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SUMMARY 

The dynamics of the catch (2012-2021) of the main commercial fish species of the 
Dniesterovskyi estuary are presented. The use of modern mathematical models BSM, LBB 
and LB-SPR which recommended as optimal instruments for fish stock exploitation level 
determines have been discussed. Methods. Standard methods of commercial ichthyological 
studies. Mathematical modelling. Results. The overexploitation of gibel carp in the 
Dniesterovskyi estuary was observed accordingly BSM, LBB and LB-SPR results. A sharp 
increase in the level of exploitation of gibel carp has led to its stock decline. The level of 
common carp exploitation in 2018-2021 has approached the optimal value. Commercial 
exploitation of the common bream and roach remains at an excessive and at a relatively 
moderate level respectively. The catch of the pike perch has been declined significantly in 
recent years. The recommendations for further use of the main commercial fish species in the 
Dniesterovskyi estuary are given. Conclusions. The BSM, LBB and LB-SPR models are 
convenient for mathematical analysis of determining the level of fish stocks exploitation in 
Dniesterovskyi estuary. The accuracy of the input data (official statistics of commercial 
landings) significantly effects on the simulation results – on the determine of the optimal 
indicators of the fish resources exploitation. 



Monitoring’2022   

 

 

XVI International Scientific Conference “Monitoring of Geological Processes 
and Ecological Condition of the Environment” 
15–18 November 2022, Kyiv, Ukraine 

 

Introduction 
According to recent studies, about a third of the 79 species of the modern Lower Dniester 
ichthyofauna are objects of traditional fishery (Bushuiev and Snigirov, 2020; Snigirov et al., 2022). 
Catch of five of them: gibel carp Carassius gibelio (Bloch, 1783), common carp Cyprinus carpio 
(Linnaeus, 1758), common bream Abramis brama (Linnaeus, 1758), roach Rutilus heckelii 
(Nordmann, 1840) and zander Sander lucioperca (Linnaeus, 1758) form the basis of the modern 
fishery in the Dniesterovskyi estuary. Landings of this fish species consist 76 to 95% of the total 
annual fish catch in liman. A significant increase of the gibel carp population was observed in the 
Dniesterovskyi estuary in recent ten years. The maximum peak of this increase was observed in 2019 
(Bushuiev and Snigirov, 2020). In recent years, gidel carp has formed the basis of fishing in the 
estuary (80-85% of the total annual catch). Its catch increased by almost 8 times – from 264.7 tons in 
2013 to 2066.2 tons in 2019. The increase in catch volumes was achieved due to the successful use of 
boat seines during the cold season (October-December, January-March) (Bushuiev and Snigirov, 
2020). However, a sharp increase in the level of exploitation led to a decrease in stock of this fish 
species in the liman. The catch of common carp in the Dniesterovskyi estuary has been increasing in 
recent years according to official statistics (Bushuiev and Snigirov, 2020). The exploitation of roach 
and bream stocks in recent years has been carried out at a level close to optimal. The stock of zander 
in the Dniesterovskyi estuary is in an extremely unsatisfactory state (Bushuiev and Snigirov, 2020). 
Intensive exploitation of fish stocks with insufficiently substantiated and ineffective measures for 
their restoration can lead to degradation and a sharp drop in the fish productivity of this unique liman. 
That is why the determination of the volume of allowable catch in order to prevent overfishing of fish 
resources does not lose its relevance and is a priority fishery task. 
The aim of this work is to analyse the modern fishery and assess the state of stocks of the five main 
commercial fish species of the Dniesterovskyi estuary as well as the definition of optimal tools for 
monitoring commercial fisheries of this water body. 
 
Data & Methods  
The materials were collected in the Dniesterovskyi Estuary in the period 2012-2021. Also, the data of 
official fishery statistics of the State Fishery Agency of Ukraine were used. Biological material was 
collected from commercial catches of the “Kalkan” private enterprise. The size and age composition 
of five species was analyzed: gibel carp, carp, bream, roach and zander. Fish were caught using 
commercial fishing gear: gill nets (mesh size 30-70 mm), fyke nets (mesh size 36-40 mm) and boat 
seines nets (length up to 600 m, height 2 m, mesh size 30-40 mm). Mathematical models such as LBB 
(Length-based Bayesian Biomass) (Froese et al., 2018), LB-SPR (Length-Based Spawning Potential 
Ratio) (Hordyk et al., 2015) and CMSY (Catch Maximum Sustainable Yield) (Froese et al., 2017) 
were used. Methods of LBB and CMSY mathematical models are given in great detail in Wang et al. 
(2020) and Liang et al. (2020). LBB is a newly developed estimation method requiring length 
frequency distributions that are representative of the fishery. The core of LBB is the von Bertalanffy 
growth function (VBGF) (Bertalanffy, 1938) connecting fish age and body length. It uses the 
Bayesian Monte Carlo Markov Chain (MCMC) (Gilks et al., 1996) to estimate growth and mortality 
parameters, relative exploitation level and stock size. In addition, LBB allows to obtain important 
parameters for fishery management such as the optimal length for the first capture Lc_opt and the 
length at maximum possible yield per recruit L_opt. Moreover, LBB results (relative biomass B/B0 
and natural mortality rate M/K) were used as priors for LB-SPR and CMSY methods requiring 
independent estimates as inputs. For assessment of the status of biological resources where limited 
data on a species are available, CMSY is an appropriate approach allowing estimations of MSY, 
exploitation level and biomass with corresponding confidence intervals from catches and resiliencies 
of researched species. This method is based on the Schaefer surplus production model (Schaefer, 
1954) and uses the Bayesian MCMC. CMSY method is well combined with LBB which provides 
stock status priors. Priors for resiliencies were taken from (Froese & Pauly, 2021). In the context of 
the modern transformation of the ecosystem, SPR index (Goodyear, 1993) allows better taking into 
account not only the effect of fishing on stocks but also the impact of environmental factors on them. 
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It ranges between 0 and 1, with a value of 1 representing an unexploited stock. Therefore, the status of 
stock can be classified into three different groups, which are: under (SPR > 0.4), moderate (0.2 < SPR 
< 0.4) and over (SPR < 0.2) exploited (Prince, 2015). SPR can be used to set targets and limit 
reference points for monitoring of population statuses.  
 
Results 
According to official fishery statistics, the total fish landings in the Dniesterovskyi estuary in the 
period 2016-2021 was the largest recorded catch in the historical period since 1945. At this time, the 
catch of gibel carp significantly increased (up to 84% of the total volume of fish caught). In 2018 and 
2019, the gibel carp catch was 1685.1 and 2066.2 tons respectively. In 2020, the gibel carp catch 
decreased significantly and amounted only 1378.5 tons. However, this decrease was to some extent 
due to introduction of changes in the fisheries regulation scheme by the fisheries protection 
authorities. In 2021, the annual catch of gibel carp still decreased and amounted to 900.5 tons. The 
modern gibel carp catch is based on the removal of individuals whose length is from 10 to 20 cm. In 
2018, individuals of gibel carp in catches were larger – 15-25 cm. According to the ichthyological 
observations, the share of non-commercial gibel carp individuals (less than 15 cm) in the catches in 
2013-2018 ranged from 10 to 37.5%, and in 2019-2021 compared with the previous period increased 
by 1.5-2 times. This testifies not only to the intensive exploitation of the commercial stock, but also to 
the high rates of its replenishment with juveniles with the effective natural reproduction of the gibel 
carp in the Lower Dniester and in the Dniesterovskyi estuary. A sharp increase in the level of 
exploitation of the gibel carp stock since 2016 led to a decrease in its numbers in subsequent years. 
According to the results of BSM modeling, the biomass of the fishing part of the gibel carp population 
decreased from 9 thousand tons/year in the period before its intensive exploitation in 2012-2015 up to 
2.5-3 thousand tons/year in 2019-2021. The current value of biomass B in 2019 dropped almost to the 
maximum allowable (Bpa = 2.44 thousand tons). In 2021 it was 3.07 thousand tons. At the same time, 
the value of the maximum sustainable catch (MSY) of gibel carp was estimated at 813 tons. This the 
value can be used as the total allowable catch. According to the results of the LBB analysis, the 
optimal average length Lc_opt of the entry into the fishery of the gibel carp is 14.0 cm with the 
optimal average fishing length in the catch LF = M = 18.5-19.0 cm. Note that since 2019, the average 
size of fish in catches were below optimal values – there was a decrease in commercial biomass to a 
critical value against the background of an excessively high level of exploitation. In other words, there 
is a significant overfishing of the gibel carp stock in the Dniesterovskyi estuary, which will negatively 
affect the state of its population in the future. The results of the LB-SPR analysis also testify to the 
overexploitation of this species in the liman. Between 2013 and 2021 the average value of the SPR 
index of the gibel carp was 0.18, which is below the critical level (20%). At the same time, it should 
be noted that, in accordance with the results obtained, the fishing mortality F was 3-4 times higher 
than the natural mortality M (at the optimal ratio F/M = 1). 
The annual landing of the common carp in the Dniesterovskyi estuary in 2012-2021 was in the range 
of 15.9-45.0 tons. Its official catch increased by about 1.5 times for the last ten years. On the one 
hand, the increase in catch could be the result of artificial stocking and accidental entry of fish into the 
estuary from rearing ponds in the Lower Dniester basin, on the other hand, a significant replenishment 
of the herd with individuals of the productive generation of 2015-2016 as a result of successful natural 
spawning. In 2020-2021 there was a further increase in the number of carp. It is important to note that 
this was not reflected in the fishery statistics. Since the forecast of allowable catch (i.e., in fact, the 
limit) has unreasonably remained at the same level (45 tons) since 2018, the level of uncontrolled 
catch of this fish species has increased significantly. According to expert estimates, the IUU catch of 
carp in 2021 reached the level of 80-120 tons. In the current catches of carp, individuals with a 
commercial length of 35-45 cm dominate. The proportion of large individuals in catches has 
increased, which indicates a relatively stable state of its stock. Based on the results of the BSM 
analysis, the value of stock B biomass did not decrease below the threshold value (BMSY) during the 
study period. Operational level in 2018-2021 approached the optimum value. Using the corrected data 
set in the model, which, according to expert estimates, can be 2-3 times higher than the official catch 
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data, an MSY value for carp of 92.7 tons was obtained. It is this value that is recommended to be used 
as the value of the total allowable catch of this fish species in the Dniesterovskyi estuary. Obviously, 
subject to the elimination of IUU fishing in this water body. According to LBB analysis, the optimal 
average length Lc_opt of entry into the fishery for carp is 32.0 cm, with an optimal average fishing 
length in the catch of 39.9 cm. The value of commercial biomass B in 2021 has almost reached the 
optimal BMSY value. Based on the results of the LB-SPR analysis in the period from 2014 to 2021. the 
average carp SPR was slightly above 40% (moderately exploited). This also indicates a relatively 
satisfactory state of the population of this fish species in the Dniesterovskyi estuary. 
Bream catch was in the range of 113.8-186.3 tons in the period 2012-2021. 168.7 tons were caught in 
2019. In 2020 and 2021 the landings were in 1.4 times less – 113.8 and 117.2 tons, respectively. 
Fluctuations in the volume of bream catches are associated primarily with the efficiency of its 
spawning and the level of commercial exploitation. According to the ichthyological observations, the 
catch of bream in the liman is decreasing. In modern catches, individuals are represented with a 
commercial length of 12-40 cm. Since 2018, the share of large individuals in catches has gradually 
decreased. In the last three years, the fishery was based on the use of young individuals (up to 3 years 
old) – undersized juvenile bream (less than 30 cm long) in catches accounted for 80-85%. Significant 
rejuvenation of the bream herd, of course, is a consequence of the overexploitation of its stock. Based 
on the results of the BSM, the bream catch has fluctuated around the MSY value, exceeding it in the 
period 2005-2009. The exploitation of the stock of bream slightly exceeded the optimal one. 
However, the qualitative composition of catches gradually decreased. The basis of the fishery 2019-
2021 were bream individuals that had not reached sexual maturity. A significant catch of immature 
individuals led to a decrease in the number of broodstock of bream and, as a result, a decrease in the 
number of recruitment groups in 2020 and 2021. The results of the LB-SPR analysis also testify to the 
high level of exploitation of this fish species in the Dniesterovskyi estuary. The average value of the 
SPR index of bream in the period from 2014 to 2021 was only 18% with optimal values of 40% or 
more. At present, the optimal value of the commercial biomass according to the modeling results is 
BMSY = 1120 tons. The commercial mortality is estimated at the level F2021 = 0.143, with the optimal 
values FMSY = 0.132. The MSY value, according to the modeling results, for bream is 148 tons. It 
should be noted that the value of the allowable catch of bream in the estuary in 2017-2021 is 
determined at the level of 200 tons/year, which, of course, requires downward adjustment. According 
to the results of LBB analysis, the optimal average fishing length in the catch is LF = M = 29.1 cm, 
provided that FMSY = M. The rules of commercial fishing in the Black Sea basin (1998) set the 
minimum fishing measure for bream at the level of 30 cm. According to preliminary studies, only 
50% of individuals 30 cm long reach sexual maturity, so it is unacceptable to reduce the minimum 
commercial size of this species. 
Roach landings in 2012-2021 ranged from 22.4 to 47.9 tons per year. In 2021 42.4 tons were caught. 
The basis of the catches are individuals with a commercial length of 15-20 cm. In recent years, a 
decrease in large-sized individuals in catches has been noted. For the last three years, the share of 
undersized juvenile roach in the catches was 35-80%. All this testifies to the intensive exploitation of 
the roach population of the liman. According to the BSM analysis, the value of commercial biomass B 
practically coincides with BMSY = 306 tons. Fishing mortality is estimated at F2021 = 0.127, with 
optimal values FMSY = 0.13. According to the corrected data (taking into account IUU and amateur 
catches), the MSY value of the roach can reached 57.7 tons. The results of the LB-SPR analysis 
indicate a relatively moderate (28%) exploitation of the commercial part of the population. 
Since 2012, the volume of zander catch in the estuary has been steadily declining - from 22.3 tons to 
4.1 tons in 2018. In 2019, the catch of this species increased slightly to 8.4 tons, but in 2020 and 2021 
decreased again to 5.2 and 4.9 tons, respectively. The individuals with a commercial length of 30-40 
cm consist the basis of modern catches. More than half of the catches fall on individuals whose length 
is less than the permitted commercial size – 38 cm. The share of large individuals (1.5 and more kg) 
in catches is extremely insignificant. This indicates a very high impact of fishing and IUU fishing on 
the state of the zander population in the Dniesterovskyi estuary. The biomass value is significantly 
below the critical value Bpa = 0.5∙BMSY. Based on a precautionary approach, the value of FMSY = 



Monitoring’2022   

 

 

XVI International Scientific Conference “Monitoring of Geological Processes 
and Ecological Condition of the Environment” 
15–18 November 2022, Kyiv, Ukraine 

 

0.0067 was determined for the zander stock. The annual catch of this species in the liman should not 
exceed 5 tons. 
 
Conclusion  
Our study provides evidence that CMSY, LBB and LB-SPR is a new and powerful, yet simple, 
computer-intensive methods, approach to evaluate a fisheries’ status using length and frequency data.  
These mathematical models are efficient methods to evaluate the fishery resources in the 
Dniesterovskyi estuary and should be used to regulate commercial fishery in this water body. 
Reliability of fishery statistics data is necessary to obtain adequate results of the state of the fish stock 
and optimal recommendations for the management of its exploitation 
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