TpaHchopMaLIUa SIKOCUCTEM  ISSN 2619-0931 Online
A WWW.ecosysttrans.com
Ecosystem Transformation

DOI 10.23859/estr-230423
EDN LHNGIG
UDC 639.2.052.2

Review

The current state of fishery in water bodies of
the Vologda Oblast and its impact on commercial
stocks of aquatic biological resources

Alexander F. Konovalov* , Mikhail Ya. Borisov , Nikolay Yu.
Tropin , Elena V. Ugryumova , Andrey A. Ignashev
Sergey A. Neporotovskii , Evgeniy S. Popeta , Anastasia E.
Shilova , Nelya V. Dumnich

Vologda Branch of FSBSI “VNIRO” (“VologodNIRQO?), ul. Levicheva 5, Vologda, 160012 Russia

*alexander-konovalov@yandex.ru

Abstract. The article presents a scientific review of the current state of industrial and amateur fisheries
in the most important fishery water bodies of Vologda Oblast. In 2013-2022, the total annual catch
of aquatic biological resources averaged 1627 tons, including 703 tons in lake Beloye, 328 — in the
Rybinsk reservoir, 222 — in lake Onega, 171 — in lake Kubenskoye, 129 — in the Sheksna reservoir, and
74 tons in lake Vozhe. Bream dominated in the catches of lakes Beloye, Kubenskoye and the Sheksna
reservoir (28.5-39.0%). European smelt accounted for 93.2% of the total capture in lake Onega; zope
dominated in the Rybinsk Reservoir (28.4%) and pike perch — in lake Vozhe (42.5%). Lakes Beloye,
Kubenskoye, Vozhe, including the Rybinsk reservoir, demonstrated maximum commercial catch (22—
35%) in December, the Sheksna reservoir — from January to March (about 48%), and lake Onega in May
due to European smelt fishing (over 96%). Over the past 10 years, the stocks of the main commercial
fish species in lakes Beloye and Kubenskoye, the Sheksna reservoir and lake Vozhe made up 6299,
2880 2644 and 1903 tons, respectively. Development of the total allowable catches (TAC) and the
recommended volumes of production (catch) of aquatic biological resources (RC) in lake Beloye was
within 59.7%; in lake Kubenskoye — 33.7%, in lake Vozhe — 31.9%, in the Sheksna reservoir — 25.8%.

Keywords: industrial fishery, amateur fishery, commercial fish biomass, catch

Funding. To prepare this review, we used the results of the long-term monitoring (2013—2022) of aquatic
biological resources and their habitat within the State Task of the Vologda Branch of FSBSI “YNIRO”
(formerly the Vologda branch of FSBSI “GosNIORKh”).
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Hay4Hbiri 0630p

CospemeHHoe coctTosHUe prGOﬂOBCTBa
Ha BogoeMaX BOﬂOI’OﬂCKOﬁ ob6nactu m ero
BJIMAHME Ha NPOMbIC/IOBbIE 3anacChbl
BOAHbIX 6MopecypcoB

A.®. KoHosanos* , M.A. bopucos , H.FO. TponuH
E.B. YrptomoBa , A.A. rHawes , C.A. HenopoTtoBckuu
E.C. Noneta , A.E. Wunoea , H.B. lymHny

Bornoeodckuti punuan ®rbHY « BHUPO» («Bono2odHWPO»), 160012, Poccus, e. Bonoeoa,
yn. Jlesuuesa, 0. 5

*alexander-konovalov@yandex.ru

AHHOTauuA. B ctaTtbe BbINOMHEH 0630p COBPEMEHHOIO COCTOSIHUS MPOMBILLSIEHHOIO U NIDBUTENBCKO-
ro pbibONOBCTBA Ha BaXXHENLLMX PbIOOX0O3ANCTBEHHLIX BOAHLIX 06bekTax Bonorogckon obnactu. O6-
LLMIA rOOOBOV YNOB BOAHbIX BuopecypcoB B Bogoemax pernoHa B 2013—-2022 rr. B cpeaHeM cocTaBnsn
1627 1, B TOM Yncrnie 703 T B 03. benom, 328 T B PbibnHCKOM BogoxpaHunumile, 222 T B 03. OHEXCKOM,
171 1 B 03. KybeHckom, 129 1 B LlekcHMHCKOM BogoxpaHunuiie un 74 T B 03. Boxe. B cocTtase ynosos
B o3epax benom n KybeHckom, a Takke B LLIEKCHMHCKOM BOOOXpaHUNULLLE AOMUHUPOBAn neL, obecne-
ynas 28.5-39.0% ot obuiero. B OHexckom o3epe 93.2% ynoBOB faBana KOpoLLKa eBpornenckas, B
PbibuHckom BogoxpaHunuile npeobnagan cuHel, (28.4%), a B o3epe Boxe — cynak (42.5%). B o3epax
Benowm, KybeHckom, Boxe, PbIBMHCKOM BOgOXpaHUNULLE B Te4eHWe roga HaubonbLUWN NPOMBbILLIIEH-
HbI BbINOB NPUXOAUIcs Ha Aekabpb, korga fobbiBanock 22—35% o1 rogosoro yrosa. B LLekCHUHCKOM
BOAOXpaHunuLLe okono 48% rofoBoro BbifioBa OCYLLECTBANOCh B stHBape—MapTe, a B 03. OHeXCKoM
cBbilwe 96% YynoBOB MPUXOAMMOCH HA MaW 3a CHET KOPHLLKK eBpornenickon. MNMpombicnoBble 3anachl
OCHOBHbIX BUAOB pblb B 03. benom 3a nocnegHue 10 net B cpegHem coctaenanu 6299 1, B 03. Ky-
B6eHckom — 2880 T, B LLIekCHNMHCKOM BogoxpaHunumile — 2644 1, B 03. Boxxe — 1903 1. OcBoeHune obLinx
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JOMyCTMMbIX YITOBOB Y pEKOMEHA0BaHHbIX 00beMOB J00ObIYM BOAHBIX BuopecypcoB B 03. benom 3a pac-
cMaTpvBaeMbl Nepuog B cpegHemM coctaensano 59.7%, B 03. KybeHckom — 33.7%, B 03. Boxe — 31.9%,
B LLlekcHMHCcKkoM BogoxpaHunme — 25.8%.

KnroueBble cnoBa: npoMbilLieHHoe pbibonoBCcTBO, Nobutensckoe pbibonoBCTBO, MPOMbICNOBast 6ymo-
macca pblO, ynosbl

®unHaHcupoBaHue. [1py NOAroToBKE CTaTbW MCMOMNb30BaHbl Pe3yrbTaTbl MHOTONIETHENO MOHUTOPUHTA
BOAHbIX BMOpeCypcoB u cpeabl nx obutaHus, BoinonHsaeLierocs B 2013—2022 rr. B COOTBETCTBUM C rOCY-
[apcTBeHHbIM 3agaHmeM Bonorogckoro counuana ®reHY «BHUPO» (paHee — Bornorogckoro otgene-
Husa IEHY «MocHUOPX»).
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Introduction

The water fund (over 550 th. ha) of Vologda Oblast includes about 20 thousand watercourses (more
than 70 th. km long) and over 5 thousand lakes, eight of which have a surface area exceeding 25 km?
(Priroda Vologodskoi oblasti, 2007). The largest water body of the region - lake Beloye, is of great
fishery importance in terms of the total catch and commercial fish biomass (Borisov et al., 2019). In
recent years, lake Beloye accounted for about 41% of the total annual fish catch in the region. The share
of the Rybinsk reservoir (located within the boundaries of the region) was about 19%, Onega — 13%,
lake Kubenskoye — 10%, the Sheksna reservoir — 7%, lake Vozhe — 4%, and other (small and medium)
lakes and rivers about 6%. Fisheries and resource monitoring studies of these water bodies (except for
the Rybinsk Reservoir and lake Onega) were carried out by the Vologda Branch of VNIRO (formerly
the Vologda Branch of GosNIORKh). Its last generalized reports on the fishery state and exploited
aquatic biological resources in the water bodies under study were published about ten years ago or
even earlier (Borisov et al., 2011; Konovalov and Borisov, 2014; Konovalov et al., 2011, 2014; Pechnikov
and Konovalov, 2004a—d; Tropin, 2020). Therefore, the aim of this work was to update and summarize
the information (2013-2022) about the modern state of industrial and amateur fisheries in the fishery
reservoirs of Vologda Oblast, including the impact on stocks of the main commercial fish species.

Material and methods

For a general assessment of current fisheries in the most important fishery reservoirs of Vologda
Oblast, we considered major trends in the long-term dynamics of the total fish catch for the period
from 1980 to 2022. The up-to-date description of industrial and amateur fisheries in the Sheksna
and Rybinsk reservoirs, in lakes Beloye, Kubenskoye, Vozhe and Onega was given based on the



8 Konovalov, A.F. et al., 2023. Ecosystem Transformation 6 (4), 5-32.

averaged data for 2013-2022. To do this, we used the materials of the official fishery statistics of
the North-Western and Moscow-Oka Territorial Departments of the Federal Agency for Fishery on
seasonal and long-term production dynamics of the main aquatic biological resources, as well as the
data on the number of users and fishing permits issued, etc. For the Rybinsk reservoir, the statistics
of commercial fish captures was provided by the Department of Agriculture and Food Resources of
Vologda Oblast. Amateur fishery was analyzed due to the materials of the North-Western Branch
of the |"ain Basin Administration for Fisheries and Conservation of Aquatic Biological Resources”
(“Glavrybvod”). Nowadays, amateur fishery in the Rybinsk reservoir (within the boundaries of the
region) is not monitored anymore. The information about seasonal irregular low-productive fishing on
small, medium-size lakes and rivers of Vologda Oblast was excluded from our review.

In order to assess abundance and biomass of the majority of commercial fish populations in
the water bodies studied by the Vologda Branch of VNIRO, i.e. lakes Beloye, Kubenskoye, Vozhe
and the Sheksna reservoir, the fished water method for evaluating stocks when fishing with stake
nets was used (Treshchev, 1974, 1983). To estimate commercial fish stocks in lake Beloye until
2019, the method of direct accounting at trawl operations was applied (Sechin, 1990). In addition,
the composition of commercial catches implemented with drift nets in lakes Beloye, Vozhe and by
throw nets in Kubenskoye was analyzed to evaluate fish stocks. Since other branches of VNIRO are
in charge for lake Onega and the Rybinsk reservoirs, we do not present any quantitative data on their
commercial fish stocks in this review.

In accordance with the Federal Law', the main measure of the exploitation of commercial fish
stocks in natural water bodies is annually established volumes of total allowable catches (TAC) and
recommended volumes of production (catch) of aquatic biological resources (RC). In this paper, we
analyze these indicators for water bodies located in the zone of responsibility of the Vologda Branch
of “WNIRO”.

Results and discussion

Lake Beloye

Lake Beloye represents both a lake part of the Sheksna reservoir (built in 1963—1964) and a part
of the Volga-Baltic waterway. The lake has the shape of an almost regular oval; its depths (average:
4.1 m) increase gradually reaching the maximum of 6.3 m in the central part. By water area, lake
Beloye is the largest water body (more than 1284 km?) located entirely within the boundaries of
Vologda Oblast (Anthropogennoe vliyanie..., 1981). Its considerable water area, shallow waters and
even bed structure are favorable for extraction of aquatic biological resources with both passive and
active fishing gears.

Commercial species

The commercial ichthyofauna of lake Beloye includes 21 fish species, 9 of which are the main
commercial objects providing more than 90% of the total catch over the past four decades: European
smelt Osmerus eperlanus L., 1758, bream Abramis brama L., 1758, sabrefish Pelecus cultratus L.,
1758, pike perch Sander lucioperca L., 1758, roach Rutilus rutilus (L., 1758), zope Ballerus ballerus L.,
1758, perch Perca fluviatilis L., 1758, Volga zander Sander volgensis Gmelin, 1789, and pike Esox
lucius L., 1758 (Table 1). For the forty-year period, zope has practically lost the status of a commercial
species; by the end of 2010, its average catch reduced by almost 25 times, not exceeding one ton in
the last five years. In the fishery of the lake, ruff and vendace (found only in by-catch) are in very low
demand because of the absence of specialized fishing tools.

Total catches

For the past four decades, maximum total catch was noted in lake Beloye in the 1980s (about
859 tons) (Table 1); in some years it exceeded 1100 tons. About 55% of the total catch in that period
fell on the most important fishery objects, i.e. pike perch and smelt. In the 1990s distinguished by new
economic relations and insufficient control over catches (Bolotova et al., 2003), smelt fishing reduced
on average to 627 tons. In the 2000s, there was a further drop to an average of 345 tons as a result of
a large-scale decrease in commercial stocks and captures of smelt and pike perch (Konovalov, 2019),
the total share of which declined to 14%. At the same time, bream providing 41% of the total catch
became the main fishing species. Since the 2010s, the stocks and catches of pike perch and smelt

" Federal Law of December 20, 2004 No. 166-FZ “On fisheries and conservation of aquatic biological resources”.
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Table 1. Long-term dynamics of the total catch of the main commercial fish of lake Beloye. Above the line — the average annual
catch, t; under the line — the share of the total catch, %; * — burbot, asp, ide, white-eye, rudd, bleak, crucian carp, tench, carp,
unidentified small-size fish.

Fish species vears
1980s 1990s 2000s 2010s 2020-2022

Sabrefish % % ?2 % %
Pike perch % % % % %
Volga zander 22—2 1?7 % % %
Pike 43 2 B 2 2
Silver bream - - % % %
Ruff ox] i i 3 o5
Vendace 0 o1 055 o o
2 R D T
Others* % 14—9 % 0%4 0;3
Total 859 627 345 696 600

have been partially restored, but in contrast to bream, sabrefish, roach, perch and Volga zander they
remained just subdominant species. Though the total catches in the reservoir have recently increased
to an average of 600-700 tons (or 820—860 tons in some years), nevertheless, the level of the 1980s
is still unachievable.

Industrial fishery

In 2013-2022, industrial fishery largely dominated in lake Beloye and reached on average 662 tons
(94.1% of the annual catch). Currently, 13 fishing sites occupying more than 860 km? (almost 70%
of the total area) operate here. Annually, from 115 (in 2017) to 45 permits (in 2022) for extraction of
aquatic biological resources were issued. During, the period under review, industrial fishery in the
lake was implemented by four fish producers having the long-term lease of fishing plots and fixed
quotas for extraction of aquatic biological resources. For the past 10 years, an average of 43.8%
of the total commercial catch was conducted by “Aprel” LLC, 12.5% — by “Lipin Bor” LLC, 21.5%
and 22.3% - by individual entrepreneurs Myakishev B.Yu. and Sobolev S.E., respectively. In 2020,
“BelozerskRybProm” LLC was also involved in fisheries (about 4.1%).

In December, commercial catches in the lake were the largest. For instance, in December of
2013-2022 on average 144.6 tons, or almost 22% of the annual catches were captured (Fig. 1),
fishing of pike perch reached almost 60% of the annual catch, while of bream, pike and Volga zander
varied within 27-40% of the total. This indicator remained high in the rest months of the ice fishing
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Fig. 1. Seasonal dynamics of commercial catches of the main types of aquatic biological resources in lake Beloye on average for
2013-2022.

period (January — March), when bream, pikeperch, Volga zander, pike, and sabrefish predominated
in catches.

In late April — the first decade of May, when the ban on bream, pike perch and pike was in effect,
a specialized fishing of migrating to spawning areas smelt provided 60—-80% of the total catch in these
two months. Depending on the temperature regime, fishery usually lasted from 7 to 10 days. About
83 tons were caught on the average, or 4 (2022) to 152 tons (2019). From May to December, more
intensive production of sabrefish, Volga zander and other small-size fish (especially roach and perch)
was also noted in the lake. With water cooling, poor summer catches of bream and pike perch tended
to grow in September—November.

The seasonal dynamics of the main commercial fish catch largely depended on the specifics of
fishing gears used in different months of the year. Here, stake nets, hooked set lines and fixed traps,
including smelt traps and traps, as well as drift nets and fixed nets were used. During the ice period,
large-size fish (bream, pike perch, and pike) were mainly captured by large-mesh fixed nets with a
mesh size of 60-80 mm. In autumn, drift nets with a mesh size of 50-70 mm were also set. In lake
Beloye, these major types of fishing gear provided high shares of the most valuable commercial
fish species: 30.1% of bream, 8.5% of pike perch, and 3.1% of pike (Fig. 2A). Fishing of small-size
species, i.e. sabrefish (18.3%), Volga zander (9.8%), roach (7.8%), and perch (7.1%), was mainly
implemented by small-mesh fixed nets (with a mesh size of 32-40 mm) and set traps. Due to the use
of the specialized fishing gear — small-mesh set traps (smelt traps), the share of smelt exceeded 95%
of the total catch and in spring it reached 12.5% of the annual commercial catch in the lake.

Amateur fishery

There are numerous settlements on the shores of lake Beloye and the adjacent territories, the
lake is surrounded by convenient access roads that greatly contributes to the development of amateur
fishery here. In the period 2013-2022, it provided about 40 tons, or 5.8% of the total annual catch.
Perch (37.4%), roach (21.4%) and pike perch (19.5%) dominated in amateur catches of lake Beloye
(Fig. 2B). When fishing during the ice period with a line, perch and roach volumes prevailed. The
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Fig. 2. The ratio (%) of the main fish species in commercial (A) and amateur (B) catches in lake Beloye on average for 2013-2022.

average catch per fisherman per visit made up 0.5-1.5 kg (0.3-2.0 kg); in April it reached 3—4 kg.
During the ice-free period, the catch with a line per fisherman was around 0.5 kg (0.2—-0.5 kg) and
2.5 kg in September. When fishing with a spinning rod and on a “track”, the catches mainly consisted
of pike perch and pike.

Commercial fish stocks and their development

For the past ten years, the estimated stocks of the twelve main commercial fishes of lake Beloye
varied as 5410-6931 tons (Table 2). Note that in 2016-2018 and 2020-2022, the total volumes of
TAC and RC tended to increase, while the total catch, on the contrary, decreased. Such a drop was,
apparently, caused by the organizational reasons and a market demand; it occurred primarily because
of a reduction in captures of roach, sabrefish, perch, bream, Volga zander, ruff Gymnocephalus
cernuus L., 1758, silver bream Blicca bjoerkna L., 1758 and zope. Along with decreased fishing loads,
the recommended catch volumes increased mainly due to sabrefish, roach, silver bream, ruff, and
partially due to bream and perch. As a result, the development of TAC and RC dropped from 70.2—
89.5% in 2013-2015 to 42.2-46.0% in 2020-2022.

Over the past decade, the total stocks of the main commercial fish species of lake Beloye were
approximately 6300 tons (Table 3). At the same time, TAC and RC amounted to 1111 tons, or about
17.6% of biomass of the reserves.

Bream with its highest commercial biomass and predominance in annual catch had maximum
volumes (92.2%). Similar situation was also noted for pike perch (75.3%) and Volga zander (87.5%)
having the highest retail prices on the market, as well as sabrefish (about 69.8%) due to good demand
and its ability of mass production when using small-mesh fishing gear. This indicator was relatively
small for smelt (56.4%) because of its varying commercial stocks in some years. Comparatively low
RC volumes of pike (41.4%) and zope (27.8%) were noted because of their less commercial stocks
(compared to bream mainly caught together). Poor exploitation of RC of roach (53.4%), perch (50.7%),
and silver bream (44.4%), caught mostly in by-catch of sabrefish and partly bream, was caused by
low commercial demand for these fishes. The lack of specialized fishing was the reason of a very
poor development of RC of vendace (Coregonus albula L., 1758) (8.5%) and ruff (4.0%). Moreover,
the absence of a sales market for ruff and little commercial stocks of vendace contributed to their low
catches in lake Beloye.
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Table 2. Dynamics of commercial stocks of aquatic biological resources of lake Beloye and their actual development in 2013-2022;
* - industrial and research fisheries.

Year
ndicalor 5013 2014 2015 2016 2017 2018 2019 2020 2021 2022 e
Cosf{‘ofgl‘j’“t?ia' 6206 6931 6442 6026 5410 5826 6384 6327 6556 6880 6299
TACandRC,t 822 920 856 1172 1200 1188 1124 1190 1265 1369 1111
Catch*, t 577 799 766 809 610 639 761 547 540 578 663
?Aeée;%%m;gf% 702 869 895 69.0 50.8 538 677 460 427 422 59.7
De"sﬁfgg’“ﬁ/:mf 93 115 119 134 13 110 119 86 82 84 105

Table 3. Stocks of the main commercial fish of lake Beloye and their actual development on average for 2013-2022; * - industrial and
research fisheries. The stock of smelt was estimated on average for 2013-2019, for roach - for 2013-2014 and 2019-2022, silver
bream — for 2019-2022, zope — for 2019-2022, and ruff — for 2018-2022.

Indicator
Fish species  commercial  TAC or Share of « Development of  Development
stock, t RCt ACOTRC  Calehht  JACorRC,%  of stock, %
Bream 1320 215 16.2 198 92.2 15.0
Ruff 1022 125 12.2 5 4.0 0.5
Sabrefish 872 176 20.2 123 69.8 14 1
Smelt 613 148 24.1 83 56.4 13.6
Roach 549 98 17.9 52 53.4 9.6
Perch 459 92 20.1 47 50.7 10.2
Pike perch 413 72 17.4 54 75.3 13.1
Volga zander 406 76 18.8 67 87.5 16.4
Pike 271 49 18.0 20 414 7.4
Silver bream 192 21 10.8 44 4 4.8
Zope 102 7 6.4 27.8 1.8
Vendace 80 11 14.0 0.9 8.5 1.2
Others - 22 - 2 8.2 -
Total 6299 111 17.6 663 59.7 10.5
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The Sheksna reservoir

The river part of the Sheksna reservoir is represented by a flooded valley of the river Sheksna
stretched for about 120 km and having a water area of about 381 km? (Antropogennoe vliyanie...,
1981). More than 10 th. ha, or almost 50% of fishing sites are snaggy areas unusable for fisheries
because of dead trees and shrub vegetation remained here after the reservoir filling in 1963. As
compared to other reservoirs under review, this water body is characterized by both low fishery
intensity and the most stable situation in the past decades.

Commercial species

The catches of the river part of the Sheksna reservoir consisted of 21 fish species. The main
commercial species of the reservoir included bream, pike and pike perch showing relatively stable
catches (70% of the total catch) over the past 40 years (Table 4). In the last two decades, the role of
roach, perch and silver bream also noticeably increased in the reservoir. Burbot fishing (Lota lota L.,
1758) tended to decrease, not exceeding 3% of the total.

Total catches

In the 1980s, the total catch averaged 106 tons (Table 4); in some years, it varied from 69 to
153 tons. The recorded catches made up on average 85 tons per year. In 2000-2010, the average
capture increased to 137 and 134 tons, respectively. The growth of the total catch in the last two
decades was largely due to the increased fishing of small-size species: perch, roach, silver bream,
zope, sabrefish, rudd (Scardinius erythrophthalmus L., 1758), etc. For instance, if in 1980-1990 the
total share in the captures of these fishes made up approximately 8.2%, in 2000-2010 it increased
to 28.4%. The role of small-size species in catches was growing due to more intensive use of small-
mesh fixed nets and traps.

Industrial fishery

For industrial fishery in the Sheksna reservoir, 6 fishing sites of about 203 km? (or 53.2% of the
total reservoir area) were put in operation. In 2013-2022, from 24 (2020) to 11 (2022) fishing permits
were annually issued. Five users fished in this reservoir: the fishing artel “Rybak”, which provided about
74.5% of the total production, individual entrepreneurs Burlakov N.N. (8.6%) and Mishichev V.F. (7.8%),

Table 4. Long-term dynamics of the total catch of the main commercial fish in the river part of the Sheksna reservoir. Above the line —
the average annual catch, t; under the line — the share of the total catch, %; * — sabrefish, zope, Volga zander, ide, rudd, bleak, asp,
ruff, crucian carp, carp, tench, chub, vendace, smelt, unidentified small-size fish.

Years
Fish species
1980s 1990s 2000s 2010s  2020-2022
59 47 51 54 45
Bream 54 55 38 40 39
; 15 " 20 18 16
Pike 15 13 14 14 14
: 10 8 12 14 17
Pike perch 10 10 9 11 14
4 6 14 10 7
Roach 4 7 10 7 6
1 1 15 13 1"
Perch 1 2 10 10 9
7 6 6 4 3
Burbot 7 ) 5 3 3
: 1 8 7 6
Silver bream 0 1 6 5 5
* 10 4 " 13 1
Others 9 4 8 10 10
Total 106 85 137 134 115
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Fig. 3. Seasonal dynamics of commercial catches of the main types of aquatic biological resources in the Sheksna reservoir on
average for 2013-2022.

Fig. 4. The ratio (%) of the main fish species in commercial (A) and amateur (B) catches in the Sheksna reservoir on average for
2013-2022.
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the collective farm “Niva” (6.0%) and “Raduzhnoye” LLC (3.1%). During the period under review, the
average annual catch of these enterprises and entrepreneurs reached 97.5 tons (75.7% of the total).

Maximum production in the Sheksna reservoir was recorded during the period of ice fishing,
i.e. from January to April and in December (over 70% of the annual catch) (Fig. 3). Bream fishing
dominated in the first three months of the year (almost 60% of the total), as well as in April and
December — 44 and 32%, respectively. Pike perch in this period also accounted for over 83% of the
annual catch, however, in December, it provided about 32% of the total, in January its share declined
to 18%, and in February—April — to 11%. Pike catches during the ice period were also quite high,
ranging from 17% (in December) to 6% (in February—March); their role increased markedly in autumn
(20—-28% of the total catch). In May—November, pike fishing was the lowest and made up only 29% of
the annual catch.

In the river part of the Sheksna reservoir, two types of fishing gears were used to implement
industrial fishery — stake nets and fixed traps. Among major fishing tools were large-mesh fixed nets
with a mesh size of 60—-80 mm providing most (75%) of the annual catch of bream, pike perch and
pike in the reservoir (Fig. 4A). In particular, the share of bream in commercial catches made up 49.3%,
pike perch — 13.7%, and pike — 10.3%. Small-size fish species prevailed in the catches were fished
with small-mesh nets (mesh size: 32—45 mm and fixed traps), while bream, pike perch, and pike, as a
rule, were found only in by-catch. When fixed traps were used, burbot made up 20% of the catch. In
general, the total share of small-size fish in commercial catches reached 16%, of which mostly roach,
silver bream, sabrefish and zope predominated in approximately equal proportions.

Amateur fishery

Unorganized amateur fishery is well developed in the river part of the Sheksna reservoir due to
rather convenient geographical location of the Sheksna reservoir. In 2013-2022, amateur fishermen
caught on average 32 tons (24.5% of the total annual catch), where perch (27.0%), pike (26.3%) and
roach (12.4%) predominated in captures (Fig. 4B). About 8—10 thousand people were engaged in ice
fishing in the reservoir every year, and about 15 thousand — in open water fishing. When fishing from
ice, fishing rods and nets for catching fish of prey were used; the average catch per fisherman per
visit was 1-2 kg. In open water, fishermen mainly used bottom, float rods and spinning. In this case,
the average catch per fisherman per visit increased to 3-5 kg and sometimes up to 25 kg if fished with
spinning rods.

Commercial fish stocks and their development

Stocks of the main commercial species of the Sheksna Reservoir in 2013-2022 ranged from 2386
to 2850 tons (Table 5). It is noteworthy that since 2018, the total recommended catch volumes in the

Table 5. Dynamics of commercial stocks of aquatic biological resources of the Sheksna reservoir and their actual development in
2013-2022; * — industrial and research fisheries.

Year
Indicator Mean
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Cosr{‘()@ﬁrfia' 2441 2837 2522 2850 2386 2596 2743 2620 2710 2729 2644

TACand RC,t 277 291 296 282 274 459 437 474 483 492 377

Catch*, t 111 93 90 96 109 121 95 82 87 88 97

Development
of TACand RC, 40.2 318 305 341 397 263 217 174 179 179 25.8
%

Development of
stock, % 4.6 3.3 3.6 3.4 4.6 4.7 3.5 3.1 3.2 3.2 3.7
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Table 6. Stocks of the main commercial fish of the Sheksna reservoir and their actual development on average for 2013-2022; * —
industrial and research fisheries.

Indicator

Fish species  Commercial TAC or Share of Development of  Development

TAC or RC Catch*, t
stock, t RC, t of stock, % TAC or RC, % of stock, %

Bream 767 105 13.7 48 45.9 6.3
Roach 750 75 9.9 5 6.4 0.6
Silver bream 339 25 7.4 5 18.6 1.4
Pike perch 218 30 13.7 13 44 1 6.1
Perch 174 33 19.2 3 9.8 1.9
Zope 133 11 8.4 3 28.6 24
Sabrefish 129 16 121 4 26.8 3.2
Pike 124 35 27.9 10 28.8 8.0
Volga zander 10 5 47.6 1.0 20.5 9.8
Others - 42 - 5 11.3 -
Total 2644 377 14.2 97 258 3.7

reservoir have increased by almost 1.7 times, mainly due to small-size fish species (roach, perch,
sabrefish, zope and silver bream). Initially, RC values of these fishes were determined from the results
of the expert analysis of production dynamics. However, since 2018, they were calculated taking into
account the actual and predicted commercial stocks. In general, the catches and development of fish
stocks remained at a relatively stable level averaging to 97 tons and 3.7%, respectively for the period
under review.

Exploitation of stocks of the main commercial fish species of the Sheksna reservoir was not
intensive (Table 6). The best development of TAC and RC (close to 45%) was typical for the most
significant fishing species — pike perch and bream. This indicator for pike, zope and sabrefish was
less than 30%, Volga zander and silver bream — only about 20%, perch and roach — less than 10%.
As mentioned above, the poor development of fish stocks in the reservoir was associated with the
presence of snaggy sites, covered with flooded trees and shrub vegetation.

The Rybinsk reservoir (Vologda Oblast)

The northeastern part of the Rybinsk Reservoir, partly located within the boundaries of Vologda
Oblast, was built in 1941-1947 by flooding the Sheksna and Mologa river valleys. The water surface
area of the reservoir at a normal headwater level is about 4550 km?, and its average depth — 5.6 m
(Rybinskoe vodokhranilishche..., 1972). According to rough estimates, about 896 km? of its water area,
which is a large part of the Sheksna and Molozhsky Reaches of the reservoir, are located within the
boundaries of the Vologda Oblast.

Commercial species

The catches of the Rybinsk reservoir (within the boundaries of the region) consisted of 15 fish species.
Over the past 40 years, 7 species, i.e. bream, roach, zope, burbot, pike, pike perch and perch provided
over 90% of the total catch (Table 7). Smelt became almost an extinct species in the composition of
catches over the past two decades, while the role of sabrefish, silver bream and Volga zander, on the
contrary, increased.
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Table 7. Long-term dynamics of the total catch of the main commerecial fish in the Rybinsk Reservoir (Vologda Oblast). Above the line
—the average annual catch, t; under the line — the share of the total catch, %; * — catfish, asp, crucian carp, unidentified small-size fish.

Years
Fish species
1980s 1990s 2000s 2010s  2020-2022
261 128 92 83 76
Bream 30 26 29 26 25
183 123 61 68 61
Roach 21 24 20 21 20
131 92 83 97 88
Zope 14 17 27 29 29
121 49 14 7 6
Burbot 14 1 5 2 2
; 100 26 12 10 1
Pike 12 5 4 3 4
: 30 28 27 15 16
Pike perch 3 6 ) 5 5
16 5 16 23 19
Perch 2 1 5 7 6
26 21
Smelt 3 Z 0 0 0
. 1.2 4 4 8 8
Sabrefish 0.1 0.8 1 2 2
; 3 2 1 6 9
Silver bream 03 03 0.4 2 3
1 0.1 0.8 7 1
Volga zander 0.1 0.01 03 2 4
de 3 10 2 1 08
0.4 0.2 05 0.4 0.2
% 3 13 1 1 2
Others 0.4 3 0.4 0.4 05
Total 881 491 315 328 309

Total catches

In the 1980s, the total catch in the reservoir within the boundaries of Vologda Oblast averaged
to 881 tons, but by 2000-2010 it dropped by almost 3 times reaching 315 and 328 tons, respectively
(Table 7) because of the reduced captures of the main commercial species: bream, roach, burbot and
pike. Captures of zope remained relatively stable; in the early 2010s, it became the main fishing species
in the reservoir.

Industrial fishery

In the Rybinsk Reservoir (within the boundaries of Vologda Oblast), 12 fishery sites operated.
These sites covered 458 km?, or 51% of the total area of the considered section of the reservoir.
In 2013-2022, fisheries were conducted by three users: “Avangard” LLC, the cooperative society
“Myaksinskoye” — on the Sheksna Reach, and “Molozhskoye” LLC — on the Molozhsky Reach of
the reservoir. The main fishery actor was “Avangard” LLC (average: 87.6% of the total catch). The
“Molozhskoye” LLC accounted for 8.7% and the cooperative society “Myaksinsky” —3.7%.

In 2022, approximately 22% of annual commercial fish (about 67.9 tons) were captured in
December (Fig. 5). Bream noticeably dominated in the catches (36.7% of the total catch for this
month); the shares of zope and roach were equal (17.9 and 14.1%. respectively). In some years,
their catch was also high during the ice period, i.e. in January — March. High total catch occurred from
July to October mainly due to zope, roach and bream. To implement industrial fishery in the Rybinsk
Reservoir, stake nets and fixed traps were mainly used.

In commercial catches, cyprinid fish species, i.e. zope, bream and roach, (the share of which in the
total catch amounted to 74%) clearly dominated (Fig. 6). The shares of the most valuable fish species
(pike perch and pike) in commercial catches were relatively small (4.7 and 3.3%, respectively).
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Fig. 5. Seasonal dynamics of commercial catches of the main types of aquatic biological resources in the Rybinsk Reservoir in 2022.

Fig. 6. The ratio (%) of the main fish species in commercial catches in the Rybinsk Reservoir on average for 2013-2022.
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Lake Kubenskoye

Lake Kubenskoye is a large shallow reservoir located in the central part of the Vologda Oblast. This
water body is a part of the North Dvina Water System and belongs to the basin of the river Northern
Dvina, which flows into the White Sea. The lake has an elongated shape stretched from northwest to
southeast. The total area of the lake is about 417 km?; the average depth — 2.5 m (Ozero Kubenskoye...,
1977). Proximity of the lake to the regional center contributes to its intensive use and complex economic
development. Here, industrial and amateur fisheries, tourism and shipping are well-developed. In
addition, lake Kubenskoye is a reserve source of water supply for the city of Vologda, especially in dry
years. As for its main tributaries, the rivers Kubena and Uftyuga have been used for timber rafting for
many decades (Polyakov et al., 1997).

Commercial species

The commercial ichthyofauna of lake Kubenskoye consisted of 16 fish species. Five species of
aquatic biological resources: bream, roach, pike, perch and pikeperch (90% of the total production),
were the main fishery objects (Table 8). In the mid-2000s, nelma (Stenodus leucichthys nelma Pallas,
1773) completely disappeared from the recorded catches, and whitefish (Coregonus lavaretus L., 1758)
was found only in by-catch.

In lake Kubenskoye, the largest capture over the past four decades was registered in the late 1980s
(average: 384 tons) (Table 8); in some years it reached 507 tons. In the 1990s, the total catch sharply
decreased, but at the beginning of the 2000s — exceeded 300 tons. However, a gradual decline in
the total capture has been observed since 2001. In 2000-2010, it was on average 240 and 182 tons,
respectively. Over the past five years, the total catch of aquatic biological resources in lake Kubenskoye
did notexceed 170 tons. The reduced catches over the past two decades were caused by socio-economic
reasons and hardly by long-term dynamics of commercial stocks of aquatic biological resources.

Industrial fishery

Currently, 12 industrial fishery sites (260 km?, or 62% of the total area) operate on lake Kubenskoye.
Since 2019, fishing is conducted only in 9 sites; another 3 sites are not exploited for fishing because of the
bankruptcy of the major actor — the “Kubenskoye Rybzavod” LLC. Annually, from 36 (2015) to 15 fishery

Table 8. Long-term dynamics of the total catch of the main commercial fish of lake Kubenskoye. Above the line — the average annual
catch, t; under the line — the share of the total catch, %; * — burbot, silver bream, nelma, whitefish, bleak, chub, crucian carp, asp, dace,
unidentified small-size fish.

Fish species vears
1980s 1990s 2000s 2010s 2020-2022
Perch % g %17 % %
Pike perch % % % % %
T S T T
Ruff T vy T 1 64
Others* % % % % %

Total 384 273 240 182 138
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Fig. 7. Seasonal dynamics of commercial catches of the main types of aquatic biological resources in lake Kubenskoye on average
for 2013-2022.

Fig. 8. The ratio (%) of the main fish species in commercial (A) and amateur (B) catches in lake Kubenskoye on average for
2013-2022.
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permits (2022) were issued. In 2013-2022, four users were involved in fisheries: “Kubenskoye Rybzavod”
LLC (until 2018), which produced 56.1% of the total production, including individual entrepreneurs
Lazarev S.A. (28.2%), Averyanov V.V. (21.4%) and Karelin S.A. (16.0%). In 2022, “BelozerskRybProm”
LLC and individual entrepreneur Travinov G.V. provided insignificant fish volumes. In general, for the
period under review, the average annual commercial catch made up 119.2 tons, or about 69.7% of the
total captures in the reservoir.

Over the past ten years, almost 23% (about 27.4 tons) of the annual catch fall on December (Fig. 7).
Three most valuable commercial species (bream — 31.3%, pike —25.5% and pike perch — 23.3%).
dominated in December captures in approximately equal proportions. In the first four months of the year,
fishing in lake Kubenskoye was insignificant, (only 21.7% of the annual catch). From July to October,
the volumes gradually increased. Bream (49.5%), roach (21.4%), perch (11.1%) and in autumn — pike
(10.1%) and pike perch (5.5%) had high shares in the total catches.

In the period under review, fishermen used stake nets, throw nets and traps (weels). During the
ice period, mainly stake nets with a mesh space of 50-80 mm were used that provided high shares
in commercial catches of bream (47.1%), pike (16.2%) and pike perch (12.0%) (Fig. 8A). Until 2018,
2—-3brigades of “Kubenskoye Rybzavod” LLC fished from the second half of June until the beginning of
November. They employed throw nets. Along with the harvesting of traditional commercial objects, seine
fishing ensured rather high shares of roach (14.9%) and perch (6.8%) in the catches. Note that seine
fishing is currently ceased because of the “Kubenskoye Rybzavod” bankruptcy (2019).

Amateur fishery

Proximity to the regional center, numerous settlements situated along the shores, and good road
accessibility make lake Kubenskoye one of the most popular water bodies of Vologda Oblast. Over the
past decade, the share of amateur fishery exceeded 30% (or 53 tons per year) of the total catches of the
lake. Here, perch (44.0% of the total) dominated; pike (24.1%) and roach (10.6%) had a high proportion
as well (Fig. 8B). The total number of amateur visitors to lake Kubensky reached 80-120 thousand
people a year. On weekends and holidays, fishing intensity increased. In recent years, during the period
of ice fishing, perch and roach prevailed in the total seasonal catch when using fishing rods (average: 52
and 15%, respectively) and pike fished on baits (8%). The catch per fisherman per visit varied from 0.25
to 5.5 kg (average 1.0-2.5 kg). Single catches up to 7.0-8.5 kg were recorded in March and April. During
open water with fishing on spinning and “track”, the catches mostly consisted of pike (55%) and perch
(26%). When spinning was used, the catch for a fisherman per trip ranged as 0.13-6.7 kg (average
1.0-2.0kg) and if float and bottom rods — from 0.2 to 6.1 kg (average 2.0-3.5 kg).

Table 9. Dynamics of commercial stocks of aquatic biological resources of lake Kubenskoye and their actual development in 2013—
2022; * — industrial and research fisheries.

Year
Indicator Mean
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Cosr[‘orglf“t’ia' 2002 3348 2901 2714 2776 2423 2536 2902 3198 3099 2880

TAC and

RC. t 326 296 281 306 284 392 379 365 433 444 351

Catch*, t 1272 1674 123.6 1915 1244 1354 692 584 941 90.0 118

Development
of TAC and 39.0 566 440 626 438 345 183 16.0 21.7 203 33.7
RC, %

Development
of stock, % 4.4 5.0 4.3 71 4.5 5.6 2.7 2.0 29 2.9 4.1
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Table 10. Stocks of the main commercial fish of lake Kubenskoye and their actual development (average) for 2013—-2022; * — industrial
and research fishing; ** — assessment of silver bream stocks was performed (on average) for 2019-2022.

Indicator
Fish species ; Share of
PO Coppmersal TGS mCorRCor caarv.t SRECPREe Cmcoomen
Bream 1115 111 9.9 55 50.1 5.0
Roach 494 61 12.4 19 31.1 3.9
Perch 460 65 14.1 9 13.5 1.9
Silver bream™* 372 9 2.3 0.9 11.0 0.3
Pike 210 41 19.3 19 46.8 9.0
Pike perch 119 22 18.4 12 57.0 10.5
Ide 103 13 12.7 2 12.4 1.6
Whitefish 7 1 13.9 0.4 36.3 5.1
Others - 29 - 0.4 1.5 -
Total 2880 351 12.2 118 33.7 41

Commercial fish stocks and their development

During the ten-year period under review, the stocks of the main commercial fish species of lake
Kubenskoye varied as 2423-3348 tons (Table 9). From 2019, an almost two-fold decrease in the total
fish catch, TAC and RC was caused by the bankruptcy of the main fishery enterprise — the “Kubensky
Rybzavod” LLC. A trend towards an increase in biomass of commercial fish stocks has been noted
from 2019.

In 2013-2022, the stocks of almost all commercial fish of lake Kubenskoye were poorly exploited
(Table 10). In particular, the development of TAC and RC of the most demanded fish (pikeperch, bream
and pike) was within 50% for each species; and the share of catches from commercial stocks was only
5-11%. Other fish species distinguished by high stocks (roach, perch, silver bream and ide Leuciscus
idus L., 1758) were exploited much worse (0.3 to 3.9% of biomass).

Lake Vozhe

Lake Vozhe, located in the north of the Vologda Oblast, belongs to the basin of the river Onega,
which flows into the White Sea. From northwest to southeast, the lake has an elongated shape and
an indented coastline. The lake area is about 418 km?; the average depth — 1.4—1.8 m; the maximum
depth — 5 m (Gidrologiya ozer.., 1979). There are almost no settlements on its shores; the lake is hard
to access both by land and water transport that strongly hinders the development of fisheries.

Commercial species

The commercial catches in lake Vozhe consisted of 12 fish species. Over the past three decades, three
main species were predominantly harvested in the lake: bream, pike and pike perch, which on average
accounted for almost 90% of the total (Table 11). Other fish species were captured in small amounts as
by-catch. In the second half of the 1990s, smelt and vendace completely disappeared from the catches.

Total catches

Over the past four decades, maximum captures in lake Vozhe were recorded in the 1980s (130 tons
on average per year). Bream and pike fishing (together) accounted for about 78% of the total (Table 11).
In the 1990s, fishing volumes were almost halved. In the catches, pike perch (acclimatized in 1987)
appeared. In the 2000s, the average catch was nearly recovered to the levels of the 1980s. By catches,
pike perch became the second (after bream) in this lake. Since 2010s, the total catches dropped to an
average of 75 tons, and in the last three years — up to 68 tons. This was due to the reorientation of the
fishery from bream to commercially more valuable pike perch.
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Table 11. Long-term dynamics of the total catch of the main commerecial fish of lake Vozhe. Above the line — the average annual catch,
t; under the line — the share of the total catch, %; * — silver bream, smelt, vendace, bleak, ruff.

Fish Years
species 1980s 1990s 2000s 2010s  2020-2022
65 48 68 29 23
Bream 50 62 55 39 34
; 37 14 14 1 9
Pike 28 19 1 15 14
Pike perch - % % % %
A
Burbot % % % % %
4 1 4 1 0.2
Roach 4 1 3 1 03
3 1 2 1 1
Ide 2 1 2 2 1
R TR T TR S
Total 130 76 124 75 68
Industrial fishery

A total of 11 fishing sites covering the area of 309 km?(73.8% of the total lake area) operated on lake
Vozhe. Annually, from 15 (2019) to 8 fishing permits (2022) were issued. Over the past ten years, fishing in
this water body was conducted by four users: “Neptun” LLC, which provided on average 15.1% of the total
fish catch, individual entrepreneurs Lazarev R.S. (45.2%), Sudakov V.A. (34.4%; ceased his operation in
2022) and Shaminin V.A. (5.3%; ceased his activities in 2020). On average, the share of industrial fishery
in lake Vozhe for the period under review made up 82.7% of the total, or approximately 60.8 tons per year.

Around 21.4 tons (35.3% of the total commercial catch) were captured in December (Fig. 9) when
pike perch fishing considerably prevailed (54.1% of the total). At the same time, the share of bream
reached only 26.0% and pike — 15.7%. Maximum catch of aquatic bioresources occurred in autumn
when bream accounted for 44.7% of the total, and the shares of pike perch and pike made up 41.7 and
12.0%, respectively. In the first four months of the year, fish catches in lake Vozhe reached only 22.4%
of the annual catch; in May - July, fishery was almost completely ceased.

In 2013-2022, fishermen largely used two types of tools for industrial fishing, i.e. stake and drift
nets. During the period of ice fishing, as well as in late summer and autumn, fixed nets with a mesh size
of 60—70 mm were mostly set. In autumn (until 2021), entrepreneurs Sudakov V.A. and Lazarev R.S.
fished with drift nets. The use of large-mesh stake and drift nets ensured high shares of pike perch
(43.0%), bream (40.8%) and pike (13.3%) in commercial catches (Fig. 10A).

Amateur fishery

Poor development of amateur fishery at lake Vozhe is explained by its considerable remoteness
from large settlements and poor access ways. Over the past ten years, amateur fishermen captured
on average 12.7 tons per year (only 17.2% of the total catch), where pike perch markedly dominated
(38.0%); pike (21.1%) and perch (21.1%) had also high shares in the catches (Fig. 10B). In view of
modern trends towards large-size species fishing, burbot and roach accounted for 70-80% of the total
annual catch, perch — around 60-70% of its total catch, and ide — approximately 40-50%. Stocks of
ruff and silver bream were developed only by amateurs who used fishing rods and nets for catching
fish for prey during the ice period. The first tool was used for fishing of perch, roach, ruff, bream, silver
bream (on bait), whereas the second — for pike perch, pike, perch, and burbot. The average catch per
fisherman per trip was approximately 2—3 kg. During the ice-free period, amateurs used mainly fishing
and spinning rods. Perch, roach, bream, and ruff were caught on bait, whereas large perch, pike perch
and pike — with a spinning. The catch per fisherman per trip reached on average 4-6 kg of fish.
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Fig. 9. Seasonal dynamics of commercial catches of the main types of aquatic biological resources in lake Vozhe on average for
2013-2022.

Fig. 10. The ratio (%) of the main fish species in commercial (A) and amateur (B) catches in lake Vozhe on average for 2013-2022.
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Commercial fish stocks and their development

In 2013-2022, the stocks of the main commercial fish species of lake Vozhe ranged from 1757 to
2056 tons (Table 12). Starting from 2018, the estimated commercial stocks slightly increased. The total
recommended catch volumes also increased by 1.4 times mainly due to small-size fish (perch, roach
and silver bream) and the fished water method applied for assessing stocks when fishing with stake
nets. The average long-term catches of aquatic biological resources amounted to 61 tons, the total
development of commercial stocks was within 3.2%. Since 2020, we registered the reduced catches
and worse development of commercial fish stocks along with industrial fishery of low intensity.

In 2013-2022, the low-level exploitation of stocks of the main commercial fish of lake Vozhe was
noted (Table 13). In particular, the volumes of TAC of pike perch were developed only by 60%, while
RC of other two commercially demanded species (bream and pike) — by 35% for each. The catches of
all three species amounted to 5-6% of their commercial stocks. The rest fish species with high rates
of commercial stocks (perch, roach, silver bream and ide) were exploited extremely poor (0.01-0.5%).

Table 12. Dynamics of commercial stocks of aquatic biological resources of lake Vozhe and their actual development in 2013-2022;
* — industrial and research fisheries.

Year
Indicator Mean
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Cogorgﬁyrfia' 1808 1873 1890 1757 1816 1844 1951 1992 2045 2056 1903
TACandRC,t 182 162 157 157 146 217 218 216 222 235 191
Catch*, t 633 579 67.6 640 565 588 784 490 640 501 61
?ﬁée;%%mgg,tgj 348 357 4341 408 387 271 360 227 288 213 319

Development of
stock, % 3.5 3.1 3.6 3.6 3.1 32 40 25 31 24 3.2

Table 13. Stocks of the main commercial fish of lake Vozhe and their actual development (on average) for 2013-2022; * — industrial
and research fishing; ** — assessment of stocks of silver bream was performed on average for 2016—2022.

Indicator

Fish species  commercial TAC or TASChgrr?QcC);f of Catch* t Developmentof Development

stock, t RC, t stock, % TAC or RC, % of stock, %

Bream 511 70 13.7 24.8 35.4 4.9
Pike perch 431 44 10.2 26.2 59.6 6.1

Perch 269 17 6.3 0.5 3.0 0.2
Roach 206 11 5.2 0.2 2.1 0.1

Silver bream** 200 7 3.3 0.02 0.3 0.01

Pike 139 22 15.9 8.1 36.7 5.8

Ide 146 9 6.3 0.7 8.0 0.5
Others - 12 - 0.4 3.1 -

Total 1903 191 10.0 61 31.9 3.2
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Lake Onega (within Vologda Oblast)

The southeastern part of lake Onega (with its water area of about 1258 km? and average depths
of 20.4 m) is located within the boundaries of Vologda Oblast (Borisov and Tropin, 2018). Its relative
shallowness and the presence of small lakes connected with large tributaries ensure high fish productivity
and lake’s demand for fishing.

Commercial species

In commercial catches (in the Vologda part of lake Onega), 15 fish species were registered, among
which four cold-water species noticeably dominated in the period under review: European smelt,
vendace, burbot and whitefish provided over 90% of the total catch (Table 14). In the past decade,
whitefish almost disappeared, and the role of vendace and burbot in the lake fishery greatly decreased.

Total catches

For the forty-year period under consideration, maximum fish catches in lake Onega were recorded
in the 1980s when on average 689 tons were captured per year (Table 14). In the 1990s, officially
registered amounts dropped to 390 tons, however, in the 2000s, they increased to 430 tons. Since
2010, fishery in the reservoir was mainly focused on European smelt, which provided about 92% of the
total catch. A major accident with the oil tanker occurred in November 2007 at spawning vendace sites
(Konovalov et al., 2014) violated the conditions for spawning and feeding of most commercial fish and
could make a negative effect on other fish species as well.

Industrial fishery

For industrial fishery on lake Onega (within the boundaries of Vologda Oblast), 13 fishing sites with
an area of 1134 km?, or 90.2% of the total area of the lake were created. Annually, the users of aquatic
biological resources got from 49 (2019) to 13 fishing permits (2022). Long-term fishing in the reservoir
was conducted by two users: “Onezhsky” LLC, which annually provided on average 87.3% of the total
catch, and Fishing Artel “Prionezhye” LLC (12.6%), which operated till 2020. In 2019-2022, the farm
head Erofeev V.A. and CJSC “ART-FISH LLC” (in 2020) made insignificant catches. On average, over a
ten-year period, the share of industrial fishery in lake Onega accounted for about 97.7% of the total, or
approximately 218.6 tons per year.

Table 14. Long-term dynamics of the total catch of the main commercial fish of lake Onega (Vologda Oblast). Above the line — the
average annual catch, t; under the line — the share of the total catch, %; * — lake salmon, lake char, lake trout, pike, roach, ruff,
banstickle, ide, unidentified small-size fish.

. . Years
Fish species
1980s 1990s 2000s 2010s  2020-2022
435 269 315 204 218
Smelt 63 68 73 92 92
108 30 84 7 4
Vendace 16 9 20 3 3
49 39 10 3 2
Burbot 7 10 2 1 1
Whitefish 5 7 2 0.2 02
" 6 6 2 2
Bream 2 2 1 1 1
; 4 1 1 1 2
Pike perch 1 0.4 0.2 0.4 1
3 1 2 2 1
Perch 05 0.4 1 1 1
. 46 18 3 2 2
Others 7 4 y y 1
Total 689 390 430 221 230
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About 210.3 tons (96.2% of the total catch) in the lake were captured in May. This was due to
European smelt fishing - the main commercial fish (Fig. 11). Due to spawning vendace, the total catch
in October and November ranged as 1.3-3.4 tons that was much higher than in the rest months of the
year (within 1 ton).

For fishing in lake Onega, state nets, fixed nets and traps, as well as throw nets and set lines were
used. In recent years, only stake nets were employed for smelt and vendace fishing, as well as few in
number fixed nets for other species. On average, the share of smelt made up approximately 95.2% of
the total catches. The shares of vendace and other fish species were equal (1.8% and 3%, respectively)
(Fig. 12A).

Amateur fishery

Amateur fishery on lake Onega (within the considered boundaries) is poorly developed because of
remoteness of the lake from large settlements. Therefore, the local population mostly fish on the inflowing
rivers, the Onega Bypass Canal and the adjacent small lakes. For the ten-year period under review,
amateur fishermen captured only 2.3% of the total recorded catches in the reservoir, or an average of
5.2 tons per year. In amateur catches of lake Onega and its tributaries, predatory fish dominated, i.e.
pike (34.0% of the total), perch (26.7%), pike perch (19.5%) and burbot (11.5%) (Fig. 12B). The average
catch per fisherman per trip was 0.5-1.5 kg. In recent years, poaching of the species listed in the Red
Book of the Russian Federation? (e.g. lake salmon Salmo salar L., 1758 and common trout Salmo trutta
L., 1758) has happened. In 20162020, the transport police confiscated 29 illegally caught (by trolling)
specimens of salmon in the considered sections of lake Onega.

Fig. 11. Seasonal dynamics of commercial catches of the main types of aquatic biological resources in lake Onega on average for
2013-2022.

2 Order of the Ministry of Natural Resources of Russia dated March 24, 2020 No. 162 “On approval of the List of fauna objects
listed in the Red Book of the Russian Federation”.
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Fig. 12. The ratio (%) of the main fish species in commercial (A) and amateur (B) catches in lake Onega on average for 2013-2022.

Conclusion

The total annual catch of aquatic biological resources in water bodies of Vologda Oblast in 2013—
2022 averaged 1627 tons, including lake Beloye — 703, the Rybinsk reservoir — 328, lake Onega — 222,
lake Kubenskoye — 171, the Sheksna reservoir — 129, and lake Vozhe — 74 tons. After significant decline
in the 2000s, the total fish captures in lake Beloye almost recovered. A change of dominant species in
the catches, and an increase in volumes of bream, sabrefish, Volga zander and small-size fish were
recorded. In large lakes Kubenskoye and Vozhe, the total catches tended to reduce over the past two
decades due to socio-economic situation and falling fishery profitability. In the snaggy river part of the
Sheksna Reservoir, the catch volumes remained relatively constant, but their probable growth was
hampered by numerous flooded trees and shrubs present in the water. Most valuable commercial fish
species, the stocks of which ensured mass production (bream in lakes Beloye, Kubenskoye, and the
Sheksna Reservoir, zope and bream - in the Rybinsk Reservoir, bream and pike perch — in lake Vozhe,
European smelt — in lake Onega) dominated in all captures. In almost all water bodies, the most in-
tensive fishing was observed during the ice period. In lakes Beloye, Kubenskoye and Vozhe, almost
a quarter of the annual amount was fished in December, while in lake Onega (over 96% of the annual
catch) —in May due to captured pre-spawning assemblages of European smelt. In 2013-2022, the best
development of total allowable catches and recommended catch volumes was observed on lake Beloye
(average: 59.7%). In the rest important fishery reservoirs of the region, these indicators were almost 2
times less: in lake Kubenskoye — 33.7%, in lake Vozhe — 31.9%, and in the Sheksna reservoir — 25.8%.
In general, this indicates a moderate impact of fisheries on the stocks of the main aquatic biological
resources of lake Beloye and low — of lakes Kubenskoye and Vozhe, including the Sheksna reservoir.
Thus, modern fishery insignificantly affects the long-term dynamics of commercial fish stocks in the
Sheksna reservoir, in lakes Kubenskoye and Vozhe.
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