M\

— | / s e,
“ @ i|||||| e® Oe
AP W ey e TOUKA KWMEHWA CADY
Yy :

POCCHACKAS AKATEMWS! HAYK PULKUA_ UpO ELELLC L

YPANBCKOE OTOENEHWE

- 4 ( l' .. .._ i, < } bt - -
17-19 anpeus 2024 roxa
1V MexayHapoaHasi MOJIOAEKHAA
- ‘

hgayqﬂo-npaRaneCKaﬂ KOH(pepeHUust »

APKTUYECKWVE UCCJIEJIOBAHUS:

TBCTEHCHBHOFO OCBOCHHA K KOMJIJIEKCHOMY Pa3BUTHIO

1 .. I. ApXaHIe/lbCK




MuHHCTEPCTBO HAYKU U BBICIIET0 0Opa3oBaHus Poccutickoit denepanu

denepaibHOE TOCYAAPCTBEHHOE OI0IPKETHOE yUpekaeHue Hayku DenepaibHbIi
MCCIIE0BATENbCKUI IEHTP KOMIUIEKCHOTO U3y4eHUsI APKTUKH UMEHU aKaJeMHUKa
H.II. JlaBépoBa Ypanbckoro otaeneHuss Poccuiickon akaieMuu HayK

denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEIKICHUE BBICIIIETO
obOpazoBanus «CeBepHblid (ApKTHUeCKUil) dhenepatbHbIi YHUBEPCUTET
nmenu M.B. JJomoHOCOBa»

APKTUYECKUE NCCIIEJOBAHMA:
OT SKCTEHCHMBHOI' O OCBOEHNM A
K KOMIUIEKCHOMY PA3BUTUIO

Marepuainsl [V mexnynaponson
MOJIO/ICKHOM HAYYHO-IPAKTUUECKON KOH(DEpEeHIUU
(Apxanrensck, 17-19 anpenst 2024 rona)

ApXaHTeNnbCcK
2024



VIIK 10.4(985)(082)+613.11(985)(082)+332.1(985)(082)
BBK  6.890(211)2431+60.52451431+65.9(211)243 1+
51.201(211)5431+20.1(211)5431

A 826

A 826

ApKTHYECKHE MCCJIEOBAHUA: OT HKCTEHCUBHOIO OCBOCHHS K
KOMILJIEKCHOMY ~ pa3BUTHIO : Marepuansl [V MexayHapoaHOH
MOJIOZIC)KHOW HAy4YHO-TIpaKTHUYeCKOM KoH(pepeHIun (ApXaHreabCK,
17-19 ampens 2024 roma) : [16+] / M-Bo oOpa3oBaHusi U HayKu
Poc. ®enepanun, denep. roc. OrKET. yupexJaeHue Hayku Denep.
UCCJe. LeHTP KOMIUIeKC. u3ydeHust Apktuku um. akaj. H.I1. JlaBeposa
Poc. akan. wnayk, ®emep. roc. o0pa3oBaT. Y4YpPEKJIECHHE BBICII.
obpazoBanus «Ces. (ApkT.) dpenep. yH-T uM. M. B. JlIoMmoHOCOBa» ; HayH.
pen., coct.: Boponuna JI. B., SIkymeBa Y. E. — Apxanrensck : [0. u.],
2024. — 420 c. : un.

N3narenbckuii neHTp A3+, 2024. — 1 CD — TecKT : 31€KTPOHHBI.

COOpHUK COAEPKUT pe3yNbTaTbl HCCIECJOBAaHUM M pa3pabOTOK
MEXIYHAPOJHBIX M POCCUHCKHMX YYEHBIX, ACIHUPAHTOB, CTYJCHTOB.
Tpynbl wHccnenoBaTese OXBAaTbIBAIOT LEJBIA CHEKTP BOIPOCOB U
npoOsieM  pa3BUTHS ~ ApPKTUKH: €€  COLUUAIbHO-KYJIBTYpHOE U
HYKOHOMHUYECKOE CTAaHOBJICHHUE, CYIIECTBYIOLINE METUKO-ONOIOTUYECKIE
npo6iieMbl, crienuUKy aJanTalydy 4eJ0BeKa B apKTHUYECKOM PErHOHE,
COCTOSIHME Y COXPAHEHME SIKOCUCTEMBI U CUCTEMA OXPAHBI OKPYXKaIOLIEH
Cpensl, 0COOEHHOCTH IIPOMBILIJIEHHOTO IIPOU3BOJICTBA "
XO35CTBEHHOI'0 YKJIA/1a, 4 TAK)KE MIEPCIIEKTUBHBIC JUIsl BHEIPEHUS U yiKE
OpUMEHSEMbIE B HEM HH(OpPMALMOHHBIE TEXHOJIOTMHU. Marepuanbl
KOH(GEpeHIIMH  MpelHa3HayeHbl Uil  HAy4YHBIX  paOOTHUKOB,
IIPENoIaBaTeliei By30B, aClIMPAHTOB, CTYACHTOB U CIIELIMAJIUCTOB.

Marepuaisl u31aHbl B aBTOPCKON PEAAKIIAM.

ABtopsl: BacunbeBa Anactacusi CepreeBHa, Ky3nenosa Mapuna
HuxonaesHa, ['anaktnonos Oner HukonaeBuu u apyrue.

Hayunbiii pemaxkrop, cocraBurens KHUru: Boponwmna Jlrogmmuiia
BacunbeBHa, SkymieBa YinbaHa EBreHbeBHA U ApYyTHE.

Domoepaguu na obnodicke FO.C. Konocosoii.

IIponieccop AMD, Intel ot 1 I'T1; O3V ot 1 I'6; 12,6 M6 HDD; Windows XP SP3/Vista/7/8/10 wun
aHayor; MoHUTOp C paspemrerneM ot 800x600; muckoBoy CD-ROM, knaBuatypa, Mblb; Adobe
Acrobat Reader.

ISBN 978-5-86279-228-7 © ®I'bYH ®ULKHUA YpO PAH, 2024

© Cesepnblii (ApkTUuecknii) henepanbHbINA
yHuBepcuteT umeHu M.B. JlomoHocoBa, 2024



2. Goryachkin S.V. Geography of extreme soils and soil-like systems // Bulletin of the Russian
Academy of Sciences. 2022. Ne 92 (3). P.335-341.

3. Mergelov N.S., Goryachkin S.V., Zazovskaya E.P., Karelin D.V., Nikitin D.A., Kutuzov S.S.
Supra-glacial soils and soil-like bodies: diversity, genesis, functioning (review) // Eurasian Soil Science.
2023. Ne 56 (12). P. 1845-1880. https://doi.org/10.1134/S1064229323602330

4. Kaczmarek L., Jakubowska N., Celewicz-Goldyn S., Zawierucha K. The microorganisms of
cryoconite holes (algae, Archaea, bacteria, cyanobacteria, fungi, and protista): a review // Polar Record.
2015. V.52 (2). P.176-203. https://doi.org/10.1017/S0032247415000637.

5. Musilova M., Tranter M., Bamber J.L., Takeuchi N., Anesio A.M. Experimental evidence that
microbial activity lowers the albedo of glaciers / Geochem. Perspect. Lett. 2016. V.2. P. 106-116.
https://doi.org/10.7185/geochemlet. 1611

6. Polyakov V., Zazovskaya E., Abakumov E. Molecular composition of humic substances
isolated from selected soils and cryconite of the Greonfjorden area, Spitsbergen // Polish Polar Research.
2019. V. 40(2). P. 105-120. https://doi.org/10.24425/ppr.2019.128369

7. Kirtsideli I.Y. Microscopic fungi in the soils of Hayes Island (Franz Josef Land) // News of
systematics of lower plants. 2015. Ne 49. P.151-160.

8. Nikitin D.A., Semenov, M.V., Semikolennykh A.A., Maksimova I.A., Kachalkin A.V.,
Ivanova A.E. Biomass of fungi and species diversity of cultivated mycobiota of soils and substrates O.
Northbrook (Franz Josef Land) // Mycology and Phytopathology. 2019. No 53(4). P.210-222.
https://doi.org/10.1134/S002636481904010X

9. Nikitin D.A., Semenov M.V. Characterization of Franz Josef Land Soil Mycobiota by
Microbiological Plating and Real-time PCR // Microbiology. 2022. Ne 91 (1). P.56-66.
https://doi.org/10.1134/S002626172201009X.

10. Semenova E.M., Babich T.L., Sokolova D.Sh., Dobryansky A.S., Korzun A.V., Kryukov
D.R. Microbial diversity of soils of the Franz Josef Land archipelago contaminated with petroleum
products // Microbiology. 2021. Ne 90(6). P. 721-730. https://doi.org/10.1134/S0026261721060138

11. Nikitin D.A., Manucharova N.A., Dobryansky A.S. Microbiome of Soils and Supraglacial
Objects in Background // Eurasian Soil Science. 2024. V. 57(2). P. 251-265.
https://doi.org/10.1134/S1064229323602767

12. Nikitin D.A., Lysak L.V., Zazovskaya E.P., Mergelov N.S., Goryachkin S.V. Microbiome of
Supraglacial Systems on the Aldegonda and Bertil Glaciers (Svalbard) // Eurasian Soil Science. 2024.
V. 57(4). P. 601-622. https://doi.org/10.1134S1064229323603189

13. Namsaraev Z., Bobrik A., Kozlova A., Krylova A., Rudenko A., Mitina A., Saburov A.,
Patrushev M., Karnachuk O., Toshchakov S. Carbon Emission and Biodiversity of Arctic Soil Microbial
Communities of the Novaya Zemlya and Franz Josef Land Archipelagos // Microorganisms. 2023. V.
11. P. 482. https://doi.org/10.3390/microorganisms11020482

14. Domsch K.H., Gams W., Anderson T. Compendium of soil fungi. IHW-Verlag. Eching,
Germany. 2007.

ECOLOGICAL ASPECT OF PERMAFROST DEGRADATION

Z.A. Syed',

Dr. S.V. Popov!”

A.S. Vichare!

S. Abbas?

ISAINT PETERSBURG STATE UNIVERSITY, Saint Petersburg, email: st115941@student.spbu.ru
Karakoram International University,

Gilgit, 15100, Pakistan.

* Academic supervisor

Abstract: Permafrost plays an important role in global climate change, in the balance of
greenhouse gases, arctic environment ecosystems, and human activities in the Polar Regions.
Permafrost, characterized by the continuous presence of frozen ground for two or more consecutive
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years, constitutes a vital component of Earth's cryosphere and plays a pivotal role in global climate
regulation and ecosystem functioning. However, with accelerating climate change, permafrost
degradation has become increasingly pronounced, posing significant ecological challenges worldwide.
This review provides a comprehensive overview of the ecological implications associated with
permafrost degradation.

Keywords: Degradation, Permafrost, Ecological, hydrological, greenhouse gas, Ecosystem,
Soil, Vegetation.

Firstly, the physical changes induced by permafrost degradation, including ground subsidence,
thermokarst formation, and altered hydrological regimes, have profound effects on terrestrial
ecosystems. These alterations disrupt habitat suitability, soil stability, and nutrient cycling, thereby
influencing the distribution and abundance of plant and animal species. Additionally, the release of
greenhouse gases such as methane and carbon dioxide from thawing permafrost exacerbates climate
change, creating a positive feedback loop that further accelerates permafrost degradation (Figure-1).

Secondly, permafrost degradation alters the dynamics of soil microbial communities, which play
crucial roles in nutrient cycling, decomposition, and greenhouse gas emissions. Shifts in microbial
composition and activity can lead to changes in ecosystem productivity and resilience, with potential
cascading effects on higher trophic levels.

Besides, thawing permafrost affects the availability and quality of freshwater resources,
particularly in Arctic and sub-Arctic regions, where permafrost underlies extensive areas. Changes in
hydrological regimes influence the structure and function of aquatic ecosystems, including alterations in
water temperature, nutrient concentrations, and habitat availability for aquatic organisms (Table-1).
Moreover, permafrost degradation poses significant socio-economic challenges, especially for
Indigenous communities reliant on traditional livelihoods and ecosystem services. Disruptions to
infrastructure, such as roads, buildings, and pipelines, further compound the economic costs associated
with permafrost thaw. Here, permafrost degradation usually occurs when wildfire disturbs the surface
organic layer, changes in lateral flows of water thaw the edges of permafrost plateaus, or changes in air
temperature or snow cause raised permafrost communities to collapse into the wetlands [1].
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Figure 1 — A schematic representation of the factors influencing the degradation of permafrost in the
Arctic and Subarctic [2]

Ecological and geomorphological processes are highly sensitive to the phase change between water and
ice. This transition point makes the structure and function of permafrost ecosystems unique and also
vulnerable to major change in a warming climate. However, with accelerating climate change,
permafrost degradation has become increasingly pronounced, posing significant ecological challenges
worldwide. Here is a comprehensive overview of the ecological implications associated with permafrost
degradation [3].
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Table 1 — Ecological Influences on Permafrost

Region Year | Permafrost Change in | Change in | References
Degradation Ecosystem/ Dominant
Vegetation Species
type/Soil  water
content
Northwest 2001 35% degraded of the 242+0.3) % Nutrient regime [4]
Canada 263,964 hm? in forest and is higher in
(72.5 £ 1.9)% in bog collapse scar
Increased compared to
bogs
Siberian Low 2018 | Ground warming and Shrub expansion Alder (Alnus) [5
Arctic, Russia Active layer increase
(11.8 to 4.3m)
Yukon 2018 (5.3 £2.2)% of area | Terrestrial Ecosystem | Lowland moist [6]
Kuskoswim to wetlands birch-
Delta, Alaska ericaceous

(5.0%) and
water sedge

(+1.7%)
Northern Siberia, | 2016 Active Layer N/A Nonvascular [7]
Russia Increase plant diversity
decreased
Arctic Lowland 2016 Permafrost thaw (24.2£0.3)% in Increase [8]
forest and (72.5 + Nitrogen
1.9)% in bog availability
Canadian Arctic 2015 Thaw Slump Graminoids and forbs Arctarostis [0]
to forbs, dwarf shrub latifolia and
and bryophyte Salix arctica,

S. pulchra and
S. reticulata at
250-year tree

site.
Northwest 2014 Permafrost Thaw Forest loss (0.26 + N/A [10]
Territories, 0.03)% per year from
Canada 1977 t0 2010
Alaska 2012 Permafrost thaw Water content was Soil organic [11]
lower in permafrost carbon is
Plateau (7.8 = 0.0)% greater in
permafrost
plateau (137 +
37kgCm?)
Tundra near 2015 Thermokarst extent Shrub to aquatic Dryas [12]
Prudhoe Bay increased 7.5% mosses and forbs integrifolia,
Alaska In 1949 t02012 Salix arctica
and
S. Tanata to
Calliergon
giganteum
Canadian Arctic 2009 Ground Warming Vegetation greening Dwarf shrubs, [13]
increased forbs, mosses

0.49%¢e0.79% and and lichens in

0.46%¢e0.67% over | High Arctic and

the High Arctic and | dwarf shrubs in
Low arctic Low Arctic

In conclusion, permafrost degradation represents a multifaceted ecological issue with far-
reaching consequences for terrestrial and aquatic ecosystems, global climate dynamics, and human
societies. However, the role of summer precipitation relative to temperature is less significant. Although
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summer temperatures can be quite variable from year to year explaining the large temporal variability
of ALT, permafrost temperature is a function of mean annual temperature and its amplitude and hence
a more conservative characteristic, since inter-annual variations are smaller than seasonal variations
from year to year. Addressing this challenge requires interdisciplinary research efforts to enhance our
understanding of permafrost dynamics, develop effective mitigation strategies, and inform adaptive
management practices that promote ecological resilience in a rapidly changing Arctic and sub-Arctic
environment. Hence, it is suggested to coordinate a systematic approach by using the latest technologies
for observations, monitoring and numerical modeling in the characterizing the degrading permafrost and
vegetation with soil hydrology, as well as to understand the physical and biogeochemical mechanisms
of ecological influences. Among them, monitoring, mapping and forecasting of ecological influences
and permafrost ecological processes by using geophysics, remote sensing, laboratory incubation, and
sophisticate permafrost ecological models deem necessary.
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