along the planned route using 
meander-type leg pattern in the direction from the 
northern part of the lake to the southern part with first 
leg along the border with the Republic of Lithuania 
and back with a shift towards the shore of the Russian 
part of lake [2]. The survey was carried out using the 
data collection software of the research hydroacoustic 
complex for vertical sounding named AsKor based on 
Furuno LS-4100 echo sounder [9]. The obtained data 
was recorded in files in the form of echograms.  

Desk data processing was carried out using the 
processing software of the AsKor complex. Each file 
obtained during a hydroacoustic survey was divided 
into pages of 15 frames each (Fig. 1). 

 

 
 

Fig. 1. Page division on frames  

with bottom line correction 

 
Each frame is formed by 100 echo sounder mes-

sages, which approximately corresponds to 33 seconds 
of real time or 70 m of distance travelled. For each of 
them the bottom line was manually adjusted to the 
distance of 2-3 meters above its actual position in or-
der to avoid counting by hydroacoustic equipment 
representatives of the bottom fish community (Fig. 2).  
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Fig. 2. Fragment of the echogram frame processing window 
 

Frame-by-frame file processing was performed at  
a frequency of 200 KHz. The result of it was the ob-
taining of quantitative values of vendace densities (in 
terms of unit area (hectare)) with their spatial refer-
ence. This and a number of other information were 
recorded in text files for further analysis of this infor-
mation by spreadsheets software. 

The next stage of data processing was carried out 
using the geographic information system QGIS and 
consisted of spatial analysis, aggregation and visuali-
zation of the obtained spatially distributed values of 

recorded hydroacoustic parameters in order to deter-
mine the average vendace concentrations for each fish-
ing square.  

The files obtained when processing echograms con-
tain information about the coordinates of the place and  
a quantitative assessment of the density of vendace ag-
gregations in it along the entire route of the vessel. This 
made it possible to use these data for their visualization 
in the form of a GIS point objects layer (Fig. 3, a) where 
the results of frame processing are presented in the at-
tribute table of this layer (Fig. 3, b) [11]. 

 

 

 
 

Fig. 3. A layer of point objects with information about the coordinates and density of fish aggregations (a)  
and a fragment of the point layer attribute table (b) 

 
Analysis of the spatial distribution of vendace of 

Lake Vishtynetskoe was carried out on the basis of the 
existing division of the lake into fishing squares which 
are used to manage aquatic biological resources.  

The digitized contour of Lake Vishtynetskoe and 
the boundaries of fishing squares which are presented 
in the form of separate GIS layers allows to use them 
for spatial analysis of hydroacoustic information. Us-
ing the aggregation operation and the available layers 
the average density of vendace aggregations for each 

fishing square was calculated and recorded in the at-
tribute table of this layer. 

 
Research results and discussion 
In order to study the spatial distribution of vendace 

across the water area of Lake Vishtynetskoe data collect-
ed during night hydroacoustic surveys using the AsKor 
software and hardware complex were used. The density 
aggregation values of this species were calculated for 
each fishing square and were conditionally divided into 

a b 
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ти seven ranges: 0-1,000, 1,000-2,500, 2,500-5,000, 5,000-
10,000, 10,000-15,000, 15,000-20,000, 20,000-100,000 
specimens/ha.  

The results of the analysis based on 2021 data shows 
that the highest density of aggregations in this year was 
15-20 thousand specimens/ha and was observed in the 
fishing square with number 31 which is located in the 
northern part of the lake at depths of 30-40 meters. 
Lower concentrations with a density of aggregations  
of 10,000-15,000 specimens/ha were observed in the 
northern, central and south-central parts of the lake in  
4 fishing squares. In the northern and central parts of the 
lake the predominant depths were 35-45 meters, in the 
south-central part – 30-40 meters (Fig. 4). 

Quantitative characteristics of the main parameters 
of the 2021 hydroacoustic survey, which characterize 
the density of vendace aggregations and its population, 
are presented in Table 1. 

 
 

Fig. 4. Spatial distribution of vendace in Vishtynetskoe Lake 
according to hydroacoustic survey data of 2021 

Table 1 

Quantitative characteristics of the main indicators of hydroacoustic survey in 2021 

Year 
Number,  

million specimens 
Average density, 

specimens/ha 
Minimum density, 

specimens/ha 
Maximum density, 

specimens/ha 

2021 9.70 9.800 21 36.501 

 
In order to solve the problem of identifying fish 

squares in which high concentrations of vendace are 
observed it is necessary to select a criterion that allows 
to determine which values of vendace concentrations 
are considered high and which are not. In this regard, 
the average density of aggregations obtained from the 
results of night hydroacoustic surveys over a number 
of years was taken and was rounded to the nearest 
threshold range amounting 10,000 specimens/ha. Tak-
ing this into account in 2021 five fishing squares can 
be identified in which high concentrations of vendace 
were observed: 30, 31, 40, 41 and 82. 

Despite the fact that vendace is generally confined to 
the deep-water areas of Lake Vishtynetskoe, the influ-
ence of abiotic and biotic factors on its spatial distribu-

tion may vary from year to year. In turn this can lead to 
the formation of aggregations with different density in 
the same parts of lake. In order to confirm this hypothe-
sis and identify water body areas (in the form of fishing 
squares) in which high density concentrations of this 
species are always formed (over the series of observa-
tions), an analysis of its spatial distribution over several 
previous years was carried out.  

Thus, in 2020, high densities of vendace aggrega-
tions were observed in 14 fishing squares including 
south part of the lake, where high concentrations of 
this species in 2021 were not registered. In 2019 high 
densities of vendace aggregations were observed in 19 
fishing squares, mainly in the northern and central 
parts of the lake at depth from 15 to 40 meters (Fig. 5). 

 

 
 

 
Fig. 5. Spatial distribution of vendace in Vishtynetskoe Lake according  

to hydroacoustic surveys data of 2020 (a) and 2019 (b) 

а b 
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Quantitative characteristics of the main parameters 

of hydroacoustic surveys of 2019-2020 are presented 

in Table 2.  

Table 2 

Quantitative characteristics of the main indicators of hydroacoustic surveys in 2019 and 2020 

Year 
Number,  

million specimens 

Average density, 

specimens/ha 

Minimum density, 

specimens/ha 

Maximum density, 

specimens/ha 

2019 9.82 10.917 17 36.078 

2020 7.22 7.719 13 22.656 

 

The results show that the number of fishing squares 

with high concentrations of this species in 2020 turned 

out to be higher and dense aggregations were also ob-

served in south part of the lake despite the decrease in 

the number of vendace, the average and maximum den-

sity of its aggregations in 2020 compared to 2021. In 

2019 the indicators were generally comparable with 

2021 (with the exception of a slightly higher average 

density and population in 2019), however, there were an 

even greater number of water areas with high concentra-

tions of vendace and the presence of dense aggregations 

of this species in the northern part of the lake. 

In 2018 high densities of vendace aggregations 

were observed in 29 fishing squares which occupied 

most of the water area of Lake Vishtynetskoe and were 

confined to areas of the lake with depths of more than 

15 meters. In 2017 high concentrations of this species 

were observed in 17 fishing areas, mainly in the cen-

tral and southern parts of the lake at depths from 20 to 

45 meters (Fig. 6). 

 

  
 

Fig. 6. Spatial distribution of vendace in Vishtynetskoe Lake according  

to hydroacoustic surveys data of 2018 (a) and 2017 (b) 

 

Quantitative characteristics of the main parameters 

of hydroacoustic surveys in 2017-2018 are presented 

in Table 3.  

Table 3 

Quantitative characteristics of the main indicators of hydroacoustic surveys in 2017 and 2018 

Year 
Number,  

million specimens 

Average density, 

specimens/ha 

Minimum density, 

specimens/ha 

Maximum density, 

specimens/ha 

2017 9.17 9.801 15 33.460 

2018 13.21 14.500 25 41.355 

 

They show that in 2018 a high number of vendace 

was observed and there was an increase of the main 

indicators of the density of its aggregations (average and 

maximum). Of course, this influenced the formation of 

high density concentrations in almost all deep-water 

areas of Lake Vishtynetskoe – the number of fishing 

squares with high density aggregations was the greatest 

and was observed in all parts of the lake with depth of 

more than 15 meters (compared to 2019-2021). In 2017 

the population of this species, as well as the average and 

maximum density of its aggregations were slightly low-

er than 2019 and 2021. At the same time the number of 

a b 
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ти fishing squares with high concentrations of vendace was 

17, which is generally comparable with 2019. However, 

in 2019 high aggregations were observed in northern 

and central parts of the lake, and in 2017 – in the central 

and southern parts. 

In 2016 high concentrations of vendace were ob-

served in 12 fishing squares, which were dispersed 

throughout the water area of Lake Vishtynetskoe and 

fell at depths of 20-45 meters. In 2014 dense concen-

trations if this species were found in 27 fishing 

squares, also distributed throughout the entire water-

body, mainly in depths of 15-45 meters (Fig. 7). 

 

  
 

Fig. 7. Spatial distribution of vendace in Vishtynetskoe Lake according  

to hydroacoustic surveys data of 2016 (a) and 2014 (b) 

 
Quantitative characteristics of the main parameters 

of hydroacoustic surveys in 2016 and 2014 are pre-
sented in Table 4.  

Table 4 

Quantitative characteristics of the main indicators of hydroacoustic surveys in 2014 and 2016 

Year 
Number,  

million specimens 
Average density, 

specimens/ha 
Minimum density, 

specimens/ha 
Maximum density, 

specimens/ha 

2014 14.58 14.127 59 45.252 

2016 11.30 11.098 43 33.943 

 
Thus, despite the higher number of vendace in 

2016 compared to 2019, the average density of its ag-
gregations were generally comparable in the indicated 
years, and the maximum density in 2016 was slightly 
lower than the same parameter in 2019. The distribu-
tion over the water area also differed: in 2016 high 
concentrations were observed in northern, central and 
southern parts of the lake, while in 2019 – only in the 
central and northern parts. In 2014 the highest number 
of vendace was observed during the study period – 
14,58 million specimens, while the average and maxi-
mum density of aggregations were generally compara-
ble to the level of 2018. The distribution of high-
density vendace aggregations throughout the water 
area was similar as well as the number of fishing 
squares with high concentrations of this species. How-
ever, it can be noted a smaller number of fishing 
squares compared to 2018 despite the large number. 

The results of the studies show that while the num-
ber of vendace is high (more than 13 million specimens) 
this species forms dense aggregations throughout the 

water area with depths of more than 15 meters. With a 
lower abundance the number of areas of the water body 
(fishing squares) with high concentrations of this spe-
cies and their spatial location differ from year to year. In 
order to confirm the observations stated above, we will 
determine whether the increase in the number of ven-
dace leads to an increase in the average density of its 
aggregations in the water column, and also whether 
there is a direct connection between the abundance  
of this species and the number of fishing squares in 
which high densities of its aggregations were recorded. 
The influence of vendace abundance on the formation 
of high concentrations in the water columns was as-
sessed by statistical analysis using the Pearson linear 
correlation coefficient. The results of the analysis 
showed the presence of a direct relationship between the 
quantitative characteristic of the density of vendace ag-
gregations and its abundance (r = 0.966, tfact = 8.388,  
ttable = 2.570, p = 0.05) (Fig. 8), that is the average densi-
ty of aggregations of this species grows with an increase 
in the number of vendace. 

a b 
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Fig. 8. The relationship between the number and average density aggregations of vendace 
 

In order to determine the influence of vendace popu-
lation on the formation of high concentrations in differ-
ent parts of the water area of Lake Vishtynetskoe (the 
number of fishing squares with high density of aggrega-
tions) a statistical analysis was also carried out using the 
Pearson linear correlation coefficient. Moreover, this 

was done for two ranges of values: for the entire period 
of years (r = 0.683, tfact = 2.088, ttable = 2.570, p = 0.05) 
(Fig. 9, a) and for the period, excluding two years with 
high vendace population (over 13 million specimens)  
(r = –0.156, tfact = 0.352, ttable = 2.570, p = 0.05) (Fig. 9, b). 

 

  
 

Fig. 9. The relationship between the number and count of fishery squares with high concentration of vendace:  
all years (a); excluding years with high values on vendace population (b) 

 

As it can be seen from the obtained results in both 
cases there is no statistically significant linear relation-
ship between the vendace population and water body 
areas in which high concentrations of vendace are 
formed (despite the fact that in accordance with the 
Chaddock scale this relationship for the entire series of 
years can be considered as average). The absence of 
dependence is also confirmed by a comparative analy-
sis of the results of the spatial distribution of vendace 
in accordance with hydroacoustic survey data, for ex-
ample, 2020 and 2021. Thus, in 2020 the smallest 
population of vendace was observed (7,22 million 
specimens), however, the number of fishing squares in 
which high density aggregations is registered was al-
most 3 times greater compared to 2021. All this indi-
cates that some other factors influence on formation of 
high vendace concentrations in water column and the 
number of water body areas (fishing squares) with 
high density of aggregations (over 10,000 speci-
mens/ha) does not depend on the vendace population. 

In order to identify fishing squares in which high 
densities of vendace aggregations were observed an-
nually, a spatial analysis of hydroacoustic information 
was carried out for the available series of years. The 
results showed that during the period under review 
constantly high concentrations of this species were 
observed only in two fishing squares – 41 and 82, 

which are located in central and south-central parts of 
the lake at depths 30-50 meters (Fig. 10). 
 

 
 

Fig. 10. Fishery squares with annual density  
of vendace more than 10 thousand specimens/ha  

 

The obtained result indicates that the factors influ-

encing the formation of high concentrations of ven-
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ти dace in these areas of the lake are the most favorable, 

and their interannual dynamics are most likely not very 

pronounced (compared to other fishing squares). In the 

future, in order to identify the reasons causing the spa-

tial distribution of high concentrations of individuals 

of this species across Lake Vishtynetskoe it is planned 

to conduct additional research to determine the factors 

and the degree of their influence on the formation of 

high-density aggregations of vendace. The main pa-

rameters to be studied are the following: distribution of 

food organisms (plankton), temperature water stratifi-

cation, content of dissolved in water oxygen, depth of 

place. But now it can be said that in the found fishing 

squares fishing seems to be the most promising (at 

least in the summer time). 
 

Conclusion 

The results of the studies showed interannual varia-

bility in the spatial distribution of vendace dense aggre-

gations (over 10,000 specimens/ha) across the water 

body of Lake Vishtynetskoe: in some years, individuals 

of this species were concentrated in the northern and 

central parts of the lake, in others – in the central and 

southern, in some years high concentrations were ob-

served in all parts of the lake. With a sufficiently high 

population (more than 13 million specimens) of vendace 

the number of such areas throughout the waterbody is 

quite large (more than 25 fishing squares), while at low-

er values the number of fishing squares with high con-

centrations can vary from several to one or two dozen 

pieces. Correlation analysis showed the absence of  

a statistically significant (p = 0.05) linear relationship 

between the vendace population and the number of wa-

ter body areas with a high density of vendace aggrega-

tions. However, from year to year over the period under 

consideration high concentrations of this species were 

observed in two fishing squares located in central and 

south-central parts of the lake at depths 30-50 meters. 

Of course in order to more effectively use vendace 

stocks of Lake Vishtynetskoe it is necessary to deter-

mine the factors influencing the spatial distribution of 

dense aggregations of this species throughout the water 

area of the lake but already now the selected areas of the 

water area can be recommended for conducting targeted 

fishing of vendace, at least, during the summer period. 
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kal'nogo raspredeleniia riapushki (Coregonus albula (L.)) 

ozera Vishtynetskogo letom 2022 goda [Features of the ver-

tical distribution of grouse (Coregonus albula (L.)) of Lake 

Vishtynetsky in the summer of 2022]. Vestnik molodezhnoi 

nauki, 2023, no. 3 (40), p. 13. DOI: 10.46845/2541-8254-

2023-3(40)-41-41.  
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