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B Teuenue moutu 20 JeT yueHble U3 Y HUBEPCH-
TeTcKoro Koajaemxa Jloumoua (YKJI) nmpoBoaaT co-
BMECTHBIe PabGoOThl MO M3YUEHUI0 apPKTUUECKUX U
cybapkTuueckux oszep B Pecnybauke Komu (B paiio-
Hax BoJblieseMenbCKOII TYHAPHBI, OacceiiHax peK
Ycu1 u Ileuops! u B YpanbcKux ropax). I'pynna yue-
HeIiX 13 YKJI u Mysesa ecTeCTBEHHOM MCTOPUU IIO
pyKoBojacTBoM mpodeccopa BuBbeH [[:KOHC COBMECT-
HO ¢ yueHbiMu u3 MHcTuTyTa 6uoaoruu Komm HIT
¥YpO PAH (B. Ilonomapes, B. Kougparernox, O. Jloc-
KyToBa, JI. Xoxsaosa, E. IlaToBa) npoBoamiia KOMII-
JIeKCHBIE MCCJIeNOBAHUA M3MEHEeHUI COBPEMEHHOTO
COCTOAHUSA 03€PHBIX YKOCUCTEM IIOJ BIWAHUEM aH-
TPOIOTEHHOTO 3arpA3HEeHUsT W II00aJbHOTO ITOTEell-
JIeHUS, UCIIOJb3yA JUMHOJJOTUUECKHE U A€o M-
HoJIOTHUYecKUe MeToabl. MceaenoBanusd GUHAHCUPO-
Basmuch EBponeiickum Coosom (VII Pamounas mpo-
rpamMMa, npoekTsl «Tymapa», «Cmatic» u «Kapb6o-
HOpC») U ApKTHUUecKoi mporpammoii MunucTepcTBa
OKpYyskaroleii cpensl Beaukoopurauuu.

CrpaTturpaduuecKkuii aHaIu3 JaTUPOBAHHBIX 03€P-
HBIX JOHHBIX OTJIOMKEHUH (MCIIOJIb3YIOTCS AaTHUPOB-
KU 10 PaAuMOaKTUBHOMY cBUHILY 2°Pb) mossoisier pe-
KOHCTPYUPOBATh COCTOAHMNE O3€PHBIX HKOCHCTEM B
IpeauHAYCTPUATIBbHBIN ITePUO U OIIeHUTH aHTPOIIO-
TeHHOe BIUAHWE Ha 03ePHbIe 9KOCUCTEMbBI B T€UEHIIE
IIUTEIbLHOTO BpeMeHHU. [ 9KOJOTnUecKuX PeKOoH-
CTPYKIIUH MCIIOJIb30BaJY PA3IUUYHbIE METOABI, BKJIIO-
yasg 6MOreoXMMHUUYECKHe MEeTOAbI, TMaTOMOBBIN aHa-
au3 (IMaTOMOBbBIE€ BOIOPOCIU — 3TO MUK POCKOIIMYEC-
KHe OpraHu3Mbl, UMeIol[ue KpeMHUeBble CTBOPKU U
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ENVIRONMENTAL CHANGES
IN THE ARCTIC LAKES OF THE KOMI
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For nearly twenty years Environmental Scientists
from University College London (UCL) have been
collaborating with the Institute of Biology, Komi
Science Centre to study lakes from arctic and sub-
arctic Komi regions (e.g. Bol’shezemel’skaya and
Malozemel’skaya Tundra, basins of rivers Usa and
Pechora and the Ural mountains). A team of re-
searchers from UCL and the Natural History Mu-
seum, led by Professor Vivienne Jones together with
biologists and chemists from the Institute of Biology
(Dr Vasili Ponomarev, Dr Boris Kondratenok, Dr
Luydmila Khohlova, Dr Olga Loskutova, Dr. Elena
Patova) have used a combination of limnological
and palaeolimnological techniques to investigate the
present-day status of the lakes and whether they
have been affected by pollution and climate change.
The UCL research work was carried out both within
large EU-funded multidisciplinary international
projects (TUNDRA, SPICE, Carbo-North) and
studies supported by the UK’s Natural Environment
Research Council (NERC), including the NERC
Arctic Research Programme (ARP).

The researchers used the analysis of lake sedi-
ments (palaeolimnology) which are laid down se-
quentially and can be dated using a radiometric
technique (3'°Pb), to infer past environmental con-
ditions in pre-industrial times and to assess envi-
ronmental responses to human impacts over conside-
rable length of time. Techniques used include se-
diment chemistry, and the analysis of fossilised
remains of diatoms (microscopic siliceous algae
which are well-preserved in lake sediments), chiro-
nomid head capsules (larvae of non-biting midges)
and spheroidal carbonaceous particles (microscopic
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Puc. 1. Mapkepbl 9KONOrm4yeckmx peKoHCTPYKLUMIA: @ — CTBOPKM AMaTOMOBbLIX BOAOPOCIIEN XOPOLLO COXPaHATCS B 03ep-
HbIX OTINIOXEHUSX (MX UCMNONB3YIOT ANA PEKOHCTPYKUMW ANUTENbHOCTU NeJ0BOro NOKpbITHSA); 6 — ronoBHbIE Kancyrbl XMPOHO-
MU U3 03EPHbIX OTNIOXEHUIN UCMOMb3YIOT B KMMMaTUYECKUX PEKOHCTPYKUUAX; B — cdepuydeckue yrnepogHble yactuupsl (CYLL)
B 03€epHbIX OTIOXEHUAX ABNATCA MHANKATOpPaMM aTMOCMEpPHOro 3arpsA3HeHns.

Diatom algae remains are used to reconstruct past ice cover on lakes (a). Chironomid head capsules are used to
reconstruct past temperature (6). Spheroidal carbonaceous particles (SCPs) are used as indicators of atmospheric pollution (8).
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BCJIEICTBUE 3TOTO XOPOIIIO COXPAHSIONIHUECS B 03ep-
HBIX OTJIOJKEHUSX), aHAJU3 T'OJIOBHBIX KaIlCyJ XU-
poHoMuA (TMYMHOK KOMapOB-3BOHIIOB) U chepuuec-
Kux yraeponabix yactuil (CYY) — Mmukpockonuuec-
KHMX YacTHUIl yrjIepoma, KOTOpbie 00pas3yioTcsa B pe-
3yJbTaTe BHICOKOTEMIIEPATYPHOTO CTOPAHUSA I0JIe3-
HBIX HCKomaeMbIX (puc. 1, 2). IIpu BrImOsHeHUU
HEKOTOPBIX IIPOEKTOB, KOTOpPhlie GUHAHCUPOBAIUCH
Espomneiickum Coiosom (Hampumep, «TYHIIPA» u
«CHAPIC»), WCCJIeIOBAJIN BIUSAHNE 3arPA3HEHUA BO3-
IyXa ¥ BOABLI U TJI00AJIBbHOTO MOTEMJIeHUA Ha OKPY-
JKaroIyo cpeny. IIocKoIbKy apKTHUecKas MIPUPO-
Ia 0COOEHHO yA3BHMMAa K 3arpA3HEeHUAM U Tpebyer
JIOJITOTO BOCCTAHOBJIEHUS IIO CPaBHEHHUIO C 0OoJiee
I0KHBIMU peruoHaMu, OCOOEHHO BAa’KHO OIEHUTH
BINAHNE He(PTErasoBoro IPOMBIIIJIEHHOTO KOMILJIEK-
ca U ria06aJIbHOTO IIOTeIJIeH!UA B apKTHUUYECKOM pe-
ruoue Komu.

PesyabTaThl uccIeMOBaHUY ITOKA3aan, UYTO B Ha-
cTosAlllee BpeMs KOHI[EHTPAIlud cepbl B ocaJKax He-
JOCTAaTOYHO BBICOKA AJA TOTO, UTOOBI BHI3BATH 3a-
KucjaeHue o3ep. AHaIU3 TOHHBIX OTJIOMKEHUI TaKKe
moKasaJ, 4YTo aTMoc(epHoe 3arpsA3HeHne B palioHax
BopxyTsl u IHTHI ObLI0 3HaUUTEabHO BbIlie 20-40
JeT Hasal, Korga JoObIua yrisa Obljaa 0oJiee MHTEH-
cuBHOI. Bo3M0:KHO, UTO aTMochepHoe 3arpa3HeHne
IpUBeJI0O K HEKOTOPOMY 3alllelauMmBaHUI0 03€p B
BopkyTuHCKOM paiioHe, HOCKOJBbKY U3MEeHEHUA BU-
JIOBOTO COCTaBa AMATOMOBBIX BOMOPOCJIEN U yBeJHU-
yeHue pH coBmaso ¢ NMKOM HHAYCTPUAJIBHOU aK-
TUBHOCTHU. Pe3yabTaThl MCCIE[OBAHUMN ObLIYN UCIIOJb-
30BaHbBI AJIA Pa3pabOTKU IPUPOJOOXPAHHBIX MEpP B
Pecny6iuke Komu.

B mpoekTe, KoTophIii cnoHcUpoBajao Munucrep-
CTBO OKpY:Kalolei cpeasl Besrunkobpuranuu, uccie-
JIOBaJId U3MEHEHUA COCTOAHUSI 03€PHBLIX 9KOCHUCTEM
(B UacTHOCTH, IMATOMOBBIX BOJOPOCJIEIT) B OTBET HA
raobasbHOE TIOTeIlJIeHne B TeueHue mocaenuux 100
geT. BumoBoii cocTaB AMAaTOMOBBIX COOOIIIECTB Me-
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Puc. 2. KoHueHTpaumsa CYY B OOHHBLIX OTNOXEHUSIX 03ep
Bonbluesemenbckon TyHAPLI OTpaXaeT ypoBeHb aTMocdep-
HOTO 3arps3HEHUs.

The level of atmospheric pollution in lakes from Bolshe-
zemel'skaya Tundra as indicated by concentration of SCPs
in lake sediments.

carbon particles generated by high-temperature
fossil fuel combustion).

Some of the EU-funded projects focussed on
regional air and water pollution and global climate
change and its impact on the arctic environment
(e.g. TUNDRA and SPICE). Since the arctic envi-
ronment is particularly vulnerable to pollution and
takes longer time to recover compared to warmer
parts of the planet, it is especially important to
understand the environmental impacts of oil and
gas exploration and warming climate.

The results of these projects suggest that at
present day sulphur deposition levels there is no
danger of lake acidification at any of the sites due
to their high buffering capacity. The sediment re-
cords show that sites from the Inta and Vorkuta
transects experienced higher pollution loads 10-30
years ago, when coal production and mining were
more intensive. There is also evidence that in the
Vorkuta area atmospheric deposition might have
led to the alkalisation of the lakes since diatom
floristic changes and an increase in inferred pH
coincide with the period of peak industrial activity.
These findings were used by stake-holders to
formulate environmental protection policy in the
Komi Region.

The UK-NERC funded project (NERC small grant
entitled «Palaeolimnological evidence for circumarc-
tic climate warming in Northern Russia») looked
more specifically at the ecological response of lake
biota (e.g. microscopic algae-diatoms) to the war-
ming climate within the last 100 years. The diatom
communities responded to the changes in the
duration of the ice-free periods and timing of the
lake water turn-over indicating potential vulnera-
bility of Arctic lakes to changes in climate.
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Puc. 3. \ameHeHNs B BUAOBOM COCTaBe AMaTOMOBbIX BO-
popocrieit B XX B. B OTBET Ha KMMMaTU4eCKne N3MeHeHus.

Diatom changes during the 20" century show lake res-
ponse to changing climate.
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Puc. 4. lameHeHna B gMaTtoMOBbIX COOBLLECTBaxX QOHHbLIX OTNOXEHU 03epa XapuHen KOppenupylT C U3MEHEHUSMU

no3vunun rpaHnubl neca 3a nocnegHune 11 TbIC. NneT.

Lake response to the changes in tree line in the catchment of Lake Kharinei from Bolshezemel'skaya Tundra during the

last 11000 years.

HAJCS B 3aBUCUMOCTHU OT IIPOMOJIXKUTEIBHOCTU Jie-
JIOBOTO IIOKPBITUA U BpeMEeHU BeCeHHe-OCeHHero Ie-
pememuBaHusa (puc. 3, 4).

B npoexTe «Kap6oHOpC», KOTOPHIN UHAHCUPO-
Bajca Espomneiickum CoBeToM, OIleHMBAaJU U3MeEHEe-
HUS B YIJIePOTHOM IUKJE B APKTHKe IO BIUSHU-
eM pasHBIX CIleHapueB U3MeHeHUI KJaumara.

Poar cunenumanucros YKJI cocrosia B oleHKe
TOT0, KaK KJIUMAT U I'PAHUIILI JIECOB MOBJIUAIU HA
MPOAYKTUBHOCTh, CTPYKTYPY C000IlecTBa, IIUKJI yT-
JIepoJia U CBETOBOM PeXKUM B 03epaxX B TeUeHHe IIO-
cJIeIHEr0 MeXKJIEeTHUKOBOTO mepuozaa (rosoieuna). Boi-
JIO TaKJsKe IMTOKa3aHo, YTO IPO3PAUYHOCTb U XUMUUEC-
KU cocTaB BOIBI M, CJEeJOBATEJIbHO, BUIAOBOI CO-
CTaB M CTPYKTypa AMATOMOBBIX Y XUPOHOMUIHBIX
COOOIIIeCTB pearupyioT Kak Ha KJIUMATHUYECKUE U3-
MeHEeHUs, TaK WM Ha IPHUCYTCTBUE WU OTCYTCTBUE
JIeCOB B BojocOope.

Komampma mpoekta «O3epa W IIMKJ yrJjepoxa B
ApKTUKe», KOTOPBIH (uUHAHCHUDPOBAJCId B paMKax
ApxTuueckoii mporpaMmmMbl MUHHCTEPCTBA OKPYIKa-
fommeit cpenwr (http://arp.arctic.ac.uk/projects/),
ucceoBaia Poab 03€p B IUKJe yriaepoaa B ApKTu-
Ke IoJ] BIUAHUEM KJINMaTUYeCKUX uaMmenenuii. [lenn
poeKTa COCTOfAJa B TOM, UTOOBI BBISABUTH, HaKAaIl-
JIUBAIOT U o3epa yriepon (IIpu 5TOM IMepBUUYHAA
MPOAYKIIUA IIPEBLINIAET TeTepoTpodHOe AbIXaHUe)
WY TPOAYIIUPYIOT YIJIepon (IIpu 3TOM IeTepoTpod-
HOe IbIXaHWe MPEeBHINIaeT MePBUUYHYIO IPOAYKIIUIO)
M KaK 9THU IPOIlecChl MEHAIOTCS ¢ U3MEeHeHUeM KJIU-
mara.

The EU-funded Carbo-North project aimed to
assess changes in the Arctic carbon cycle under
various climate warming scenarios. The UCL role
was to estimate how climate and tree-line dynamics
affected the productivity, community structure,
carbon cycling and light regime in the lake during
the last interglacial period (The Holocene). It was
shown that lake ecosystem clearly responds to both
changes in climate and advance/retreat of trees from
its catchment which affected water transparency,
lake water chemistry and, consequently, composi-
tion of diatom algae and chironomids.

The Lakes and Arctic Carbon (LAC) project,
which was funded under the NERC Arctic Research
Programme (http://arp.arctic.ac.uk/projects/),
focussed more closely on the role of lakes in the
changing carbon cycle in the arctic. Research aimed
to investigate whether lakes store carbon (with
autotrophic production exceeding heterotrophic
respiration) or release carbon (heterotrophic respira-
tion exceeds autotrophic production) and how these
might change under changing climate.

In conclusion, it must be emphasized that there
are significant differences between lakes in the rates
of disposal of organic matter. One of the lakes noted
the existence of a phase of rapid accumulation of
organic matter in sediments. It is possible that the
high content of organic matter in the sediments
became a consequence of the burial of the aquatic
vegetation of the lake, which could occur due to a
sharp decrease in the depth of the lake. In another
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Puc. 5. KoHueHTpaumm pacTBOPEHHOIO OpraHn4Yeckoro yr-
nepoga (POY) B o3epax bonblesemenbckon TyHApbl. POY
ncnonb3yeTcs AN OLEHKM CKOpocTn obMeHa yrnepona Mex-
Ay OOHHBIMU OTNOXEHUAMU, BOAOW U NMOYBOWA.

Lake water dissolved organic carbon (DOC) concentra-
tions in lakes from Bolshezemel'skaya Tundra. DOC is used
to assess the rate of carbon circulation between sediments,
water and soils.

B saksamouenme HeOOXOAWMO HOAYEPKHYTH, UTO
CYIIeCTBYIOT 3HAUUTEJIbHbIE PA3IUUUSI MEXKIYy O3e-
paMu B CKOPOCTAX 3aXOPOHEHUA OPTaHUUYECKOTO Be-
mectTBa. B ofHOM 13 03ep OTMEUEHO CYIIeCTBOBAaHIIE
($as3sI OBICTPOTO HAKOIIJIEHUS OPTaHUYECKOTO Belle-
CTBa B OTJIOKEHUAX. BO3MOIKHO, UTO BBICOKOE CO-
JIepKaHre OPraHUYeCcKOoro BellecTBa B OTJIOMKEHUAX
CTaJIo CJIeICTBUEeM 3aXOPOHEHUS BOAHOM PaCTUTEb-
HOCTH 03€epa, UYTO MOTJIO IPOUBOMUTH M3-3a PE3KOTO
CHUKEHUA ero rayomHbsl. B Apyrom osepe opraHu-
YecKUil yIrIepoJ He COXPAHUJICA B JOHHBIX OTJIOMKE-
HuAx. Huskoe comepskanue yriepoia B OTJIOMKEHU-
AX CBUAETEJILCTBYET O HU3KOM IIPOJYKTUBHOCTH 03€-
pa, MaJIoi CKOPOCTH HAKOIIJIEHUS JOHHBIX OTJIOMKE-
HUI 1 BBICOKUX CKOPOCTAX OaKTepHaJbHOI JeCTPYK-
UM U yrJIepogHOT0o oOMeHa MeXKIy BOION M OTJIO-
JKEeHUAMU.
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lake organic carbon is not preserved in the bottom
sediments. The low carbon content in the sediments
indicates low lake productivity, low rate of sediment
accumulation and high rates of bacterial destruction
and carbon exchange between water and sediments.




