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The analysis of the current state of roach, straw, bream zander and silver bream
populations of the Zaporizhzhya (Dnipro) reservoir was carried out and the size of the
admissible industrial extraction of these fish species in 2018 was determined due to the
determination of reasonable limits. In the course of the work, the generalized results of
ichthyological studies in the water area of the Zaporizhzhya (Dnipro) reservoir during
2010-2017 were used. The basic biological indicators of these fish species were deter-
mined, the age and sex structure of the populations were determined, and the values of
the industrial reserve were calculated. Basing on the obtained data, the coefficients of
natural, industrial and total mortality were determined. The values of the limits of indus-
trial catch of experimental species of fish are calculated
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Formulation of the problem. The formation of industrial ichthyofauna
is characterized by a certain dynamics, which gives grounds for predicting
future catches. But in the complex reservoirs, which are under the influence of
anthropogenic pressure, destabilization of the ecosystem and unforeseen ich-
thyological successions occurs, leading to a decrease in industrial stocks of fish.
One way to control the number of industrial populations is the long-term sea-
sonal monitoring and ichthyological research, which underlies the biological
justification of fishing in the internal waters of the country [1, 2

Nature management in internal waters, which is realized through indus-
trial catch of fish, should have a rational ground, which is realized through meas-
ures to preserve and increase the industrial stocks of fish in the Zaporizhzhya
(Dnipro) reservoir by forecasting and limiting the catches of certain fish species.

Analysis of recent research and publications, problem statement. At
the present stage, due to uncontrolled human activities (excessive selective fishin
of older age groups of fish, non-observance of the rules of industrial and amateur
fishing, etc.), as well as regulation of river flow and global warming (increased
water temperature, increased mineralization, increased area of shallow water with
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high sedimentation and overgrown aquatic vegetation) in the Zaporizhzhya (Dni-
pro) reservoir there is a steady dynamics to the increase of low-value short-cycle
species of fish and depletion of the species diversity of industrial species [2, 3].
This also contributes to the fall of the number of predators; the level of reproduc-
tion of their populations is at a catastrophically low level.

The results of previous long-term ichthyological and hydroecological stud-
ies indicate that the fish-productive potential of the Zaporizhzhya (Dnipro) reser-
voir is used irrationally, which is reflected in low rates of industrial catches [1-4].

In accordance with the requirements of the current legislation of Ukraine,
species, which state may be assessed as unsatisfactory or intensively exploited
are subjected to mandatory limitation. In the Zaporizhzhya (Dnipro) reservoir,
the catch limit is set for four types of fish: roach, bream, zander and silver bream.

In this regard, the purpose of the work was to carry out a comprehensive
assessment of the status of populations of industrial fish species of the Zapor-
izhzhya (Dnipro) reservoir, which catches are limited, for further development
of measures to rationalize their industrial use.

Materials and methods. The research was carried out by order of the
Institute of Fisheries of the National Academy of Sciences of Ukraine by the
staff of the Oles Honchar Dnipro National University, along with collaborators:
private enterprises "RINa", "Foroschuk V.V." and Borisfen-2010 LLC. Control
catches were carried out on the basis of permits issued by the Office for the Pro-
tection, Use and Reproduction of Water Bioresources and Fishing Regulation
in the Dnipropetrovsk Region. The research was conducted on two control and
monitoring points located in the Samara Bay and the lower part of the Zapor-
izhzhya (Dnipro) Reservoir (Voyskove Village). The catches were carried out by
standard fish stakes with an angle of 30-120 mm

The object of the study was four species of fish, the catches of which
in the Zaporizhzhya (Dnipro) reservoir are subjected to the determination of
annual limits for catching: roach, bream, zander and silver bream.

The biological analysis of fish was carried out in accordance with the
classical ichthyological methods [5—8] according to the following parameters:
standard and absolute body length, individual weight, sex, Fulton coefficient
of fattening. Age of fish was determined according to standard ichthyological
methods of V.L. Bruzgina [9] and L.I. Chugunova [10]. Parameters of fishing in
reservoirs were determined by the methods of P.V. Tyurin [11].

Fish fries were caught in the third decade of July until the first decade
of August in shallow waters at standard checkpoints. The catching gear was a
fingering trawl of 10 m in length, with a 2 mm mesh size. The relative number
of young fish was accepted as the number of yearlings per 100 square meters
of catching area. Species of yearlings were determined by A.F. Koblitskaya
(8,12, 13].

66



BodwHi Giopecypcu ma akeakynemypa

Statistical processing of the material was carried out using the computer
program STATISTICA 6.0.

Results of research and their discussion. Some researchers note the
mandatory limitation of catches of certain resource species, which is associated
with the degree of industrial use and the dynamics of stocks. Thus, for all reser-
voirs of the Dnieper there are obligatory limitation for bream, zander, roach and
silver bream [4, 14-16].

In 2017, at the Zaporizhzhya (Dnipro) reservoir, the research catches in
the spring period were conducted in full. Hydrological and temperature condi-
tions of spawning were satisfactory. The displacement of the terms of spawning
for 3—4 days was noted, due to the protracted and cold spring, but this did not
affect the intensity of spawning or its failure. The analysis of catches of fishing
gears at the rate of 100 net days of the control kernel for certain species is stable,
fluctuating within the limits of indicators for 2014-2016 years, and corresponds
to a multi-yearly weighted average. The species composition of the ichtyofauna
was represented by species typical for the reservoir. The analysis of age groups
and dimensional and weight series does not give grounds for reducing the size
of industrial stocks.

The roach (Rutilus rutilus Linnaeus, 1758). The average annual catch
of roach from 2006 to 2016 reached 144.34 tons. For the last 10 years, the mini-
mum catch of 118 tons was in 2013; the maximum one was in 2009 and reached
167.9 tons. The roach catches in 2016 amounted to 165.03 tons (Table 1).

The age structure of the population of roach had 11 age groups, from
3 (0.95 %) to 12 years (0.95 %). By gender, age groups were distributed as
follows: females of 3-12 years old, males of 3—11 years old. The core of the
roach population was 4-6 years old individuals — 80.9 %. The average industrial
length of roach individuals was kept at the level of 2015-2016 and amounted
to 21.8+0.6 cm, the weight was 222.9+12.9 g, and in females the linear and
weighted indices were higher respectively by 9 % and 24 %. As in previous
years, it is noted that the individuals caught in the Samara Bay of Zaporizhzhya
(Dnipro) reservoir were significantly slower in the growth and were character-
ized by a significant strainability due to the tense ecological state of the ba .

The reproductive core of the roach population was individuals aged
4-6 years. In the spawning population among the females, 5—6-year-olds were
dominant, among males the 4-5-year-olds.

The Fulton fattening factor was 2.11+0.04, that is, the roach fattening
was practically the same as in previous years. The fattening and fatness ratio
(3—4 points) indicates favorable feeding conditions for this species of fish

In 2017, in comparison with 2015, the number of roach in catches of con-
trol grids in the Zaporizhzhya (Dnipro) reservoir increased by almost 19 % and
amounted to 10846 individuals (2419 kg) per 100 net days. In 2016, there were
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7788 individuals. (1659 kg) per 100 net days of control gear, which is less by
15 % than biomass in 2015.

In 2018, we can expect a slight increase in the size of the population of
roach, since the 2011 generation was quite productive in comparison with the
previous two years, the number of yearlings reached 196 per 100 m2. In 2012,
the number of yearlings in the coastal areas was 125.85 per 100 m2. In 2013, the
number of roach yearlings in the littoral of reservoir reached 50.68 per 100 square
meters, and the number of two-year-olds was 177.39 per 100 square meters. In
2014, the number of roach yearlings in the littoral of reservoir reached 42.15 per
100 square meters, and the number of two-year-olds was 84.11 per 100 square
meters. Thus, basing on the results of the analysis of the control of the fish stakes
and the results of small-scale fishing, it can be assumed concerning the moderate
catch of older age groups on the background of sufficient replenishment, which
compensates for the industrial withdrawal of this species.

As in previous years, the main catch of roach was observed for nets with a
mesh size of 36—40 mm and amounted to 74 % of the total volume. In the large-
mesh grid, the roach hit one-on-one — 1.2 %. According to the indicators of age
and size and weight structure of the industrial roach population, the magnitude
of industrial replenishment, it can be assumed that the state of the industrial
roach population is at a fairly stable level.

Taking into account the natural coefficient (0.26) and total mortality
(43.8 %), the magnitude of replenishment and industrial activity, the roach stock
in the Zaporizhzhya (Dnipro) reservoir for 2018 was estimated at 1050 tons. The
assimilation of the limits in previous years was at the level of 72-82 %. With
an optimal catch of about 25 %, we recommend setting a roach catch limit of
210 tons (Table 1).

Bream (Abramis brama Linnaeus, 1758). The analysis of the dynam-
ics of industrial catches shows that during 2006-2016 the catch of the bream
is fairly stable and remains at the level of 50-67 tons. In 2015, the industrial
harvesting of the bream reached 66.58 tons, which is 78.3 % of the established
limit (Table 1).

The age structure of the bream is represented by 14 classes; the maxi-
mum age in catches was 16 years (0.4 %). The number of age classes in the
fishery is at level 12. The core of the population of the bream was individuals
aged from 5 to 10 years (92.3 % in the fishery). The static series of the bream
had the appearance of a curve with a sufficiently broad vertex for individuals
aged 57 years and a smooth recession (from 8 to 11 years) with a subsequent
gradual decrease in the number of individuals of older age groups. Taking into
account the dynamics of catching the bream at 100 net days of the control order,
this distribution is due to an increase in the number of modal senior age groups,
which are under the main industrial load.
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The minimum age groups involved in spawning were in females, 4 years
old — 12.4 %, in males 3 years old — 2.3 %. The reproductive core of the popu-
lation was 4—8 years old fis — 82 %.

The industrial length of individuals according to the data of research fishin
was 34.44+0.98 cm; the average weight was 1043.28+86.56 g, which is almost
consistent with the figures for 2014-2016. The fluctuation of the minimum and
maximum values by weight in the bream was between 260 and 3730 g.

Medium-term values of the Fulton fattening factor over the last ten years
are characterized by stability and amount to an average of 2.4+0.05 units.

On average, in 2017, a catch per the 100 net days of control orders
amounted to 961 ind. (1002.5 kg), in 2016 — 859 ind. (1003 kg), in 2015 —
994.5 ind. (962.9 kg), in 2014 this indicator was 1008.3 (1050.6 kg). The last
five years there is a slight variation of this indicator in the range of 30-50 kg,
which indicates a fairly stable state of the industrial bream population.

Approximately 52 % by number (and 64 % by biomass) catches of
bream fell into nets with a mesh size of 75-80 mm. During the last seven years,
there is a clear tendency to reducing the catches by small-mesh nets with a step
a = 30—40 mm, which accounted for 13.2 % of the total catch. Catching bream
by nets with a step a = 55-70 mm, that is, those generations that will form the
basis of fishing in 2018 reached 37 %, indicating that the industrial core is suf-
ficiently replenished

In 2018, the bream stock will be formed by generations of 2011, 2012,
2013, 2014, which were marked as unproductive — 7.7, 2.38, 0.75 and 4.32 per
100 m?, respectively.

The catch limit for catching the bream in recent years is kept at the level
of 70-90 %, in 2015 it was 76.3 %, in 2016 it was 78.3 %. Taking into account
the coefficient of natural mortality (0.19), catch rate (0.26), the number of indi-
viduals of older age groups, the stock of bream is estimated at 440 tons today.
Because of the low youth replenishment rates, it is advisable to set the catch
limit for the bream in 2018 not higher than 25 % of the total stock — 110 tons.

Zander (Stizostedion lucioperca Linnaeus, 1758). The industrial catches
of zander in the Zaporizhzhya (Dnipro) reservoir during 2006-2016 are charac-
terized by considerable instability and rather low indicators. The catches of this
species range from 5.4 tons (2014 figure) to 13.0 tons (2016), which is the result
of an overcatch in 2002, after which its catches dropped sharply. The dynamics
of industrial catches of zander during the last two years indicates a positive
trend and stable development, 81 % of the limit (Table 1).

The age range of zander in control catches had 13 classes (3—14 years
old). The core of the industrial population consisted of 4—7 year old individuals
(88.4 %). The share of elderly fish in the main was represented by 8—14-year-olds
and was 4.9 %. In the population of zander there is an increase in the proportion
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of 3-year-old individuals, indicating its rejuvenation. The curve of the static series
has a peak in four-year-olds, then in fewer five-year periods, and a gradual decline
in curvature since the six-year period was observed. In the current year, the ten-
dency to significant rejuvenation of the zander is also observed, which is caused
by the reduction of the right wing of the static series due to the low number of
senior-age individuals in catches. Although there is a slight increase in the average
age of fish, in 2017 this figure reached 5.04, in 2016 — 4.4 years, and in 2015 it
was 3.85 years. Thus, it is possible to note the decisive influence of natural replen-
ishment on structural indicators of the zander population covered by the fisher .

The industrial length of individuals of zander from control nets ranged
from 19 to 87 cm, and the average length of industrial length reached 39.99+1.43
cm. The minimum mass of individuals found in fishing gear ranged from 200
g at three years old fish, maximum at 14 years old fish reached 5.38 kg. The
average weight of zander was 1053.6+130.9 g. The Fulton fattening factor was
at the level of previous years and was 1.9+0.25.

In 2015, on 100 net days of the control order, zander on average in the
Zaporizhzhya (Dnipro) reservoir was 287.5 kg, which is 37 kg higher than in
2014. In 2016, catches on 100 net days of control orders amounted to 239 kg
(364 ind.), which is 16.8 % less than last year. In the spring of 2017, catches per
100 100 net days of control orders amounted to 708.5 kg (672 ind.), which is the
highest figure in the last 10 years

Catches of zander in current year by number and biomass is based on grids
with a mesh @ = 40-50 mm — 61 %. In the grids, with the mesh a = 30-36 mm in
2017, the percentage decrease was observed from 34.8% (2016) to 30.4 % (2017).
In the Samara Bay, on a grid with a mesh of 30-32 mm there are about 38 % of the
total catch of zander, which is caused by sufficient stiftness of individuals caused
by the hydroecological conditions of the bay and anthropogenic loading.

The current stock of zander is provided by generations 2012, 2013 and
2014. The number of yearlings in this period was respectively 0.44, 0.54 and
1.23 ind./100 m?. The low number of zander was observed in 2010 and 2011 and
amounted to 0.10-0.11 ind./100 m? for each year; in 2012 and 2013, the num-
ber of two-year-olds in shallow waters of the Zaporizhzhya (Dnipro) reservoir
reached 1.22 and 1.5 ind./100 m?. In 2014, the number of two-year-old zander
in the littoral reached 0.98 ind./100 m?.

Thus, taking into account the coefficient of natural mortality (0.26), the catch
rate (0.27), the increase in the indicator of industrial activity, the stock of zander
in the Zaporizhzhya (Dnipro) reservoir can be estimated at 124 tons. The recom-
mended limit for catching pike perch in 2018 should not exceed 20 tons (Table 1).

As in previous years, there is a significant negative impact on the zander
population on the part of fishermen who, in large numbers, catch individuals of
under-sized sizes.
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Silver bream (Blicca bjoerkna Linnaeus, 1758). For the last 10 years,
the volume of its extraction is kept at the level of 40-64 tons (up to 10 % in total
catches). In 2016, the development of the quota was 86.5 %. Silver bream catches
are based mainly on individuals aged 4-5 years. In control catches, silver bream are
represented by 9 industrial groups, from 3 (0.7 %) to 11 (0.7 %) years. The static
series of age indices of silver bream has the appearance of a not symmetric curve
with a peak on 4-year-old specimens, as well as a displacement of a row in the
right wing due to the catch of 7-11 year old individuals. The increase in catches in
the number of individuals of older age groups created conditions for increasing the
average age of industrial individuals from 4.7 years (2016) to 5.15 (2017).

The average linear and weight indicators were: industrial length was
17.93+0.50, weight was 157.96+16.84 g. The value of linear and weight indica-
tors almost remained at the level of the past years. The average linear and weight
indicators of industrial individuals for almost 10 years are kept almost equal.
Females were oppressed in the growth of males by 21 %. In the Samara Bay,
individuals of the silver bream were significantly stunted, so it is recommended
to remove them with fine-meshed stacked nets

The fattening factor was quite high and reached 2.20+0.17. Stable linear
and weight indicators and fattening factors indicate favorable feeding condi-
tions for this species of fish

The research quota for catching silver bream in 2017 was determined
as 96.7 %. In 2017, catches of silver bream per 100 net days of the control
order of stack nets reached 1332 ind. (210.5 kg), which is 60 % higher than last
year's figures. In 2016, catches of silver bream per 100 net days were 653 ind.
(126.8 kg), which is 3 % by number and 9.5 % by biomass lower than in 2015,
670 ind. (140.1 kg). The main catch, as in the previous year, fell on the net with
mesh size a=30—40 mm (78 % by number and 65.4 % by biomass).

The core of the industrial flock of silver bream was the generation of indi-
viduals of 2013 and 2014. The number of yearlings of these years was low and
was at the level of 0.3 and 1.52 ind./100 m2.

Taking into account the natural coefficient (0.23) and total mortality
(44.6 %), the silver bream stock is estimated at 360 tons, taking into account
optimal fishing (25 % of the stock), and given the significant increase in the
cathes of the species by 100 net days of the control order, we recommend to set
the limit for the catch of silver bream in 2018 in the amount of 90 tons (Table 1).

Some specialists note the mandatory limitation of catches of certain
resource species, which is related to the degree of industrial use and the dynam-
ics of stocks. Thus, in all reservoirs of the Dnieper, bream, zander, roach and
silver bream are subjected to mandatory limitation.

Conclusions and perspectives of further research. The rational use of
the industrial ichtyofauna of internal reservoirs is possible in the implementa-
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tion of the basics of forecasting and limiting the catches of certain species of
fish. For the Zaporizhzhya (Dnipro) reservoir it is expedient to set limits for the
catches of four species of fish: roach, bream, zander and silver bream

According to the results of comprehensive ichthyological studies, the
catch limits for industrial fish species in the Zaporizhzhya (Dnipro) reservoir
for 2018 are set at the next levels: 210 tons for roach, 110 tons for bream, 20 tons
for zander and 90 tons for silver bream.

The prospect of the research carried out is to develop approaches and
implement the principles of rational nature management using water biore-
sources, while preserving the reproductive potential of industrial fish species
under the conditions of fishing in the Zaporizhzhya (Dnipro) reservoi .

BCTAHOBJIEHHA NIMITIB BUJ1OBY MNJITKW,
JIAWA, CYOAKA TA CA3AHA Y 3AMNOPI3bKOMY
(AHINPOBCbKOMY) BOAOCXOBMULLI HA 2018 PIK

®Deoonenxo O.B. — 0okmop 6ion. Hayk, npog., Mapenkoe O.M. — kano. 6ion. HayK,
Juinposcoxuil nayionanvuutl yuigepcumem imerni Onecsa Ionuapa, m. JJHinpo

[IpoBeneHo aHami3 Cy4acHOTO CTaHy MOMYJBIIIN TITITKH, JIAIIa, Cyldaka Ta
IUIOCKUPKH 3aropi3bkoro (J{HIMPOBCHKOTO) BOMOCXOBHUINA Ta BHU3HAYCHO BEIHUHHY
JIOITYCTHMOT'O TIPOMHCIIOBOTO BHJIy4€HHs JaHuX BuaiB pu0 B 2018 poui uepes Bcra-
HOBJICHHSI OOIPYHTOBAaHHUX JIMITIB. B X0ai poO0OTH BHKOPHCTOBYBAJIMCS y3arajbHEHI
PE3yNbTaTH IXTIONOTIYHUX JOCHIHKEHB, IO IMPOBOIIIIMACS Ha aKBaTOPii 3amopi3pKoro
(Auinposceroro) Bomocxoumia npotsarom 2010-2017 pp. BeranoBneno ocHOBHi 0io-
JIOT1YHI MIOKAa3HUKH TaHUX BHJIIB pHO, BU3HAYEHA BIKOBA Ta CTAaTeBa CTPYKTypa MOIYJIsi-
Wi, po3paxoBaHi BEIMUYNHN IPOMHCIIOBOTO 3amnacy. Ha mizicraBi oTpuMaHuX JaHUX BH-
3HAUEHO Koe(illieHTH IPUPOIHOI, TPOMHUCIIOBO] Ta 3arajibHOT cMepTHOCTI. Po3paxoBano
BEJIMYUHH JTIMITiB IPOMHCIOBOTO BIUTYUCHHSI JOCIITHUX BUIIB PHO.

KirtouoBi cnoBa: mimith, 3amopizbke ([IHITpOBCEKE) BOMOCXOBHINE, MPOMHUCEIT
pudu, cymak, IUIOCKUPKA, TUTITKA, JISII.

YCTAHOBJIEHUE JINMUTOB BblJIOBA INJIOTBbI,
JIEWWA, CYAAKA U CA3AHA B 3AMNOPOXXCKOM
(AHEMNPOBCKOM) BOOAOXPAHWIIULLE HA 2018 roA

@eoonenxo E.B. — dokmop ouon. Hayk, npogh., Mapenroe O.H. — kano. 6uon. Hayx,
Hnenposckuii Hayuonanvhwill ynusepcumem umernu Onecs Ionuapa

[TpoBeneH aHamU3 COBPEMEHHOTO COCTOSTHUS MOMYJISIINN TUIOTBBI, JIela, Cy/laka
U TycTepbl 3anopoxckoro (/IHempoBCKOro) BOAOXPAaHWINIIA U ONPECNIUTh BETUUUHY
JIOITyCTUMOTO TIPOMBICIIOBOTO U3bSITHS JaHHBIX BUIOB pri0 B 2018 romy myrem ycra-
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HOBIICHHS OOOCHOBAaHHBIX JHMHTOB. B Xome paboTHI HCIIONB30BANNCH 0OOOIICHHBIC
PE3yNBTaThl NXTHOJIOTHUYECKUX MCCIEOBAHUH, MPOBOAUBINKXCS B TeueHne 2010-2017
I'T. YCTaHOBJICHBI OCHOBHBIC OHOJOIMYCCKUE TIOKA3ATE/IHM JaHHBIX BHIOB PhIO, Ompe/e-
JICHHA BO3pacTHAasl U I10JI0BAsl CTPYKTypa MOIYJIALMA U PACCUUTAHBI BEJIUYMHBI IIPO-
MBICIOBOTO 3amaca. Ha 0OCHOBaHUY MMOJYYCHHBIX JIAHHBIX OMPEICICHBI KO3()(OUICHTHI
€CTECTBEHHOM, TPOMBICIIOBO U 00IIei CMepTHOCTH. PaccunTanbl BETNYHUHBI TUMUTOB
[IPOMBICJIOBOT'O BBLIIOBA UCCIIEAYEMBIX BUJIOB PhIO.

KiroueBsie cnoBa: JTUMHTHI, 3amopokckoe (/[HempoBckoe) BOIOXpaHMIIHIIE,

HPOMBICEI PBIO, CylaK, TycTepa, IIOTBa, JISIL.
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