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SMALL ARAL SEA, COMMERCIAL FISH SPECIES, ICHTHYOFAUNA, PARASITOFAUNA, EXTENT OF INVASION, PARASITE ABUNDANCE INDEX

The object of the research is commercial fish and their parasites.
The purpose of the research is to develop recommendations for ensuring epizootic well-being in order to preserve and multiply the fish resources of the Small Aral Sea based on the data obtained on the ichthyofauna, conditions and habitat, determining the species and quantitative composition of parasites, identifying the most widespread and pathogenic, specific, polyspecific and new species.
In the course of the research, the following were conducted: determination of the species composition of fish living in the Small Aral Sea, complete biological analysis of fish with determination of length, weight, sex, gonad maturation stage and age of fish according to I.F. Pravdin and Fulton's and Clark's condition, study of the epizootic situation of parasitic diseases of commercial fish, determination of the influence of detected parasites on the quality of walleye fillets, exported to the countries of the near and far abroad.
As a result of the research the contamination of 11 fish species of fish from 4 families was studied: Cyprinidae, Percidae, Esocidae, Channidae, the possible influence of parasites found in walleye (exported from the Aral Sea to the countries of the near and far abroad) on the quality of fillets of this type of fish is theoretically substantiated. The assessment of the current state of the populations of the main commercial fish species was carried out  in 2020-2021. Scientifically-based recommendations have been developed and published to ensure epizootic well-being in order to preserve and increase the fish resources of the Small Aral Sea. 1 scientific article was published in the journal " KazNU Journal ". Experimental Biology. Almaty, 2021. - №3(88). – pp.119-129.
Main veterinary and biotechnological indicators: new data were obtained on the ichthyofauna and parasitofauna of commercial fish of the Small Aral Sea have been obtained.

The extent of adoption- in accordance with the calendar plan, the development of new methods and technologies for subsequent implementation is not provided.

Scope: veterinary medicine, ichthyology, biology, ecology.
The effectiveness of the development consists in obtaining new data on the ichthyofauna and parasitofauna of fish, which made it possible to develop scientifically-based recommendations for ensuring epizootic well-being, in order to preserve and increase the fish resources of the Small Aral Sea. 
Predictive assumptions - the results of the research can be used to preserve and increase the fish resources of the Small Aral Sea.
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TERMS AND DEFINITIONS

In this research report, the following terms are used with appropriate definitions:

	Abundance index -
	the average number of helminths of a certain species per each individual of the host of a given sample


	Extent of invasion-
	the proportion of individuals infected with this type of parasite in the sample. It is defined as the ratio of the absolute number of individuals invaded by this species to the sample volume, expressed as a percentage, fractions of a unit, ppm.

	Helminthosis -
	animal diseases caused by parasitic worms


	Infection intensity -
	the average number of helminths per each host infected with this species of the study sample



	Invasion -
	the invasion into the body of an animal nature (helminth or single-cell), while infection in the domestic literature is called contamination bacterial and viruses contamination



	Ntermediate host -
	the host in which the larval stages of helminths develop


LIST OF ABBREVIATIONS AND DESIGNATIONS

In this research report, the following symbols and abbreviations are used:
	AI -
	abundance index

	CHA - 
	complete helminthological autopsy

	g-
	gram

	Ins.
	Instance

	II -
	infection intensity

	L-
	total length

	l- 
	minimum allowable length

	LLP «SPC of Fisheries»
	Limited Liability Partnership «Scientific and Production Center of Fisheries»

	LLP «KAZSRVI»
	Limited Liability Partnership «Kazakh scientific research veterinary institute»

	Q -
	total weight

	q -.
	the weight of fish without internal organs


INTRODUCTION

Today, the Small Aral plays a crucial role in the development of the region's economy. In the Aral Sea region there are 9 fish processing plants with a capacity of 12.5 thousand tons per year. In the region for 12 months of 2020 caught 8,362 tons of fish, which is 18% more than the same period last year (2019 - 6,898 tons). In addition, 4,302.9 tons of products were exported to 9 foreign countries in 12 months of 2020, an increase of 2% over the same period last year (2019 - 4,220 tons). Fish products are delivered to Russia, Germany, Poland, Georgia, Lithuania, China, Netherlands, Czech Republic and Belarus. The main types of exported fish are: taran, roach, perch, pike, pikeperch and mixed fish. Processed products in the form of pike perch fillets, ramming fins, minced fish, fish fillets, frozen fish and fish meal are exported from them. 

It should be noted that over the past 50 years, since the emergence of environmental problems in the Aral Sea region, many scientific papers have been written on water and environmental issues, the hydro fauna of the Aral Sea and the issues of sharing river water resources in the Central Asian region. However, there is practically no data on fish parasites. 

Taking into account the magnitude and diversity of the problems of the Small Aral Sea, faced by the developing fisheries of the Aral Sea region, it is urgent to connect to their solution almost all available scientific forces in the field of ichthyology and parasitology, able to present data on the conservation of fish resources of the sea. 
The basis and initial data for development. Kazakh scientists have not studied the parasitofauna of the Aral Sea fish. Therefore, all the issues raised in this project are new and have great scientific and practical significance for both the Kazakh and international scientific community.

The rationale for the need for scientific research is to study the ichthyofauna and parasitofauna of the Aral Sea, which will preserve the biodiversity of the sea and reduce the risks of mass spread of parasitic diseases among commercial fish species.

Information about the planned scientific and technical level of development and conclusions from them will be obtained new data on the ichthyofauna and species composition of fish parasites, recommendations have been developed to reduce the risks of mass spread of parasitic diseases among commercial fish of the Small Aral Sea.
Information about patent research and conclusions from it. Patent research was conducted in accordance with ST RK GOST R 15.011-2005 and the search depth was 2 years. At the same time, it was found that in the CIS countries 1 patent description was published on this topic (2015-2021).

Information about metrological support of research work. Metrological support of research work was carried out by KazTehService LLP.
The relevance of the topic. Back in the middle of the last century, the Aral Sea was the fourth largest lake in the world, which until the 60s of the last century filled a giant bowl with a length of 426 kilometers. The reservoir on the border of Kazakhstan and Uzbekistan was so large that it is still called the "sea", although it does not have access to the ocean, so it is formally a lake. There were legends about the fish riches of the Aral Sea, they provided for the whole of Central Asia and exported to the socialist countries of Europe: Hungary, Czechoslovakia, the German Democratic Republic. In the seventies, the natural ichthyofauna of the Aral Sea consisted of 34 species of fish, most of which (22 species, or 65%) were commercial. The basis of the catches were three species: roach (roach), carp and bream - out of 12 species taken into account by industrial statistics. 

Research by the Scientific and Production Center of Fisheries LLP in 2021 shows that the modern ichthyofauna of the Small Aral Sea is represented by 22 species of fish. The commercial include 14 species (bream, pike perch, pike, asp, carp, crucian carp, roach, sabrefish, snakehead, catfish, shemaya, white-eyed, grass carp, silver carp). Non-commercial include 8 species (rudd, perch, ide, flounder, barbel (Red Book), atherina, goby, stickleback (weed fish)).  
The first information about parasites of fish and other aquatic invertebrates of the Aral Sea is given in the monograph of Dogel V.A. and Bykhovskiy B.Ye., who identified parasitic protozoa (14 species), monogenes (19), cestodes (9), trematodes (11), nematodes (10), leeches (2), mollusks (1), crustaceans (5) and fungi (2 species). A total of 73 species of parasites were found, of which 14 were new to science [1]. This classic work, which has not lost its significance at the present time, gave an idea of the parasitofauna of the fish of the Aral Sea and was a serious achievement of Soviet parasitological science. In 1967-1971. The Karakalpak Branch of the Academy of Sciences of the Uzbek SSR organized 5 long expeditions and covered the study of Abbas, Sarbas, Jaltyrbas, Bugun bays of the Aral Sea, as well as the Uyaly Island area, where representatives of 31 fish species (1305 specimens) were studied by full parasitological autopsies.  In partial studies and analysis of catches, 8334 specimens of fish were checked. In total, S.O. Osmanov found 215 species of parasites in the fish of the Aral Sea, 23 of which were brought in with produced species [2]. 

The fact that parasites with a high intensity of invasion can lead to a massive pest of fish is confirmed by numerous works of scientists in the field of ichthyoparasitology [3, 4]. The Aral Sea is no exception, where in 1936, according to Dogel and Lutt [5], the mass death of the only representative of the sturgeon of the Aral Sea, the Aral thorn from Nitzschiasturionis, was noted. The case of the partial death of the Aral thorn from Nitzschiasturionis was also established by S.O. Osmanov in 1953 and in 1961 [6,7]. The author notes that all 16 specially caught and investigated Aral thorns were completely infected with an invasion rate of 1-80 specimens.

Kazakh scientists have not conducted parasitological studies in the Aral Sea and today's Small Aral Sea. The only studies in the Small Aral Sea were conducted in 2010 by Dautbayeva K.A. and Satybaldiyeva A.S. [8], who established 13 species of monogenetic suckers in 6 studied fish species. 

Therefore, all the tasks assigned in this project are relevant and of great scientific and practical importance to both the Kazakhstani and international scientific community.

The scientific novelty of this project is to conduct research on fish parasitofauna of the Aral Sea and obtain new data, which will allow to develop recommendations to ensure epizootic well-being, in order to preserve and increase the fish resources of the Small Aral Sea. Of course, obtained data on parasitic diseases of fish in the Small Aral, in connection with the limited time of research, will be very limited, however, will allow to form a general picture of the parasitofauna of commercial fish, to identify the most pathogenic, widespread and dangerous to humans species.

Our research in various natural reservoirs of the Republic has shown that fish epidemiology should take an important place in fisheries issues, and fisheries organizations should take into account the presence of fish diseases in their activities as a serious factor affecting not only the profitability of fisheries enterprises, but also the health of the country's population, since fish is a source of human infection with many types of parasites. Moreover, our studies have shown that epidemiological factors often affect fish farming, and mass diseases of commercial fish and in wild water bodies are accessible to control and intervention by humans.

To date, parasitic diseases of fish are not registered in Kazakhstan, and they do not consider the need to implement anti-epidemic measures to be a problem, they do not take into account the factors of re-infection when migrating fish from one reservoir to another. Therefore, fishery enterprises unknowingly contribute to the spread of many parasitic diseases in both artificial and natural water bodies by their actions without epidemiological analysis.  The consequences of the Aral basin crisis for the Central Asian states are determined by UN experts as a global environmental catastrophe of the twentieth century. The main task of the project is to prevent the spread of parasitic diseases, in order to increase the fish resources of the Small Aral Sea.

Novelty of the topic is to conduct research on fish parasitofauna of the Aral Sea and obtain new data, which will allow to develop recommendations to ensure epizootic well-being, in order preserve and increase the fish resources of the Small Aral Sea. Of course, obtained data on parasitic diseases of fish in the Small Aral, in connection with the limited time of research, will be very limited, however, will allow to form a general picture of the parasitofauna of commercial fish, to identify the most pathogenic, widespread and dangerous to humans species.

The purpose of the research is to develop recommendations for ensuring epizootic well-being in order to preserve and multiply the fish resources of the Small Aral Sea on the basis of the data obtained on the ichthyofauna, conditions and habitat, determining the species and quantitative composition of parasites, identifying the most common and pathogenic, specific, polyspecific and new species. 

Achievement of the specified purpose will allow to receive the systematized list of parasites with description of species, genus, family, to define the most widespread and pathogenic kinds of parasites, and also specific, polyspecific and their new kinds in aboriginal and acclimatized in Small Aral fish, to calculate the index of parasites abundance in the population of commercial fish and in ictyocoenosis in general and also to develop recommendations on decrease in risks of mass distribution of parasitic diseases among commercial fish species.


For the solution were set the following tasks:
- to monitor the current state of the commercial ichthyofauna of the Small Aral, taking into account the ecology of the groups, to study the conditions and habitat of the fish of the Small Aral against the background of an increase in the flow of the Syrdarya River as a result of the regulation of the channel and intensive desalination of the sea;

- to study the parasitofauna of commercial fish species of the Small Aral Sea;
- to determine the influence of parasites on the quality of fish products of the Small Aral Sea exported to the countries of the near and far abroad;

- to develop and publish scientifically-based recommendations to ensure epizootic well-being in order to preserve and increase the fish resources of the Little Aral Sea;

prepare on the basis of research results and publish 1 (one) scientific article in a peer-reviewed domestic scientific publication with a non-zero impact factor recommended by recommended by the CQAFES MES RK and submit 1 (one) article in peer-reviewed foreign scientific journals indexed in the 4th quartile in the Web of Science database or having a CiteScore percentile in the Scopus database of at least 35. Prepare and submit a report to the SC MES RK.
The solution of the tasks set will allow for the first time to develop scientifically-based proposals to reduce the risks of the spread of the most pathogenic parasites in order to preserve and increase the fish resources of the Small Aral Sea.

List of the names of interim reports on tasks and their inventory numbers:

"Development of recommendations for ensuring epizootic well-being based on the study of ichthyofauna and parasitofauna of Small Aral fish of commercial importance".

State registration number 0120РК00221
Inv. No. 0220РК01738
MAIN PART
1 Selection of direction and methods of conducting research

Taking into account the importance of fishing for the Aral region, tasks aimed at developing recommendations that ensure the epizootic well-being, conservation and multiplication of the fish resources of the Small Aral Sea have been set for solution. The recommendations will be compiled on the basis of the new data obtained on the ichthyofauna of the Small Aral Sea with a description of the conditions and environment of their habitat, determination of the species and quantitative composition of parasites, identification of the most common and pathogenic, specific, polyspecific and new species. 


Determination of the species composition of the studied fish was conducted on the basis of a taxonomic description from the determinant of parasites of freshwater fish of the fauna of the USSR [9,10,11], a complete biological analysis of fish was conducted to determine the length, weight, sex, gonad maturation stages, and the age of the fish [12]. 


Materials on bioanalysis during the research period were collected by direct observations during research catches. The state of fish stocks in the Small Aral Sea was determined by the interaction of the following factors: the number of commercial fish, the conditions of their reproduction, the state of the feeding capacity of the reservoir itself and the intensity of the catch. The assessment of fish stocks was carried out according to the data collected by the method of direct quantitative accounting of fish from control net stops, as well as analysis of catches of fishing nets.
We determined both the total mass of the fish and the mass without internal organs. The condition should be considered as a proxy measure characterizing the nutrition of fish. This exterior indicator is calculated with using the Fulton formulas [13]:
Кф= W×100/ l3 , where                                                                   (1)

Кф- Fulton's condition factor;

W – total fish weight in grams;

l – the body length of the fish from the beginning of the snout to the end of the scale cover, cm. However, according to many scientists, the Clark's condition factor gives more representative result. In our work, we used both methods.

Кк=W×100/ l3, where                                                                           (2)

Кк- Clark's condition factor;

w– fish weight without internal organs in grams;

l – the body length of the fish from the beginning of the snout to the end of the scale cover, cm.

To determine the age of fish (cyprinoid, herring, perch), scales were taken on the side of the fish body, approximately opposite the dorsal fin, above the lateral line (not less than 20 scales). The sex and the stage of maturity of sexual products were determined visually on 6 scales in accordance with the methodology of I.F.Pravdin [12]. The autopsy of fish for parasitological studies with biometric measurements according to the method of E.I.Bykhovskaya-Pavlovskaya [15] was carried out directly on the seashore and on board a fishing boat of the Aral branch of LLP "SPC RH". Scrapings were studied in the field using the method of A.V. Gayevskaya [16], dried smears were fixed in a May-Grunwald dye fixative, parasites were fixed in appropriate solutions: trematodes, acanthocephals and crustaceans in 700 alcohol, cestodes and glochidia in a 4% formaldehyde solution, nematodes in Barbagallo liquid.
The species identification of parasites was determined by the determinant of parasites of freshwater fish of the fauna of the USSR. Parasitic multicellular [17].

Currently, the water area of the Small Aral Sea is divided into 6 fishing areas, differing in different hydrological, hydrochemical and hydrobiological indicators and different fish productivity. In turn, there are from 2 to 5 fishing sites in each district (Figure 1).
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Figure 1 - Fishing areas of the Small Aral Sea

During the reporting period (2020-2021), 228 specimens were examined at stations No. 1, 2, 12 in the 1st fishing area of Torangyl and Akbasty. Different types of fish: the parasitofauna of bream (Abramis brama orientalis)- 66 specimens, Aral roach (Rutilus rutilus aralensis) - 55 specimens, asp (Aspius aspius)-10 specimens, sabrefish (Pelecus cultratus) - 38 specimens, silver carp (Pelecus cultratus) -7 specimens, shemaya (Alburnus chalcoides) -3 specimens were studied from semiproading fish, from the order Cypriniformes (Cypriniformes) of the Cyprinidae family; Pike (Esox lucius) - 9 specimens, pike perch (Sander lucioperca) - 47 specimens, from the order of perch-like (Perciformes) of the perch family (Percidae).

II fishing area – the central area occupying the entire deep-water part of the Small Sea 
(Akkol and Segizsay). At stations No. 3, 4, 13, 14 of this district, 259 specimens were examined different types of fish: the parasitofauna of bream (Abramis brama orientalis)-101 specimens, asp (Aspius aspius)- 13 specimens, carp (Cyprinus carpio)-22 specimens, Aral roach (Rutilus rutilus aralensis) - 38 specimens, crucian carp (Pelecus cultratus) - 8 specimens, Shemaya (Alburnus chalcoides) – 26 specimens  and the sabrefish (Pelecus cultratus) - 19 specimens, from the order Cypriniformes (Cypriniformes) of the Cyprinidae family; pike perch (Sander lucioperca) - 32 specimens, from the order of perch-like (Perciformes) of the perch family (Percidae).


III fishing area - Butakov Bay-a separate bay, sharply differing in depth and mineralization, and the northern part of the sea in the Tastubek area. At station No. 16, 60 specimens of various fish species were studied: the parasitofauna of bream (Abramis brama orientalis) -11 specimens, asp (Aspius aspius) - 1 specimen, Aral roach (Rutilus rutilus aralensis) - 40 specimens were studied from semi-aquatic fish and the sabrefish (Pelecus cultratus) - 3 specimens, from the order Cypriniformes (Cypriniformes) of the Cyprinidae family; pike perch (Sander lucioperca) - 5 specimens, from the order of perch-like (Perciformes) of the perch family (Percidae).

The IV fishing area is the northeastern part, which covers about 30% of the reservoir area. 78 specimens were examined in the Tastubek area at station No. 6, different types of fish: the parasitofauna of bream (Abramis brama orientalis) -18 specimens, asp (Aspius aspius) - 8 specimens, Aral roach (Rutilus rutilus aralensis) - 31 specimens were studied from semi-passerine fish and the sabrefish (Pelecus cultratus) - 6 specimens, from the order Cypriniformes (Cypriniformes) of the Cyprinidae family; pike perch (Sander lucioperca) - 15 specimens, from the order of perch-like (Perciformes) of the perch family (Percidae).


V fishing area is a near-estuary area, including a desalinated area where river and sea water mix in an easterly direction. In the area of Chagall and Kokaral, 441 specimens were examined at stations No. 7,8,9,10. Different types of fish: the parasitofauna of bream (Abramis brama orientalis) -92 specimens, carp (Cyprinus carpio) – 29 specimens, asp (Aspius aspius) - 9 specimens, crucian carp (Carasius auratus)-67 specimens, Aral roach (Rutilus rutilus aralensis) - 68 specimens, white–eye (Ballerus sapa)- 1 specimen, sabrefish (Pelecus cultratus)- 59 specimens and shemaya (Alburnus chalcoides)- 23 specimens from the order of Cypriniformes of the Cyprinidae family; Pike (Esox lucius)-9 specimens, snakehead (Channa argus)-2 specimens, pike perch (Sander lucioperca) - 82 specimens, from the order of perch-like (Perciformes) of the perch family (Percidae).


VI fishing area - Saryshyganak Bay, where, after the construction of the Kokaral dam, the water level is currently stabilizing, 31 specimens of bream (Abramis brama orientalis) from the order Cypriniformes of the Cyprinidae family were studied in this area at station No. 18.


In this way,a total of 1,097 individuals of 11 fish species from 4 families living in 6 fishing areas of the Small Aral Sea were studied during the reporting period in the autumn and winter periods of 2020 and the summer period of 2021 (Table 1).

Table 1 - The volume of research on fish species for 2020 - 2021.

	№
	Fish species
	Years of research
	Total

	
	
	2020 
	2021 
	

	1.
	Bream (Abramis brama orientalis)
	263
	56
	319

	2.
	Asp (Aspius aspius)
	34
	7
	41

	3.
	Roach (Rutilus rutilus)
	182
	50
	232

	4.
	carp (Cyprinus carpio)
	2
	49
	51

	5.
	Shemaya (Alburnus chalcoides)
	13
	39
	52

	6.
	Crucian carp (Carasius auratus)
	9
	73
	82

	7.
	Sabrefish (Pelecus cultratus)
	77
	48
	125

	8.
	 Pike perch (Sander lucioperca)
	118
	63
	181

	9.
	Pike (Esox lucius)
	11
	- 
	11

	10.
	Snakehead (Channa argus)
	2
	- 
	2

	11.
	White-eye bream (Ballerus sapa)
	· 
	1
	1


The calculations of the extensiveness and intensity of the invasion were made according to the following formulas.
The prevalence was determined by the formula:
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р
- the proportion of infected individuals; 

m - the number of infected individuals; 

n 
-  the sample size.
Sample contamination rates are random values, therefore, they are calculated with adjusted for the estimation error. The sample error of representativeness was calculated by the formula:
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The recommendations are developed on the basis of the data obtained on the ichthyofauna and parasitofauna of commercial fish of the Small Aral Sea and include measures aimed at preserving and multiplying the fish resources of the reservoir.
2 Research results

2. To monitor the current state of the commercial ichthyofauna of the Small Aral, taking into account the ecology of the groups, to study the conditions and habitat of the fish of the Small Aral against the background of an increase in the flow of the Syrdarya River as a result of the regulation of the channel and intensive desalination of the sea.
The earliest information about the Aral Sea fauna dates back to the middle of the 18th century. P. Rychkov (1762) [18] in his book "Topography of Orenburg" noted that the Aral Sea is inhabited by the same fish as the Caspian Sea [19].  

The first comprehensive description of the Aral Sea is associated with the name of L.S. Berg. In 1899, the first list of representatives of the fauna of the Aral Sea appeared, which included 71 species of multicellular animals, including fish, benthic invertebrates and zooplankton species, which had remained completely unexplored until that time. Of the macrozoobenthos organisms, 7 species of mollusks, 4 species of insects and 1 species of amphipod were identified, and data on their distribution were also given. For the zooplankton of the Aral Sea proper, 11 forms of rotifers, 7 species of branchous, 11 species of oar-footed crustaceans and 2 species of infusoria were indicated. In addition to these groups of invertebrates, free-living larvae of copepod fish Ergasilus sp.  parasitizing the gills were found in the plankton. [20]. 
According to Asylbekova S.Zh. [21] in 1979-1987 acclimatization of a new species of platinus-flesus in the drying Aral Sea was carried out, and measures on formation of ichthyofauna of water bodies (silver carp) were also implemented. The settlements were carried out by young silver carp and flounder and fish of different ages. At that time, the platinus-flesus formed a self-reproducing population in the Aral Sea, but in recent years it has been found only in isolated catches.

Having studied the current state of the background fish species of the Aral-Syrdarya basin, Kozhabayeva Ye.B. [22] in 2010 established 22 fish species inhabiting this basin. 
Miklin F.V. with co-authors, in his 2016 publication, noted that 34-37 species were recorded in the ichthyofauna of the Aral Sea, of which 2 species probably disappeared (spike - Acipenser nudiventris and Aral salmon - Salmotrutta aralensis), 2 species are listed in the Red Book (Turkestan barbel - Barbus capito conocephalus and Aral barbel - Barbus brachycephalus brachycephalus), 2 species ( herring - Clupea harengus membras and nine-spined stickleback - Pungitius platygaster aralensis) significantly reduced their numbers [23].  


According to the research of the Scientific and Production Center of Fisheries LLP, in 2020 the commercial ichthyofauna of the Small Aral Sea was represented by 17 species of fish, of which 8 species (bream, carp, Aral asp, pike, pike perch, roach, snakeheads, sabrefish) constitute the basis fishing. The small number includes 8 species (white-eyed, silver carp, snakehead, Aral shemaya, silver carp, rudd, common catfish, river perch) and 1 species (platinus flesus) in single catches. The population of the Aral barbel has not yet been restored.

According to the research of 2021, the ichthyofauna of the Small Aral Sea is represented by 22 species of fish, of which 14 species are commercial (bream, pike perch, pike, asp, carp, crucian carp, roach, chehon, snakehead, catfish, shemaya, White-eye bream, grass carp, silver carp), 8 species are non-commercial (common rudd, perch, ide, flounder, barbel, aterina, gobiidae, stickleback (weed fish)) [table 2].
Table 2 - Species composition of the ichthyofauna of the Small Aral Sea
	
	Type name
	View status

	№
	kazakh
	russian
	latin
	commercial, non-commercial, rare, disappearing
	Aboriginal,

introduced 

	1
	2
	3
	4
	5
	6

	1
	Кәдімгі шортан
	Щука обыкновенная
	Esox lucius (Linneaus)
	commercial
	Aboriginal

	2
	Табан
	Лещ
	Abramis brama
(Linnaеus)
	промысловый
	Aboriginal

	3
	Айнакөз
	Белоглазка
	Ballerus sapa (Pallas)
	commercial, rare
	Aboriginal

	4
	Ақмарқасы
	Жерех 
	Aspius aspius (Linnaеus)
	commercial
	Aboriginal

	5
	Арал қаязы
	Усач аральский
	Barbus brachycephalus  (Kessler)
	red book
	Aboriginal

	6
	Ақмөңке
	Карась серебряный
	Carasius
auratus (Bloch.)
	Commercial,

 rare
	Aboriginal

	7
	Жылан-балық
	Змееголов
	Channa argus (Cantor)
	commercial,
 rare
	Introduced

	8
	Түйетабан
	Камбала-глосса речная
	Platichthys flesus (Linnaеus)
	commercial
	Introduced

	9
	Арал шимайы
	Шемая аральская
	Chalcalburnus chalcoides (Güldenstädt)
	commercial,
 rare
	Aboriginal

	10
	Ақ дөңмаңдай
	Толстолобик белый
	Hypophthalmichthys molitrix
(Valenciennes)
	commercial,
 rare
	интродуцирован-ный

	11
	Қылыш
	Чехонь
	Pelecus cultratus (Linneaus)
	commercial
	Aboriginal


Continuation of the table 2 
	1
	2
	3
	4
	5
	6

	12
	Торта
	Плотва
	Rutilus rutilus (Linnaеus)
	commercial
	Aboriginal

	13
	Қызыл-қанат
	Красноперка
	Scardinius erythro-pthalmus
(Linneaus)
	Commercial,

 rare
	Aboriginal

	14
	Жайын
	Сом обыкновен-ный
	Silurus glanis (Linnaеus)
	commercial,
 rare
	Aboriginal

	15
	Өзен алабұғасы
	Окунь речной
	Perca fluvatilis (Linnaеus)
	commercial,
 rare
	Aboriginal

	16
	Көксерке
	Судак обыкновен-ный
	Sander lucioperca
(Linneaus)
	commercial
	Aboriginal

	17
	Ақ амур
	Амур белый
	Ctenopharyn-godon idella (Valanciennes)
	commercial,
 rare
	Introduced

	18
	Сазан
	Сазан
	Cyprinus carpio
(Linnaеus)
	commercial
	Aboriginal

	19
	Аққайраң
	Язь
	Leuciscus idus (Linnаe)
	commercial
	Aboriginal

	20
	Шаншар балык
	Колюшка
	Gasterosteidae
(Bonapart)
	non-commercial
	Aboriginal

	21
	Бұзаубас
	Бычок
	Gobiidae (Cuvier)
	non-commercial
	Aboriginal

	22
	Атерина
	Атерина
	Atherinidae
(Linnaeus) 
	non-commercial
	Aboriginal


Bream. It is a mass commercial species in the Small Aral Sea. Stable commercial value of bream is provided by high adaptive qualities of this species, especially by high plasticity to changes in environmental conditions.

The bream lays eggs on vegetation in desalinated areas of the sea, in deltaic water bodies, as well as on marine spawning grounds where there is no freshwater inflow. Absolute fecundity of female bream ranged from 17650 (body length 26 cm) to 167440 (body length 28 cm) thousand eggs. The bream approaches spawning grounds in late April and May. The departure from the spawning grounds occurs in late May and July. In the Small Aral Sea, the bream usually spawns early and has a single spawning season. It is a typical benthophage. However, along with benthic organisms, bream can eat plants and plankton.  Positive changes in the hydrological regime of the Small Aral Sea due to its intensive desalinization have caused significant changes in the bream habitat. If in 2001-2004, the bream in the Little Sea was found only in the estuary area in the Taur and Shagalala, then in 2005, the bream was found in the northeastern, eastern, central areas of the Little Sea in Shevchenko Bay, and since 2008, the bream fattens in Butakov Bay. In recent years, an increase in the number of bream in the Small Aral Sea has been observed in experimental as well as in commercial catches. The bream is a strong food competitor and displaces other species, including carp. In conditions of a low food base, an increase in bream numbers can lead to its stoutness. During the study period, a significant number of bream in the control catches were females and males of stages IV - V of sexual maturity, which indicates intensive spawning. Intensive spawning is also favored by the water temperature regime (16.7 - 27.7°С), corresponding to the normative range and the presence of reeds and underwater vegetation almost throughout the whole sea area.      

In experimental catches, the length of the bream varied from 160 to 320 mm, weight from 152 to 335 g, with an average body length of 248 mm and a weight of 335 g. The age structure of the bream was represented by six generations, the predominant were five-year-olds and six-year-olds, making up 20% and 50%, respectively, of the total population. Intensive linear growth occurs until the age of 4+, and then it weakens. The sex ratio in the mature part of the bream population during the spawning period of the current year was characterized by a predominance of females 1.0:1.1. A shift in the sexual structure of bream in favor of females may also be the result of a change in population density, i.e. withdrawal, of its older age part.
Asp. It is one of the valuable commercial species of the Small Aral Sea. Semi-anadromous fish, feeding in the sea, spawning in the Syrdarya River. Asp populations stabilize over the years.  Asp is a riophilic species by its spawning character. Females and males differ very slightly in length; males are usually smaller in weight than females. In the north of the sea, the bulk of females and males reach sexual maturity in the fifth year of life, and some in the fourth. Asp for breeding begins to enter the Syrdarya in early October, at a temperature of 8-10 ºС. Mass arrival is in November, when the temperature drops to 2.0-0.4 ºC. Spawning grounds are located up to the Kyzylorda dam. Spawning takes place at a water temperature of 6-14 ºC. The sex ratio in the spawning herd is 1:1.5-1:2. After spawning, the spawners immediately roll off to the sea to fatten. Asp caviar is slightly sticky. The substrate for laying eggs are rocky placers, as well as plant roots. Due to the ongoing changes in the hydrological regime of the Small Aral Sea in recent years and its intensive desalination, significant changes have occurred in the habitat of asp. If in 2001 - 2004 the asp was found only in the estuarine zone, then in 2005 its range spread almost over the entire water area of the reservoir, with the exception of Butakov Bay. Since 2008, asp has been found in small quantities in Butakov Bay.

In experimental catches in the Aral (Small) Sea, the length of the asp varied from 250 to 440 mm, weight - from 300 to 1242 g, with an average body length of 335 mm and a weight of 639 g. The age structure of the asp in 2021 is represented by three generations, among which five-year plans predominate (75.1%). In recent years, there has been an increase in the size and weight indicators in the asp population, which is associated with an increase in its number and a favorable food base. A comparison of the sex ratio showed that in 2021, females dominated the asp herd, which is confirmed by age and size classes.

Carp. It is one of the main objects of fishing in the Small Aral Sea. Carp reaches sexual maturity in the third and fourth year of life, spawns annually. In choosing a spawning substrate, it is unpretentious, it lays eggs both on the stems of reed, uruti, combed rdesta, and on various underwater vegetation, except for seaweed and sea rhesus. The absolute fertility of carp in the Small Aral Sea ranged from 192,000 pcs. (fish length 47.5 cm) up to 510000 pieces (fish length 56.0 cm). The timing of carp spawning depends on the hydrometeorological conditions of spring, more often carp spawning in the Aral Sea occurs in mid-May at a water temperature of 15-17 °C, mass spawning occurs at a temperature of 22-23 °C. Carp spawning stretches from April to July. This year, the presence of reeds and underwater vegetation is observed almost throughout the entire sea area, especially in its western part, which favors the active spawning of carp. During the study period, carp spawning was observed at sites III, IV and VII at a water temperature of 21-23 °C. The Aral carp is an omnivorous fish. Favorite food – insect larvae, chironomids, zooplankton and macrophytes, as well as detritus of plant and animal origin.

Due to the ongoing changes in the hydrological regime of the Small Aral Sea and its intensive desalination, there have been significant changes in the range of carp. If in 2001 the settlement of the carp began in the north-eastern part of the sea in the areas of Ushshoky and Tastubek, then, since 2005, the range of the carp occupied almost the entire water area, with the exception of Butakov Bay. Since 2008, carp has been feeding in Butakov Bay. Despite intensive fishing and the withdrawal of older age groups, the population remains relatively stable due to replenishment. In experimental catches, the length of the carp ranged from 160 to 590 mm, averaging 337 mm. The weight of the carp varied from 138 to 4746 g, averaging 1349 g.

Thus, the ranges of size and mass indicators are relatively wide, which indicates the usefulness of the population. The age structure of carp in 2021 is represented by seven generations, three-year-olds predominated (54.8%). A comparison of the sex ratio of the carp showed that during the research period, females dominated the herd, and in 2021, males predominated in control catches, which may also be due to seizure and fishing, since females are larger than males and more commercially valuable.

Carp reaches sexual maturity in the third and fourth year of life, spawns annually. In choosing a spawning substrate, it is unpretentious, it lays eggs both on the stems of reed, uruti, combed rdesta, and on various underwater vegetation, except for seaweed and sea rhesus. 

Sabre fish. It is a semi-anadromous fish and enters rivers for spawning. In the Small Aral Sea, the bulk of sabre fish spawns along the sea shores at depths of 2-6 m. The caviar of sabrefish is bathypelagic. The bulk of the sabre fish becomes sexually mature upon reaching the age of three. Sabre fish begins to spawn at a temperature of 12 °C. Spawning occurs in the second half of May - early June. It can be extended until mid-July.  From the individuals found in the control catches, it was seen that the spawning of sabre fish continues (some of the females of sabre fish were at stage VI, and some were at stage III of maturity). Sabre fish is a plastic euryphagus. The composition of food includes plants and planktonic crustaceans, larvae and adults of dipterans, mysids, amphipods, beetles, juveniles of fish, etc. In recent years, sabre fish in the Aral (Small) Sea has reached commercial numbers. In experimental catches, the length of the sabre fish ranged from 220 to 330 mm, averaging 268 mm. The weight of the sabre fish varied from 79 to 347 g, averaging 197 g. The age structure of the sabre fish in 2021 is represented by four generations, the predominant are seven-year-olds (63.4%). The sex ratio in the sabre fish herd shows that the herd is dominated by females. The absolute individual fecundity of sabrefish varied from 10.23 thousand pieces to up to 88.656 thousand pieces.
The Aral roach was one of the main commercial fish during the natural level regime of the sea. In the Small Aral Sea it is quite a numerous fish species. The Aral roach spawns much earlier than bream and carp - the approaches of producers to spawning sites are observed in March. Mass spawning of roach in the northern Aral occurs in the second half of April at a temperature of 8-9 ° C. Roach usually lays eggs on thickets of underwater vegetation (urut, rdest, etc.). The fertility of roach varied from 13,500 (fish length 21.0 cm) to 71050 (fish length 25.5 cm) eggs.

Roach is the dominant species in terms of numbers in the estuary of the Small Sea, although it is distributed throughout the water area. In the early 90s, the flow of the Syrdarya River began to flow into the Small Sea, which contributed to the formation of a desalinated zone, where freshwater commercial ichthyofauna, including roach, began to inhabit. In 2001-2003, the roach lived only in the estuarine zone, and subsequently, due to desalination, its range expanded significantly. In 2004 it was found in the eastern and north-eastern regions, in 2005 it was noted in the central district and Shevchenko Bay, and since 2008 it has been entering Butakov Bay, where relatively high salinity has still been preserved. During the research period in net catches, the length of the Aral roach ranged from 100 to 250 mm, averaging 174 mm, the weight varied from 27 to 366 g, averaging 135 g. The age structure of the Aral roach in 2021 is represented by five generations, the predominant are four-year-olds (34.8%).

The sex ratio showed that females predominate in the herd of the Aral roach in all age groups and throughout the size class. Five-year-olds dominate among females and males. The absolute individual fertility of females ranges from 32,658 in 3-year-olds to 215,432 thousand eggs in females aged 6+.
The pike perch is a predator playing the role of a biological meliorator in the Small Sea. The fecundity of pike perch ranged from 29800 (body length 36 cm) to 235200 (body length 55.1 cm). Perch by the nature of spawning belongs to the phytophilic group of fish. Female and male pikeperch differ sharply in length and weight. The pike perch reaches sexual maturity at the age of three and four years, but the basis of the first spawning individuals are five-year-olds. Pre-spawning migrations to the Syrdarya river pike perch producers start at the end of September. The mass move was observed in late October and in spring in March-April. Start of spawning usually in the beginning of the second decade of April at water temperature 7-8 ºC, spawning peak occurred in the end of the third decade of April and in the beginning of May at 14-15 ºC. The end of spawning falls on the second decade of May at a water temperature of 18-20 ° C. During the spawning period, females predominate, the sex ratio is 1.5:1.

Pike perch, like other native freshwater fish species, began to inhabit the Small Aral Sea. If in 2001-2003 it lived only in the estuarine zone – in the areas of Taur and Shagalaly, then in 2004 it began to occur in the north-eastern and eastern regions, and in 2005 - almost throughout the waters of the Small Sea, with the exception of Butakov Bay. Since 2008, due to the intensive desalination of the sea, its habitat has significantly expanded, it is found throughout the water area, including Butakov Bay. In experimental catches in the Aral (Small) Sea, the length of the pike perch varied from 130 to 520 mm, weight - from 32 to 1612 g, with an average body length of 314 mm and a weight of 525 g. The age composition of pike perch in 2021 is represented by six generations, the dominant ones are four-year-olds (42.4%) and five-year-olds (42.4%). The fecundity of pike perch according to observations of recent years ranged from 22,362 to 154, 3 thousand pieces. The increase in the fecundity of pike perch should be regarded as a response of the population to its intensive withdrawal.

Crucian carp. In the research catches of 2021 in the Small Aral Sea, the length of the crucian carp varied from 140 to 170 cm, weight - from 90 to 653 g, with an average body length of 213 cm and a weight of 355 g, respectively. The age composition of the crucian carp is represented by four generations, middle-aged groups dominate, which indicates stable reproduction and the presence of self-regulation in the population under conditions of intensive fishing.

The sex ratio in the population showed the dominance of females. According to the observations of recent years, the fertility of crucian carp ranged in values from 12,356 in three-year-old individuals to 91438 thousand pieces in seven-year-old crucian carps.

Snakehead. It inhabits the reservoirs of China and Korea, the basins of the Ussuri, Sungari, middle and lower reaches of the Amur, as well as the Khanka Lakes. It entered the Syrdarya River in the early 1960s together with herbivorous fish from China and soon settled in the Aral Sea basin, including the Talas and Shu Rivers and the lower reaches of the Sarysu River. Very plastic and unpretentious to habitat conditions, acclimatized in the basin.  In autumn experimental catches, it was present in the near-mouth area. In recent years, the snakehead in the Small Aral Sea has reached commercial numbers. In research catches, the length ranged from 440 to 480 mm, averaging 468 mm. The weight of the snakehead varied from 1093 to 1430 g, averaging 1225 g. The age structure for the research period is represented by one generation. Five-year-olds dominated (25.4% of the total catch). 
Pike is a valuable native predator, is subjected to intensive fishing, which affects the structure of the population and biological indicators. In recent years, there has been a uniform preservation of the average size and weight indicators of pike in the Small Aral Sea, which indicates an improvement in food conditions.

In research catches, the length ranged from 290 to 370 mm, averaging 345 mm. Pike weight varied from 243 to 496 g, averaging 375 g. The age structure during the research period is represented by two generations - from three to four-year-olds. Four-year-olds dominated (65% of the total population). As a response of the population to excessive withdrawal, there is a change in the timing of puberty.

The beginning of spawning for pike in the Syrdarya River usually falls in mid-April and depends on the climatic features of the year. Spawns immediately after opening the river from the ice (sometimes still under the ice) at a water temperature of 3-6 0C. Caviar is deposited on last year's vegetation. The absolute individual fecundity of pike in the current year ranged from 8.26 to 10.23 thousand eggs in four-year-olds and five-year-olds. According to the research results, the fertility of pike is low, but it is impossible to draw conclusions in view of the insignificant sample size. The table shows that with increasing age and size of females, individual absolute fertility increases. 

Rudd in the Small Aral Sea is part of a small particle. During the research period of 2021, in net catches, the length of the rudd varied from 100 to 250 mm, averaging 192 cm. The mass of the rudd ranged from 19 to 346 g, averaging 170 g. The age range of the rudd during the research period is represented by six generations, the dominant ones were four-year-olds (48.3% of the total population).

Shemaya. Analysis of biological indicators of shemaya in the Small Aral Sea for a number of years shows a slight increase in average size and weight indicators, which may be due to the lack of development of fishing (only in the form of by-catch) and having a sufficiently high number. 

In the 2021 research catches in the Small Aral Sea, the length of shemaya ranged from 170 to 230 cm, weight from 56 to 136 g, with an average body length of 202 mm and weight of 95.4 g, respectively. The age composition of the shama is represented by three generations, dominated by middle-aged groups.
The shemaya spawns in early April and even at the end of March. During spawning migrations, the shemaya shows a "nuptial changes": males have small spikes on their heads, and females at this time lengthen the lower jaw, and a bump forms at its end. At the end of spawning, the outfit disappears. The shemaya spawns in the mouth of the river up to the Aklak hydroelectric complex on a rocky bottom with a fast current and rifts, and this happens at dusk or at night. Its eggs are very small. After the larvae hatch, and five to six days have passed, the larvae begin to feed. According to observations of recent years, the fertility of shemaya ranged from 6340 to 25636 thousand pieces.


Catfish. Catfish are usually classified as semi-anadromous fish. However, it does not make distant migrations. Catfish is a typical predator, the basis of its food is fish. In recent years, the catfish in the Small Aral Sea has reached a commercial abundance. In research catches, the length ranged from 410 to 420 mm, averaging 431 mm. The weight of the catfish varied from 554 to 887 g, averaging 730 g. The age structure during the study period was represented by two generations with a predominance of four-year-olds (65.1% of the total population). 

2.2 Study the parasitofauna of commercial fish species of the Small Aral Sea


As a result of the conducted ichthyoparasitological studies, 17 species of parasites were found in the eastern bream: including 4 species of digenetic trematodes (Diplostomum spathaceum, Diplostomum volvens, Diplostomum helveticum, Tylodelphys clavata), 5 species monogenean (Diplozoon paradoxum, Gyrodactylus elegans, Dactylogyrus extensus, Dactylogyrus wunderi, Dactylogyrus auriculatus), 3 species nematodes (Сontracaecum squalii, Contracaecum microcephalum,  Capillaria brevispicul), 2 species cestodes (Khawia sinensis, Digramma interrupta) and 3 species parasitic crustaceans (Sinergasilus major, Ergasilus briani, Ergasilus sieboldi). 3 species of parasites have not been identified: from Monogeneans Paradiplozoon sp., from nematodes-nematode larvae and crustacean Lernaea sp. (Table 3).
Table 3 - Parasitofauna of bream of the Small Aral Sea
	Fish species
	Total investigated
	Detected

species of parasites
	Number of infected fish
	 Extent of the invasion, %
	Intensity of invasion

	
	
	
	
	
	

	Bream (Abramis brama orientalis)
	319
	Dactylogyrus extensus
	1
	0,31
	2

	
	
	Dactylogyrus auriculatus
	1
	0,31
	5

	
	
	Dactylogyrus wunderi 
	3
	0,94
	1-4

	
	
	Gyrodactylus elegans
	1
	0,31
	3

	
	
	Diplozoon paradoxum
	35
	10,97
	1-6

	
	
	Paradiplozoon sp.
	23
	7,21
	1-6

	
	
	Diplostomum spathaceum
	6
	1,88
	2-16

	
	
	Diplostomum helveticum
	3
	0,94
	8-26

	
	
	Diplostomum volvens
	2
	0,63
	6

	
	
	Tylodelphys clavata
	5
	1,57
	2-26

	
	
	Khawia sinensis
	4
	1,25
	1-4

	
	
	Digramma interrupta
	1
	0,31
	1

	
	
	Capillaria brevispicula
	1
	0,31
	2

	
	
	Contracaecum squali
	4
	1,25
	1-23

	
	
	Contracaecum microcephalum
	3
	0,94
	1

	
	
	Nematodе larvaе
	1
	0,31
	2

	
	
	Lernaea sp.
	1
	0,31
	1

	
	
	Ergasilus briani
	1
	0,31
	1-4

	
	
	Ergasilus sieboldi
	5
	1,57
	11-23

	
	
	Sinergasilus major
	4
	1,25
	1-9


Infection of bream with parasites was 32.92%, were infected with II from 1 to 26 specimens. Most of all, bream was invaded by monogenean Diplozoon paradoxum (P 10,97%, II from 1 to 6) и Paradiplozoon sp. (P 7,21%, II from 1 to 6).
5 parasitic organisms were found in asp: including 4 species of 2 monogenean (Dactylogyrus tuba,  Dactylogyrus pavlovskii), 1 species nematodes (Сontracaecum squalii ) and 1 species crustaceans (Ergasilus sieboldi). One nematode Nematode larvae has not been identified to the species (Table 4).
Table 4 - Parasitofauna of asp of the Small Aral Sea
	Fish species
	Total investigated
	Detected

species of parasites
	Number of infected fish
	 Extent of the invasion, %
	Intensity of invasion

	
	
	
	
	
	

	Asp   (Aspius aspius)
	41
	Dactylogyrus tuba
	3
	7,32
	2-7

	
	
	Dactylogyrus pavlovskii
	1
	2,44
	7

	
	
	Contracaecum squalii
	2
	4,88
	2-11

	
	
	Nematode larva
	1
	2,44
	1

	
	
	Ergasilus sieboldi
	2
	4,88
	3-7


Infection of Asp with parasites was 21,95%, were infected with II from 1 to 11 specimens. Most of all , monogenetic suckers were parasitized by asp Dactylogyrus tuba (P 7,32%, II from 2 to 7).


Roach was infested with 19 parasites (Table 5). We have identified 17 parasites before the species, including: 4 species of monogenean (Gyrodactylus gasterostei, Dactylogyrus sphyrna, Diplozoon paradoxum, Paradiplozoon rutili); 6 species digenetic trematodes (Diplostomum spathaceum, Diplostomum helveticum, Diplostomum gobiorum, Diplostomum volvens, Tylodelphys clavata, Ichthyocotylurus variegatus); 3 species nematodes (Contracaecum microcephalum, Contracaecum squali,  Thominx tuberculata); 4 species crustaceans (Sinergasilus major, Ergasilus sieboldi, Ergasilus briani, Argulus japonicus). 1 species of monogeneans (Gyrodactylus sp.) identified to genus and 1 nematode identified as Nematode larva. 
Table 5 - Parasitofauna of roach of the Small Aral Sea 

	Fish species
	Total investigated
	Detected

species of parasites
	Number of infected fish
	 Extent of the invasion, %
	Intensity of invasion

	
	
	
	
	
	

	Aral roach (Rutilus rutilus)
	232
	Dactylogyrus sphyrna
	5
	2,16
	2-7

	
	
	Gyrodactylus gasterostei
	2
	0,86
	2

	
	
	Gyrodactylus sp. 
	2
	0,86
	12-17

	
	
	Diplozoon paradoxum
	1
	0,43
	2

	
	
	Paradiplozoon rutili
	1
	0,43
	2-3

	
	
	Diplostomum gobiorum
	3
	1,29
	2-12

	
	
	Diplostomum helveticum
	2
	0,86
	4-8

	
	
	Diplostomum volvens
	2
	0,86
	4-11

	
	
	Diplostomum spathaceum
	4
	1,72
	8-40

	
	
	Tylodelphys clavata
	8
	3,45
	2-12

	
	
	Ichthyocotylurus variegatus
	2
	0,86
	9-11

	
	
	Tominx tuberculata
	2
	0,86
	1-3

	
	
	Contracaecum squali
	2
	0,86
	1-8

	
	
	Contracaecum microcephalum 
	1
	0,43
	9

	
	
	Nematodе larvaе
	1
	0,43
	2

	
	
	Ergasilus briani
	1
	0,43
	3-11

	
	
	Ergasilus sieboldi
	4
	1,72
	1-21

	
	
	Sinergasilus major
	2
	0,86
	9

	
	
	Argulus japonicus
	1
	0,43
	1


In general, the infection of roach with parasites was 19.83% with the intensity of invasion from 1 to 40 specimens. Most of all, roach revealed digenea Tylodelphys clavata (P 3,45%, II from 2 to 12).  Shemaya has only 5 parasites, we have identified 3 parasites the species: 1 species of monogeneans Diplozoon paradoxum, 2 parasitic oar-footed crustaceans Sinergasilus major, Ergasilus briani. Due to undeveloped identification features 1monogenean (Paradiplozoon sp.) has been established only up to the genus. The nematode is defined as Nematoda larvae [Table 6].
Table 6 - Parasitofauna of the Shemaya of the Small Aral Sea
	Fish species
	Total investigated
	Detected

species of parasites
	Number of infected fish
	 Extent of the invasion, %
	Intensity of invasion

	Shemaya (Alburnus chalcoides) 
	52
	Diplozoon  paradoxum
	3
	7,69
	1-2

	
	
	Paradiplozoon sp.
	16
	30,77
	1-11

	
	
	Nematoda larvae 
	1
	1,92
	1

	
	
	Ergasilus briani
	1
	1,92
	4

	
	
	Sinergasilus major
	1
	1,92
	4


Infection of Shemaya with parasites was 42.31% with the intensity of invasion from 1 to 11 specimens. Most of all, monogenean Paradiplozoon sp. were parasitized in shemaya (P 30.77%, II from 1 to 11 specimens).

Of the 82 investigated crucian carp, only one crucian carp identified 1 type of parasite - the digenetic trematodes  Diplostomum spathaceum (P 1.22%, II 4 specimens). 
6 species digenetic trematodes were found in the studied pike: Diplostomum spathaceum, Diplostomum helveticum, Diplostomum mergi, Diplostomum gobiorum, Diplostomum volvens, Tylodelphys clavata (Table 7).
Table 7 - Parasitofauna of pike of the Small Aral Sea
	Fish species
	Total investigated
	Detected

species of parasites
	Number of infected fish
	 Extent of the invasion, %
	Intensity of invasion

	Pike   (Esox lucius)
	11
	Diplostomum spathaceum
	3
	27,27
	4-28

	
	
	Diplostomum volvens
	1
	9,09
	8

	
	
	Diplostomum gobiorum
	1
	9,09
	2

	
	
	Diplostomum mergi
	1
	9,09
	18

	
	
	Diplostomum helveticum
	1
	9,09
	16

	
	
	Tylodelphys clavata
	1
	9,09
	2


The infection of pike with parasites was 72.73% with the intensity of invasion from 2 to 28 specimens. Diplostomum spathaceum was most often found in pike (P 27.27%, II from 4 to 28).

In our research, 13 parasites were found in the Sabrefish, of which 11 parasites were established before the species: 3 species of monogenean (Paradiplozoon vojteki, Diplozoon paradoxum, Dactylogyrus simplicimalleata); 4 species of digenetic trematodes (Diplostomum spathaceum, Tylodelphys clavata, Diplostomum volvens, Posthodiplostomum cuticola); 1 species of cestode Khawia sinensis, 2 species of nematodes (Camallanus lacustris, Thominx tuberculata) и 1 species of crustaceans Ergasilus briani. Two monogeneans Gyrodactylus sp., Paradiplozoon sp. identified to genus (Table 8).
Table 8 - Parasitofauna of the Sabrefish of the Small Aral Sea
	Fish species
	Total investigated
	Detected

species of parasites
	Number of infected fish
	 Extent of the invasion, %
	Intensity of invasion

	Sabrefish (Pelecus cultratus)
	125
	Dactylogyrus  simplicimalleata
	1
	0,80
	1

	
	
	Gyrodactylus sp.
	1
	0,80
	19

	
	
	Diplozoon paradoxum
	1
	0,80
	1

	
	
	Paradiplozoon vojteki
	5
	4,00
	1-4

	
	
	Paradiplozoon sp.
	4
	3,20
	5

	
	
	Diplostomum volvens
	1
	0,80
	18

	
	
	Diplostomum spathaceum
	7
	5,60
	2-37

	
	
	Tylodelphys clavata
	8
	6,40
	1-26

	
	
	Posthodiplostomum cuticola
	1
	0,80
	1

	
	
	Khawia sinensis
	2
	1,60
	1-2

	
	
	Camallanus lacustris
	4
	3,20
	3-27

	
	
	Tominx tuberculata
	4
	3,20
	1-24

	
	
	Ergasilus briani
	1
	0,80
	4


Out of 125 individuals of the Sabrefish studied by us, 40 were infected with parasites (P 32%, II from 1 to 37 specimens). Most of all they found in the Sabrefish Diplostomum spathaceum (P 5,60%, II from 2 to 37 specimens) and Tylodelphys clavata (P 6,40%, II from 1 to 26 specimens).
We have established 13 parasites in the Zander, of which up to 10 species: 5 species of digenetic trematodes (Diplostomum spathaceum, Diplostomum gobiorum, Diplostomum helveticum, Posthodiplostomum cuticola, Tylodelphys clavata); 2 species of monogenean (Аncyrocephalus paradoxus, Gyrodactylus cernuae); 1 species of nematod (Contracaecum squalii),  2 species of parasitic crustaceans (Ergasilus sieboldi, Ergasilus briani). Three parasitic organisms have not been identified to the species: from monogeneans 2 species Gyrodactylus sp., Diplozoon sp., from nematodes 1 species Nematode larvae (Table 9).
Table 9 - Parasitofauna of the Zander of the Small Aral Sea
	Fish species
	Total investigated
	Detected

species of parasites
	Number of infected fish
	 Extent of the invasion, %
	Intensity of invasion

	1
	2
	3
	4
	5
	6

	Pike perch 
(Sander lucioperca)
	181
	Gyrodactylus cernuae
	5
	2,76
	3-11

	
	
	Gyrodactylus sp.
	1
	0,55
	9

	
	
	Ancyrocephalus paradoxus
	5
	2,76
	2-15

	
	
	Diplozoon sp.
	1
	0,55
	2

	
	
	Diplostomum spathaceum
	4
	2,21
	2-6

	
	
	Diplostomum gobiorum
	1
	0,55
	4

	
	
	Diplostomum helveticum
	1
	0,55
	4


Continuation of the table 9

	1
	2
	3
	4
	5
	6

	
	
	Tylodelphys clavata 
	3
	1,66
	2-6

	
	
	Posthodiplostomum cuticola
	1
	0,55
	3

	
	
	Contracaecum squalii
	3
	1,66
	2-3

	
	
	Nematode larva
	1
	0,55
	3

	
	
	Ergasilus briani
	9
	4,97
	2-13

	
	
	Ergasilus sieboldi
	31
	17,13
	1-11


The infection of zander with parasites was 36.46% with an invasion intensity from 1 to 15 specimens. the zander was the most found parasitic is  Ergasilus sieboldi (P 17,13%, II from 1 to 11 specimens). 
In recent years, the number of gear in the Small Aral Sea has reached. The age structure in the study period was represented by six generations. Four year olds and five year olds dominated (41.6% of the total catch). We were able to research 2 snakeheads in which digenetic trematodes of Diplostomum spathaceum were installed. One snakehead was found to have 2 diplostomes, the second – 6 (Table 10).
Table 10 - Parasitofauna of the snakehead of the Small Aral Sea
	Fish species
	Total investigated
	Detected

species of parasites
	Number of infected fish
	 Extent of the invasion, %
	Intensity of invasion

	Snakehead (Channa argus)
	2
	Diplostomum spathaceum
	2
	100
	2-6



No parasites were detected in the Small Aral Sea in carp and white-eyed. The absence of parasites in the white-eye is most likely due to the study of fish alone. Carp were examined 51 specimens, however, no parasites were found. In the 60s, S.O. Osmanov studied 123 individuals of carp in the Aral Sea. The carp often had trematodes (84.4-87.3%), nematodes (44.2— 54.9%), monogenean (32.7—45%) and crustaceans (39.4—40.4%). 
All fishing areas of the Small Aral Sea, where research was conducted, They are characterized by different water depths from 1.8 m in V and VI districts to 15.4 m in I and II districts and, respectively, mineralization, which varies from 1.2 % in Saryshyganak Bay and V, VI districts, to 6.5% in II - III fishing areas of the sea.
However, the analysis of the parasitofauna of fish and quantitative indicators of their infection with parasites did not reveal a significant difference in both the species composition of parasites and the percentage of infection of fish.
The infection of fish in the I commercial area (Shevchenko Bay) with all species of parasites was 29.82%. A total of 68 fish out of 228 researched in this area were invaded. The infection of fish in the II fishing area with all species of parasites was 27.80%. 72 fish out of 259 research were invaded. The infection rate of fish in the III commercial area (Butakov Bay) was 23.33%. 14 fish out of 60 studied were invaded.  Fish infestation in the IV fishing area (north-eastern part) it was 41.03%. 32 fish out of 78 studied were invaded. 441 specimens of different fish species were examined in the V fishing area, 105 of them were infected with parasites. The extent of invasion was 23.81%. In the VI fishing area (Saryshyganak Bay), 31 bream individuals were studied, 6 were invaded, which amounted to 19.35% of infection.

Thus, during the reporting period before the species, we identified 33 parasites, including 14 species of monogenean Paradiplozoon rutili, Paradiplozoon vojteki, Dactylogyrus extensus, Dactylogyrus tuba, Dactylogyrus wunderi, Dactylogyrus auriculatus, Dactylogyrus simplicimalleata, Dactylogyrus pavlovskii, Dactylogyrus sphyrna, Ancyrocephalus paradoxus, Gyrodactylus gasterostei, Gyrodactylus elegans, Gyrodactylus cernuae, Diplozoon paradoxum; 2 цестода Khawia sinensis, Digramma interrupta; 8 species of digenetic trematodes Diplostomum spathaceum, Diplostomum volvens, Diplostomum gobiorum, Diplostomum helveticum, Diplostomum mergi, Tylodelphys clavata, Posthodiplostomum cuticola, Ichthyocotylurus variegatus;  5 species of nematodes: Contracaecum squali, Contracaecum microcephalum, Thominx tuberculata, Capillaria brevispicula, Camallanus lacustris; 4 species of parasitic crustaceans Sinergasilus major, Ergasilus sieboldi,  Ergasilus briani, Argulus japonicus.  
6 species of parasites have not been identified: from monogenean 4 species Paradiplozoon sp., Dactylogyrus sp., Gyrodactylus sp., Diplozoon sp., from parasitic crustaceans one species Lernaea sp., from nematodes 1 species Nematode larvae. Monogenean (14 species), digenetic trematodes (8 species) and nematodes (5 species) were most common in fish.
2.3 Determination of the impact of parasites on the quality of fish products of the Small Aral Sea, exported to near and far abroad countries
Studying the impact of parasites on the quality of fish products is not only an important theoretical issue of parasitology and ichthyopathology, but also a problem of serious economic importance.

Firstly, any parasites represent an additional energy load on the host animal organism, which normally must be compensated by increased nutrition. Increased fish nutrition (both with gastrointestinal and tissue parasites) leads not only to compensation for parasitic losses of plastic and energy substances, but also to weight gain compared to non-invasive fish specimens of the same species and age. From this point of view, parasites perform the same role as small physical activities, usually used to gain weight during exhaustion.

Secondly, tissue parasites cause blood flow to the affected tissues and organs, which means they stimulate their trophism. 

Thirdly, parasites, especially tissue parasites, by causing local or generalized immune responses, maintain the host's immune status, reactivity and resistance, preventing invasion by many other parasites and pathogens.

However, the above is true only for low levels of parasite infestation. With intensive invasion, the compensatory reactions of the host organism cease to cover the loss of plastic and energetic substances from the parasites. Moreover, numerous parasites cause double consumption of the host organism: both for replenishing the loss of matter and energy, and for specific and nonspecific immune responses.

As can be seen from our studies, 33 parasites were found in 11 species of fish of commercial importance. Of the 33 parasites, the most pathogenic are digenetic trematodes, namely diplostomum, postdiplostoma cticula, cestoda Khawia sinensis, nematode from the genus anisakis Contracaecum squalii and a typical parasite of pike perch, bersch and perch A. paradoxus. To date, the modern ichthyofauna of the Aral Sea is represented by 22 species of fish, of which 14 species are commercial (bream, pike perch, pike, asp, carp, crucian carp, roach, sabrefish, snakehead, catfish, shemaya, white-eyed,  grass carp , silver carp), 8 species are non-commercial (rudd, perch, ide, flounder, barbel (red book), aterina, bullhead, stickleback (weed fish). We investigated 11 species (pike, bream, sabre fish, Aral roach, pike perch, snakehead, asp, carp, crucian carp, shemaya, white-eyed), of which the most important for the Aral Sea is pike perch exported to foreign countries. Common pikeperch, which is the basis of the fishery for export to foreign countries, was found to have 13 parasites, including digenetic trematodes, monogenean, nematodes and parasitic crustaceans.

The parasites identified in zander are widespread polygostal parasites, most of which are localized on the body surface. However, Postodiplostomum cuticula, which we found in pike perch and sabrefish, affects the surface of the fish body in the form of black spots and, at high invasion rates, spoils its presentation. Therefore, due to black bumps and spots on the surface of the fish body, the export of infected pike perch fillets cannot be carried out.  Postodiplostomum cuticula, which we found not only in pikeperch, but also in sabre fish, is in many ways similar to the diplostomy. The development of a postodiplostomy generally proceeds in the same way as the development of a diplostomy. However, postodiplostomosis metacercariae are localized not in the eyes of the fish, like diplostomas, but in the skin. As a rule, fish fry are infected. The cercariae penetrates into the skin of the fry, loses its tail and turns into a metacercariae. Metacercariae quickly become enveloped (encystised), and black pigment is deposited around it (this is very characteristic). A black speck appears on the body of the fish, clearly visible to the naked eye. With a strong infection, there are many such spots. Moreover, some of them, when the larvae are nearby, merge, forming a large black spot. Metacercariae Posthodiplostomum cuticola infect many freshwater fish, mainly carp (carp, carp, roach, silver carp, grass carp, rudd, sabrefish, ide, ram, roach, white-eyed, silver bream, chub, podust, etc.); less often - perch, pike. The larvae of the parasite are especially dangerous for the fry of cyprinid fish, they can cause a mass pestilence of juveniles. In the body of fish, P.cuticola metacercariae persist for up to 1.5 years, although some of the metacercariae die after 3-4 months. After the death of the parasite larvae, pigmented spots or bumps remain.

It should be noted that in the past the metacercariae Posthodiplostomum cuticola strongly affected the Aral fish, causing a massive disease of juveniles. In 1930 D.A. Dogel and Bykhovskiy B.E. [24] recorded these larvae in 15 fish species (carp - 26.6%, eastern bream and sabrefish - 53.3, Aral roach and Turkestan ide - 60, rudd - 80%, etc.) with an intensity of up to 200 specimens ... Mass infection of fish was discovered a quarter of a century later by S.O. Osmanov [25]. In 1967-1971. P. cuticola infestation of fish was greatly reduced. In 2020-2021, we found postodiplostomactic acid only in 2 species of fish: pike perch and sabre fish with an invasion rate of 3-6 specimens.

Diplostomids also have a pathogenic effect on the organism of commercial fish, causing them to develop an acute and chronic form of the disease. Diplostomids were found in 7 fish species (bream, sabre fish, roach, crucian carp, common pike perch, pike and snakehead). For example, the metacercarium Diplostomum spathaceum, unlike other trematodes, is mobile throughout its life and is not encapsulated. With prolonged parasitism of metacercariae, lime begins to be deposited in the eye, the lens gradually becomes cloudy and becomes milky. At the same time, the eye increases in size and protrudes from the orbit. The fish goes blind. With a small number of parasites in the eye, blindness may not occur. Carp fish are mainly affected by it at the youngest age and the metacercarium lives in the eye of the fish for at least 8 months. Most often, fish with cataracts go blind in both eyes. Blind fish cannot eat normally, weakens, swims to the surface of the water, lies on its side and easily becomes a victim of gulls and other fish-eating birds, which are definitive hosts in the development cycle of this parasite. In the acute form of the disease, a large departure of larvae and juvenile fish can occur. Visually, their death in natural conditions is practically not recorded, since the dead juveniles are quickly eliminated by the components of hydrobiocenosis. With a high incidence of diplostomids, there will be a decrease in the total number of commercial fish in the Small Aral Sea.

It should be noted that the degree of fish invasion by larvae of trematodes (in particular, metacercariae of the trematodes Diplostomum and Ichthyocotylurus) is an indicator indicating the development of anthropogenic eutrophication processes in the water body [26]. Anthropogenic eutrophication is an increase in the intake of plant nutrients into the water due to human activity in the basins of water bodies and the resulting increase in the productivity of algae and higher aquatic plants [27,28]. Сontracaecum squalii is a nematode of the genus Anisakis. Fish in their life cycle play the role of a second intermediate host, can be found in marine, freshwater and anadromous fish, including fish farms. Larvae are found in fish in capsules or freely in the body cavity, on internal organs, and sometimes in the intestines. It was established by us in bream with an invasion intensity of 7-23 specimens.

The genus Ancyrocephalus contains many species and is currently considered a composite. According to literature data, A. paradoxus is a typical parasite of pike perch, bersch and perch. Only one species has been registered in Kazakhstan, and this is Ancyrocephalus paradoxus, found everywhere, found in the Aral Sea back in 1934 by V.A.Dogel and B.E.Bykhovskiy [29]. We found it only in ordinary pike perch.
From the genus Khawia, two species have been registered in Kazakhstan, these are Khawia rossittensis and Khawia sinensis. Khawia sinensis is found in bream and sabre fish. Helminth is found in fish in many natural and artificial reservoirs of Kazakhstan. It is localized in the intestines of Amur and common carp, carp species of fish. It is an invasive disease of freshwater fish characterized by intestinal lesions. Caviosis is affected mainly in the spring and summer period, and outbreaks of the disease are noted in July-August. In the RSFSR, fish deaths were repeatedly observed in many farms, which in some years assumed the character of epizootics, therefore, with an increase in the percentage of fish infection with caviosis in the Small Aral Sea, measures should be taken to eradicate the invasion.   

In general, in the course of the studies carried out, a high infestation of fish in the Small Aral Sea with parasites (0.43-100%) was established, but with a relatively low intensity of invasion (1-40 specimens). The detected parasites with a low intensity of invasion will not lead to mass death of fish, but their further mass distribution in the Small Aral Sea is possible. 

It should be noted that the revealed high infection of pike perch exported to non-CIS countries (36.46%) with 13 species of various parasites, including pathogenic ones, will invariably lead to a deterioration in the quality of fish meat, a decrease in nutritional value and taste qualities, fish culling due to the presence of a large number of helminths on the body and inside it, as well as the spread of their polyspecific species in the Small Aral Sea.

2.4 To develop and publish scientifically grounded recommendations to ensure epizootic well-being in order to preserve and increase the fish resources of the Small Aral.

It is known that many parasites slow down the growth of fish, worsen the quality of fish products, some of them can lead to a mass mora of juvenile fish. Therefore, the study of fish parasitofauna is of both scientific and practical importance, and the results of research are taken into account when acclimatizing valuable commercial fish species, when stocking reservoirs, lakes and reservoirs, mass artificial fish farming, when growing fry for reproduction in artificial and natural reservoirs, etc. 

In the fight against parasitic diseases whose pathogens have a complex cycle of development, the only reliable method is to break the epizootic chain. Therefore, we determined the circle of hosts involved in the development cycle of each parasite found in the fish of the Small Aral.  Of the established parasites, monogenetic flukes have a direct life cycle, i.e. without the participation of intermediate or additional hosts. Monogenetic flukes or polystyrene flukes are a relatively small class of flatworms; it includes about 1000 species that parasitize marine and freshwater fish and very rarely amphibians, reptiles, and aquatic mammals. They have a direct life cycle, reproduce in a wide range of temperatures, and are found throughout the world. Unlike other classes of parasitic flatworms - trematodicystodes, which inhabit the internal organs of their hosts, monogenoids are external parasites (ectoparasites). They are attached to the body of the fish with special hooks, causing irritation, abundant mucus secretion, contributing to infection of the affected integuments. Their main habitat is the gills and skin of fish. Most of the monogenetic flukes were found in the Small Aral Sea in eastern bream (5 species) and roach (4 species). Despite the fact that a small number of suckers is not dangerous for healthy adult fish, for juveniles, too, the number of parasites can be fatal. The damage from monogenes also increases with overpopulation or pollution of the reservoir. 

Quarantine is used to prevent the invasion of monogenes in ponds and artificial reservoirs. Treatment of fish in natural reservoirs is impractical.
However, given the wide variety of monogenetic flukes (14 species), we recommend intensive trapping of eastern bream and roach (these are the fish species with the most monogenetic flukes found), followed by stocking the Aral Sea with fry from well-to-do pond farms or reservoirs.
In the nematode and digenetic flukes we found, the definitive hosts in the development cycle are fish-eating birds, fish are intermediate hosts. According to A.F.Kovshar [30], gulls and terns are found in the Aral Sea, including: Pallas's gull (Larus ichthyaetus), common gull (Larus canus), gull (Larus cachinnans), black-headed gull (Larus ridibundus), gull-billed tern (Gelochelidon nilotica). A pair of sandgrouses was noted by him over a dry sea near the Small Aral, another group of 6 black-bellied sandgrouses on a sandy hillock between Lake Kamyshlybash and the railway. A total of 90 bird species were recorded, of which 16 species are migratory, the rest nest in this area.  
In the conditions of the Aral Basin, helminths predominate in paddlefoot long-legged birds, the additional hosts of which are fish.  In the larval stage, helminths parasitize in the body of fish and cause helminthiasis in fish: clinostomatosis, diplostomatosis, hysteromorphosis, postodiplostomatosis, afaryngostritis, thiodelphiasis, ligulosis, paradilepidiosiosis, contracecosis. Herring gulls, red and gray herons, great cormorants and both types of pelicans can practically play in the spread of dangerous fish invasions. In the 60s of the last century, Turemuratov A.T. in fish-eating birds of the Aral basin, 133 species of helminths were recorded, of which 47 species, or 35.3%, develop with the participation of fish. These are Clinostomum complanatum, Euclinostomum heterostomum, Bolboforus confusus, Diplostomum colymbi, D. commutatum, D. indistinctum, Diplostomum spathaceum, Hysteromorpha triloba, Neodiplostomum perlatum, Posthodiplostomum brevicaudatum, Posthodiplostomum cuticola, Tylodelphys conifera, T. gavia, Echinochasmus beleocephalus, E. mordax, E. muraschcinzewi, Mesorchis pseudoechinatus, M. reynoldi, Paryphostomum radiatum, Petasiger excaeretus, Pygiidiopsis genata, Cryptocotyle concavum, Metorchis crassiusculus, M. xantosomus, Hepatiarius longissimus, Opisthorchis geminus, Opisthorchis sp., Pachytrema calculus, Notaulus asiaticus, Cotyluruspileatus, Apharyngostrigea cornu, Gryporhynchus pusillum, Paradilepis scolecina, Choanotaenia porosa, Armidoskrjabinia medici, Ligula colymbi, L. intestinalis, Digramma interrupta, D. nemachili, Schistocephalus solidus, Eustrongylides excisus, Contracaecum micropapillatum, С. microcephalum, C. spiculigerum, С. spasskyi, Porrocaecum reticulatum, Desmidocerca incognita. 
Of the above helminths found in fish-eating birds of the Aral Sea in the 60s of the last century, we found 4 species in fish in 2020-2021: Diplostomumspathaceum, Posthodiplostomum cuticola, C. microcephalum and Digramma interrupta. In the fish of the Small Aral, according to the results of our research, monogeneans (14 species), digenetic flukes (8 species) and matodes (5 species) were parasitized most of all. The data obtained by us are confirmed by the studies of K.A. Dautbayeva. and Satybaldiyeva A.S. [32], who identified 13 species of monogeneans in 6 studied fish species (Dactylogyrus falcatus, D. tuba, D. wunderi, D. zandti, D. crucifer, D. sphyrna, D. rarissimus, D. extensus, D. minutus , Ancyrocephalus paradoxus, Gyrodactylus medius, Dipozoon paradoxum, Paradiplozoon pavlovskii). Based on the results of ichthyoparasitological studies in commercial fish species of the Small Aral Sea, we identified 14 species of monogenetic flukes to species, 4 pregener species. Of these, 11 species of monogeneans coincide with the species established by scientists from the Karakalpak branch of the ANUzSSR and only 6 identified by us. Considering that 9 of the 14 species of monogenetic flukes identified by us during ichthyoparasitological studies coincide with previous studies, it can be argued that 5 of them (Dactylogyrus pavlovskii, Gyrodactylus gasterostei, G. cernuae, Paradiplozoon rutili, P. vojteki) are new to the Small Aral Sea. This may be due to the fact that during intensive desalination, together with fish from freshwater reservoirs of the Syrdarya basin, these species of monogenetic flukes also penetrated into the waters of the Small Aral. Natural reservoirs are inhabited by animals, which do not respond to fluctuations in their habitat in the same way. Among them there are species that are very sensitive to the adverse effects of external factors. Monogeneans are an exceptionally numerous group of fish ectoparasites. However, in water bodies exposed to multifactorial pollution, their qualitative and quantitative depletion is observed. Some of their representatives have unequal resistance to toxicants [33]. 


Given the agricultural (agroecological) pressure from crop production, various types of toxicants (pesticides and heavy metals) accumulate in the water bodies of the Syrdarya basin, including the waters of the Small Aral Sea, which has led to a depletion of the quantitative and qualitative indicators of monogeneans [34, 35]. Depletion of the qualitative and quantitative indicators of monogeneans may be associated with the intense desalination of the waters of the Small Aral Sea. But this theory is very doubtful, since Dactylogyrus falcatus, D. rarissimus, D. minutus are often recorded in fresh water bodies of the Northern Hemisphere..

The class of digenetic flukes is represented in our studies by metacercariae of the families Diplostomidae and Strigeidae. Fish participates in the biological cycle of many diplostomatids as an additional host, fish-eating birds and mammals as definitive hosts. Adult forms live in the intestines of fish-eating birds and mammals. Metacercariae parasitize fish and often cause dangerous diseases, especially among juvenile fish, causing great damage to the fisheries. Diplostomatids have been recorded for decades in fish and fish-eating birds of the Aral Sea, since preventive measures are usually not carried out in natural biocenoses. Most of the digenetic flukes were found in pike - 6 species (Diplostomum spathaceum, Diplostomum volvens, Diplostomum helveticum, Diplostomum gobiorum, Tylodelphys clavata, Diplostomum mergi); in common pike-perch - 5 species (Diplostomum spathaceum, Diplostomum gobiorum, Diplostomum helveticum, Posthodiplostomum cuticola, Tylodelphys clavata); in the Aral roach - 5 species (Diplostomum spathaceum, Diplostomum spathaceum, Diplostomum helveticum, Diplostumoni Diplostomum 4 species (Diplostomum spathaceum, Tylodelphys clavata, Diplostomum volvens, Posthodiplostomum cuticola). Nematodes were found more in bream and roach, 3 species in each fish. In order to reduce the extent of damage to fish of the Small Aral by diplostomatids, especially pike, pike perch, roach and sabre fish, it is necessary to scare away birds for 2 years (shooting is prohibited). To prevent a large accumulation of waterfowl fish-eating birds and their nests, it is necessary to mow aquatic vegetation, destroy their nests in the spring-summer period for 1-2 years. Herring gull, red and gray heron, great cormorant and both types of pelicans are distributors of dangerous fish invasions. Scaring away birds on an ongoing basis (for example, for 3-5 years) is prohibited, in view of the violation of the ecological balance in nature. A decrease in the number of mollusks, which also participate in the development cycle of diplostomatids, can be achieved by introducing benthivorous fish (carp, etc.) into water bodies, which eat them away. 
For the prevention of postdiplostomiasis, only one method can be proposed. This is the scaring off of leggy birds (shooting is prohibited). Regarding the first intermediate hosts of gastropod mollusks-coils, their presence in the sea is important in the nutrition of fish, therefore, with such a low extent of invasion, no work is required to reduce the number of mollusks in the sea.  

Fish-eating birds take part in the development cycle of nematodes Contracaecum microcephalum established to the species level in bream, common pike perch, asp, and Aral roach. Obligate intermediate hosts of Contracaecum microcephalum are crustaceans of the orders Cyclopoida and Calanoida; optional intermediate hosts - dragonfly larvae, fish fry; reservoir hosts - larvae of dragonflies, caddis flies, dipterans, fish; additional hosts - freshwater fish; the definitive ones are cormorants, herons, night herons, river tern [36,37]. Therefore, if in some years there is a high prevalence of damage to fish Contracaecum microcephalum, then it will be necessary to fight, first of all, with birds (to ruin their nests, scare away birds). However, scaring birds on a permanent basis (for example, for many years) is prohibited, due to violations of the ecological balance in nature. The fight against parasitic crustaceans in the Small Aral Sea can only be of a preventive nature when stocking reservoirs. In cases of epizootics, it will be necessary to carry out intensive catching of infected fish.
The most suitable place for preventive maintenance is the Small Aral locks, where excess water is discharged. In these places, ideal conditions are created for catching small fish, and here, despite the strong wind, A.F. Kovshar, many gulls and terns feed.
Thus, in order to preserve epizootic and ecological well-being in the Aral Sea, it is necessary:

1) to annually conduct epizootological monitoring of parasitic diseases of fish when predicting allowable catches.

2) to monitor the disposal of waste containing internal organs and parasites at fish processing enterprises.

3) to destroy small colonies of piscivorous birds so that they concentrate in larger, but sparsely located colonies. Colonies should be ravaged before birds hatch eggs.
4) In the spring, before laying eggs in the fishing areas, scare away herring gulls, gray and red herons in order to reduce their numbers. 

5) To shoot large grebes in order to reduce their numbers on lakes where they are most numerous and where there is a feeding of juvenile fish.

6) To reduce the number of mollusks that participate in the development cycle of diplostomatids, it is necessary to stock the Small Aral Sea with benthic fish, in particular carp, which eat them.
7) To stock the Small Aral Sea, use fish only from artificial reservoirs that are safe for parasitic diseases (fish nurseries).
8) To carry out intensive catching of oriental bream, sabre fish and roach (these are the species of fish in which parasites were found most of all, including monogenetic flukes), followed by stocking of the Aral Sea with fry of roach and sabre fish from pond farms or reservoirs free of monogeneity.
9) Given the absence of parasites in the carp, it is necessary to annually stock the sea with two-year-old carp only from safe fish nurseries. 
10) To increase the number of carp in the sea, increase the fishing load on bream, as well as conduct reclamation of predatory and low-value fish species.
3 Generalization and evaluation of research results

Currently, in the Republic, as well as throughout the country, a lot of work is being done to restore and increase fish stocks. In this regard, it is of great importance to assess and control the parasitological situation to ensure epizootic well-being, as well as the implementation of a system of measures to combat parasitic diseases of fish.


In the ichthyofauna of the Aral Sea, in terms of species, the cyprinid family is the richest. It includes 12 species of fish (bream, white-eyed, carp, roach, shemaya,the Aral barbel, Turkestan barbel, asp, chekhon, rudd, ide, silver carp). The Aral barbel in isolated cases occurs in the fifth fishing area, i.e. in the estuary of the Syrdarya River. In experimental catches, as well as in the catches of fishermen, individuals ranging in size from 220 mm weighing 310 g., up to 325 mm weighing 562 g  were found. The second place is occupied by perch: pike perch, perch, ruff, and the rest are catfish, pike, stickleback  and snakehead, each represented by one species. In a relatively short period of time in the Small Aral Sea, the Aral roach, carp, bream, pike perch, asp, chehon, rudd and pike have reached commercial numbers.  The modern ichthyofauna of the Small Aral Sea is represented by 22 fish species. Commercial include 14 species - bream, pike perch, pike, asp, carp, crucian carp, roach, sabre fish, snakehead, catfish, shemaya, white-eyed, grass carp, silver carp. Non-commercial species include 8 species - rudd, perch, ide, flounder, barbel (Red Book), atherina, goby, stickleback (weedy fish).
The parasitic fauna of 1097 studied fish is represented by digenetic flukes, monogenetic flukes, nematodes, cestodes, parasitic crustaceans, and plerocercicidal flukes. The most infested with parasites were bream, Aral roach, sabre fish, common pike perch and pike, which form the basis of fishing in the Small Aral.

The eastern bream has 21 parasites, with 18 identified to species, and 3 not identified.  In the asp, 6 parasitic organisms were found, established to the species 5, not established 1. The Aral roach was infested with 19 parasites, 17 parasites were identified before the species, and 2 were not identified. There are only 5 parasites in the Shemaya, 3 have been identified to the species, and 2 parasites have not been identified. Of the 82 studied crucian carp, only one crucian carp had 1 digenetic fluke Diplostomum spathaceum. In sabre fish, in our studies, 13 parasites were found, of which 11 parasites were found to be species, 2 were not found. In common pike-perch, we identified 13 parasites, of which 10 were identified to species, and 3 parasites were not identified to species. In the studied pikes, 6 digenetic flukes were found. One snakehead had 2 Diplostomum spathaceum, and the other had 6. Not a single parasite was identified in the carp and white-eyed. 

Summarizing the results of parasitological studies, it can be concluded that the infestation of fish of the Small Aral Sea is quite high (0.43-100%). However, the detected species of parasites at the established intensity of invasion (1-40 specimens) will not lead to a massive sea of fish. 

CONCLUSION

Today, in the Small Aral Sea, out of 22 fish species, 14 species are mastered: bream, pike perch, pike, asp, carp, crucian carp, roach, sabre fish, snakehead, catfish, shemaya, white-eyed, grass carp, silver carp. According to research data, 2 species of fish listed in the Red Book of the Republic of Kazakhstan have been registered in the Small Aral Sea and in the whole basin: Acipensernudiventris Lovetsky, 1828 - thorn, Barbus brachycephalus Kessler, 1872 - Aral barbel (Barbus brachiocephalus brachiocephalus Kessler) (hereinafter barbel). The size and weight indicators of the flounder-glosses of the Small Aral Sea have noticeably decreased, which is due to the ongoing changes in the hydrochemical regime of the sea. As a result of the desalination of the Small Aral Sea, the number of native freshwater commercial fish is increasing every year and their distribution area is expanding. This, in turn, worsened the availability of flounder food, which led to a decrease in its biological indicators. Analysis of these data shows that flounder is found in fishing areas in isolated cases, where the greatest salinity of water is observed in the Bay of Butakov (III fishing area).
Currently, the basis of the fishery is: bream, pike perch, pike, asp, carp, crucian carp, roach, sabre fish, rudd. The few species include silver carp, snakehead, ide, white-eyed, and perch. Occasionally in the catches there are flounder glossa, catfish, shemaya.
In 2020, the commercial ichthyofauna of the Small Aral Sea was represented by 16 species of fish, 9 of which form the basis of the fishery. The few include 6 species and 1 species in single catches. In 2021, the ichthyofauna of the Small Aral Sea is represented by 22 species of fish. The commercial species include 14 species: bream, pike perch, pike, asp, carp, crucian carp, roach, sabre fish, snakehead, catfish, shemaya, white-eyed, grass carp, silver carp. Non-commercial species include 8 species: rudd, perch, ide, flounder, barbel (Red Book), atherina, goby, stickleback (weed fish). 
The current state of the fish populations of the Small Aral Sea can be characterized by the following provisions:

· a relatively high degree of biodiversity of the ichthyofauna of the Aral Sea in comparison with other reservoirs of the basin;

· an increase in the variability of structural and biological indicators in fish populations intensively exploited by fishing (pike perch, pike, carp, asp);

· relative stability of indicators of crucian carp, roach, sabrefish, shemaya;

· numerical dominance of bream with low variability of structural and biological indicators of the population.


In the ichthyofauna of the Aral Sea, in terms of species, the cyprinid family is the richest. The carp family includes 12 species of fish (bream, white-eye, carp, roach, shemaya, Aral barbel, Turkestan barbel, asp, sabre fish, rudd, ide, silver carp). The Aral barbel is found in isolated cases in the fifth fishing area, i.e. in the mouth of the Syrdarya River. In the experimental catches, as well as in the catches of fishermen, there were individuals ranging in size from 220 mm and weighing 310 gr to 325 mm weighing 562 gr. The second place is occupied by perch: pike perch, perch, ruff, and the rest of the catfish, pike, stickleback  and snakeheads are represented by one species.

As a result of ichthyoparasitological research, were identified to species of 33 parasitic organisms from different phylum: 14 species of monogenean Paradiplozoon rutili, Paradiplozoon vojteki, Dactylogyrus extensus, Dactylogyrus tuba, Dactylogyrus wunderi,  Dactylogyrus auriculatus, Dactylogyrus simplicimalleata, Dactylogyrus pavlovskii, Dactylogyrus sphyrna, Ancyrocephalus paradoxus, Gyrodactylus gasterostei, Gyrodactylus elegans, Gyrodactylus cernuae, Diplozoon paradoxum; 2 species of tapeworm (cestodes) Khawia sinensis, Digramma interrupta; 8 species of digenetic trematodes (trematodes) Diplostomum spathaceum, Diplostomum volvens, Diplostomum gobiorum, Diplostomum helveticum, Diplostomum mergi, Tylodelphys clavata, Posthodiplostomum cuticola, Ichthyocotylurus variegatus;  5 species of threadworm (nematodes): Contracaecum squali, Contracaecum microcephalum, Thominx tuberculata, Capillaria brevispicula, Camallanus lacustris; 4 species of parasitic copepod crustaceans (capepods) Sinergasilus major, Ergasilus sieboldi,  Ergasilus briani, Argulus japonicus.  

It is not established up to the type 6 parasites: 4 species of monogenean  Paradiplozoon sp., Dactylogyrus sp., Gyrodactylus sp., Diplozoon sp.,  one species of parasitic copepod crustaceans Lernaea sp.,1  species of nematodes Nematode larvaе. 

Monogenetic flukes can traditionally be attributed to specific species, except for the paradoxical spike in which the systematic position requires additional research.
Polyspecific species are all ocular trematodes and parasitic crustaceans established during ichthyoparasitological studies in the Small Aral Sea.
During the reporting period, 1,097  individuals of 11 fish species were examined.  Parasites were found in 9 species of fish (bream, asp, roach, shemaya, crucian carp, sabrefish, zander, pike, snakehead) with different extent and intensity of invasion. Most of all they were found in fish monogenean (14 species), digenetic trematodes (8 species) and nematodes (5 species).

As a result of the analysis of research results in 6 species of fish (bream, zander, sabrefish, asp, roach, shemaya) made up the main part of the parasitofauna monogenean Paradiplozoon rutili, Paradiplozoon vojteki, Dactylogyrus extensus, Dactylogyrus tuba, Dactylogyrus wunderi, Dactylogyrus auriculatus, Dactylogyrus simplicimalleata,  Dactylogyrus pavlovskii, Ancyrocephalus paradoxus, Diplozoon paradoxum, Gyrodactylus gasterostei, Gyrodactylus elegans, Gyrodactylus cernuae. 

Digenetic trematodes (Diplostomum spathaceum, Diplostomum volvens, Diplostomum gobiorum, Diplostomum helveticum, Diplostomum  mergi, Tylodelphys clavata, Posthodiplostomum cuticola, Ichthyocotylurus variegatus), which belong to polyspecific parasites, i.e. common to many species of fish , also found in 6 species of fish (eastern bream, zander, Aral roach, pike, sabrefish, snakehead). 
Установлено до вида 5 нематод у леща, обыкновенного судака, жереха, чехони, аральской плотвы. Это Contracaecum squali, Contracaecum microcephalum, Thominx tuberculata,  Camallanus lacustris,  Capillaria brevispiculа. Nematode larva (до вида не установлена). 

For the first time, the nematode Thominx tuberculata was found in the sabrefish. Nematodes of Thominx tuberculata were not established in fish in 2010 by Dautbaeva K.A., Satybaldieva A.S., so they studied only parasites of the gill apparatus of cyprinid fish. Thominx tuberculata was also not detected by Osmanov S.O. in the Abbatsky, Sarbassky, Muynaks, Jaltyrbassky, Bugunsky bays of the Aral Sea. However, all other species of parasites that we found in the fish of the Small Aral Sea were established back in the 60-70s of the last century by S.O. Osmanov.
Thus, as a result of research, it was found that the ichthyofauna of the Small Aral Sea consists of 14 species of fish. In the parasitofauna of 11 fish studied, there are digenetic trematodes, monogenean, nematodes, parasitic copepod crustaceans.
Based on the results obtained, 1 article was published in the journal "Bulletin of the Al-Farabi Kazakh National University. Biological series", recommended by the CQAFES MES RK; Recommendations have been developed and published «Measures to ensure epizootic well-being in order to preserve and increase the fish resources of the Small Aral Sea». 
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APPENDIX A
Calendar plan

1. Limited liability partnership Kazakh scientific research veterinary institute

1.2 По теме проекта: ИРН №AP08955829  «Development of recommendations for ensuring epizootic well-being based on the study of ichthyofauna and parasitofauna of Small Aral fish of commercial importance». 
1.4 The total amount of the project is 5,000,000 (five million) tenge, including by year, for the performance of work according to paragraph 3:
- for 2020 - in the amount of 3,000,000 (three million) tenge;

- for 2021 - in the amount of 2,000,000 (two million) tenge.
2. Characteristics of scientific and technical products by qualification criteria and economic indicators
2.1 Field of work: Veterinary parasitology

2.2 Scope of application: Veterinary medicin

2.3 The end result:

- for 2020:

- co-executors of the project (LLP "NPC of fisheries") the monitoring of the current state of the commercial ichthyofauna of the Small Aral Sea will be carried out taking into account the ecology of the groups, and the conditions and habitat of the fish of the Small Aral Sea will be studied against the background of an increase in the flow of the Syrdarya River as a result of the regulation of the channel and intensive desalination of the sea;
- The parasitofauna of background fish species of the Small Aral Sea will be studied. A list of parasites with a description of the species, genus, and family is systematized. The most common and pathogenic types of parasites, as well as specific, polyspecific and new species of them have been identified in native and acclimatized fish in the Small Aral Sea. The extensiveness and intensity of parasite infestation of each species of the studied fish of commercial importance, the degree of spread of a particular type of parasite, etc. are determined;
- in case of species identification of parasites, parasites that are dangerous to humans or capable of spoiling the presentation of fish and fish products will be highlighted in a separate list.
- for 2021: 

- co-executors of the project (LLP "NPC of fisheries") the monitoring of the current state of the commercial ichthyofauna of the Small Aral Sea will be carried out taking into account the ecology of the groups, and the conditions and habitat of the fish of the Small Aral Sea will be studied against the background of an increase in the flow of the Syrdarya River as a result of the regulation of the channel and intensive desalination of the sea;
- The parasitofauna of background fish species of the Small Aral Sea will be studied. A list of parasites with a description of the species, genus, and family is systematized. The most common and pathogenic types of parasites, as well as specific, polyspecific and new species of them have been identified in native and acclimatized fish in the Small Aral Sea. The extensiveness and intensity of parasite infestation of each species of the studied fish of commercial importance, the degree of spread of a particular type of parasite, etc. are determined;
- in case of species identification of parasites, parasites that are dangerous to humans or capable of spoiling the presentation of fish and fish products will be highlighted in a separate list.

- scientifically-based proposals will be developed to reduce the risks of the spread of the most pathogenic parasites in order to preserve and increase the fish resources of the Small Aral Sea;
- 1 article will be published in a domestic publication with a non-zero impact factor recommended by CCES MES RK, 1 article will be submitted and accepted for publication in one of the peer-reviewed scientific publications included in the 4th quartile in the Web of Science database or having a CiteScore percentile in the Scopus database of at least 35.
2.4 Patentability: Unpatentable.

2.5 Scientific and technical level (novelty): The scientific novelty of this project is to conduct research on the parasitofauna of fish of the Aral Sea and obtain new data that will allow us to develop recommendations for ensuring epizootic well-being, in order to preserve and increase the fish resources of the Small Aral Sea. Of course, the information obtained on parasitic diseases of the Small Aral Sea fish, due to the tight deadlines for research, will be extremely limited, nevertheless, it will allow us to form a general picture of the parasitofauna of commercial fish, identify the most pathogenic, widespread and dangerous species for humans.
2.6 The use of scientific and technical products is carried out by: The Contractor.

2.7 Type of use of the result of scientific and (or) scientific and technical activities: reports, scientific publications.

	3. Name of works, terms of their implementation and results
№
	The name of the work under the Contract and the main stages of its implementation *
	Due date *
	Expected result *

	
	
	beginning
	completion
	

	2020 

	1.
	To monitor the current state of the commercial ichthyofauna of the Small Aral, taking into account the ecology of the groups, to study the conditions and habitat of the fish of the Small Aral against the background of an increase in the flow of the Syrdarya River as a result of the regulation of the channel and intensive desalination of the sea
	October
2020 
	december  2020 
	Co-executors of the project (LLP "NPC of fisheries") monitoring of the current state of the commercial ichthyofauna of the Small Aral Sea will be started, taking into account the ecology of the groups, and the conditions and habitat of the fish of the Small Aral Sea will be studied against the background of an increase in the flow of the Syrdarya River as a result of the regulation of the channel and intensive desalination of the sea.

	2. 
	To study the parasitofauna of commercial fish species of the Small Aral Sea
	October
2020 г.
	december 2020 
	The study of the parasitofauna of the background fish species of the Small Aral Sea will be started. Work will begin on systematization of the list of parasites with a description of the species, genus, family; identification of the most common and pathogenic species of parasites, as well as specific, polyspecific and new species of them in native and acclimatized fish in the Small Aral Sea; determination of the extensiveness and intensity of parasite infestation of each species of the studied fish of commercial importance, the degree of spread of a particular type of parasite, etc.

	3.
	To determine the influence of parasites on the quality of fish products of the Small Aral Sea exported to the countries of the near and far abroad
	October
2020 г.
	december  2020 
	Work will begin on the species identification of parasites. A separate list will be allocated parasites that are dangerous to humans or capable of spoiling the presentation of fish and fish products.

	2021

	1.
	To monitor the current state of the commercial ichthyofauna of the Small Aral, taking into account the ecology of the groups, to study the conditions and habitat of the fish of the Small Aral against the background of an increase in the flow of the Syrdarya River as a result of the regulation of the channel and intensive desalination of the sea
	January
2021 г.
	until August 15, 2021.
	Co-executors of the project (LLP "NPC of fisheries") The monitoring of the current state of the commercial ichthyofauna of the Small Aral will be carried out taking into account the ecology of the groups, and the conditions and habitat of the fish of the Small Aral will be studied against the background of an increase in the flow of the Syrdarya River as a result of the regulation of the channel and intensive desalination of the sea.

	2. 
	To study the parasitofauna of commercial fish species of the Small Aral Sea
	January 2021 г.
	until August 15 , 2021
	The parasitofauna of background fish species of the Small Aral Sea will be studied. A list of parasites with a description of the species, genus, and family is systematized. The most common and pathogenic types of parasites, as well as specific, polyspecific and new species of them have been identified in native and acclimatized fish in the Small Aral Sea. The extent and intensity of parasite infestation of each species of the studied fish of commercial importance, the degree of spread of a particular type of parasite, etc. are determined.

	3.
	To determine the influence of parasites on the quality of fish products of the Small Aral Sea exported to the countries of the near and far abroad
	January 2021.
	until August 15, 2021
	In case of species identification of parasites, parasites that are dangerous to humans or capable of spoiling the presentation of fish and fish products will be highlighted in a separate list.

	4.
	To develop and publish scientifically-based recommendations to ensure epizootic well-being in order to preserve and increase the fish resources of the Small Aral Sea
	June 2021 
	July 2021 
	Scientifically-based proposals will be developed to reduce the risks of the spread of the most pathogenic parasites in order to preserve and increase the fish resources of the Small Aral Sea.

	5.
	Prepare based on the research results and publish 1 article in a domestic publication with a non-zero impact factor recommended by  CCES MES RK , submit 1 article to one of the peer-reviewed scientific publications included in the 4th quartile in the Web of Science database or having a CiteScore percentile in the Scopus database of at least 35.

Prepare and submit a report to the KN of the Ministry of Education and Science of the Republic of Kazakhstan.
	January 2021 г.
	until August 15, 2021
	Based on the research results, 1 article will be published in a domestic publication with a non-zero impact factor recommended by  CCES MES RK RK, 1 article will be submitted and accepted for publication in one of the peer-reviewed scientific publications included in the 4th quartile in the Web of Science database or having a CiteScore percentile in the Scopus database of at least 35.
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Patent Research Report
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REPORT

on the research on the implementation of the topic «Development of recommendations for ensur-
ing epizootic well-being based on the study of ichthyofauna and parasitofauna of Small Aral fish
of commercial importance» under the budget program 217 Scientific and /or scientific and tech-
nological activities, by priority: Sustainable development of the agro-industrial complex and the
safety of agricultural products, a sub-priority: « Basic and applied research in the biology.
Environmental problems. Status assessment and problems of flora and fauna conservation
biodiversity of the Republic of Kazakhstan. Scientific basis of the rational use and reproduction
of biological resourcesy, in accordance with the Patent Law of the Republic of Kazakhstan and
ST RK GOST R 15.011-2005 «System of product development and launching into manufacture.

Patent investigations. Procedure and Scope».




ST RK GOST R 15.011-2005

Table B. 6. 4-Number of published protection documents by year (inventive activity)

	Equipment object and its components

	The country of application
	The number of patents, published applications by year of filing of the application (excluding the patents-analogues)

	
	
	
	
	
	
	
	
	
	
	
	

	1
	2
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13


NOT DETECTED

ST RK GOST R 15.011-2005

Table B. 6. 5-Mutual patenting

	The nationality of the applicant
	Country of patenting
	Number of patents
	Total

	
	
	
	
	
	
	
	
	
	national patents
	patented in other countries


	

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12


NOT DETECTED

ST RK GOST R 15.011-2005

Table B. 6. 6-Geography of patenting of industrial property objects by the companies under study (by analogous patents)
	Name of the company of the owner's patents
	Name of the technical solution (invention)
	The number of initial applications
	Priority date
	Date of publication of the initial application
	Numbers of issued patents (filed applications) by country of issue

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13


NOT DETECTED

ST RK GOST R 15.011-2005

APPENDIX D
(obligatory)

Forms for sections of the main part of the patent research report

D. 1 Technical level trends in the development of the object of economic activity

Form D. 1. 1 Indicators of the technical level of the equipment object

	Name of

indicators
	Value of indicator

	
	
	Domestic and foreign objects of similar purpose

(including models, companies, countries, and years of fame)
	Object according to the state standard
	International and national standards
	

	
	
	[Osmanov S.O. Questions of parasitology of the Aral Sea (on changes in the parasitological situation over 40 years. - Tashkent, 1976– - 187 s]
	
	
	
	
	
	
	
	
	
	
	
	

	1
	2
	3.1
	3.2
	3.3
	3.4
	3.5
	3.6
	3.7
	3.8
	3.9
	3.10
	4
	5
	6


Continuation of form D. 1. 1
	1
	2
	3.1
	3.2
	3.3
	3.4
	3.5
	3.6
	3.7
	3.8
	3.9
	3.10
	4
	5
	6

	To monitor the current state of the commercial ichthyofauna of the Small Aral, taking into account the ecology of the groups, to study the conditions and habitat of the fish of the Small Aral against the background of an increase in the flow of the Syrdarya River as a result of the regulation of the channel and intensive desalination of the sea,
	Preliminary development of the methodology basics
	Initial study
	
	
	
	
	
	
	
	
	
	
	
	Final development of the methodology basics


Continuation of form D. 1. 1
	To study the parasitofauna of commercial fish species of the Small Aral Sea
	Preliminary development of the methodology basics
	Initial study
	
	
	
	
	
	
	
	
	
	
	
	Final development of the methodology basics

	To determine the influence of parasites on the quality of fish products of the Small Aral Sea exported to the countries of the near and far abroad
	Preliminary development of the methodology basics
	Initial study
	
	
	
	
	
	
	
	
	
	
	
	Final development of the methodology basics


ST RK GOST R 15.011-2005

Form D. 2.2 Assessment of patentability of newly created technical and artistic design solutions, determining the feasibility of their legal protection
	Name of technical, artistic and design solutions offered for legal protection
	The essence of the solutions proposed to the legal protection
	Prototypes of solutions proposed for legal protection

	The achieved technical result and its impact on the characteristics of the object of economic activity
	Patentability and qualification of the proposed solutions (the possibility of attribution to inventions, utility models, scientific productions)
	Expediency of legal protection and justification for the choice of patenting countries or the reason for refusal of legal protection and the appropriateness of attribution to know-how

	1
	2
	3
	4
	5
	6

	Development of recommendations for ensuring epizootic well-being based on the study of ichthyofauna and parasitofauna of Small Aral fish of commercial importance
	The study of the parasitofauna of commercial fish of the Small Aral Sea, which are relevant from a socio-economic and epidemiological point of view, will allow us to identify parasites that can change or spoil the presentation of fish and fish products. The identification of such parasites and the establishment of the degree of infection with them is necessary for the subsequent resolution of the issue of the possibility of food or other use of raw materials or products, 
	In 1967-1971, 37 years after the famous ichthyo-parasitological expedition of V.A. Dogel and B.E. Bykhovsky (1934) by scientists of the Karakalpak branch of the Academy of Sciences of the Uzbek SSR under the leadership of S.O. Osmanov 172 species of parasites from 76 genera and 12 classes, 6 types have already been identified in the fish of the Aral Sea, 
	The solution of this problem will contribute to the development of general recommendations aimed at ensuring epizootic well-being, conservation and multiplication of Small Aral fish of commercial importance.
	A technical solution is protected as a work of science
	It is advisable to implement legal protection in Kazakhstan


[image: image6.png]Continuation of form D.2.2

1 1 2 3

at the same time, 64 species
and 13 genera were discovered
for the first time, among which
there were representatives of
indigenous fauna and species
introduced during the
acclimatization of fish.
However, there were 32
species of parasites from 12
genera previously discovered
by Osmanov S.O. in 1952-
1954, which could be partly
due to changes in the
hydrobiological and
hydrochemical regime of the
reservoir.  [Osmanov ~ S.O.
Questions of parasitology of
the Aral Sea (on changes in the
parasitological situation over
40 years. - Tashkent, 1976— -
187 p.]

which is an important
indicator for the export
and import of any
animal products.

/;
Head of research report, PhD M% o A.A.Abdibaeva
Compliance check, 7 ) /
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Protocol of a Scientific Council session
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List of published works based on the results of the project
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[image: image8.png]ISSN 1563-0218; eISSN 2617-7498

OJI-ODAPABU areinaarst KASAK ¥JITTBIK VHUBEPCUTETI

XABAPIIBI

buonorns cepusce

KA3AXCKHWM HALIMOHA JIbHBIN YHUBEPCUTET umern AJTb-OAPABU

BECTHHUK

Cepust Guooruueckas

AL-FARABI KAZAKH NATIONAL UNIVERSITY

EXPERIMENTAL BIOLOGY

Ne3 (88)

Amvatet
“Kazax yHusepcureti”
2021



[image: image9.png]4

i

S (7
7 T &lt
KazNL ayy n {ayxa KaaHy

ISSN 1563-0218: eISSN 2617-7498

. XABAPLLIbI! =

BUOJIOTUS CEPUSICHI Ne3 (88) xeipiytiex

04. 05. 2017 x. Kazakcran PecrryOnukachHBIH AKNapar koHe KOMMYHUKAIUs MUHUCTPIIT1HE TIPKENTeH

Kyomix Ne 16494-K

JKypnan siceinvina 4 pem srcapuixka wwl2aowl
(Haypvl3, MAYCHIM, KbIPKYTIEK, HCeTmoKcaH)

KAYAIITBI XATHIbI

Canapramea H.C., 6.7.k., ara oKBITyIB (Kazaxcmarn)
e-mail: bb.kaznu.kz@gmail.com

PEJAKIINA AJIKACHI:

Bucenbaes A.K., 6.r.1., KP YF'A akanemuri (FbUIBIMH
penaktop) (Kaszaxcman)

Bexmanor B.O., 6.f.X., TOIEHT (FRIJBIMA PeIaKTOPIBIH
opwiabacapsl) (Kazaxcman)

Teneyxanos C.T., 6.5.1., npobeccop (Kazaxcman)
Atitamesa 3.I., 6.7.1., npodeccop (Kazaxcman)
Kucray6aesa A.C., 6.r.x. (Kazaxcman)

Hramenxo A.T., 6.5.1., npobeccop (Kazaxcman)
MyxuraunoB H.M., 6.5.1., npobeccop (Kaszaxcman)
Hyprazun C.T., 6.5.1., npodeccop (Aazaxcman)
Typycenexos E.K., 6.7 k., kKaybIMJacTBIpBUIFaH TIpodeccop
(Kaszaxeman)

Omapor P.T., PhD (Kazaxcmar)

Hcxakos B.K., 6.1.1., npodeccop (Kazsaxcman)
Cap6acos ., PhD, npodeccop (AKII)
Opbméaesa 3., PhD, npodeccop (AKILI)
Kypmamera P.T., PhD (AKII])

Canap6aeB M., PhD, npodeccop (Dpanyus)
Himenxo A., PhD (Dpanyus)

Jlock 1., 6.7.1., npodeccop (Peceii)

Tames A.H., npodeccop (Foreapus)

TEXHHUKAJIBIK XATIIBI
Cmexenor Uzart, PhD (Kasaxeman)

)KypHan MaTeprnalaapbinia ayKbIM/IbL GHONOTHSTIBIK Macenenepi — FBUIBIMHA IMOJIy, TCOPHUAJIBIK JKOHE SKCNIEPUMERTAIABIK

3epTTeyAep/I1H HOTHKeNepl KapacThIpbUIa/b].

Makasianap GHONOTHSIHBIH KeJlec1 Oeonimyepi GoliblHIMa jkapHsUlanabl: 6oTaHnKa, OHOTEXHOJIOTHS, OHOXUMHUS, OCIMIIKTEp
(U3mM0NOTHACH, TeHETHKA JKOHE MOJIeKY/aJIblK GHONOT A, KIeTKaJbIK GHoNOrns, GnodusnKa, afnaM koHe xKaHyapnap GpusHonorus-
CBl, 300JI0THS1 JKOHe HXTHOJIOTHS], IIATOJIOTAS JKOHE THCTOJIOTAS, MUKPOOHOIOTHS JKOHE BHPYCONIOTHSL.

= Crossref

Re lan

KA3AK
YHHUBEFCHUTETI
7Koba menemxepi
Tynomupa Illaxkozoea
Tenedon: +7 701 724 2911
E-mail: Gulmira.Shakkozova@kaznu.kz

Penaxropnaps::
Tymemupa Bexbepouesa
Aeuna Xacanxuisuvl

Kommnbioteprie GeTTeren
Atieyn Anoawesa

' POCCUMCKUIA UHOEKC ’
HAYYHOTO UIWTUF QBAHUSA b- 4

A q T
ewmomsneet wmre Sejence Index
HBYMHO-TaXMHMBC KO

b Ne 14932

Mimimi 60x84 '/, Kenemi 12,8 6.1. Tanceipric Ne 8836.
On-Oapabn atbiaars! Kaszak yITTBIK YyHRBEpCHTOTIHIH
“Kazak ynuBepcuteTi” Gacna yii1.

050040, Anmarsl Kanacel, as-@apalu 1aHFbb], 71.
“Kazak ynnBepcuteTi” Gacna yHiHiH GacnaxanacklHIa
6acbIIbl.

© On-Dapabn arpingars KazYV, 2021




[image: image10.png]ISSN 1563-0218:; eISSN 2617-7498 Experimental Biology. Ne3 (88). 2021 https://bb.kaznu.kz

IRSTI 69.09.41 https://doi.org/10.26577/eb.2021.v88.13.12

S. Berdiakhmetkyzy'* O » S.Zh. Assylbekova® @ :

A.M. Abdybekova’® @ , T.T. Barakbaev? Q

'Al-Faraby Kazakh national university, Kazakhstan, Almaty
2 LLP “Research and Production Center of Fisheries” MEGNR RK, Kazakhstan, Almaty
*LLP «Kazakh Research-Scientific Veterinary Institute», Kazakhstan, Almaty
*e-mail: camal-90.ok@mail.ru.

CURRENT STATE OF POPULATIONS
OF THE MAIN COMMERCIAL FISH SPECIES
OF THE SMALL ARAL SEA

The Aral Sea was one of the main commercial basins until the 80s of the last century. Howev-
er, intensive water management activities aimed at regulating the upper reaches of the Syrdarya and
Amudarya rivers, which were the main sources of water supply in the Aral Sea, led to a decrease in the
water level and the sea was initially divided into two reservoirs: Small and Large.

As a result, huge damage was caused to the fishing industry of the region. And only after more than
20 years, a decision was made to restore the Aral Sea, by building a dam, in order to block the channel
connecting the Small Aral with the Big Sea. In 2005, the construction of the Kokaral separation dam was
completed.

The basis of the fishery is: bream (Abramis brama), zander (Sander lucioperca), pike (Esox lucius),
asp (Aspius aspius), carp (Cyprinus caspio), crucian carp (Carasius auratus), roach (Rutilus rutilus), sabre-
fish (Pelecus cultratus), rudd (Scardinius erythrophthalmus). The fewly presented species include silver
carp (Hypopthalmichthyx molitrix), snakehead (Channa argus), ide (Leuciscus idus), white-eyed bream
(Ballerus sapa), perch (Perca fluvatilis). Flounder glossa (Platichthys flesus), catfish (Silurus glanis), sh-
emaya (Alburnus chalcoides) that are found in catches.

According to the research of the current year, the commercial fishes in Small Aral Sea was repre-
sented by 16 species of fish, of which 9 species (Abramis brama, Cyprinus caspio, Aspius aspius, Esox
lucius, Silurus glanis, Sander lucioperca, Rutilus rutilus, Channa argus, Pelecus cultratus) form the basis
of the fishery, 6 species (Ctenopharyngodon idella, Carasius auratus, Ballerus sapa, Chalcalburnus chal-
coides, Leuciscus idus, Hypopthalmichthyx molitrix) are few and 1 species (Platichthys flesus) of fish are
isolated in catches.

This article provides a brief assessment of the state of the populations of the main commercial fish
in the Aral Sea based on research in 2019-2020.

Key words: Aral Sea, ichthyofauna, aboriginal, alien species, abundance, species composition.

C. BepaiaxmeTtkbizbl'*, C. K. Acbinbekoa?,
A.M. A6abibekosa®, T.T. bapak6aes?

TOA-Papabu atbiHAaFbl Kasak, YATTbIK, yHMBepcuTeTl, KasakcTtaH, AamMartbl K,
2baAblIK, LIapyaLUbIAbIFbl FBIABIMW-BHAIPICTIK opTaablFbl» XKLLIC, KasakcTaH, AamaTtsl K.
3K asak, FblAbIMU-3epTTey BeTepuHapus MHCTUTYTbl» JKLLIC, KasakcTaH, AamaTbl K.
*camal-90.ok@mail.ru

Kiwi ApaA TeHiziHiH,
Heri3ri KacinTik 6aAbIK, TYpAepiHiH, Kasipri XaFAaibl

ApanA TeHi3i eTKeH FacbipAblH 80-LIi XKbIAAAPbIHA AEMIH HETI3M KSCINTIK CyaAanTbiH 6ipi 6oAFaH.
AAaiaa ApaAa TeHI3IH CyMeH KamMTamacbhl3 eTeTIH Heri3ri Kesaepi 60Abin TabbiaaTbiH ChipAapust MeH
OMYAQPUS ©3EHAEPIHIH >KOFapfbl afbiCTapblH PeTTey XOHIHAEr KapKblHAbI CYy LlapyallblAbIFbIH
XKYPTI3Y, Cy AEHIeMIHIH TOMeHAeYIHE aAbin KeaAl xeHe Kiwi Apaa meH YakeH Apaa 6oAbin ekl GoAlkke
6oAlHAL. KeninHen Kiwi Apaa TeHi3i Te3 Kypfan, 6aAblK LapyaLlblAbIKTbIK, MAHbI3bIH >KOFAATTbI. TyLbl
CY aFfblHbl >XOK, YAKEH TEHI3AIH TY3AbIAbIFbl apTTbl.

HoTuxeciHae aiMakTbiH 6GaAbiK LIApyallblAbIFbIHA YAKEH 3aAaA KeAaal. Tek 20 >KblAAaH acTam
yakbITTaH KeriH, Kiwi Apaaabl YAKeH TeHI36eH >KaaFalTbiH KaHaAAbl 6erey makcarbiHAa Gerer caay
apPKbIAbI APaA TEHI3IH KaAMblHA KEATIPY TypaAbl welliM KabbiaaaHabl. 2005 xbiabl Kekapaa GereTiHiH
KYPbIABICHI askTaAAbl. BereTTiH KypbIAbICbIHbIH apkacbiHAA 2006 >XbIAABIH Cayip aibiHaa Apaa (Kiwi)
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TeHi3iHIH cy aeHreni Tywpl cybl 6ap BC 42,0 M 6earicine »xetri, 2002-2005 xbirpapbl Chipaapus
©3€HiHIH CYABIABIFbIHbIH apTyblHa biKMaA eTTi. OCbiHbIH eceBiHeH Tylibl aliMaKTbiH ayAaHbl eAsYip
YAFANABL.

Baabik ayAayAblH HerisiH KeAeci 6aabik TypAepi Kypaiabl: TabaH (Abramis brama), kekcepke (Sand-
er lucioperca), wopTaH (Esox lucius), akmapka (Aspius aspius), cazaH (Cyprinus caspio), MeHke (Carasius
auratus), Topra (Rutilus rutilus), kpiabibaasik, (Pelecus cultratus), kbisbiakaHat (Scardinius erythropthal-
mus). A3 Ke3AeCeTiH TypAepre ak aeHmaHaan (Hypopthalmichthyx molitrix), xbiaan6ac (Channa argus),
akkanpaH (Leuciscus idus), anHakes (Ballerus sapa), anabyra (Perca fluvatilis) >xaTtaabl. Kam6aaa raocca
(Platichthys flesus), >kaibin (Silurus glanis), wumait (Alburnus chalcoides) cupek kesaeceai.

AFbIMAAFbI XKbIAABIH 3epTTeyAepi GoMbiHwa Killi ApaA TeHi3iHiH kacinTik nxTuodhayHacbl 16 TypaAi
Kypaabl, oHbiH 9 Typi (Abramis brama, Cyprinus caspio, Aspius aspius, Esox lucius, Silurus glanis,
Sander lucioperca, Rutilus rutilus, Channa argus, Pelecus cultratus) kecinTik nxrtuodpayHaHbIH HerisiH
Kypaiabl. CoHbiMeH KaTap, 6 Typ (Ctenopharyngodon idella, Carasius auratus, Ballerus sapa, Chalcal-
burnus chalcoides, Leuciscus idus, Hypopthalmichthyx molitrix) a3 kesaeceTiH xaHe 1 Typ (Platichthys
flesus) cupek KesaeceTiHAIM aHbIKTaAAbL. AAaliAa, MIAMAN >kxoHe ApaA Kasiabl CEKIAAT KYHAbI TYPAEPAIH
NOMYASUMSIChI 9AI KAAMbIHA KEATIPIATEH >KOK.

ByA »xymbicTa Kiwi Apaa TeHisi uxtuodpayHacbIHbIH 3aMaHaym Kypambl TaAaaHaAbl. Herizri kacinTik
GaAbIK TYPAEpi MOMYASLUMAAAPbIHbIH Xai-KyMiHe Kbickalla 6ara GepiAai.

Tyiiin cezaep: Apaan TeHisi, uxtmodpayHa, abopureH, >KepciHreH Typaep, GaAblK caHbl, TYPAIK
KYypam.

C. Bepaiaxmerkbisbl'”, C.OK. AcbirGekoBa?,
A.M. A6abibekosa ®, T.T. Bapak6aes?
TKasaxckuii HaLUMOHAAbHBINA yHUBEPCUTET UM. arb-Papabu, KasaxcTaH, r. AAMaTbl
TOO «HaquO—I'IpOVISBOACTBeHHbIVI LEeHTP pr6HOFO XO39|I7ICTBa», Ka3aXCTaH, r. AAMathbl

3TOO «Kasaxckuii HayUHO-MCCAEAOBATEAbCKMIA BETEPUHAPHBIA MHCTUTYT», KasaxcTaH, r. AAmatbl
*e-mail: camal-90.ok@mail.ru

CoBpemeHHOoe COCTOsIHUE MOMYASILUI{ OCHOBHbIX BUAOB
MPOMBICAOBbIX pbl6 MaAoro ApaAbckoro mopsi

Apanbckoe mope A0 80-X TOAOB NMPOLIAOTO CTOAETUS ABASAOCH OAHMM M3 FAABHbIX MPOMbBICAOBBIX
6acceitHoB. OAHAKO MHTEHCMBHAS BOAOXO3SMCTBEHHAS AGATEABHOCTD M0 3aPeryAMPOBaHNIO BEPXOBLEB
pek CbipAapbyi M AMYAapPbM, KOTOPbIE IBASIAMCb OCHOBHBIMM MCTOYHMKAMM BOAOCHAGKEHMSI APaAbCKOrO
Mopsl, MpUBEAa K yMeHbLIEHUIO YPOBHS BOALI U MOpe pasAEAMAOCH BHaUYaAe Ha ABa Boaoema — Manoe 1
BoabLuoe. BnocaeacTBumn Maaoe ApaabCkoe Mope BbICTPO OCYLIMAOCH M MOTEPSAC PbIGOX03SMCTBEHHOE
3HaveHne. BoAblioe Mope 6e3 NpUTOoKa NPEeCcHOM BOAbI OCOAOHMAOCH. B pesyAbTaTe uero pbliGHOMY
XO3SMCTBY pernoHa 6biA HaHeCeH OrpoMHbIi yiep6. M ToAbko vepes 20 ¢ AMLIHUM AET BbIAO MPUHSTO
pelleHre No BOCCTAHOBAEHMIO APAAbCKOTO MOPS MYTEM CTPOUTEABCTBA MAOTUHbI C LIEABIO MepeKpbITUS
NpoToKa, CoeAnHsIoLLEro Maablit Apaa ¢ BoabLimm mopem. B 2005 1. 6bIA0 3aKOHYEHO CTPOUTEABCTBO
KokapaAbcKoi pasAeAMTEAbHOM NAOTUHBI. BAaropaps CTPOUTEABCTBY MAOTUHbLI Yxke B anpeae 2006
r. ypoBeHb BOAbl Apaabckoro (Maaoro) mops aoctur otmetkn 42,0 m BC ¢ pacnpecHeHHOW BOAOW,
3TOMY Croco6CTBOBAAO ellle U yBeAndeHne BoaHoCTH p. Cohipaapbn B 2002-2005 rr., 3a cuer 4vero
3HAYMTEABHO YBEAMUMAACH MAOLLAAb ONPECHEHHOM 30HbI.

OcHoBYy npombicAa cocTaBAatoT: Aell (Abramis brama), cyaak (Sander lucioperca), uyka (Esox lu-
cius), xepex (Aspius aspius), cazan (Cyprinus caspio), kapacb (Carasius auratus), naotsa (Rutilus rutilus),
yexoHb (Pelecus cultratus), kpacHonepka (Scardinius erythropthalmus). K HeMHorouMcaeHHbIM BUMAAM
oTHOCsTCS BeAbln ToacToAobuk (Hypopthalmichthyx molitrix), smeeroaoe (Channa argus), s3b (Leu-
ciscus idus), 6eaoraaska (Ballerus sapa), okyHb (Perca fluvatilis). EAMHMUHO B yAOBax npucyTCTBYIOT
kambana raocca (Platichthys flesus), com (Silurus glanis), wemas (Alburnus chalcoides).

[0 MCCAEAOBAHMAM TEKYLLETO FOAA MPOMBICAOBAs MXTMOgQayHa MaAoro ApaAbcKoro Mopst 6biaa
npeacraBaeHa 14 Buaamm pbib, M3 KoTopbix 9 BMaoB (Abramis brama, Cyprinus caspio, Aspius as-
pius, Esox lucius, Silurus glanis, Sander lucioperca, Rutilus rutilus, Channa argus, Pelecus cultratus)
COCTaABASIIOT OCHOBY MpoMmblicAa. K HeMHoroumMcaeHHbIM oTHocsTcst 6 BuaoB (Ctenopharyngodon idella,
Carasius auratus, Ballerus sapa, Chalcalburnus chalcoides, Leuciscus idus, Hypopthalmichthyx molitrix)
M eaAMHNYHbI B YAoBax 1 Bua (Platichthys flesus) pbif.

B AaHHOM paboTe aHAAM3MPYETCS COBPEMEHHDBIM COCTaB MXTHOhayHbl MaAoro ApaAbCKkoro Mops.
AaHa KpaTKas OLEeHKa COCTOSIHMSA MOMYASLIMIA OCHOBHBIX MPOMbICAOBbBIX BUAOB Pbif.

KAroueBble cAoBa: ApaAbCKoe Mope, UXTHOayHa, aBopUreHHbIe, 4y XKepoAHbBIE BUADI, YNCAEHHOCTb,
BMAOBOW COCTaB.
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Introduction

The Aral Sea is a terminal drainless salt lake ly-
ing among the vast deserts of Central Asia. Accord-
ing to F. Miklin et al., its drainage basin occupics
more than 2 million km?[21].

Commercial fishing in Kazakhstan developed
well in the first half of the 20th century (44,000
tons). The basin is mainly a low-lying desert [17].

Back in the middle of the last century, the Aral
Sea was the fourth largest lake in the world, which
filled a gigantic 426 kilometers long bowl until the
60s of the last century. The reservoir on the border
of Kazakhstan and Uzbekistan was so large that it is
still called the «sea», although it does not have ac-
cess to the ocean, therefore it is formally a lake. There
were legends about the fishwealth of the Aral Sea,
it provided all of Central Asia and exported it to the
socialist countries of Europe: Hungary, Czechoslova-
kia, the German Democratic Republic. The diversion
of the Amu Darya and Syr Darya rivers is considered
the main cause of the death of the sea. Today, almost
30 species of fish live in its waters [7].

However, intensive water management activi-
ties aimed at regulating the upper reaches of the Syr
Darya and Amu Darya rivers, which were the main
sources of water supply for the Aral Sea, led to a
decrease in the water level and the sea was initially
divided into two reservoirs, the Maloye shallow part
and the deeper Big part. Subsequently, the Small
Aral Sea quickly dried up and lost its fishery value.
The Big Sea, without an influx of fresh water, be-
came saline [8].

The Small (North) Aral Sea received a com-
mon name — in its short form «Kazaral Sea» or
«Kazakhstan Aral Sea». While the correct scientific
name is the North Aral Sea, derived from a regu-
lated reservoir with brackish water [1].

The current level state of the water volume of
the Aral Small Sea and the area of the water area
favorably affect the reproduction of many fish spe-
cies (phytophilous, lithophilic). With further water
freshening, the distribution of aboriginal freshwater
forms of ichthyofauna and forage invertebrates is
expected in the direction of the central and western
parts of the sea, where favorable conditions for re-
production and feeding will be created [11].

Until the 80s of the last century, the Aral Sea
was one of the main fishing basins in which valuable
commercial fish species were found, such as thorn
sturgeon, Aral barbel, bream, carp, Aral roach, sh-
emaya, pike perch, asp, etc. [2].

In a relatively short period of time, the Aral
roach, carp, bream, pike perch, asp, sabrefish, rudd

and pike have reached commercial numbers in the
Small Aral Sea [9].

The local fish fauna of the Aral Sea Basin
changed dramatically in the second half of the 20th
century after the mismanagement of water resources
and the introduction of alien fish. The Amur snake-
head Channa argus (Cantor, 1842) was unintention-
ally introduced into the Aral Sea basin in early 1960-
1963. This species is considered one of the most
dangerous invaders. In addition, the abundance and
state of alien species can serve as indicators of the
reservoirs’ state and sources of their ill-being [18].
The aim of this work was to study the morphologi-
cal variability and biological characteristics of the
snakehead in comparison with the early period of
naturalization in the Syrdariya river[10].

For example, in order to increase the catches of
commercial fish species, in particular the valuable
species (carp) in the lake systems of the lower reach-
¢s of the Syrdariya river, it is necessary to carry out
a number of measures. This is an increase in the
commercial load on bream, reclamation catches of
predatory and low-value fish species. Carp catches
have changed significantly since the recovery period
of the Small Aral Sea. In 2007, carp catches reached
260 tons, which is explained by a massive outbreak
of numbers during the formation of the reservoir
[24].

According to N. V. Aladin, I. S. Plotnikov and
V. P. Mitrofanov modem ichthyofauna of the Aral
Sea is represented by 17 species of fish: pike (£sox
lucius), bream (Abramis brama), asp (4Aspius aspi-
us), carp (Cyprinus caspio), silver carp (Hypopthal-
michthyx molitrix), sabrefish (Pelecus cultratus),
roach (Rutilus rutilus), rudd (Scardinius erythrop-
thalmus), catfish (Silurus glanis), pike perch (Sand-
er lucioperca), snakehead (Channa argus), shemaya
(Alburnus chalcoides), crucian carp (Carasius au-
ratus), ide (Leuciscus idus), perch (Perca fluvati-
lis), white-eyed bream (Ballerus sapa) and flounder
(Platichthys flesus) |3,19].

Importance of research

Today, the Small Aral Sea plays an important
role in the development of the region’s economy.
There are 8 fish processing plants in the Aral
region, which process up to 20 thousand tons of
fish per year. One of the largest fish processing
plants in Aralsk has been exporting zander fillets
to China, Poland, and Germany for the second
year. Frozen vobla, bream, and asp are sent to the
domestic market and the CIS countries. According
to E.O. Kozhabaeva [16] 22 species live in the
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sea, the population of 14 previously missing fish
species has been restored. Taking into account
the scale of the problems of the Small Aral, the
studies of domestic scientists are carried out in
order to preserve the fish resources of the sea.

Materials and methods

Determination of the species composition of
the studied fish was conducted using the taxonomic
description in the determinants of freshwater fish
parasites of the USSR fauna [13,15,22] a complete
biological analysis of fish with the determination
of the length, weight, sex, stages of maturity of
the gonads and the age of fish was also carried out
[25]. Calculations of the total mass of the fish and
the mass without entrails have been made. Fatness
was considered as an indirect indicator characteriz-
ing fish nutrition. The exterior indicator was calcu-
lated using the Fulton formula [14]. According to
many scientists, more indicative results are given by
the Clarke fatness coefficient [5,23]. We used both
methods in our work. Sex and the stage of maturity

of the reproductive products were determined visu-
ally using 6 scales in accordance with the method of
LF. Pravdin.

Study results

According to the research of the current year, the
commercial ichthyofauna of the Small Aral Sea was
represented by 16 species of fish, of which 9 species
(Abramis brama, Cyprinus caspio, Aspius aspius,
Esox lucius, Silurus glanis, Sander lucioperca, Ru-
tilus rutilus, Channa argus, Pelecus cultratus) form
the basis of the fishery, 6 species (Crenopharyngo-
don idella, Carasius auratus, Ballerus sapa, Chal-
calburnus chalcoides, Leuciscus idus, Hypopthalmi-
chthyx molitrix) are few and 1 species (Platichthys
[flesus) of fish are isolated in catches.

This paper analyzes the current composition
of the ichthyofauna of the Small Aral Sea. A brief
assessment of the state of populations of the main
commercial fish species is given.

Bream (4bramis brama) — mass commercial
species, dominates both net and non-aquatic catches.

Table 1 — The quantitative ratio of the main commercial fish in fishing gear in 2020

Fishing gear

Fish species

oo | w5 [ @ [ w5 [ ww | m | ws [ w | o | sw
EN RN RN

The quantitative ratio of the Gate nets and Seine
of the main commercial fish on the fishing gear is
indicated. Bream 523 (429), pike 69 (9), asp 28 (4),
carp 13 (40), goldfish 209 (129), roach 845(700),
zander 93(2), rudd 69(4) (Table 1).

According to recent studies, bream becomes
sexually mature at a length of 16-21 cm, at the age
of 4-6 years. The maximum length of juvenile fish
in 2019 1s 21 cm [12]. The mass onset of sexual ma-
turity in bream occurs at the age of 5-6 years. Dur-
ing this period, 84.5-94.5% of bream were sexually
mature, by the age of 7 the fish reach full (100%)
maturity.

Observations show that in the bream population
there was a reduction in the size-age range of the
first maturing individuals (in 2020, these were fish
of 4-6 years old). This can be explained by some
improvement in habitat conditions, namely, by the
rarefaction of the population under the influence of
fishing (Table 2).
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The sex ratio in the sexually mature part of the
bream population during the spawning period of the
current year was characterized by the prevalence
of females 1.0:1.18. A shift in the sex structure
of bream in favor of females can also result from
changes in population density, i.e. seizures, it’s old-
er than the age part.

The average size and weight indicators of bream
in 2020 are equal to 24.9 cm (length) and 3763 g
(weight) and exceed the data for 2019 — respectively
24.1 cm and 368 g. At the same time, there are no
visible changes in the growth rate of bream, the av-
erage indicators of the linear sizes of individuals for
all age groups remained within the last year (Table
2). The limiting age of bream in the catches of recent
years has somewhat decreased and is 9 years with a
length of 340 mm and a mass of 910 g. In the weight
ratio, 60-70% of fish weigh up to 500 g, and speci-
mens of more than 900 g were absent in the catches
of 2020.
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Table 2 — Age composition of bream (as a whole for the reservoir), 2020

10,0-34.0 18-910 376,3

The fatness indicators of bream remained at the
level of the last year and averaged 2.05 for Fulton
versus 2.06 in 2019. The incidence of ligulosis in
bream remains at the level of the average perennial
and averaged 6.8% for the reservoir.

The indicators of individual fertility of bream in
the current year remained within the limits of 2019,
a slight increase in the average absolute fertility

Table 3 — Fertility of bream by age group, thousand eggs

Age groups
Years £° 810D

Length, cm Average Weight, g Average weight, Qty.pes
(min-max) length, cm (min-max) g by-p
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from 92.44 thousand eggs in 2019 to 115.88 in 2020
was due to the presence of older fish in the sample.
AIF — absolute individual fertility, RIF — relative in-
dividual fertility (Table 3).

The zander (Sander lucioperca) is a valuable
commercial species and is characterized by a high de-
gree of stock utilization, which determines the variabil-
ity of a number of its biological population indicators.

Average
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Significant changes in the timing of maturity
perch is not observed in recent years. The age of the
first maturing individuals is 3 years with a length of
32 em. The onset of mass maturity occurs at the age
of 4-5 years. The maximum size of immature fish is
42 cm [4,6,20]. The zander is a predator playing the
role of a biological meliorator in the Small Aral Sea.
Due to the intense desalination of the Small Sea, its
habitat has expanded significantly, and it began to
be found almost throughout its water arca.

In the last years of research, zander began to en-
ter Butakov Bay. Zander producers begin their pre-
spawning migrations to the Syr Darya River from
the end of September. The mass move was noted in
late October and in the spring in March-April. The
beginning of spawning is usually at the beginning of
the second decade of April at a water temperature

of 7-8 °C, the height of spawning took place at the
end of the third decade of April and in early May
at a temperature of 14-15°C. The end of spawn-
ing occurs in the second decade of May at a water
temperature of 18-20°C. The pike-perch, like other
aboriginal freshwater species, began to inhabit the
entire water area of the Small Aral Sea.

If in 2001-2003 zander lived only in the estua-
rine zone — in the Taur and Shagala regions, then
in 2004, it began to occur in the northeastern and
castern regions, and in 2005 — almost throughout the
entire water arca of the Small Sea, with the excep-
tion of Bay of Butakov.

In scientific research catches of 2020, the length
of the zander varied from 15 to 71 cm, the mass —
from 44 to 4915 g, with an average body length of
30.9 cm and amass of 456.4 g, respectively. The age
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composition of zander in 2020 was represented by  in lengths from 30.2 to 48.3 cm and weighing from
nine generations with predominance of young age  450.4 to 3425 g. Females and males differ sharply in
groups (2 — 4+) 95%, which indicates its stable re-  length, as well as in weight. Fertility of zander ac-
production and the presence of self-regulation of the  cording to observations of recent years ranged from
population under conditions of intensive harvesting  33.320 to 154.32 thousand units (Table 4).
by the fishery. An increase in the fertility of zander should
By the nature of spawning, zander belongs to the  be regarded as a response of the population to its
phytophilic group of fish. Zander breeders were found  intensive harvest.

Table 4 — Fertility of pike perch by age groups, thousand eggs

Age groups Avarage AIF | RIF(L) RIF(M)
I T 2 R R T D R

2019 34222 33,320 76,100 13050 | - | ed120 | - [ - |
2020 33.414 40286 79.563 13125 154.32 87.766 2840 192.3

The pike (Esox [ucius) is a valuable aboriginal The age structure during the study period is pre-
predator, it is subjected to intensive fishing, which  sented from two to eight years. Dominated by four-
affects the structure of the population and biological  year-olds (34.9% of the total population). The av-
indicators. In recent years, there has been a uniform  erage length of pike individuals in the current year
preservation of the average size and weight param-  was 39.7 cm with a weight of 648.6 g (Table 3).
eters of pike in the Small Aral Sea, which indicates  As the population responds to excessive withdrawal,
an improvement in feeding conditions. the timing of puberty changes.

Table 5 — Main biological indicators of pike in the Small Aral Sea, 2020

i

According to the data of the current year, the  The individual absolute fecundity of pike in the

onset of pike’s sexual maturity occurred at the age  current year ranged from 12.14 to 41.32 thousand
of 3-4 years with a size of 32.8 cm and a mass of  eggs (Table 6).
322.4 g. The beginning of spawning in pike in the According to the research results, the fertility
Syr Darya River usually occurs in mid-April and  of pike is low, but it is impossible to draw con-
depends on the climatic features of the year. It  clusions due to the small size of the sample. The
spawns immediately after opening the river from ice  table shows that with an increase in the age and
(sometimes still under ice) at a water temperature of  size of females, the individual absolute fertility
3 — 6°C. The eggs are laid on last year’s vegetation.  increases.
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Table 6 — Fertility of pike by age groups, thousand eggs

AIF by age group

AITF average RIF RIF
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Aral asp (4spius aspius) 1s a valuable native
species of the Aral Sea and rivers flowing into it.
Aral asp spawns in early spring for 8-10 days at a
water temperature of 5-7 °C and continues up to 10-
11 °C. Semi-anadromous asp begins spawning in
rivers in late autumn, at a water temperature of 4-5
°C. Entering the river in autumn, asp hiberates in
deep holes and goes to spawning grounds immedi-
ately after the drift of ice. In the catches of the cur-
rent year, the age range of asp was represented by
individuals up to 8+ years old, from 21.0 to 57.0 cm
in length, weight — from 130to 3155 g, with an aver-

Table 7 — Fertility of asp by age groups, thousand eggs

Age groups

| 58352 | 75246 | sos: | oaast | -

75,246 80,522 94,284

2019 58,352

age body length of 38.6 cm and a weight of 1060.5
g, six years old.

In the population of asp, the sex ratio in the
current year was in favor of females and was
1:1.37. The individual absolute fecundity of the
asp in 2020 ranged from 61.314 in four-year-olds
to 183.514 thousand eggs in ¢ight-year-old females
(Table 7).

In recent years, there has been an increase in the
size and weight indicators in the population of asp,
which is associated with an increase in its number
and a favorable food supply.

I T I
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The Aral roach (Rufilus rutilus) is the domi-
nant species in abundance throughout the Small sea
area. In the early 90s, the flow of the river. The Syr
Darya began to flow into the Small sea, which con-
tributed to the formation of a freshened zone and
the appearance of commercial fish fauna, including
roach. Already in 2004, roach was found in the east-
em and northeastern regions, in the central region
and in the bay. Shevchenko, and since 2008 it also
enters Butakov Bay, where a relatively high salinity
is still preserved.

During the research period in 2020, roach was
the leader in both net and non-aquatic catches. In

Table 8 — Fertility of roach by age groups, thousand eggs, 2020

Age groups

AlIF RIF
i
w0

80,308 95,640 245,098

2019 42,256

net catches, the length of the Aral roach ranged from
10.0 to 24.0 cm, averaging 16.5 cm, and the weight
varied from 21 to 392 g, on average -104.5 g. The
age structure of the Aral roach is represented by
seven generations, which are predominant are three
years old (42.5%).

Sexually mature roach becomes in the second
vear of life, the period of mass puberty falls on fish
2-3 years old with a length of 11-16 cm. The sex ratio
of roach in a commercial herd dominated by females
is 3.58: 1. The individual absolute fecundity of fe-
males ranges from 42.256 in 2-year-olds to 325.452
thousand eggs in females aged 6+ (Table 8).
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Carp (Cyprinus caspio) is one of the most valu-
able fish species in inland water bodies of Kazakh-
stan. In the Small Aral Sea it is one of the main fish-
ing objects. Reaches sexual maturity in the third and
fourth year of life, spawns annually. In choosing a
spawning substrate, it is unpretentious, it lays eggs
both on the stalks of reed, water milfoil, and prdprmm
pondweed, and on various underwater vegetation, ex-
cept for chara algae and najas. In research catches in
2020, the length of the carp ranged from 13.0 to 74.0
cm, averaging 32.9 cm. The mass of the carp varied

Table 9 — Fertility of carp by age groups, thousand seeds

Age groups

Years

AlIF RIF
0
I T

6 7

from 145 to 9000 g, with an average of 1014.3 g. by
nine generations, the main catch is carp at the age of
3+ to 5+ years. The carp reaches sexual maturity in
the third and fourth year of life, spawns annually. In
choosing a spawning substrate, it is unpretentious, it
lays eggs both on the stems of reed, uruti, comb pond-
weed, and on various underwater vegetation, except
for chara algae and sea rock cress.

The absolute fertility of the carp in the Small
Aral Sea for the period 2019-2020 ranges from
153.165 to 559.455 thousand (Table 9).

RI
M)

Sabrefish (Pelecus cultratus) is a semi-anad-
romous fish that enters rivers for spawning. In the
Small Aral Sea, the bulk of sabrefish spawns along
the sea coast at depths of 2-6 m. The caviar of sa-
brefish is bathypelagic. The bulk of the sabrefish
becomes sexually mature upon reaching the age
of three. Spawning begins at a temperature of 12
° C. and occurs in the second half of May — early
June, sometimes stretching to mid-July. Sabrefish is
a plastic euryphage. It feeds on plants and plank-
tonic crustaceans, as well as on larvae and adults of
Diptera, mysids, amphipods, beetles and juvenile
fish. In recent years, sabrefish in the Small Aral

Table 10 — Fertility of sabrefish by age groups, thousand eggs

Age groups
Years £° 8100

Sea has reached a commercial size. In the catches
of 2020, the length of sabrefish ranged from 20.0
to 33.0 cm, averaging 26.7 cm. The mass of sabre-
fish varied from 67 to 333 g, averaging 171.6 g. The
age structure of sabrefish was represented by seven
generations, individuals from 4 to 6+ years old are
predominant (89.3%).

The sex ratio in the sabrefish population this
year was 1:1.3 in favor of males.

The individual absolute fecundity of sabrefish
varied from 14.26 thousand pcs in four-year-olds up
to 98.563 thousand pieces in seven-year-old indi-
viduals (Table 10).
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Crucian carp (Carasius auratus) — makes a sig-
nificant share in the catches of the Small Aral Sea
inhabited by many species of fish. During the period
of salinization of the Aral Sea, crucian carp lived in
the estuary of the Syrdarya river. With the beginning
of the filling of the sea and its freshening, the cru-
cian carp mastered the previously lost niche.
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In scientific research catches in 2020 in the
Small Aral Sea, the length of the crucian carp varied
from 13 to 29 cm, the mass — from 73 to 735 g, with
an average body length of 22.1 cm and a mass of
393 4 g, respectively.

The age composition of crucian carp in the
catches was noted up to 7+ years, middle-aged
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groups dominate (65.5%), which indicates stable re-
production and the presence of self-regulation in the
population under conditions of intensive harvesting
by the fishery. The sex ratio in a female-dominated

Table 11 — Fertility of crucian carp by age groups, thousand eggs

Age groups
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2019

population is 3.5:1. The fertility of crucian carp, ac-
cording to observations of recent years, ranged from
12.356 in three-year-old individuals to 91438 thou-
sand pieces in seven-year-old carp (Table 11).
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Conclusion

The modem ichthyofauna of the Small Aral Sea
was represented by 17 species of fish: Esox lucius,
Abramis brama orientalis, Aspius aspius, Cyprinus
carpio, Pelecus cultratus, Rutilus rutilus aralensis,
Sander lucioperca, Alburnus chalcoides, Carasius
auratus, Hypophthalmichthys molitrix, Scardinius
erythrophthalmus, Silurus glanis, Channa argus,
Leuciscus idus, Perca fluviatilis, Ballerus sapa and
Platichthys flesus.

The basis of the fishery is: Abramis brama orien-
talis, Sander lucioperca, Esox lucius, Aspius aspius,
Cyprinus carpio, Carasius auratus, Rutilus rutilus
aralensis, Pelecus cultratus, Scardinius erythroph-
thalmus. Rarely met species include Hypophthalmi-
chthys molitrix, Channa argus, Leuciscus idus, Bal-
lerus sapa, Perca fluviatilis. Occasionally, Platich-
thys flesus, Silurus glanis and Alburnus chalcoides
are present in the catches.

The current state of fish populations in the Small
Aral Sea can be characterized by the following
provisions in 2020:

- arelatively high degree of biodiversity of the
ichthyofauna of the Aral Sea in comparison with
other water bodies of the basin;

- an increase in the variability of structural and
biological indicators in fish populations intensively
exploited by the fishery (pike perch, pike, carp, asp);

- relative stability of indicators of crucian carp,
roach, sabrefish;

- numerical dominance of bream with weak
variability of structural and biological indicators of
the population.
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