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Abstract: The analysis of the results of the fishing season 2022/2023, as well as the analysis of the commer-
cial biological and basic biometric parameters of the European anchovy (E. encrasicolus L., 1758) wintering
in the coastal waters of Abkhazia were made. The characteristic of the dynamics of the size and age struc-
ture of fish in catches is given and the intra-annual patterns of the dynamics of anchovy (Black Sea anchovy
and Azov anchovy) fishing are presented. Changes in population characteristics in the composition of catches
compared to previous years were noted. The absolute values of catches by month and their fluctuations are given.
The dependence of the biomass coming to the anchovy wintering on the main environmental factors: temperature,
current and wind regime is considered.

Keywords: European anchovy, Azov-Black Sea form of anchovies, size-age structure, fishing dynamics, Abkhazia,
regression analysis.

Introduction

The European anchovy, or anchovy, E. encrasicolus L., 1758, due to its abundance, plays
an important role in the marine ecosystem, as it acts as an intermediate link between zooplankton
and representatives of the highest trophic level — large predatory fish, dolphins and birds [Zuyev,
Current population structure ... , 2019]. At the same time, we can say that this species consistently
ranks first in terms of catch volume and is an important commercial object in all countries located
on the Black Sea coast. The main fishery is carried out in the coastal waters of Turkey, Georgia,
Russia and Abkhazia, where anchovy migrates in large numbers from the northern part of the Black
Sea and from the Sea of Azov for wintering, forming dense and stable aggregations [Zuyev, Modern
state of the population ... , 2019]. A relatively small part of the herd winters near the Caucasian coast
and near the southern and southwestern coast of Crimea [Vodyasova, Abramson, 2016; Zuyev, Klimova,
2017]. Anchovy fishing is one of the traditional types of Black Sea fishing [Dbar, Gamakhariya, Long-
term dynamics ... , 2020; Dbar, Gamakhariya, Mnogoletnyaya dinamika ... , 2020].

According to the results of modern population genetic studies, in the Azov-Black Sea basin,
the European anchovy is represented by two forms — the Black Sea and the Azov, each of which is char-
acterized by the presence of spatially isolated reproductive, feeding and wintering areas and, accordingly,
represents an independent unit of the commercial stock [Vodyasova, Soldatov, 2017; Zuyev et al., 2014;
Zuyev et al., 2012; Nebesikhina et al., 2019; Nebesikhina, Lebedeva, 2019; Chugunova, 1959; Castilla-
Espino et al., 2014].

Off the coast of Abkhazia, anchovy is present only during wintering (December — March).
It is a commercial object, and the recommended catch is about 30—45 thousand tons annually according
to the materials of the Russian-Abkhaz Commission on Fisheries or the decree of the Cabinet of Minis-
ters of Abkhazia.
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Fishing in Abkhazia was carried out by leased Turkish fishing vessels in the amount of 17 units
and transport vessels in the amount of 9 units. The state of the population can be assessed as stable with
a low stock.

The purpose of the research is to assess the state of the anchovy stock in the 2022/2023 fishing
season, and characteristics of local populations wintering in the Abkhazian waters of the Black Sea.

Given the identified signs of excessive fishing pressure on the population of the Azov-Black Sea
anchovy, it is important to understand the state of the dynamic characteristics of the population and what
factors determine the size of the stock.

Materials and Methods

The object of research was the local populations of anchovy wintering in the waters of Abkhazia
in 2022/2023. As additional sources of data, we used materials from fishing journals, which were pre-
sented by the State Committee for Ecology of the Republic of Abkhazia. In addition, they carried out
direct control of the caught fish at the sites of unloading the catch at the fisheries. The material was
obtained from the catches of fishing vessels. Anchovy was caught using a purse seine. The study area
covered the shelf zone from the Sukhum region up to the Gal region, the range of working depths of ves-
sels was 20—-60 m, and partially the Gagra water area.

Sampling (2700 individuals) and their cameral processing were carried out in accordance with
the methods generally accepted in the practice of ichthyological research. Fish measurements were made
with an accuracy of 1 mm, the age of the fish was determined by otoliths and the mass of individuals
on an electronic scale with an accuracy of tenths of a gram. Gender was determined by standard meth-
ods. In all calculations, only the body length FL. was used [Pravdin, 1966] . In addition, we analyzed
the literature data on temperature, currents and wind activity of the Black Sea.

Results and Discussion

Fishing in the anchovy season 2022/2023 began in the first half of December and lasted until
the end of March. The largest daily catch did not exceed 200 tons. The fishing area (Fig. 1)
covered mainly the eastern part of the Abkhaz water area. At the end of February, there was a move of an-
chovy with a sharp decrease in numbers in March. We estimate the number of anchovy individuals that
came for wintering at 200-300 million individuals, with the predominant modal group in body length
6-9 cm and weight 4-9 g [Vodyasova, Abramson, 2017; Vodyasova, Soldatov, 2017; Ivanova, Dobro-
volov, 2006].

It is important to note that the intensity of fishing in the current fishing season was quite low com-
pared to the previous year, while estimating the magnitude of fishing effort and catch per effort, one can
speak of an unstable catch throughout the fishing season.

During the period under review, the anchovy catch amounted to 6846 tons. Anchovy catch statis-
tics by months of the winter-spring season in the 2022/2023 fishing season shows significant variation
(Fig. 2). Increased catch rates in January are associated with the beginning of a decrease in sea water
temperature and the entry of anchovy from the eastern part.

The age structure of a population is an indicator of its stability, making it possible to estimate the num-
ber of spawners at the start of spawning. During the period under review, the anchovy population was
in a stable condition, and the number of spawners was at a high level. The dynamics of the age compo-
sition of anchovy catches shows that in December, fish aged 2+ dominated, accounting for more than
half of the fish caught by the fishery, but in March their share fell to 17 %, while the proportion of fish
aged 3+ was noticeably higher than in previous years months. Fish aged 0+ dominated in January, their
biomass was 32 % of the total biomass of the January catches (Fig. 3).
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Fig. 1. Maps of fishing area for the Azov-Black Sea anchovy in the 2022/2023 fishing season
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Fig. 2. Anchovy catch statistics by months of the winter-spring fishin season in 2022/2023

The dynamics of the biomass of the stock during the wintering period shows that anchovy will spawn
with a dominant group of individuals aged 2+ and 3+, which indicates that the biomass of anchovy
for the fishing season 2023/2024 can be predicted as medium productive.

According to the data obtained by us, fish at the age of 1+ dominate, while the ratios are approxi-
mately the same in fish of the age of 1+ and 3+. The proportion of fish of age 3+ and 4+ is about 14 %,
but fish of this age will die almost completely during migration, leaving no offspring. About 86 % of fish
will be able to leave offspring, but taking into account the small number of the stock, it can be argued
that the fishing stock in the waters of Abkhazia for the next fishing season will be lower under other
favorable conditions. In the current fishing season, the Azov anchovy is found; its share is insignificant
and amounts to only about 0.79 % of the total number.

The sexual structure of the Azov-Black Sea anchovy determines its reproductive abilities. Such
a structure is considered favorable, in which the anchovy in wintering clusters is dominated by under-
yearlings and two-year-olds. According to the data obtained, the sex distribution of anchovies by age
was favorable. The ratio of males and females in different age groups was not the same: males domi-
nated at the age of 0+, females dominated at the age of 1+, females dominated at the age of 2+ (Fig. 4).
Potentially, under favorable conditions, such a population can give a fairly high number of offspring with
a high abundance of stock [Gamakhariya, 2021] .
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Fig. 3. Age structure of local anchovy stocks in commercial catches in the 2022/2023 season
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Fig. 4. Sex structure of anchovies in the 2022/2023 season

Based on the regression analysis (Fig. 5), a functional relationship was established between length
and age, weight and age, as well as weight and length of anchovy. In all cases, the coefficient of determi-
nation was quite high. The dependence of length on age was approximated by the equation of the power
growth function; weight on age was approximated by an exponential function, where the coeffi-
cients of determination were equal to 0.95, 0.84, and 0.91. This equation has a concave graphic form,
the growth rate decreases with age. The decrease in linear growth in fish of older age groups is explained
by the fact that in anchovy, energy expenditure for generative metabolism increases with age, therefore,
the feed coefficient increases, 1. e., the efficiency of using food for growth decreases. With an increase
in body length, the mass of anchovies naturally increases. The associated change in the average val-
ues of mass and length indicates a close functional relationship between these indicators, while the coef-
ficient of determination is 0.87.

In order to understand the processes affecting the formation of the stock of the Azov-Black Sea
anchovy in the waters of Abkhazia, in addition to biometric analysis, it is necessary to analyze the re-
lationship between the biomass of the stock and environmental factors (Fig. 6). Since in recent years,
sharp fluctuations in stocks have been increasingly observed. It was necessary to establish a relationship
with which you can assess the state of the stock and explain the reasons for the failed route.

Taking into account the available data on the structure of the anchovy stock, we conducted a regres-
sion analysis of the relationships between the size of the stock and the main environmental factors.

To assess the relationship between temperature and biomass anchovy wintering in the waters of Abk-
hazia, 10 points were selected in the coastal part of the Black Sea. Six of them were in Turkish waters,
three in Georgian and three in Abkhazian. The data were analyzed from September to December
inclusive every day. As a result, according to the regression analysis of the dependence of the biomass
of migrating anchovy on temperature during the winter migration period, we see a correlation between
these data, which is 0.7387.
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Fig. 5. Linear growth (a), weight growth (b) and the relationship between the length and body
weight of the anchovy in the period 2022/2023

Data on the correlation analysis of the dependence of migrations on currents gave a negative indicator.

The data on the regression analysis of the dependence of the biomass of wintering and migrating
anchovy on winds did not give a positive correlation in any of the months of the period under review.

Therefore, it can be assumed that the biomass of the migrating and wintering anchovies depends
on the temperature in the autumn months and partially depends on the currents in the autumn
months of the anchovy migrating and wintering in the waters of Abkhazia. In this case,
the speed of the currents matters. A greater dependence is observed on currents, the speed of which

1s higher. We did not observe dependence on winds.
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Fig. 6. Data of regression analysis of the dependence of the biomass of anchovy wintering
in the waters of Abkhazia on water temperature during the fishing season 2022/2023
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Conclusion

1. In the fishing season 2022/2023 anchovy catch amounted to 6846 tons. The increase in the catch
in March is associated with the beginning of the spring migration of anchovy.

2. The age distribution of anchovy shows that in the wintering population there are all five age
groups and the age group 1+ dominates, accounting for 36.6 % of individuals. This indicates a high
level of exploitation in the previous season. At the same time, the absence of a large number of underyear-
lings shows that in the previous year, the operational capabilities of wintering flocks were significantly
exceeded.

3. In the territorial waters of Abkhazia, the Azov anchovy was present in small quantities, accounting
for no more than 0.8 % in terms of numbers, while with the beginning of spring migration, its share
decreased to 0.1 % of the total number. What can say that the commercial stock of the Azov anchovy
is being restored in the territorial waters of Russia.

4. The sex ratio of the anchovy during the wintering period remained quite favorable for the popu-
lation. On average, females prevailed by age, and their share was slightly more than 55.2 % of the total
number.

5. The regression analysis data show the dependence of anchovy’s migration on the temperature
regime and, to a lesser extent, on the currents of the Black Sea. This dependence shows that the water
temperature in the Black Sea during the period of migration and wintering was higher than necessary
for the massive entry of anchovies for wintering into the waters of Abkhazia and averaged 11.5 °C
in the water area, from Turkish waters to Abkhazia, with the optimal anchovies at a water tempera-
ture of 10.3 °C.

6. Regression analysis showed a functional relationship between length and age, weight and age,
as well as weight and length of anchovy.
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K BOIIPOCY O CTPYKTYPE CTAJIA EBPOIIEVICKOI'O AHYOYCA, SUMYIOIIET'O
Y BEPEI'OB ABXA3UU, 1 ITIPUYUHAX, IIOBJINABIIINX HA HU3KY1O BEJIMYNHY
INPOMBICA (ENGRAULIS ENCRASICOLUS L.,1758) B IIPOMBICJIOBBIV CE30H
2022/2023 rr.
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AnnoTtanus: IIponsBeséH aHanu3 pe3ynbTaToB MPOMBICTIOBOro ce3oHa 2022/2023, a Takke aHaIN3 IIPOMBICTIOBO-
OMOJIOTMYECKUX U OCHOBHBIX OMOMETPHYECKUX IMapaMeTpoB eBporretickoro andoyca (E. encrasicolus L., 1758),
3MMOBABIIIETO B MPHOPEXHBIX Boiax AbGxa3uu. [laHa XapaKTepruCTUKa TUHAMHUKHN pa3MepPHO-BO3PACTHOMN CTPYKTY-
Pbl YIIOBOB XaMCHl ¥ TTPEICTABJIEHbl BHYTPUTOIOBbIE 3aKOHOMEPHOCTH JJMHAMUKH MTPOMBIC/IA aH4Y0yca (YepHOMOp-
CKOTO M a30BCKOro). OTMeueHbl U3MEHEHUs OMYJISILIMOHHBIX XapaKTePUCTHK B COCTaBE YJIOBOB M0 CPABHEHUIO
¢ mpeapAyIMME rogamu. [aHbl aOCOMOTHBIE 3HAYEHHsI BBUIOBOB IO MecslaM M X KonebaHus. PaccMoTpeHa
3aBUCHMOCTh OMOMACCHI IIPUXOASAIIEH Ha 3MMOBKY XaMChl OT OCHOBHBIX (DAKTOPOB CpE/Ibl: TEMIIEPATyphl, TEUCHUS
Y BETPOBOT'O PEKMMA.
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CangoBuu KUBOTHBIX, qupektop, MHcTtutyT skonorun AHA, Cyxym, AOxasus, yi. YHuBep-
curterckas, 3, 384900, romandbar @mail.ru

INamaxapus acIMpaHT MO HAMPABIEHUIO «UXTHONOTUs», AOXa3CKUU TrOCyNapcTBEHHBIA YHU-
[MTaata BEPCUTET; HAYUHBIA COTPYOHUK OTAeaa OMOTHMUYECKUX uccnenoBanuid, WHcTu-
JlxeipaHoBUY tyr sKkomorun AHA, Cyxym, AOxasus, yn. YHuBepcuterckas, 3, 384900,

pgamakhariya@mail.ru

Tocmynuna é peoaxuuro 12.06.2023 e.
Tpunsma x nyoaukauuu 27.09.2023 e.
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