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LIFE SCIENCES

TO TAXONOMIC COMPOSITION OF ORIBATID MITES OF MARITIME
ANTARCTICA

H.H. Hushtan
State Museum of Natural History of the National Academy of Science of Ukraine, Lviv, Ukraine;
habrielhushtan@gmail.com

Oribatida is a suborder of mites belonging to the order Sarcoptiformes within the superorder
Acariformes of the subclass Acari. The known global diversity of oribatid mites includes more than
11,600 species representing 1,328 genera and 166 families. Of these, around 148 taxa are known from
Antarctica (~100 species) and the sub-Antarctic islands (~54 species).

By "Maritime Antarctica™ we mean the area that includes Bouvet Island, the South Sandwich
Islands, the South Orkney Islands, and the South Shetland Islands, along with the western coast of the
Antarctic Peninsula. According to literature data, a list of species of oribatid mites of the Maritime
Antarctic region has been compiled. This taxa composition does not include those defined as "sp.".
Thus, the taxonomic composition of oribatid mites in the Maritime Antarctica is as follows.

The family Brachychthoniidae includes species such as Eobrachychthonius oudemansi Hammen
in 1952, along with Liochthonius australis (Covarrubias, 1968) and Liochthonius mollis (Hammer,
1958). These mites are typically small and known for their distinctive morphological features.

Within the family Oppiidae, several species have been included Membranoppia loxolineata
(Wallwork, 1965) and Austroppia crozetensis (Richters, 1908). Additionally, Brachioppiella pepitensis
(Hammer, 1962) is accompanied by a subspecies, B. p. subsp. brevipectinata (Covarrubias, 1968).
Another species in this family is Globoppia intermedia, first described by Hammer in 1962.

The family Ameronothridae comprises a variety of taxons adapted to extreme environments.
Among them, Alaskozetes antarcticus subsp. antarcticus (Michael, 1903), A. a. subsp. intermedius
Wallwork in 1967 and Alaskozetes bouvetoyaensis (Pletzen and Kok, 1971). The genus Halozetes
includes multiple taxons, such as Halozetes belgicae subsp. belgicae (Michael, 1903), H. b. subsp.
longisetae (Wallwork, 1967), H. impeditus (Niedbala, 1986), H. marinus (Lohmann, 1907) and H.
necrophagus (Wallwork, 1967).

The family Liebstadiidae represented by only one species — Totobates nordenskjoeldi (Tragardh,
1907).

The family Ceratozetidae includes several species, such as Edwardzetes dentifer (Hammer, 1962)
and Edwardzetes elongatus (Wallwork, 1966). Additionally, Magellozetes antarcticus (Michael, 1895)
and Magellozetes processus (Hammer, 1962) are among the representatives of this family. Another
species is Sphaerozetes polygonalis, which was first described by Hammer in 1962.

Consequently, according to literature data, the taxonomic composition of Maritime Antarctic
region of oribatid mites has been established, which is represented by 5 families, 12 genera, 19 species,
and 5 subspecies.
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One of the most climate-sensitive ecosystems globally is the Antarctic terrestrial ecosystem,
including its freshwater habitats. A notable representative of these freshwater ecosystems is the fairy
shrimp Branchinecta gaini Daday, 1910, the largest freshwater invertebrate in Antarctica, with adults
reaching lengths up to 16 mm. This species overwinters in the egg stage.

For a long time, B. gaini was considered an example of passive dispersal by birds, unlike most
Antarctic terrestrial invertebrates, which survived the Last Glacial Maximum (LGM) in glacial refugia.
However, recent studies suggest this species also persisted in refugia during the LGM.

Previously, B. gaini was thought to be endemic to Antarctica. Still, research from the past decade
has merged it with Branchinecta granulosa Daday, 1902, a species native to Patagonia (South
America). As a result, the current distribution of B. gaini includes the Antarctic Peninsula, southern
South America, and several sub-Antarctic islands such as South Georgia and the South Orkney Islands.
Unfortunately, most studies do not specify the exact water bodies where this species is found, typically
referring only to an archipelago or a particular island. This information is crucial for monitoring
B. gaini distribution in the context of climate change.

The data presented in this study are based on 132 hydrobiological samples containing
invertebrates collected from 42 freshwater bodies on the South Shetland Islands and the islands off the
western coast of the Antarctica Peninsula during the 28" Ukrainian Antarctic Expedition (2023-2024).
Samples were taken from the South Shetland Islands (Nelson Island, Deception Island, and King
George Island), the Palmer Archipelago (Christine Island), the Wilhelm Archipelago (Irizar Island,
Eight Island, Uruguay Island, Fanfare Island, Skua Island, Galindez Island, Grotto Island, un-named
island of the Barchans, and Locator Island), the Pitt Islands (un-named island), and Marguerite Bay
(Avian Island) from December 2023 to April 2024. Among the 42 studied freshwater bodies across 15

15


mailto:medziboz@yahoo.com

Antarctic islands, B. gaini was recorded in 28. On three islands: Nelson Island, Christine Island, and
Eight Island, this crustacean is probably recorded for the first time.

In total, 2,294 individuals of B. gaini were identified. The samples varied greatly in both
abundance and composition. In one sample (collected on February 2, 2024, on lIrizar Island), 286
individuals were recorded, including 71 males, 69 females, and 146 juveniles.

It should be noted that B. gaini was not found in the studied freshwater bodies of the following
islands: Deception Island, King George Island, Locator Island, Galindez Island, Grotto Island, Skua
Island, an un-named island of the Pitt Islands (one reservoir was examined from each island), and
Fanfare Island (two reservoirs were checked). The absence of B. gaini from certain islands highlights
the necessity for further studies to clarify its range and habitat preferences, together with monitoring its
response to climate change.

CHROMOSOMAL POLYMORPHISM OF BELGICA ANTARCTICA JACOBS,
1900 (DIPTERA, CHIRONOMIDAE): REVEALED PATTERNS

P.A. Kovalenko'?, P.V. Michailova?, I.A. Kozeretska?

LState Institution “Institute for Evolutionary Ecology”, National Academy of Sciences of Ukraine, Kyiv,
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The Antarctic Peninsula region is currently one of the areas experiencing the most significant
climate changes. Therefore, studying the adaptations of native biota to these changes and identifying
potential relationships between chromosome polymorphism and specific environmental factors is
essential for advancing scientific knowledge and developing strategies for biodiversity conservation.
Chromosomal inversion polymorphism plays a crucial role in the adaptation of living organisms,
particularly insects. Chromosomal polymorphism can be adaptive under certain conditions and is
thought to be maintained by selective gradients. It is well established that chironomid
Belgica antarctica Jacobs, 1900, an endemic species of the Antarctic Peninsula region, possesses
polytene chromosomes in the salivary glands of its larvae. In salivary glands of all B. antarctica
localities, the diploid chromosome set is 2n = 6, with chromosomes |, 11, and I1l. We found two types
of inversions: inherited and somatic. Inherited heterozygous inversions have been identified in all
chromosomes of this species. However, the relationship between the occurrence of specific inversions
and environmental factors remains unexplored.

A total of 165 fourth-instar larvae, collected during the austral summer of 2022 from six different
localities along the western part of the Antarctic Peninsula region, were analyzed. All five previously
documented inherited heterozygous inversions from the XX century were detected and localized onto
the chromosomes. Additionally, two novel heterozygous inversions were identified: inversion D1
(chromosome 111, sections 2-10; frequencies from 20 to 51.61% depending on population), present in
56 individuals (33.94%) across all six localities, and a rare inversion in sections 9—-11 of chromosome 11
(frequency 0.61%), found in a single individual at one sampling site (Roztochchia Ridge, Galindez
Island, Argentine Islands). Numerous somatic aberrations and functional alterations were also observed
across all three chromosomes, including heterozygous inversions, dark bands, heterozygous dark
bands, trisomies, deficiencies, unpaired homologs, and an unexpressed nucleolar organizer region. It is
known that the somatic functional and structural alterations in Chironomidae species are particularly
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suitable as biomarkers — they can be easily identified and used for detecting toxic agents in the
environment.

An analysis of our data and all previous data from over 60 years presented in the literature on the
frequencies of inherited heterozygous chromosomal inversions (a total of 1,436 B. antarctica
specimens, 1,011 of which — or 70.4% — had at least one non-sex-linked inversion from 26 localities)
was carried out to identify potential factors influencing their occurrence. We aimed to establish the
potential differences in their frequencies depending on the locality, year of material collection,
ecological complexity (related to substrate conditions), ornithogenic influence, and whether the
substrate originated from nesting material. The results revealed that all inherited inversions, except for
the rare inversion in sections 9-11 of chromosome 11, showed variation among populations. However,
most inversions were not influenced by the selected environmental factors. The only exception was
inversion D1 on chromosome 11, which was associated with ecological complexity (it was found in
specimens collected from living mosses or bird nesting material, but not detritus or damp soil without
green vegetation) and collection year: notably, this inversion was detected in all localities sampled in
2022, whereas it was undocumented in earlier collections.

Furthermore, geographic trends were identified in the frequency of specific chromosomal
inversions. Inversion A on chromosome Il and inversion C on chromosome 111 were more prevalent in
northern B. antarctica populations. In contrast, the inversion in sections 10-23 of chromosome | and
inversion D1 on chromosome 11l were more common in southern populations. Additionally, longitude
influenced the frequency of individuals carrying at least one inherited heterozygous inversion
(excluding sex-linked inversion D on chromosome 1l1): western localities (relative to the Antarctic
Peninsula) exhibited a higher frequency of heterozygotes. Thus, the highest frequency (92%) was
observed in the population from Pickwick Island, Pitt Islands — the westernmost locality — whereas the
lowest frequency (16.05%) was recorded in the population near Gonzalez Videla Base, one of the
easternmost localities.

Overall, our findings indicate that chromosomal polymorphism in B. antarctica plays a
significant role in its adaptation. However, the specific environmental factors driving the majority of
these inversions remain undetermined.
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The study of Collembola (springtails) in the Antarctic region began in the late XIX century, and
their diversity and distribution are now relatively well described. However, ecosystem changes driven
by both global warming and direct human impact are altering historically established species
assemblages. Therefore, it is crucial to study the dynamics of Collembola communities in Maritime
Antarctica.

Species diversity data for the current study were collected from December 2023 to March 2024.
A total of 142 samples were obtained from 35 localities across different plant substrates (e.g.,
Larus dominicanus and Stercorarius maccormicki nest material, Sanionia georgicouncinata,
Warnstorfia fontinaliopsis, Polytrichum strictum, Bryum pseudotriquetrum, Andreaea sp.,
Syntrichia sp., Cratoneuropsis relaxa, Ceratodon purpureus, Deschampsia antarctica, Prasiola crispa,
etc.). Sampling was conducted in several regions along the western coast of the Antarctic Peninsula,
including the South Shetland Islands, Chavez Island, Wilhelm Archipelago, Kyiv Peninsula, Berthelot
Islands, Darboux Island, Lahille Island, Pitt Islands, and Adelaide-Biscoe Archipelago. Collembolan
samples were preserved in 96% ethanol, frozen, and transported to Ukraine for further analysis.

Three Collembola species were identified: Cryptopygus antarcticus, Frisea grisea, and
Folsomotoma octooculata. All three species were documented in 21 localities, including Nelson 1.
(South Shetland Islands), Booth 1., Hovgaard I., Petermann 1., Eight I., Fanfare I., Galindez I., Uruguay
I., Skua I., Corner 1., Yalour Is., an un-named island of the Barchans, Locator Is. (Roca Islands)
(Wilhelm Archipelago), Girard Bay (Girard Bay Oasis), Cape Perez, Cape Rasmussen, Mount Waugh
(Kyiv Peninsula), Berthelot Islands, Darboux I., the largest un-named island of the Lipmann Islands,
and Hook Is. (Adelaide-Biscoe Archipelago).

Two species (C. antarcticus and F. grisea) were found on six islands: Central Pig I., Grotto 1.,
Irizar 1. (Wilhelm Archipelago), Krivus I. (Pitt Islands), Adelaide I., and Avian I. (Adelaide-Biscoe
Archipelago).

Only C. antarcticus was recorded in seven localities: Anchorage Is., Leonie Is. (Adelaide-Biscoe
Archipelago), two un-named islands of the Pitt Islands, Cape Tuxen (Kyiv Peninsula), an un-named of
the Cruls Islands (Wilhelm Archipelago), and Chavez Is.

On Lahille Island, only F. octooculata was found.

Based on literature data analysis, springtails are reported for the first time from 25 localities:
Chavez 1., Booth 1., Central Pig I., an un-named island of the Barchans, Corner 1., Cruls Islands, Eight
I., Grotto I., Skua I., Hovgaard 1., Locator Island (Roca Islands) (Wilhelm Archipelago), Girard Bay,
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Cape Perez, Cape Rasmussen, Cape Tuxen, Mount Waugh (Kyiv Peninsula), Darboux Is., the largest
un-named island of the Lipmann Islands, Lahille I., Krivus I. and two un-named islands of the Pitt
Islands, Avian Is., Hook Is., and Leonie Is. (Adelaide-Biscoe Archipelago).

Additionally, species lists were expanded for Adelaide 1., F.grisea was newly recorded,
increasing the total species count to two.

NEW DATA ON TERRESTRIAL TARDIGRADES OF THE MARITIME
ANTARCTIC
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Antarctic soils and scarce vegetation host communities of small invertebrates, such as mites,
springtails, insects, rotifers, nematodes, and tardigrades, which are able to survive in extreme
conditions. These communities have been repeatedly explored during the last century. However, due to
their difficult accessibility, some regions of the Antarctic remain understudied. Besides, the recent
progress in integrative taxonomy urges reinvestigating the search for hidden diversity.

Current research focuses on terrestrial Tardigrada (i.e., tardigrades inhabiting water films in
terrestrial habitats). To obtain the tardigrade moss and algae samples, they were collected during the
28th Ukrainian Antarctic Expedition from December 2023 to April 2024 and delivered to Ukraine for
investigation. Altogether, 70 samples were taken from various locations on the western coast of the
Antarctic Peninsula and the neighboring islands (mainly from the Wilhelm Archipelago and the South
Shetland Islands). Tardigrades and their eggs were extracted from the samples, put on the permanent
slides, studied using light microscopy (PCM), and identified using keys and species descriptions.

The investigation revealed the presence of both heterotardigrade and eutardigrade species, with
Mesobiotus spp. and Diphascon spp. being the most abundant in the samples. A taxonomic account of
the tardigrades found is given. Possible relationships of tardigrades to habitat parameters and
perspectives of further research are discussed. Special attention is given to ciliate symphorionts
(Propyxidium sp.) of tardigrades from the Antarctic.
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Nematodes are one of the richest and most abundant groups of terrestrial fauna in Antarctica.
Around sixty terrestrial nematode species are currently reported to occur in Antarctica, representing 16
families and almost 30 genera.

The nematode fauna of Antarctica is clearly distinct from that of other continents. At least 90% of
species currently known, and possibly approaching 100%, are endemic to the continent or smaller
regions within it, indicating a long evolutionary history in isolation within the continent, as is now
known to be characteristic of most Antarctic terrestrial fauna.

During the 27th Ukrainian Antarctic Expedition, 89 substrate samples were collected from the
bird nests (south polar skua (Stercorarius maccormicki) and kelp gull (Larus dominicanus)) and moss
clumps on the Galindez Island and nearby islands and rocks of the Wilhelm Archipelago such as
Berthelot, Winter, Grotto, Indicator, Petermann, Skua, Hovgaard, Irizar, Central Pig, Eastern Pig, and
Three Little Pigs Islands.

In total, more than 1260 nematode specimens were analyzed, and 430 of them were mounted on
the permanent slides for the detailed morphological study.

The processing of these materials complements existing data on the distribution of nematodes in
the Antarctic region, as samples were taken on 10 islands and two rocks where no nematological
studies had been conducted previously.

The analysis of the collected materials revealed 23 species of free-living soil nematodes
belonging to 13 genera, 11 families, and 6 orders for the Argentine Islands. Sixteen species were
recorded in this region for the first time. The taxonomic diversity of nematodes of the Argentine
Islands was revealed to be relatively high as it includes more than half of the species and genera
reported for the entire Antarctic Maritime Region. The data on the nematode fauna of the region was
complemented, as 16 identified species were reported for the first time for this sector of the Antarctic.

The most taxonomically diverse were bacteriophages of the genus Plectus (5 species). The order
Dorylaimida was represented by five genera, among which Eudorylaimus (4 species) and
Mesodorylaimus (3 species) had the largest number of species.

The chorological analysis of the collected material revealed that three genera (Pararhyssocolpus,
Amblydorylaimus, and Enchodeloides) and the majority of the identified species are endemic to
Antarctica. Only two species of Monchysterida nematodes, namely Eumonhystera vulgaris and
Geomonhystera villosa, are widespread outside the continent.

The nematode fauna of Galindez Island turned out to be the most abundant, with 13 species
identified, and together with literature data, 15 species are currently known. It comprises about half of
the fauna of the most thoroughly studied Antarctic islands — Livingstone (31 species) and King George
(28 species) — parts of the South Shetland Archipelago. On a number of other islands, in particular,
Winter, Petermann, Skua, Hovgaard, and Central Pig, 7-8 species were collected. However, at this
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stage of research, the difference in the data for individual islands reflects the amount of high-quality
material suitable for accurate identification rather than real differences in fauna.

Among the processed material, there are a number of populations, particularly in the genus
Mesodorylaimus, that cannot be accurately identified and require further detailed morphological
analysis.

CULTURABLE MICROBIOTA OF MOSS BANKS OF THE BERTHELOT AND
CORNER ISLANDS

S.Ya. Komplikevych, O.D. Maslovska, T.B. Peretyatko, O.M. Moroz, 1.Yu. Vronska, S.A. Mashchak,
S.0. Hnatush
Ivan Franko National University of Lviv, Lviv, Ukraine; solomiia.komplikevych@Inu.edu.ua

Mosses are among the few plants that can survive in the extreme conditions of the Antarctic. The
study of the microbiota of the endosphere and rhizosphere of mosses is important for understanding the
adaptation of these plants to extreme environmental conditions and climate change. This work aims to
isolate and characterize bacteria associated with the endosphere and rhizosphere of different moss
species. Moss bank samples of Ceratodon purpureus, Pohlia nutans, and Warnstrofia fontinaliopsis,
collected on the Berthelot and Corner Islands during the 28th Ukrainian Antarctic Expedition, were
used in the study. To isolate microorganisms from the endosphere, the mosses were previously surface
sterilized. Conventional microbiological methods were used for the isolation of microorganisms.
Identification was based on morphological, cultural, physiological, and biochemical properties and the
16S rRNA gene sequence.

Isolates that formed morphologically distinct colonies on dense media were isolated from the
studied samples, and their properties were studied. Isolates have been identified: Micrococcus sp. Pn45
(from the endosphere of the shoot part of P. nutans, the Berthelot Islands), Sporosarcina sp. Cp72
(from the endosphere of the shoot part of C. purpureus, Corner Island), Sporosarcina sp. Wf13 and
Staphylococcus sp. Wf139 (from the rhizosphere of W. fontinaliopsis, Corner Island).

Micrococcus sp. Pn45 grow at 442 °C, form large matte yellow colonies of regular shape. The
sequence of the 16S rRNA gene of this strain (GenBank PQ475944.1) is characterized by a high value of
identity with the sequence of the 16S rRNA gene of Micrococcus aloevarae AE-6, Micrococcus
yunnanensis YIM 65004 and Micrococcus luteus strains NCTC 2665 and DSM 20030. The studied
Micrococcus sp. Pn45 differs from the described M. aloevarae AE-6 in the lack of gelatinase activity
and the metabolism of some carbon sources. Micrococcus sp. Pn45 is not capable of nitrate reduction
and does not exhibit urease activity.

Sporosarcina sp. Cp72 grow at 4-30 °C, and Sporosarcina sp. Wf13 — at 4-37 °C. Both strains
form large, regularly shaped orange colonies. The sequence of the 16S rRNA gene of strain Cp72
(GenBank PQ475947.1) is most similar to the 16S rRNA of Sporosarcina ureae DSM 2281 and S.
ureae NBRC 12699, and of strain Wf13 (GenBank PQ473536.1) to the 16S rRNA of Sporosarcina
aquimarina SW28. The strain Cp72 differs from the described S. ureae DSM 2281 by the colony color
and metabolism of some carbon sources. The Wf13 strain differs from the described S. aquimarina
SW28 in colony color, halotolerance, inability to reduce nitrate, and lack of urease activity.
Sporosarcina sp. Wf13 produces auxin-like compounds when growing in nutrient broth with
tryptophan and are capable of synthesis of siderophores.

Staphylococcus sp. Wf139 grow at 442 °C, they form large white colonies of regular shape. The
sequence of the 16S rRNA gene of bacteria Wf139 (GenBank PQ475948.1) is the most identical to 16S
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rRNA of Staphylococcus edaphicus CCM 8730, Staphylococcus saprophyticus subsp. Saprophyticus
ATTC 15305, Staphylococcus pseudoxylosus S04009. The strain Wf139 differs from the described S.
edaphicus P5085 in its inability to reduce nitrate and metabolize some carbon sources. Staphylococcus
sp. Wf139 have urease activity and do not liquefy gelatin.

The work was performed under the State Special-Purpose Research Program in Antarctica for
2011-2025.

RESPONSE OF THE CELLS OF BACTERIA OF THE GENUS PSEUDOMONAS
ISOLATED FROM DIFFERENT ANTARCTIC SUBSTRATES TO THE
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0.D. Maslovska, S.Ya. Komplikevych, O.M. Moroz, N.M. Pazur, S.O. Pelekh, S.O. Hnatush
Ivan Franko National University of Lviv, Lviv, Ukraine; olha.maslovska@Inu.edu.ua

Bacteria of the genus Pseudomonas are among the most commonly cultivated representatives of
the Antarctic microbiota, which can adapt to adverse environmental conditions. One of the mechanisms
of metal compounds’ effect on cells is the formation of reactive oxygen species and cellular damage
caused by free radicals. The purpose of the work was to study the impact of potassium dichromate on
the content of lipid peroxidation products and the activity of enzymes of the antioxidant defense system
of bacteria of the genus Pseudomonas isolated from various Antarctic substrates. The bacteria
Pseudomonas yamanorum IMB B-7916, Pseudomonas arsenicoxidans 89 1T 89, and Pseudomonas
sp. 3B-in-57, isolated and identified at the Department of Microbiology of Ivan Franko National
University of Lviv in different years from samples collected during the 26-27 Ukrainian Antarctic
Expeditions were used in the study. The bacteria were grown for 21-32 h (depending on the strain) at
29 £ 1 °C in a tryptic soy broth (TSB) medium containing K2>Cr207 at concentrations of 0.125-0.575
mM (for P. yamanorum IMB B-7916), 0.06-0.30 mM (for P. arsenicoxidans 89_1T_89) and 0.6-1.4
mM (for Pseudomonas sp. 3B-in-57). The study of lipid peroxidation (LPO) and enzymatic activities
was carried out in the middle and at the end of the exponential and the beginning of the stationary
growth phase of the batch culture.

The K2Cr207 in the culture medium of the studied bacteria of the genus Pseudomonas inhibits the
biomass accumulation. During the cultivation of bacteria in TSB, enzymatic and non-enzymatic Cr(V1)
reduction reactions occur, likely to form free radical compounds that damage the macromolecules of
bacterial cells. The addition of K>Cr20O7 to TSB caused an increase in the content of diene conjugates in
P. yamanorum IMB B-7916, P. arsenicoxidans 89_1T 89, and Pseudomonas sp. 3B-in-57 cells. In all
the studied bacteria, the content of these LPO products increased with increasing concentration of
K2Cr207 in the medium and varied depending on the duration of bacterial cultivation. Besides diene
conjugates, the content of lipid hydroperoxides also increased in the cells of the studied strains under
the influence of K>Cr207. Under these conditions, changes in the activity of the enzymes of the
antioxidant defense system (superoxide dismutase and catalase) were revealed. In the control, the
enzymatic activities of P. yamanorum IMB B-7916 were the highest at the 3rd hour of bacterial growth
and significantly decreased with increasing duration of cultivation. The addition of K>Cr,O7 to TSB
caused an increase in the enzymatic activities of P. yamanorum IMB B-7916 with an increase in salt
concentration. These enzymatic activities decreased with further cultivation, but under the influence of
all studied concentrations of K.Cr.O7 were higher than in the control. The enzymatic activities of P.
arsenicoxidans 89 1T 89 changed similarly: the highest values were detected at the 4th h of
cultivation, and with an increase in the duration of cultivation to 24 h, their values slightly decreased.
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When K>Cr,07 was added to the growth medium, enzymatic activities increased with an increase in salt
concentration. The superoxide dismutase activity of Pseudomonas sp. 3B-in-57 grown without
K2Cr,07 was the highest at the 6th hour of cultivation. Under the influence of K>Cr.Oyv, this activity
increased significantly with increasing concentration of K>Cr.O7 in the medium. After cultivation up to
32 h, superoxide dismutase activity decreased but was 5-21 times higher than in the control. During the
growth of Pseudomonas sp. 3B-in-57 in the medium with different concentrations of K>Cr.O7, no
increase in catalase activity was detected compared to the control.

The work was performed under the State Special-Purpose Research Program in Antarctica for
2011-2025.
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Microbial mats that develop in Antarctic lakes are unique and highly diverse habitats in which
microorganisms encounter extreme living conditions, which has led to the emergence of new
biochemical adaptations. Bacterial mats ensure the maintenance of complex ecological relationships
due to the ability of microorganisms in their composition to synthesize and secrete allelopathic
substances that suppress the growth of competitors, contributing to the stability of communities. Such
processes are key to the formation and maintenance of ecosystem stability, especially under conditions
of limited resources. Finding the diversity of microorganisms in bacterial mats of freshwater lakes is
aimed at deepening the understanding of the processes of functioning of microbial communities in
extreme conditions and the possibilities of their use in biotechnological processes. Strains of
microorganisms of various ecological-trophic groups isolated from microbial mats of Antarctic lakes
are of important practical importance: they synthesize antimicrobial substances, exopolysaccharides
and other biologically active substances, and have the ability to break down various high-molecular
compounds.

The object of research was freshwater lakes on the islands of Irizar and Uruguay (Argentine
Islands, maritime Antarctica). The diversity of microorganisms of bacterial mats of freshwater lakes
was determined in samples taken on the islands of Irizar and Uruguay during the 28th Ukrainian
Antarctic Expedition (2023-2024). Metagenomic DNA was isolated from the samples, and V3-V4
amplicons of the variable region of the 16S rRNA gene were sequenced using 341F (5-
CCTAYGGGRBGCASCAG-3) and 806R (5-GGACTACNNGGGTATCTAAT-3) primers.
Amplification was performed using Q5 DNA polymerase (NEB, USA) on an Eppendorf MasterCycler
gradient thermal cycler (Eppendorf, Germany). The amplicons were sequenced on an Illumina MiSeq
device as a paired ends library (2 x 250 nucleotides) with a sequencing depth of 100,000 reads from
each end (Novogene Europe, Germany). Barcode and adapter sequences were removed using the
cutadapt version 3.3 program and merged using the flash version 1.2.11 program. Sequence clustering
with respect to operational taxonomic units was performed using uparse version 7 and taxonomic
annotation was performed using giime version 1.9.1.

Bacterial diversity at different taxonomic levels did not differ significantly between samples. For
samples collected from a freshwater lake on Irizar and Uruguay islands, 107 and 121 units were
identified at the genus level, and 30 and 28 at the species level, respectively. However, the samples
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differed significantly in the taxonomic distribution of microorganisms. Thus, in samples collected on
Irizar Island, cyanobacteria of the genera Tychonema and Leptolyngbya dominated. Representatives of
the genus Tychonema in samples collected on Uruguay Island accounted for only 0.08-0.35%. In the
analyzed samples of bacterial mats of a freshwater lake on Uruguay lIsland, bacteria of the genus
Pseudomonas dominated — 10-19% depending on the time of sample collection. As a result of
comparing the distribution of OTUs between samples, it was found that there are also certain
differences between samples of bacterial mats taken from the same freshwater lake. For samples taken
from the lake on Irizar Island, 227 OTUs are common, and from Uruguay Island — 366 OTUs. Other
OTUs are unique in both groups. Analysis of biological diversity showed that the samples do not differ
significantly in this parameter among themselves. However, the Simpson index is high for all samples,
which indicates the absence of a pronounced dominance of one or more species in the corresponding
ecotopes and, accordingly, a homogeneous distribution of representatives of different species of
microorganisms in them.

PLANT GROWTH-PROMOTING FUNCTIONAL REPERTOIRE OF
ENDOPHYTIC ARTHROBACTER PSYCHROCHITINIPHILUS AND ITS GENES
IN VIVO EXPRESSION IN ANTARCTIC VASCULAR PLANTS

0. Stelmakh?, O. Poronnik?, M. Pavlovska?, R. Ivannikov?, O. lungin*®¢, P. Kovalenko?”,

Ye. Prekrasna-Kviatkovska?

IState Research Institution “Kyiv Academic University”, Kyiv, Ukraine; olesiaa.stelmakh@gmail.com;
ZState Institution National Antarctic Scientific Center, Ministry of Education and Science of Ukraine,
Kyiv, Ukraine;

3M.M. Gryshko National Botanic Garden, National Academy of Sciences of Ukraine, Kyiv, Ukraine;
*Institute of Molecular Biology and Genetics, National Academy of Sciences of Ukraine, Kyiv, Ukraine;
°Kyiv National University of Technologies and Design, Kyiv, Ukraing;

Svytautas Magnus University, Kaunas, Lithuania;

"State Institution “Institute for Evolutionary Ecology”, National Academy of Sciences of Ukraine, Kyiv,
Ukraine

The impact of endophytic bacteria on Antarctic vascular plants is one of the essential survival
factors for the growth of Deschampsia antarctica and Colobanthus quitensis under extreme
environmental conditions. Plant microbiome enhances adaptation owing to the activity of plant growth
promotion genes. This study aimed to investigate the Antarctic endophyte genome and analyze the
expression of its PGPT genes in the inoculated plants D. antarctica and C. quitensis.

Based on our previous study endophytic bacteria Arthrobacter psychrochitiniphilus 15.6 that
affected the growth of plants was selected for a whole genome sequencing. The chosen bacterial strain
was isolated from the leaves of D. antarctica collected on Ronge Island. The sequencing was
performed by Illumina NovaSeq 6000 with a sequencing depth of 7 Gbp. The genome sequence of
A. psychrochitiniphilus 15.6 was quality-checked by FastQC, Version 0.12.1, and assembled by
Unicycler, Version 0.5.1. The quality of the assembly was estimated by Quast, Version 5.3.0. Genes’
annotation was conducted by eggNOG-Mapper, Version 2.1.8.

Genes’ analysis was focused on the crucial plant growth promotion traits: modulation of
environmental stresses and phytohormones production. From the genome annotation of
A. psychrochitiniphilus 15.6 trehalose synthesis genes (otsA, otsBl, otsB2), glutathione peroxidase
synthesis gene (btuE), and tryptophan synthesis genes linked to indole acetic acid (IAA) production
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(trpC, trpD, trpE, trpF) were found. For all selected genes, specific primers and thermal conditions for
PCR analysis were designed by Oligo Primer Analysis, Version 6.31, SnapGene Viewer, Version 6.2.1,
and Primer-BLAST in the NCBI database.

For the inoculation assay, plants of D. antarctica collected from Irizar Island (Argentine Islands)
and C. quitensis from Cap Rasmussen (Kyiv Peninsula) were used. Antarctic vascular plant specimens
were cloned in vitro and after the inoculation with the bacterial suspension A. psychrochitiniphilus 15.6
were divided for incubation at separate conditions. One group of each species was incubated at +10°C
and another group at +4°C.

As a consequence of the inoculation with Antarctic endophyte, the effect of low temperature on
plants as a stress factor was reduced. Bacteria A. psychrochitiniphilus 15.6 contributed to cold
adaptation. The expression of genes otsA, otsB, trpC, trpE, btuE in vivo in plants was detected by PCR
analysis. In vivo expression of these PGPT genes can contribute to stress adaptation and growth
enhancement of Antarctic vascular plants.

This project has received funding through the EURIZON project, which is funded by the
European Union under grant agreement No.871072.

PGP ACTIVITIES OF ANTARCTIC ACTINOMYCETES FROM GALINDEZ
ISLAND AND GENOMIC ANALYSIS OF STREPTOMYCES SP. DA 82-17

0.V. Khylchuk, I.1. Roman, V.O. Fedorenko, O.M. Gromyko
Ivan Franko National University of Lviv, Lviv, Ukraine; Oleksandr.khylchuk@Inu.edu.ua

Global climate change is causing a decline in yields, while excessive fertilizer use degrades soil
fertility. Meanwhile, plant growth-promoting bacteria (PGPB) enhance crop growth. Identifying
PGPBs with plant growth-stimulating potential is a global trend in agricultural inoculation. The
extreme Antarctic conditions—low temperatures, high UV radiation, and nutrient limitations—have
driven microbial adaptations. These bacteria can synthesize specialized metabolites with PGP activity.

The aim of this study was to identify PGP strains among 100 actinomycete strains isolated from
the rhizosphere of Deschampsia antarctica (Galindez Island, Antarctica). The strains were obtained
from the Microbial Culture Collection of Antibiotic Producers at Ivan Franko National University of
Lviv. Among the isolates, siderophore producers with affinity to metal ions of Fe*" (15%), Cu?* (55%),
Ni*t (47%), Zn** (47%), or Mn*" (51%) were identified. Additionally, 21% solubilized insoluble
compounds of P, while 34% solubilized Zn, following Tirry et al. (2018). Solubilizing insoluble
compounds of P and Zn with siderophore production plays a crucial role in PGP by enhancing nutrient
bioavailability, uptake, and stress tolerance. Therefore, three strains, Streptomyces sp. Da 81-11,
Streptomyces sp. Da 82-9, and Streptomyces sp. Da 82-17, which exhibited the highest solubilization
and siderophore production, were selected for further screening.

The Streptomyces strains grew within a broad pH range (4-12) and exhibited cellulolytic,
amylolytic, lipolytic, and oxidoreductase activities, essential for soil colonization, organic matter
decomposition, and nutrient cycling. Moreover, upon inoculation on Brassica oleracea, all strains
increased chlorophyll A by 8-14%, chlorophyll B by 20-27%, and carotenoids by 15-28%. Among
them, Streptomyces sp. Da 82-17 showed the highest values, indicating strong PGP potential. Due to
these results, this strain was selected for genetic characterization, and its genome was sequenced using
Illumina method.
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Using antiSMASH, we identified 21 biosynthetic gene clusters, among which those encoding the
siderophore paenibactin were the most similar. Further analysis using RAST revealed genes involved in
Nitrogen compound metabolism, including clusters responsible for denitrification reductase, ammonia
assimilation, and nitrate/nitrite ammonification. Additionally, we identified a siderophore-aerobactin
gene cluster, and genes dhbF, entF, and fhuB encode siderophores that enhance Iron availability. We
identified a phosphate-regulated gene cluster likely involved in P uptake and solubilization, with
additional contributions from genes phoD, gppA, and phy, which play significant roles in P
mobilization. The genomic analysis further revealed key metabolic pathways involved in stress
adaptation, including antioxidant system proteins forming both enzymatic and non-enzymatic defense
mechanisms. Furthermore, genes ars, czcD, and copA encode proteins that contribute to heavy metal
detoxification, enhancing stress tolerance and adaptability to diverse soil conditions. KEGG database
analysis revealed genes encoding proteins associated with Mg and Ni chelation, B-indoleacetic acid
(IAA) synthesis (trp, aldH), as well as genes involved in cytokinin biosynthesis (miaA, ipt), suggesting
their role in plant hormone regulation. Moreover, genes budB, budC, and butB encoding volatile
organic compounds (VOCs), including 2,3-butanediol and acetoin. These compounds are known to
enhance plant growth by promoting root development, improving nutrient uptake, and modulating
stress responses.

In summary, the genomic features of Streptomyces sp. Da 82-17 suggest a strong potential for
plant growth promotion through nutrient mobilization, hormone regulation, VOC production, and stress
resistance, highlighting its promising role as a bioinoculant in sustainable agriculture.
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Maritime Antarctica and the Antarctic Peninsula have one of the highest warming rates on the
planet. Temperature rise impacts biodiversity, as well as ecological and biogeochemical functions.
Microbes are the most diverse component of the Antarctic ecosystems. They control the flux of matter
and energy in these low-temperature, low-nutrient ecosystems. For the collection of Antarctic samples,
we face logistic challenges related to unpredictable and severe weather. Antarctic research has
therefore focused on the summer, and our knowledge is limited regarding processes occurring during
the rest of the year. Here we study microbes’ metabolic potential and the transcriptional activity of
summer microbial mats and those in the darkest, coldest season, called the Polar Night. In this season,
temperature decreases, and light, water and nutrients have limited availability.

We integrated metabarcoding, metagenomics, and infrared imaging to study inland microbial
mats, which typically develop in streams and ponds that arise from melting ice.

Our results show that the diversity of summer microbial mats is highly variable among sites.
Also, community composition correlates with environmental parameters such as nitrogen nutrients,
silicates, and conductivity. Metagenomic analyses provide evidence that these benthic microbes harbor
a highly diverse metabolic potential. The differences are particularly marked between autotrophs and
heterotrophs and relate to both cellular structure and function. A time-point sampling scheme shows
that activity during the polar night is constrained to a few microbial taxa. Infrared imaging results show
structural and chemical differences between well-developed and early-stage ice-covered microbial
mats.

By understanding how Antarctic microbes respond and adapt to environmental perturbations,
we aim to help predict and mitigate the effects of Global Change.
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TOPOLOGICAL ANALYSIS OF DESCHAMPSIA ANTARCTICA
POPULATIONS ROBUSTNESS BASED ON A MONITORING STUDY ON
GALINDEZ ISLAND
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This study aims to analyze the robustness of Deschampsia antarctica populations in different
micro-growth conditions. Since the study was conducted on objects belonging to an open ecological
system, the topological analysis of their robustness and changes in robustness over time was carried out
by determining the eigenvalues for the intervals 2013/14 — 2020/21 and 2013/14 — 2020/24 seasons.

Monitoring was carried out on eleven experimental D. antarctica plant populations sampled from
Galindez Island (Argentine Islands, the maritime Antarctic) during the 2013/14 — 2020/24 seasons. The
three most variable morphometric characteristics were used for the topological analysis: population size
X(t), average values of leaf length y(t) and flower length z(t) in the dynamics of 8 and 11 seasons. We
selected exponential curves by the CurveExpertl.3 program for the sets x(t)=expiit, y(t) =expiat, z(t)
=expist and determined the fit reliability. The attractor type was determined by the eigenvalues set
according to the classification given by Eigen.

The case when A are real or complex conjugate numbers was considered. In eigenvalues terms
attractors types for three indices for 2013/14 — 2020/21 seasons were:

The robust focus when all A<0 is the attractor. When Re A—0 roots approach the imaginary axis.
As a result, the initial robust focus turns into a limit cycle, because periodic oscillations in time arise in
the system. As a result of these fluctuations the system transited into the limit cycle when all Re 1=0.

The limit cycle when all Re A=0 or all A<0 is the attractor (special point) of the system in which
undamped oscillations occur. This attractor belongs to non-coarse systems which trajectories undergo
significant changes with small variations (fluctuations) of parameters. Four populations (D1, D3, D9,
D11) were in limit cycle state.

The robust torus is an attractor under the conditions when two value A = 0, one value A<0. Four
populations (D2, D5, D6, D7) were in a robust torus state.

The chaotic (strange) attractor is formed under the conditions 11> 0, A2 =0, A3<0, has at least two
special points, and the adjacent trajectories diverge under slight changes in the initial conditions. One
population (D4) was in the strange attractor state.

Unrobust torus is a phase portrait of the system, when A= 0, 22 = 0, 23> 0, and it is not an
attractor. Two populations (D10, D12) were in an unrobust torus state.

Through three seasons, a topological analysis was conducted again for the interval of 2013/14 —
2020/24 seasons. It has been shown that changing external conditions can lead to some populations
transitioning from one robust state to another or from an unrobust state to a robust one. In particular,
the penguin nesting population invasion over the past 3 years has destroyed one population (D4),
whose state was described by a strange attractor over 8 seasons. One population (D6) has transited
from the robust torus state to the strange attractor state, and another population (D10) has transited
from the unrobust torus state to the limit cycle state in the last three of the 11 research seasons.
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In Maritime Antarctica, vegetation changes rapidly in response to climate change, air temperature
increase and altered water availability, respectively. Therefore, poikilohydric mosses can be considered
sensitive stress markers of environmental change. Our study focuses on environmentally-driven
alterations in their spectral properties.

Spectral reflectance indices for mosses Warnstorfia fontinaliopsis, Chorisodontium aciphyllum
and Sanionia georgicouncinata in the Galindez Island (Argentine Islands) were measured in order to
find suitable ones for effective moss species classification if they demonstrate the same color state
(green).

The study was performed in the summer season of 2023/24 during the XXVIII Ukrainian
Antarctic Expedition at Galindez Island. The measurements were carried out on the moss bank Kupol (-
65.2481°, -64.2462°). On the surface of the moss bank, 5 uniform green state spots sized 10 x 10 cm
were selected for each species studied. The spots were monospecific, homogeneous without being
interspersed with other species. 5-10 measurements of reflectance spectra were taken for each spot
using a handheld spectrometer PolyPen RP 410 UVIS (Photon Systems Instruments, Drasov, Czech
Republic) within the range of 380-790 nm. 19 spectral reflectance indices were calculated using
Spectrapen software. Among them, some did not differ significantly between the studied species (e.g.,
OSAVI). The majority of indices, however, were sensitive enough to distinguish individual studied
species. The indices that distinguished W. fontinaliopsis green state from other species studied were:
NDVI, SR, MCARI, TCARI, PSNDa, ARI1, ARI2 (and ZMI, Ctr2, SIPI, GM1, GM2, CRI1, CRI2).
The indices that distinguished Ch. aciphyllum green state from other species studied were: SRPI,
NPQI, NPCI, Ctrl (and ZMI, Ctr2, SIPI, GM1, GM2, CRI1, CRI2). The indices that distinguished S.
georgicouncinata green state from other species studied were: MCARI1, TVI, PRI (and ZMI, Ctr2,
SIPI, GM1, GM2, CRI1, CRI2).

Finally, the indices with statistically significant differences for all studied moss species were
identified (ZMl, Ctr2, SIPI, GM1, GM2, CRI1, and CRI2) and suggested for follow-up studies.

Moreover, the indices calculated at wavelengths typical for UAV spectral cameras (green, red
and red edge channels) showed species-specific differences. Such indices (HSMI, R730/R550,
R790/R730, R730/R650) can potentially be used to distinguish between different mosses within the
same physiological state indicating a good vigor.
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The pelagic ecosystems of the Southern Ocean (Antarctic bioregion) are the main component of
the entire Antarctic ecosystem. They are complex biological systems consisting of populations of
individual species in dynamic equilibrium and stability. The pelagic zone of the Southern Ocean has
huge biological productivity based on the peculiarities of oceanographic parameters characterized by
constancy in time and space: the Antarctic Circumpolar Current, the ice continent, and the winter ice
cover of the ocean. These parameters provide vertical water exchange and a constant supply of
biogenic elements to the surface. The pelagic zone of the Southern Ocean can be divided into several
main components: the Subantarctic (SA), the high-latitude Antarctic (HA), the shelf and slope of the
Antarctic continent — the continental seas (HS), the islands (including seamounts under topographic
influence) (IP), the mesopelagic (MP). Each component has its own unique species composition, as is
known, more than 90% of endemism.

Currently available scientific data on biology, oceanography of the Southern Ocean, and statistics
on the fishing (and observation) of biological resources by humans allow us to determine for each of
the above-proposed components of the pelagic ecosystem of the Southern Ocean the main species
(groups of species) — biological markers:

SA - Electrona carlsbergi, Themisto gaudichaudi;

HA - Euphausia superba, Electrona antarctica, Balaenoptera spp.;

HS - Euphausia superba, Euphausia crystallorophias, Pleuragramma antarcticum, all species of
fish of the family Nototheniidae, Balaenoptera spp.;

IP - All plankton accumulated by hydrodynamic circulation around islands and above underwater
elevations due to the effect of "Tylor's columns";

MP - Copepoda, Bathylagidae, Gonostomatidae, Bathylagidae, Protomyctophum spp.,
Oegopsida.

The difficulties of obtaining scientific data in the Southern Ocean, known to all researchers, do
not allow us to assess the entire ecosystem in winter. The high cost of research is reflected in the spatial
coverage of the research: most areas of the Southern Ocean have never been visited by scientists, and
the research was carried out fragmentarily, sometimes repeating itself after several decades. New
technologies (especially underwater video observations) have brought us very interesting data on the
animal world of the Southern Ocean, including the biomass and distribution of pelagic inhabitants.
Underwater cameras installed on the fishing gear of Ukrainian fishing vessels for the first time captured
the spawning of the pelagic squid Slosarczykovia circumantarctica at depths of 1,100 meters in the
Weddell Sea, feeding at the bottom at depths of 800-2,500 meters Euphausia superba, and mass
spawning of the pelagic fish Notolepis coatsi.
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KRILL MORPHOLOGICAL DIFFERENTIATION. BODY PROPORTIONS IN
EUPHAUSIIDS OF THE EASTERN TROPICAL NORTH PACIFIC,
CALIFORNIA CURRENT AND ANTARCTIC SPECIES

J. Firber Lorda
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California, Meéxico; jfarber@cicese.mx

Euphausiids samples obtained in different areas, were analyzed to understand the possible
differences on development patterns, and sexual morphological differentiation. Euphausia superba,
Euphausia pacifica, Euphausia distinguenda and Euphausia diomedeae, from the Euphausia genus,
and Thysanoessa spinifera, Thysanoessa macrura, from the Thysanoessa genus, and Nyctiphanes
simplex. Here we analyze the body proportions for each species, using four different measurements and
the Differentiation Index. Simple regressions were obtained, and they showed a different pattern of
morphological differentiation, for each genus. Following that evidence, multivariate analyses were
performed, confirming these findings. A new concept is here proposed, the mean Differentiation Index
difference between males and females, here called ADI, for each species, was obtained, mean values
for the species obtained in each area was related to the mean temperature and the mean sigma T values,
obtained for the first 400 m layer in each area. For the Sigma T values, they follow the same trend as
the ADI, and opposed to temperature.

Antarctic E. superba showed the greatest differences between males and females, and especially
between Males Il and females. For the Thysnoessa genus the trend followed a different pattern. Other
factors may influence these differences; probably higher lipids contents which helps in buoyancy, and
different sexual reproduction seasons of the different genera may produce other development patterns
in the Thysanoessa genus, as for the Nyctiphanes genus we do not have a possible comparison with
another species from the same genus.

CONDITIONS OF VERTICAL MIGRATIONS OF KRILL IN ANTARCTIC
PENINSULA WATERS (FAO SUBAREA 48.1)

M.M. Zhuk
State Scientific Institution “Institute of Fisheries, Marine Ecology and Oceanography", Kyiv, Ukraine;
antarctickrill2001@gmail.com

The abstract provides the author's research on the spatio-temporal processes of vertical migration
(diel vertical migration — DVM) of Antarctic krill under the influence of endogenous circadian rhythms
based on catch data from 822 trawls in the subarea of the Antarctic Peninsula in March-June 2017. The
DVM of krill is considered in relation to the characteristics of its biology, the size of catches, and the
sea surface temperature (SST), at fishing horizons in the fishing environment of the Ukrainian RKTS
vessel "More Sodruzhestva".

DVM allowed to reveal their complex structure. Acoustic observations indicate that krill DVM is
represented by the main 24-hour component (night — upward movement, day — downward movement)
and a smaller 12-hour component (repeated increase in the middle of the day), dependent, among other
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things, on the duration of daylight. Their amplitudes under conditions of high food availability are
insignificant but increase as the concentration of food decreases from March to June, including the
factor of critical temperatures, undoubtedly influencing its life cycle.

Studies of the thermal structure of waters in the autumn-winter period under conditions of
ongoing cooling and convective mixing of waters showed the following features that affected DVM:

- in March, with relatively warm conditions in the atmosphere and in the water layer from the
surface to the lower horizons of the catch, a quasi-homogeneous layer with temperature variability of
up to 0.3 °C was observed with higher values closer to the surface.

- in April-June, with increased cooling of the surface layer and convection, the temperature of the
water layer to the lower horizons of the catch gradually decreased, reaching record negative values in
June in the central part of the strait (up to minus 2.1 °C). At the same time, from the second ten-day
period of April, the subsurface layers became warmer, especially in the eastern part of the strait, where
the difference in SST and the temperature of the horizons of the catch reached 1.0 °C.

Transformations of the thermal structure of waters, in combination with other factors, affected the
characteristics of krill migrations, demonstrating a tendency to deepen from March to June. Thus, in
March, the average value of the krill localization horizon was 21 m, in April 52 m, in May 87 m, and in
June 91 m, where changes in the food spectrum (transition from phytoplanktonic to zooplanktonic
organisms), a decrease in food supply and filling of stomachs were noted.

The practical significance of our study is the identification of vertical amplitude fluctuations of
krill aggregations at the daily and intersessional levels. Evidence of their deepening is reflected in an
increase in the time of setting and hauling the trawl from 10-20 minutes at the beginning of the fishery
and up to 30-50 minutes at the stages of its completion at greater depths. This circumstance, in
combination with other factors, must be taken into account when planning and implementing a krill
fishery strategy in order to achieve its efficiency and profitability, taking into account the gross
operating profit of 152 million US dollars (according to data for 2019).

ICE CONDITIONS IN THE PACIFIC SECTOR OF ANTARCTICA IN 2016-2025
AND ITS IMPACT ON THE TOOTHFISH FISHERY

V.V. Paramonov
Institute of Fisheries and Marine Ecology, Berdyansk, Ukraine; vparamonov@i.ua

Antarctic seas are covered with ice for most of the year and, therefore, inaccessible to ships, the
fishery is carried out in the spring-summer (for the Southern Hemisphere) period. The toothfish fishery
is carried out almost exclusively in polynyas. Polynyas are regions with low sea ice concentration
within high sea ice concentrations.

The following parameters were adopted to assess the degree of polynya development and their
impact on the fishery.

Polynyas form off the coast of Antarctica and then spread north. The next dates are interesting:

1. The date of polynya appearance.

2. The date when the polynya reaches 75° S (in the Ross Sea) and 72°S (in the Amundsen Sea).

3. The date when the polynya reaches 70°S.

4. The date when the polynya connects to the open ocean.

In recent years, the polynya has appeared from November 9 to December 2 in the Ross Sea and
from November 4 to 18 in the Amundsen Sea. When averaging, there is a tendency for the polynya to
start forming later and later in both seas.
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The date when the polynya reaches 72/75°S is the date when longliners can begin fishing for
toothfish. This is the period from November 20 to December 17 in the Ross Sea and November 16 —
January 20 in the Amundsen Sea. Here, too, there is a tendency for this event to be delayed every year.

The date when the polynya reaches 70°S characterizes the possibility of full development of the
fishery in all seas. This is the period from December 28 to January 12 in the Ross Sea and from January
4 to January 28 in the Amundsen Sea, and sometimes it does not reach 70°S at all. With fairly
significant fluctuations in this date, no obvious trend is observed here.

The date of the polynya's connection with the ocean characterizes the release of the sea from the
main masses of ice. In the Ross Sea, this was observed on January 3-15, in the Amundsen Sea — on
January 8-28, and sometimes it was not observed at all. In the Ross Sea, a downward trend is observed,
that is, this phenomenon occurs earlier and earlier. In the Amundsen Sea, there is no obvious trend.

Comparing the processes of polynya development in the Ross and Amundsen Seas, we can
conclude that in the former, a polynya appears earlier, develops more intensively, and the sea is better
cleared of ice. In contrast, the Amundsen Sea is later and worse cleared of ice, and sometimes the
polynya does not connect to the open ocean. Fishing area 88.2_1 has been inaccessible for several years
due to dense ice accumulations. This largely determines the preference that fishing vessels give to the
Ross Sea over the Amundsen Sea.

THE GALINDEZ ISLAND GENTOO PENGUIN (PYGOSCELIS PAPUA)
POPULATION AND TIME-LAPSE CAMERA DATA VALIDATION
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Gentoo (Pygoscelis papua) penguin colony population behavior/dynamics have been studied in
several seasons since 2015. The detailed observation of bird arrival, nesting, hatch, and créche has been
provided in two colonies at the GAlI CEMP site at Galindez Island near the Ukrainian Antarctic
Akademik Vernadsky station (former the BAS station Faraday). We inform of the visual survey results
of the penguin colonies population, chronology, and dynamics. During the five seasons biologist-
winterers provided continuous observations every day/every five days of gentoo GBV and GPP CEMP
sites at Galindez Island gentoo colonies. The results of visual observations of penguin population
changes are discussed. The data validation experiment provided for photo captures from time-lapse
cameras of the CEMP monitoring project of CCAMLR is discussed. During 2017/18, 2018/19,
2019/20, 2023/24, and 2024/25 seasons, biologist-winterers at Vernadsky station (Galindez Island), the
GAIl CEMP-site, provided daily observations of 15 gentoo nests chosen in the three monitoring sites
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GBW, GPP1, and GPP2, simultaneously with automatic time-lapse cameras record. The results of
visual observations have been compared with data from camera pictures, which registered the same
nests. The comparison of the events of lay, hatch, and créche dates was undertaken. The preliminary
results exhibit reasonable correspondence within 0—3 days between visual observations and time-lapse
camera data for both seasons. The difference between camera and visual for each event varies mainly
in +1 and from time-to-time in —3 days for 15 control nests at the three test sites. However, the usual
event captured by camera photos has a time delay of 1 (on average) to 3 days (outbreak) between the
dates registered by the camera and visual observations. This delay should be considered when the event
dates from camera data analyzed without correspondent visual observations. The results of the visual
survey and camera records of the penguin population and penguin count show the breeding success is
an average of about 1.6 chicks and varies from season to season. Severe weather conditions, like wet
snow, significantly impact breeding success in some seasons. That was registered in the 2018/19 season
when many birds lost their nests/eggs and had to start breeding again, which extended the chronology
dates. The results of the combined camera records with detailed observations are helpful in studying the
impact of ecosystem changes due to long-term climate variations.

MALE VOCALIZATIONS OF THE WEDDELL SEAL (LEPTONYCHOTES
WEDDELLII) AND LEOPARD SEAL (HYDRURGA LEPTONYX) IN THE WEST
ANTARCTIC PENINSULA WATERS

V. Tkachenko!?3, O. Savenko'?
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The acoustic behaviour of the Weddell seal (Leptonychotes weddellii (Lesson, 1826)) and leopard
seal (Hydrurga leptonyx (Blainville, 1820)) in the waters off the West Antarctic Peninsula is relatively
understudied. Gaining insights into their patterns and drawing comparisons with other regions will
enhance our understanding of the behavioral ecology of both species. From August 2021 to February
2022, we carried out continuous and opportunistic acoustic recordings in the waters of the Wilhelm
Archipelago using SoundTrap 300 HF and SoundTrap 600 HF (Ocean Instruments) acoustic recorders.
This recording time frame allowed us to cover the reproductive periods of both species when they are
most acoustically active. The recordings were analysed using the Cornell Lab Raven Pro v1.6.5
software, CRAN packages, and R-based tools. We analysed 56 hours of high-quality seal recordings.
Only male sounds were utilised and categorised. We identified four main acoustic signals of male
leopard seals: high double trill, low double trill, low single trill, and hoot with low single trill. Male
Weddell seals have been identified to produce various trills, whistles, pulses, chirps, and tones in their
vocalizations, including those found within the ultrasonic spectrum. The duration of each call, along
with its amplitude, frequency range, occurrence rates, and sequence were assessed. Our results provide
the first detailed descriptions of the male calls produced by both species in the waters of the Wilhelm
Archipelago. Further recordings are necessary to give a complete overview of their vocal repertoires
for future comparisons with other regions and to enhance our understanding of seal species' population
structure and reproductive ecology.
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Passive acoustic surveys using towed acoustic recorders could provide an additional data source,
either in conjunction with or as an alternative to visual sighting surveys for studying cetacean
distribution. In February-April 2023, and in March 2024, a SoundTrap 300 HF (Ocean Instruments)
hydrophone recording system, encased in a streamlined, flooded housing, was towed from the M/V
Plancius and R/V Noosfera in the Gerlache Strait (West Antarctic Peninsula) to record the sounds of
cetaceans. Recordings were made at a distance of 180 m from the vessels within the 0.05-280 kHz
frequency range. The 23 hours of recordings were analysed to identify acoustic detections of cetacean
species. The audio files were processed using Cornell Lab Raven Pro v1.6.5 software, along with the
open-source Pamguard 2.1.5 software. CRAN packages for R software were utilized for statistical
analysis and visualisation. During data processing, it was discovered that the vessel's echosounder
signals produce a significant amount of interference and echo harmonics throughout the entire
frequency spectrum in the recordings. This considerably complicates the extraction, visualization, and
structural analysis of the signals. Nevertheless, we were able to identify some of them. All acoustic
recordings were categorised, and for the high-quality recordings, the duration of each signal, as well as
its amplitude, frequency range, occurrence rates, and sequence, were evaluated. The identified cetacean
sounds belonged to the killer whale (Orcinus orca (Linnaeus, 1758)), Arnoux's beaked whale
(Berardius arnuxii, Duvernoy, 1851), Antarctic minke whale (Balaenoptera bonaerensis Burmeister,
1867), and humpback whale (Megaptera novaeangliae (Borowski, 1781)). We identified whistles,
echolocation clicks, and pulsed calls recorded for toothed whales. The sounds of killer whale
vocalisations were the most prevalent. In comparison to all other signals, killer whale whistles were of
the highest quality and will be utilized in the future for structural analysis to ascertain the ecotype of
the individuals to which they belong. The low-frequency sounds of the baleen whales were most
affected by the vessel's echosounder. Passive acoustic surveys using towed acoustic recorders have
demonstrated their effectiveness as a research method, achieving a high frequency of cetacean sound
recordings, including at night when visual recordings were impossible to obtain. It is beneficial to
continue utilizing this method across various platforms. For short- and medium-distance surveys, motor
boats are preferable due to their absence of a powerful echo sounder and high mobility.
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Human presence and work in Antarctica occur under challenging climatic, psychophysiological,
and social conditions. The health of expedition participants is a critical factor, and a pre-expedition
medical assessment is extremely important. We evaluated the prognostic significance of previously
identified immune accentuations on the health of Ukrainian Antarctic Expedition overwintering
participants. Immunophenotyping was performed on 43 male winterers before the expedition. Their
health and laboratory parameters of the immune system were tracked the entire expedition. According
to the results, winterers with favorable and unfavorable kinds of adaptation showed differences in
immunophenotypic indicators. The majority of winterers with favorable adaptation had T-helper
(CD3+CD4+) levels (>35%), balanced (<24%) expression of HLA-DR on cytotoxic T-lymphocytes
(CD3+CD8+), proportions and absolute levels of NK lymphocytes (5-18% and 100—400). In contrast,
winterers with unfavorable adaptation exhibited balanced levels significantly less frequently. NK cell
levels in the range of 5-18% were virtually absent in winterers with unfavorable adaptation. The
combination of two diagnostically significant immune parameters yields higher accuracy. Increased
expression of HLA-DR on cytotoxic T-lymphocytes and elevated NK-lymphocyte content significantly
enhance the prognostic value of the diagnostic algorithm. In all winterers, cortisol levels significantly
increased in the first quarter of the expedition compared to baseline, followed by fluctuations. Cortisol
levels returned to baseline after the expedition. The results demonstrate that staying in Antarctica
requires adaptive processes that are directly dependent on the balanced functioning of the immune
system. Stressful environmental conditions, in conjunction with immune accentuations, complicate
successful adaptation.
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GEOSCIENCES

PALEOGEOGRAPHIC RECONSTRUCTIONS OF THE ARGENTINE
ISLANDS REGION BASED ON THE ANALYSIS OF SPATIAL AND FACIES
VARIABILITY OF BOTTOM SEDIMENTS
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The section of modern seafloor sediments nearby the Antarctic Peninsula is a valuable archive
of Earth's climate history, providing essential understanding of natural climate variability and the
potential consequences of human-induced climate change. The record of climate variability in seafloor
sediments around Antarctica has a global importance, as changes in the Southern Hemisphere can
affect the entire Earth's climate system. Understanding of Antarctic climate trends from past to the
present provides critical context for interpreting modern climate change and its potential impacts at the
global level.

As a result of our research, the following conclusions were obtained. The exit from the last
glaciation in the area of the Argentine Islands took place gradually. This process reflected in the
peculiarities of the underwater relief and the section of bottom sediments. In general, the modern
underwater relief is the result of different endogenous and exogenous processes interaction. The
magmatic activity, starting from the Jurassic period, and modern tectonic movements along the active
suture zone in the Antarctic Peninsula area caused the formation of the fault-block system of the
research area. This led to the fact that the deepest depressions were formed along the main rupture
faults. The smaller order faults and zones of fracturing turned into channels and depressions between
the islands. Exogenous processes were primarily associated with glaciation and warming, which was
reflected in the formation of significant glacial flows and the development of exaration along
submarine valleys and channels. As a result, the presence of valleys with relatively flat and wide
bottoms and steep slopes is typical in the modern relief.

Lithologically, muddy silts with admixtures of sand and crystalline rocks fragments represent
the bottom sediments in the Penola Strait area. Seventy species of diatoms were identified in bottom
sediments from Penola Strait. The distribution of diatoms has clear patterns that are associated with the
properties of surface waters and the duration of sea ice cover. According to biogeographic and
ecological characteristics, a significant percentage of diatoms from the Penola Strait sediments are
pelagic taxa of the open ocean, typical for this region as a whole. Among them, cold-water species that
live in the open ocean near the ice edge predominate.

Reconstructions of the facies settings and distribution of bottom sediments in the Argentine
Islands area showed that a significant ice sheet, which completely occupied the study area at the time of
its maximum development approximately 26 thousand years ago, marked the last glacial period. The
Argentine Islands area became ice-free approximately 10,000 to 7,000 years ago. The subsequent
melting occurred gradually with stages of deceleration and acceleration. Sometimes even reverse
moments of increasing the amount of ice and decreasing the ambient temperature were observed.
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GEOLOGICAL STRUCTURE AND HISTORY OF THE WEST ANTARCTIC IN
THE LIGHT OF PREVIOUS STUDIES. PROSPECTS AND OPPORTUNITIES
FOR THE FEATURE UKRAINIAN ANTARCTIC RESEARCH
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Complex tectonic processes that date back to the Paleozoic era have formed the geological
structure of West Antarctica, particularly the Antarctic Peninsula and the South Shetland Islands, as we
know it now. Long-term subduction along the Pacific margin of Gondwana has had a huge impact on
the regional geology. It has led to the accretionary complexes and magmatic arcs formation. Then, in
the late Paleozoic — early Mesozoic, West Antarctica was influenced by two orogenies — the
Gondwanide and Chonide events. They were driving forces for crustal deformation and magmatism
processes. The Bransfield Strait, which is a close object to Vernadsky station, is a back-arc basin
formed as a result of extensional processes that took place after the end of subduction processes near
the South Shetland Trench. According to geological reconstructions, it is now suggested that either the
Antarctic Peninsula or Patagonia were part of a single continental block, and they have started to
separate from each other after the Gondwana break-up. Gravity and magnetic data from the Bransfield
Basin indicate significant structural segmentation and tectonic activity in this region, accompanied by
rifting and magmatic intrusions development. It is important to study the geological past of this region
because it is a great area to understand subduction dynamics and continental margin evolution.

We have decided to dedicate our feature research to the interpretation of geologic history and
geodynamics of the Western Antarctic using magnetic parameters of igneous rocks. Before this
specialized part of the work, we have to understand the geological structure and history of the region as
it is known today.
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It is believed that the Bellingshausen Sea in the area of Ukrainian Antarctic Station was once
covered by an ice shelf. Fleming in 1940 first proposed this idea based on his study of fringing glaciers
and island ice-caps during British Graham Land Expedition. It was later a priory supported by a
number of researchers. Only L. Govorukha drew attention to the glacial exaration and erratics on the
Argentine Islands. The reliability of the ice shelf hypothesis, as well as the area, thickness, and motion
of the ancient glaciation, has not been discussed by anyone until now.

In 2020, the authors performed the first systematic study of geological evidence of ancient
glaciation in the area of the Ukrainian Antarctic Station. Field geological observations covered most of
the Wilhelm Archipelago (Booth Island, Hovgaard Island, Petermann Island, Dannebrog Islands, Roca
Islands, and Argentine Islands) as well as the separately located Yalour Islands and Berthelot Islands.
The main attention was paid to erratic debris, ancient moraines, glacial striation, and glacial landforms.

The field observations confirmed the past presence of the ancient glaciation on the Wilhelm
Archipelago and neighbouring islands. The geological age of the glaciation needs clarification. It can
be tentatively attributed to the last glacial maximum. At the same time, it was found out that generally
accepted ideas about the existence of ancient ice shelf on this territory are erroneous. All available data
show that during the last glacial maximum, the Wilhelm Archipelago as well as it surrounding area was
a dry land covered by an ancient ice sheet (AIS). A true floating ice shelf could only exist over the
narrow area on the Penola Strait, Lemaire Channel, and French Passage.

No deposits that would have formed during the melting of floating ice shelf were found on any of
the islands studied. Instead, ancient moraines and erratic debris were discovered. In particular, erratics
of alkali feldspar granites, slate and phyllites were transported by AIS to varying distances from their
original outcrops to the current location. Erratics were found on all the studied islands, including those
furthest towards the open sea. Their distribution outlines the minimum area of the AIS. The specified
AIS extended westward from the current coastline of the Kyiv Peninsula for a distance of more than 20
km, reaching the level of the modern isobath -200 m below sea level. The thickness of the AIS can be
estimated from the highest elevations at which errarics were found. It should exceed 120 m.

Glacial striation as well as glacial landforms, namely the ram forehead and the curly rocks were
formed on bedrocks as a result of glacial exaration. Note that a floating ice shelf does not cause ice
exaration. Similar to erratics, glacial landforms and striation also provide information on the area and
thickness of the AIS. In addition, they can be used to determine the direction of glacier movement.
Numerical observations have revealed that the AIS moved in the direction from the southeast to the
northwest. It is significant that the largest bays on the mainland of the Kyiv Peninsula, as well as a long
channel between the largest among Argentine Islands, are oriented in this direction.
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The Kyiv Peninsula (KP) forms the most notable topographical element of the mainland on the
Graham Coast. Despite its proximity to the Ukrainian Antarctic Station (UAS), the KP geology remains
largely unknown and requires detailed study. Geological surveys covered only a narrow strip of its
western coast. Therefore, it is important to explore the bays that penetrate the KP as far as possible.
Waddington Bay (WB) is located 20 km east of the UAS and is one of four bays that intersect the KP
from the West. Academic literature review provided preliminary information on geological features
and main rock types of WB; determination of zircon U-Pb isotope ages on granite (117,0+0,8Ma),
granodiorite (84,5+0,9Ma), quartz diorite (85,2+0,7Ma); as well as a detailed survey of WB interior
and surrounding elevations. Authors in this abstract present some results of the processing of field data.

The coastline of WB is composed of igneous rocks, with granitoids being the most widespread.
These granitoids are represented by granites and granodiorites, which form Mount Mill in the north,
and the northern slopes of Mount Demaria in the south. The granites on the western slope of Mount
Mill are pale pink, coarse- to medium-grained, with typical granitic minerals such as quartz, alkali
feldspar, and plagioclase. Minor components include biotite and ore minerals, with accessory minerals
such as epidote, allanite, and amphiboles. These granites also contain aplite-pegmatoid veins
distinguished by their fine-grained texture, higher quartz content, and lower amounts of dark minerals
such as biotite and ore minerals. At the northern coastline, cataclastic granites are observed at the
contact between gabbroids and granites. These resemble the previously described granites but are more
altered, containing accessory minerals like epidote, chlorite, sericite, zircon, and apatite. An outcrop of
granophyre is present on the northern slope of Demaria. These rocks are middle-grained, consist mostly
of quartz and felspars, but also have a small amount of amphibole, apatite, muscovite, and chlorite.

The granodiorites near the summit of Mount Mill are light gray, medium-grained, and primarily
composed of plagioclase and quartz. Minor minerals include alkali feldspar, amphibole, biotite, and ore
minerals, while accessory minerals include zircon, apatite, epidote, sericite, and pelite. The
granodiorites of the region are notable for the presence of mafic magmatic enclaves, appearing as small
round dark-coloured inclusions composed mostly of microdiorite. Except as mentioned inclusions,
microdiorites have been found on Rasmussen Island. They are light grey, fine-grained, and mainly
composed of plagioclase and quartz, with minor amphiboles, both rhombic and monoclinic pyroxenes,
and ore minerals.

Gabbroids are relatively widespread, occurring in the central and estuarine parts of the WB on
both the northern and southern shores. They form the layered Tuxen-Rasmussen intrusion. The primary
minerals in these gabbroids include plagioclase, with lesser amounts of amphibole and occasional
pyroxenes. Secondary minerals include ferrotitanium oxide ores and quartz, while accessory minerals
such as apatite, sphene, zircon, and baddeleyite are present. Occasionally, biotite, chlorite, and talc can
also be found.

Andesites form the outer part of WB and are found near Rasmussen Hut and the northwestern
slope of Mount Demaria. These dark grey andesites are holocrystalline and exhibit a porphyritic
texture, where phenocrysts consist of plagioclase grains. Plagioclase is also the dominant mineral in the
matrix. Secondary and accessory minerals include pyroxenes, ore minerals, muscovite, quartz, chlorite,
and occasional albite grains. VVolcanic glass is replaced by secondary minerals.
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Described above volcanic and plutonic rocks are dissected by numerous mafic dykes. Their
petrographic study is still ongoing.

FELSIC LAVAS OF THE ARGENTINE ISLANDS FORMATION (WILHELM
ARCHIPELAGO, WEST ANTARCTICA)

A.Y. Mashyroval?, O.V. Mytrokhyn??
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The Argentine Islands, where the Ukrainian Antarctic Station is located, are composed mainly of
volcanic rocks. They belong to the Upper Jurassic Volcanic Group or the Argentine Islands Formation
of the Jurassic-Cretaceous age. D. Elliot identified the following petrographic varieties among
volcanites: trachytic andesites, porphyritic andesites, dacite crystal tuffs, and dacite breccias. As can be
seen from the division, no lavas of felsic composition have been recognized among the rock
representatives until recently. The first outcrops of felsic lava were found by Oleksandr Mytrokhyn in
2017 and 2019 on the Corner Islands. He provisionally described them as dacite crystal tuffs. These
rocks form most of the East Corner Island as well as adjacent hill on the West Corner Island. Their
prominent feature is fluidal structures which can be seen in outcrops due to the alternation of 0,5-50
cm bands differing in color shade and resistance to weathering. Fluidal textures dip at an angle 25-600
on the south-east or south-west.

A detailed laboratory study of the collected sample was started by Anna Mashyrova. Microscopic
examinations revealed the presence of felsic effusive rocks and not just crystal tuffs among the studied
samples. The main evidences for their lava origin are petrographic features. First, in thin sections, they
clearly demonstrate a typical fluidal microstructure in the matrix, which is evidence of lava flow.
Moreover, the orientation of some plagioclase phenocrysts aligns with the flow direction. Second,
phenocrysts represented by plagioclase and quartz are usually idiomorphic. That is, they are not
characterized by clastic forms as in tuffs. Third, lithoclasts are either completely absent in these rocks
or their number does not exceed a few units.

Common petrographic features of the felsic effusive rocks include porphyritic texture, felsitic to
spherulitic matrix, complete devitrification of volcanic glass, and low-temperature hydrothermal
mineralization (albite, epidote, chlorite, sericite, and pyrite). The primary preserved minerals are quartz
and partly plagioclase, as well as some accessories (apatite, zircon, allanite, ilmenite). Therefore, the
degree of rock preservation can be considered moderate.

The discovery of felsic effusive rocks provides a basis for determining the center of a volcanic
eruption, which should be located near the distribution area of viscous dacitic and rhyolitic lavas. In
addition, lavas are generally best suited for geochemical modeling of magmatic processes. Finally,
since isotopic dating of volcanic rocks from the Argentine Islands Formation is absent, and previous
studies by Anna Mashyrova did not find a reliable mineral-chronometer in andesite lavas, the discovery
of zircons and allanite in felsic lavas has become equally significant. Importantly, the zircons have
euhedral shapes and sizes suitable for isotopic dating.
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During the wintering period, monitoring GPR studies of glaciers on the islands adjacent to the
Ukrainian Antarctic Akademik Vernadsky station are carried out. The purpose of the studies is to track
the seasonal dynamics of the appearance of new near-surface cracks and to detect structural changes in
the glacier body that are associated with the internal movement of the ice mass. These works use data
obtained by a Transient Technologies V1Y3-300 ground penetrating radar.

After interpreting the ground penetrating radar data obtained on the eastern part of the Winter
Island glacier, it was found that under the influence of gravity, a main fault was formed in the body of
the glacier, or rather, a zone of contraction, which divides the glacier into upper and lower. This
boundary is clearly visible in the field of reflected electromagnetic waves and has the appearance of an
elongated, almost horizontal in-phase wave field, which is traced along the entire length of the glacier.
The thickness of this boundary does not exceed one meter.

The lower part of the glacier lies on rocks with a complex relief, which has protrusions of more
than one meter. They significantly limit the mobility of the lower part of the glacier. The identified
fault structures (shear zones in the plastic substance) in the lower part of the glacier are formed by
protrusions of rocks.

The upper part of the glacier has a clear structure created by four blocks separated by shear faults.
The surface of these blocks has a different slope, but they move in the same direction but at different
speeds. In the middle of the ice blocks, there are firn horizons with different reflection coefficients of
electromagnetic waves. They help to recreate the block structure of the glacier.

The best materials were obtained in early spring to reproduce the block structure of glaciers and
study the rate of snow accumulation. These data do not have diffraction hodographs, which complicate
wave fields and introduce artifacts into the final fault-block model of the glacier.

However, it is necessary to use data obtained in the summer to identify the locations of fault
initiation and study the qualitative and quantitative indicators of changes occurring in glacial fault
structures. At this time of year, meltwater fills the inter-fault space, allowing for the detection of barely
noticeable faults.
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Complex geodetic surveys of the Argentine Islands archipelago, Antarctica, within the
framework of the season of the 29th Ukrainian Antarctic Expedition, include a number of tasks:

e conducting precision GNSS measurements at the points of the Argentine Islands archipelago
geodynamic polygon to investigate modern crustal movements;

e replacement of the temporary GNSS receiver of the ASAV continuous operating station;

einstallation and testing of an autonomous continuous operating GNSS station for continuous
monitoring of modern crustal movements;

emonitoring of changes in island glaciers by aerial survey with UAVs and satellite radar
interferometry;

ecreation of orthophotographic images of the islands adjacent to the Akademik Vernadsky
station.

Monitoring of modern crustal movements in the area of the Argentine Islands archipelago, in
particular, the study of tectonic fault activity and spatial deformations affecting the stability of the
Earth's surface and geospheric processes. Geodynamic studies of modern crustal movements using
GNSS methods are a continuation of previous studies carried out as part of seasonal Ukrainian
expeditions in 2002, 2005, 2008, 2013, 2014, 2018, and 2019. Within the framework of the season of
the 29th Ukrainian Antarctic Expedition, four new points were established, the points of the
geodynamic polygon in the area of the Argentine Islands archipelago were updated, and a cycle of
GNSS observations was carried out, including repeated measurements at 21 points.

The temporary GNSS receiver of the ASAV continuous operating station installed in 2019 was
replaced with a Trimble R9s GNSS receiver with Trimble Zephyr 3 Base antenna purchased by the
National Academy of Sciences. Another autonomous permanent GNSS station equipped with solar
panels for constant power supply and further testing was also installed.

The study of the mechanisms of changes in the Antarctic ice sheet, in particular, changes in the
volume of glaciers adjacent to the Akademik Vernadsky station, includes the influence of both climatic
and geodynamic factors. A comparison of the aerial survey results with similar data obtained in 2019
provides an opportunity to accurately assess the difference in the volume of ice cover on individual
islands. In addition, the joint processing of aerial survey results with satellite radar interferometry data,
which is a remote sensing technology based on satellite radar images, allows us to analyze the spatial
and temporal changes occurring on large mainland glaciers.

The last completed task was to create new and update existing cartographic materials for certain
parts of the Argentine Islands archipelago. For this purpose, aerial surveys were conducted from UAV,
and precision plan-altitude georeferencing of the images was performed using differential GNSS
measurements.

Complex geodetic surveys of the Argentine Islands archipelago during the season of the 29th
Ukrainian Antarctic Expedition allow us to assess the current movements of the Earth's crust within the
Penola Strait — Lemaire Channel, to accumulate and analyze satellite measurements at the permanent
GNSS station ASAV and the autonomous GNSS station, to estimate the extent of changes in the ice
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cover of island glaciers and to update the orthophotographic images of the islands adjacent to the
Akademik Vernadsky station.

ANALYSIS OF GLOBAL AND LOCAL SEISMICITY USING DATA FROM
THE AIA SEISMIC STATION

O.1. Liashchuk?!, D. Gryn?, Yu.A. Andrushchenko?, Yu.S. Otruba?

!Main Center of Special Monitoring, National Space Facilities Control and Test Center, State Space
Agency of Ukraine, Gorodok, Ukraine; alex_liashchuk@ukr.net;

23, 1. Subbotin Institute of Geophysics, National Academy of Sciences of Ukraine, Kyiv, Ukraine;
3State Institution National Antarctic Scientific Center, Ministry of Education and Science of Ukraine,
Kyiv, Ukraine

Continuous seismic monitoring at the Ukrainian Antarctic Station Akademik Vernadsky (AIA
station, according to FDSN) has been carried out since 2000. A digital three-component seismic station
Guralp-40TDE (Great Britain) with a frequency range of 30 seconds to 50 Hz is used for data
collection. The station is equipped with a 24-bit digitizer and a Linux-based data acquisition module
with a web interface. Time synchronization is performed using GPS.

The seismic region closest to the station is the seismically hazardous zone of the South Antilles
Arc, which includes South Georgia, South Sandwich, South Shetland, and South Orkney Islands. A
seismically active zone along the Bransfield Strait is also associated with rifting. During the
instrumental observations, the nearest earthquakes were registered at a distance of up to 150 km from
the station with an estimated intensity of up to 3-4 MSK. On average, several hundred seismic signals
are recorded annually, the sources of which are earthquakes all over the Earth.

Along with teleseismic and regional events, a large number of high-frequency seismic signals of
a local nature are recorded, due to the specific location of the Argentine Islands archipelago and the
dynamics of the surrounding ice. The main sources of local seismic signals are cracking of the nearest
glaciers of the archipelago, snowfalls and avalanches, and ice formation processes as a result of the
descent of the Antarctic Peninsula glaciers closest to the station into the sea. Local sources also include
icebergs hitting the seabed as a result of surf and seasonal changes in microseismic noise associated
with sea ice.

Since 2022, the AIA seismic station has been connected to the network of seismometers on the
Antarctic Peninsula, which has made it possible to automate the process of detecting seismic signals
and receiving data in real-time to the National Data Center. The data is processed in the specialized
software SeismicComp5. The AIA station's involvement in the real-time processing of seismic data
allowed it to generate bulletins that are submitted to international seismological centers and available to
the international scientific community.
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DESTRUCTIVE IMPACT OF EARTHQUAKES ON GLACIERS OF THE
ANTARCTIC PENINSULA
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The main reason for the seasonal decrease in the volume of Antarctic glaciers is considered to be
meteorological factors - an increase in the temperature of the currents washing the continent and the
appearance of warmer air masses over it. Unlike in East Antarctica, in West Antarctica, the snow and
ice cover do not allow time to restore the lost mass during the winter period.

In addition to meteorological factors, it is also necessary to take into account the events that occur
in the cryosphere of Western Antarctica under the influence of geological and geophysical phenomena.
In particular, the destructive action of high-energy seismic wave fields that were created by
earthquakes. They accelerate the internal destruction of glaciers and activate their mobility. The
destruction of near-surface ice occurs during volumetric compression-expansion deformation, at the
time of passage of high-amplitude surface seismic waves.

This natural phenomenon has received significant confirmation in the analysis of seismic records
of the 2010 Chilean earthquake (magnitude 8.8) that were obtained as a result of large-scale
international projects POLENET and AGAP (2007-2009) during monitoring of the central part of
Antarctica.

At the Ukrainian Antarctic Akademik Vernadsky station, a Guralp CMG 40-TDE velocimeter is
used to record seismic events. To analyze the impact of intense surface waves on the surrounding
glaciers, seismic records from the Peruvian earthquake were used. It occurred in Peru on 2022-05-26 at
12:02:21 UTC (latitude 14.8942° S, longitude 70.1969° W). The distance from the station is 5620.0
km. The hypocenter depth was 236.0 km, magnitude 7.2.

Analyzing the high-frequency components of seismic records from this earthquake, we found that
the induced cryoseismic events demonstrate a high similarity in signal shapes with the shapes detected
at the HOWD station during the international POLENET project. It was also found that the pulses
associated with cryoseismic events occur when the gradient of the cryoenvironment velocity (under the
influence of the surface wave) approached maximum values. Five high-frequency pulses were
registered within eighteen seconds. The interval between them, taking into account transient processes,
is practically the same and approximately corresponds to three seconds. The number of pulses and the
time between them have signs of a certain regularity. After the passage of the surface wave, an
increased number of intense seismic events caused by the further destruction of the ocean ice cover on
the coastline and mechanical ablation of the marginal parts of the glacier are noted on the high-
frequency component of the seismogram.

The search for cryoseismic events of crack formation in the vicinity of the Akademik Vernadsky
station is complicated by the presence of one seismic station installed on the bedrock of the island.
With one observation point, we detected interconnected phenomena — the arrival of a surface wave and
a cryoseismic event. However, we cannot establish the exact location where it occurred, only the
approximate radius of its location. The cryoseismic event (the initiation or opening of surface cracks)
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occurred not under the seismic station but at a certain distance from it. Therefore, the recorded
amplitude of the oscillations is smaller than it was at the epicenter. Seismic data from one station,
however, allow us to make a quantitative and qualitative assessment of the results and establish a
connection between different events.

MAIN ERRORS SOURCES IN GEOMAGNETIC MEASUREMENTS AT THE
AlA OBSERVATORY OF ANTARCTIC AKADEMIK VERNADSKY STATION

M. Leonov

State Institution National Antarctic Scientific Center, Ministry of Education and Science of Ukraine,
Kyiv, Ukraine; g60s1981@gmail.com

Among the main modern priorities in geomagnetic measurements is the need to rely on physical
realities and reduce possible errors to a minimum. The basic formula that describes the result of
geomagnetic measurements by the mandatory set of instruments consisting of a variometer and a
standard scalar magnetometer, recommended by the INTERMAGNET network, is the sum of two
vectors (of the Earth's main magnetic field and of variation). From the point of view of achieving
maximum measurement accuracy, it makes sense to consider the most influential factors of variations
that are capable of introducing errors into the measured value of the induction vector of the Earth's
main magnetic field at Vernadsky and that can be detected by their morphological features.

The main factors include the secular drift of the geomagnetic poles and the daily "deformation™
of the magnetosphere due to its "blowing" by the solar wind. Simplification of a real physical process
by its mathematical representation can lead to measurement errors.

The main error is that the variation vector is not coplanar with the Earth's main field vector if the
"induction operating point™ vector of the variometer does not coincide with the main magnetic field
vector. In fact, the space-time variations are measured by the variometer relative to selected points,
which are set by the stabilized compensation currents on the geomagnetic field component sensors. It
can be argued that the overall measurement accuracy depends on the degree of mismatch between the
"induction operating point" vector and the undistorted main field vector.

The continuous development of modern digital geomagnetic measuring equipment, measurement
methods and data processing is rapidly advancing towards ensuring measurements with high accuracy
and reliability.

It can be argued that among the most significant links that can generate the greatest errors, we
should first of all note the absolute observations, as well as the operation of selecting and setting the
“working point” of the variometer (that is, the vector of the “induction working point” of the
variometer).
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MEASUREMENT OF THE MAGNETIC FIELD INDUCTION MODULE IN
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One of the main objectives of the State Program for Antarctic Research is to study the geological
structure of West Antarctica. Using tectonomagnetic and magnetovariational monitoring in the area of
the Akademik Vernadsky Antarctic station, the modern geodynamics of the Antarctic Peninsula are
being investigated. For these studies, a tectonomagnetic polygon was established in the early 21st
century, consisting of observation points located near active tectonic faults. Measuring the magnetic
induction module at the polygon points and conducting profile measurements makes it possible to build
maps of the geomagnetic field induction. Developing such maps for different epochs allows researchers
to assess changes in the geomagnetic field, which are mainly associated with processes in the Earth's
lithosphere.

During the 29th seasonal Ukrainian Antarctic Expedition (UAE), magnetic field induction
module measurements were taken at tectonomagnetic polygon points using a GSM-19G
magnetometer/gradiometer. For the first time, measurements at these points were conducted using a
gradiometer, which allows immediate identification of whether a point is located in a positive or
negative anomaly area and to estimate the gradient of the geomagnetic field induction at that point.

Profile measurements of the magnetic field induction module were also conducted in the vicinity
of the Akademik Vernadsky station. For this purpose, a sensor and electronics unit were mounted on
the boat's bow. Measurements were taken using the GSM-19G device in magnetometer mode. The
device is equipped with a GPS antenna mounted near the sensor, allowing accurate location tracking
for each measurement. The boat's speed and measurement intervals were selected to ensure that the
distance between adjacent points was within 10-12 meters. This enables the creation of a detailed map
of the geomagnetic field induction in the selected observation area.

To exclude the variation component of the geomagnetic field, measurements conducted at
polygon points and along profiles should be synchronized with recordings from the "Argentine Islands™
geomagnetic observatory (code AIA) at the Ukrainian Antarctic Station. In 2024, a GSM-90
magnetometer was installed at the AIA observatory. The measurement interval of this device is 1
second. This enables the acquisition of synchronous data and the removal of the variation component
from the measurements performed at the polygon points and along the profiles.

47
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UKRAINE AND IN THE AREA OF AKADEMIK VERNADSKY STATION
ACCORDING TO THE RESULTS OF CALCULATIONS AND
EXPERIMENTAL DATA

M. Orlyuk!, A. Romenets!, M. Bakarzhieval, A. Marchenko?® Yu. Sumaruk®? Yu. Otruba?

1S. 1. Subbotin Institute of Geophysics, National Academy of Sciences of Ukraine, Kyiv, Ukraine;
orliuk@ukr.net;

ZState Institution National Antarctic Scientific Center, Ministry of Education and Science of Ukraine,
Kyiv, Ukraine

The Earth's magnetic field is one of the main information factors in the study of its internal (core,
mantle, lithosphere) and external (atmosphere, ionosphere, magnetosphere) spheres. The Earth's
internal magnetic field is the vector sum of the main magnetic field Bicrr (field of the Earth's core) and
the anomalous magnetic field AB (field of the Earth's lithosphere). The most general characteristic of
the internal geomagnetic field is the modulus of the induction vector B. A technology was proposed for
constructing maps of the induction modulus of the geomagnetic field for an arbitrary epoch, taking into
account the exact initial data of the modulus B, the change in the Bigrr field, and the calculation of the
magnitude of the biasing effect due to age variation. The development of such maps for different
epochs allows us to assess changes in the geomagnetic field, which are caused by geodynamic and fluid
processes in the Earth's lithosphere. Using this technique, a map of the module and its anomalies for
Ukrainian territory was created for the epoch 2024.5.

For the territory in the area of the Ukrainian Antarctic station "Akademik Vernadsky" (UAS AV),
a digital map of the module and anomalies of the geomagnetic field induction module for the epoch
2008 was developed. In 2023-2024, experimental measurements of the magnetic field induction
module B were performed at more than 25 points in the area of the station AV. Based on the results of
these works, the module and anomalies of the geomagnetic field induction module for the epoch 2023,5
were calculated. The obtained module and anomalies of the geomagnetic field induction module were
compared with their calculated values using the above technology.

According to the results of the study for the time interval 1958,5-2023,5. A fundamentally
different nature of geomagnetic field changes was revealed for the territory of Ukraine and in the area
of the UAS AV station: according to the “Kyiv”’ geomagnetic observatory, the geomagnetic field
induction modulus B increased by 2000 nT (49060+51060), and according to the “Argentine Islands”
observatory, it decreased by more than 6180 nT (42140+35960).

Over the past 15 years (2008.5+2023.5), the trend of magnetic field changes in Ukraine and in the
area of UAC AV has persisted, but the increase in the field in Ukraine has accelerated somewhat (to
~60 nT/Year compared to ~30 nT/Year in 1958.5), and in the area of UAS AV it has slowed down
slightly (to ~-82 nT/Year compared to ~-120 nT/Year in 1958.5).

The detected changes in the anomalous magnetic field in the area of the UAS AV station vary
within insignificant limits and may be due to geodynamic and fluid lithospheric processes, including
“feedbacks” to changes in tectonic stress, seismic events, and glacier movement.
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Magnetic observatories have been and remain basic elements in the study of the state, age-related
and modern changes of the geomagnetic field on the Earth's surface. The results of their work are
necessary for solving fundamental and applied problems of geomagnetism: development of analytical
models of the module of the geomagnetic field induction vector and its components; magnetic mapping
based on ground, surface, aerial, and satellite surveys; study of the nature of the sources of internal and
external fields; assessment and forecasting of space weather and the ecological state of the
environment; interdisciplinary medical and biological research, etc.

The Ukrainian Antarctic Akademik Vernadsky station (since 1996) is the successor of the British
Antarctic Base "Michael Faraday”, where the Geomagnetic Observatory "Argentine Islands”
(according to the IAGA catalog, its code is AIA) has been organized since 1955 and regular
registration of the Earth's magnetic field has begun. Since 2004, the AIA Geomagnetic Observatory has
been the base in the Antarctic Peninsula region for the international network INTEMAGNET.
Obtaining high-quality data on modular and variational components of the geomagnetic field requires
constant improvement and updating of instruments and data processing software. The process of
modernization of measuring equipment began in 1998 and continues to the present. A large-scale
update of the magnetometric complex of the Geomagnetic Observatory and the methodology for
processing the initial data took place in 2023-2024.

At the Geomagnetic Observatory "Argentine Islands”, new scalar (GSM 19, GSM-90) and
variational (LEMI-025) instruments were put into operation, and the software for generating one-
second data in the IAGA-2002 format in accordance with the requirements of INTERMAGNET was
improved. As a result of processing data from the updated magnetometric complex and recalculated
absolute measurements carried out using the new method, one-second data in the IAGA-2002 format in
accordance with the requirements of INTERMAGNET were obtained. This makes it possible to
continuously record and send data from the AIA Geomagnetic Observatory even in the event of a
failure of the main magnetovariation instrument.

After the modernization, the Geomagnetic Observatory "Argentine Islands™ becomes the only
one in Antarctica and one of the few in the world that will transmit high-quality one-second data of
geomagnetic observations in the new format in accordance with the requirements of INTERMAGNET.
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OF ACTION FOR CRYOSPHERIC SCIENCES 2025 - 2034
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The implementation of the Decade of Action for Cryospheric Sciences 2025-2034 [1] aims to
involve pupils and students of Ukraine in realizing the importance of changes in the climate system and
the hydrological cycle, their impact on the sustainable development of the economy, society and nature
of the Earth.

Are there any questions that are of great interest to students? Yes, there are, and they are always
surprised when they learn that about 270 thousand years ago, the tongue of the ancient glacier reached
the modern city of Kamianske, Dnipropetrovsk region. Then they begin to ask the question of how,
when, and why ancient glaciations were formed and what changes occurred in nature during the
geological history of the Earth. With these questions, the search and research activities of students can
begin.

Despite the significant amount of research results on this issue in general secondary education
institutions, teachers and students do not have thorough methodological developments in glaciological
research or forms of active participation in the Decade of Action for Cryospheric Sciences 2025 —
2034. We hope that specialists will respond during the decade to the solution of this methodological
problem with their lengthy comments. What can be done today? study of the Little Ice Age of the XV
— XIX centuries. We see as interdisciplinary project research: (a) geographical research* — the study of
geological activity in different periods; hydrological research* — periods of sharp warming of the
ocean, and then its cooling in 1380 — 1400; glaciological research* — melting of mountain and cover
glaciers; (b) astronomical research — the study of anomalous periods of solar activity; (c) historical
research — popular uprisings, persecution of "witches"”, changes in human settlement patterns have
become more frequent; (d) economic research — crop failures due to extreme weather conditions and
locust infestations, construction of anti-virus infrastructure; (e) sociological studies — mass famine,
pandemics, deaths of millions of people in Europe, migration of the population to more favorable areas,
etc.

For example, studying the history of the solar cycle from 1750 to 2025 on the NOAA/SWPC
website [2]. Apply an activity approach in teaching geography to better understand the rhythmic
processes in the Earth's geographical envelope. Of course, in order to adequately present the results of
student research projects, it is necessary to organize student scientific conferences on glaciological
processes. Writing research papers in the system of the Junior Academy of Sciences of Ukraine (JAS of
Ukraine) can serve as a continuation, probably this will affect their choice of future profession.

Significant assistance in educational activities for Ukrainian students and teachers is provided by
researchers of the State Institution National Antarctic Scientific Center of the Ministry of Education
and Science of Ukraine. These are a variety of educational materials about the uniqueness of the nature
of Antarctica, research at the Akademik Vernadsky station, and well-known Antarctic video lessons
with Yevhen Dykyi, Anzhelika Gapchuk, Maria Pavlovska, and others [3].

What about practical work on the ground? The modern school has such examples, but they are
not widely disseminated. It may relate to the study of landforms (geomorphological studies*) that were
formed from ancient or modern forms of glaciation. In Ukraine, they are also widely represented, for
example, — accumulative water-glacial forms (lakes, cones of drift), exarchate valleys, and moraine
covers in Volyn, Poltava, Kyiv, Kirovohrad, Transcarpathian, and other regions of the country.
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* Geological, clithological, glaciological, hydrological, geomorphological foundations of sciences in the educational system of
Ukraine do not have separate academic subjects and therefore we refer them to the objects of geography research.

1. Decade of Action for Cryospheric Sciences, 2025-2034 : resolution / adopted by the General
Assembly (A/RES/78/321) on 14 August 2024]. URL..:
https://digitallibrary.un.org/record/4060788?v=pdf (last accessed 2025/01/13).

2. Space Weather Prediction Center. National Oceanic and Atmospheric Administration USA.
URL. : https://www.spaceweather.gov/products/solar-cycle-progression (last accessed 2025/02/16).

3. State Institution National Antarctic Science Center. Educational materials. URL.
http://uac.gov.ua/educational-material/ (last accessed 2025/02/16).
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Geospace research has been one of the primary scientific directions at the Faraday-Akademik
Vernadsky station (UAS) since the 1950s. During the station handover to Ukraine, the Memorandum
on the Transfer identified key areas of research where long-term observations must be continued. Three
of them, such as measurements of the total ozone content, vertical sounding of the ionosphere, and
geomagnetic observations, are related to geospace research. After the transfer, remote sensing
equipment for upper atmosphere study at the UAS was significantly expanded. Since 2001, continuous
monitoring of global thunderstorm activity and characteristics of the lower ionosphere in the ELF
frequency range has been conducted, later extended to the Arctic region. Today, similar facilities in
both hemispheres form a unified global system for diagnosing powerful lightning discharges and
monitoring global thunderstorm activity. During the seasonal expedition of 2001-2002, the first test
experiments of coherent HF ionospheric sounding were carried out at the UAS and on board the
research vessel (RV). At the same time, the original facility for bistatic frequency and angular
ionospheric diagnostics was installed at the station. Since 2010, continuous HF Doppler sounding of
the ionosphere has become systematic and is continuously performed at UAS using the signals from
time service transmitters located in the Northern Hemisphere. VLF measurements at the UAS, which
provide valuable information on the ionosphere's D-region, were resumed several years ago. Since
2017, ionospheric vertical sounding facilities at the station have been significantly upgraded. The
station is also equipped with GNSS signal receivers, which allow for restoring the total electron content
and ionospheric scintillations. In 2022, receiving and measuring equipment was installed on board the
RV Noosfera. These efforts significantly expanded the capabilities for local and global monitoring of
space weather (SWx) from Antarctica.

Thanks to the recent implementation of reliable high-speed Internet at the UAS, real-time
ionospheric data from the station have been incorporated into SWx international services since 2024.
As a result, the UAS now functions as a modern, integrated geospace observatory. It is essential to
maintain and further develop its capabilities. This report presents our proposals for the new State
Program of Ukrainian Antarctic Research. In the coming years, we plan to extend our research to
include long-term trends and periodicities in space weather on climate timescales of 30 years and more.

Along with climate changes in the surface part of the atmosphere, it is important to understand
space climate trends and anthropogenic activity's impact on it. We intend to continue geospace research
in both the Arctic and Antarctic in the framework of international cooperation, aligned with the goals
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of the new SCAR Programme Planning Group on Antarctic Geospace and ATmosphere reseArch
(AGATA,; https://scar.org/science/research-programmes/agata). The AGATA program aims to advance
the current knowledge of the Antarctic atmosphere and geospace, also in the bi-polar, interhemispheric
context.

SPATIAL AND TIME ANTARCTIC OZONE CHANGES IN CONNECTION
WITH SUDDEN STRATOSPHERIC WARMINGS

A. Grytsai!, G. Milinevsky?23, O. Evtushevsky?, R. Yu?, A. Klekociuk*

!Physics Faculty, Taras Shevchenko National University of Kyiv, Kyiv, Ukraine;

2State Institution National Antarctic Scientific Center, Kyiv, Ukraine;

3College of Physics, ICFS, Jilin University, Changchun, China;

asengrytsai@knu.ua

“School of Physics, Chemistry and Earth Sciences, University of Adelaide, Adelaide, Australia

Major sudden stratospheric warmings (SSW) are typical for the northern high-latitude winter
stratosphere but rare over Antarctica. Only the 2002 event was identified as a major SSW with a
reversal of westerly zonal wind to easterly at the altitudinal level of 10 hPa. In addition, the warming
events of 1988 and 2019 were comparable in terms of many characteristics (including changes in
zonal wind velocity). These events resulted in significant variations of various atmospheric
parameters, particularly the total ozone column (TOC). The variations can be different depending on
the coordinates of an observational point. To solve this problem, we have used Multi-Sensor
Reanalysis data (https://temis.nl/). In this work, we have analyzed TOC variations in the range of 2
months before and after a sudden stratospheric warming. Total ozone climatology based on the data
for more than 4 decades (from 1979 hitherto) is determined to compare the years with the warmings
with other ones. We have noticed a different spatial pattern with the higher TOC values in East
Antarctica. Similar and distinct features of each of the phenomena are evaluated.

We have also determined minor stratospheric warmings from Antarctica's temperature and zonal
wind distributions (https://ozonewatch.gsfc.nasa.gov/meteorology/SH.html). More than 20 phenomena
of this type are identified, giving a basis for a statistical analysis. The influence of these events on the
TOC variations is also determined, although it is less significant compared to the SSW events of 1988,
2002, and 2019.

This study is partly supported by project 25BF051-02 of the Ministry of Education and Science
of Ukraine.
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Observations of the vertical distribution of ozone over the Faraday/Vernadsky station have been
conducted from October 1957 to the present. This report analyzes variations and trends in ozone
concentrations at different altitudes over almost 70 years. Conventionally, this observation period is
divided into several parts: before the ozone hole detection (1957-1980) and the period of ozone
depletion (1980-2023). From 1957 to 1973, observations based on data from the British Antarctic
Survey were considered [1]. Data from 1973 onward is the original series of ozone observations over
the Faraday/Vernadsky Antarctic station, which have been processed [2]. This unique series of
observations spans the period before and during the ozone hole. Observations were carried out using
the Umkehr method on a Dobson spectrophotometer. The UMK92 ozone profile retrieval algorithm
was used to calculate the profiles.

In the period before the ozone hole, from 1957 to 1980, the partial 0zone column at the maximum
of the ozone profiles varied from 50 DU/layer to 100 DU/layer, with the maximum height in the ozone
profile of 19-23 km (altitude level 4). During this period, the ozone hole was not recorded. At altitudes
of 23-28 km and 28-33 km, there is a tendency to increase the amount of ozone by 0.86 DU/year and
0.48 DUl/year, respectively. A decrease in ozone is observed at altitudes of 10-14 km at a rate of —0.58
DUlyear.

Based on 50 years of observations (1980-2023), the trends of ozone profiles in the atmosphere
above the Faraday/Vernadsky station, from the time until the appearance of the ozone hole, at heights
corresponding to the tropopause, stratopause, and the level of the highest ozone concentration, were
plotted and analyzed. Slope indices for two data cases were calculated: for the total period of
observation and for the observation period excluding data from the Antarctic spring months
(September—November). No significant difference was found between the coefficients obtained for
these cases.

1. Farman, J.C., & Hamilton, R.A. (1975). Measurements of atmospheric ozone at the Argentine
Islands and Halley Bay, 1957-72. Cambridge, British Antarctic Survey.

2. British Antarctic Survey, Meteorology and Ozone Monitoring, Antarctic ozone. Available
online: https://legacy.bas.ac.uk/met/jds/ozone/, (accessed 21 February 2025).
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On January 15, 2022, at 04:14:45 UTC, the largest eruption on Earth in the last 30 years occurred
at the Hunga-Tonga-Hunga-Hapai volcano (hereinafter referred to as the Tonga volcano). During this
event, a large mass of ash was ejected to stratospheric heights above 30 km. The eruption had planetary
consequences, causing various geophysical responses. Our research was aimed at finding changes in
the concentration of atmospheric aerosols formed as a result of the eruption, both in low-latitude
regions close to the eruption and in high latitudes — in Antarctica and the Arctic. The work estimated
the zonal and meridional transport velocities of aerosol particles at stratospheric heights.

The study used data from the global aerosol worldwide network AERONET (Holben et al.,
1998). Two monitoring points in Australia, 3 in the tropics, and 4 positions each in the Arctic and
Antarctica were selected for analysis. The results of registrations of Australian stations were analyzed
during January 2022, and for the remaining stations located in the tropics and polar regions, three-year
measurement arrays were used (from 2021 to 2023). The aerosol optical thickness (AOT) in two
spectral windows for wavelengths — 440 nm or 443 nm (hereinafter AOT440 or AOT443) was chosen
as the information parameter. For quantitative assessments and visualization of the research results,
data were averaged for each of the three years of observations at all stations.

As a result of the statistical processing of observation data, an increase in the concentration of
atmospheric aerosols was established for both polar and tropical regions caused by a super-powerful
volcanic eruption. In particular, in just two days, emissions from the Tonga volcano reached the east
coast of Australia, and the value of the AOT440 parameter increased from 0.15 units to 2. For another
two days, emissions moved with air masses to the west coast of the continent, where AOT443
increased from 0.15 units to 1. The average zonal transport speed in the tropical region was 18 £ 2 m/s.

Studies of changes in aerosol levels in the air of polar regions were carried out by analyzing data
from selected monitoring stations in Antarctica and the Arctic for 2021-2023. It was found that in
Antarctica the AOT440 value increased on average by 2—-3 times only after about one year, and in the
Arctic in 2023, the growth was approximately 1.5 to 2 times. Thus, the approximate equivalent
meridional velocity of aerosols from the volcano to the polar regions was about two orders of
magnitude smaller than the zonal velocity.

Holben B. N., Eck T. F., Slutsker I., Tanre D., Buis J. P., Setzer. A., Vermote E., Reagan J. A,
Kaufman Y. J., Nakajima T., Lavenu F., Jankowiak 1., & Smirnov A. (1998). AERONET — A
Federated Instrument Network and Data Archive for Aerosol Characterization. Remote Sens. Envilon,
https://doi.org/10.1016/S0034-4257(98)00031-5
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At the Ukrainian Antarctic Akademik Vernadsky station (UAS), both a classical ionosonde (IPS-
42) and an SDR-based ionosonde operate concurrently, generating ionograms at 15-minute intervals.
The standard geophysical data processing protocol at the UAS involves manual scaling of ionograms
recorded every hour. However, studying ionospheric dynamics — particularly during geomagnetic
storms — requires scaling all ionograms within the event and reference periods. Given that manual
scaling is labor-intensive and time-consuming, automating this process is highly relevant. Moreover,
automatic scaling enables real-time data processing, which is essential for integrating ionospheric
observations into international space weather services.

This paper presents a novel technique and accompanying software for automatic ionogram
scaling. The study employs machine learning methodologies, specifically artificial neural networks
(ANNSs) with a U-Net architecture, to detect F2 O- and X-traces in ionograms. The developed software
utilizes two such ANNSs to enhance trace recognition accuracy. An earlier prototype of the ANN
(Bogomaz et al., 2020) was capable of identifying F2 O-traces in ionograms obtained using the 1PS-42
ionosonde. The current iteration incorporates several key advancements, including an increased
resolution of both input and output layers, a substantially larger training dataset, and refined
preprocessing algorithms. These improvements enhance the model’s performance for ionogram
analysis for multiple ionosondes operating at the UAS, optimizing both input data handling and image
segmentation results.

The software was developed in Python using the TensorFlow and Keras. lonogram preprocessing
is conducted with NumPy, Pillow, OpenCV-Python, and SciPy, while post-processing of recognition
results is performed using OpenCV-Python routines.

To evaluate the accuracy of F2-layer critical frequency (foF2) estimations generated by the ANN-
based software, manually scaled hourly values for 2023, recorded during the 27th and 28th Ukrainian
Antarctic expeditions, were used as a reference dataset. Approximately 50% of the foF2 estimates
generated by the ANN deviate from the manually scaled values by no more than +0.1 MHz.

A script for real-time foF2 estimation runs on a virtual machine hosted on the UAS server and
uploads the results, stored in JSON files, to cloud storage within 4 seconds after the completion of each
ionospheric sounding session.

Bogomaz, O., Shulha, M., Kotov, D., Koloskov, A., & Zalizovski, A. (2020). An artificial neural

network for analysis of ionograms obtained by ionosonde at the Ukrainian Antarctic Akademik
Vernadsky station. Ukrainian Antarctic Journal, (2), 59-67.
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Despite the rapid development of satellite technology and the Internet, ionospheric HF radio
propagation remains an important and reliable option for establishing communications over long
distances, sometimes on global ones. The ionospheric channel is used as an emergency one for
establishing radio communications between civil aviation aircrafts and control centers.

Since the channel is ionospheric, both regular variations of the main characteristics of the
ionosphere and sporadically occurring plasma irregularities have an essential impact on its parameters.
One of the most significant processes impacting HF propagation is post-storm depressions, leading to a
decrease in the electron concentration and critical frequency (foF2) after geomagnetic storms. At the
present time, space weather centers operate for the needs of civil aviation and issue advisories about
post-storm depressions within 96 hours after a geomagnetic storm accompanied by a Kp index of at
least 6 (Kauristie et al., 2021). This paper aims to verify these two threshold values, the level of
magnetic field disturbance and the time after the disturbance. To do this, we processed the arrays of
depression maps accumulated in the databases of the Space Research Centre of the Polish Academy of
Sciences (CBK PAN) since January 2020 (the service was launched in CBK PAN into operational
work of PECASUS European space weather center in November 2019). It is worth noting that since
2024, ionosonde data from Akademik Vernadsky station has been implemented into the operational
work of PECASUS through the servers of the Institute of Radio Astronomy NAS of Ukraine and CBK
PAN.

We present the results of statistical analysis of the impact of geomagnetic storms on the
occurrence of foF2 depression of more than 30% level. It is demonstrated that after the planetary Kp
index equals 3, no changes in the probability of depression are observed. A slight increase in the
probability foF2 is started from Kp = 4, and confidently registered for Kp = 5 and bigger. The time
interval of growth in the probability of depression for Kp = 4...7 is about 36 hours. When Kp = 8...9,
the time of impact increases significantly. The maximum reaction of foF2 depressions is observed at
about 6-12 hours after the biggest Kp index of the storm. These results might be useful for optimizing
the threshold criteria for issuing advisories about post-storm depressions in space weather centers.
Additionally, we will discuss the global dynamics of post-storm depressions observed during and after
the Mother’s Day geomagnetic storm of May 2024.

Kauristie, K., Andries, J., Beck, P., et al. (2021). Space Weather Services for Civil Aviation —
Challenges and Solutions. Remote Sensing, 13, 18. https://www.mdpi.com/2072-4292/13/18/3685
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HF radio waves are an effective tool for remote sensing of the Earth's ionosphere, as ionospheric
plasma frequencies fall within the HF range. It means that the radio signals of this range interact most
effectively with the ionospheric plasma. The primary instruments traditionally used for sensing the
ionosphere are radars for vertical sounding or ionosondes operating in the HF range. Additionally, the
Super-DARN — network of coherent radars operates in the same range aimed at retrieval the parameters
of plasma convection in Polar regions and electric fields leading to convection.

Over the last 50 years, the Institute of Radio Astronomy of the National Academy of Sciences of
Ukraine has been developing a method of HF Doppler diagnostics of the ionosphere using narrowband
radiation from existing transmitters as probing signals. The most suitable signals for these purposes are
those from time service stations, as they closely adhere to frequency and time standards.

The first experiments on HF Doppler sounding of the ionosphere conducted both at the Ukrainian
Antarctic Akademik Vernadsky station (UAS) and aboard a research vessel took place during the
2001-2002 seasonal expedition. Since 2010, continuous HF Doppler monitoring of the ionosphere over
long-distance radio paths has been performed at UAS using the signals transmitted by time service
stations in the Northern Hemisphere. 15 years of almost non-stop measurements of signals from the
RWM (Europe) and CHU (North America) radio stations allowed to experimentally detect and describe
4 stable mechanisms of radio wave propagation over super-long distances. The recent deployment of a
mobile radio observatory aboard the research vessel Noosfera enabled the testing of several hypotheses
concerning long-distance HF propagation mechanisms. Furthermore, we have developed a model
describing variations in intensity and Doppler frequency shift of the signals over long-distant radio
paths. The model uses the variation in the integral illumination of the path as its principal parameter.

In this presentation, we will demonstrate the results of long-term observations of the features of
long-distance propagation of HF radio signals toward the Antarctic Peninsula. We will compare
experimental measurements of signal parameters with those predicted by the model, discuss the causes
of observed discrepancies, and explore future prospects for HF radio sounding of the ionosphere over
ultra-long-distance radio paths.
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The ionosphere can be imagined as a huge plasma laboratory of global scale. The conditions in
such a laboratory cannot be reproduced in ground-based laboratories. Therefore, experiments in the
ionosphere provide unique information for the physics of plasma and geospace. Interaction between
electromagnetic waves and ionospheric plasma is studied using special powerful heating facilities.
Currently, the heater of the High Frequency Active Auroral Research Program (HAARP) located at
Gacona, Alaska is the most powerful among them.

The paper aims to investigate the mechanisms of propagation of HF radiation from the HAARP
heating facility on radio paths of different lengths and orientations, as well as to find the effects of
modified ionosphere region on propagation of HF signals. We are grateful to the organizers of the
measuring campaigns with HAARP heating facility held from 13 to 21 August 2024 and from January
28 to February 02, 2025 for inviting us to take part in them.

Our main measuring tools in those heating campaigns were network of spatially separated
internet-controlled Doppler HF receivers of the Institute of Radio Astronomy of the National Academy
of Sciences of Ukraine (IRA NASU). Receiving sites are located in the Arctic (Tromso, Norway;
Longyearbyen, Svalbard Island), Antarctica (at the Ukrainian Antarctic Akademik Vernadsky station
(UAS)), Ukraine (Kharkiv), and Poland (LOFAR PL610 observatory in Borowiec). Thus, propagation
conditions and ionospheric effects were investigated both on the meridional long-distance radio path
HAARP-UAS (path length 15 640 km), and on shorter paths such as HAARP-Svalbard (4 326 km),
HAARP-Tromso (5275 km), HAARP-Kharkiv (7 500 km), HAARP-PL610 (7 170 km). The signals
from CHU (Ottawa, Canada) precise time and frequency service station on carrier frequency of
7.85 MHz were registered at all receiving points to provide additional information about propagation
conditions for the time of the experiments. Signal records from all receiving sites were processed,
spectra and spectrograms were plotted. The time intervals when the heating signal was simultaneously
registered at several or all sites are analyzed comprehensively. Possible manifestations of the non-linier
effects of ionosphere modification by powerful radiation from the HAARP heating facility were also
noted and analyzed.
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Doppler HF radio sounding is used for the long time to measure the characteristics of
ionospheric plasma irregularities and more recently also to study travelling ionospheric disturbances
(TIDs). The method of Doppler diagnostics of the ionosphere was developed in several fields. A
method of frequency and angular sounding of the ionosphere was developed at the Institute of Radio
Astronomy of the National Academy of Sciences of Ukraine (IRA NASU) and further extended to
studying TIDs. Another promising variant, the continuous multi-point Doppler HF sounding on quasi-
vertical radio paths suitable for monitoring of TIDs was developed at the Institute of Atmospheric
Physics of the Czech Academy of Sciences (IAP CAS) and then launched into operation in several
regions of the Globe.

Near Antarctic Peninsula is a world’s strongest hotspot of atmospheric gravity waves (AGW)
which manifest themselves as TIDs at the ionospheric heights. Therefore, organization and conducting
the long-term continuous measurements in this region can make a valuable contribution to better
understanding the physics of atmosphere as whole, and AGW/TIDs in particular.

Currently, we are making the plans for joint measurements in Antarctica according to the
schemes similar to those developed in IAP CAS and IRA NASU. The first step in testing the options
for diagnosing TIDs on both vertical and short oblique radio paths was made at the end of 2024. We
have adjusted one of the Doppler HF receivers operating at the LOFAR PL610 observatory in
Borowiec (Poland) to record the frequencies of monochromatic signals emitted in the vicinity of
Prague. It is shown that the main details of the quasi-periodic variations of Doppler frequency shift
caused by TIDs are similar on both quasi-vertical and oblique radio paths. It most likely means that the
TIDs parameters can be resolved also from the signals reflected on oblique paths at distances between
transmitters and receiver up to (at least) 300 km. Moreover, synchronous vertical and oblique Doppler
sounding could be used to estimate more accurately the characteristics (wavelength, speed and
direction of motion) of large-scale TIDs.
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Studying near-Earth space conditions (or space weather) is gaining great practical importance due
to the active use of geospaces. Such studies are currently conducted using various contact and remote
methods. In any case, electromagnetic signals propagate along ground-space paths through the
heterogeneous and non-stationary ionosphere. Conditions of the ionosphere significantly affect the
characteristics of electromagnetic signals, i.e., the quality of communication, the results of remote
sounding, radio astronomy observations, etc.

To improve the quality of space weather analysis and forecasting it is necessary to increase the
amount of primary data on geospace conditions. Networks of geophysical stations for various purposes
are constantly operating on the continents, providing permanent information on space weather. But,
such measurements are practically absent over the oceans. Thanks to Ukraine's acquisition of the
research vessel Noosfera, it became possible to conduct a wide variety of radio measurements during
long transoceanic crossings as well as in the vicinity of the coast of Antarctica. Part of such
measurements is the study of the spectral characteristics of HF signals propagating along ionospheric
radio paths of various lengths and directions.

The features of the motion of the ship's HF receiving facility in marine conditions (unsteady
speed, course fluctuation, ship pitching) have a significant impact on the results of measurements of the
spectral characteristics of ionospheric signals. The spectral composition of ship speed fluctuations was
measured for different conditions. The dependence of speed instability and the spectrum of its
fluctuations on the parameters of movement and weather was shown. The depth of ionospheric signal
modulation due to ship speed fluctuations in specific conditions was estimated.

Additional spectral components of the ionospheric signal due to scattering from the waved sea
surface were identified. Their frequency composition and dependence on the speed of the vessel were
analyzed. Explanations for the broadening of the first-order Bragg maxima and the absence of maxima
due to higher-order reflection from the sea surface are proposed. It has been experimentally shown that
when the receiver is located on a moving vessel, the measured dynamic range of the ionospheric signal
spectrum might decrease due to scattering from the waved sea. This effect must be taken into account
when measuring the characteristics of HF sky waves onboard the vessel.
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During solar eclipses, fluctuations in solar ionizing radiation flux typically occur more rapidly
than under normal conditions. Consequently, observations of the ionosphere's response to eclipses
provide valuable experimental data on the characteristics of ionospheric processes at various altitudes.

During the total solar eclipse of April 8, 2024, we conducted HF Doppler measurements using
signals of the time service station (CHU), as well as dedicated transmission from the Ukrainian
Antarctic Akademik Vernadsky station (UAS). These signals we registered at several receive sites: near
Fredericton (Canada), in Boston (USA), at the LOFAR PL610 observatory (Borowiec, Poland), in
Tromse (Norway), at the UAS, and onboard the Ukrainian research vessel Noosfera (she was near the
Antarctic Peninsula during the eclipse). Thus, these HF signal paths were close to or intersected with
the trajectory of the lunar full and partial shadow.

Doppler frequency shifts (DFS) variations in the received signals revealed clear responses to the
eclipse on the CHU-Fredericton, CHU-Boston, and CHU-PL610 radio paths. On the CHU-Noosfera
path, changes in signal characteristics at 14670 kHz were also observed on the day of the eclipse.

To interpret the effects of the eclipse, we calculated the variations in the integrated solar
luminance (ISL) along the HF radio paths. This approach had been tested earlier to explain the effects
of the solar eclipse of 2008. It was shown that, on medium and long-range radio paths, photochemical
processes in the lower ionosphere mainly affect the characteristics of the HF signal. The DFS variations
were found to be proportional to the derivative of the ISL at all frequencies. Notably, stronger DFS
variations occurred at lower sounding frequencies during the eclipse, suggesting that these variations
are driven more by changes in electron density along the radio path than by changes in the HF signal
reflection height.

A comparison of the modeling to the April 8, 2024, eclipse observations confirmed earlier results
obtained for medium and short radio paths. Therefore, the amplitude of the DFS variations on the
CHU-Boston path at the sounding frequency of 3330 kHz was greater than that at 7850 kHz, which
confirms the primary role of the changes in electron density along the radio path. The ionospheric
response to the eclipse was also observed for the CHU 14670 kHz signal, which was above the
maximum usable frequencies for the receive sites in Boston and Fredericton. For this frequency, a
significant time shift between the DFS variations and the derivative of the ISL on the straight paths was
observed.

We propose hypotheses regarding the possible propagation modes that may explain the observed
DFS at this frequency. Raytracing modeling results for the HF signal propagation through the region of
totality on single-hop radio links are also presented.
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Vertical ionospheric sounding has been conducted at the Ukrainian Antarctic Akademik
Vernadsky station (UAS) (formerly Faraday) for over 50 years, establishing the longest continuous
dataset of its kind in Antarctica. These long-term observations are essential for investigating unique
space weather phenomena, including the Weddell Sea Anomaly and magnetosphere-ionosphere-
thermosphere coupling processes. To support ongoing research, UAS operates both the commercially
manufactured IPS-42 ionosonde and a modern software-defined radio (SDR)-based digital ionosonde
developed through collaboration among scientists from Ukraine, Canada, and Italy. A comparative
analysis (Koloskov et al., 2023) demonstrated that the digital ionosonde generates ionograms of
comparable quality to those produced by the IPS-42 despite its substantially lower transmission power.
Moreover, it offers additional capabilities, including polarization mode selection, vertical plasma
velocity estimation, and GPS-synchronized multi-static mode, thereby enhancing observational
accuracy and expanding research possibilities.

However, until recently, the low transmission power of the digital ionosonde required a
prolonged sounding time of over 180 seconds for the SDR-based system, compared to approximately
20 seconds for the IPS-42 to generate ionograms. This limitation reduced the effectiveness of the
digital ionosonde for studying highly dynamic ionospheric processes. Additionally, higher transmission
power is necessary for operation under extreme absorption conditions. Both factors restricted the
capability of the SDR-based ionosonde to conduct observations during disturbed space weather
conditions.

To address these limitations, a TOMCO BT1000-AlphaS digital amplifier (1 kW power output)
was recently installed at UAS, increasing the transmission power by an order of magnitude compared
to the previous system. Preliminary tests of the upgraded system indicate that the sounding time can be
reduced to at least 30 seconds without compromising ionogram quality. This study presents initial
results from the upgraded digital ionosonde at UAS, including remotely recorded ionograms onboard
the research vessel Noosfera during her voyage from Punta Arenas (Chile) to UAS and back.
Additionally, we discuss potential future upgrades of sounding regimes and antenna system
configurations, as well as prospects for utilizing the active module of the digital ionosonde as a source
for spaced ionospheric soundings at distances up to several thousand kilometers from UAS.

Koloskov, O., Kashcheyev, A., Bogomaz, O., Sopin, A., Gavrylyuk, B., & Zalizovski, A. (2023).

Performance Analysis of a Portable Low-Cost SDR-Based lonosonde. Atmosphere, 14, 1509.
https://doi.org/10.3390/atmos14010159
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The report presents the results of continuous observations of extremely low frequency (ELF)
electromagnetic radiation conducted at the Ukrainian Antarctic Akademik Vernadsky station (UAS)
since 2002. Continuous ELF field measurements are carried out using extremely low-noise
magnetometers developed by the Lviv Center for Space Research of the National Academy of Sciences
of Ukraine. The currently operating Lemi-112 magnetometer exhibits a magnetic noise level below
0.03 pT Hz-1/2 at a frequency of 8 Hz.

The primary source of studied ELF radiation is global thunderstorm activity, with three main
centers located in Northeast Asia, equatorial Africa, and Latin America. These emissions propagate
over long distances with low absorption due to the presence of a spherical electromagnetic resonator,
formed in the cavity between the Earth's surface and the lower boundary of the ionosphere. This natural
resonant structure known as the Schumann resonator (SR), was named after its discoverer. In addition
to the variability of global thunderstorm activity, the primary factor influencing temporal variations of
resonant fields is the change in the state of the lower ionosphere. The ionosphere acts as a vast natural
spectrometer whose properties are controlled by the radiation and corpuscular activity of the Sun.
Monitoring the intensities and peak frequencies of the SR fields enables the detection of both regular
and sporadic variations in solar emissions that ionize the neutral atmospheric gas. Antarctica provides
an optimal environment for systematic SR measurements due to its low interference levels, absence of
local thunderstorms, and lack of strong industrial electromagnetic radiation sources.

This study analyzes twenty-three years of data on the variations in SR intensities and peak
frequencies of the main resonant mode, comparing them with changes in radiative and corpuscular
emissions during the 24th and 25th cycles of Solar activity. Additionally, critical frequencies of the
ionosphere and magnetic fields recorded at the UAS over the same period are analyzed. The
correlations between the external geospace influences and SR characteristics are identified, and the
dependence of global thunderstorm activity on solar radiation and global climate trends is also
evaluated.
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More than 20 years of ELF (Extreme Low Frequency) measurements at the Ukrainian Antarctic
Akademik Vernadsky station confirm an exceptionally low level of man-made interference in the
Schumann resonance frequency range, which is below the harmonics of the power grid. This unique
environment has enabled world-class results both in monitoring resonance signals and studying the
low-frequency components of ELF transients generated by powerful lightning discharges. However, to
improve the accuracy of transient parameter recovery, it is necessary to expand the recorded frequency
range up to 1 kHz. Such measurements became possible after the installation of wideband magnetic
sensors (Lemi-120) and a digital logger with a sampling rate of up to 4096 Hz. Practical tests of the
new equipment, however, revealed a high level of power grid harmonics and parasitic spectral
components at the observatory site. These interferences are likely caused by emissions and leakage
currents from switching power supplies. While these disturbances do not significantly affect the
reception of natural signals below 100 Hz, they prevent reliable processing of higher-frequency ELF
transient components. Unfortunately, digital interference compensation methods proved ineffective. To
address this issue, test measurements were conducted during the seasonal expedition and wintering of
the 29th Ukrainian Antarctic Expedition at: two remote locations on Galindez Island; three positions on
Skua Island; a site near the Rasmussen Hut on the mainland (~12 km from the station). Data analysis
showed that both locations on Galindez Island and two positions on Skua Island are unsuitable for
broadband ELF monitoring due to high interference. However, the most remote and glacier-shielded
site on Skua Island showed a moderate interference level comparable to natural signal levels, allowing
for effective digital interference compensation. Additionally, eight Schumann resonance peaks were
recorded at this site, improving the overall quality of Schumann signal detection. These results indicate
that broadband ELF monitoring could be organized at this location, which remains accessible year-
round. Measurements on the mainland near Rasmussen Hut revealed an almost complete absence of
high-frequency interference, eliminating the need for interference compensation in that area. This study
discusses the possibility of conducting long-term measurements at these two promising locations and
potential strategies for establishing remote ELF monitoring stations beyond Galindez Island.
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Ukrainian Antarctic Akademik Vernadsky station is located in one of the most meteorologically
active regions of the Earth near the western coast of the Antarctic Peninsula. This region lies on the
edge of a magnetic anomaly. The ozone hole is formed here during the Antarctic spring, and the
ionospheric Weddell Sea anomaly is observed in the summer. Those unique conditions make this
region prospective for studying the response of space weather to disturbances in the neutral
atmosphere.

Equipment for remote sensing currently operating at the Akademik Vernadsky station makes it
possible to monitor both gas and plasma characteristics of the atmosphere from the surface and
troposphere up to ionospheric and magnetospheric heights. Comprehensive analysis of long-term
databases from continuous synchronous monitoring of surface weather, total ozone content, electron
concentration of the ionosphere, and the Earth's magnetic field has demonstrated that cyclonic activity
excites atmospheric gravity waves (AGWSs) manifest themselves as traveling ionospheric disturbances
(TIDs) and sporadic plasma formations at ionospheric heights. In the E region of the ionosphere
(dynamo region), AGWSs modulate transverse plasma conductivities and cause quasi-periodic variations
in current and magnetic field, which are observed simultaneously at magnetically conjugate points. It
has been found that the probability of such events increases during the Antarctic winter. Analysis of
irregular ionospheric formations, such as sporadic E layers and spread-F, showed a significant increase
in their occurrence probability over atmospheric fronts during winter. For spread-F, this dependence on
frontal activity persists into the Antarctic spring but only when an ozone hole is located over the
station. Thus, the impact of tropospheric activity on space weather conditions becomes more
pronounced during the colder half of the year. In this interaction chain, the ozone hole plays the role of
a region of the cold stratosphere where conditions remain similar to those of winter.

Akademik Vernadsky station is an ideal place for experimental studies of the Weddell Sea
ionospheric anomaly, inversion of the diurnal variations of electron concentration, and total electron
content in summer. Based on regular long-term vertical sounding of the ionosphere, we studied the
dependence of the morphology of the Weddell Sea anomaly on solar and geomagnetic activity, as well
as on sudden stratospheric warmings. We also conducted long-term multi-position measurements of the
AGWSs/TIDs effects using the technique of radio sounding of the ionosphere with GNSS signals.
Seasonal and diurnal variations of the velocities and propagation directions of AGWSs/TIDs in the F
region of the ionosphere over the Antarctic Peninsula region were restored and analyzed, and they will
be discussed in the presentation.
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The minimal level of both anthropogenic and natural interference in the vicinity of the Ukrainian
Antarctic (UAS) Akademik Vernadsky station ensures consistently high data quality. This, combined
with the station’s continuous monitoring capabilities, allows for the detection of all exceptionally
powerful bursts of extremely low-frequency (ELF) radiation occurring globally. When supplemented
with similar measurements from Arctic observatories, these data enable continuous monitoring of high-
energy lightning discharges on a planetary scale.

In this study, we present and analyze the results of ELF burst monitoring conducted at the UAS
(Antarctic) and SOUSY (Arctic) observatories from 2023 to 2024. The presence of observation points
in both polar regions (North and South), as well as in the Western and Eastern hemispheres, ensures
nearly uniform efficiency in diagnosing intense thunderstorm activity across the globe.

We have developed and implemented algorithms and software that allow for the automatic
selection and storage of ELF burst parameters in a unified database, integrating records from both
observation sites. Our analysis of this database, focusing on data collected between March 2023 and
February 2024, involved structuring the dataset into three-dimensional arrays (day, time, and bearing to
the source). By aggregating or averaging over one or two dimensions, we derived temporal, spatial, and
spatiotemporal distributions of ELF bursts.

Our results demonstrate that the original two-station processing method for ELF bursts, proposed
in this study, effectively captures the temporal and spatial dynamics of powerful thunderstorm
discharges worldwide. The primary sources of ELF-generating thunderstorm discharges are
concentrated near the known planetary thunderstorm activity centers in Southeast Asia, equatorial
Africa, and Latin America. Furthermore, our analysis successfully reproduces the seasonal shift of
these centers, consistent with previous location-based studies and independent research findings.
Specifically, during summer, the sources migrate northwestward, while in winter, they shift
southeastward.

Finally, we discuss the prospects for further research in this field and outline, from our
perspective, the most promising directions for future studies.
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The present study investigates the features of a multi-step geomagnetic storm that occurred on
November 4-7, 2023, in the southern high latitudes. Measurement data from stations belonging to the
international INTERMAGNET network were utilized to analyze the temporal variations in the
geomagnetic field components. The main attention was paid to analyzing data obtained at the AIA
magnetic station, located at the Ukrainian Antarctic Akademik Vernadsky station in the high latitudes
of the Southern and Western Hemispheres (65.2°S, 64.3°W; -56.0, +6.3). The results of the data
analysis were compared with similar data from the low-latitude station VSS, situated in the same
hemisphere (22.4°S, 43.7°W; -14.2, +27.6).

Let us describe the manifestations of geomagnetic storms separately for November 4, 5, 6, and 7,
2023. On November 4, 2023, the peak-to-peak amplitude of variations in the X-, Y-, and Z-components
for the VSS and AIA stations was approximately 120 nT, 20 nT, 30 nT and 50 nT, 100 nT, 60 nT,
respectively. During the first geomagnetic storm on November 5, 2023, the peak-to-peak amplitude at
the same stations did not exceed 60 nT, 25 nT, 20 nT and 120 nT, 100 nT, 100 nT, respectively. During
the second and most intense geomagnetic storm on November 5, 2023, the peak-to-peak amplitude of
variations in the X-, Y-, and Z-components for the VSS and AlA stations was about 300 nT, 80 nT, 80
nT, and 160 nT, 150 nT, 200 nT, respectively. On November 6, 2023, this amplitude was relatively
small: 30 nT, 25 nT, and 10 nT for the VSS station, and 50 nT, 60 nT, and 75 nT for the AIA station.
On November 7, 2023, the peak-to-peak amplitude amounted to approximately 15 nT, 10 nT, 15 nT,
and 40 nT, 30 nT, and 50 nT, respectively. The results of the analysis of observational data at the AIA
station are compared with those from a similar analysis at the MSQ station, also located in the southern
high latitudes of the Eastern Hemisphere (54.5°S, 159.0°E; —53.3, +116.5). The peak-to-peak amplitude
of variations in the X-, Y-, and Z-components for November 4, 5, 5, 6, and 7, 2023, were respectively:
120 nT, 100 nT, and 120 nT; 450 nT, 200 nT, and 400 nT; 1100 nT, 800 nT, and 900 nT; 500 nT, 100
nT, and 200 nT; 250 nT, 100 nT, and 100 nT. It can be seen that the peak-to-peak amplitude in all
components at the MSQ station is significantly greater than at the AIA station. At the same time, the
peak-to-peak amplitude at the Antarctic station is much larger than at the mid-latitude station VSS.
During the period November 4-7, 2023, five geomagnetic storms of different intensity were observed,
with the second storm on November 5, 2023, being the most intense. The first four storms were
preceded by spikes in particle density, nsw, solar wind speed, Vsw, dynamic pressure, and a decrease in
the Bz-component of the interplanetary magnetic field. The structures in the solar wind with sharply
increased values of nsw, Bz, and Vsw are referred to as CME sheaths. These sheaths were the cause of
the multi-step nature of the geomagnetic storm (Chernogor, 2021; 2025). Thus, the primary feature and
uniqueness of the geomagnetic storm of November 4-7, 2023, lie in the fact that it was five-step, i.e., it
actually consisted of five storms of different intensity.

Chernogor, L. F. (2021). Physics of geospace storms. Space Sci. and Technol., 27, 1(128), 3-77.
https://doi.org/10.15407/knit2021.01.003
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Chernogor, L. F. (2025.) A two-step geospace storm as a new tool of opportunity for experimentally
estimating the threshold condition for the formation of a substorm current wedge. Annales
Geophysicae, 43, 15-35. https://doi.org/10.5194/angeo-43-15-2025
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The purpose of this paper is to examine the manifestations of the significant storm features in the
geomagnetic field at high latitudes. The analysis is based on the data collected at the magnetometer
stations Akademik Vernadsky (AlA) and Casey Station (CSY), both in Antarctica.

AlA Station (65.2450 S, 64.2580 W). This station is located in the western hemisphere. Until
17:15 UT on May 10, 2024, the peak-to-peak amplitudes of fluctuations of the X-component strength
were smaller than ~100 nT, whereas, between 17:15 UT and midnight, they increased to approximately
1000 nT and attained ~2000 nT the next day. At the beginning of the day on May 12, 2024, they
occasionally increased to 600 nT and were within ~50 nT on the days used as a quiet time reference.
The peak-to-peak amplitudes of fluctuations in the Y-component reached 700 nT between 17:15-24:00
UT on May 10, 2024, but were greater than 1400 nT until 08:00 UT on May 11, 2024, though were
relatively small after 16:00 UT. The peak-to-peak amplitudes of fluctuations increased to ~300 nT only
at the beginning of May 12, 2024, whereas on the days used as a quiet time reference, they were
smaller than ~40 nT. The Z-component strength after 17:15 UT on May 10, 2024, first sharply
decreased by almost 400 nT and then increased at the end of the day to ~400 nT. The next day, the
peak-to-peak amplitudes of fluctuations increased to ~1200 nT, which continued from 00:00 UT
through to 12:00 UT. After 12:00 UT, the peak-to-peak amplitudes of fluctuations did not exceed ~300
nT; at the beginning of May 12, 2024, they attained ~700 nT, whereas, during the days used as a quiet
time reference, they were usually within ~60 nT.

CSY Station (66.2830°S, 110.5330°E). This station is located in the eastern hemisphere. Prior to
about 17:15 UT on May 10, 2024, the peak-to-peak amplitudes of fluctuations in the X-component
strength did not exceed ~50 nT, whereas they increased to ~800 nT between 17:15 UT and 24:00 UT
and persisted little altered (750 nT) for the next ~24 h. On May 12, 2024, the peak-to-peak amplitudes
of fluctuations approached ~350-400 nT, whereas, on the days used as a quiet time reference, the peak-
to-peak amplitudes of fluctuations usually did not exceed 50 nT; only on May 17, 2024, they attained
200-300 nT. A noticeable (up to 200 nT) variation in the Y-component strength occurred on the
morning of May 10, 2024. Over the time interval 17:15-24:00 UT on May 10, 2024, the peak-to-peak
amplitudes of fluctuations increased to ~1100 nT. The next day, they attained ~1200 nT. At the
beginning of May 12, 2024, they approached 700 nT, and at the end of the day, they were confined to
300 nT. On the days used as a quiet time reference, the peak-to-peak amplitudes of fluctuations were
smaller than 30-50 nT; however, on May 17, 2024, they attained ~200 nT. The peak-to-peak
amplitudes of fluctuations in the Z-component strength did not exceed ~100 nT until 17:15 UT on May
10, 2024, whereas afterward, the behavior of time variations changed drastically: The Z-component
strength showed a few sharp drops overall by almost ~700 nT over a prolonged period of time, with an
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overall non-monotonic increase from —700 nT to +300 nT and a peak-to-peak amplitude approaching
~1000 nT. On May 11, 2024, the peak-to-peak amplitudes of fluctuations were only about 600 nT and
remained almost unchanged (590 nT) on May 12, 2024. On the days used as a quiet time reference, the
peak-to-peak amplitudes of fluctuations usually did not exceed 50-100 nT, whereas they attained 200—
300 nT on May 17, 2024.

INFRASOUND RESPONSE TO POWERFUL EXPLOSION OF TONGA
VOLCANO, REGISTERED AT AKADEMIK VERNADSKY STATION
(UKRAINE)

L.F. Chernogor?, O.1. Liashchuk?, N.M. Tilichenko, M.B. Shevelev!
V.N. Karazin Kharkiv National University, Kharkiv, Ukraine; mykyta.b.shevelev@karazin.ua;
2Main Center of Special Monitoring, Gorodok, Zhytomyr region, Ukraine

Solving the problems of detecting, identifying, and selecting infrasound signals and their high-
energy localized sources represents an urgent task of both fundamental and applied significance. A key
requirement is the reliable estimation of the parameters of acoustic signals generated by powerful
sources of both natural and anthropogenic origin. One such source is the unique explosive eruption of
the Tonga volcano, located at geographic coordinates 20° 54’ S, 175° 38" W—. The main event occurred
on January 15, 2022, within the time interval of 04:00-05:00 UT. A notable feature of the eruptions
was their precursors: five explosions, with the third explosion at 04:15 UT being the most powerful.
These explosions were followed by a series of events, including earthquakes, tsunamis of both oceanic
and atmospheric origin, atmospheric shock waves, and various secondary effects impacting all
subsystems within the Earth's system, including its inner shells, the World Ocean, the atmosphere, the
ionosphere, and the magnetosphere. Tsunami waves were recorded across the Pacific and Indian
Oceans, as well as in inland seas, while atmospheric waves of varying physical natures
circumnavigated the globe multiple times.

The main parameters of the volcano are as follows: thermal energy reached 3.6 x 10" J, blast
wave energy was 9 x 10'¢ J, the volcano's magnitude was measured at 5.5, its intensity at 12.1, the total
mass of emitted substances was reached 2.9 Gt, and ejecta were recorded at a record-breaking height of
up to 58 km.

The aim of the report is to present the results of assessing the parameters of infrasound signals
generated by the unique explosive eruption of the Tonga volcano. The measurements were carried out
at the Akademik Vernadsky station (geographical coordinates: 20° 54’ S, 175° 38’ E). Infrasound
signals were recorded by the K-304 acoustic station, which includes a microbarograph with the
following parameters: sensitivity of 1 Pa, resolution of 1 Pa, frequency band of 0.003-12 Hz. The
distance between the volcano and the station was 8,867 km. Bandpass filtering and system spectral
analysis, consisting of short-time and adaptive Fourier transforms and wavelet transforms, were used to
analyze the observation results. The atmospheric pressure fluctuations were caused by a shock wave
that propagated in the Earth's atmosphere with an initial speed of over 1000 m/s.

The first infrasound arrival was recorded at about 12:00 UT, the wavefront velocity was about
315 m/s, the period ranged from 450 to 500 s, the amplitude was about 275430 Pa, and the duration
was about 30 min. Such parameters are characteristic of the Lamb wave. The second signal caused by
the infrasound wave was recorded for 150 min, with the amplitude reaching 70+9 Pa, the main period
was about from 10 to 100 s, and the velocity varied from 280 to 300 m/s. Another group of infrasound
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signals with a velocity of about 200 m/s and an amplitude of 20+£3 Pa was recorded 90 min after the
end of this signal. The effect of oceanic tsunamis on the atmosphere causes it.

It has been confirmed that the unique explosive eruption of the Tonga volcano caused significant
disturbances in the atmosphere and the World Ocean on a global scale. For the first time, the
atmospheric effects of the shock wave, Lamb wave, infrasound wave, and oceanic tsunami have been
identified, and their parameters have been estimated.

ENVIRONMENTAL MONITORING OF ANTARCTICA USING INFRASOUND:
FROM MICROBAROMS TO ICE EVENTS

O.l. Liashchuk?, Yu.S. Otruba?
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Agency of Ukraine, Gorodok, Ukraine; alex_liashchuk@ukr.net;

ZState Institution National Antarctic Scientific Center, Ministry of Education and Science of Ukraine,
Kyiv, Ukraine

Infrasound observations at the Akademik Vernadsky station as part of an array of
microbarographs began in late March 2022. This is the first year-round observation experience using an
infrasound station in the Antarctic Peninsula region. The purpose of the observations is to identify
physical interactions associated with environmental changes in the Antarctic and surrounding oceans.

Infrasound is defined as sound waves with frequencies from the infrasound lower threshold
(about 3.21 mHz) to the lower limit of the audible range (20 Hz). These waves can propagate over long
distances and carry information about various natural and artificial sources.

To record the infrasound data, the acoustic station K-304 (Soviet-made) is used, with a frequency
range of 0.03-10 Hz and a working pressure range of +/- 50 Pa, as well as Chaparral Physics Model
64Vx2 infrasound sensors (made in the U.S.) All sensors are connected to a 4-channel, 24-bit ADC. A
microbarograph grouping system is used to improve the signal-to-noise ratio. Three acoustic sensors
are spaced 100-140 meters apart, forming the vertices of a triangle in space. The central element
(microbarograph of the K-304 station) is located under the station's office premises. This approach
makes it possible to determine the direction of propagation of infrasound waves. The Progressive
Multi-Channel Correlation (PMCC) technique is used to detect and calculate the parameters of
infrasound signals based on measuring the signal consistency between array elements.

The most powerful event recorded by infrasound means was the eruption of the Hunga volcano,
Tonga, on January 15, 2022. The infrasound wave from the explosion circled the globe several times
and was registered at the station along both short and long paths. The Lamb acoustic wave was also
recorded by meteorological equipment, and a tsunami wave was recorded by a tide gauge.

Infrasound at the station was also recorded from tsunamogenic earthquakes in the South Antilles
Arc, indicating the possibility of early warning of tsunami threat based on infrasound data.

Studies at the station show that infrasound signals can be caused by various cryospheric
processes, including the movement of ice sheets, sea ice, cracking, iceberg movement, and ice breakup.
A large number of infrasound signals have been recorded as a result of avalanches and the destruction
of the leading edge of the nearest glaciers (Wiggins, Truz, Bassey, and Lay).

It should be noted that the main type of signals in the region are microbaroms, which are formed
as a result of the nonlinear interaction of ocean surface waves in storm zones, mainly in the Drake
Passage area.
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Thus, infrasound measurements can be used to monitor glacier destruction and storm activity, and
microbar recordings can serve as an indicator of changes in the atmosphere. In general, infrasound
observations in the Antarctic can serve as a new indicator for monitoring regional environmental
changes and temporal climate variations in the polar regions.

ON THE CURRENT STATE OF THE REGIONAL CLIMATE AND
ATMOSPHERIC CIRCULATION AT THE ANTARCTIC PENINSULA

V.E. Tymofeyev, Ya.V. Kykhtenko
Ukrainian Hydrometeorological Institute of the State Emergency Service of Ukraine and NAS of
Ukraine, Kyiv, Ukraine; tvvladys@gmail.com

As is known, a characteristic feature of the climate of the Antarctic Peninsula region was an
increase in the near-surface air temperature (SAT), which is considered part of global changes.
Warming began on the Antarctic Peninsula in the second half of the 20th century and is most
pronounced on the west coast, where the Akademik Vernadsky station is located. The episode of
modern warming began in the region in the late 1970s — early 1980s against the background of the
transition of El Nifio- Southern Oscillation (ENSO) to a positive phase, surpassing global warming.
This has led to numerous consequences in the regional climate system — melting of land glaciers,
reduction of sea ice areas, changes in the state of ecosystems, etc.

In recent decades, the regional climate has been confirmed to be conditioned by the ENSO,
especially in years or seasons with significant anomalies, through interaction with the circumpolar
flow. An increase in SAT and in surface winds is a single manifestation of climate change in the study
region, which reflects changes in atmospheric circulation, primarily — in the strengthening zonal flow in
Antarctica and cyclogenesis in the Bellingshausen Sea, as well as a decrease in barometric pressure at
Vernadsky station. Atmospheric precipitation is also controlled by the ENSO - cyclonicity
teleconnection; years with maximum precipitation correspond to a reduced index (La Nifa), and the
minima — to an increased one. The monthly peak anomalies in the most recent 2015-2016 El Nifio is
tied with 1997-1998 and 1982-1983 El Nifo as the strongest. The anomaly of the total ozone content
is also associated with CPV deepening, showing signs of stabilization.

It is shown how the large-scale atmospheric circulation in the West Antarctic sector varies
depending on the ENSO episode. During the warm El Nifio phase, anticyclogenesis prevails in the
South East Pacific, and during La Nifia, intensive cyclogenesis is found predominant. From the
beginning of the early 21st century, an increasing influence of subtropical anticyclones of Pacific and
South Atlantic origin is registered, which leads to the regional transformation, implying intensification
of like-blocking events and greater time residence that, in turn, leads to an increased in sunshine
duration and intensity of direct solar radiation.

As Vernadsky base is close to the latitude of the low-pressure belt in Antarctica, it is an indicator
of the intensity of cyclones, as well as peculiarities of the local weather modifications due to complex
topography. In particular, foehn winds have a supplemented effect on increasing temperatures at
Vernadsky station, explaining monthly maxima.

In recent years, the regional climate has been confirmed to be dependent on the El Nifio-Southern
Oscillation, especially in years or seasons with significant anomalies, through interaction with the
circumpolar flow. The high correlation of regional weather in the Antarctic Peninsula with the El Nifio-
Southern Oscillation and zonal transport indices can serve as a basis for long-term weather forecasting.
The potential of seasonal predictability is based on the high asynchronous correlation between main
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meteorological variables and indexes at ENSO and the South Atlantic zone. The best skill for the
regression/alternative forecast schemes of seasonal monthly SAT for the AP stations is calculated for
the cold half of the year (May-September). The possibility of forecasting the geopotential at upper
levels is considered, with an exit to forecasting the upper troposphere circulation, the zonal transport,
and total ozone content.

As stronger variability of ENSO episodes is predicted by models, we should be ready for
dramatic regional climatic consequences such as glacier disintegration, sea level rise in Antarctica,
droughts, and heatwaves in Europe.

AN ATMOSPHERIC HOT SPOT OVER PINE ISLAND BAY, MECHANISMS
OF ITS FORMATIONS, INFLUENCE ON CRYOSPHERE AND CLIMATIC
FREQUENCY

D. Pishniak !, L. Pysarenko 2, E. Gilbert 3, A. Orr 3

IState Institution National Antarctic Scientific Center, Kyiv, Ukraine; Den.meteo.is@gmail.com;
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A study of extreme warming events over West Antarctica using high-resolution atmospheric
models has revealed an interesting phenomenon in the coastal zone of Pine Island Bay. On temperature
maps, it appears as a hot spot forming in the surface atmosphere simultaneously with intense liquid-
phase precipitation. At the same time, this region of West Antarctica is well known for its rapidly
thinning and accelerating marine-terminating glaciers. The purpose of the investigation was to define
the atmospheric processes that lead to the occurrence of this phenomenon, assess its possible impact on
the ice sheet, find a typical large-scale circulation pattern that leads to its formation, and track its
frequency over recent decades.

Polar-WRF model simulations were used to investigate the atmospheric structure, dynamic, and
energy fluxes of this event at high spatial resolution. The modeling discovered a hot spot that formed
due to the development of relatively large-scale foehn phenomena at the basin of Pine Island Glacier
(PIG). The thickness of the positive temperature layer over this region can exceed 1 km with a
maximum of +8°C. The layering of several warm air masses, accompanied by atmospheric rivers,
causes significant liquid precipitation over coastal glaciers and ice shelves. In such rare cases,
precipitation makes the main contribution to heat flux directed from the atmosphere to the surface. The
flux can reach up to 400 W m-2 in the form of latent heat (which may be released later). Direct heat
transfer is also contributing to surface warming as a negligible part of the heat balance.

Our analysis showed that the typical conditions favourable for hot spot occurrence are best
observed at a level of about 1.5 km from the ground (850 hPa). Therefore, we used the spatiotemporal
patterns of wind, temperature, and humidity at this level to search for similar conditions in a long
reanalysis dataset of ERA5 (over the past 34 years). A synthetic index was proposed as a numerical
similarity criterion. According to the search results, it was determined that there are 1 to 3 cases
favorable for the development of strong hot spot anomaly occurs during the year. The frequency has no
clear trend but shows a multi-year periodicity.

The research represents a part of NASC's input into the PolarRES project, which is a part of the
Horizon 2020 Research and Innovation EU funding program.
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EARLY RESULTS ON CLOUD AND PRECIPITATION FORMATION
PROCESSES AT VERNADSKY STATION
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2Ukrainian Hydrometeorological Institute, Kyiv, Ukraine

Atmospheric processes in polar regions play a crucial role in global air mass circulation and
significantly influence weather patterns in mid-latitudes. Over recent decades, the most intense climate
warming has been observed in polar areas, particularly in West Antarctica and the Antarctic Peninsula
region, where irreversible changes in the climate system are occurring.

The increase in cloud cover and mixed-phase or liquid precipitation can substantially affect the
cryosphere and, consequently, the climate system as a whole. Clouds exert a dual influence: an indirect
effect through solar radiation redistribution and a direct effect by altering precipitation formation and
surface albedo. Different precipitation types-solid and liquid-impact surface albedo, mass balance,
hydrological processes, and regional climate differently. They can also contribute to ice melting,
modifying its interaction with snow or the ice surface and impeding freezing processes.

Instrumental studies of cloud and precipitation microphysics in Antarctica remain limited
compared to research in mid-latitudes. However, recent advancements in field campaigns, satellite
observations, and modern instrumentation installations have improved data availability. Despite these
advances, parameterization of cloud and precipitation formation processes in the lower atmosphere
remains a challenge for weather and climate models. Specific difficulties arise in modeling radiation
absorption, cloud ice and condensation nuclei activation, and interactions between aerosols and clouds.

During the past few years, observational infrastructure for clouds and precipitation studies at
Vernadsky station was significantly updated. Specifically, the Micro Rain Radar Pro was installed in
2019, the radiosounding system was re-installed in 2022, and the Parsivel2 disdrometer — in 2025.

This study analyzes several extreme precipitation events observed during the 2025 summer field
campaign in the Antarctic Peninsula region. Specifically, we examine changes in the vertical
distribution of atmospheric characteristics derived from radiosonde and MRR-Pro data, as well as the
spectral properties of precipitation particles, which capture short-term atmospheric variations during
cyclonic events. Radiosounding plays a crucial role in this analysis, providing high-resolution vertical
profiles of air temperature, humidity, and wind, which are essential for understanding atmospheric
stability, moisture transport, cloud, and precipitation formation processes. These data help to assess the
thermodynamic conditions driving heavy precipitation events and improve the interpretation of ground-
based radar measurements. The recent installation of a Parsivel2 disdrometer at the station has enabled
the validation of Micro Rain Radar-Pro measurements, as these instruments complement each other in
providing more accurate time-resolved data of precipitation microphysics.

Long-term studies of thermodynamic atmospheric characteristics and precipitation microphysics
at Vernadsky station will enhance the understanding of polar atmospheric processes and ultimately
improve weather prediction models for the region.
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Despite the unfavorable climatic conditions for the distribution of vascular plants in Antarctica,
two species — Deschampsia antarctica E.Desv. and Colobanthus quitensis (Kunth) Bartl. — have
managed to survive in the region. Previous studies have highlighted the importance of the local
microclimate in their distribution. However, the lack of data prevents more accurate estimations of the
thermal regime at a microclimate scale. This study provides insights into the heat resources available
for vascular plants based on multi-seasonal (2020-2024) local temperature measurements from 36 data
loggers deployed at the Bio-Microclimatology Experimental Ground in the Argentine Islands-Kyiv
Peninsula region (the maritime Antarctic). Thermal resources were estimated using a number of
indices, including annual mean local temperature (AnMean); minimum (AnDMin) and maximum
(AnDMax) daily means; mean temperatures over the cold (CMean) and warm (WMean) seasons;
minimum local temperatures during the cold (CAbsMin) and warm (WAbsMin) seasons; the number of
frost days (WFD); the accumulated sum of positive local temperatures (WAccum); and the duration of
the warm season (WSDuir).

The multi-seasonal assessment reveals that both studied plants were distributed in relief
microforms with a relatively similar and uniform regime of mean local temperatures (AnMean
typically varying within +1.5°C), along with the occurrence of warm days (AnDMax typically
exceeding 10°C). Daily mean temperatures below -10°C were infrequent, and AnDMin mostly ranged
between -6°C and -8°C. The mean local temperature during the cold season rarely dropped below -3°C,
indicating the insulating effect of snow cover. Under these conditions, rare CAbsMin decreases to -
20°C may not exert significant pressure on the ability of vascular plants to survive in cold climates. The
period available for the accumulation of thermal resources typically lasted between 120 and 170 days,
which was sufficient for WAccum to reach values of 300-600°C. These accumulated local
temperatures were significantly higher than those in relief microforms where plants were absent. In
contrast, a logger near the radio-mast, representing plant-free areas, typically accumulated only 30 to
90°C within a WSDur of 120-130 days. The observed accumulation could be interrupted by frost days,
occurring with a typical frequency of 5-15 days, and WAbsMin reaching as low as -8°C. It is worth
noting that the studied indices for loggers located on rock terraces were less interconnected compared
to those on rock slopes and rock ledges.

The obtained results highlight the crucial role of microclimatic features in the survival of native
vascular plants in maritime Antarctica. Future climate change may expand the range of relief
microforms suitable for plant distribution.
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THE FIRST RESULTS OF THE ANALYSIS OF DATA FROM A FIELD
EXPERIMENT CONDUCTED AT THE AKADEMIK VERNADSKY STATION
TO STUDY THE ROLE OF ELECTRIC FORCES IN SNOW/ATMOSPHERE
CHEMICAL INTERACTIONS
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Chemical reactions in polar surface snow change the composition of snow and the overlying
atmosphere. However, many underlying mechanisms and driving forces remain unresolved. The aim of
the present study is to verify the hypothesis about the role of electric phenomena in snow/air
interactions (Tkachenko & Jacobi, 2024). The charging of ice crystals under the influence of different
factors is well studied by physicists and meteorologists, but the chemical consequences of such
charging have rarely been considered.

Charging of snow particles under strong winds and during blizzards has been described by many
authors. Other studies have shown the possibility of changes in the ionic composition of snow under
the influence of strong winds. The task of our field experiment was to check if there is any relation
between these processes. A new instrument was designed to collect positively and negatively charged
fractions of blowing snow. The instrument contains a box-like housing with a plane of vertically placed
electrodes charged at ~3800 V. During the blowing snow events, these electrodes attracted differently
charged snow particles, which were collected separately. The charged fractions, as well as a
background sample of the blowing snow, were analyzed for their chemical composition using ion
chromatography to determine major and minor ionic species. Samples were collected during the two
winter seasons, 2022 and 2023, at Akademik Vernadsky station. Conducting the field experiment in
winter eliminated the influence of photochemical reactions. Experiments were conducted during 26
blowing snow events, resulting in a total of more than 70 samples.

Preliminary results from the samples collected during the winter of 2022 indicate, in all cases, a
significant enrichment of the ionic species in the charged particles compared to the background
blowing snow. This enrichment can be attributed to the enhanced sublimation of the charged particles.
Furthermore, positively charged snow samples were more concentrated compared to the negatively
charged ones. The highest concentrations were observed during blowing snow events originating over
marine areas. Concentrations of ions originating from biota — such as algae (for bromide ions) and
penguin colonies (potassium, phosphate, ammonium, calcium, nitrates) varied with time and with
changes in wind direction. In most cases, charged snow was more concentrated in these ions as well.

The comparison of the concentrations of chloride, sulfate, and magnesium (Cl-, SO42-, Mg2+)
with the expected concentration using the composition of standard seawater and the observed sodium
concentration showed that charged snow samples were significantly depleted in all experiments. These
"losses™ increased with the estimated percentage of sublimated water and increased sharply if more
than 80 % of the water was sublimated. This suggests that highly sublimated particles may reach
charge levels surpassing the Rayleigh limit (Tkachenko & Jacobi, 2024), potentially releasing these
ions into the atmosphere.

Tkachenko K., & Jacobi H.-W. (2024). Electrical charging of snow and ice in polar regions and the
potential impact on atmospheric chemistry. Environ. Sci. Atmos., 4, 144-163.
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NON-PHOTOCHEMICAL FACTORS OF NITROGEN OXIDES PRODUCTION
IN ANTARCTIC PLATEAU SNOW
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Abnormally intensive NOx production by snow cover on the Antarctic Plateau is still not fully
understood. Photochemistry, which has hitherto been the only mechanism considered, cannot fully
explain all field data. Here we use data from inlets buried in the snowpack over the past 10 years at
French-Italian Concordia research station (75°06'00" S, 123°19'58" E), Dome C, Antarctic Plateau, to
measure nitrogen oxides (NOx) concentrations in the interstitial air of the snow cover at different
depths. These field data clearly demonstrate, for the first time, that the synthesis of nitrogen oxides in
the snow cover can also occur in winter, when UV-induced photochemical reactions are completely
switched off. However, such processes are observed only during specific atmospheric and snow
conditions.

We found that winter in situ NOx production events are controlled by the stratigraphy of the
snow cover, coupled with environmental factors. During NOx production events, it is evident that the
background NOXx levels change under the influence of high wind, increasing humidity, and rising
temperature. The combined effects of these factors lead to the relocation of the reactive zone within the
snow cover, altering NOx/ozone production levels and shifting the relative proportions of these
substances. In other words, meteorological conditions modulate NOx production regimes.

We suppose that free radical reactions of NOx production are initiated due to electrostatic
charging of ice particles, which is stimulated by high wind and extremely low temperature and
humidity — conditions typical of winter at Concordia.

GLACIOCLIMATE AT THE ANTARCTIC PENINSULA IN THE SIGHT ON
THE STATE OF THE OCEAN-ATMOSPHERE SYSTEM

V.E Tymofeyev, S.V. Klok
Ukrainian Hydrometeorological Institute of the State Emergency Service of Ukraine and NAS of
Ukraine, Kyiv, Ukraine; tvvladys@gmail.com

The problem of climate variability in polar regions is one of the priority scientific and practical
problems of modern meteorology, climatology, and environmental sciences, as the consequences can
be expected everywhere on Earth.

The Antarctic Peninsula region — is one of the best natural tools for studies of the climate-

making agents at a variety of spatial and temporal scales, as a region far from the centers of
civilization. It is assumed that its climate is formed primarily under the influence of natural factors,
accounting for a unique combination of the local topography (mountains, glaciers, islands, sea-ice) to
the larger-scale (atmosphere-ocean) and external Geophysics (Earth rotation, etc.).
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As well known, a characteristic feature of the recent climate at the end of the 20th century at the
Antarctic Peninsula (AP) region was an increase in the near-surface air temperature (SAT), which was
considered as part of global changes and surpassed global warming, accompanied by accelerating
glaciers’ melting, reduction in the sea-ice, expansion of local ecosystems. However, just after the turn
of millennia, the warming trend sign changes here with interannual variability and a number of years
below the climatic norm, mainly in the summer season (December-January).

Analysis of glaciological measurements by BAS scientists on the glacier dome of Galindez 1.
since the 1960s showed snow accumulation prevailed from the early 1980s. — equilibrium and weak
ablation, and Ukrainians, since 1996, showed ablation, which further intensified. The warmest period
of 1991-2000 in this area accompanied by maximum precipitation, as well as significant ablation of the
surface of the glacier Dome, which, first of all, is contributed to the increase in the duration of the
period of above-zero air temperatures in the summer season. From the mid-2000s, the atmospheric
precipitation regime and mass balance of the Galindez glacier have been changed against the
background of significant interannual fluctuations, with a decrease in summer ablation and an increase
in winter accumulation.

Direct measurements of precipitation and/or snow play are important in a topographically
complex region since remote data or reanalysis may contain errors or smoothed trends. Snow cover is
an informative indicator of the state of the climate system. Analysis of long-term changes in the snow
level shows significant interannual fluctuations, with changes in both seasonal and long-term
components, and the seasonal component decreases. The general pattern of seasonal and long-term
variability indicates infrequent winters with exceeding snow. Snow accumulation periods have been
identified, equal to about 2.8 years and 11.3 years, and demonstrate a clear connection with such
climate-forming agent as solar activity and El Nifio-Southern Oscillation.

The atmospheric circulation background of the warming and glacier’s ablation was the
intensification of cyclogenesis in the Western Antarctic sector with the advection of warm air towards
Graham Land, especially after the 1990s. On the other hand, in the summer, the role of solar radiation
leading to ablation increases in the conditions of stable weather in the anticyclonic conditions, the
frequency of which has increased in recent years.

It is shown how the large-scale atmospheric circulation in the West Antarctic sector varies
depending on the ENSO episode. During the warm El Nifio phase, anticyclogenesis prevails in the
South East Pacific, providing colder seasons, and during La Nifa, cyclogenesis has been intensified.
The potential of seasonal predictability of the Pacific equatorial zone for the Antarctic Peninsula is
shown on the basis of statistically significant synchronous and asynchronous correlation between SAT
anomalies in the West AP and ENSO indexes, with the best correlation reached through the East
Pacific and South Atlantic index.
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Understanding the atmospheric aerosols and ozone variability is essential for assessing climate
processes in Antarctica. Data on the amount and variability of tropospheric aerosols over Antarctica
remain sparse. Regular and sporadic measurements with the Microtops Il sun-photometer fill partly this
gap. Since March 2021, the year-round Microtops Il aerosol measurements have been carried out at the
at Akademik Vernadsky (Ukraine) station and the seasonal measurements in January—February have
been operated at the Johann Gregor Mendel (Czech Republic) station. This study focuses on analysis of
aerosol properties at Vernadsky and Mendel, and total ozone variations during quasi-simultaneous
observations with a Dobson spectrophotometer and a Microtops Il sunphotometer at Vernadsky.
Aerosol properties analysis is based on Microtops Il measurements at Vernadsky in 2021-2024, and
Mendel in 2021, 2022, 2025 summer seasons. The analysis revealed differences in particle size
distribution, aerosol optical depths (AOD) and Angstrom Exponent (AE) between the stations.
Difference and similarity in aerosol behavior are important due to these two stations located at different
sides of Antarctic Peninsula. The data indicate the influence of homogeneous air masses and weather
systems over the Antarctic Peninsula, as well as the potential contribution of long-range transported
aerosols. We also compare aerosol measurements made at Antarctic Peninsula with data from South
Pole, Utsteinen and Vechernaya Hill AERONET stations. The data from Vernadsky shows significant
seasonal variations in spite of the observed daily averaged AOD values are comparably small and vary
in 0.03-0.14.

These findings contribute to a better understanding of the interactions between atmospheric
aerosols and ozone variability, providing valuable insights into climate processes in the region.
Additionally, the results underscore the importance of continuous monitoring to assess long-term
atmospheric trends and their implications for Antarctic climate dynamics.

This study is partly supported by project 25BF051-02 of the Ministry of Education and Science
of Ukraine.
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LONG-TERM CHANGES IN THE POLAR FRONTAL ZONE AT THE SEA
SURFACE IN THE ATLANTIC SECTOR OF THE SOUTHERN OCEAN
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Planetary oceanographic fronts in the World Ocean are crucial for our planet's climate system.
Their impact is on the general flow of water, the processes of energy exchange between the ocean and
atmosphere, habitats, and biodiversity of the marine environment, etc.

The purpose of this study is to analyze the seasonal and interannual variation of the polar frontal
zone (FZ) in the Atlantic sector of the Southern Ocean since the 1980s.

The work used "in situ" data obtained using the Ferry Box (FB), a continuous regenerator of
oceanographic parameters of the surface layer of the sea. Measurements were carried out on
transatlantic sections in the direction of the Factory Trawler "More Sodruzhestva," with a discreteness
of one minute, and GPS reference of coordinates at measurement points, as well as the databases of the
Copernicus Sea Monitoring Service (CSMS) were also involved in the analysis.

According to FB, for the period from 2018 to 2024, the temperature boundaries of the polar
frontal zone in the surface layer ranged from 2.4 °C to 4.2 °C in summer (January) and 1.4 °C to 4.4 °C
in winter. The water temperature gradient within the frontal zone was 5.6 times more elevated than that
within the waters outside the frontal zone. The maximum gradient was four times greater than the
middle of the frontal zone. A comparison of CSMS data and FB observations showed qualitative
consistency. The general statistical analysis of the data and information from the literature allowed us
to assume that the monthly-averaged position of the 3 °C isotherm can serve as a fairly reliable marker
of the location of the polar FZ in the surface layer in the Atlantic sector of the Southern Ocean. The
position of the FZ largely depends on bathymetry; as a rule, it shifts to the north over steep terrain (the
arc of the Scotia Sea, the South Atlantic Ridge), and the seasonal signal is also largely manifested in its
position. On average, the amplitude of seasonal fluctuations from 1993 to 2024 throughout the water
area was 300 km. The analysis of the long-term changes showed that in 32 years, the average
southward (to the pole) displacement of FZ was 100 km. The extreme southernmost isotherm of 3°C on
the ocean surface was in 2023. The shift to the south is uneven. There are separate locations where the
magnitude is 180 km. On sufficiently long stretches, the southern trend is almost not observed. The
results indicate a non-significant shift of the polar FZ position at the sea surface layer in the Atlantic
sector of the Southern Ocean on average, although there are some localized, relatively large shifts.
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SITE ANTARCTIC SPECIALLY PROTECTED AREAS

A. Fedchuk?!, K.A. Hughes?
IState Institution National Antarctic Scientific Center, Kyiv, Ukraine; andriyf@gmail.com;
2British Antarctic Survey, Natural Environment Research Council, Cambridge, the UK

Multi-site Antarctic Specially Protected Areas (ASPAs) have emerged as a distinct and
increasingly relevant format of protected area under the Antarctic Treaty System. Unlike single-site
ASPAs, which focus on localized ecological features, multi-site ASPAs protect spatially fragmented
but ecologically interconnected habitats under a unified management plan. This abstract presents key
findings of a comprehensive study of all 13 of the currently designated multi-site ASPAs, emphasizing
their conservation potential, structural diversity, and governance challenges.

A clear temporal trend is evident: while only five multi-site ASPAs were designated between
1966 and 1987, eight more have been established or restructured since 2003, including three new
designations in 2024 alone. Hence, more than 60% of all existing multi-site ASPAs were designated or
expanded between 2021 and 2024. This reflects an evolving conservation approach in Antarctica —
from isolated site protection to integrated landscape- and seascape-level management. Some recent
ASPAs have even resulted from merging earlier single-site ASPAs, reinforcing a shift toward an
ecosystem-based approach to spatial protection addressing representation gaps in the Antarctic
protected areas system.

The total number of discrete sites protected under the multi-site format now encompasses 215
discrete sites (including 177 islands, 31 inland/coastal ice-free areas, and 7 marine zones), illustrating
its capacity to address representation gaps and ecological connectivity at the landscape level. These
ASPAs now cover over 1760 km?, including more than 120 km? of ice-free terrestrial areas and over
1500 km? of marine ecosystems. The spatial structure of multi-site ASPAs ranges from small local
clusters (e.g., ASPA 160 Frazier Islands, Windmill Islands, Wilkes Land, East Antarctica) to extensive
regional networks (e.g., ASPA 182 Western Bransfield Strait and Eastern Dallman Bay), demonstrating
their scalability and flexibility in integrated terrestrial-marine conservation.

Multi-site ASPAs have proven especially effective for protecting fragmented yet ecologically
connected features — such as archipelagos, seabird foraging areas, geothermal sites, or benthic habitats
— that would remain vulnerable under a single-site format. However, managing multi-site ASPAs
presents distinct challenges, including logistical complexity, ecological heterogeneity and biosecurity,
and the need for coordinated international efforts.

As a case study, Ukraine’s recent proposal to designate a new multi-site ASPA in Collins Bay
(Kyiv Peninsula) reflects this emerging trend. This proposal, submitted to the Committee for
Environmental Protection (CEP) in 2023 and revised in 2024, aimed to protect five spatially separated
but ecologically interconnected sites. The updated version addressed CEP members’ concerns
regarding clarity, connectivity, and feasibility. It is currently being refined for potential adoption in
upcoming meetings since it demonstrates how small, well-integrated multi-site ASPAs can be tailored
to specific conservation gaps while remaining manageable and scientifically justified. It is concluded
that this case aligns closely with the broader evolution of the Antarctic protected areas system and
reflects a growing capacity for strategic, multi-scalar, and collaborative conservation in Antarctica.
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The POLARIN project aims to facilitate interdisciplinary research by providing access to a
diverse and strategically distributed network of polar research infrastructures (RIs). These include
Arctic and Antarctic research stations, research vessels, icebreakers, observatories, data infrastructures,
and core repositories. As part of its mission to promote international collaboration and advance
scientific understanding of critical polar processes, POLARIN launched its first Transnational Access
(TA) Call.

The 1st POLARIN Transnational Access Call, which closed on 28th November 2024, received
nearly 100 proposals from the global research community. This significant response underscores the
increasing demand for access to high-quality polar research infrastructures and highlights the scientific
community’s recognition of the strategic value of transnational research collaborations in polar regions.
Researchers were invited to apply for access to 49 RIs distributed across both the Arctic and Antarctic,
covering a broad spectrum of disciplines and research objectives.

A rigorous review and evaluation process was initiated in December 2024 and will continue
through February 2025. The selection criteria emphasize scientific excellence, feasibility, and
alignment with POLARIN’s strategic objectives.

The POLARIN Transnational Access Platform (TAP) is a dedicated Current Research
Information System (CRIS) specifically designed to manage the submission, evaluation, and selection
of research proposals with a high degree of transparency and efficiency. TAP adheres to the highest
standards of openness and integrity, ensuring an equitable and well-structured evaluation process for all
applicants.

A key feature of TAP is its alignment with the FAIR principles. By leveraging CRIS technology,
TAP enhances transparency in the selection process, providing real-time tracking of submission status,
facilitating structured peer review, and ensuring that selection decisions are based on objective and
reproducible criteria. These features significantly strengthen trust in the evaluation process and
contribute to the responsible allocation of research infrastructure access. Moreover, TAP supports the
long-term usability of submitted data and application records, promoting interoperability with other
research assessment systems and funding mechanisms.

Despite the overall success of the 1st POLARIN TA Call, an analysis of submission patterns has
identified specific gaps in applications for certain research infrastructures. Notably, in the Arctic, no
proposals were submitted for access to the Adam Mickiewicz University Polar Station and the
Sudurnes Science and Learning Center. Similarly, in Antarctica, no applications were received for
access to the Troll Station, the FRAM Observatory, or the research vessel Noosfera. Additionally,
within the category of core repositories, no proposals were submitted for access to two designated
facilities: the UK Polar Sediment Core Facility and the Core Repository and Geological Laboratories.

This uneven distribution of applications suggests potential barriers to access, which may stem
from several factors, including a lack of awareness regarding the specific capabilities of these
infrastructures, logistical constraints, or mismatches between the research community’s current
priorities and the services offered by these Rls. Understanding these gaps is critical for refining future
calls, adjusting outreach strategies, and ensuring a more balanced utilization of available research
infrastructure.
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The outcomes of the 1st POLARIN TA Call provide valuable insights into the evolving
landscape of polar research infrastructure access. The high number of proposals received reflects strong
scientific demand, while the observed gaps in submissions highlight areas for further strategic
development. To address these disparities, future calls should incorporate targeted outreach efforts,
enhanced informational resources on underutilized infrastructures, and potential incentives for research
projects that align with currently underrepresented RIs. Additionally, continued enhancements to the
TAP system, particularly in terms of user engagement and data integration with global research
assessment frameworks, will further strengthen POLARIN’s mission to support cutting-edge polar
research through transparent and efficient transnational access mechanisms.
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PROTEIN MOLECULES FROM ANTARCTIC HYDROBIONTS AS A
PROMISING AGENTS FOR ACCELERATING WOUND HEALING
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O.M. Savchuk
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Wounds, particularly purulent-necrotic ones, represent a serious medical problem that
significantly affects patients' quality of life and imposes a substantial burden on the healthcare system.
Chronic ulcers, burns, postoperative wounds, and other skin injuries require effective treatment
approaches. Therefore, the development of complex-acting wound-healing agents remain an urgent
issue in modern medicine and pharmacology. Despite significant advancements in this field, the
incidence of complications arising from the generalization of wound infections not only fails to
decrease but continues to rise steadily. One of the promising approaches to wound treatment involves
the use of agents containing proteolytic enzymes, particularly collagenases, as their application enables
gentle debridement of necrotic tissue—a critical step in creating a favorable environment for tissue
regeneration. A novel approach proposed by our team involves the incorporation of a mixture of
bioactive peptide molecules into the composite formulation. By engaging multiple mechanisms
inherent to individual molecules, this approach is expected to achieve a comprehensive effect—
accelerating regeneration processes and thereby reducing wound healing time. This assumption is
based on the well-established ability of certain peptides to mitigate free radical reactions, stimulate
angiogenesis, and exhibit antibacterial, anti-inflammatory, immunomodulatory, cytoprotective, and
stress-protective activities. Molecules derived from organisms adapted to cold environments may
exhibit unique properties with potential applications across various fields of medicine. Cold-adapted
enzymes offer significant advantages in medical applications due to their high catalytic efficiency at
low temperatures and broad substrate specificity.

The aim of this study was to isolate collagenolytic enzyme-enriched fractions from the tissues of
Antarctic hydrobionts, as well as to obtain a fraction of hydrolyzed peptides and evaluate their
effectiveness as wound-healing agents using different wound models in rats. In an in vivo experiment
on rats with a full-thickness excisional wound model, it was demonstrated that an ointment based on
peptides from the jellyfish Diplulmaris antarctica exhibited a pronounced wound-healing potential. In
the group of animals treated with the peptide-based composition, complete wound healing was
observed by day 18, whereas in the control group, where wounds healed naturally, complete closure
occurred on day 22. Additionally, the wound-healing effect of a composition based on a mixture of
proteolytic enzymes from Antarctic hydrobionts Odontaster validus and Sterechinus neumayeri was
confirmed in a model of purulent-necrotic wounds in rats. Application of the composition reduced
wound epithelialization time to 27 days compared to 30 days in the control group.

Thus, the obtained results justify the potential use of collagenolytic enzyme fractions from
Antarctic hydrobionts and peptide molecules as a foundation for developing effective wound-healing
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agents for the treatment of wounds of various etiologies. Additionally, these hydrobionts can be
considered a promising source of protein molecules.

MONOGENEAN PARASITES OF ANTARCTIC ROCKCOD NOTOTHENIA
CORIICEPS: DISCOVERY OF THE NEW SPECIES

N. Rubtsoval, A. Chaudhary?, S. Glotov34, T. Kuzmina®

YInstitute of Parasitic Diseases, Scottsdale, AZ, USA; nyrubtsova@gmail.com;

2Molecular Taxonomy Laboratory, Department of Zoology, Chaudhary Charan Singh University,
Meerut (U.P.), India;

3State Institution National Antarctic Scientific Center, Ministry of Education and Science of Ukraine,
Kyiv, Ukraine;

“State Museum of Natural Sciences, NAS of Ukraine, Lviv, Ukraine;

®I. I. Schmalhausen Institute of Zoology NAS of Ukraine, Kyiv, Ukraine; taniak@izan.kiev.ua

Monogenean Pseudobenedenia nototheniae Johnston, 1931 has been found to parasitize several
fish species of the genus Notothenia. During more than 40 years, P. nototheniae was considered the
only monogenean species parasitizing Antarctic black rockcod Notothenia coriiceps in West
Antarctica. Our recent studies provided descriptions of two new Monogenean, Pseudobenedenia
coriicepsi and Pseudobenedeniella johnstoni, which contribute significantly to the taxonomy and
molecular characterization of monogenean parasites in Antarctic fish (Rubtsova et al., 2023, 2024).
Both investigations focused on parasitic monogeneans from the Antarctic rockcod, N. coriiceps,
collected from coastal waters near the Ukrainian Antarctic Akademik Vernadsky station (Galindez
Island, West Antarctica).

The first study identified Pseudobenedenia coriicepsi, a new species of monogenean belonging to
the Capsalidae family, which parasitized the fish body surface. Through morphological examination, P.
coriicepsi was distinguished from P. nototheniae, a historically misidentified species complex. The
study highlighted differences in sclerotized structures, vitellaria organization, and host specificity,
supporting the classification of P. coriicepsi as a distinct species. Molecular analysis (18S and 28S
rRNA genes) positioned it as a sister species to the genus Benedenia, refining the Capsalidae family's
phylogeny. Scanning electron microscopy (SEM) data and molecular phylogenetic analysis were
provided for Pseudobenedenia species for the first time. The second study described another novel
species, Pseudobenedeniella johnstoni, that parasitize the gills of N. coriiceps. This research expanded
the previously monotypic genus Pseudobenedeniella, previously represented only by P. branchialis.
Key distinguishing features included morphology of haptor attachment structures, differences in
reproductive system morphology, and different host species and distant geographical locations.
Molecular phylogenetic analysis further confirmed its taxonomic placement within Capsalidae, and
elemental analysis via Energy Dispersive X-ray Analysis (EDXA) provided novel compositional data
on its sclerotized structures.

Together, these studies underscore the underestimated diversity of Antarctic monogeneans and
emphasize the necessity of integrating morphological, molecular, and elemental analyses for accurate
taxonomic classification. These findings enhance our understanding of host-parasite interactions in
extreme environments and contribute to the broader knowledge of parasite evolution in polar marine
ecosystems.

The work was performed under the State Special-Purpose Research Program in Antarctica for
2011-2025.
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ON RECENTLY DISCOVERED ACANTHOCEPHALANS FROM
NOTOTHENIA CORIICEPS IN THE WATER AREA OF THE ARGENTINE
ISLANDS, WEST ANTARCTICA
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Antarctic black rockcod Notothenia coriiceps Richardson is one of the most abundant species of
teleost fish living in shallow coastal waters of West Antarctica. This fish species plays an important
role in the life cycles of many parasites, including Acanthocephala. Till now, more than 13
acanthocephalan species have been recorded in N. coriiceps in this area, making Acanthocephala the
most species-rich group of fish parasites. Although acanthocephalans of Antarctic fish have been
studied for over 50 years, many aspects of acanthocephalan morphology, anatomy, hook chemistry, and
molecular biology remain unexplored.

We describe the morphology, anatomy, hook chemistry, and molecular biology of three species
of Acanthocephala — Corynosoma pseudohamanni, Zdzitowiecki, 1984, Corynosoma paraevae n. sp.
Amin et al. (in press), and Metacanthocephalus rennicki sp. complex Amin et al. (in press) from the
Atlantic black rockcod N. coriiceps collected in the water area of Galindez Island, Argentine Islands,
West Antarctica in 2022-2023. A total of 594, 34, and 88 specimens of these species, respectively,
were collected as part of the long-term parasitological monitoring studies carried out since 2014-2015
by the Ukrainian Antarctic expeditions at the Ukrainian Antarctic Akademik Vernadsky station (UAS)
on Galindez Island, West Antarctica. We have included optical microscopy and scanning electron
microscope (SEM) images of internal and external structures of the species. Also, we performed
molecular description of the species using the 18S subunit of ribosomal DNA and mitochondrial
cytochrome c oxidase subunit 1 (cox1) from mitochondrial DNA. Phylogenetic analyses based on
maximum likelihood (ML) and Bayesian inference (Bl) methods of the coxl dataset placed all the
species of Corynosoma in a single clade, with strong support. We have determined the genetic diversity
of C. pseudohamanni and compared it with other Corynosoma species. Also, the molecular differences
among C. paraevae n. sp. and C. evae species support the existence of cryptic species that indicate
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separate species for the genus Corynosoma. Overall, and for an improved understanding of the
Corynosoma species diversity, we recommend increasing molecular markers and integrating them with
the biogeographical relationships.

The work was performed under the State Special-Purpose Research Program in Antarctica for
2011-2025.

TEMPERATURE-DEPENDENT BIOFILM FORMATION IN ANTARCTIC
ENDOPHYTIC MICROBIAL COMMUNITIES

O. Kalinichenko?, O. lungin'?#, Ye. Prekrasna-Kviatkovska?, O. Moshynets3, O. Okhmat?, M.
Sidorenko?, S. Mickevicius*

!Kyiv National University of Technologies and Design, Kyiv, Ukraine;
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ZState Institution National Antarctic Scientific Center, Ministry of Education and Science of Ukraine,
Kyiv, Ukraine;
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“Vytautas Magnus University, Kaunas, Lithuania

Endophytic microbial communities associated with the only two vascular plant species of
Antarctic Peninsula exhibit diverse strategies for biofilm formation and maintenance, influenced by
environmental conditions and external factors. Biofilms composition within these communities varies
with cultivation temperature, impacting cell adhesion, matrix formation, and overall biofilm
architecture. This research aimed to reveal biofilms structural components in microbial communities
associated with Antarctic vascular plants within wide temperature range.

Two types of formulated microbial communities based on identified bacterial species previously
describes as biofilm-formers (ALS and LS biofilm types) were cultivated in a range 4-42°C during 3
and 6 days and estimated by combined biofilm assay. Bacterial architecture (EPS, eDNA, PHA) was
analyzed with CLSM (Leica TCS SPE Confocal system) and LAS X software. Sequencing of eDNA
and bioinformatics analysis was performed using the services of Novogene company. Regression
analysis, ANOVA, and response surface methodology were employed to analyze the data using
Statistica software.

The role of eDNA and the polymeric matrix in biofilm formation of endophytes is pivotal. The
highest eDNA diversity was observed at 4 and 15°C, with Pseudomonas species dominating at other
temperatures. Interestingly, the highest amount of PHA granules were observed in ALS biofilms at
same temperature regimes (4°C and 15°C), while LS biofilms exhibited maximum PHA accumulation
at 42°C. The accumulation of PHA is frequently observed in bacteria under stress conditions. Given the
high productivity of Antarctic bacteria at both 4°C and 15°C, it is pertinent to investigate whether this
apparent adaptation is nonetheless accompanied by a stress response. These results reveal the complex
structure and dynamics of Antarctic plant-associated biofilms, and suggest that temperature and
cultivation time are key factors influencing the strength of ALS type, but not LS biofilms. These
findings highlight the complex nature of Antarctic plant-associated microbial communities and their
ability to adapt to changing environmental conditions.
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MARINE PHYTOPLANKTON COMMUNITY STRUCTURE OF THE
ARGENTINE ISLANDS WATERS (2019-2021)
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This study investigates the phytoplankton community structure in the waters of the Argentine
Islands during late summer in 2019, 2020, and 2021, as well as from February 2020 to February 2021.
A total of 121 species and intraspecific taxa from 12 taxonomic classes were identified. The
community was overwhelmingly dominated by Bacillariophyceae, with biomass dynamics largely
driven by the development of Corethron criophilum and other large centric diatoms with low specific
surface values (70-300 m?-kg'). While late summer succession patterns remained typical across years,
2019 exhibited a more substantial presence of small-celled species with higher specific surface values
(>700 m>kg"), including Phaeocystis antarctica, Hillea fusiformis, Cryptomonas sp., and
Fragilariopsis cylindrus. In contrast, 2020 and 2021 were characterized by lower phytoplankton
development metrics, simplified community structure, and decreased specific surface values,
suggesting reduced functional activity. Seasonal patterns revealed a winter biomass decline (1-10
mg-m3), followed by a Fragilariopsis-dominated spring bloom and increasing contributions from
Cryptomonas, Pyramimonas, and small flagellates in early summer. Late summer was dominated by
large centric diatoms with periodic Fragilariopsis increases. The observed succession trends partially
aligned with those at Rothera and Palmer stations, with local variations. Further research is needed to
assess climate change impacts on these phytoplankton communities.

GENETIC VARIABILITY OF CRATONEUROPSIS CHILENSIS FROM THE
MARITIME ANTARCTIC ESTIMATED THROUGH THE INTRON LENGTH
POLYMORPHISM OF B-TUBULIN GENES

A.M. Rabokon?, V.G. Sakharoval, D.O. Novozhylov?, R.Ya. Blume?, I.Yu. Parnikoza?3, L.A.
Kozeretska?, Ya.V. Pirko?!, Ya.B. Blumel

Lnstitute of Food Biotechnology and Genomics of National Academy of Science of Ukraine, Kyiv,
Ukraine;

2 State Institution National Antarctic Scientific Center, Ministry of Education and Science of Ukraine,
Kyiv, Ukraine;

3 Institute of Molecular Biology of Ukraine, National Academy of Science of Ukraine, Kyiv,Ukraine

Bryophytes, particularly mosses, are the dominant component of vegetation in the ice-free coastal
areas of Antarctica. Research on the distribution and diversity of mosses is fundamental to any
assessment of the dynamics of plant cover development in Antarctica. Reliable and comprehensive
information about Antarctic mosses is essential for any conservation strategy aimed at protecting the
Antarctic ecosystems, threatened not only by climate change.
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The ways and history of the spread of moss species in Antarctica require separate research.
Genetic studies could clarify the differences between them, establish the mechanisms of their spread,
and assess the survival potential of certain species in situ in a refugee. One of the moss species that is
limited in distribution and found only in highly protected and favorable, yet simultaneously difficult-to-
access locations for potential bird dispersers in the maritime Antarctic is Cratoneuropsis chilensis
(Lorentz) Ochyra.

The use of molecular genetic approaches (such as molecular markers, sequencing specific regions
of chloroplast or nuclear genomes) has become the most desirable method for studying the genetic
diversity of mosses and establishing their phylogenetic relationships. To assess the genetic
differentiation of C. chilensis in the central part of the maritime Antarctic the molecular genetic
analysis using intron length polymorphism of B-tubulin genes with both known and custom-developed
primers was done. The 19 populations of C. chilensis from 8 locations (Port Charcot (Booth 1I.)
Petermann 1., Galindez 1., Black 1., Cape Tuxen, Ukraine I. (Berthelot Is.), Darboux I., Chavez 1.) were
studied. As a result, a low level of molecular genetic polymorphism in C. chilensis was identified. At
the same time samples from the most remote northern and southern locations (Booth and Chavez Is.)
were characterized by the presence of unique amplicons in their DNA profiles, while some samples
(Black and Petermann) from the central part of the studied region exhibited a combination of typical
and unique fragments. This likely indicates possible genetic isolation of the peripheral populations of
C. chilensis and more severe living conditions, which may drive adaptive divergence, thereby
increasing genetic diversity. The absence of polymorphism in populations from the central part and the
presence of populations combining typical and distinct DNA profiles may suggest an intermediate
position between the peripheral populations or limited genetic flow between different studied sample
groups.

LOW-TEMPERATURE STORAGE OF SEEDS: INFLUENCE ON THE
GERMINATION OF AGRICULTURAL CROPS

N.O. Shevchenko, G.V. Kovalenko, T.F. Stribul
Institute of Problems of Cryobiology and Cryomedicine of the National Academy of Sciences of
Ukraine, Kharkiv, Ukraine; ipcc@cryonas.org.ua

Maintaining viability is one of the key tasks of seed production and gene banks. Low-temperature
storage of seeds is critical for preserving quality, germination, and biological activity, especially for
crops such as onion, pepper, carrot, tomato, nigella, basil, snakehead, okra, peas, mustard, amaranth,
coriander, parsley, parsnip, dill, and spinach.

The seeds of many of these crops (e.g., amaranth, coriander, parsley, mustard) contain significant
amounts of fatty acids, such as linoleic, linolenic, and oleic acids, which belong to the group of
unsaturated fatty acids. High temperature and humidity accelerate oxidation, degradation of
biologically active compounds, and loss of seed quality. Low-temperature storage (from —20°C to —
196°C) allows for significantly slowing down these processes, ensuring long-term viability.

This study examined 16 crop species, including tomatoes, peppers, eggplants, onions, carrots,
nigella, basil, snakehead, okra, peas, mustard, amaranth, coriander, parsley, parsnip, dill, and spinach.
The seed material was obtained from the collection of the Institute of VVegetable and Melon Growing,
NAAS of Ukraine.

The seeds were packed in polypropylene containers with volumes of 2, 4.5, 10, and 15 ml. To
evaluate the effect of low-temperature storage, samples were kept at —20°C, —40°C, —80°C, and —
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196°C. After cooling, the seeds were thawed at 20°C for 24 hours. Some of the samples were left at
low temperatures for long-term storage.

Germination tests were conducted under standard conditions to assess seed viability. The results
showed that carrot, onion, tomato, and eggplant seeds retained their germination capacity after freezing
without significant deviations from the control. At the same time, pepper, watermelon, and cucumber
seeds exhibited increased germination after exposure to low temperatures, likely due to biochemical
changes occurring during storage and thawing.

Nigella and parsnip seeds stored at —40°C and —80°C exhibited higher germination rates
compared to the control. A similar positive effect was observed for amaranth (—80°C), basil, and okra
(40°C). In contrast, parsley and spinach showed a negative response to low-temperature storage,
especially at —20°C, which may be associated with cell membrane structural changes.

Based on the obtained data, the following conclusions were made:

Low-temperature storage is an effective method for preserving seed viability, but the response
varies depending on the crop type and its chemical composition.

Storage at —18°C or lower is recommended to maintain seed viability for an extended period.

Seeds of tomato (40 varieties), eggplant (8 varieties), pepper (8 varieties), cucumber (2 varieties),
watermelon (2 varieties), carrot (3 varieties), and onion (3 varieties), as well as seeds of niche crops
with 22-23 years of reproduction history, have been deposited in the Low-Temperature Bank of
Biological Objects at the Institute of Problems of Cryobiology and Cryomedicine of the NAS of
Ukraine, which is recognized as a National Heritage. All samples will be stored at —20°C, —40°C, —
80°C, and —196°C for long-term preservation.
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Based on the geomagnetic disturbances of 10-11 May and 10-11 October 2024, the main
characteristics of the magnetometer complex were clarified. The morphology of the signals of the
LEMI-025 No. 63 variometer and the GSM-90 scalar magnetometer was compared. The criteria for
selecting the mutual delay time were to maintain a balance between the degree of interference
suppression and the virtually unchanged gain of both magnetometers.

To determine the delay time, a programme written in Delphi 7 for the Windows environment was
used. The delay time was set by simply shifting the graphs until they were visually most similar.

It was found that at the induction fronts the delay time changed significantly more than at its
extremes. At the extreme points (and at the minimum rate of induction changes) the LEMI-025 Ne63
variometer had the delay relative to the GSM-90 scalar magnetometer, which was ~460 milliseconds.
The error value of no more than 10 milliseconds could be accepted exclusively for maximum Nel
(10may2024, t = 23h06m47s) and minimum Ne2 (11may2024, t = 07h18m32s), in which this error
value was well traced visually by a noticeable difference between the graphs. For points with a high
rate of induction changes during the storm, the error strongly depended on the amplitude and reached a
much larger value (could be approximately 1+-2 orders of magnitude larger).

AN INVESTIGATION OF THE ICE VELOCITY ADVANCES USING
CORRELOGRAM: A CASE STUDY KYIV PENINSULA, WEST ANTARCTICA

K.R. Tretyak, D.V. Kukhtar
Lviv Polytechnic National University, Lviv, Ukraine; kukhtar3088@gmail.com

Synthetic aperture radar (SAR) images obtained by the Sentinel-1 satellite are a reliable data
source for determining Antarctic glaciers' velocity movement. Unlike optical spaceborne images, SAR
data provide high-quality results under any lighting and weather conditions, which is especially
relevant for the Antarctic region. The ice flow velocity maps are developed using the Offset Tracking
method. This is a technique that measures the movement of features between two radar images by
optimizing the cross-correlation of spot intensities. Based on the obtained velocity maps, we determine
the ice flow velocity for individual points or along a specified profile line.
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Further analysis is based on the processing of a large data set, which was formed due to
continuous acquisition at 12-day intervals starting in 2014. However, the presentation of averaged
velocity data in the form of a two-dimensional graph (velocity/distance along the profile) does not
provide sufficient information. For the visual presentation of a large time series of glacier velocities,
we consider the use of pixel-based time maps to be promising. Such visualization is intuitive and
displays all the obtained results. A pixel-based time map is a two-dimensional data set, each element of
which is color-coded to represent different velocity values. The elements of the X-axis show the values
of the glacier velocity along the centerline of the ice flow from the source (X=0) to the glacier mouth
(Xmax). The Y-axis represents time. Each value on the Y-axis is a point in time for which the glacier
velocity is determined. This provides a visual representation of the spatial and temporal distribution of
glacier velocity. The form of data presentation makes it possible to track both seasonal velocity
changes as well as local anomalies.

Despite the many advantages inherent in the pixel-based time map, its value is limited by the
period of the study. The ten-year period of remote sensing by the Sentinel-1 radar satellite does not
provide sufficient data to describe and analyze multi-year glacier cycles. A broader picture of the
dynamics of glacier movement is provided by the results of the pixel-based analysis.

This analysis is performed based on data from developed correlograms, also known as
autocorrelation diagrams. Correlogram analysis allows us to find answers to the following questions:
How are the results related to the adjacent results? Is the observed time series periodic? What is the
model that best describes the results of the time series?

Thus, it was established that some glaciers on the Kyiv Peninsula become more dynamic at
higher altitudes, i.e., closer to the source. At the same time, the Trooz glacier shows the opposite trend.
The increase in dynamics is observed towards the mouth. This fact correlates with the data on the
increase in the area of the Trooz glacier in recent years.

STUDY OF MICROPLASTICS IN BOTTOM SEDIMENTS OF THE WATER
AREA ADJACENT TO THE UKRAINIAN ANTARCTIC STATION

Ye. Nasiedkin, O. Olshtynska, G. Ivanova, S. Stadnichenko
Institute of Geological Sciences of NAS of Ukraine, Kyi, Ukraine; a_1207@ukr.net

Antarctica's remoteness from industrial centers and powerful sources of anthropogenic impact
makes it a "clean slate™" for studying natural processes and objects untouched by humans. At the same
time, human activity within the coastal regions of the Antarctic continent over the past decades has led
to increasing emissions of anthropogenic materials and substances into its waters. The activities of
scientific stations, development of tourism, active use of transport, and processes of water exchange
with other parts of the World Ocean affect the state of the natural environment, leading to its slow
pollution.

Plastic waste and microplastics are among the relevant types of pollutants that have only
relatively recently received sufficient attention. The study of microplastic distribution in the biological,
hydrological, and geological components of marine ecosystems, particularly the identification of
pollution levels by plastic materials, determination of their types, origins, and pathways, has become a
highly relevant research focus for the global scientific community in recent decades. This also applies
to Antarctic waters, where the occurrence of these pollutants in statistically significant quantities is a
relatively new phenomenon that can provide valuable information about their sources and distribution
pathways.
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The Institute of Geological Sciences of NAS of Ukraine, as part of Antarctic research conducted
in close collaboration with the State Institution National Antarctic Scientific Center, has carried out
field and laboratory work to identify the content of microplastic particles in the bottom sediments of the
water area adjacent to the Ukrainian Antarctic Station (UAS).

Four samples of the upper layer of sediments in the straits surrounding the Antarctic station were
studied. The aim of the study was to determine the presence of synthetic polymers in the geological
component, as well as to develop the laboratory cycle for sample preparation, detection, and
identification of microplastic particles. The mineral and granulometric composition of the samples, as
well as their moisture content, were simultaneously studied.

The laboratory studies were conducted according to the latest international methodologies. The
verification of the selected microplastic particles was carried out using Raman spectroscopy at the V.E.
Lashkaryov Institute of Semiconductor Physics of NAS of Ukraine.

The study confirmed the presence of microplastic particles in small quantities in half of the
examined samples. Most of the polymers were extracted from the sediment sample taken from Stella
Creek Bay (the only semi-enclosed waterbody among the studied elements of the aquatic area). This
may indicate both the impact of hydrological conditions on the dynamics of polymer fragment
deposition from the aquatic environment and the relative anthropogenic load on this waterbody.

The particles, based on their species (chemical) composition, were confirmed to be polyethylene
terephthalate and polypropylene. Another part of the samples, particularly fibers, was identified using
an alternative thermal method without instrumental confirmation.

The obtained results confirmed the feasibility of conducting further research, which, with a
systematic approach, could provide information on the quantitative and qualitative characteristics of
microplastics in the sediments of the aquatic area adjacent to the UAS, as well as the sources and
pathways of their arrival.

MICROPALEONTOLOGICAL AND NANOSEDIMENTOLOGICAL
CHARACTERISTICS OF THE PENOLA STRAIT BOTTOM SEDIMENTS
(ANTARCTIC PENINSULA WESTERN SHELF)

O.P. Olshtynska, S.M. Stadnichenko
Institute of Geological Sciences of the NAS of Ukraine, Kyiv, Ukraine; ol-lesia@ukr.net,
stadnik_sm@ukr.net

Comprehensive micropaleontological and sedimentological studies have provided new data on
the taxonomic composition and ecological characteristics of the siliceous algae from bottom sediments
of the western shelf of the Antarctic Peninsula and have established nanostructural features and particle
size distribution of these sediments.

A detailed sediment study of a 0.87 m thick section from station #2024-04 (65°11'46.75 «S
64°6'36.99 "W) and 0.6 m from station #2024-03 (65°12'11.38" S; 64°7'22.46" W) from Penola Strait
(between Peterman 1. and Yalur Is.) has been carried out. Samples were collected from the research
vessel Noosfera by PhD S.V. Kadurin (Odesa I.I. Mechnikov National University) during the 28th
Ukrainian Antarctic Expedition in 2024. The particle size distribution of sediments was studied by laser
sedimentography; ultrasonic disintegration of samples was used to extract paleontological residues;
microalgae taxonomic composition determination and their photographing were carried out in electron
and optical microscopes.
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The bottom sediments of the Antarctic Peninsula shelf are represented by gray, light gray mud
with a brownish tint, the mud structure ranging from flowing in the section upper part to weakly
consolidated in the int. 0.5-0.7 m, and dense in the int. 0.8-0.87 m.

The taxonomic composition of diatoms and silicoflagellates has been determined in 20 samples
from station #2024-04, Penola Strait. Their ecological and biogeographic characteristics and vertical
distribution in the 85 cm thick sediment layer have been analyzed. A total of 70 species taxa belonging
to 42 genera have been identified. The heterogeneity of species composition and changes in the ratio of
dominant species and ecological groups within the section were revealed, indicating variations in
environmental conditions during the sediment layer formation. The biogeographic characteristics are
dominated by open-ocean cold-water species that live in the ocean near the ice edge. The complexes
contain a significant amount of benthos and epiphytes, i.e., those living on substrates of various types —
macroalgae, rocks, ice surfaces, ice edges, and cracks. The Chaetoceros spore's dominance in the
section cover indicates the presence of an ecological stress area.

According to the results of granulometric analysis, the samples' predominant part is represented
by pelitic silt. The sediments are characterized by the content of clay fraction — 28.91-37.78%; silty
fraction — 51.4-62.05%; content of fine and small-sized psammitic fractions — 3.03-14.37% and
0.05-5.32%, respectively. A higher content of fine and small-sized psammitic fractions (up to 14.37%
and 5.32%) has been observed in the lower part of the section (int. 0.65-0.85 m — sandy pelitic silt),
indicating a transition to hydrodynamically less intense sedimentation conditions.

The diatom associations are of Late Holocene age and, in terms of genus and species
composition, are largely identical to those currently found in the waters, soil, and ice cover of this
region. It has been established that the species composition of microalgal ecological communities in the
section is largely heterogeneous, indicating various conditions of formation of the studied bottom
sediments layer. According to the numerical ratio of species in diverse ecological groups, intervals
coinciding with sediment layers determined by sediment lithology and granulometric composition have
been identified.
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COMPARISION OF THE LONG-TERM AIR TEMPERATURE TRENDS
BETWEEN THE ANTARCTIC PENINSULA AND SPITSBERGEN
ARCHIPELAGO REGIONS

Yu.M. Yampolsky, A.V. Paznukhov
Institute of Radio Astronomy National Academy of Science of Ukraine, Kharkiv, Ukraine;
yvampol46@gmail.com, yampol@rian.kharkov.ua,

The annual and seasonal variations of air temperatures in the regions of the Antarctic Peninsula
and Spitsbergen Archipelago were analyzed during the 2002-2015 years in this paper. We used the
source database, which was provided by the World Meteorological Organization (WMO) and the
National Climatic Data Center (NCDC), which included more than 10,000 weather stations around the
world. To estimate the regional values of the average daily temperature, the entire globe is divided into
cells with geographically equal angular dimensions with the sizes of 100 in latitude and longitude.
Then, depending on the coordinates of each weather station, they were associated with the desired cells.
The estimated daily temperatures of all stations located in the cell were averaged. Further comparison
of temperature behavior between Antarctic and Arctic regions was performed using such daily
averages. This method of estimating temperature trends was successfully used by us earlier to compare
the behavior of continental temperatures with annual variations of thunderstorm activity in Africa and
Latin America (http://rpra-journal.org.ua/index.php/ra/article/view/1268). To analyze the temperature
at Spitsbergen it was taken a cell located from 700 to 800 N, and from 100 to 200 E. For the Antarctic
Peninsula, the cell position was limited from 600 to 700 S and 600 to 700 W.

Significant warming in the Antarctic Peninsula region was confirmed. It is most noticeable in the
winter season and least pronounced in summer. The absence of any temperature trend was found for
Spitsbergen, which distinguishes this archipelago from other regions of the Arctic, which, like
Antarctica, are experiencing rapid temperature increases. The reason for this may be a warm North
Atlantic Current (northeast part of the Gulf Stream). Sea ice shells have a great influence on the
climate. The most noticeable warming in the Arctic is observed in those places where ice shell retreat
most rapidly or the period of ocean ice coverage is significantly reduced. Spitsbergen is distinguished
by the fact that the North Atlantic Current reaches its shores. The warm water that it brings keeps the
ocean from freezing even in winter. As a result, the boundary of sea ice near the archipelago varies
very little during a year and has almost no change from year to year. Such stability in the ice cover
leads to climatic constancy in this Arctic region.
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FIRST ADVANCED EMIRATI WEATHER STATION IN LIVINGSTONE
ISLAND - ANTARCTICA

A. Alkaabit”, B. Al Ameri', M. Haroon® P. Sapundjiev?, K. Nedkov?, R. Stefanov?, V. Gigov?
!National Center of Meteorology, Abudhabi, United Arab Emirates; amalkaabi@ncm.gov.ae;
2Bulgarian Antarctica Institute, Republic of Bulgaria

Within the 33rd Bulgarian Antarctica Expedition, a joint expedition between the National
Center of Meteorology in the United Arab Emirates and the Bulgarian Antarctic Institute in the
Republic of Bulgaria took place in 2024 — 2025. The National Center of Meteorology installed the first
UAE’s advanced weather station in Livingstone Island, Antarctica. The purpose of installing advanced
weather station in Livingstone Island, Antarctica, is to observe, monitor and analyse meteorological
observations, conditions and the effects of climate change on local- and mesoscale. Furthermore, to
participate in regional and global research and studies to raise the global society awareness. In addition,
to take part in other related scientific research, for instance, including observational data into regional
and global numerical weather predictions models to enhance weather forecasting by the World
Meteorological Organization system. Also, to work in partnership with other meteorologists in
Antarctica to better understand weather conditions and increase the accuracy of weather forecast and
warnings for global early warning signs. Furthermore, to collaborate with scientists in Antarctica by
exchanging data to achieve their research and studies. Finally, to cover the gap analysis and increase
the accuracy of nowcasting. Antarctica is remarkable and the most remote continent on this planet. This
frozen land is key to understanding how the behaviour of planetary dynamics works between the two
poles (Arctic and Antarctic) and the equator (where it is not far from the UAE), defined as
Teleconnection. So, conducting science in Antarctica will help our understanding of global atmospheric
issues including effects of climate change, ozone depletion, risk of sea level rise, and give us early
warning from tsunami due to earthquakes or ice melting. The collected data from the research
instruments will build a better understanding of physics, local dynamics, the behaviour of atmospheric
conditions, local parameters, the daily weather conditions, seismic and volcanic activity, as well as
glacier motion. In Antarctica, there are many mysteries without answers. As the first step and more are
coming, we will help to cover the gap analysis, and better decision making to protect our planet by
local and global collaboration with researchers and scientists.
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AIR TEMPERATURE AND SOLAR INSOLATION CHANGES OVER
ANTARCTIC PENINSULA DURING 1981-2020 AND THEIR INFLUENCE ON
SNOW COVER

V.M. Shpyg?, O.A. Shchehlov?, L.O. Gorbachova?!, B.F. Khrystiuk!, D.V. Pishniak?, K.V. Huda?,
A.Yu. Tsilal

! Ukrainian Hydrometeorological Institute of the State Emergency Service of Ukraine and the National
Academy of Sciences of Ukraine, Kyiv, Ukraine; vitold82@i.ua;

2 State Institution National Antarctic Scientific Center, the Ministry of Education and Science of
Ukraine, Kyiv, Ukraine

Antarctica plays an important role in the Earth's climate system. It is the coldest and driest place
on the planet, which is significantly different from the warmer Arctic. The surface network of regular
meteorological observations is characterized by a low density. The stations are situated mainly near the
coast of the continent. Carrying out the in-situ measurements in such climate, physical, and
geographical conditions is quite difficult and expensive. Therefore, scientists, as a rule, have a lot of
confidence in data from numerical modeling and satellite measurements. However, to ensure high
accuracy, these data must be compared with data from in-situ observations. Over the past 20-30 years,
reanalysis data have become increasingly popular and a requirement in the scientific community —
meteorological parameters (air temperature, atmospheric pressure, wind speed, and direction,
precipitation, etc.), which were calculated at regular grids over the past years using a global numerical
atmospheric model with assimilation of observational data.

This study, based on the ERAS reanalysis data, examines the annual cycle (in monthly resolution)
of air temperature, total solar radiation, and snow cover for the entire Antarctic Peninsula. The spatial
distribution of all three meteorological variables by months for the 1981-2010 climate norm and the
new 1991-2020 climate norm, their average values for four decades (1981-1990, 1991-2000,
2001-2010, and 2011-2020), and the differences of the decadal averages from each of the climate
norms, as well as the differences between the two climate norms, are analyzed.

It is shown that on the Antarctic Peninsula, the largest changes in air temperature and snow depth
occur in coastal areas. No significant changes in snow cover depth were manifested towards the interior
of the continent (according to reanalysis data). These changes are localized by their geography, that is,
against the general background, there are certain areas where they occur the most. The magnitude of
these changes is also not constant; they vary from decade to decade. It has been found that an increase
in monthly average air temperatures (over a decade) corresponds to an increase in total solar radiation
for the same month. Moreover, this effect appears regardless of which climatic norm is used as a
reference value.

It is also necessary to note the presence of the following features in the variability of solar
radiation amount: 1) the largest changes occur during the Antarctic summer and reach values of several
tens of MJ (both in an increase or decrease directions); 2) for January for the decades 1981-1990 and
2001-2010, there was an increase in the monthly sums of total solar radiation on the western coast of
the Antarctic Peninsula, while a decrease was observed on the eastern coast; 3) during 1991-2000,
there was a decrease of the sums over the most of the peninsula area; 4) during 2011-2020, there was
an increase of the sums over the most territory of the peninsula, and it was more intense on the eastern
coast.
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ILLUMINATION CONDITIONS OF PLANT COMMUNITIES ON GALINDEZ
ISLAND IN  COMPARISON TO  STANDARD ACTINOMETRIC
MEASUREMENTS
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The microclimatic characteristics of plant populations can provide insights into the optimal
conditions for their survival on the Antarctic Peninsula, particularly on Galindez Island. On the other
hand, habitats can serve as indicators of microclimatic conditions, which encompass various
meteorological parameters. Given the rocky terrain of the area, solar insolation plays a crucial role in
shaping the microclimate across different parts of the island. The aim of this study is to evaluate the
feasibility of reconstructing a time series of total solar radiation at specific logger locations using data
from light sensors. The practical application of the obtained dependencies lies in the ability to calculate
the flux of photosynthetically active radiation (PAR) for plants based on the derived total radiation
flux. This can be achieved using empirical coefficients that account for the proportion of PAR within
the total solar radiation flux. The essence of the proposed approach is that, by understanding the
relationship between solar radiation and illumination, insolation conditions at specific locations can be
determined using regression equations. As input data, we utilized measurements from loggers within a
Bio-Microclimatology Experimental Ground designed to study the environmental conditions of
vascular plants growth in the Galindez Island area. The dependence was determined based on the time
series of total solar radiation measured by the sensor of the Vaisala AWS310 (Automatic Weather
Station). Measurement data from 16 HOBO Pendant Temperature/Light 64K Data Loggers collected
between 2019 and 2021 were analyzed. Ten representative sites were selected from these locations,
situated in open rocky areas that remain largely snow-free during summer. The analysis showed that
maximum illumination from December to April occurs between 13:00 and 14:30 (local time), with
values reaching 80,000 lux or more in December and January. Total solar radiation follows a similar
distribution throughout the day and year. The highest monthly totals are recorded in December and
January, reaching approximately 500 MJ, while midday solar radiation flux approaches an average of
450 W/m2. For illumination indicators, a strong correlation with total solar radiation measured at the
Vaisala AWS was observed from November to April on days without precipitation. The derived linear
regression equations for estimating total solar radiation demonstrated a determination coefficient of
0.8-0.9. However, six other loggers showed lower consistency. Accordingly, for these loggers, the
analysis of the daily illumination patterns also revealed temporal variations in the timing of peak
illumination. These discrepancies can be attributed to the obstructed horizon at each specific location.
Other possible factors may include specific snow cover conditions and external influences on the
sensors, such as mechanical displacement. The lack of a detailed description of the loggers' exact
locations further complicates the interpretation of the results. To better explain the differences between
the loggers, it is recommended that future expeditionary research include a more detailed description of
each logger's location. This should include factors such as horizon obstruction, which directly
influences the lighting conditions at each site.
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SEASONAL VARIATIONS OF THE LOWER IONOSPHERE BOUNDARY IN
SHARP-BOUNDED MODEL AS ESTIMATED BY TWEEK ATMOSPHERICS’
OBSERVATIONS DURING 2023-2024 AT AKADEMIK VERNADSKY
STATION

Yu.V Gorishnyal, 4.0. Shvets?, A.O. Sopin?

10. Ya. Usikov Institute for Radiophysics and Electronics of the National Academy of Sciences of
Ukraine, Kharkiv, Ukraine; yugorishnya@gmail.com;
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Ukraine, Kharkiv, Ukraine; Isshvts@gmail.com;

3Institute of Radio Astronomy of the National Academy of Sciences of Ukraine, Kharkiv, Ukraine;
sopin@rian.kharkov.ua

Tweek-atmospherics (tweeks), along with radio transmission by VLF radio stations, are used to
study the lower ionosphere. Tweeks are pulse signals of natural origin in the ELF — VLF frequency
range propagating in the earth — ionosphere waveguide (eiwg). Lightning as a signal source and purely
nighttime propagation limit the use of such atmospherics, but simultaneously create an opportunity to
study geophysical and climatic conditions by them.

An extensive ensemble of tweek records, obtained from March 2023 to September 2024 almost
daily at Ukrainian Antarctic Akademik Vernadsky station (UAS) (UK/Ukrainian), is made use of. The
single-position method for lightning location and estimation of the ELF waves’ reflection heights in the
lower ionosphere by tweeks has been applied. By receiving two horizontal magnetic and a vertical
electrical component of the tweek-atmospheric signal at UAS the uncertainty of the tweek' bearing was
eliminated. The calculations were performed in a model with a sharp lower boundary of the nighttime
ionosphere attempting to accurately reproduce natural conditions in the nighttime d-layer of the
ionosphere, where an electron concentration is found to rapidly increase over few kilometers at night,
and a layer with small changes in plasma concentration is observed above, the thickness of which
exceeds the penetration depths of radio waves for the tail part of the tweek. The model assumes a
characteristic height he, above which there is a half-space with a constant electron concentration. The
tweek radio waves propagate in eiwg in several modes, which correspond to the harmonics identified in
the signal spectrogram. In the ensemble of the studied records, three lower harmonics were identified,
if possible, and the cutoff frequencies are determined for each. The cutoff frequencies of first and
second harmonics are used to determine he and the electron concentration in the upper half-space,
averaged over the entire tweek propagation path.

The variations during the night for the estimated lower boundary he of the ionosphere were
averaged monthly for every of 19 months under study. To cover large area, they were obtained
separately for regions with tweek sources in South America (paths 3...7 mm long), South Africa (5...10
mm long) and the vicinity of the UAS (sources at distances of 1...3 mm).

The climatic seasonal margins for the lower ionosphere of studied area were found to be May —
September as the winter half-year and October — April as the summer half-year with sharp difference.
The summer and winter boundary heights he of the lower ionosphere were more than 83...84 km and
less respectively, near midnight at least, with extremes as 86 km in February and in June as 81 km for
paths from South America and South Africa and 79 km for vicinity of the UAS. Boundary height he
variations during the night are most pronounced in winter, up to 2 km, with a maximum around
midnight at tweek sources area and a minimum in the evening. In the morning, he either decreased or
was fairly stable. Another sharp minimum in monthly he is observed in the UAS vicinity in November
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and December, averaging 81 km. The possible explanation of the summer minimum can be made by
twilight for entire short night in the circumpolar zone around the solstice.

CONNECTIVITY OF CURRENTS BETWEEN THE WEDDELL AND
BELLINGSHAUSEN SEAS FROM THE LAGRANGIAN POINT OF VIEW

R. Bezhenar, V. Maderich, 1. Brovchenko
Institute of Mathematical Machine and System Problems of the National Academy of Science of
Ukraine, Kyiv, Ukraine; romanbezhenar@gmail.com

This study assesses the connectivity of currents around the Antarctic Peninsula and identifies the
structure of flows carrying particles from the Eastern to Western Antarctic Peninsula continental
shelves. We used circulation data for the Weddell and Bellingshausen Seas from the “Whole Antarctica
Ocean Model” to obtain and analyse particle trajectories using the “Probably A Really Computationally
Efficient Lagrangian Simulator” (Parcels) model. The software included the main Parcels kernels and a
previously developed kernel that ensures the conservation of the number of particles during flow
around irregularities in the bottom relief and the lower edge of ice shelves. We also developed a kernel
to simulate convection in the ocean’s upper mixed layer.

Around 170,000 virtual particles were released at a depth of 10 m during a year with a spatial
step of 1° in two shelf and slope sectors in the southern Weddell Sea where the depth is less than 1500
m. The first sector covers the shelf area between 71°S and 77°S adjacent to the Filchner-Ronne Ice
Shelf. The second sector covers the shelf area between 70°S and 65°S adjacent to the Larsen Ice Shelf.
The pathways of water masses were characterised by the percentage of particles P that visits each
10x10 km grid cell at least once in a modelling period of 20 years.

According to model results, 21% of particles move around the tip of the Antarctic Peninsula
crossing 58°W, while 70% of particles turn northeast. The smaller sector, adjacent to the Larsen Ice
Shelf, is the main source of particles transferred to the Bellingshausen Sea (51%). Only 3.4% of the
released particles were transported to the west of 80°W, while the Amundsen Sea (105°W) was reached
only by 0.1% of released particles. This indicates a virtual lack of connectivity between the Weddell
and the Amundsen Seas.

Analysis of the Lagrangian pathways of virtual particles connecting the Weddell and
Bellingshausen Seas made it possible to identify the path of the Bransfield Current along the western
side of the South Shetland Islands. The U-turn of particles initially following the mainland coast of the
Western Antarctic Peninsula is in agreement with the drifter experiments of Thompson et al. (2009).
The drifters deployed east of the Antarctic Peninsula tip initially moved along the Western Antarctic
Peninsula, then turned north and east, forming the Bransfield Current at approximately 61°W by
merging with the eastward current through the Gerlache Strait. Highly variable individual particle
trajectories indicate the complicated structure of the Bransfield Current that needs further investigation.

Thompson, A. F., Heywood, K. J., Thorpe, S. E., Renner, A. H. H., & Trasvifia, A. (2009). Surface

circulation at the tip of the Antarctic Peninsula from drifters. Journal of Physical Oceanography, 39(1),
3-26.https://doi.org/10.1175/2008JP03995.1
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THE IMPACT OF ICE KEEL GEOMETRY ON INTERNAL WAVE
DYNAMICS AND MIXING PROCESSES IN POLAR REGIONS

K. Terletska, V. Maderich,
Institute of Mathematical Machine and System Problems of the National Academy of Science of
Ukraine, Kyiv, Ukraine; kterletska@gmail.com

The interaction of internal solitary waves (ISWs) with ice keels can significantly influence ocean
mixing processes, particularly in polar regions, where ice is crucial in regulating heat and salt fluxes.
As underwater topographic features, ice keels impact ISW propagation, causing wave transformation,
energy dissipation, and turbulence generation. The study explores how variations in keel geometry —
ranging from smooth single keels to complex multi-keel formations — affect wave behaviour, leading to
enhanced mixing that influences ice melt rates and ocean circulation. Through a series of numerical
simulations, we examined the impact of different ice keel geometries on ISW transformation and
energy dissipation. Results indicate that increasing the number of keels within the ice ridge envelope
enhances wave breaking, turbulence, and energy loss. The presence of multiple keels leads to complex
wave interactions, including the formation of secondary internal waves and Kelvin-Helmholtz
instabilities, which contribute to localized mixing. However, despite variations in stratification and keel
structure, the overall fraction of energy dissipated remains relatively stable across different
experimental conditions. These findings provide insights into the role of internal waves in ice-ocean
interactions, emphasizing the significance of keel morphology in modulating wave-induced mixing.
Understanding these processes is essential for improving climate models, as wave-driven mixing
influences ocean circulation and the melting of sea ice. The study highlights the need for further
research on the effects of complex ice keel topography on internal wave dynamics, particularly in the
context of changing polar seas conditions.
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