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ENVIRONMENTAL THREATS AND RISKS TO PROTECTED AREAS
IN THE CONTEXT OF WAR (CASE STUDY OF MOLOCHNYI LYMAN)

Purpose. The study of the ecological state of Molochnyi Lyman, which is a state-level reserve, part
of the Pryazovskyi National Nature Park, and a wetland of international importance protected under the
Ramsar Convention.

Methods. System analysis, remote sensing data were used, specifically satellite images from Landsat
5, Landsat 8, Sentinel-2, and the software tool Google Earth Engine.

Results. The biodiversity of Molochnyi Lyman is characterized and the impact of the salinity level
on its biodiversity is analyzed. Natural and anthropogenic factors affecting the ecological state of Molochnyi
Lyman are examined. Special attention is paid to the analysis of the conditions ensuring water exchange
with the Sea of Azov and the consequences of its absence for the biodiversity of the water body. The state
and dynamics of commercial fish catches in the Sea of Azov (Zaporizhzhia region) and the factors influenc-
ing the state of fish resources are analyzed. The impact of the war on the ecological situation in Molochnyi
Lyman is assessed, and ways and possibilities to overcome the crisis ecological consequences of the occu-
pation of the territory at the stage of post-war recovery are identified.

Conclusions. The main ecological problems of Molochnyi Lyman are identified: increased salinity,
reduced water surface area and biodiversity, as well as siltation of the channels connecting the lagoon with
the Sea of Azov. It is proven that the preservation of the lagoon requires stable water exchange and optimal
salinity levels, which will ensure favorable conditions for fish spawning and migration, as well as maintain
high ecosystem productivity. With the onset of the war, the situation has become more complicated, with
additional environmental challenges arising due to inaction, which will require further efforts to restore the
biodiversity of Molochnyi Lyman and the Sea of Azov in the future.
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Introduction

Molochnyi Lyman is a coastal estuary in
southeastern Ukraine, on the coast of the Sea of
Azov. Its role and significance are multifaceted; it
is a nature reserve of national importance, part of
the Pryazovskyi National Natural Park (NNP),
and a wetland of international importance pro-
tected under the Ramsar Convention. The estuary
has significant ecological importance as it is home
to many species of fish, birds, and other animals.
It is part of the Azov-Black Sea migratory route
used by numerous bird species during migration.
The estuary is also part of the Pryazovskyi Na-
tional Natural Park, which contributes to the con-
servation of natural ecosystems and biodiversity
in the region. At the same time, the estuary has
economic significance, as it is an important re-
source for fishing, where commercial fishing of
species such as shad, bream, pike-perch, and

others is conducted. Additionally, Molochnyi
Lyman attracts tourists with its natural beauty and
recreational opportunities. Unfortunately, there
are a number of ecological problems with Mo-
lochnyi Lyman that have been attempted to be re-
solved over the years. With the onset of the war
and the occupation of that part of Zaporizhzhia re-
gion where the Pryazovskyi NNP is located, these
problems have been compounded by those cre-
ated by the occupiers as a result of their activities
in the protected area, as well as their inaction re-
garding its protection and development. The
aforementioned reasons define the relevance of
researching the condition of Molochnyi Lyman in
retrospect, including the consequences of the oc-
cupation of the territory, which already today
have catastrophic significance.

Objects and Research Methods

During the research process, both general
scientific methods (analysis and synthesis, induc-
tion and deduction, analytical grouping) and spe-
cialized methods (abstraction, modeling, etc.)
were utilized for studying phenomena and

processes. Additionally, remote sensing data were
used, specifically satellite images from Landsat 5,
Landsat 8, Sentinel-2, and the software tool
Google Earth Engine. The object of the study is
Molochnyi Lyman.

Results and Discussion

Molochnyi Lyman is located in Northern
Pryazovia. Its upper part is fed by the Molochna,
Taschenak, and Dzhekelnya rivers, and its lower
part is connected to the Sea of Azov, with its
shores shaped by aggradation and progradation
processes. The area of Molochnyi Lyman is 2200
hectares [1, 2].

Until the 15th century, Molochnyi Lyman
was a bay of the Sea of Azov, meaning it was in an
open state. It was closed from the end of the 15th
century until World War 11 [3]. After the beginning
of World War I, military actions led to the destruc-
tion of the embankment, and the estuary became
semi-open. The channel width was 400 meters,
which facilitated the formation of the Stepanivka
mouth. By the 1960s, siltation began, raising the
issue of closing this channel and constructing a
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new one with locks. However, while construction
was underway, there were changes in the hydro-
chemical and hydroecological indicators of the wa-
ter body [2]. The construction of the new channel
did not solve the siltation issue and, due to a poorly
chosen site for construction, even accelerated the
process of shell deposit accumulation. The semi-
open state of Molochnyi Lyman lasted until 1972,
and it has been in a semi-closed state to the present
day (due to temporary connections and closures)
[3]. Throughout this century, problems have arisen
due to the reduction in the water surface area and
depth, accompanied by an increase in the water
body's salinity.

Starting in 2003, the water surface area be-
gan to decrease due to low precipitation, river flow,
and channel siltation. Under closed estuary
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conditions, the salinity in some areas can reach
even 104 g/dm?®. In an open state, the estuary's wa-
ter salinity reaches up to 25 g/dm?, and under iso-
lated conditions, the salinity fluctuates between 70-
90 g/dm?. Between 2005-2014, the area of Mo-
lochnyi Lyman decreased by 7.716 thousand hec-
tares. For optimal functioning, it is necessary for
up to 100 million cubic meters of water to flow into
the estuary annually [2]. However, the most eco-
logically stable state of the water body is observed
in a semi-open state, which is when biodiversity is
at its broadest. To support such a stable state, the
use of dredging ships and various types of pulp
pipelines is optimal. The deposits extracted could
be processed into sand or shell [3]. In 2011, the
channel to the sea was cleared, and water exchange
was restored, but after 1.5 months, the channel
silted up again. The salinity of the water increased,
creating favorable conditions only for marine spe-
cies of fish, but unacceptable for freshwater spe-
cies. In July 2012, a project was developed for an
artificial channel to connect the estuary with the
sea. The water level began to rise, and salinity de-
creased [4]. But from the second half of 2014, the
channel was cleared again, allowing for water in-
flow [2].

In 2015, studies showed that the salinity of
the water varied: the minimum near the mouth of
the channel (15 %o), over 30 %o in most parts of the
estuary, and over 50 %o in the east. The water sur-
face area of Molochnyi Lyman with stable connec-
tion to the Sea of Azov is 20,000 hectares, and 12-
15 thousand hectares without connection to the sea.
In 2020, Molochnyi Lyman was almost filled with
water to optimal levels. Due to the strong current
in the channel, shad and atherina entered the estu-
ary for spawning. In the southern part of the estu-
ary, rootmouth jellyfish and aurelia, which are
brought by the sea, were encountered. After clear-
ing the shell deposits in 2019, various species of
fish returned in 2020, including the important com-
mercial species —shad. In the future, it is necessary
for the channel to be stable and to allow the passage
of seawater into the estuary to maintain a salinity
of at least 17-19 %o, for effective spawning grounds
and migratory processes [4].

However, the recent absence of clearing this
connection directly affects the hydrological and
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hydrochemical state of Molochnyi Lyman and the
hydrobionts of this water body. Changes in the hy-
drochemical composition of the estuary affect the
guantity of biota and their species diversity. The
hydrology of the water body is influenced by a
number of abiotic factors, as well as, as mentioned
earlier, the Molochna River and the connectivity
with the Sea of Azov. The estuary is isolated from
the Sea of Azov by sandy-shell deposits. The
length of the estuary is 36 kilometers, and its width
varies from 4 to 9 km. The maximum depth of the
estuary reaches 3 meters under conditions of stable
connection with the Sea of Azov. The minimum
depth of 1.5 meters is observed when separated
from the sea and at high evaporation levels. Over
the past years, Molochnyi Lyman, due to isolation
from the sea, has lost approximately 75% of its to-
tal volume, significantly affecting the water-salt
balance. The most drained areas are located along
the left bank, as well as in the upper and lower parts
of the estuary, particularly between the villages of
Hirsivka and Mordvynivka, along the spit, in the
area of Oleksandrivska bay and Lake Molochnyi,
due to the position of the bottom. In the 1950s, the
channel had a width of over 400 m and a depth of
more than 3.5 m. In the 1970s, the width was up to
20 meters, and the depth up to 2.5 meters, while in
2014, after dredging with a clamshell excavator, its
width was no more than 20 m, and the depth was
2.5 m. The shallows of the coastal zone prevent
seawater from entering the channel, and it only fills
during strong storms. Also, in this zone, sand and
shell deposits actively move along the shore. Water
exchange depends on flood and ebb currents,
which are caused by wind, in the case that the water
level in the sea and the estuary is the same. Strong
eastern and southern winds cause water surges,
while northern and western winds cause ebbs. The
large amplitude of these fluctuations is due to the
fact that the near-mouth part of the water area is far
from the nodal line of the sea and is located on its
western part. These processes are most pronounced
from January to April and November. The height
of the surge affects the current speed in the transi-
tion zone from the sea to the estuary. Under the
conditions of constructing a channel over 400 me-
ters in 1943 and smaller channels in the 1970s, the
water level in Molochnyi Lyman reached the water
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level of the Sea of Azov. To achieve the same wa-
ter level in the estuary and the sea, it takes 3 months
considering all influencing factors for clearing the
connection that connects the estuary and the sea. It
should also be considered that to reduce the level
of salinity, it is necessary to enlarge the connecting
channel with the sea to remove excess salts and
make the estuary suitable for the migration, spawn-
ing, and fattening of hydrobionts [1].

The climate is moderately continental. In
winter, the climate is influenced by the Siberian an-
ticyclone, and in summer, by the Azores anticy-
clone. The weather conditions themselves are af-
fected by the circulation of air masses [4]. From
1969 to 2011, there was an increase in the sum of
positive temperatures, over 15 degrees Celsius,
which directly affects the evaporation of water in
Molochnyi Lyman. In addition to temperature, the
hydrology of the estuary is also influenced by the
flow of the Molochna River. However, the flow
and tributaries are regulated. The hydrology of
Molochnyi Lyman is also affected by an anthro-
pogenic component, such as an artificially created
connection, which is silted with shell-sand depos-
its [2].

In the open state, when it is connected to the
sea, bioproductivity is high, water salinity ranges
from 17-25 g/l, and the diversity and number of hy-
drobionts are significant. In the closed state, when
the estuary is separated from the sea, salinity in-
creases to 30-90 g/l, which negatively affects the
hydrobionts and reduces the productivity of the
water body. In this case, biodiversity decreases,
water salinity changes, fish productivity decreases,
the risk of fish kills increases, and the diversity of
the ornithofauna decreases [5,6].

The ecological connection between the sea
and the estuary allows the mixing of waters with
different salinities. Common consequences of dis-
rupting this connection include the loss of natural
habitats, increased turbidity, the influx of nutrients,
changes in the dynamics of the estuary and its con-
nections, and loss of biodiversity. Through conser-
vation measures to maintain the connection be-
tween the estuary and the sea and to support eco-
logical balance, it is possible to save wetlands from
degradation and to maintain a stable and optimal
level of salinity [7]. Additionally, estuaries may be
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threatened by the influx of biogenic substances,
which can occur due to excessive anthropogenic
impact (wastewater rich in organics) [8]. In light of
this, it is necessary to review the situation with reg-
ulated rivers that supply Molochnyi Lyman with
fresh waters.

It is also necessary to consider the concepts
of ecohydrology, which propose integrated man-
agement of estuarine ecosystems through an under-
standing of the interconnections between physico-
chemical features, ecological niches, and commu-
nity desires. This approach includes analyzing nat-
ural processes and anthropogenic impacts with the
goal of sustainable management of water resources
and ecosystem conservation. The core principles
include regulating hydrological processes, support-
ing ecological functioning through interactions in
ecosystems, considering feedback loops between
biological and physicochemical systems, as well as
the impact of human activities on these processes.
The proposed solutions involve the use of compre-
hensive management measures, including control
of water resources and hydraulic infrastructure, to
restore the ecosystem and ensure sustainable de-
velopment [9-12].

Characteristics of the biodiversity of Mo-
lochnyi Lyman.

Ichthyofauna. Molochnyi Lyman plays a
crucial role in the spawning and fattening of ich-
thyofauna. This water body supports the natural re-
production of commercially important fish species
such as Liza haematocheilus and Platichthys lus-
cus. It is also conducive to the spawning of other
fish species such as Neogobius melanostomus, Ne-
ogobius fluviatilis, and Zosterisessor ophiocepha-
lus. In terms of the impact of hydrochemical indi-
cators on ichthyofauna, there are species changes
in biodiversity, while quantitative indicators re-
main stable. Due to hydroecological changes in
Molochnyi Lyman, there is a decrease in the popu-
lation of Percarina demidoffii, Esox luceus,
Acipenseridae, Neogobius eurycephalus, Trachu-
rus ponticus, Scardinius erythrophthalmus, Alosa
maeotica, Mullus ponticus, Pegusa lascaris, Neo-
gobius ratan, Syngnathus nigrolineatus, Neogo-
bius syrman, and Carassius gibelio. The reduction
in water level, increase in land area, and increased
salinity of the water body reduce the species
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diversity of ichthyofauna [5,6]. Molochnyi Lyman
is an important zone for spawning (of shad and
flounder) and a site for the fattening (of gobies, sea
roach, shad, Black Sea mullets, syngnaths). The
year 2002 was one of the most critical in terms of
salinity and water levels, impacting the aquatic in-
habitants. There was also a negative impact on the
surrounding avifauna due to the merging of islands
with the mainland. Species like the needlefish,
spiny dogfish, and marbled goby were under the
threat of extinction, while the rest of the species
were in a critically depressed state [13]. In 2018,
siltation occurred again, preventing water from the
Sea of Azov from entering the estuary, which in-
creased the salinity of the water to over 60 %o. In
2019, the channel was restored, allowing water
from the Sea of Azov to flow into Molochnyi
Lyman again.In 2021, gobies, shads, and mullets
began to spawn. In 2021, the salinity of the estuary
reached 42.5%o in the north and 47.7%o in the mid-
dle, making it an ultra-saline water body, as the sa-
linity exceeded 40%o. The pH values fluctuated be-
tween 8.2 and 8.6. However, the aeration condi-
tions were well suited for those ichthyofauna spe-
cies that prefer medium to high oxygen levels, as it
contained 5.8-7.9 mg/l of oxygen at temperatures
of 21.8-22 degrees Celsius [4].

In Molochnyi Lyman, according to re-
searchers, there are 8 fish species listed in the Bern
Convention, 2 species in the IUCN Red List, and 1
species in the Red Book of Ukraine. In the southern
part of the estuary, the presence of Azov shemaya
was noted; however, excessive silting already in
2002 disrupted its migratory paths. Ichthyofauna
listed in conservation lists and observed in Mo-
lochnyi Lyman include: Azov shemaya (Red Book
of Ukraine); Common carp and Snakehead goby
(IUCN); Azov shemaya, Common sabrefish,
Southern spiny stickleback, Potbellied seahorse,
Syrman goby, Sand goby, Snakehead goby, and
Blunt-snouted clingfish  (Bern Convention).
Among all the water bodies in the northwestern
zone of the Sea of Azov, Molochnyi Lyman has the
least diversity of fish species. Studies have shown
the detrimental effect of increased water salinity on
rare fish species. Specifically, the level of salinity,
i.e., mineral substances, affects the ichthyofauna
under protective status as a limiting factor. This, in
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turn, requires immediate response to the current sit-
uation around Molochnyi Lyman to prevent the
loss of natural spawning, migration, and fattening
areas for diadromous and semi-diadromous fish.
Moreover, this is caused not only by silting of the
channel but also by the regulation of the Molochna
River [14].

Coastal fish species that predominated in
observations in 2021 included Proterorhinus semi-
lunaris, Atherina boyeri pontica, Mugil soiuy, Ne-
ogobius fluviatilis, and Zosterisessor ophiocepha-
lus. Also encountered was the ctenophore Mnemi-
opsis. Regarding an interesting commercial object
from the goby family, in 2020, species such as
Proterorhinus semilunaris, Zosterisessor ophio-
cephalus, and Neogobius fluviatilis were observed.
Since Zosterisessor ophiocephalus spends all its
life stages in the estuary, this species is the most
common for commercial fishing at present, and its
biomass is the largest. The connection of the sea
with the estuary will ensure the development of
populations of each of the mentioned species from
the goby family. The preservation of Molochnyi
Lyman is also important because it is a crucial wa-
ter body for such an acclimatized commercial spe-
cies as shad [4]. The best salinity levels for fish di-
versity are close to 25 g/dm®. Under such condi-
tions, optimal development of ichthyofauna is pos-
sible. The estuary's ecosystem suffers from an un-
successful anthropogenic hydrological regime,
which necessitates the restoration of the connec-
tion between the estuary and the sea to maintain
this unique area with rare species of biota [13].

Zooplankton and zoobenthos. Zooplankton
is represented by the genera Acartia, Artemia,
Canuella, and Brachionus. Also present in Mo-
lochnyi Lyman were Oscillatoria, Prorocentrum,
Peridinium, Coscinodiscus, Thalassiosira, Nitzschia.
Molochnyi Lyman is a very important site for the
spawning of commercial fish species, particularly
shad. As for the animals represented in the plank-
ton, the majority are members of ultra-saline eco-
logical groups. The most common are Acartia
tonsa and Acartia clausi. Canuella perplexa and
Brachionus quadridentatus were also found in
large numbers. Dominant species that thrive in ul-
tra-saline waters include Artemia salina and Arte-
mia calina, which have a wide range of salinity
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tolerance — euryhaline. In the pelagic zone, gastro-
pods, foraminifera, and polychaetes were encoun-
tered. The zoobenthos is largely represented by
Chironomus salinarius, Gammaridae, and Cerasto-
derma. The biomass of the zoobenthos was low [4].

Invertebrate animals of Molochnyi Lyman
are of particular interest for study due to the con-
stant changes in the connection with the Sea of
Azov, as the ecological state of the water body fre-
guently changes [15]. There are about 88 species
of benthic invertebrates. Approximately 50 species
of mollusks and 30 species of crustaceans have
been studied. The center of the estuary is the salti-
est, while the northern and southern parts are less
saline. Salinity correlates with biomass, which is
higher in the southern and northern parts of the es-
tuary, with the largest share accounted for by mol-
lusks. When the estuary is separated from the sea,
there is an increase in water salinity, a decrease in
species diversity, and a drop in biomass [13]. In
2019, 75 taxa of zoobenthos were recorded in the
Sea of Azov, Molochnyi, and Utlyuk estuaries.
However, in Molochnyi Lyman, only 2 species
were present because the amount of water was ex-
tremely low and there was an increase in salinity
levels. Therefore, residents of very saline waters,
Chironomus plumosus and Artemia salina, were
found there. The salinity of the water that year
reached 60-120%o0. Molochnyi Lyman was char-
acterized by high indicators of abundance and bi-
omass, but due to the increased salinity of the wa-
ter, these indicators suffered significant reduc-
tions [16, 17].

Ornithofauna. Molochnyi Lyman is a
unique area for stopovers, wintering, and settle-
ment of birds, which is why it is classified as a wet-
land and is protected. 15 bird species are listed by
the IUCN, 259 species are protected under the Bern
Convention, 147 species under the Bonn Conven-
tion, 96 species are protected by the Agreement on
the Conservation of African-Eurasian Migratory
Waterbirds, 41 species are under CITES protec-
tion, and 44 species are protected by the Red Book
of Ukraine. This protected area is home to about
20,000 individuals of wetland birds [5,6]. Over the
last century, 269 diverse species have been identi-
fied at Molochnyi Lyman, 57 of which are listed in
the Red Book of Ukraine. Birds are attracted to this
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area by the food base and favorable nesting condi-
tions. Hydrological changes affecting Molochnyi
Lyman significantly impact bird nesting. In partic-
ular, a large number of terns, gulls, and cormorants
have lost nesting sites as the Long and Horseshoe
islands have disappeared. The decrease in freshwa-
ter inflow increases salinity, which hinders the nor-
mal existence of these species. Increased areas of
dry land and disappearing stretches in the northern
part of the estuary (which belongs to the wetlands)
affect the reduction of areas where gray geese, her-
ons, ducks, foxes, terns, and passerines can nest.
The disappearance of salt marshes on the coast
leads to the loss of natural habitats for red-listed
species (Recurvirostra avosetta, Haematopus os-
tralegus, Himantopus himantopus, Charadrius al-
exandrinus, Glareola pratincola). For these rea-
sons, the number of birds in the area protected by
the Ramsar Convention has decreased. The num-
ber of bird species in the Wetlands of International
Importance has halved from 1998 to 2012. Mean-
while, the reproduction rates of birds in this pro-
tected area have decreased to levels ranging from 0
to 30%. The cause of this phenomenon is precisely
the reduction in water levels. The quantity and spe-
cies diversity have decreased due to high salinity
and the lack of a food base. During the nesting pe-
riod, Molochnyi Lyman does not meet the criteria
of the Ramsar List. In the post-nesting period, the
number of birds meets the criteria of the Ramsar
Convention, but there is a change in their taxo-
nomic groups. Molochnyi Lyman is losing its
Ramsar criteria [5, 6]. Additionally, there are orni-
thological sites within the Pryazovskyi National
Nature Park, mostly near or within Molochnyi
Lyman (Mordvynivka Depression, Stepanivka
Spit, the delta of the Molochna River). There are
also entomological sites close to Molochnyi
Lyman on the right bank of the estuary and on
Stepanivka Spit [18].

Flora. The flora of the studied region con-
sists of Holarctic and European-Mediterranean
species. The hydrophyton includes elements of
coastal-aquatic and aquatic cenoses. The study area
contains a large number of representatives from the
families Magnoliopsida and Liliopsida, which in-
clude subendemic species unique to this area. The
islands of the studied territory feature confinative
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subendemics, more characteristic of the Pryazovia
region. This also highlights the uniqueness of this
region and the necessity for further conservation
and maintenance efforts. The sea receded from
Pryazovia in the Miocene epoch, and since then, it
has been a place for flora development. The region
of southern Ukraine, between the Dnieper riverbed
and Molochnyi Lyman, was a site for the develop-
ment of terrestrial flora during the Quaternary pe-
riod. This fact confirms the presence of localized
South Black Sea steppe endemism. In the Holo-
cene, species from the Pontic center spread to the
studied territory, including Galatella villosa. The
flora of the area belongs to the feather grass-tus-
sock grass zone. On the islands of Molochnyi
Lyman, there are fragments of Ammophiletea and
Cakiletea maritimae associations, which constitute
so-called littoral vegetation. In the area of Mo-
lochnyi Lyman, unique species such as Asparagus
pallasii and Tamarix gracilis, which are unique to
Ukraine and the world, have been found. Species
such as Astragalus borysthenicus and Asparagus
pallasii are found only on the islands of the studied
area. Species of the genera Stipa and Tamarix are
dominants and subdominants of the studied region
and are also considered rare phytocoenoses. The
studied region requires special protection due to
the presence of littoral endemics, halophytes, and
coastal-aquatic vegetation (Astrodaucus littoralis,
Centaurea odessana) [19]. In the second half of the
20th century, studies of the algal flora in Mo-
lochnyi Lyman identified 63 species in the phyto-
plankton and 100 species in the phytobenthos [20,
21]. The phytoplankton is represented by Dinoflag-
ellates, Diatomaceous algae, Cyanobacteria, and
Green algae. The coast is characterized by the pres-
ence of Cladophora, while in the deeper part of the
estuary, Thalassiosira, Nitzschia, Prorocentrum,
Peridinium, Coscinodiscus, and Oscillatoria are
encountered. The largest portion of the algae con-
sisted of species such as Cyclotella sp., Nitzschia
tenuirostris, Campylodiscus sp., Nitzschia punc-
tata [4].

As noted above, the presence of a connec-
tion between Molochnyi Lyman and the Sea of
Azov, and consequently the level of water salinity
in the estuary, is the most influential factor affect-
ing biodiversity in the estuary. Therefore, let's
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analyze the impact of salinity on the state of fish
resources in the estuary in more detail.

Literature analysis shows that over its his-
tory, four main stages (states of connection) of Mo-
lochnyi Lyman with the Sea of Azov can be distin-
guished:

1) Open estuary (until the 15th century),
when it was a bay of the Sea of Azov and the salin-
ity level of the water corresponded to the level of
seawater [22];

2) Closed estuary (from the end of the 15th
century to 1943), when it was a salt lake and the
water salinity level ranged from 25%o in 1929 to
60%o and more in 1939;

3) Semi-open estuary (from 1943 to 1972),
when there was a possibility of water exchange
with the Sea of Azov through a wide channel (for
some time — two), hence the water salinity level
was 14.0 - 22.6%o) [22];

4) Semi-closed estuary (from 1972 to 2019),
when water exchange with the Sea of Azov oc-
curred through one artificial channel, which peri-
odically silted up with sand, the water salinity level
fluctuated from 34.2 to 96%o.

Throughout this time, rivers flowed into
Molochnyi Lyman, primarily the Molochna River,
but its flow level gradually decreased.

According to research results [23], at the be-
ginning of the 20th century, the sandy-shell spit be-
tween Molochnyi Lyman and the Sea of Azov was
eroded, and more freshwater from the sea entered
the estuary. This occurred in 1909, 1929, 1931-
1932, and 1940. However, each time the channel
existed for no more than a year, it was again filled
with sandy-shell deposits, and Molochnyi Lyman
became closed again.

In 1943, during World War 1l, German
troops deliberately blew up the spit, creating a
channel that was deep enough, and further eroded
during autumn storms and spring — it did not silt
up. From that moment, for a certain period, the es-
tuary again became a semi-open water body.

In the mid-20th century, according to N.O.
Alexeyev, the main methods of water exchange for
Molochnyi Lyman were: the inflow of sea water
through one (two) channels, evaporation from the
water surface (depending on temperature), storm-
water runoff into the water area from its shores,
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wind-driven and seiche flows, and the inflow of
fresh water (rivers Molochna (formerly Sutin),
Taschenak, Dzhekelnya and their tributaries) [22].

During this period, sea water entered
through the main channel, up to 400 meters wide,
and also through a second flow — the so-called
""Stepanivske mouth," which ensured the influx and
circulation of sufficient water to maintain a lower
salinity level. This continued until 1965 when the
processes of shallowing of the first mouth and silt-
ing of the second intensified. Unfortunately, over
time, it turned out that the decision to create a new
channel instead of deepening the existing one was
mistaken. Initially, in 1972, Molochnyi Lyman

again became closed during the construction pe-
riod. However, the new channel did not solve the
problem, as the chosen location proved to be un-
suitable; it quickly filled with sandy-shell deposits
and required periodic dredging, which continued
until 2003. In the following years, dredging and
clearing were conducted sporadically, thus accel-
erating the processes of shallowing of Molochnyi
Lyman, reducing its area, and increasing the water
salinity level.

The main sources of freshwater supply were
and remain rivers, the characteristics of which are
presented in Table 1.

Table 1
Characteristics of the rivers flowing into Molochnyi Lyman
Name of the river Length Watershed area, Number Total length
of the river, km km? of tributaries | of tributaries, km
Molochna 197,0 3450,0 80 178.,0
Taschenak 62,2 467,8 3 36,0
Dzhekelnya 34,8 228,0 - -

But, today, these steppe rivers have almost
lost their significance as a source of fresh water
replenishment for the estuary due to shallowing
and regulated surface runoff: numerous ponds and
reservoirs have been created along their channels
and floodplains. According to [2], over the years,
the level of surface runoff has fluctuated between
13.87 - 154.96 million m?, averaging 53.46+5.45
million m3,

The period from 1972 to 2019 was the most
challenging for the biodiversity of the estuary, as
due to the instability of water exchange, fluctua-
tions in water levels, there were periodic dryings
of shallow areas, and the water receded hundreds
of meters from the shore, consequently — as a re-
sult - the level of salinity also fluctuated. During
this period, differences in the hydrochemical and
hydrological state of the upper, middle, and lower
parts of the estuary, which had existed up to that
time, virtually disappeared, making the water
body's ecosystem unstable in terms of dynamics
and species composition.

From 2001 to 2013, Molochnyi Lyman pe-
riodically became closed (in 2001, 2002, 2006,
2007, 2008). For example, in 2001, the shad that
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entered Molochnyi Lyman for spawning due to
the silting of the channel could not return to the
sea and died in tons in the estuary. Instead of
deepening the channel, a new channel project was
developed in the Pryazovia area.

As a result, from 2003 to 2013, the water
area of Molochnyi Lyman decreased from 21,269
hectares in 2003 to 14,229 hectares in 2013. Ac-
cordingly, the salinity of the estuary increased
from 30.0%o in 2003 to 82.5%o — 104%o in 2013.

These negative changes led to a significant
reduction in the species richness of fish several
times. Thus, according to field research by Dem-
chenko V., in 2012 only 4 fish species were reg-
istered — mullet, shad (Liza haematocheilus),
Black Sea flounder (Platichthys flesus), grass
snakehead goby (Zosterisessor ophiocephalus),
and Black Sea silverside (Atherina pontica).

Another critical situation occurred in the
summer of 2017, when about 17,000 individuals
of shad, weighing from 0.5 to 3 kg each, died in
Molochnyi Lyman.

Therefore, from the beginning of 2018 to De-
cember 2019, comprehensive work was carried out
to clear the connecting channel and restore the semi-
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open state of Molochnyi Lyman, which led to a de-
crease in the water salinity level and created condi-
tions for the recovery of population numbers of the
main commercial fish of the Azov Sea.

Unfortunately, periodic silting of the chan-
nel between Molochnyi Lyman and the Sea of
Azov poses a significant threat to the biodiversity
of both the estuary and the sea.

The state of fish resources in the Sea of
Azov significantly depends on providing condi-
tions for the spawning and fattening of fish in Mo-
lochnyi Lyman. We have conducted studies on
the situation regarding the commercial fishing of
fish resources in the Sea of Azov.

First and foremost, this concerned fish such
as shad. An analysis of shad catch in the Sea of
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decreasing, and in 2014 — 2015, the catch level
reached catastrophically low values. A gradual im-
provement in the situation occurred during 2020 —
2021. Let us explain the reasons for these changes.

The decrease in shad catch by 2014 oc-
curred due to the gradual silting of the channel be-
tween the sea and the estuary and the complica-
tion of fish spawning. In 2014 - 2015, the channel
was partially cleared, and Molochnyi Lyman was
reconnected with the Sea of Azov.
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Fig. 1 — Shad catch in the Sea of Azov from 2010 to 2021

Constructed based on data from analytical source [24].
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This led to certain positive results, includ-
ing a rise in water levels and an increase in the
estuary's water area. Accordingly, this allowed a
slight increase in catch volumes from 39.07 tons
in2015 to 110.08 and 105.55 tons in the following
years, respectively. In 2018, the situation deterio-
rated again, resulting in the catch volume in the
Sea of Azov dropping to catastrophically low lev-
els — 16.637 tons. For comparison, in 2010, the
shad catch amounted to 3642 tons per year.

~121 ~

The analysis of fish catch data in the Sea of
Azov after the channel deepening in 2018 — 2019
significantly increased the shad catch to 182.658
tons per year in 2021. Unfortunately, this figure is
much lower than the 2010 indicators but signifi-
cantly better than the situation in 2018. Therefore,
there was every reason to expect further improve-
ment in the coming years. However, the start of
the war in 2022 made its adjustments, as the men-
tioned area came under occupation.
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Fig. 2 — Catch volumes of the main commercial fish in the Sea of Azov in the Zaporizhzhia region
Constructed based on data from the State Statistics Service of Ukraine [25].

We also conducted an analysis of the catch
volumes of the main commercial fish in the Za-
porizhzhia region during 2015 — 2021 (Fig. 2).

As we can see, from 2015 to 2021, there are
negative trends - fish catch volumes are decreas-
ing. The exceptions were the catch volumes of
flounder (turbot) and shad after the channel deep-
ening in 2018-2019, which significantly increased
in the subsequent years of 2020 — 2021. There-
fore, there were all possibilities to expect an im-
provement in the situation further since a decision
was made regarding the periodic (systematic)
dredging of the channel between Molochnyi
Lyman and the Sea of Azov.

Currently, there are several threats existing
for Molochnyi Lyman. Firstly, there is the in-
crease in the salinity of the Sea of Azov. If there
is a constant (sufficient) connection between the
sea and the estuary, it is possible to reduce the sa-
linity of the water in Molochnyi Lyman. If the sa-
linity level in the sea increases — the degree of sa-
linity reduction in the estuary becomes signifi-
cantly lower. From 1997 to 2003, the salinity
level of the Sea of Azov fluctuated slightly and
was 10.27%o, from 2003 to 2006 — it somewhat
decreased to an average of 9.72%o. From 2007 to
2012, there was a quite sharp increase in salinity
to 13%o (average value — 10.64%o). In 2020, the
salinity was already 14.5%o (in some areas of the
sea it exceeded 15%o). Thus, as we can see, the
salinity of the Sea of Azov is approaching the

level of the Black Sea, where it is 17-18%.. It
should also be considered that in some areas of
the sea it is higher than the average value. Thus,
in the western part of the Sea of Azov — it is 14%o,
and in the Utlyuk estuary - 16-17%o. The main
reason for the increase in the salinity of the Sea of
Azov is the decrease in the inflow of fresh water
with a simultaneous increase in the inflow of
more saline water from the Black Sea. Currently,
through the Kerch Strait, there has already formed
a fairly constant current of saltier water from the
Black to the Azov Sea. There is also a continuous
decrease in the flow of the Don and Kuban rivers,
which respectively brought 70 and 30% of fresh
water to the sea. Today, this amount is even less.
This happened due to the regulation of runoff
(Tsimlyansk Reservoir) and an increase in water
intake primarily from the Don River. In the Sea of
Azov, the amount of fresh water has decreased on
average by 9 km?® annually. The daily productivity
of runoff in the summer is critical because agri-
cultural producers use water for irrigation of
fields. Water consumption in the Rostov region is
also increasing annually (on average 0.5 million
m?® of water per day).

Since the start of the war, the situation has
become even more complicated, as from 2023
Russia has been diverting an additional 300,000
cubic meters of water per day from the Don River
for the needs of the DPR and Mariupol. Before the
war, water supply was carried out through the
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North Donetsk — Donbas canal, which became
shallow as a result of the destruction of the dam
of the Oskil Reservoir in the Kharkiv region.

According to experts [26], the partial filling
of the Kalchyk River with slag has reduced the
inflow of fresh water into the Sea of Azov by al-
most three times.

Such changes in the salinity level of the Sea
of Azov differently affect the living conditions of
various fish. For example, the increase in the sa-
linity of the Sea of Azov has improved the spawn-
ing conditions for the Azov turbot and shad. How-
ever, a necessary condition for the spawning of
these fish species is not only the salinity level of
the sea but primarily the existence of a connection
and water exchange between Molochnyi Lyman
and the Sea of Azov. Shad enters Molochnyi
Lyman for spawning, so the water salinity level
there must be suitable for this. Especially since
the amount of fresh water that reaches there
through the Molochna River in recent years is in-
significant in terms of its impact on reducing wa-
ter salinity.

The opposite situation is with the Azov
goby, for which a significant natural problem is
the increase in water salinity in the Sea of Azov
to 15%o, since the critical salinity value, above
which conditions for the spawning of the main
commercial species of goby — round goby, be-
come unfavorable — is 13%o. The analysis con-
ducted above showed that a critical situation with
spawning had already occurred in 2020, which is
why the State Fisheries Agency was forced to
completely abandon all types of spring fishing for
gobies in the Azov basin [27, 28].

Our analysis showed that over the last 10
years there has been a gradual decrease in the
catch volume of Azov goby, which is a result of
its decreasing population in the Sea of Azov.
There is reason to believe that the increasing sa-
linity of the water in the sea also has a negative
impact on this.

In addition to the increase in the salinity of
the Sea of Azov, additional environmental threats to
Molochnyi Lyman have arisen since the start of the
war due to the entry of contaminated water into it
through the Molochna River and from the Sea of
Azov.

Today, in temporarily occupied Mariupol
near the Kalchyk River, the invaders have created
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a landfill. As a result — there have been numerous
cases of dead dolphins and fish washing up on the
shores of the Sea of Azov. In turn, contaminated
seawater further enters the estuary.

The Molochna River in occupied Melitopol,
Zaporizhzhia region, is also on the verge of an eco-
logical disaster. The river periodically becomes
silted, turns white, is covered with white foam, and
acquires a sharp unpleasant odor. Experts believe
that the most likely cause of this pollution is sewage
leaks, which are not promptly prevented and reme-
died, resulting in sewage entering the river.

Before the war, problems with the entry of
municipal wastewater existed, but previously mu-
nicipal services regularly maintained the river,
and law enforcement held those responsible for
pollution accountable. In 2021, the river began to
be cleared, but these works were not completed
before the occupation.

The situation with wastewater in another
occupied city of Zaporizhzhia region — Tokmak,
is complicated. Due to periodic problems with
electricity and fuel supply, sewage enters the Mo-
lochna River. Even under normal operation of
treatment facilities, discharges of inadequately
treated return water occur in the cities of Tokmak
and Melitopol, significantly worsening the eco-
logical state of the Molochna River and conse-
quently - the estuary.

Furthermore, today the Molochna River
continues to shallow and become overgrown with
reeds, but the occupying authorities are not taking
any measures to save it.

There is every reason to expect negative
impacts from the military training ground that the
occupiers set up near Molochnyi Lyman in the
territory of the Radivonivka forest. Therefore, this
issue, in our opinion, requires additional attention.

Thus, all this together accelerates the onset
of an ecological disaster for Molochnyi Lyman.

With the onset of the war and the occupa-
tion of parts of the Zaporizhzhia region (Pryazov-
skyi National Park — completely), due to the ina-
bility to conduct field research in the Molochnyi
Lyman area, we used remote sensing (RS) tools to
assess the consequences of the occupation for the
estuary. First and foremost, the status of the con-
nection between Molochnyi Lyman and the Sea
of Azov, as its absence had already led to cata-
strophic ecological consequences.
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An analysis of satellite images of the chan-
nel connecting Molochnyi Lyman with the Sea of

Azov was conducted. Using the software
product Google Earth Engine, images of the terri-
tory for 2013, 2015, 2017, 2019, 2021, and 2023,
as well as from January to May 2024, were ob-
tained. Images up to 2015 were created based on

data from the Landsat 8 satellite, while from
2015, images with higher resolution from Senti-
nel-2 were used.

In Fig. 3, the location of the channel where
the dynamics of changes caused by natural silting
with shell deposits and clearing with special equip-
ment were studied is marked with a green dot.
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Fig. 3 - Research site: the channel connecting Molochnyi Lyman with the Sea of Azov
The data obtained using the Google Earth Engine sofiware

After determining the observation point, an
averaged image for the year 2013 was obtained
(Fig. 4). According to it, the level of silting with
sandy-shell deposits was extremely high, which
hindered the inflow of sea water into Molochnyi
Lyman. The situation in 2013 was critical, and the
state of this connection significantly affected the
aquatic organisms.

However, by 2014, clearing works had been
conducted, resulting in an increased width of the
channel by 2015, as confirmed by images from that
year. The situation improved, spawning and fatten-
ing began to occur more effectively, and the produc-
tivity of biomass accordingly increased (Fig. 5).

In 2017, the situation deteriorated again,
with silting of the estuary-sea connection occur-
ring (Fig. 6). The process of silting with shell de-
posits occurred rapidly, again affecting the biodi-
versity of the protected natural area.

Satellite images from 2019 to 2021 show
that the channel became much wider as it was
cleared of silt in 2018 - 2019 (Fig. 7 and 8). As a
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result, in 2020, many species of fish returned to
Molochnyi Lyman, with an increase in population
numbers and species diversity. Additionally,
commercial fish species also returned due to the
favorable hydrological and hydrochemical condi-
tions of Molochnyi Lyman.

However, the images from 2023 and the
first half of 2024 (Fig. 8 and 9) show silting of the
channel, which is a negative factor for the biodi-
versity of the estuary. The situation requires im-
mediate resolution, as it will affect the spawning,
fattening, and migration of the ichthyofauna, as
well as the ornithofauna of the wetlands in the
near future. The silting situation is cyclical, and
for the optimal functioning of Molochnyi Lyman
and the maintenance of an ecologically balanced
state, it is necessary to constantly clear the chan-
nel or create special structures. This will prevent
re-silting, ensure free water exchange between the
estuary and the sea, maintain high biomass
productivity, and preserve biodiversity.
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Fig. 4 - Landsat 8 satellite image of the studied area from 2013
Images of the area obtained using the Google Earth Engine software
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Fig. 5 - Landsat 8 satellite image of the studied area from 2015
Images of the area obtained using the Google Earth Engine software
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Fig. 6 - Sentinel-2 satellite image of the studied area from 2017
Images of the area obtained using the Google Earth Engine software

Fig. 7 - Sentinel-2 satellite image of the studied area from 2019
Images of the area obtained using the Google Earth Engine software
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Fig. 8 - Sentinel-2 satellite image of the studied area from 2021
Images of the area obtained using the Google Earth Engine software

Fig. 9 - Sentinel-2 satellite image of the studied area from 2023
Images of the area obtained using the Google Earth Engine software
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Fig. 10 - Sentinel-2 satellite image of the studied area from 2024
Images of the area obtained using the Google Earth Engine software

Additionally, a study of the water surface
area was conducted for the years 2013, 2015, 2017,
2019, 2021, and 2023 using the Google Earth En-
gine software, utilizing satellite images from Land-
sat 5, Landsat 8, Sentinel-2. In 2013, the water sur-
face area of Molochnyi Lyman significantly de-
creased at the head and on the right side (Fig. 10).
This reduction was caused by the absence of water
inflow from the Sea of Azov, which led to a signifi-
cant increase in water salinity. The strictly protected
zone at the head of the estuary, where the water re-
ceded, was severely affected. This place is important
for nesting a large number of birds due to the wet-
lands. Thus, the ornithofauna also suffered negative
impacts due to the changing conditions in Mo-
lochnyi Lyman. In 2015, the water surface area sig-
nificantly increased, and the areas where water had
receded in 2013 were refilled (Fig. 11).

This created favorable conditions for the set-
tlement of wetland birds along the coast. Accord-
ing to the images from 2017 and 2019, water began
to recede again at the head and the lower reaches
of the estuary due to the silting of the channel (Fig.
12 and 13).

The wetlands at the head of the estuary,
which are protected by the Ramsar Convention,
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suffered adverse effects, negatively affecting bird
populations. There is also a trend that when there
is no water inflow to the estuary, dry land appears
at the head, lower reaches, and also on the right
side of the estuary.

However, after the channel clearing work
conducted, in 2020 the water refilled almost the en-
tire territory of the estuary (Fig. 14). According to
the 2021 images, the water surface area signifi-
cantly increased, creating favorable conditions for
the effective functioning of both adjacent terrestrial
ecosystems and aquatic ones in particular. How-
ever, according to the 2023 images of Molochnyi
Lyman, the silting situation is repetitive. Because
of this, the water surface area is consistently de-
creasing (Fig. 15).

Although clearing works were conducted on
the channel in 2019, the accumulation of sandy-shell
deposits occurs very quickly, which leads to a reduc-
tion in the inflow of sea water. As a result, the water
surface area decreases, leading to the drying up of
the headwaters, lower reaches, and the right side of
the estuary. It is precisely in these areas where the
largest number of wetland birds are found, raising
concerns about the preservation of their populations
and the overall ecological state of the estuary.
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Fig. 11 - Water surface area of Molochnyi Lyman in 2013
The data obtained using the Google Earth Engine software utilized satellite images from Landsat 5, Landsat §,
and Sentinel-2
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Fig. 12 - Water surface area of Molochnyi Lyman in 2015
The data obtained using the Google Earth Engine sofiware utilized satellite images from Landsat 5, Landsat 8,
and Sentinel-2
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Fig. 13 - Water surface area of Molochnyi Lyman in 2017
The data obtained using the Google Earth Engine software utilized satellite images from Landsat 5, Landsat 8,
and Sentinel-2
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Fig. 14 - Water surface area of Molochnyi Lyman in 2019
The data obtained using the Google Earth Engine software utilized satellite images from Landsat 5, Landsat 8,
and Sentinel-2
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Fig. 15 - Water surface area of Molochnyi Lyman in 2021
The data obtained using the Google Earth Engine software utilized satellite images from Landsat 5, Landsat §,
and Sentinel-2

Fig. 16 - Water surface area of Molochnyi Lyman in 2023
The data obtained using the Google Earth Engine software utilized satellite images from Landsat 5, Landsat 8,
and Sentinel-2
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Conclusions

Molochnyi Lyman is a significant pro-
tected area under the Ramsar Convention. The
importance of this ecosystem lies in its unique-
ness and biodiversity richness. However, due to
the reduced inflow of sea water, the estuary is at
risk of degradation. The main ecological chal-
lenges include increased salinity, reduced water sur-
face area and biodiversity, and the silting of channels
connecting the estuary to the Sea of Azov. Preserving
the estuary requires stable water exchange and opti-
mal salinity levels, which will ensure favorable con-
ditions for the spawning and migration of fish, as well
as maintaining high ecosystem productivity. To en-
sure a stable ecological state of Molochnyi Lyman,
comprehensive ~ water  resource  management
measures are necessary, including regular channel
clearing and maintaining an optimal hydrological re-
gime. This will help preserve unique species of flora
and fauna and ensure the sustainable development of
this protected area.

Due to the accumulation of shell deposits,
silting occurs in the channel connecting Mo-
lochnyi Lyman with the Sea of Azov. This

negatively affects the aquatic and adjacent terres-
trial ecosystems, particularly the ornithofauna, as
areas used by birds for nesting and meeting their
trophic needs disappear. Increased water salinity,
turning the estuary into an ultra-haline environ-
ment, also negatively impacts aquatic organisms.

The reduction in the water surface area at
the head, lower reaches, and the right side of the
estuary leads to the drying of these areas, which
are the most favorable places for the nesting of
wetland birds. Moreover, the silting of the chan-
nel disrupts the processes of spawning, migration,
and fattening of various fish species, including
commercial species. The tendency for rapid silt-
ing of the channel even after clearing indicates
that simple clearing work is insufficient.

Therefore, it is necessary to develop more
effective clearing methods or structures that
would slow down the silting process in the long
term. More frequent and effective clearing is crit-
ically important for preserving this protected area,
which holds extraordinary importance according
to the Ramsar Convention.
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EKOJIOT'TYHI 3AI'PO31 I PU3UKHA JJIA ITPUPOJOOXOPOHHUX
TEPUTOPIM B YMOBAX BIMHU (HA TPUKJIAAI MOJIOYHOTI'O JINMAHY)

Merta. JlocnipKeHHS €KOJIOTIYHOro cTaHy MOJIOYHOTO JIMMaHY, SIKUH € 3aKa3HUKOM 3arajJbHOJIep)KaBHOTO 3Ha-
YeHHsI, YaCTUHOIO [IpHa30BChKOT0 HALlIOHAILHOTO IIPUPOAHOTO MapKa, BOJHO-00IOTHUM YTi/1IM MIXKHapOIHOTO 3Ha-
YeHHSI, 10 OXOPOHSETHCS 3TiAHO Pamcapchkoi KOHBEHI.

Metoau nocaimkenns. CucTeMHUI aHai3, BAKOPUCTOBAHO JaHI ANCTAHIIIHHOTO 30HyBaHHS, 30KpeMa CyILy-
THHUKOBI 3HiMKH Landsat 5, Landsat 8, Sentinel-2, a Takox nporpamuwuii inctpyment Google Earth Engine.

PesyabTaT. Hamana xapakrepuctika 06i0pi3HOMaHITT: MOJOYHOTO JIMMaHy Ta MPOaHaIi30BaHUNA BILTUB Pi-
BHsI COJIOHOCTI BOJIOWMHU Ha cTaH ii Oiopi3HoMaHiTTs. [IpoanarnizoBaHi IPUPO/HI Ta aHTPOIIOT€HHI YNHHUKH BILUTUBY
Ha exoJyioriunuii crad Mojounoro auMany. OcoOiBa yBara MpuijieHa aHalli3y YMOB 3a0€3Me4YeHHsT BOJOOOMIHY 3
A30BCHKHM MOpEM Ta HACJiAKIB HOr0o BiJICYTHOCTI [yisi 0i0pi3HOMaHITTs BojoiMH. [IpoBeeHuii aHai3 cTany Ta Jiu-
HaMiK{ POMKCIIOBOTO BUIOBY pHOH y A30BchkoMy Mopi (3anopi3zbka 001acTb) Ta pakTopiB, 10 BILIMBAIOThH HA CTaH
pubHMX pecypciB. OuiHeHn BIUTMB BiffHW Ha EKOJIOTIYHY CHTYyalif0o y MoJOYHOMY JIMMaHi Ta BU3HAYEH] LUISXHU Ta
MOXIJIMBOCTI ITO/I0JIAaHHS KPU30BUX EKOJIOTIYHUX HACJIAKIB OKyHalii TepUTOpii Ha eTari MOBOEHHOTO BiTHOBIICHHSI.

BucnoBku. BusHadueHi OCHOBHI eKoJIOTiYHI MpobieMu MOJIOYHOTO JIMMaHy: IiJBHIIEHHS COJIOHOCTI, 3MEH-
IIEHHS TUIOIII BOJHOTO J3epKaa Ta 010pi3HOMAHITTS, a TaKOX 3aMyJIeHHS KaHaJiB, 10 3 €IHYIOTh JIUMaH i3 A30BChb-
KuM MopeM. J/loBesieHo, 1110 30epeskeHHs IMMaHy BUMarae CTabijIbHOro BOJOOOMIHY Ta ONTHMAJILHOTO PiBHS COJIOHO-
CTi, 110 320€3M1eYNTh CIPUATIINBI YMOBH JUIS HEPECTY Ta Mirpariii puo, a TaKoXX MiATPUMaHHI BUCOKOI PO TYKTUBHOCTI
€KOCUCTEMH. 3 TIOYaTKOM BifHU CUTYaIlisl yCKJIaIHUIACh, BAHUKIIN JOJATKOBI €KOJIOT1UHI BUKJIMKHM BHACIITOK O€3/1i-
SIIBHOCTI, 10 Y TIoAaJbIIoMy OyJie moTpeOyBaTH JOAATKOBUX 3yCHIIb JUIS BiTHOBIECHHS 0i0pi3HOMAaHITTS MOJOYHOTO
JrMaHa 1 A30BCBKOTO MOPSI.

KJITOYOBI CJOBA: Monrounuii auman, A306coke mope, 0iopiznomanimmsl, eKOJI02IYHA CUMYayis, colo-
HiCMb 800U, B0000OMIH, pubHi pecypcu
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