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THE VULNERABILITY AND ENVIRONMENTAL RESILIENCE OF ECOSYSTEMS
IN YAMAL, RUSSIAN ARCTIC

AHHOTaIlI/ISI: MnpeaACTaBJICHHAA pa60Ta paccMaTpuBaACT AKTYAJIbHBIC 3KOJIOTNMYCCKUC HpO6J‘I€MI>I Ha 11-
oBe SIman, Ha ceBepe neHTpanbHOl yactu Poccun, SIHAO. DTOT peruoH, yHUKajIeH 0 CBOUM IIPHUPOTHBIMU
1 DKOJIOTHYECKUMH ycIoBHsIM. Dr3uko-reorpadudecku, TEpPUTOPHS MIPEICTaBIIEHa PACTIPOCTPAHEHUEM T10-
KpOBa MOXOBO-JIMIIIAMHUKOBBIX TYHJIP B YCJIOBHSIX BEYHOU Mep3/0ThL. [J100abHBIC 3KOJIOTHYECKUE U3MEHE-
HUA U KIIMMAaTU4YCCKUE Bapualuu, CHOCO6CTBYIOT Acrpaganuunu Opr)KEHOHICfI Cpe€abl TYHAPBI, B YaCTHOCTH
YBEIINMYUBACT aKTUBHOCTH KPHOT€HHBIX CKJIOHOBBIX ITPOLECCOB (KpI/IOFCHHHe OHOJ‘ISHI/I). I[aHHaSI CTaThiA
MMpeaACTaBJIACT O630p JIOKAJIBHBIX 3KOJIOTMYCCKUX ACIICKTOB, BBI3BAHHBLIX ITPOICCCAMU INJIAHETAPHOTO U3ME-
HEHUS KJIMMaTa Ha 1-Be SIMaJl, B T.4. aHAIMU3 BO3JCHCTBUS CKIIOHOBBIX reOMOP(OIOrHUSCKUX TPOIIECCOB Ha
OKPY’KaIOIYIO0 Cpelly TyHIphl. Tak, y4acTKH PacTUTEIbHO-IOYBEHHOI'O MOKPOBA, I€ MUMEIU MECTO KPHO-
T'C€HHBIC OITOJI3HU, UCTIBITHIBAOT MEIJICHHOE U 3aTPYAHEHHOE BOCCTAHOBJICHHUE B YCIOBUAX KpaﬁHCFO CeBepa,
4TO CBS3aHO CO CHEHH(UKON TeMIIepaTypHO-IOYBEHHOr0 pekuMma. B pabote mopauepkuBacTcsi HEO0OXOau-
MOCTh OEpEeKHOTO ¥ IMIAJSAIIEer0 BHEITHETO (B T.4. aHTPOIIOTEHHOT0) BO3ICHCTBUS Ha OKPY KAIOIIYIO CPEeIy B
YCIIOBUSIX TYHJAPHI, Ojaromapsi KpaifHe crienupUIecKuM SKOJOTHYECKHM YCIIOBHSAM MECTHOW IPHPOIIBL,
UMEIOIIEH MPUPOAOOXPaHHYO LIEHHOCTh TUIAHETAPHOTO MacIiTada.
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Abstract: the research paper focuses on the environmental problem of Yamal region, geographically
located in the Russian Yamal-Nenets autonomous region, northern-central Russia. This region is character-
ized by the unique nature and environmental conditions, combining two physical-geographical regions: sub-
Arctic and Arctic moss-lichen tundra and permafrost conditions. The recent changes in global climate and
overall warming highly contribute to the degradation of the tundra environment and increases cryogenic
slope processes. This paper focuses on the investigation of the ecological aspects of the global climate
change in Yamal peninsula, and analysis the development of slope processes on the local tundra environ-
ment.
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The Russian Arctic tundra is a very specific ecoregion of our planet, highly important for the world
environmental heritage. Lots of tundra species have only circumpolar spread. Arctic ecosystems have com-
plex structure with functional linkages between soil and plant communities, highly adapted to the polar cli-
matic and environmental conditions. Thus, the biodiversity in Yamal tundra is in general low, with limited
taxonomic diversity of plant communities [9]. There are only 26 mammal species, 32 species of valuable
fishes (with up to 70% of Russian salmon) and 186 species of mostly Arctic spread birds [4]. Major role in
the functioning of Yamal ecosystems plays reindeer, lemmings and arctic fox.

The Yamal peninsula occupies low plain, so that the relief of the region is almost completely flat
with dense river network, which leads to the seasonal river flooding and active erosion processing that inten-
sify local landslides formation. The adjusting shelf area of Kara Sea is also shallow: almost 40% of the con-
tinental shelf is no deeper than 50 meters, and the sea coasts are mostly flat, flooded during the high tide [5].
Located in the area of permafrost distribution, the soils in the region are frozen for the most of the year, with
the depth of the frozen soil reaching up to 0.2 m in the north and 2 m in the south [5]. In such conditions the
processes of superficial cryogenic landslides are especially active. The distribution of the permafrost serving
as a shear surface for sliding highly contributes to the landslide formation. Therefore, the cryogenic land-
slides developed on the fine-grained, saline marine sediments, occupy almost 70% of the area [15].

The ecosystems of the region are highly adapted towards specific environment of Arctic. The devel-
opment of permafrost results in scarce vegetation coverage in general and landslides also change local land-
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scapes and vegetation cover. Thus, several years after the landslide formation the vegetation coverage
changes gradually, being dominated by grass, moss, lichen and shrub, then by sedge and finally by willow
meadows [16]. As a result, landslide-affected areas of bare slopes are usually occupied by willow shrubs,
which can serve as an indirect, yet reliable, indicator for former landslide processes, which happened in this
area [13]. Moreover, different stages of the vegetation coverage may provide additional information about
the possible age of the landslides. Thus, early-stage vegetation, such as primitive mosses or lichens, could
indicate recent landslide formation on this surface, while distribution of meadow and willow shrubs with
high canopy points to the final stage of the landslide activities. Besides type and age of vegetation coverage,
the salinity of ground waters as well as sediment chemical content indicates the relative age of the landslides.

Fig.1. Yamal Peninsula: a mosaic of color composites of Landsat TM satellite images

The sustainable functioning of such unique ecosystems is highly adjusted towards climatic-environmental
settings. Recent changes in the climate patterns may result in serious alterations in the structure of tundra
ecosystems. The environment in the Kara Sea area is mostly influenced by the Arctic climate conditions,
which had several fluctuating changes since past time [1], [11]. Nowadays, the processes of global climate
warming have severe threats to the tundra environment [2], [3].

Fig.2. lllustration of the tundra wetlands: a view from space (Landsat TM scene)
Since early 1980s the processes of Arctic warming activated and included meteorological changes (precipita-

tion level, permafrost and snow cover depth) and increase of greenhouse gases percentage in the atmosphere
[8]. This naturally triggered certain changes in the vegetation coverage. Namely, climate change causes
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“greening” effect in Arctic, i.e. unnatural increase in vegetation growth, primarily of willow (Salix lanata
L.). The significant increase in willow growth, height, cover, abundance and shrub ring width is detected in
the last 60 years, which perfectly correlates to the overall increase in summer temperatures for the same pe-
riod [6]. Similar results are reported by [14], demonstrating that growth of the willow shrubs and air tem-
peratures are closely connected, so that the shrub growth serves as a good indicator of the climate change in
Russian Arctic. Besides natural factors, the anthropogenic activities, mostly connected with exploration of
hydrocarbons [12], contribute to changes in tundra ecosystems. The continental shelf of Kara Sea is the larg-
est Russian national reserve of hydrocarbons, primarily oil and gas [10]. Therefore, the anthropogenic pres-
sure on this region is high, and Arctic complex ecosystems are highly susceptible to the industrial and tech-
nological impacts, as well as to the climate change.

At the same time, the environment of the high north has high environmental vulnerability, low resili-
ence towards external impacts, as well as low capacity to respond to the external environmental impacts [7].
Namely, specifically for the Arctic region, the natural recovery of the damaged landscapes becomes a very
slow and difficult process, due to the above mentioned climate factors. Thus, seasonal thawing of the perma-
frost triggers dangerous geomorphological processes, e.g. thermokarst, thermoerosion, solifluxion and ero-
sion. As a result, the impacts of socio-technological negative processes on the Yamal landscapes become
reinforced by the natural factors in Arctic climate, which finally leads to the drastic changes of tundra land-
scapes. Consequently, it may have serious consequences for the overall sustainability of polar tundra ecosys-
tems. Needless to say that careful, recovering and responsible use of natural resources in the Russian Arctic
tundra should be the priority way of anthropogenic activities in this unique region of our Earth.
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