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ABSTRACT

Problem stastment. Recently, throughout the world there has been increased interest in the
study of natural objects that occupy a special place on the earth’s surface — the estuaries of
rivers and their constituent parts — deltas. The estuary area of the Danube, which belongs
to the category of specific natural objects and occupies a special place on the European
continent, is considered in this study. The modern anthropogenic load on this geographical
object requires a scientifically based assessment of its state. One of the assessment
indicators proposed is the meiofauna diversity of the estuarine region, which clearly responds
to the variability of environmental conditions. The results of this study will contribute to a better
understanding of the processes occurring in the coastal zone, which will make it possible to
achieve Sustainable Development Goal #14 — Life Below Water, aimed at conserve and
sustainably use the oceans, seas and marine resources for sustainable development.
Purpose. The object of research is the river mouth area. The subject is the variability of the
characteristics of natural conditions and components of biological populations with the aim of
searching and possibly establishing their patterns.

Methods. A systematic approach was chosen as a methodology, which is based on
considering an object as a system — a set of interacting objects, associated processes
of water dynamics, seasonal season’s variability of sinoptic prcosessis, the intensity of
development of biological objects, etc.

Results. The reaction of biological organisms, using the example of meiobenos, to
anthropogenic impact in areas of dredging, dumping of bottom sediments, background
water areas and the natural influence of river flow and seasonal temperature fluctuations
is considered. It has been established that meiobenthos indicators experience significant
fluctuations in density and biomass not only depending on the location of the study areas,
but depend on the season of the year, so in the spring the average density during the
study period of meiobenthos was 104897+15243.0 ind./m2. In summer, density indicators
almost double, averaging 253077+87606.7 ind./m2. In autumn they decrease on average to
132155+4837.3 ind./m2.

Conclusion. Using the classification of ecological quality (EcoQ), based on the meiobenthic
richness (S) variable, the studied water area falls into a status from poor (Poor) in the
spring to satisfactory (Moderate) in the summer and autumn. The variability of the studied
characteristics (total meiobenthic density) depending on temperature shows the coincidence
of a pronounced maximum of meiobenthos development in the summer.
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Introduction

Recently, throughout the world there has
been increased interest in the study of specific
natural objects that occupy a special place on the
earth’s surface — the estuaries of rivers and their
constituent parts — deltas. The economic use of
the rich land, water and biological resources of
river mouths is expanding by various sectors of
the national economy gravitating towards them.
This is, first of all, agriculture (grain farming and
the production of vegetable and industrial crops
on fertile and deltaic lands, especially in warm
climates); river and sea water transport, using
the favorable position of river mouths at the
intersection of waterways from seas to the interior
of continents and vice versa — from rivers to seas,
and port construction, fisheries (river mouths are
places of spawning, feeding and migration of many
valuable species of fish). In addition, river mouths
are used by hydropower (construction of tidal
power plants), public utilities (water supply to
large port and industrial centers and settlements
located at river mouths), pulp industry (reed
extraction and processing), recreation, tourism,
hunting, etc. [1].

At the same time, it is obvious that the
modern anthropogenic load on this geographical
object requires a scientifically based assessment,
conservation and sustainable development from
the point of view of the World Heritage ecosystem.
One of the criteria proposed is the meiobenthos
of the estuarine region, which clearly responds
to the variability of environmental conditions.
In addition, it is important to clarify at the
preliminary stage of research the priority of
anthropogenic and natural influences. This thesis
is proposed to be highlighted as the purpose
of the study. The object of investigation is the
branch region of the Danube delta, and the
subject of investigation is the daily changes in the
characteristics of the medium and components of
the biological populations of the branch region of
the Danube under the influx of anthropogenic and
natural factors.

A specific ecological component of benthic
communities is the meiobenthos (meiofauna),
which consists of protist and metazoan organisms
smaller than 0.5 mm but being retained on a
63 um mesh [2]. Meiobenthic nematodes are
the most diverse and numerically dominant
metazoans among-in the marine environment
[3-5]. Nematodes due to specific biological
characteristics (high productivity, short life cycles)
quickly respond to environmental changes by
reducing species diversity, increasing abundance
and decreasing biomass [6, 7]. Meiobenthos
is also able to be the first of the zoobenthos
to restore its populations [8-12]. Biological
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indicators are considered more significant for
assessing environmental quality than with only
one physicochemical or abiotic variables [13]. The
Water Framework Directive (WFD, 2000/60 / EC)
and the Marine Strategy Framework Directive
(MSFD, 2008/56 / EC) established the concept
of Ecological Quality status (EcoQ) as a way to
assess the biological quality of aquatic habitats.
EcoQ status is based on the composition of several
biological elements and organisms, and among
these, meiobenthos and nematode communities
may be used as possible tools to determine the
EcoQ of the marine sediments [14-20].

The bottom ecosystems of the Odessa Gulf, the
Danube coastal zone and with Zhebriyanskaya
Bay including, as the part of it, are experiencing
strong anthropogenic impacts [21-24].

The formation of meiobenthos in this area
can be influenced not only by the large natural
variability along the estuarine gradient (for
example, the type and dynamics of sediments, the
availability of oxygen, temperature and flow rate),
but also by anthropogenic impact (for example,
dredging and dumping).

Research Methods

To solve the set goals and objectives, the
following methods and approaches were used: a
systematic approach, a synergetic approach, an
expeditionary method and analytical research
methods. A systematic approach, which is based
on considering an object as a system — a set of
interacting objects, associated processes of water
dynamics, seasonal synoptic variability, the
intensity of development of biological objects,
etc. The generalized comprehensive definition of
the river mouth area should reflect the location,
features of natural conditions and the processes
that form them. The environmental conditions
and biota in the mouth area of the Danube, where
hydraulic engineering work is being carried out
at the mouth of the Bistry branch, in particular,
dredging and dumping of extracted soil into a
designated dumping area, are considered. A
station where the environmental characteristics
are a priorl not subject to anthropogenic impact
from hydraulic engineering construction during
the current observation period from 2016 to 2021
was selected as background values later, research
was not possible. The selection and sorting of data
was carried out taking into account the availability
of actual measurements and their optimization in
general. An assessment of statistical significance
was performed. In Figure 1 shows a diagram of
the stations whose data were used in the work.

The area is divided into three conditional sites:
directly in the sites of dredging (Bystry branch)
(depths 3—-7 m), dumping (storage of sediment)
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(depths 8-13 m) and in water areas remote from was brought to 100 cm?® with distilled water
dredging and dumping, which can be considered with the addition of 4% formalin and the “Rosa

as background where the impact of

dredging operations is presumably 456
minimal (depths from 6 to 26 m).

It 1s 1mpossible to give a
comprehensive definition of
the river mouth area from the
standpoint of any one discipline
as a complex geographical
complex. To date, the functional
role of river mouths in the global
process of interaction between
land and ocean waters has also
been little studied. An analysis
of the seasonal dynamics of the
taxonomic composition, abundance
and biomass of the meiobenthos
complex in the research region
under the influence of the operation
of agricultural agriculture was
carried out on material collected
in different seasons for the
period 2016-2021. A total of
117 meiobenthos samples were
processed and analyzed.
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For the collection of
meiobenthos samples, a Petersen
bottom grab with an opening
area of 0.25 m? was used. At each
station, depending on the type
of substrate from the monolith
brought by the grab, a quantitative sample was
taken with a frame of 10x10 cm with a depth of 5
cm into the ground. Then the meiobenthos sample
was washed through a system of benthic sieves
with a mesh size of 1 mm, 0.250 mm, 0.100 mm.
To capture the meiofauna, a nylon mill sieves
with a mesh size of 64 um was placed on the
lower sieve. A clot of suspension with organisms
from the sediment was sorted by flotation and
transferred to a container, the sample volume

29,5

i i
29,6 29,7 29,8 29,9 30

Fig. 1. Scheme of meiobenthos sampling stations in the Danube coastal area
(northwestern part of the Black Sea): red circles — dredging stations, black circles —
dumping stations, triangles — background stations

Bengal” dye. Under laboratory conditions, the
entire sample was viewed under a binocular
microscope in Bogorov’s chamber. All groups of
meiobenthos were quantified. The number of
organisms was recalculated for the entire sample
(100 cm?® and for 1 m? of the bottom surface
[25]. All groups of meiobenthos were quantified.
Each sample contained from several hundred to
several thousand meiobenthos organisms, i.e., it
was suitable for further systematic processing.

Table 1
Average air temperature and average water runoff in the study area
W Air temperature, °C Water flow values, m®/s
Average Min Max Average
August, 2016 23.8 18.4 27.8 5480
November, 2016 7.2 -1.4 14.7 6230
August, 2017 23.9 16.9 294 3680
November, 2017 8.6 4.1 12.6 3680
August, 2018 25.0 234 275 4860
November, 2018 7.0 -4.3 15.6 3420
May, 2019 19.0 1.8 255 8160
August, 2020 242 214 27.3 4870
May, 2021 16.1 11.9 19.9 7100
October, 2021 12,5 7.6 14.9 3420
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Table 2
Seasonal variability of air temperature and water runoff of the Danube
Air temperature, °C Water flow values, m®/s
Seasons
Average Standard error Min Max Average Standard error Min Max
Spring 17.6 1.5 16.1 19.0 7630 530.0 7100 8160
Summer 242 0.3 23.8 25.0 4428 449.2 3680 5480
Autumn 8.8 1.3 7.0 12.5 4188 683.6 3420 6230

The biomass of meiobenthos organisms was
determined using the Chislenko nomograms [26].

Discussion Of Results

During the study period, data on air
temperature in the estuary coastal area and the
Danube runoff were used (Table 1). Seasonal
variability data were selected depending on the
beginning of the transition period. As the air
temperature warmed up, the temperature of
the surface layer of water began to increase in
spring, decrease in autumn, and start of vertical
circulation in winter.

The summer period does not have clearly
defined values, since it is characterized by frequent
surge fluctuations that affect the temperature.
Therefore, it is proposed to consider the summer
period from mid-June to mid-September with
maximum temperatures in August (Table 2).

We considered the features of the distribution
of quantitative characteristics of meiobenthos
community in different seasons of the year in the
area of construction of the shipping canal and
dumping in comparison with the characteristics
of small benthic invertebrate animals in water
areas, which we consider as “background” and
on which the influence of dredging is minimal.
The meiobenthic community in the study
area is represented by 13 high-ranking taxa:
representatives of the permanent component
(eumeiobenthos) — Foraminifera, Nematoda,
Harpacticoida, Ostracoda, Halacarida,
Turbellaria, Gastrotriha, Kinorhyncha and the
temporary component (pseudomeobenthos) -—
Oligochaeta, Polychaeta, juvenile Bivalvia,
Gastropoda, Balanus. The number of meiobenthos
groups at stations varied from 2 to 8. In different
seasons of the year, their number varied from 5 to
11, with their predominance in the summer.

Dredging area. Despite the dredging in the
summer, the development of meiobenthos groups
is observed, in contrast to the cold periods in
spring and autumn. The influence of freshwater
runoff variability, in particular its decrease in
summer low water in contrast to temperature,
is manifested in an increase in the development
of meiobenthos groups and a reduction in
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meiobenthos groups in spring and autumn,
which indicates the general dominance of natural
processes of temperature and runoff development
over anthropogenic processes, which (dredging)

suppress the development of meiobenthos
community (Fig. 2).

Five meiofaunal taxa (Nematoda,
Harpacticoida, Polychaeta, Oligochaeta and

Bivalvia) were found in the study area during
spring. They dominated in density — Nematoda,
made up 63% of the total meiobenthos,
Harpacticoida (24.0%), as well as Polychaeta
(14.0%), Oligochaeta made up only 1.0%. In
terms of numbers, its permanent component
(eumeiobenthos) significantly prevailed in the
total meiobenthos, amounting to 87.0% of the
total meiobenthos density (average density
— 39963+32863.0 ind./m? average biomass —
180.9+126 mg/m?) (Fig. 3).

In the summer, in the dredging area, an
increase in the number of meiobenthos groups
to seven was noted: Nematoda, Harpacticoida,
Ostracoda, Oligochaeta, Polychaeta, Bivalvia,
Balanus. However, the quantitative indicators
of eumeiobenthos remained at the same level
as in the spring, amounting to 91.0% of the
total meiobenthos density (average density —

37531+17165.4 ind./m?, average biomass -—
171.7+62.4 mg/m?). Nematoda dominated
in density, 65% of the total meiobenthos,

Harpacticoida accounted for 25.0%. The density
of Polychaeta was (4.0%). Pseudomeobenthos
accounted for 13.0% of the total meiobenthos
density (average density — 3663+1054.3 ind./m?
average biomass — 157.0+40.5 mg/m?). In the
autumn period, the number of meiofauna taxa
will increase to eight, among them: Foraminifera,
Nematoda, Harpacticoida, Halacarida,
Gastrotricha, Oligochaeta, Polychaeta and
Bivalvia were found in the study area. The
density of Nematoda decreased to 22% of the
total meiobenthos, Harpacticoida accounted
for 27.0%, while the density of Polychaeta
increased (26.0%), Oligochaeta accounted for
15.0%. Quantitative indicators of eumeiobenthos
decreased significantly, amounting to 53.0% of
the total meiobenthos density (average density —
5769+2068.2 ind./m?; average biomass — 40.7+24.6




ISSN 2410-7360 (Print)
ISSN 2411-3913 (Online)

Bichuk Xapkicbkoro HavjoHanbHoro yHiBepcuTeTy imeni B.H. Kapasina Cepis «leonoris. eorpadisi. Exonorisi» | 2026 1 64 ' C. 342-353
Visnyk of V. N. Karazin Kharkiv National University, Series Geology. Geography. Ecology ' 2026 ' 64 | 342-353

1800000 i — 30 — 10000
1600000 }——____/ \ 20 |
J— - L =3 W
QN 1400000 | / i 10 5[ 8000«?
£ E -0 . f E
.g 1200000: L o o 000 8
= = - =
1000000 - A 8 =
> = ] ©
. ] —205 T S
£ 800000 -] - >
[} —-30 £ 4000 &
o -1 o ~ =
600000
© = - a0 | .
° 1 [ <[ ©
S 400000 -] ' —-50 " 2000 3
] . "‘ o o
200000 | R 3 L .60 L
- N 'Y ., ' \ S | |
0 r Tt T Tt \I -I-I— T ‘I T I’ LI B | I’ L I%ﬁ%_ '70 = 0
Ll e S o s
QRRAKIRKNARISIKIRNIRISKRNNIIIIRNIIIRIKIKKSK
X33 R R G i E L0 55500 550058888
S S 0 S 0805 5555555355533 33000000000000820
23200000000 000 S EEEEEEEEEE 28RS
LIIILIIIILIIIIIITILLLL82 222225500
Q0000000000
ZZZZZZZZZ2ZZ
Background sations Air temperature

Damping
Dredging

Water flow values

Fig. 2. The influence of environmental variability on the density (ind./m2) of meiobenthos on the Danube delta coastal area

mg/m?). Pseudomeobenthos accounted for
47.0% of the total meiobenthos density (average
density — 5215+1733.4 ind./m?; average biomass —
327.5+115.5 mg/m?).

Dumping area. From Figure 2 follows the
dominance of the temperature component over
the salinity component (Danube water runoff)
in the dumping zone during the development of
biological processes. At the same time, almost
complete restoration of the benthic fauna often
occurs, which confirms the feasibility of the
alternate filling of the recommended sectors in
the dumping proposed by the project developers.

Five meiofaunal taxa (Nematoda,
Harpacticoida, Turbellaria, Oligochaeta and
Polychaeta) were found in the study area during
spring. In terms of numbers, its permanent
component (eumeiobenthos) also significantly

predominated in the general meiobenthos,
amounting to 85.0% of the total meiobenthos
density, but its quantitative indicators remained
low, as in the dredging zone (average density
- 22600+4167.6 ind./m?, average biomass
138.7+48.2 mg/m?). The basis of the quantitative
indicators of the entire meiobenthos were
Nematoda (563%) and Harpacticoida (32%).
Pseudomeobenthos accounted for 15.0% of the
total meiobenthos density. (average density
3888+1665.3 ind./m?; average biomass
334.8+100.5 mg/m?). Among the temporary
component, Polychaeta dominated in density
from the total amount of meiobenthos (14.0%),
Oligochaeta made up only 1.0% (Fig. 4).

In the summer, in the dumping area, an increase
in the number of meiobenthos groups to eleven was
noted: Foraminifera, Nematoda, Harpacticoida,

Spring

Summer

Autumn

W Faramirifera
B Memnatods

1 Harpacticoids @
m Oligochaeta
= Poydhaets

Hlivalvia

= Foramirnilera
B Kematoda

= Harpacticoida
B Ostraceda

B Oligochaeta

W Polychaeta

m Bivalvia

m Balarus

Fig. 3. Frequency (%) of average group density from the total meiobenthos density in the dredging area

346

 Foremirifers
B MNematods

m Harpacticoids
B Halacoridee
| Gastretribe

M 0ligochasta
B Polychamts

W Bivalvia




ISSN 2410-7360 (Print)
ISSN 2411-3913 (Online)

Bichuk Xapkicbkoro HavjoHanbHoro yHiBepcuTeTy imeni B.H. Kapasina Cepis «leonoris. eorpadisi. Exonorisi» | 2026 1 64 ' C. 342-353
Visnyk of V. N. Karazin Kharkiv National University, Series Geology. Geography. Ecology ' 2026 ' 64 | 342-353

Summer

Spring

 Foramirifera
W Nematods

i Harpacticoics
= Turbed laria

H Dligoehaeta

H Poly chaeta

Autumn

B Faraminilara

B Nematada B Foramirifera
o Hargacticaida B Mernatods

W Cstracoda o Harpacticoids
= Turbellaria B Oligochaeta

5 Kinarhyncha m Paychaeta

B Cligachasta mBivalvia

W Palychaata mBalarus

B Divahia

Fig. 4. Frequency (%) of average group density from the total meiobenthos density in the dumping area

Ostracoda, Turbellaria, Kinorhyncha, Oligochaeta,
Polychaeta, Bivalvia, Gastropoda, Balanus.
Quantitative indicators of meiobenthos were an
order of magnitude higher compared to spring.
In terms of numbers, the meiobenthos was
also significantly dominated by its permanent

component  (eumeiobenthos), amounting to
97.0% of the total meiobenthos density (average
density — 355581+133814.2 ind./m?; average
biomass - 1825.1+913.1 mg/m?). Nematoda

dominated in density, accounting for 69% of the
total meiobenthos, Harpacticoida — 25.0%. In
the dumping area in the summer, as mentioned
above, foraminifera, ostracods, turbillaria and
gastrotrichs were recorded, but their quantitative
indicators were insignificant. Pseudomeobenthos
accounted for 3.0% of the total meiobenthos density
and their indicators were not high compared to
such eumeiobenthos, but higher than in the spring
(average density — 11050+£2903.2 ind./m?; average
biomass — 552.4 mg/m?).

During the autumn dumping period,
the number of meilofauna taxa decreases to
seven, among them: Foraminifera, Nematoda,
Harpacticoida, Oligochaeta, Polychaeta, Bivalvia
and Balanus. The quantitative characteristics of
the entire meiobenthos were low. As noted above,
in the dredging area and at the dumping, there
is a decrease in the share of eumeiobenthos in
the total meiobenthos density and an increase in

Spring

Summer

B Foraminfera
B Nematods

m Harpacticoids
B Turbe laria

u Kinorhynchs
u Oligochaeta

| Pdycheeta
= Bivalvia

LLERTTH

the share of pseudomeiobenthos representatives
in the autumn period. Thus, the average density
of eumeiobenthos decreased significantly,
amounting to 62.0% of the total meiobenthos
density (average density — 11067+2068.2 ind./m?;
average biomass — 17.1+7.7 mg/m?).

Pseudomeobenthos accounted for 38% of the total
meilobenthos density (average density — 6767+902.5
ind./m? average biomass — 343.4+50.9 mg/m?).
Polychaeta dominated in numbers from all meiobenthos
(27%), Oligochaeta made up 6.0%. Bivalvia — 5%.

Background stations. From Figure 2
also follows the dominance of the temperature
component over the salinity component (Danube
water runoff) in the dumping zone during the
development of biological processes. At the same
time, almost complete restoration of the benthic
fauna often occurs, which confirms the feasibility
of the alternate filling of the recommended
sectors in the dumping proposed by the project
developers.

Eight meiofaunal taxa: Nematoda,
Harpacticoida, Turbellaria, Kinorhyncha,
Oligochaeta, Polychaeta, Bivalvia and Balanus
were found in the study area during spring.
The quantitative indicators of meiobenthos in
this zone, in comparison with other study areas
(dredging and dumping zones), were high. In
terms of numbers, the meiobenthic community
was also significantly dominated by its permanent

Autumn
B Faraminifera BForaminifera
B Nematada B Nematods
m Harpacticaida u Harpacticoids
B Cstracada mOsracoda
B Turbellaria mHalscaridie
B Kinarhyncha u Oligochaeta
B Cligachasta mPdycheets
W Palychasta uBivalvia
W Divahia B Gastropoda
B Gxstrapada LEEERTH

Fig. 5. Frequency (%) of average group density from the total meiobenthos density in the Background stations

347




ISSN 2410-7360 (Print)
ISSN 2411-3913 (Online)

BicHuk XapkiBcbkoro HaLioHanbHoro yHisepeuTety imeHi B.H. KapasiHa Cepist «[eonorisi. [eorpadisi. Ekonorisin | 2026 | 64 | C. 342-353
Visnyk of V. N. Karazin Kharkiv National University, Series Geology. Geography. Ecology ' 2026 ' 64 | 342-353

component (eumeiobenthos), amounting to
95.0% of the total meiobenthos density (average
density — 230071+95643.5 ind./m?; average
biomass — 2323.8+1443.8 mg/m?2. The basis for the
quantitative indicators of all meiobenthos were
Harpacticoida (60%) and Nematoda (35%) (Fig. 5).

Pseudomeobenthos accounted for 5.0% of the
total meiobenthos density (average density —
11957+4166, ind./m?, average biomass —
674.4+253.6 mg/m?). Among the temporary
component, Polychaeta (3.0%) dominated in
density from the total amount of meiobenthos;
Oligochaeta made up only 1.0%.

In summer, at background stations, an
increase in the number of meiobenthos groups
to eleven was noted: Foraminifera, Nematoda,
Harpacticoida, Ostracoda, Turbellaria,
Kinorhyncha, Oligochaeta, Polychaeta, Bivalvia,
Gastropoda, Balanus. In terms of numbers,
its permanent component (eumeiobenthos)
also significantly predominated in the total
meiobenthos, amounting to 98.0% of the
total meiobenthos density (average density —
354169+110057.7 ind./m?; average biomass -—
899.24+381.9 mg/m?). Dominant in density of the
total amount of meiobenthos were Foraminifera
(51%), Nematoda (33%), Harpacticoida (13%).
Pseudomeobenthos made up 3.0% of the total
meiobenthos density and their indicators were
not high compared to those of eumeiobenthos, and
less by an order of magnitude than in the spring
(average density ind./m? 8288+2562.1 ind./m?
average biomass — 445.5+126.9 mg/m?).

In the autumn period, the following meiofauna
taxa were recorded at the background stations:
Foraminifera, Nematoda, Harpacticoida,
Ostracoda, Halacarida, Oligochaeta, Polychaeta,
Bivalvia, Gastropoda, Balanus. A decrease in the
proportion of eumeiobenthos in the total density

of meiobenthos and an increase in the proportion
of pseudomeiobenthos representatives in the
autumn period were noted. The quantitative
indicators of the entire meiobenthos were low
and significantly lower compared to those in
the summer. Thus, the average density of
eumeiobenthos was 77.0% of the total meiobenthos
density (average density — 23067+6927.6 ind./m?;
average biomass — 60.8+10.0 mg/m?). Nematoda
dominated in density from the total number of
meiobenthos, amounting to 59%, Harpacticoida
(9.0%), Foraminifera (8.0%). Pseudomeobenthos
constituted 33% of the total meiobenthos density
(average density — 6833+1451 ind./m?; average
biomass — 368.7+74.5 mg/m?). The most abundant
species of the total meiobenthos were Polychaeta
(10%), Bivalvia — 6%, and Oligochaeta — 5.0%.

The heterogeneity of benthic conditions in
this area is evidenced by the indicators of density
and biomass of meilobenthos representatives,
which varied greatly in the study areas under
the influence of the marine shipping way
operation to the Danube in different seasons in
the period 2016-2021. A comparative analysis of
the quantitative indicators of meiobenthos in the
study area showed their minimum average values
in the zone of construction of the shipping canal
(dredging zone) and an increase at the dumping
and especially at background stations (Fig. 6).

The average density of meiobenthos varied
from 10167+2208.2 ind./m? in the autumn period
of 2017. (min — 1000 ind./m2, max — 28000 ind./
m?) to 576583+156727.7 ind./m? in the summer
of 2018 (min — 2000 ind./m? and max — 1798000
ind./m?). Average biomass indicators varied
from 277.2+59.0 mg/m? in the autumn period of
2017. (min — 0.2 mg/m?, max — 629.8 mg/m?) to
2931.94£1183.0 mg/m? (min — 0.4 mg/m?, max —
15068.9 mg/m?).
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Fig. 6. Average density (ind./m2) and average biomass (mg/m2) of meiobenthos in the areas of the shipping way from the Black Sea

to the Danube.
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Fig. 7. Average density (ind./m?) and average biomass (mg/m?) of meiobenthos in the study areas at different seasons

In the dredging zone, the lowest average density
of meiobmentos is recorded: from 46175+38385.5
ind./m? in spring and 41194+18082.4 ind./m? in
summer to an almost threefold decrease in autumn
at 10985+2810.4 ind./m?% In the dumping zone,
the highest indicators of the average density of
meiobenthos depended in the summer period on
355581+133814.9 ind./m?, in the spring and autumn
periodsits indicators were only 26488+4533.0 ind./m?
and 17833+4134.5 ind./m? respectively. At
background stations, the highest average density
values are recorded in the spring, amounting
to 242029+2810.4 ind./m? and especially in the
summer (362457+110923.1 ind./m?) (Fig. 7).

In autumn, the average density of meiobenthos
was recorded an order of magnitude lower than
previous seasons (29900+7567.0 ind./m?. In
spring, the average density of meiobenthos during
the study period was 104897+15243.0 ind./m2
In summer, density indicators almost double,
averaging 253077+87606.7 ind./m2. In autumn
they decrease on average to 132155+4837.3 ind./m?.

The quantitative and qualitative indicators of
meiofaunainthe Danuberegion are heterogeneous
and depend on various hydrological factors
(biotope structure, depth, oxygen). The water flow
of the Danube also plays an important role. It is
interesting to note that in low-water runoff years
in the study area, an increase in the quantitative
indicators of meiobenthos is observed compared to
high-water years. Figure 8 shows that dependence
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of the maximum quantitative indicators of the
meiobenthic community on freshwater runoff
also persists for the spring — summer period. It
1s important to note that for the Danube the flood
period is quite extended from April to July.

It is confirm the fact that the variability of salt
and hydrological regimes leads to the fact that
only organisms with great ecological plasticity can
exist under these conditions. The zone of mixing
of fresh and sea waters, which is characterized by
a “minimum of species,” in high-water years along
the Danube flow shifts from the coast towards
the sea, and in low-water years, on the contrary,
this zone passes closer to the mouths, capturing
some bays. The more stable the salt composition
and the less influence of the Danube waters, the
richer and more diverse the meiofauna.

Research has shown that complex changes
are continuously occurring in the meiobenthic
community, mainly related to seasonal temperature
fluctuations. These fluctuations, according to
[3], are predetermined by the seasonal cycles of
reproduction of meiobenthic organisms. In addition,
some authors indicate that seasonal changes in
meiobenthic population density largely depend on
seasonal changes in food distribution. Typically,
high quantitative characteristics of meiobenthos are
associated with the period of the year when there
are optimal food sources and they are sufficient
[27]. The structure of meiobenthos composition is
greatly influenced by unforeseen (random) seasonal
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Table 3

Thresholds of considered to evaluate the EcoQ of the study area according
to Danovaro et al. [32]

Faunal parameters

Good

Moderate Poor

Meiobenthic richness (S)

16<S<12

8<S<11 4<S<7 <4

Table 4

Meiobenthic richness (S), calculated for different areas of the Danube estuary coastal zone in
different periods of the year

Season Spring | Summer | Autumn
Faunal parameters Meiobenthic richness (S)
Dradging 4 7 8
Dumping 1
Background stations 8 1 10

changes in environmental factors [28-30]. Also,
the formation of meiobenthos in this area may be
influenced not only by large natural variability
along the estuarine gradient (e.g. sediment type
and dynamics, oxygen availability, temperature and
flow speed), but also by anthropogenic influences
(e.g. dredging, soil dumping) [31].

The Water Framework Directive (WFD,
2000/60/EC)  established the concept of
environmental quality status (EcoQ) as a way
of assessing the biological quality of aquatic
environments. We attempted to assess the
ecological status (EcoQ) of the study area based
on the number (richness) of meiobenthic taxa,
as proposed by Danovaro et al. [32], modified
according to the WFD classes (Table 3).

In our studies, meiobenthos was characterized
by 13 taxonomic groups. The value of meiobenthic
richness (S) varied from 4 taxa in the dredging
area to 11 taxa at the dumping and background
stations (Table 4).

Using the classification of ecological quality
(EcoQ), based on the wvariable meiobenthic
richness (S), the studied water area falls into a
status from poor (Poor) in the spring to moderate
(Moderate) in the summer and autumn.

BHecok aBTOpiB: BCi aBTOpu 3po6GUNM PiBHWA BHECOK Yy L0
poboty

KoHdnikT iHTepeciB: aBTopy MOBIAOMASAIOTL MPO BiACYTHICTb
KOHMIKTY iHTepecis

Oeknapauis Npo BUWKOPUCTaAHHA reHepaTUBHOINO LITYYHOro
iHTenekTy: ABTOpW He BWKOPWCTOBYBanu iHCTPYMEHTU reHepar-
MBHOTO LITY4YHOrO iHTenekTy (GenAl) npu HanucaHHi cTaTtTi. ABTOpU
HecyTb MOBHY BiANOBiAaNbHICTb 3a 3MIiCT Ta WinicHiCTb nybnikauii.
Mopaska. Lle gocnigxeHHA niaTpyMaHo NpoekTom «lepeocMucneHHs
COASTal landSCAPES i3 kniMaTU4HUMKU BTPYYaHHSIMW: CUCTEMHI
piweHHs cywa-mope (COAST-SCAPES)». ABTOpU BWCIIOBMIOIOTH
noasiky €BponeicbkoMy BUKOHABYOMY areHTCTBY 3 MUTaHb Krimary,
iHbpacTpykTypy Ta HaBkonuwHboro cepegosuwia (CINEA) 3a
iHaHCOBY MIATPUMKY LbOrO AOCMISKEHHA B pamKkax rpaHTy
101213138.
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At the same time, almost complete restoration
of the benthic fauna often occurs, which confirms
the feasibility of the alternate filling of the
recommended sectors in the dumping proposed
by the project developers.

Conclusions

The variability of the studied characteristics
(total meiobenthos density) depending on
temperature showsthe coincidence of a pronounced
maximum of meiobenthos development in the
summer.

The dependence of the maximum
meiobenthos abundance on freshwater flow
also persists for the spring-summer period. At
the same time, almost complete restoration of
the benthic fauna often occurs, which confirms
the feasibility of the alternate filling of the
recommended sectors in the dumping proposed
by the project developers.

Using the classification of ecological quality
(EcoQ), based on the meiobenthic richness
variable (S), the studied water area falls into a
status from poor (Poor) in the spring to moderate
(Moderate) in the summer and autumn.
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AHOTALIA

OcTaHHIM YacoM crocTepiraeTbCs NiABULLEHUIA iHTEPEeC A0 BUBYEHHS NPUPOAHUX 06’ek-
TiB, L0 3anMaloTb 0cobnmBe MicLie Ha 3eMHI MOBEPXHI — rMMpI PivoK Ta iX CKNagoBux Ya-
CTUH — AenbT. B gocnigkeHHi po3rnagaeTbcs ecTyapHuin paioH [lyHato, Skuii HanexuTb
0o KaTeropii cneundivyHux NpupoaHux ob’ekTiB Ta 3arimae ocobnuee micue Ha €Bpo-
nencbKoMy KOHTUHEHTI. CyyacHe aHTpOMOreHHe HaBaHTaXEeHHS Ha Lew reorpadivyHmn
00’eKT BUMarae HaykoBO OOI'pyHTOBaHOI OLiHKM Moro ctaHy. OgHUM i3 3anponoHoBa-
HUX MOKA3HWUKIB OLHKM € Pi3BHOMaHITHICTb MelrodgayHN eCTyapHOro perioHy, sika 4iTko
pearye Ha MiHMMBICTb YMOB HaBKOMULLHLOTO cepeaoBulia. Pesynsraty gocnipKeHHs
CMpUATUMYTb KPaLLOMYy PO3yMiHHIO MpoueciB, ki BiabyBaloTbCA B NpMOEpPEXHi 30Hi,
wo Ao3sonutb gocartu Lini ctanoro po3sutky Ne14 — XXutTta nig Bogoto, cnpsiMosa-
HOI Ha 30epexeHHs Ta cTarne BUKOPUCTaHHS OKeaHiB, MOpPIB Ta MOPCbKUX pPecypciB Ans
cTanoro po3BuTKy. O6’eKTOM OOCHIKEHHS € rvprioBa obnacTb pidku. NpegmeTom — MiH-
NMBICTb NOKa3HWKIB NPUPOAHNX YMOB Ta KOMMOHEHOTIB Bi0NoriYyHnx nonynsuii 3 MeToto
NOLUYKY Ta MOXJIMBOrO BCTAHOBIEHHSI iX 3aKOHOMIpHOCTEN. Ak MmeToauky 6yno obpaHo
CUCTEMHWIA Miaxig, OCHOBY sIKOro po3rnszg o6’ekTa sik CUCTEMU — CYKYMHOCTI B3aeMOogi-
1ounx 06’ekTiB, MOB’sA3aHi Npouecy ANHaMIKM BOA, CE30HHA CMHOMTUYHA MIHMMBICTb, iH-
TEHCUBHICTb PO3BUTKY GionoriyHMx o6’ekTiB Ta iHWNX. Po3rnsHyTo peakuito GionoriyHmx
OrpaHiaMiB Ha npuvknagi MenobeHocy Ha aHTPOMOreHHy Ait0 B 30HaX AHOMOMMUOMEHHS,
OaMniHry rpyHTy, (OOHOBUX aKBaTOPISAX Ta NPUPOAHWUIA BMNIMB CTOKY PiYKM Ta CE30HHUX
KonunBaHb TemnepaTypu. BctaHoBneHo, Lo NokasHWKM MenobeHToCy 3a3HaloTb 3HaYHUX
KONMMBaHb LLiNbHOCTI Ta 6ioMacK He TiNbKy 3anexHo Big, MicUs panoHiB AOCHiAXKeHb, ane
3anexaTtb Bifl CE30HY POKY, TOMY HaBECHi cepefHsi LiNbHICTb 3a nepiog AOCHiAKEeHHs
MeiiobeHTocy cknana 104897+15243,0 ek3./m2. BniTky NokasHUKM LUiNbHOCTI 3pocTaloTb
Maiixe BABiYi, ckraBLum 3aranom 253077+87606,7 ek3./M?2. BOoCEHW BOHM 3HWXKYHOTLCS B
cepenHbomy fo 132155+4837,3 ek3./mM2. BukopucToBytoun knacudikauito ekonoriyHot
skocTi (EcoQ), 3acHoBaHy Ha 3MiHHi MeriobeHTocy (Meiobenthic richness, S), gocni-
[)KyBaHa akBaTopis noTpannsie B ctatyc Big 6igHoro (Poor) y BecHAHUIA nepiog poky Ao
3aposinbHoro (Moderate) B niTHiN i OCiHHI Nnepioan. 3anexHo BiA TemnepaTtypy nokasye
36ir iCKpaBO BUpPaXXeHOro MakCMMyMy pO3BUTKY MeobeHTOoCy y MiTHi nepioA.

353

IHOOPMALIIA MPO CTATTIHO :

Pykonuc Haginwos
20 ntoToro 2026

OTpumaHo nicnsi peueH3yBaHHs
26 kBiTHA 2026

3aTBepmKeHo [0 APYKY
25 TpaBHA 2026

Ony6nikoBaHO OHMNanH
30 TpaBHs 2026

Knw4yoBicnoBa:

ecTyapin [lyHato, piYKOBUI CTiK, Temne-
paTypa noBiTPs, TemnepaTtypa BOAM,
mernobeHToc, LICP Ne14, ekonoriyHa
ouiHKka, npubepexHa 3oHa, YopHe mMope.
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