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ABSTRACT. To study the biodiversity and quantitative development of zooplankton, in vestigations
were conducted in the Yantarnyi water-flooded quarry in Kaliningrad regionin 2011 and 2023-2024.
Due to its quarry origin, this water body has a relatively large surface area and high depth. The study
included hydrochemical analysis of the water, determination of the taxonomic composition of zoo-
plankton communities, their quantitative indicators, and calculation of the Shannon diversity index for
areas with macrophytes and for open water. It was established that Cladocera dominate the quarry in
terms of the number of species found, abundance, and biomass. Despite the small projective cover of
aquatic vegetation, species diversity is higher in macrophyte stands due to a greater number of Rotifera
species and species associated with these biotopes. Low mortality rates of zooplankton were recorded in
the Yantarnyi water-flooded quarry, indicating favorable conditions for planktonic communities. This
is confirmed by the results of hydrochemical analysis, which classify this water body as oligosaprobic.
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1. Introduction

Currently, there are about 50 quarries in the
Kaliningrad region for the extraction of mineral
resources. After the depletion of the deposit, quarries
are often filled with groundwater and become water
bodies — water-flooded quarries. A total of 14 groups
or individual water bodies formed in this way exist in
Kaliningrad region (Moiseenko and Tsupikova, 2023).
Among them, the Yantarnyi water-flooded quarry is the
largest water body this origin in Kaliningrad region by
surface area (Fig. 1).

This water body of amber quarry has existed since
1972. Its water surface area is 1.18 km?, and the max-
imal depth is 28 m (Moiseenko and Tsupikova, 2019).
These relatively large values are due not only to its arti-
ficial origin, but also to the specifics of amber deposit
development, which requires greater depths and areas
compared to sand and gravel quarries. Ecosystems of
water bodies formed on former quarry sites are poorly
studied or not studied at all due to their recent forma-
tion and absence from water registries. Consequently,
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the study of biological diversity, structure, and quan-
titative indicators of zooplankton communities in this
water body is particular interest.

The aim of this study was to investigate the fea-
tures of biodiversity and structure of zooplankton com-
munities in the Yantarnyi water-flooded quarry.

2. Materials and methods

Sampling was carried out during the growing
season (from April to September) 2011, 2023 and
2024 according to the methodology (Methods..., 2024).
Sampling stations were confined to open areas of the
water surface (with depths of 0-3 m) and coastal areas
of the quarry with macrophyte thickets (with depths
of 0-2 m). A identification guide was used to identify
zooplankton organisms (Zooplankton and Zoobenthos
Determinant..., 2010). In order to estimate mortality
rates of zooplankton (the proportion of dead individ-
uals from the abundance/biomass of zooplankton), it
was stained with aniline blue dye (Methods..., 2024).
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the Yantarnyi

Fig.1. Location of the the Yantarnyi water-flooded quarry.

To assess the level of biological diversity of zooplank-
ton communities, the Shannon Index was calculated
using abundance of zooplankton (Shannon and Weaver,
1963; Andronikova, 1996). To determine the degree of
organic contamination of water by zooplankton indi-
cators, the Pantle-Buck saprobicity index (Pantle and
Buck, 1955) was calculated in the Sladechek modifi-
cation (Sladecek, 1973), saprobic valences of species
were found according to literature data (Makrushin,
1974; Tsimdin, 1979; Ermolaeva and Dvurechenskaya,
2013). The similarity of planktonic communities in the
studied reservoirs was estimated using cluster analysis
of standardized and transformed data on the number of
taxa by the Bray-Curtis coefficient (Clarke and Gorley,
2006). Simultaneously with the sampling of zooplank-
ton at the same points and at the same depths, samples
were taken for hydrochemical analysis, which included
the determination of dissolved oxygen and BODS5. In
2023-2024, a study of the chemical composition of
waters (hardness, alkalinity, pH, bicarbonates, sulfates,
chlorides, the amount of sodium and potassium), per-
manganate oxidability, biogenic elements (ammonium
nitrogen, nitrites and nitrates, phosphorus phosphates)
were conducted according to Alekin (1970), State
Water Quality Control (2003).

3. Results

Oxygen conditions in the Yantarnyi water-
flooded quarry are favorable, with water saturation
ranging from 95% to 100%. A slight increase in dis-
solved oxygen content and an increase in BODg were
observed between 2011 and 2023-2024 (Fig. 2).

The content of biogenic nutrients, according to
data obtained from previous studies, and does not exceed
the maximum permissible concentrations (Moiseenko
and Tsupikova, 2019). According to Alekin’s classifi-
cation (Alekin, 1970), the studied water has elevated
mineralization and is bicarbonate-type. Based on total
hardness classification, the water is categorized as soft
(Table 1).

1197

Unlike urban reservoirs, including those of quarry
origin (Sevostyanova et al., 2025), there are no signif-
icant changes in zooplankton species diversity for the
Yantarny quarry from 2011 to the 2020s.

A total of 33 zooplankton species were identified
over the entire study period: 26 species in 2023-2024
and 24 species in 2011. Cladocera were represented
by the highest number of species in all sampling years.
Most species were palearctic, eurytopic and herbivores.
The only exceptions are the predators Leptodora kindtii
(Focke, 1844) and some species of Cyclopoida (Table 2).

The following species were the most abundant:
Kellicottia longispina (Kellicott, 1879), Daphnia gale-
ata (Sars, 1864) and juvenile Cyclopoida. The highest
zooplankton abundance and biomass were recorded in
2024, dominated by juvenile copepods. In 2023, similar
abundance levels were accompanied by lower biomass
values due to the predominance of small-sized rotifer
species, particularly the mass development of Kellicottia
longispina (Kellicott, 1879), its abundance varied from
14 to 23 thousand individuals/m?, this species prefers
cold, deep water bodies like the Yantarnyi quarry. In
2011, Copepoda dominated both in abundance and bio-
mass (Fig. 3).
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Fig.2. Dissolved oxygen content and BOD5 value in the
Yantarnyi water-flooded quarry.
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Seasonal dynamics showed a significant increase
in the proportion of copepods in both abundance and
biomass during summer and mass development of cla-
docerans in autumn (Fig. 4).

Dead individuals were found in populations of
12 zooplankton species, primarily the most abundant
and dominant rotifers and crustaceans. Mortality rates
for individual species were low — the proportion of dead
individuals ranged from 0.5% to 3.6% of abundance
and from 0.4% to 3.4% of biomass. The highest mortal-
ity rates were recorded for Bosmina longirostris. In the
open part of the water body, the lowest mortality rates
were for copepods (0.65% and 0.74%), and the highest
for rotifers (1.00% and 1.08%). In macrophyte stands,
the lowest mortality rates were for rotifers (0.91% and
0.63%), and the highest for cladocerans (2.66% and
1.83%). Overall, in the open part, the proportion of
dead individuals was 0.81% and 0.80%, and in macro-
phyte stands — 2.19% and 1.52% of zooplankton abun-
dance and biomass, respectively.

4. Discussion

Studies on the chemical composition of techno-
genic water bodies show that their waters are often
predominantly sulfate and bicarbonate (Afonina et
al., 2022; Bazarova et al., 2023). The results for the
Yantarnyi water-flooded quarry are consistent with
these parameters. Despite its proximity to the Baltic
Sea, the waters are not chloride-type, indicating weak
marine influence on the ecosystem. Marine and brack-
ish water species of zooplankton were not detected.
To some extent, the detection of juvenile Eurytemora
sp. is an exception, which may belong to Eurytemora
affinis — widespread in brackish and marine waters,
including the Baltic Sea and the Kaliningrad (Vistula)
Lagoon. However, freshwater representatives also exist
within this genus (e.g., Eurytemora lacustris), so until
adult specimens are found and identified, the question
remains open.
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Table 1. Hydrochemical parameters of waters of the
Yantarnyi water-flooded quarry

Name of the indicator Concentration
Alkalinity, mg*eq/1 5.19
Hardness, mg*eq/1 2.5

pH 7.5

Hydrocarbonates, mg/1 317.0

Sulfates, mg/1 143.0

Chlorides, mg/1 34.4

Sum of sodium and potassium, mg/1 153.0

Mineralization, mg/1 649.0
Ammonium nitrogen, mg/1 0.02+0.01

Nitrogen of nitrites, mg/1 0.004 +0.002
Nitrogen of nitrates, mg/1 <0.001

Phosphorus of phosphates, mg/1 0.02+0.10

Technogenic water bodies are also often char-
acterized by wide pH ranges with alkaline or acidic
waters, high concentrations of sulfates, bicarbonates,
metals, and nutrients, which can potentially affect the
diversity and quantitative development of zooplankton
organisms (Sienkiewicz and Gasiorowski, 2017; 2019;
Pociecha et al., 2018; Afonina et al., 2022). However,
for water bodies formed on former clay, sand, and
gravel quarries, water pH can be neutral or near-neu-
tral (Sienkiewicz and Gasiorowski, 2017).

The Yantarnyi water-flooded quarry lacks these
characteristics since after amber extraction, no residues
remain that could form toxic compounds upon interac-
tion with water and air. Consequently, extreme values
of the aforementioned indicators are absent, and water
pH is neutral.

When forming the biota composition of a water-
flooded quarry, species richness potential is influenced
by both the biotic and abiotic conditions of the environ-
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Fig.3. The structure of the abundance and biomass of zooplankton in in the Yantarnyi water-flooded quarry in different years

of research.
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ment itself (which can promote or hinder colonization
by new species through competition, predation, etc.)
and the environmental conditions of the locality (De
Meester et al., 2005).

The composition and structure of planktonic bio-
cenoses in such water bodies are typically determined
by a combination of complex biotic parameters, with
a predominance of cosmopolitan species (Tashlykova
et al., 2023). Generally, zooplankton in water-flooded
quarries is characterized by low species richness, wide
variation in quantitative indicators of aquatic organ-
isms, and dominance of juvenile Cyclopoida stages in

the zoocenosis (Gozdziejewska et al., 2021; Afonina,
2022). These characteristics consistent with the results
obtained for the zooplankton of the Yantarnyi water-
flooded quarry.

According to GOST 17.1.2.04-77 «Nature protec-
tion. The hydrosphere. Indicators of the condition and
taxation rules of fisheries water bodies» in the Yantarnyi
water-flooded quarry is oligosaprobe in most hydro-
chemical indicators (in terms of the content of nitrites,
ammonium, phosphates). In terms of dissolved oxygen
content and permanganate oxidizability, it is xenosap-
robe, and in terms of BOD,, it is alphamesaprobe.

Table 2. Species composition of zooplankton in the studied water body

Taxon Species Zoogeography | Saprobity | Biotope | 2011 | 2023 | 2024
Cladocera Acroperus harpae (Baird, 1843) C 1.4 L, Ph - - +
Alona affinis (Leydig, 1860) C 1.1 Ph 4 - +
Alona rectangula (Sars, 1862) C 1.3 Eut - + +
Alona quadrangularis (Muller, 1776) C 1.3 Ph, L + - -
Bosmina longirostris (Miiller, 1785) C 1.55 Eut + + +
Ceriodaphnia quadrangula (Miiller, 1785) C 1.15 Eut + - -
Chydorus sphaericus (Miiller, 1785) C 1.75 Eut + + +
Daphnia cucullata (Sars, 1862) 1.75 @ + + +
Daphnia galeata (Sars, 1864) P 2 Pl + + +
Diaphanosoma brachyurum (Liévin, 1848) P 1.4 Bt,Ph + + +
Disparalona rostrata (Koch, 1841) H 1.3 * + - -
Eubosmina coregoni (Baird, 1857) P 0.95 @ + - +
Leptodora kindtii (Focke, 1844) H 1.65 Pl + + -
Pleuroxus aduncus (Jurine, 1820) 1.2 i + - +
Pleuroxus uncinatus (Baird, 1850) P * - - +
Polyphemus pediculus (Linnaeus, 1761) H 1.3 L + - +
Scapholeberis mucronata (Miiller, 1776) P 2 Bt,Ph + + +
Sida crystallina (Miiller, 1785) P 1.3 Ph + - -
Total Cladocera 15 8 13
Copepoda Cyclops kolensis (Lilljeborg, 1901) P Eut - - +
Eucyclops macrurus (Sars, 1863) P 1.4 + + +
Eudiaptomus gracilis (Sars, 1863) P 1.25 s - + -
Eurytemora sp. * + - -
Mesocyclops leuckarti (Claus, 1857) P 1.2 Eut + + +
Thermocyclops oithonoides (Sars, 1863) P 1.3 + + -
Total Copepoda 4 4 3
Rotifera Asplanchna priodonta (Gosse, 1850) C 1.55 Eut + + -
Brachionus calyciflorus calyciflorus 2.5 * - + -
(Pallas, 1776)
Eosphora najas (Ehrenberg, 1830) P Ph, L - - +
Kellicottia longispina (Kellicott, 1879) r 1.25 Pl - + +
Keratella cochlearis (Gosse, 1851) C 1.15 Eut + + -
Keratella quadrata (Miiller, 1785) C 1.55 Eut + + +
Polyarthra major (Burckhardt, 1900) H 1.2 Eut + + -
Synchaeta pectinata (Ehrenberg, 1832) C 1.65 Eut + - -
Trichocerca sp. 1.6 * - - F
Total Rotifera 5 6 4
Total 24 18 20

Note: P - palearctic, H — holarctic, C — cosmopolitan (Zooplankton and Zoobenthos Determinant..., 2010); Pl - pelagic;
Ph - phytophilic; Bt — benthic; L - littoral; Eut. — eurytopic (Rivier et al., 2001), * — according to the available literature, the

status of this species remains unknown.
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Fig.4. The structure of the abundance and biomass of zooplankton in in the Yantarnyi water-flooded quarry by season.

The quarry origin, resulting in significant depths
(about 30 m), combined with a large water volume, pro-
vides sufficient self-purification potential (Szatylowicz
et al., 2015). The average annual phytoplankton abun-
dance is low (does not exceed 7 million cells/L). The
content of green algae (protococcal), forming the basis
of the phytocenosis, in terms of both abundance and
biomass, indicates potentially high productivity of the
water body (Tsupikova et al., 2017).

Zooplankton biomass and abundance in this
water body are lower than in water-flooded quarries of
similar formation periods, such as the Pushkarevskii and
Berezovskii quarry (Moiseenko et al., 2024; Moiseenko
and Semenova, 2025). Nutrient content is also lower
than in water bodies of similar formation period and
surface area, such as the Forelevyi pond (Moiseenko et
al., 2024), this is due to the large anthropogenic impact
on the Forelevyi pond due to the location of industrial
enterprises and trout farming.

In general, the species richness of zooplankton
is related to the age of water bodies, newly formed
aquatic habitats are subject to intensive invasion pro-
cesses, and climax communities have not yet formed. In
addition to local restrictions caused by specific condi-
tions in the reservoir, species-unsaturated zooplankton
communities of newly formed water bodies are strongly
influenced by regional species richness and their distri-
bution opportunities (Tavernini et al., 2009). The fairly
stable number of species of the Yantarnyi water-flooded
quarry over a long period and similar dominant species
suggests that the zooplankton communities formed in it
are close to climax.

Higher aquatic vegetation also has a significant
impact on the species structure and abundance of zoo-
plankton, as a result of which zooplanktocenoses of
macrophyte thickets are characterized by high species
richness and quantitative development (Gavrilko et al.,
2019).

The projective coverage of macrophytes in the
Yantarnyi water-flooded quarry does not exceed 5 %
and is represented by Phragmites australis (Cav.) Trin.

ex Steud.), Sparganium glomeratum Laest. ex Beurl.)
Neuman) and Acorus calamus L. (Moiseenko and
Tsupikova, 2023). However, both biomass and abun-
dance of zooplankton were lower at stations near
macrophyte stands, except for rotifers, whose abun-
dance increased significantly. Overall, increased spe-
cies diversity in this biotope, besides rotifers, was
achieved through species characteristic of stands such
as Chydorus sphaericus (O.F. Miiller, 1785), Sida crys-
tallina (O.F. Miiller, 1776), Diaphanosoma brachyurum
(Lievin, 1848), Eudiaptomus gracilis (GO Sars, 1863),
Scapholeberis mucronata (O.F. Miiller, 1776), Polyphemus
pediculus (Linnaeus, 1758).

To compare the composition of zooplankton, the
Pushkarevskii and Berezovskii quarries were selected,
which are similar to the Yantarny quarry in terms
of the period of formation, as well as in terms of use
(exclusively for recreational purposes) (Moiseenko and
Semenova, 2025), while, for example, the water-flooded
quarry «Forelevyi pond» is used for trout farming.

Although Cyclopoida predominate in all the
above-mentioned reservoirs, a cluster analyses showed
a very high specificity of the planktonic communities
of the Yantarnyi water-flooded quarry, which stands
out in a separate cluster from other quarries in the
Kaliningrad region (Berezovskii and Pushkarevskii)
(Fig. 5).

The above results suggest that, in general, there
are general patterns in the formation of zooplankton
communities in the above-mentioned reservoirs, the
Yantarnyi water-flooded quarry has distinctive features
due to the influence of local factors, as well as its prox-
imity to the Baltic Sea, which confirms the importance
of local factors in the formation of biodiversity in arti-
ficial reservoirs (De Meester et al., 2005). Thus, despite
the fact that the Baltic Sea does not affect the hydro-
chemical composition of the Yantarnyi water-flooded
quarry due to the lack of water inflow, it is possible
to influence the formation of aquatic biodiversity, for
example, through runoff from the catchment area or
with the transfer of some species through waterfowl.
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Fig.5. Dendrogram of the similarity of zooplankton at in the Yantarnyi water-flooded quarry with other quarries in the
Kaliningrad region (in each of the reservoirs, stations 1 and 2 are located in the open part; station 3 is located on the littoral, in

thickets of macrophytes).

In addition, the stations located in the open part
of the reservoir are combined into subclusters, and the
stations located in the thickets of macrophytes are rep-
resented by separate subclusters. This feature can be
traced for all the above-mentioned flooded quarries.

In the structure of zooplankton abundance and
biomass in the Yantarnyi quarry, copepods and cla-
docerans constituted a significant share, while rotifers
formed a small proportion, characteristic of clean oligo-
trophic water bodies (Andronikova, 1996). In the recent
period, a decrease in the Shannon diversity index has
been observed alongside an increase in the proportion
of crustaceans (Table 3).

No elevated mortality rates were noted for any
individual species or taxonomic groups. The propor-
tion of dead individuals relative to zooplankton abun-
dance and biomass was low in both the open water and
macrophyte stands, ranging from 0.8% to 2.2%. This
is at the minimal level for water bodies in Kaliningrad
region (Semenova et al., 2025) and for freshwater bod-
ies in general (Tang et al., 2014), indicating favorable
conditions for zooplankton organisms in the studied

water body.

The species composition of zooplankton in the
Yantarnyi water-flooded quarry is typical for the lake
ecosystems of the Kaliningrad region. In general, eury-
topic cosmopolitan species are characteristic of reser-
voirs of man-made origin (Afonina, 2022; Tashlykova
et al.,, 2023), due to their widespread distribution
and good adaptability to diverse environmental con-
ditions. In general, both the species composition and
the structure of zooplankton communities and the level
of their quantitative development in the Yantarnyi
water-flooded quarry are similar to similar character-
istics of lake-type reservoirs in the Kaliningrad region
(Shibaeva et al., 2018), in contrast, for example, to the
Berezovsky and Pushkarevsky quarries, where commu-
nities are poorer and apparently still under formation.
During its existence, more mature (species-rich, more
stable) zooplankton communities have already formed
in the Yantarnyi quarry, which characterized its zoo-
plankton communities similar to the natural reservoirs
of the Kaliningrad region.

Table 3. Zooplankton indices of the Yantarnyi water-flooded quarry
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Open part of the reservoir Macrophyte stands
D 2011 2023 2024 2011 2023 2024
Number of species 17 15 17 23 22 22
Shannon index 2.80 +0.77 1.16 =0.53 2.10 =0.54 3.89 +0.81 1.66 =0.76 2.11 £0.54
N Clad /N Cop 0.16 5.66 0.19 0.79 6.66 1.05
B Crust/B Rot 6.21 18.34 191.32 29.02 1.43 1000.02
Saprobic index 1.4 1.4 1.7 1.4 1.3 1.6
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5. Conclusions

Thus, it has been established that the Yantarnyi
water-flooded quarry has elevated mineralization, with
bicarbonate waters, which is also characteristic of other
quarry-origin water bodies. Based on most hydrochem-
ical indicators, it is oligosaprobic. In contrast to many
other quarry-origin water bodies, this water body lacks
extreme hydrochemical conditions, making its ecosys-
tem favorable for zooplankton development.

Palearctic, eurytopic zooplankton species pre-
dominate in the Yantarnyi water-flooded quarry. Most
are cosmopolitans or widely distributed in Europe.

Biodiversity analysis showed that overall, by all
indicators, species diversity was higher in macrophyte
stands.

It was revealed that zooplankton biomass and
abundance increased between 2011 and 2024, while the
number of zooplankton species in the Yantarnyi water-
flooded quarry did not undergo significant changes,
characterizing the ecosystem of this water body as sta-
ble and established. The significant depths of this res-
ervoir, due to its quarry origin, and its use exclusively
for recreational purposes also contribute to the stable
state of the aquatic ecosystem. Despite the similarity
of the structure and composition of zooplankton with
other flooded quarries in the Kaliningrad region, the
Yantarnyi water-flooded quarry is characterized by fea-
tures caused by local factors. In general, more mature
zooplankton communities, similar to lake communities,
have formed in this reservoir.
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Buopa3zHoo6pa3ue u CTpykTypa coobiuecrts
300NNaHKTOHA 060BOAHEHHOro Kapbepa
finTapubiv (KaAMHMHIpaackasa obnacrb,
Poccun)

Mouceenko B.B.'*, CemeHnoBa A.C.!2

T Amnaumuueckutl pwiuan I'HL] PO OI'BHY «BHHUPO», yi. Jim. JJoHckozo, 0. 5, . KauHuHepad, 236022, Poccua
2 HiHcmumym 6uostoeuu 6HympeHHux 800 um. H.J]. ITananuHa PAH, fpocitasdckas 06.t., Hekoy3ckuii pation, noc. bopok, 152742,
Poccua

AHHOTAILIUA. C nenbio udydeHUss OHMOpa3HOOOpa3uss U KOJIMUYECTBEHHOTO PpAa3BUTUA 300ILIaH-
kTtoHa B 2011 u 2023-2024 rr. ObUIM IPOBEJIEHBI MCCJIeNOBAaHNA OOBOJHEHHOIO Kapbepa fHTapHBIN
KanuHuHrpazckoi obsacty. JlaHHBIN BOAHBIN 00BEKT OJiaroapsA cBoeMy KapbepHOMY ITPOMCXO0XAEHUI0
HMeeT JOCTAaTOYHO OO0JIBbIIYI0 IJIOHMIAAb BOJHOM IOBEPXHOCTU U 3HAUMTEeJIbHYIO IJIyOrHy. B pesysbTare
rcciiefoBaHuA ObUI IIpOBeAeH TMAPOXWMUYECKHUI aHaji3 BOJ, OlpejesieH TaKCOHOMUYECKHUI COCTaB
€OO0IleCTB 300IUIaHKTOHA, UX KOJIMYeCTBEHHbIe [TI0KAa3aTesIl, pacCYMTaH MHEKC BUIOBOr0 pasHooOpa-
3us IlleHHOHA [JI Y4aCTKOB BOAHOI MOBEPXHOCTH C MakKpo®UTaMU U AJIA OTKPBITOM BOAHOU MOBEpX-
HOCTH. Y CTaHOBJIEHO, YTO [0 KOJIMYeCTBY OOHapy>KeHHBIX BUAOB, YUCJIEHHOCTU U 6uoMacce B Kapbepe
npeo6JIaaloT BETBUCTOYChie pakooGpasHeie (Cladocera). HecMoTps Ha MaJIyIo IUIOMIAAb MPOEKTUBHOIO
IIOKPBITHA BOOHOM pacTUTEIbHOCTBIO, BUAOBOE pa3HOOOpasye BHIIIE B 3apOC/IAX MaKpOPUTOB 1 NOCTHU-
raercs 3a cyeT OOJIbIIEro yrcja BUAOB KoaoBpaTok (Rotifera), a Takxe 3apociieBbIX BUJIOB, XapaKTep-
HBIX JJI1 JaHHBIX OMOTONOB. B kaprepe fAHTapHBII ObIM OTMeYeHBl HU3KHe [TOKa3aTeand CMEepTHOCTU
300IIJIAHKTOHA, YTO CBUAETEJIbCTBYeT O CO3AAaBIIMXCA B HEM 0JIaronpUATHHIX YCJIOBUAX AJIA CyIIeCcTBO-
BaHNA [IAHKTOHHBIX COOOIIECTB, YTO NOATBEPXKAAeTCs U pe3ysbTaTaMU aHaIu3a TMAPOXUMUYECKOro
COCTaBa BOJ, COIJIaCHO KOTOPHIM JAaHHBIN BOJOEM ABJIAETCA OJIUrOCanpOOHBIM.

Kitioueavle ctosa: xapbep fAHTapHBIiH, 300MTaHKTOH, Cladocera, unpaekc IlleHHOHa, TOKa3aTe I CMEPTHOCTHU

Jlia nutupoBaHusa: MouceeHko B.B., CemenoBa A.C. BuopasHoo6pasue 1 CTpyKTypa COOOIIeCTB 300IJIAHKTOHA 0OBOJHEHHOTO
kapbepa fntapHeii (KanuHuHrpaackas o6aacts, Poccus) // Limnology and Freshwater Biology. 2025. - Ne 5. - C. 1196-1211.
DOI: 10.31951/2658-3518-2025-A-5-1196

1. BeepeHne (Mouceenko u llynukopa, 2019), Takue OOCTaTOYHO

OoJibllvie BeJIMUMHBI JAHHBIX IOKa3aTesieil o0yCJIoB-
JIeHbBl He TOJIPKO HCKYCCTBEHHBIM IIPOMCXOXAEHHEM,
HO u crnenudukoil pa3paboTKU MeCTOPOXIeHU
SIHTaps JJ1A1 KOTOPHIX TPeOYIOTCs TJIyOUHBL U IO/,
IpeBHIIAIONINE Kapbephl 10 JOoObIYe MecKka U I'paBUA.
DKocrucTeMbl BOZOEMOB, 00pa3oBaBIIMXCA HAa MeCTe
OBIBIINX KapbePOB, ABJIAIOTCSA MaJI0 U3yYeHHBIMY, 100

B  mBacrosamee BpeMsA Ha = TeppUTOpUU
KanuuuHrpajackon obsactu B pa3paboTKe HaXOAUTCA
0K0JI0 50 KapbepoB 0 JOObIUe I0JIE3HBIX MCKOIIaeMBbIX.
ITocsie BoIpabOTKM KapbepoB, yallle BCEro OHU 3aroJi-
HAIOTCA I'PYHTOBBIMHU BOJAaMMU U CTAHOBATCA BOJHBIMU
o0bekTaMu — OOBOOHEHHBIMU KapbepaMu. Bcero Ha

Tepputopun KanmHuHrpajackon o6JiacTU HaCUUTHIBA-
eTcs 14 rpynn BoJ0eMOB U OTAEeJIbHBIX BOJOEMOB, 00pa-
30BaHHBIX BhIIEyKa3aHHBIM criocobom (MouceeHKO U
Lynukosa, 2023), u3 Hux fHTapHBIN ABJIAETCS CAMBIM
60JIBIIMM [0 ILJIOUAJH BOJOEMOM KapbepHOI'O IIpOUC-
xoxaenus B KammHuHrpackoi obnactu (Puc. 1).
JTOT BoAioeM OOpa3oBasicA NyTeM OOBOAHEHWA
KOTJIOBUHBI OBIBIIETO MECTOPOXAEHUA AHTapsA B 1972
roay. [lnomans ero BOAHOI MOBEPXHOCTH COCTaBJIAET
118 ra (1.18 xm?), a MakcuMaJibHasA TJIyouHa — 28 M

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: moiseenko@atlant.vniro.ru (B.B. MouceeHKo0)

INTocmynuwna: 08 asrycra 2025; IIpunama: 19 okta6ps 2025;
Ony6tukoadana online: 31 okta6psa 2025
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He U3y4eHHBIMU BOBCe I10 IPUYMHE HeJaBHEro BpeMeHU
cBoero o0pa3oBaHUs U OTCYTCTBUsS B BOAHOM peecTpe.
BcnencrBue yero, viccijiejoBaHue G10JIOTMYECKOTO pas-
HOOOpasyusa cooO0IIecTB 300IJIAHKTOHA AAHHOTO BOMO-
eMa U UX KOJIMYeCTBeHHBIX NI0Ka3aTeJiel Ipe/icTaBJisieT
0coOeHHBIN UHTepec.

Llesnipio faHHOM paboTh OBLJIO KCCIIEJOBAHUE OCO-
6eHHOCTel O1Oopa3HO00pa3Usa U CTPYKTYPhI COOOIIIECTB
300IJIAaHKTOHA 0OBOHEHHOTO Kapbepa SIHTapHBII.

© Asrop(s1) 2025. DTa pabora pacnpocTpaHs-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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00BOIHeHHLIH

Kapbep

STHTApHBIH

’

»

Puc.1. PacnosioxeHre 06BOAHEHHOr0 Kapbepa SIHTapHbIH.

2. MaTepuanbl U MeTOADI

OT160op npo06 ©NpoBOAWJICA B BereTalliOHHbIE
nepuofel (¢ ampesd no ceHTsa0ps) 2011, 2023 u 2024
IT. corjlacHo Metoauke (Mertomsl..., 2024). CraHIUu
oTbopa OBUIM NPUYPOUYEHBl K OTKPHITHIM Yy4yacTKaM
BoAHO! mnoBepxHocTu (c riybunamu 0-3 M) u Gepe-
TOBBIM 30HaM Kapbepa C 3apocjisaMu Makpoduros (c
riaybuHamu 0-2 M). [na ugeHTUPUKALUN 300ILUIaH-
KTOHHBIX OpraHMW3MOB MCIIOJIb30BAJIM OIpeesInTe b
(Onpenmenurenb  300ILUIAHKTOHAa K 3000eHTOCA...,
2010). C uesbio ycTaHOBJIEHUS NOKa3aTesell CMepTHO-
CTHU 300IIaHKTOHA (0JIM MEepPTBHIX 0cO0ell OT YucJieH-
HOCTH/OHMOMAacCh 300IJIAHKTOHA) OBLJIO BHINOJIHEHO
€ro okpanyBaHie aHWJIMHOBBIM IoJIyOBIM KpacuTeseM
(Metopnpl..., 2024). s oleHKU ypOBHA OHOJIOTHYe-
CKOrOo pasHooOpa3us 300IUIaHKTOHHBIX COOOIIecTB
Obli paccuuTaH uHAekc IlleHHOHa MO YKMCJIEHHOCTHU
(Shannon and Weaver, 1963; AHgpoHHKOBa, 1996).
Jia onpenesieHus cTelleHU OpPraHWYecKOro 3arpssHe-
HUA BOABI MO IOKa3aTeJIAM 300ILJIaHKTOHA PacCUYUTHI-
BaJIM UHAEKC canmpobHocTu ITaHTie-Bykka (Pantle and
Buck, 1955) B momudukanumu Ciiagedeka (Sladecek,
1973), canpobHble BaJIeHTHOCTU BHJIOB HAXOJWJIU IO
JuTepaTypHBIM AaHHBIM (Makpymus, 1974; LlumauHs,
1979; EpmosniaeBa u [IBypeueHckas, 2013). CxoacTBo
IJIAHKTOHHBIX COOOIIeCTB B MCCJIeJOBaHHBIX BoJoeMax
OlleHeHO MeToAaMU KJIaCTepHOro aHaJi3a CTaHOapTH-
31MpPOBaHHBIX U TPaHCHOPMUPOBAHHBIX JaHHBIX 110 YKC-
JIGHHOCTH TakKCOHOB 1o Ko3bduiueHty Bpesa-Keptuca
(Clarke and Gorley, 2006).

OpaHoBpeMeHHO ¢ 0TO0pOM IIPOO 300IJIAHKTOHA
B TeX Xe TOYKax M Ha TeX Xe IVIyOMHaX NpOBOAMJIICA
oT60p Nnpo6 AJ1A THAPOXUMUYECKOI0 aHaIM3a, KOTOPHII
BKJIIOYAJI oOllpefiejieHne coAep’KaHUsA pacTBOPEHHOIO
kuciopopa u BIIK,, B 2023-2024 rogy HOMOJIHUTEIBHO
[IpOBeJIeHO HCCJIeJloBaHNe MHHEpaJIbHOIO CcocTaBa
BOJ (*kecTkoCTH, LIeJIOYHOCTH, pH, rupokapOOHATOB,
cys1bdaToB, XJIOPU0B, CyMMbl HATPUA U KaJu), BeJid-
YMHBI IepMaHraHaTHOM OKHUCJIIEMOCTU U COAepKaHuA
OMOTeHHBIX 3JIeMeHTOB (a30Ta aMMOHUITHOTO, HUTPU-

TOB U HUTpaATOB, pocdopa ¢ochaToB), B COOTBETCTBUU
c obmenpuHATEIMU MeTomukamu (AmekuH, 1970;
T'ocymapcTBeHHBIN KOHTPOJIb..., 2003).

3. Pe3ynbTarthbl

KucnopoHslie ycioBus B 00BOJJHEHHOM Kapbepe
AnTapHBIl OJIaronpusATHBIE, HACHIIlEHWE BOJ Haxo-
autca B mpepesax 95-100%. 3a mepuopg ¢ 2011 mo
2023-2024 roxm oTMmedaeTrcs HeOOJIBIIOE CHIDKEHHE
cofiepXaHUsA pacTBOPEHHOT0 KMCJIOPO/a U MOBHIIIeHNe
nokasaTteJis BIIK (Puc. 2).

CopepxaHue OHOTeHHBIX 3JIeMEHTOB IO JaH-
HBIM, MOJIy4eHHbIM W3 NpeAbAyIINX HCCJIeJOBaHUM,
He BeJIMKO U He NpeBHIaeT NpefesibHO JOMyCTUMBIX
koHIeHTpauuii (Mouceenko wu IlynukoBa, 2019).
HccnenoBaHHasA Boja, B COOTBETCTBUM C Kiaccuduka-
nuen AnekuHa (AnekuH, 1970) obj1agaeT MOBHIIIEHHOMN
MUHepaauzaluel, rugpokapooHaTtHas. [lo kiaccupu-
Kanuuu ob11ell )xecTKOCTH BOJIBI OTHOCATCS K KaTeropuu
— Markue (Tabsura 1).
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Puc.2. CofepxaHre pacTBOPEHHOIO KMCJIOpOJa U BeJIu-
4uHa BIIK B 06BojHEHHOM Kapbepe AHTapHBIM.
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B oTsiume oT ropoJickux BOAOEMOB, B TOM UYHcJie
KapbepHOro npoucxoxnaeHusa (CeBocTbsHOBaA H Ap.,
2025), nnsa xapeepa flHTapHBIN He HabJjrogaeTcs 3Ha-
YNTeJIbHBIX M3MeHeHH!l BUJOBOIO pasHooOpasusA 300-
1asvkToHa 3a nepuop ¢ 2011 nmo 2020-e rogsl.

3a Bech Ilepuoj HUccjieJOBaHWUH OBLJIO WAEHTU-
¢punuposano 33 Buma 300MIaHKTOHA, B 2023-2024
IT. — 26 BUjoB, B 2011 rogy — 24 Buga, HaubOJIBIINM
YHCJIOM BUJIOB BO BCe rofibl 0TOOpa MpeficTaBJIeHbl BeT-
BHUCTOYyCBHIe pakooOpa3Hble. BOJIBIIMHCTBO BHUIOB ABJIA-
I0TCA NajleapKTUYeCKUMU, 3BPUTOIHBIMU 1 MUPHBIMU,
HCKJII0YeHNe COCTaBJIAIT JIMIIb XUIMHUKU Leptodora
kindtii (Focke, 1844) u HeKOTOpBlE NpEeNCTABUTEIA
Cyclopoida (Ta6auma 2).

[To umcneHHocTH AOMUHUPYIOT: Kellicottia lon
gispina (Kellicott, 1879), Daphnia galeata (Sars, 1864)
U MOJIOb BecJIOHOrux pakooOpasHeix Cyclopoida.
Hanbospmne 4uciaeHHOCTs U Ouomacca 300ILIaH-
KTOHa ObLTH OTMeueHH B 2024 T. Ipy JOMHUHUPOBAHUU
MOJIOAW BECJIOHOTHX pakooOpasHbix. B 2023 r. mpu
CXOXel 4YMCJIeHHOCTHM Hab/oAaiuch MeHbIIMe 3Ha-
yeHHUs Ouomacchl, OO0yCJIOBJIEHHBIe IpeobJsafaHueM
MeJIKOpasMepHbIX BUIOB KOJIOBPATOK, B OCOOEHHOCTHU
MaccoBoi 6bu1a Kellicottia longispina (Kellicott, 1879),
YHCJIEHHOCTh KOTOPOH cocTaBbjisia oT 14 go 23 Thic.
3K3./M® U [IpeATI0YNTAOIIAS XOJIOAHOBOAHBIE IIyOOKIe
BOJI0OEMBI, KaKOBBIM U ABJIAETCA OOBOJHEHHBIN Kapbep
AnTapuseiii. B 2011 r. kak 100 4KMCJIEHHOCTU, TaK U IO
6uomacce JOMHHUPOBAJIN BeCJIOHOTHe pakooOpas3Hble
(Puc. 3).

B ce3oHHO!l AWHaMuKe 300ILJIAHKTOHA IIpocCJie-
JKMBaeTcsA 3HAYMTeJIbHOe yBeJIM4eHHe J0JId BeCJIOHO-
T'MX Kak 10 YKUCJIEHHOCTH, TaK U 10 6uomacce B JIETHUH
IIepyuojl, U MaccoBOoe pa3BUTHE BETBHCTOYCBHIX pPaKo-
obpa3HbIx B oceHHUII nepuof (Puc. 4).

MepTBble ocobu ObLIM OOHApPyXeHBl B IMOMYJIA-
nuAx 12 BUOB 300IIJIAHKTOHA, B OCHOBHOM 3TO OBLIA
HauboJiee MaccoBble U JOMUHUPYIOIIYe BB KOJIOBPa-
TOK M pakooOpa3HbIX. [IJ1A OTAesIbHBIX BUIOB 300ILIaH-
KTOHAa IIOKa3aTesl CMepPTHOCTU ObLJI HeBeJIUKU - 10JIA
MepTBhIX ocobell uameHnsiack oT 0.5 g0 3.6% oT uuc-
JeHHocTH U oT 0.4 1o 3.4% oT 6uomacchl, MaKCUMaJlb-
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Ta6auna 1. TI'ugpoxuMuyeckye I[OKasaTesnd BOJ
06BOJIHEHHOT'O Kapbepa fHTapHBI
HaunMeHoOBaHHe ITOKa3aTeJsisa KoHueHTpamus
[I{es104HOCTD, MI'*3KB/JI 5.190
XKecTKoCThb, MI'*3KB/JI 2.5
pH 7.5
T'unpoxap6oHaTHI, Mr/JI 317.0
Cynbpdartsl, Mr/ma 143.0
Xnopupsl, Mr/J1 34.4
CyMMa HaTpus U Kajus, Mr/Jji 153.0
MuHepanusanus, Mr/J 649.0
A30T aMMOHUIHBIN, MT/JI 0.02=0.01
A30T HUTPUTOB, MI'/JI 0.004 =0.002
A30T HUTPATOB, MI/JI <0.001
dochop docdhaTos, Mr/i 0.02+0.10

Hble [OKa3aTejld CMEpPTHOCTU OBUIM OTMeuYeHBI IJis
Bosmina longirostris. B OTKpBITOI YaCTH BOJOEMA MUHU-
MaJibHble TOKa3aTesil CMePTHOCTU OBLTU OTMeuyeHbI
J1J151 BecJIoHOrUXx pakoodpasHsix (0.65% u 0.74%), mak-
cUMaJIbHbIe — A1 kostoBpaTok (1.00% u 1.08%), Torga
KakK B 3apocjisix MakpodUTOB, MUHHUMAaJIbHbIe MMOKa3a-
TeJM CMEepPTHOCTU OBUJIN XapaKTepHHI [Ji KOJIOBPATOK
(0.91% u 0.63%), MakcuMaJIbHbIE — 1711 BETBUCTOYChIX
pakoobpa3Hbix (2.66% u 1.83%). B 1esoMm B OTKpHI-
TOU YacTHU BojJ0eMa J0Ji1 MepPTBhIX 0cobell cocTaBJisaa
0.81% u 0.80%, B 3apocyiax makpodutos — 2.19% u
1.52% oT yncIeHHOCTU M 61oMacchl 300IIJIaHKTOHA.

4. 06cyxpenue

HccneqoBaHus XMMHUYECKOTO COCTaBa BOJ BOO-
€MOB TEeXHOTeHHOr'0 IPOUCXOXJEeHUs II0Ka3hIBaIoT,
YTO YaCTO UX BOABI IIpEUMYyIIeCTBEHHO cyJibdaTHbIE U
ruapokapboHaTHble (ApoHuHa u Ap., 2022; Bazapoa u
p., 2023). PesysnbraThl HcciiefoBaHus 0OBOJHEHHOT'O
Kapbepa fIHTapHBIN COTJIAaCYIOTCS C BBIIEyKa3aHHBIMU
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Puc.3. CTpyKTypa 4mncjIeHHOCTU U G110MacChl 300IJIaHKTOHA 0OBOAHEHHOI'O Kapbepa fIHTapHBIH 10 rogaM HccjieOBaHUA.
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nmapaMmerpamu. HecmoTpss Ha O6JiM3KOe pacrosioxe-
HUe K BanrtuiickoMy MOpIo, BOABI He SBJIAIOTCA XJIO-
PUIHBIMU, YTO CJIYXUT [PU3HAKOM CJIAGOT0 BIIMAHUA
MOPpSI Ha 5KOCUCTEeMY JaHHOTO BOJHOTO o0beKTa. Brel
300IUIAHKTOHA, XapaKTepHble IJIsI MOPCKUX U COJIO-
HOBaThIX BOJ, OOHapyxeHBl He ObUIU. [0 HEKOTOPOI1
CTEIeHN UCKIII0YeHNeM MOXHO CYMTATh OOHapyXeHUe
MoJstonu poja Eurytemora, KoTopas MOXeT OTHOCUTCA

K Buny Eurytemora affinis mipoko pacmpocTpaHeH-
HOMY B COJIOHOBAThIX Y MOPCKHUX BOJIaX, B TOM YHCJIE B
Bantutickom mope u KanmuauHrpaackoMm (BucinHckoMm)
3ayuBe. Ho cpequ mpeicTaBUTesIEN 3TOrO poda BCTpe-
YaloTcsA U MPeCHOBOAHBIE BUAB (HanpumMep, Eurytemora
lacustris n np.) mo3TOMy O TOrO MOMEHTa IOKa He
OyIyT BCTpPEYeHBl W OIpeJesieHbl B3pOCJble 0co0u
3TOTO POJia BOMPOC OCTAETCA OTKPHITHIM.

Ta6suna 2. BujoBoii coOCTaB 300IJIaHKTOHA KCCJIEAYEMBIX KapbhepoB

I'pynma Bupn 3ooreorpadusa | Canpo6HocTh | Buoronm | 2011 | 2023 | 2024
rox rop rop
Cladocera Acroperus harpae (Baird, 1843) C 1.4 L, Ph - - +
Alona affinis (Leydig, 1860) C 1.1 Ph + - +
Alona rectangula (Sars, 1862) C 1.3 Eut - + +
Alona quadrangularis (Muller, 1776) C 1.3 Ph, L + - -
Bosmina longirostris (Miiller, 1785) C 1.55 Eut + + +
Ceriodaphnia quadrangula (Miiller, 1785) C 1.15 Eut + - -
Chydorus sphaericus (Miiller, 1785) C 1.75 Eut + + +
Daphnia cucullata (Sars, 1862) 1.75 + + +
Daphnia galeata (Sars, 1864) P 2 Pl + + +
Diaphanosoma brachyurum (Liévin, 1848) P 1.4 Bt,Ph + + +
Disparalona rostrata (Koch, 1841) H 1.3 + - -
Eubosmina coregoni (Baird, 1857) P 0.95 & + - +
Leptodora kindtii (Focke, 1844) H 1.65 Pl + + -
Pleuroxus aduncus (Jurine, 1820) 1.2 & + - +
Pleuroxus uncinatus (Baird, 1850) P * - - +
Polyphemus pediculus (Linnaeus, 1761) H 1.3 L + - +
Scapholeberis mucronata (Miiller, 1776) P 2 Bt,Ph + + +
Sida crystallina (Miiller, 1785) P 1.3 Ph + = -
Bcero Cladocera 15 8 13
Copepoda Cyclops kolensis (Lilljeborg, 1901) p Eut - - +
Eucyclops macrurus (Sars, 1863) P 1.4 b + + +
Eudiaptomus gracilis (Sars, 1863) P 1.25 * - +
Eurytemora sp. * F - -
Mesocyclops leuckarti (Claus, 1857) P 1.2 Eut + + +
Thermocyclops oithonoides (Sars, 1863) P 1.3 3 + + -
Bcero Copepoda 4 4 3
Rotifera Asplanchna priodonta (Gosse, 1850) C 1.55 Eut + + -
Brachionus calyciflorus calyciflorus 2.5 * - + -
(Pallas, 1776)
Eosphora najas (Ehrenberg, 1830) P Ph, L - - +
Kellicottia longispina (Kellicott, 1879) H 1.25 Pl - + +
Keratella cochlearis (Gosse, 1851) C 1.15 Eut + +
Keratella quadrata (Miiller, 1785) C 1.55 Eut + + +
Polyarthra major (Burckhardt, 1900) H 1.2 Eut F F -
Synchaeta pectinata (Ehrenberg, 1832) C 1.65 Eut + - -
Trichocerca sp. 1.6 * - - +
Bcero Rotifera 5 6 4
Bcero 24 18 20

IIpumeuanue: P — palearctic, H — holarctic, C — cosmopolitan (OnpenenuTesnb 300IJIaHKTOHA U 3000eHTOCA..., 2010);
Pl — menaruueckuit; Ph — purodpunsHeii; Bt —6eHtrueckuii; L — autopanbhsiil; Eut. — sBputonssiii (PuBbep u ap., 2001),

* — cTaryc M0 JIMTepaTypHbIM JaHHBIM He yCTaHOBJIEH.
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Puc.4. CprKTypa YHCJIEHHOCTU U GHMOMacChl 300IJITaHKTOHA 0OBOJHEHHOTO Kapbepa HHTapHLIfI 10 C€30HaM.

Taxxe /14 BOJOEMOB TeXHOT€HHOTO MPOUCXOXK-
JeHHsa 4acTO XapaKTepHHBI MINPOKKMe AUAala3oHbl BOJO-
poaHoro noxkasareJsisi pH ¢ IeJIOYHBIMM JIMOO KUCJIBIMU
BOAAMU, BBICOKasA KOHIlEHTpauus cyjab(aToB, THApPO-
KapbOHATOB, MeTaJIJIOB, OMOTeHHBIX 3JIEMEHTOB, KOTO-
phle MOTEeHLUMWaJIbHO MOTYT BJIHMATH Ha pasHooOpasue
U KOJINUeCTBEHHOE Pa3BUTHE 300IJIAaHKTOHHBIX Opra-
Hu3MoB (Sienkiewicz and Gasiorowski, 2017; 2019;
Pociecha et al., 2018; Adonuna u ap., 2022). OgHako
OJia BOAOeMOB, OOpa3oBaHHEIX Ha MecTe OBIBIINX
KapbepoB 10 AoObiue TJIMHBL, Iecka U rpasus, pH Bog
MOXeT OBITh HEUTpaJIbHBIM WJIU MOYTH HEeHTpPaJIbHBIM
(Sienkiewicz and Gasiorowski, 2017).

Jia o6BoagHeHHOro Kapbepa SHTapHBIII He
XapaKTepHbI JaHHBIE MMPU3HAKU T.K. MOCJIE€ BHIPAOOTKU
Kapbepa mo JoObiue AHTaps He obpa3yeTcs OCTaTKOB,
KOTOpBlE TIpM B3aMMOJENCTBMU C BOJIOW U BO3AY-
XOM 00pa3yloT TOKCUYHBIE COeJUHEHUs, BCJIeACTBHE
Yyero 3KCTpeMaJibHO BHICOKME WJIM HU3KHe 3HaveHUA
BBIIIIEYKa3aHHBIX ITOKa3aTeJsieli OTCyTCTBYIOT, pH Boj
— HEUTpaJIbHBIN.

[Tpu popmupoBanuu coctaBa 6MOTEl OOBOJHEH-
HOTrO Kapbepa Ha NOTeHI[haJl BUJOBOro OorarcTba BJIU-
AT Kak OMoTHUYecKre U abMOTHUYeCKNe YCIIOBUA CaMOM
cpedbl, KOTOphle MOTYT CIIOCOOCTBOBATh WUJIU IPENAT-
CTBOBaTh KOJIOHMU3AIMU HOBBIMM BUOaMM (Yepe3 KOH-
KYPEHIUI0, XUIITHUYECTBO U T.[.), TaK U YCJIOBUSA CPeJIbI
nanHoi mectHoctH (De Meester et al., 2005).

CocTaB U CTPYKTypa IJIaHKTOHHBIX OMOLIEHO30B
TaKuX BOAOEMOB, KaK IIPaBUJIO, OIMpedesiAloTCA COBO-
KyIHOCTBIO KOMILJIEKca OMOTHUYeCKUX MNapaMeTpoB, C
npeobJlafaHueM BHIOB-KOCMOIOJINTOB (TamuibikoBa
u 1p., 2023). B mesom aj1A 300IJIaHKTOHA OOBOJTHEH-
HBIX KapbepOB XapaKTepHO HU3K0e BUI0BOEe OOraTCTBO,
IIMPOKOE BapbHMPOBAHUE KOJMYECTBEHHBIX IIOKa3aTe-
Jeil TUAPOOMOHTOB UM AOMHHHpPOBaHHE B 300IleHO3e
foBeHWIbHBIX cTaguili Cyclopoida (GoZzdziejewska et
al., 2021; Adonuna, 2022). BelllieykazaHHbIe XapaKTe-
PUCTUKU COTJIaCyIOTCA C MOJIYYeHHBIMU pe3yJbTaTaMu
uccJieJOBaHMA 300IIAHKTOHA OOBOAHEHHOTO Kapbepa
AnTapHBIA.

Cormacio T'OCT 17.1.2.04-77 «Oxpana Impu-
poasl. I'mapocdepa. [TokazaTesn COCTOSHNA U IpaBUJia
Takcallild PBIOOXO3ANCTBEHHBIX BOIHBIX OOBEKTOB»
0OBOAHEHHBIN Kapbep SHTapHBINI MO OOJBIIMHCTBY
TUAPOXUMHYECKUX TIOKa3aTesiell ABJIAETCA OJIUroca-
MpoOHBEIM (10 COAEPXXKAHUI0 HUTPUTOB, aMMOHUs, ¢ocC-
daroB). Ilo corepxaHu0 paCTBOPEHHOTO KUCJIOpO/ia U
IepMaHraHATHOMN OKUCJIAEMOCTU — KCeHOCamnpoOHBIM,
o BIIK, - asibame3ocanpoGHBIM.

KaprepHoe mpoucxoxaeHue, obycaBinBaloliee
3HAUYUTeJIbHble TJIyOMHBI B COBOKYMHOCTU C GOJIBIINM
00beMOM BOJIHBIX Macc obecreuurBaeT JOCTATOYHbIM
MOTeHUMaJ I [Jid CcaMOOUUIleHUsA JaHHOTO BojoeMa
(Szatylowicz et al., 2015). CpemHeromoBass 4YKCJIEH-
HOCTh (UTOIUIAHKTOHA He3HauyuTe/JbHasA (He Iipe-
BHIIAET 7 MJIH. KJI./JI), @ JIOMHHUPOBaHHE 3eJIEHBIX
(IPOTOKOKKOBBIX) BOJIOPOCJIEM, BXOAIMIUX B OCHOBY
duToreHo3a JaHHOTO BOOHOTO OOBEKTa, KakK IO YHuC-
JIEHHOCTH, TaK U M0 6Guomacce, CBUAETEJIbCTBYET O
MOTEHLMAJIbHO BBICOKOM NPOAYKTHMBHOCTH BOJOeMa
(Oynukosa u gp., 2017).

Bbuomacca u 4YHMCJIEHHOCTh 300IUIaHKTOHA B
JaHHOM BoOJoOeMe HUXe, yeM B OOBOOHEHHBIX Kaphbe-
pax O/M3KUX MO IHmepuofy oOpa3oBaHUA, TaKUX KakK
[TymxkapeBckuii 1 Bepe3zoBckuii kapbep (MorceeHKO
u 1p., 2024; Moiseenko and Semenova, 2025). Takxe
HUXe U cojepXaHue OMOTeHHBIX 3JIeMEHTOB, YeM B
BoJOeMax aHaJIOTUYHOIro Iepuoda obOpa3oBaHUA U
IUIOMag BOJHONM IIOBEPXHOCTU, TaKOro KakK IIpyn
®openeBnii (MouceeHko u ap., 2024), 4To 00yCJI0B-
JeHo OOJIPIIMM aHTPOIOTeHHBIM BO3JeNCTBHEM Ha
npya @opesieBBlil 10 IPUYMHE PACHoOJIOXKeHUA BOJIU3U
1 HemocpeJICTBEHO Ha 3TOM BOAOeMe IMPOMBIILJIeHHBIX
npeAnpUATUN U HOpesIeBOro X03sKHCTBa.

B 1esiom, BuAOBOe 6OraTCTBO 300IJIAHKTOHA
CBAI3aHO C BO3PAacTOM BOJOEMOB, HOBOOOpa3oOBaHHEIE
BOAHBIE cpelbl OOMTaHUA MOABEPKeHbl MHTEHCUBHBIM
mpolieccaM MHBa3uM, KJIMMaKCHBIE COOOIeCcTBa ellje He
chopMupoBaInuCh. B oNosIHEHNE K JIOKaJIbHBIM Orpa-
HUYeHUsAM, OOYCJIOBJIEHHBIMU KOHKPETHBIMU YCJIOBU-
AMHU B BOJloeMe, HeHachIllleHHble BUJaMK COOOIecTBa
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300IJIAHKTOHA HOBOOOPa30BaHHBIX BOJIHBIX OOBEKTOB
HaXOOATCA TOJ] CUJIBHBIM BJIMSIHUEM PEruOHAaJIbHOTO
BUIOBOr0 GOraTcTBa M MX BO3MOXHOCTEH pacnpocTpa-
Henus (Tavernini et al., 2009). JocTaTOYHO CTaOWJIb-
HO€ YKCJIO BUIOB Kapbepa SHTApHBIN HA MPOTSKEHUU
JUINTEJIBHOTO TIEPUOAAa W CXOJHbIE BUIBI-JOMUHAHTHI
MMO3BOJIAET MPEAIOJIOKUTD, YTO CHPOPMHUPOBABIIMECA B
HEeM cOO0O0IIeCcTBa 300IJIAHKTOHA OJIM3KY K KJIMMAaKCHBIM.

Beicimiasg BOAHAs PaCTUTEJIBHOCTh TAKXe OKAa3bl-
BaeT CYIIECTBEHHOE BJIMUSHUE HA BUIOBYIO CTPYKTYPY
1 0o0umJIrie 300IIAHKTOHA, BCJIEACTBHE Yero 300ILJIaH-
KTOILIEHO3bl 3apociiell Makpo()UTOB XapaKTepU3YIOTCA
BBICOKMM BHJIOBBIM 0OOraTCTBOM U KOJIMYECTBEHHBIM
passutueM (I'aBpusko u ap., 2019).

[IpoekTHUBHOE MMOKPHITHE MakpoduTamu
0OBOJTHEHHOTO Kapbepa SfIHTApHBINI He IIPEBBIIIAET
5% u TpeACTaBJIEHO TPOCTHUKOM OOGBIKHOBEHHBIM
(Phragmites australis (Cav.) Trin. ex Steud.), exero-
JIOBHUKOM CKY4YeHHBIM (Sparganium glomeratum Laest.
ex Beurl.) Neuman) u aupoMm oOGBIKHOBEHHBIM (Acorus
calamus L.) (Mouceenko u Llynukoa, 2023). ITpu 3ToM
Kak Omomacca, TakK M YKCJIEHHOCTh 300ILJIAaHKTOHA
Ha CTaHIUAX, TPUYPOYEHHBIX K 3apOCiAM MakKpodu-
TOB, ObLJIa HUXe, 3a HUCKJIIOYEHUEM KOJIOBPATOK, YKC-
JIEHHOCTh KOTOPBIX 3HAYUTEJIPHO YBEJIMYUBAJIACH.
HecMOTps Ha HEBBICOKYIO YKCJIEHHOCTH, B I[E€JIOM yBe-
JMYeHHe BUIOBOr0 pasHooOpasusA B JaHHOM OHOTOIE
MMOMUMO KOJIOBPATOK [JOCTUTaJIOCh 3a CYeT BUJIOB,
MpeNOoYUTAIONIUX OOUTaTh B 3apoC/IsAX BOIHOHN pac-
TUTEJIBHOCTU, Takux Kak Chydorus sphaericus (O. F.
Miiller, 1785), Sida crystallina (O. F. Miiller, 1776),
Diaphanosoma brachyurum (Lievin, 1848), Eudiaptomus
gracilis (G. O. Sars, 1863), Scapholeberis mucronata (O. F.
Miiller, 1776), Polyphemus pediculus (Linnaeus, 1758).

J71A cpaBHeHHA cOCTaBa 300IUJIAHKTOHA ObLIH
BBIOpaHbl Kapbephl IlymkapeBCcKUNl M Bepe3oBCKUH,

KOTOpble HMEIOT CXOJICTBO C KapbepoM SIHTapHHIN 1O
nepuofy o6pa3oBaHUs, a TakXe II0 BUIY HCIOJIB30-
BaHUA (MCKJIIOUHUTEIBHO B PpeKpeallOHHBIX IeJIsax)
(Moiseenko and Semenova, 2025), B To BpeMs Kak,
Harnpumep, oOBOJHEHHBIN Kapbep «npyQ dopeseBblii»
rcnoJib3yeTcsa JjiA pa3pedeHus popenu.

XoTa BO Bcex BhIIEyKa3aHHBIX BOJOeMax IIpe-
obsragator Cyclopoida, kyracTepHBII aHaW3 MOKasal
OuYeHb BBICOKYIO CIelU(PUYHOCTh IUIAHKTOHHBIX CO00-
mecTs OOBOJHEHHOrO Kapbepa SfIHTapHBIM, KOTOPBIN
BBIJleJIAeTCA B OTHEJIBHBEIN KJlacTep OT APYTUX Kapbe-
poB Kanununrpazgckoii o6iactu (Bepe3oBckoro u
[TymkapeBckoro) (Puc. 5).

BrinleykasaHHble pe3ysIbTaTH IIO3BOJIAIOT Mpemd-
IIOJIOKUTD, YTO B I[eJIOM B GOPMUPOBAHUU COOOLIECTB
300IIAHKTOHA BHIIIEYKa3aHHBIX BOJOEMOB IIPOCIIEXU-
BalOTCA OOIIMe 3aKOHOMEpPHOCTH, Kapbkep SHTapHBIHN
obJlajjaeT OTJINYUTEIBHBIMU OCOOEHHOCTAMU BCJIe[-
CTBUE BJIUSHUA JIOKAJIBHBIX (HAKTOPOB, a Takxke Om3-
KOMYy pacIoOJIOXeHUI0 K BanruiickoMy MoOpio, 9YTO
NOJITBEpKJaeT 3HAYMMOCTh JIOKAJBHHIX (PAKTOpOB B
dopmupoBanuy 6GuopasHoobpa3usa  HCKYCCTBEHHBIX
BomoeMoB (De Meester et al., 2005). Takum o6pasom,
HeCMOTpsI Ha TO, 4TO Basjruiickoe MoOpe He OKa3bl-
BaeT BJIMSHME Ha T'MAPOXVMMUYECKUII COCTAaB Kapbepa
SIHTapHBI K3-32 OTCYTCTBUsA 3aTOKa BoJ, Ha dopmu-
poBaHue Ouopa3HooOpa3uss TUAPOOUOHTOB 3TO BJIU-
sIHHe BO3MOXHO, HalprMep, 4epe3 CTOK € BOJocOop-
HOH ITOBEPXHOCTH WU C IIePeHOCOM HEKOTOPHIX BUIOB
Yyepe3 BOJIOILIABAIOIIUX [ITHUII.

[ToMuMoO 3TOro, B MOAKJIACTEPH OOBEOUHAIOTCS
CTAHI[VH, PACIOJIOXeHHble Ha OTKPHITON 4acTU BOZO-
eMa, a CTaHIMM, pacloJjiaraBliyecs B 3apOCyAX MaKpo-
¢uToB mpencTaBIeHBl OTAEJBHBIMHU MOJKJIACTEPAMHU.
JlaHHas 0cO6eHHOCTh NPOCJIEXUBAETCS JIJIs1 BCeX BHIIIIe-
YKa3aHHBIX 0OBOJHEHHBIX KaphepOB.
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Puc.5. [lengporpaMmma cxoACTBa 300IUIaHKTOHA Kapbepa fHTapHBIN ¢ ApyruMu Kapbepamu KamuHuHrpazickoi obactu (B
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B cTpyKType 4HCJIEHHOCTH U OHOMAacChl 300- HCXOX/JeHNsA, JaHHOMY BOAOeMy He XapaKTepHBI dKC-
IJITAHKTOHA OOBOJHEHHOro Kapbepa fHTapHBIN 3Ha4u- TpeMaJibHble THAPOXMMUYECKHe YCJIOBUA, YTO JesiaeT
TeJIbHYI0 JIOJII0 COCTaBJIAJIM BeCJIOHOTHE U BETBUCTO- ero osKocucreMy OJIarOnpUATHON [AJiA  pasBUTUA
ycele pakooOpasHble, MaJylo Ao (GopMupoBaIn 300IJTAHKTOHA.

KOJIOBPATKH, YTO XapaKTepHO AJIA YUCTHIX OJINTOTPOd- B xapbepe fHTapHBI IpeobsafaioT najeapTuye-
HBIX BOj0eMOB (AHIpOHUKOBA, 1996). B coBpeMeHHBII CKMe, 3BPUTOIHbIE BUABI 300IIJIAHKTOHA. BOJIBIIMHCTBO
[epyuoj] OTMeYeHO CHIDKeHHe HMHAeKca BUAOBOIO pas- 13 HUX ABJAETCS KOCMOIOJIMTaMH JIMOO MIMPOKO pac-
HooOpa3usa llleHHOHa, NpHU BO3pacTaHUU JOJU PaKo- npocTpaHeHHbIMU B EBpone Bugamu.

obpazusbix (Tabmuna 3). Ananuz 6uopazHooOpa3us nokKasas, YTo 10 BCEM

Hu f1s oTAesIbHBIX BUAOB, HU AJ1A TAKCOHOMUYe- [oKasarejsAM BHJIOBOe pas3HooOpasue ObUIO BHIIIE B
CKUX PYIII He ObIJI0 OTMeuYeHO [TOBHIIIeHHBIX [T0Ka3arte- 3apocCJIiX MaKpo(UTOB.

Jleli cMepTHOCTU. J[0J11 MepTBBIX 0co0eli OT YHCJIeHHO- BrisiBsieHO, uTO 6MOMacca M 4HMCJIEHHOCTh 300-
CTU 1 OHoMacchl 300IJIAHKTOHA KaK B OTKPBITOI YacTu IU1aHKTOHA 3a neprof ¢ 2011 o 2024 rr. yBeJIUYNUIINCD,
BOJI0€Ma, TaK U B 3apOCJIAX Makpo(uTOB ObLIa Ha HU3- IIPM TOM, YTO YMCJIO BHJIOB 300ILIAHKTOHA OOBOJHEH-
KOM ypOBHe U usMeHsAnach ot 0.8 go 2.2%, 4yTo Haxo- HOro Kapbepa fIHTapHBINI He IpeTeplesio 3Ha4UTesIb-
JAUTCA Ha MHUHUMaJbHOM ypOBHe KakK AJiA BOJOEMOB HBIX U3MEeHEeHUH, YTO XapaKTepu3yeT 5KOCUCTeMy JaH-
Kanuuunrpanackoit obaactu (CemeHoBa u Ap., 2025), HOro BOJOEMAa KaK YCTONYMBYIO U cHOPMUPOBAHHYIO.
TaKk W JJI1 IIPecHOBOJOHBIX BojoeMoB B IesioM (Tang 3HauuTeJbHBIE TJIyOMHBI AAHHOI'O Bojoema, 00yCJIOB-
et al., 2014), uto roBoputr o GJIATONPUATHBIX YCJIO- JIeHHBle KapbepHBIM IIPOMCXOXAEHHEM, U UCI0JIb30Ba-
BUAX CYIIEeCTBOBAHUSA 300IUIAHKTOHHBIX OpPraHU3MOB HMe HCKJIIOUMTEJIBHO B peKpealjMOHHBIX LeJIAX TaKxke
B HCcJeqyeMoM BojoeMe. BuOoBOI cocTaB 300ILIaH- CIOCOOCTBYIOT CTaOMJIBHOMY COCTOSHUIO BOJHOI 3KO-
KTOHa O0OBOJAHEHHOrO Kapbepa SHTapHBIN ABJAETCA cucreMbl. HecMoTpsA Ha cxoXecTb CTPYKTYPHI U cOCTaBa
TUNWYHBIM [J1 03€PHBIX 3KocucTeM KannHUHrpagcKoi 300IJIAaHKTOHA C JPYTrMMH OOBOJHEHHBIMU KapbepaMu
obyiacTu. [[Jia BOJOEMOB TEXHOT€HHOIO IIPOHCXOX- KanuauHrpaackoi obiacty, Ay Kapbepa SHTapHBIN
JleHUs XapaKTepHBl 3BPUTOIHBIE BUABI-KOCMOIIOJIUTEHI XapaKTepHBl OCOOEHHOCTH, OOYCJIOBJIEHHBIE JIOKAJIb-
(Adonuna, 2022; TamisikoBa u Ap., 2023), no npu- HBIMU (akTopaMu. B 11es10M, B JaHHOM BojoeMe cop-
YiHe WX I[IHPOKOI0 paclpoCTpaHeHUsA U Xopollei MHpPOBaJIMCh GoJiee 3peJsible cOO0IIecTBa 300ILJIAHKTOHA
alanTUBHOCTA K Ppa3HOOOpa3HBEIM YCJIOBUAM Cpefbl. CXOHBIE C coolIecTBaMu 03ep.

B mesioMm kak BUJOBOH cOCTaB, TaK U CTPYKTypa CO00-
IIecTB 300IJIaHKTOHA M YPOBEHb UX KOJIMYECTBEHHOI'O
pa3BUTHA B Kapbepe SHTapHBIM CXOQHA C aHaJIOTHY-
HBIMU XapaKTepUCTHKaMH BOJOEMOB O3€pHOro THIIA
Kanmuaunrpagckoii obsactu (Shibaeva et al., 2018)
B OTJINYMe, HalpuMep, OT KapbepoB bepe3oBckoro u
[TymxkapeBckoro, rae coobmectBa 6ojiee CKyAHBlE U
NO-BUAMMOMY ellle HaxXoAATCA B cTaguy (popMupoBa-
HuA. B kaprpepe flHTapHOM 3a BpeMs ero CyuiecTBO-
BaHUA yxe chopMupoBanch 6osiee 3pesiblie (GoraTeie
BUJaMu, OoJiee YCTOMYMBBIE) COOOIIECTBA 300ILJIaH-
KTOHA, 4TO NpuOJMXKaeT ero K ecCTeCTBeHHBIM BOJoe-
mam KanuHuHrpazckoi obiactu.
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