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Abstract. The article considers the peculiarities of aquaculture development and summarizes the
long-term studies of establishing fish farms in Vologda Oblast. Industrial cage-type cultivation of fish
(primarily rainbow trout) in volume of 3.3 thousand tons per year is recommended for 14 out of 25 water
bodies investigated by the Vologda Branch of FSBSI “WVNIRO”. The estimated volumes of commercial
cultivation meet the requirements of environmental safety of water bodies. Currently, 19 fish farming
grounds are in operation, 15 of which provide industrial cage and 4 — pasture fish farming. In the region,
there are also pond fish farms and enterprises equipped by closed water supply systems. A total of
21 enterprises engaged in fish farming keep different species of sturgeon, whitefish, rainbow trout, clarid
catfish, carp, grass carp and produce edible black caviar and planting (sturgeon, rainbow trout) material.
The aquaculture production for 2013-2022 in Vologda Oblast has been analyzed. By 2022, commercial
cultivation in the region reached 1100 tons per year.
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AHHoOTauumA. B ctaTtbe paccMOTpeHbl 0COBEHHOCTM pa3BUTMSA akBakynsTypbl B Bonorogckom obnactu un
0606LLEeHbl MHOTONETHUE pe3ynbTaThl HayYHbIX UCCNEAOBAHUIM NO CO34aHUI0 B permoHe pblboBOAHbLIX
x03ancTB. Ha 14 n3 25 nsdydenHbix Bonorogckum dpunumanom ¢reHY «BHUPO» BogHbIX 06BbEKTOB pe-
KOMEHAO0BaHO MHAOYCTpManbHOe BbipalumBaHue pbibbl (Npexae Bcero pagyxHon dopenu) B obbeme
3.3 ThIC. T B roa. PacyeTHble 06beMbl TOBapHOro BbipalluMBaHMsA OOMKHbI obecneyntb cobniogeHne
TpeboBaHui akonornvyeckon 6e3onacHOCTN BoAHbIX 06beKkToB. B HacTosdlee Bpemsa chopMnpoBaHo
19 pbI6OBOAHLIX y4acTKoB, U3 KOTOPbIX 15 nNpegocTaBneHo Ans OCYLEeCTBEeHUs WUHOYCTPUarbHOro
CcagkoBoOro poliboBoAcTea, a 4 — And NacTOMLHON aKBaKynbTypbl. Takke B pernoHe yHKUMOHMPYIOT
npyaoBble pbiBOBOAHbBIE XO3ANCTBA U NPeanpuUATUS C UCMONb30BaHMEM YCTAHOBOK 3aMKHYTOro BOAO-
cHabxeHusa. PoiboBogcTeoM B Bonorogckon obnactu 3aHumaetcs 21 npegnpusitue, Ha KOTOpbIX CO-
AepxaTtcsi pasHble BUAbl OCETPOBbIX U CUrOBbIX PbIB, pagyxHas dopernb, Knapuesblin CoMm, kapr, 6enbiv
amMmyp, NpoM3BOANTCS NULLEBas YepHas MKpa, NOCadoYHbIN MaTepuan OCeTPOBbIX U pagyXHon dope-
nwn. MNMpoaHanuanpoBaHbl 06beMbl NPOU3BOACTBA 0OBLEKTOB akBaKynbTypbl B Bornoroackon obnactu 3a
2013-2022 rr.; K OKOHYaHWIO 3TOrO Nepuoa ToBapHoe BblpalmeaHue gocturno 1100 T B roa.

KnioueBble cnoBa: vHaycTpmansHoe pbl6oBOACTBO, NacTomwHoe pbi6oBOACTBO, pbiGOBOAHO-OMONMNO-
rmyeckoe obocHoBaHue

BnaropapHocTu. ABTOpbI BriarogapaT Bcex coTpyaHukoB Bonoroackoro omnunana ®IrEHY «BHAPOy,
B pasHble rofbl NPUHUMAaBLUNX Y4acTUe B MPOBEAEHWUM KOMMIEKCHbIX MCCNeaoBaHUN BOAHbLIX O0ObEKTOB
pernoHa no paspaboTke pbiboBOAHO-OMONOrMyecknx 06O0CHOBaHUN AN UX UCMNOMNb30BaHUS NOL akBa-

KynbTypy.
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Introduction

Aquaculture is among strategically important and promising in agricultural production of
Vologda Oblast. It is worth noting that starting from 2014 the region has paid a special attention to
its development (Konovalov and Borisov, 2015; Konovalov et al., 2020). For instance, the Vologda
government annually supports the enterprises specializing in aquaculture and partially reimburses the
costs for the equipment purchase, the construction, reconstruction and modernization of fish farming
infrastructure, including the production of marketable fish. The Vologda Branch of FSBSI “VNIRO”
provides a scientific support for aquaculture enterprises and develops the related fish farming and
biological substantiations. Based on the results of a comprehensive survey of the studied water
bodies, the environmentally grounded recommendations are proposed. They involve the issues of
selecting the cultivation objects in accordance with the environmental safety requirements; calculated
permissible volumes of commercial farming and adapted technological schemes for fish breeding.
The undertaken support measures have allowed to significantly increase the number of fish farming
enterprises, diversify the composition of aquaculture species and raise the commercial fish production.
The purpose of this work is to systematize the data on aquaculture development in the Vologda Oblast
and analyze its current state.

Material and methods

The article is based on the research findings of aquaculture (2013-2022) obtained by the “VNIRO”,
which performed the comprehensive studies of 25 different-type water bodies in Vologda Oblast in order
to prepare the related fish farming and biological substantiation (Fig. 1). These are small and medium-
size lakes located in the following municipal districts: Belozersky (Lozskoye, Azatskoye, Motkozero,
Kozhino), Vozhegodsky (Pertozero, Dolgoye, Svyatoye), Ust-Kubinsky (Bolshoye Zaozerskoye,
Ozeretskoye, Glukhoye), Vologodsky (Koskovskoye, Dmitrovskoye), Babaevsky (Serkhlovskoye),
Chagodoshchensky (Sinichye), Kirillovsky (Uzbinskoye), and Vashkinsky (Volotskoye). In addition,
lake Kuzhozero, Kovzha Reservoir and Flood (Razliv) of the river Nagazhma of the Belousovsk
Reservoir in the Vytegorsky district, Flood (Razliv) of the river Kovzha of the Sheksna Reservoir in
the Sheksninsky district, a inundated quarry in the Kirillovsky district, two ponds in the city of Sokol,
including Suda sections in districts Kaduisky and Cherepovets were examined.

Field studies were implemented during the decisive (for fish survival) seasons, i.e. at the end of
the ice-covered period (late winter — early spring) and in mid-summer (June—July). To determine the
suitability of water bodies for fish farming, bathymetric surveys were performed; temperature and oxygen
stratification were checked; total mineralization, pH, dissolved oxygen content and transparency of
water were measured. For assessing the aquatic environment quality, we took water samples and made
their chemical analysis in the certified laboratories. To identify the food base potential of the reservoirs,
the state of natural food supply was investigated, i.e. the qualitative composition and quantitative
characteristics of phytoplankton, zooplankton and macrozoobenthos communities. In each studied water
body, the species composition of the ichthyofauna, the qualitative and quantitative characteristics of
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Fig. 1. Schematic map of Vologda water bodies studied for further placement of aquaculture enterprises.

local fish populations were studied. For implementation of pasture farming, the possibility of introducing
new types of aquatic biological resources into reservoirs was assessed.

The conducted fish farming and biological descriptions allowed to estimate maximum permissible
volumes of fish cultivation with minimal negative impact on the reservoir ecosystems. Biological
grounding of specific to each reservoir measures on fish farming arrangement, environmentally sound
recommendations on selecting appropriate cultivation objects in a given reservoir (types and forms
of farmed fish), calculations and substantiations of permissible volumes of commercial cultivation
meeting the environmental safety requirements played a key role here.

To assess the results of aquaculture development, statistical materials from the Department
of Fisheries Development and Protection of Aquatic Biological Resources of the Department of
Agriculture and Food Resources of Vologda Oblast were used. The data on the total commercial
aquaculture production, cultivation objects and types of fish farming enterprises, including the number
of established fish breeding grounds were analyzed.

Results and discussion

Fishery-biological substantiations and scientific recommendations
for aquaculture development

Based on the results of the studied 25 different-type water bodies in the Vologda Oblast, it was
proposed to exploit 14 reservoirs and watercourses for industrial cage-type farming of fish. Rainbow
trout Oncorhynchus mykiss Walbaum, 1792 was recommended as a priority cultivation species. In
natural temperature regime of water bodies and at intensive and productive feeding, rainbow trout
grows quite quickly (Table 1). Due to prolonged fish growth and optimal conditions, by the end of the
first year of cultivation rainbow trout juveniles with initial weight of 100-120 g reached 1.0 kg, and by
the end of the second year — 2.0 kg at initial weight of 25 g. From the data on the average long-term
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water temperature it follows that at temperatures above +4 °C the duration of the trout growth period
makes up 173-193 days (averaging 179 days) (Table 1). The third decade of May—June and August—
September with water temperature of +14—+18 °C turned out to be the most favorable for fish growth.

In some years, the trout growth slowed down followed by the increased mortality. It occurred
in July when a prolonged hot windless weather with water temperature of +22 °C (and higher)
was set. According to water temperature monitoring of Vologda reservoirs (Lake Beloye), the most
unfavorable conditions for keeping trout were observed in 2013, 2016 and 2022 when the average
water temperature in July was above +21 °C, and the number of days with temperatures exceeding
+22 °C ranged from 15 in 2022 to 25 in 2016. Over the past ten years, the average monthly water
temperature in July rose above +20 °C six times. In 2016, it reached +22 °C (Table 1). Thus, the
temperature regime is currently the main factor limiting the cage farming development of trout in the
region and creating risks for its survival in some years.

In rainbow trout farming, hydrographic characteristics of the reservoirs, water exchange and water
quality are critical as well (Kuchko and Dzyubuk, 2016). In the region, among the largest studied
reservoirs recommended for trout farming is the Kovzha Reservoir with its area of 6.5 th. ha, while
the smallest is lake Uzbinskoye of 11 ha (see Appendix). The average depth varies from 2.7 m (lake
Uzbinskoye) up to 8.1 m (lake Azatskoye); its maximum — from 5.5 m (the river Suda) up to 29.1 m
(lake Motkozero). The majority of the surveyed water bodies are shallow that also significantly limits
the potential of fish farming in the region.

In summer, the content of dissolved oxygen in the surface water layer was high and varied from
7.8 mg/l in the Suda section up to 11.4 mg/l in the Kovzha Reservoir; the concentration of organic sub-
stances and nutrients was within the established (for fishery reservoirs) standards’. Thus, the content
of phosphates, ammonium ions, nitrates, nitrites and BOD, ranged as 0.03-0.2 mg/l, 0.05-0.47mg/I,
0.1-1.81 mg/l, 0.01-0.04 mg/l, and 1.0-1.8 mgQO,/I, respectively (Table 2).

Based on the analysis of hydrographic features of water bodies and their hydrochemical regime, it
was proposed to grow the main body of trout in the following largest and deep water bodies: Kovzha
Reservoir (650 tons), lakes Azatskoye (400 t), Kuzhozero (200 t), Lozskoye (150 t), Flood (Razliv) of
rivers Nagazhma of the Belousovsk Reservoir (200 t) and Kovzha of the Sheksna Reservoir (200 t)
and the river Suda (900 t). In lakes with an area of up to 100 ha, the annual volume of this species was
estimated as 30-50 tons. In general, the cultivation potential of the 14 studied water bodies makes up
3.3 thousand tons of rainbow trout per year.

Because of high environmental value of lakes Koskovskoye and Dmitrovskoye (the Vologodsky
district) and despite their (suitable for rainbow trout farming) hydrographic and hydrochemical fea-
tures, these water bodies are not recommended for industrial aquaculture development. Being of
karst origin and rather deep, they are considered to be unique elements of the natural landscape
of the southern part of Vologda Oblast. Interestingly, the employees of the Vologda State University
identified here the cenopopulations of the relict aquatic moss quillwort /soetes echinospora Durieu
included in the Red Book of Russia (2008) and in the list of rare and endangered species (intraspe-
cific taxa) of plants and fungi of the Red Book of Vologda Oblast?. Besides, fish breeding areas were
not established on lake Svyatozero of the Vashkinsky district distinguished by their rare species of
invertebrates , for example, a crustacean species Limnocalanus macrurus Sars, 1863 and relict mysid
Mysis relicta Loven, 1862 (Filonenko et al., 2022; Lobunicheva et al., 2022), as well as in the mouth
area of the river Kubena with migration routes and spawning grounds of nelma Stenodus leucichthys
nelma Pallas, 1773 and whitefish Coregonus lavaretus L., 1758 (Borisov et al., 2019).

It is not reasonable to place industrial cage farms in small lakes, ponds and inundated quarries.

" Order of the Ministry of Agriculture of the Russian Federation dated December 13, 2016 No. 552 “On approval of water quality
standards for water bodies of fishery importance, including standards for maximum permissible concentrations of harmful
substances in the waters of water bodies of fishery importance”.

2 Decree of the Government of the Vologda Oblast dated July 25, 2022 No. 942 “On approval of lists of rare and endangered
species (intraspecific taxa) of plants, fungi and animals listed in the Red Book of the Vologda Oblast, lists of species (intraspecific
taxa) of plants, fungi and animals in need in scientific monitoring on the territory of the Vologda Oblast, and on introducing
amendments to the decree of the regional government of March 29, 2004 No. 320 and declaring certain resolutions of the regional
government to have lost force”.



70 Borisov, M.Ya. et al., 2023. Ecosystem Transformation 6 (4), 64—78.

Such reservoirs can be used as recreational farms with released silver crucian carp Carassius aura-
tusL., 1758, tench Tinca tinca L., 1758, carp Cyprinus carpio L., 1758, or hybrids of silver crucian carp
and carp. When farming more valuable fish species (e.g. trout, sturgeon), it is necessary to release
(into small cages) fish specimens of larger mass. In large shallow lakes with high stocks of small-size
fish species (perch Perca fluviatilis L., 1758, roach Rutilus rutilus L., 1758, bleak Alburnus alburnus L.,
1758), the release of predatory species (e.g. pike Esox Lucius L., 1758 and pike perch Sander Iu-
cioperca L., 1758) is reasonable.

State regulation and support for aquaculture development

For aquaculture development in the region, a Commission at the Department of Agriculture and
Food Resources of Vologda Oblast was set up in 2015. It was responsible for establishing the bound-
aries of fish breeding areas on Vologda water bodies. As a result, a total 19 fish breeding grounds
for industrial cage farming were created in eight municipal districts. Thus, six sites were set up in the
Vytegorsky district on lake Kuzhozero, reservoirs Belousovsk and Kovzha; three —in the Belozersky
district on lakes Azatskoye, Motkozero and Kozhino; two — in the Vozhegodsky district on lakes Per-
tozero and Svyatoye, the Sheksninsky district at Floods of rivers Kovzha and Irdomka of the Sheksna
Reservoir, as well as in the Kharovsky district — on lake Kumzerskoye and in the Kaduisky district —
on the river Suda. One site was created in districts Kirillovsky (lake Uzbinskoye) and Syamzhensky
(lake Yakhrengaskoye). The total area of fish breeding areas for industrial fish farming in the Vologda
Oblast made up 1421 ha.

According to the auctions held by the Northwestern Territorial Administration of Rosrybolovstvo,
all fish-breeding sites were transferred (for use) to the fisheries enterprises. Minimum annual volumes
(7460 t) of cultivated aquaculture were estimated from the concluded transfer agreements and the
methodology-based calculations®. Currently, cage fish farming is carried out only at 10 sites, i.e. on
lakes Azatskoye and Motkozero in the Belozersky district, reservoirs Belousovsk and Kovzha in the
Vytegorsky district, lakes Pertozero and Svyatoye in the Vozhegodsky district, lake Uzbinskoye of
the Kirillovsky district, the river Suda of the Kaduisky district and the Kovzha channel section of the
Sheksna reservoir of the Sheksninsky district.

For pasture fish farming, fish breeding grounds were created on lakes Volotskoye in the Vashkinsky
district, Serkhlovskoye in the Babayevsky district, Sinichye in the Chagodoshchensky district and
Mukhinskoye in the Kharovsky district with a total area of 541 ha. All fish-breeding sites were
transferred (for use) to fish-breeding enterprises. It follows from the concluded transfer agreements
that minimum volume of cultivated aquaculture in all reservoirs makes up 4.5 tons per year.

The government of Vologda Oblast stimulated the development of the fish farming industry in
the region through subsidizing fishery enterprises from the regional budget within the state program
“Development of the agro-industrial complex and consumer market of Vologda Oblast for 2013-2020".
In particular, the government had covered 20% of actual costs for the purchase of planting material
and 50% — of the equipment, some costs of paying interest on loans received from the Russian banks
for the development of aquaculture (fish farming) and commercial sturgeon farming. Since 2021, due
to the state program “Development of agro-industrial and fishery complexes of Vologda Oblast”, the
government partially reimburses the costs of paying interest on loans received from the Russian banks
for the development of aquaculture (fish farming) and commercial sturgeon farming; the purchase
of fishery equipment; the construction, reconstruction or modernization of production facilities for
aquaculture development and fish products output; the purchase of planting material; production of
commercial fish and payment of insurance premiums accrued under agricultural insurance contracts
in the field of commercial aquaculture (Stepanov and Bolotova, 2021). In 2018-2022, the total state
support for aquaculture enterprises of Vologda Oblast exceeded 50 million rubles.

3 Order of the Ministry of Agriculture of the Russian Federation dated March 15, 2017 No. 124 “On approval of the Methodology for
determining the minimum volume of aquaculture objects subject to breeding and (or) maintenance, cultivation, as well as release
into a water body and removal from a water body within the boundaries of a fish breeding area”.
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Major results of aquaculture development in Vologda Oblast

Until 2014, the only fish farm in the Vologda Oblast was “Diana” Fishing Company LLC founded
in 1978 as the Kaduisky warm-water fish farm. By the early 1990s, this enterprise specialized in cage
farming of carp in the warm wastewaters of the Cherepovets HPP. Breeding places were located in a
warm discharge channel and a cooling pond. In the early 1990s, volumes of cultivated carp reached
700 tons per year (Konovalov, 2015). Experiments on sturgeon production (which is currently the
major breeding object) began in 1989.

This company maintains brood stocks of various species of sturgeon, implements a full cycle of
obtaining planting material, as well as the production of marketable fish and black caviar. The enterprise
has created brood stocks of beluga Huso huso L., 1758, Russian sturgeon Acipenser gueldenstaedtii
Brand, 1833, Siberian sturgeon Acipenser baerii Brand, 1869, sturgeon Acipenser stellatus Pallas,
1771, ship Acipenser nudiventris Lovetsky, 1828, Sukhonsk and Volga sterlet Acipenser ruthenus
L., 1758, including various hybrids of sturgeon fish (Borisov et al., 2019). Commercial cultivation of
sturgeon species in the last ten years ranged from 25 to 360 tons per year.

Since 2006, the enterprise has started the industrial production of sturgeon caviar. In 2021-2022,
it reached 18-19 tons per year. Currently, “Diana” Fishing Company LLC is the absolute leader in this
delicacy output and the largest full-system sturgeon breeding enterprise in Russia. The fish are kept both
in pools equipped with a closed water supply system and in breeding places in the cooling pond and the
river Suda. In Vologda Oblast, the “Vologda Sturgeon Company" LLC and the Fishing Artel (collective
farm) “Rusryba” deal with growing sturgeon as well. Recently, almost 400 tons of sturgeon, 57 tons of
planting material and 15-19 tons of black caviar were produced in the region annually (Table 2).

Rainbow trout farming is being intensively developed in the Vologda Oblast. Its commercial
production started in 2016 from the first 10 tons of fish grown by “Chistoye Ozero” Agricultural
Enterprise LLC. By 2022, 16 enterprises were already engaged in rainbow trout breeding, which
produced about 700 tons per annum of aquaculture (Table 2). Cage farming provides a bulk trout
in the following natural reservoirs: lake Azatskoye of the Belozersky district, reservoirs Kovzha and
Belousovsk of the Vytegorsky district, lakes Pertozero and Svyatoye of the Vozhegodsky district, the
flood of the river Kovzha of the Sheksna reservoir of the Sheksninsky district and the river Suda of
the Kaduisky district. The largest trout breeding enterprises “Aquaculture” LLC and “Chistoye Ozero”

Table 2. Dynamics of aquaculture production (t) in Vologda Oblast for 2013—-2022.

Aquaculture Year

oblects 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Carp 160.0 44.0 690 280 410 34.0 - 4.0 18.0 1.7

Sturgeon 790 384 670 720 850 84.0 4045 3965 3940 360.5

Black caviar - 147 220 180 180 170 187 15.2 19.0 18.1
Clarid catfish - - - 1.0 1.0 125 2438 441 23.0 9.4
Rainbow trout - - - 100 150 450 1698 576.5 5905 697.3

White fish - - - - - - 2.0 7.6 9.6 5.8

Total 239.0 971 158.0 129.0 160.0 192.5 619.8 1043.9 1054.1 1092.8
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Fig. 2. Schematic map of actual location of aquaculture enterprises in Vologda Oblast.

Agricultural Enterprise LLC farmed 585 tons of fish in 2022, or 84% of the total annual rainbow trout
production in the region. In much smaller quantities (70 tons per year) it is farmed by LLC “Fish-
breeding complex “Immid”, IP Koreshkov A.l., “Vologda Lakes” LLC, “Delta Service” LLC. A number of
recreation enterprises in districts Vytegorsky, Kirillovsky, Ust-Kubinsky, Verkhovazhsky, Nyuksensky
and Nikolsky keep trout in small quantities, mainly for amateur and recreational fishing.

To supply fish farms with planting material for commercial cultivation of rainbow trout, the “Aquafish”
enterprise was founded in the Cherepovets district in 2022. In addition, a large fish-breeding complex of
the “Agquaproduct” company specializing in salmon cultivation (including juveniles) using the closed water
supply systems was built in the Vologda district in 2023. Along with rainbow trout farming, “Aquaculture”
LLC and “Delta Service” LLC are involved in breeding whitefish species — nelma, whitefish Coregonus
lavaretus L., 1758, muksun Coregonus muksun Pallas, 1814 and whitefish Coregonus nasus Pallas,
1776. The total volume of whitefish production is under 10 tons per year (Table 2).

The development of catfish farming in the region started in the early 2000s, when the caviar of
channel catfish Ictalurus punctatus Rafinesque, 1818 was imported by “Diana” Fishing Company
LLC. The commercial cultivation of this species was initiated in 2002, and in 2002-2007 its total
production reached 54 tons (varying in some years from 0.8 to 21.9 tons) (Konovalov, 2014). The
cultivation of this fish has been ceased today because of the reduced warm water discharge during
the reconstruction of the Cherepovets HPP.

Since 2016, the breeding of the clarid catfish Clarias gariepinus Burchell, 1822 began in small
quantities using the closed water supply systems. In 2020, its volumes were maximum (44 t) (Table 2).
The production was concentrated at the large fish-breeding complex “Aquaculture” LLC in the village
of Irdomatka, the Cherepovets district. In 2022, Vologda “Fish Farm” LLC was also involved in catfish
farming. Being the main fishery object in the region in 1980-1990, carp is not currently in the lead and
bred in pond farms in small amounts for amateur fishery. As for grass carp Ctenopharyngodon idella
Valenciennes, 1844, it was released into ponds for reclamation purposes.
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Nowadays, atotal of 21 enterprises are engaged in fish farming in the Vologda Oblast. The production
sites are located in Chagodoshchensky, Kaduysky, Belozersky, Vashkinsky, Kirillovsky, Ust-Kubinsky,
Vozhegodsky, Kharovsky, Verkhovazhsky, Tarnogsky, Nikolsky, Vologodsky, Vytegorsky, Sheksninsky
and Cherepovets districts (Fig. 2). Fish breeding of pasture and cage types is implemented in natural
water bodies, pools with closed water supply systems and ponds. It is expected that another 6
enterprises will be also involved in fish farming in the coming years.

Conclusion

The Vologda Branch of FSBSI “VNIRO” has studied 25 different-type water bodies in Vologda
Oblast and recommended 14 to be used for industrial cage farming, primarily, of rainbow trout. The
temperature regime of water bodies ensures the one- and two-year cycle cultivation of this species.
However, in some years, hot weather at the end of June - July can rise water temperature above
+22 °C, cause high fish mortality and significantly reduce the annual yield of marketable products. In
addition, the annual production of commercial aquaculture is limited by hydrographic characteristics,
flowage and water quality of water bodies. To maintain the safe ecological state of water bodies, it
is not recommended to exceed the maximum permissible volumes calculated by the VologodNIRO.
When creating fish farming sites, a comprehensive survey of water bodies is required in order to
assess their fish farming potential, to give environmentally sound recommendations for selecting
cultivation objects, to calculate and substantiate the permissible production volumes. It is advisable
to avoid the establishment of fish breeding areas where the habitats of rare and endangered species
of aquatic organisms exist.

In the last decade, the number of fish farming enterprises in Vologda Oblast increased signifi-
cantly, and the species composition of aquaculture became more diverse. In 2022, the aquaculture
production reached 1100 tons, 700 tons of which — rainbow trout, 360 — sturgeon, 18 — black caviar,
9 — clarid catfish, 6 — whitefish and almost 2tons of carp. Most of fish is cultivated in lakes, reservoirs
and rivers of the region due to cage farming. Industrial farming is implemented at 19 grounds (the
total area of 1421 ha) and pasture aquaculture — on 4 sites (541 ha). The annual minimum volume of
cultivated industrial and pasture aquaculture makes up 7460 tons and 4500 tons, respectively, that
is much higher than maximum permissible volumes indicated in the fish farming and biological sub-
stantiation (3300 tons). “Diana” Fishing Company LLC specializing in keeping sturgeon species and
producing black caviar, as well as “Aquaculture” LLC and “Chistoye Ozero” Agricultural Enterprise
LLC dealing with rainbow trout farming are the largest fish-breeding enterprises in the region.
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