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ABSTRACT. The research of biochemical thermo- and salt-sensitive markers - long-chain alkenones in
sediments of lakes of the North Minusinsk valley is an important contribution to the understanding of
climatic changes in this region. We found that the total concentration of alkenones in the top layers of
bottom sediments of saline lakes increases significantly at a salinity of about 20 g 1. Also, it was found
that the average chain length of alkenones in the surface sediments rises with increasing salinity and
thus can be used as an indicator of salinity, and the ratio of alkenones C,,/C,, varies widely, suggesting

that this index can be used as a paleo-indicator of salinity. The high correlation between U ﬁ), Uy

and U 31238 indices with salinity indicates their potential for paleosalinity reconstruction. The obtained
functional dependences were additionally verified in the core of bottom sediments of Lake Utichie-3
and confirmed the possibility of using alkenones as a paleo-indicator of climatically determined salinity
changes in endorheic lakes. The taxonomic composition of haptophyte algae and alkenone composition
in the studied lakes were comparable to lakes in prairie regions of North America.

Keywords: long-chain alkenones, salinity indicator, lake sediments, haptophyte algae, South Siberia,
paleoclimatology

For citation: Bulkhin A.O., Zykov V.V., Boyandin A.N., Marchenko D.N., Anishchenko O.V., Kalugin L.A., Rogozin D.Y.
Polyunsaturated long-chain alkenones in the lake sediments of North-Minusinsk valley (southern Siberia) as a paleo-indicator
of climate change // Limnology and Freshwater Biology. 2024. - No 4. - P. 286-291. DOI: 10.31951/2658-3518-2024-A-4-286

1. Introduction phytic algae of the order Isochrysidales. In continen-

tal water bodies, temperature reconstruction by LCA is
complicated due to the presence of several species that
respond differently to temperature, but salinity recon-
struction is no less important, and active research in
this direction is currently underway (Zhao et al., 2014;
Bulkhin et al., 2023). Functional correlations obtained
by comparing LCA composition in surface sediment
layers with salinity (core-top calibrations) are indirect,
and their best verification is the analysis of LCA in the
core of Lake Utichie-3 (down-core studies), for which
instrumental observations of salinity and water level
are available. Thus, the purpose of current study is to
analyze the dependence of the composition of long-
chain alkenones and their producers on physicochem-
ical environmental factors in lake sediments of the

The climate fluctuation patterns in high latitudes
of Asia, such as Siberia, remain poorly understood
(Novenko et al., 2022). The North Minusinsk hollow is
of special interest for paleoclimatic research. The lake
sediments are one of the best natural «records» of cli-
mate. In arid and semi-arid regions, the water level of
endorheic lakes responds sensitively to the «precipita-
tion-evaporation» balance by changes in water volume
and salinity. However, there are currently no reliable
universal paleo-indicators of salinity. For the time
being, the most promising are thermo- and salt-sensi-
tive biochemical markers — polyunsaturated long-chain
alkenones (LCA). LCA is C,-C,, methyl- and ethyl
ketones with 2-4 double bonds synthesized by hapto-
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North Minusinsk valley, and to assess the possibility of
using alkenones as proxy for paleolimnological recon-
structions of salinity.

2. Methods

In July 2019, May 2020 and July 2021, surface
sediment samples were collected from the central part
of 22 lakes located in the North-Minusinsk valley using
a corer sampler UWITEC (Austria). In March 2015, a 67
cm long core of bottom sediments was extracted from
the central part of Lake Utichie-3 through a hole in the
ice. The top layers of bottom sediments with a thick-
ness of 1 cm were placed in airtight polyethylene bags
with the air removed and stored at -20 °C.

The sediments of Lake Utichie-3 were dated
based on the distribution of '¥’Cs, 2!°Pb, and ??°Ra iso-
tope activities. The measurements were carried out by
employees of the V. S. Sobolev Institute of Geology and
Mineralogy SB RAS (Novosibirsk). Before sampling, a
YSI EXO2 multi-parameter water quality sonde (Yellow
Springs, Ohio, USA) was used to measure vertical pro-
files of temperature, conductivity, dissolved oxygen
content, and redox potential. The chemical composi-
tion of water was analyzed in the analytical laboratory
of the Institute of Biophysics, SB RAS. For DNA analy-
sis of haptophyte algae, water samples were collected
near sediment sampling sites from 13 lakes in which
alkenones were detected. DNA extraction, amplifica-
tion, and sequencing were performed at the Genomics
Core Facility SB RAS (ICBFM SB RAS, Novosibirsk).
Phylogenetic tree construction was performed using
the MEGA X molecular evolutionary genetics analysis
program.

Long-chain alkenones were extracted 24 h with a
mixture of chloroform and methanol (7:3, v/v) with 50
uL of hexatriacontane (C,,). The mixture was filtered,
evaporated, then saponified with 5 mL of 6% KOH
to separate fatty acids from neutral lipids. A GC-MS
7890/5975C gas chromatograph (Agilent Technologies,
USA) with a VF-200MS capillary column (60 m x 250
pum X 0.10 pum) was used to separate the components.

Redundancy analysis (RDA) was performed in
the R software environment (http://www.R-project.
org; R Development Core Team) using “vegan” pack-
age. To make the data more comparable and to elimi-
nate the influence of measurement scale, all data were
log +1 transformed and standardized by Hellinger.

3. Results and discussion

The lakes differed significantly in salinity and
other characteristics. Salinity ranged from 0.02 to 44
g 11 and depth ranged from 0.9 to 44 m. The four lakes
in which alkenones were not detected were freshwater
lakes. The alkenone concentrations in surface sediments
varied widely from 4 to 7400 pg (g dry sediment)! and
increased at salinities around 20 g 1-!. These results
indicate the possibility of using alkenones as a qualita-
tive indicator of transitions through the critical value of
20 g I in paleoreconstructions of saline lakes with sig-

287

nificant fluctuations in water level (and, consequently,
salinity). The obtained data for the studied lakes con-
firm the conclusions of Zhao et al. (2014) that the
average chain length of alkenones in surface sediments
increases with increasing salinity and can be used as an
indicator of salinity. The C, /C,, alkenone ratio ranged
from 1.11 to 3.54, which indicates the possibility of
using this index as a paleo-indicator of salinity. The

found correlation between Uj, and U indices with
salinity indicates their potential for paleosalinity recon-
struction. Also a positive correlation with salinity of the

U £38 index was found. The data were analysed using
the RDA (redundancy analysis) method. The lakes were
divided into three groups: saline stratified, freshwater
and other saline lakes. Alkenones were detected only
in the saline lakes present in the first and third groups.
The total content of alkenones was strongly correlated
with salinity.

The age of the sediment core from Lake Utichie-3
was about 150 years. The alkenone content qualita-
tively reflected the changes in lake salinity, in partic-
ular, it increased with the recorded increase in salin-
ity in the sediments corresponding to the period of the

1920s. The indexes Uj,, U, UL, as well as the
average chain length and C,,/C,, ratio showed a posi-
tive correlation with salinity identical to that observed
in a study of surface sediments (core-top study), which
generally confirms the conclusions that DCA content
in sediments reflects changes in lake level and salinity
and can be used as a paleo-indicator for reconstructing
these characteristics.

Four phylotypes belonging to the order
Isochrysidales were found in samples from 13 lakes.
Phylogenetic analysis showed that these phylotypes
belong to Group 2 alkenone-producers, which is typical
of saline continental lakes. Genetically similar related
sequences were found in Canadian Prairies lakes, which
can be explained by similar habitat conditions. Only in
the slightly saline Lake Matarak a phylotype belonging
to Group 1, which is specific for freshwater lakes.

4. Conclusions

The content of DCA in saline lakes of the North
Minusinsk valley depends on salinity. In freshwater
lakes, alkenonones are not detected, whereas in saline
lakes their content reaches a maximum at a salinity of
about 20 1. Thus, DCA in bottom sediments can be
used as a paleo-indicator of lacustrine salinity. Analysis
of the bottom sediment core of Lake Utichie-3 con-
firmed that the alkenone content reflects changes in
water level and salinity. Thus, DCA can be used as a
paleo-indicator of climate-driven changes in salinity in
endorheic lakes and, consequently, of climate humid-
ity. The taxonomic composition of alkenone-producers
in salt lakes of the North Minusinsk valley is compara-
ble to other regions of the world with similar climatic
conditions, for example, in prairie regions of North
America.
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AHHOTAILUAA. HccnenoBanrue OMOXUMHYECKUX TEPMO- M COJIEYYBCTBUTEJIBHBIX MapKepoB AJIMHHOILIe-
IIOYEYHBIX aJIKEHOHOB B JOHHBIX OTJI0XKeHUAX 03ep CeBepo-MHUHYCHHCKOM KOTJIOBUHBL ABJIAETCS BaXXHBIM
BKJIaJIOM B MOHMMaHNe KJIMMaTHYeCKUX M3MeHEeHUH MaHHOTO perrvoHa. Beuio BBIABJIEHO, 4TO OOIiee
cojlepkaHue aJJKeHOHOB B IOBEPXHOCTHBIX CJIOSX JOHHBIX OTJIOXKEHHUI COJIEHBIX 03ep 3HAUYUTEJIbHO yBe-
JINYMBaeTCs Ipy cosieHocTy okoiio 20 r orl. Takxke 06HApPyXeHO, YTO CPpeHsAA AJIMHA IeNH aJIKEHOHOB B
IIOBEPXHOCTHBIX CJIOAX YBEJIMYMBAETCS C YBeJIMYeHHEM COJIEHOCTH U MOXeT CIIy>KUTb ee MHAUKATOPOM,
a coorHoleHre aJkeHoHOB C, /C, K0JIe6JIETCS B IIMPOKKUX MpeJesiaX, YTO YKa3hbiBAET Ha BO3SMOXHOCTb
HCIIOJIb30BaHUsA NaHHOTO MHJeKca B KaueCTBe Iajieo-MHAMKATOpa COJIEHOCTHU. Bricokas koppesAnuA

mexy unaekcamu U ﬁ] , U 40' nU 31238 C COJIEHOCTBIO, YKA3bIBAET HA MX MMOTEHIUA 111 PEKOHCTPYKIUU
najeocoJsieHocTu. [loaydyeHHble QYHKIMOHAIBHBIE 3aBUCHMOCTU OBUIM JOMOJIHUTEIBHO MPOBEPEHHI B
KepHe JJOHHBIX OTJIOXKEHUI o3epa YTuube-3 U HOATBEPAIIIN BO3MOXHOCTH HCIIOJIb30BAHUSA aJIKEHOHOB
B KayecTBe MaJIe0-MHANKATOpa KJIMMAaTUYeCKH 00YCIIOBJIEHHBIX U3MEHEHU! COJIEHOCTH B GECCTOYHBIX
o3epax. TaKCOHOMHYECKUI COCTaB ranTo(®UTOBBIX BOJOPOCJIEN U COCTAB aJIKEHOHOB B KCCJIETyEMbIX
03epax OBUIM COIOCTABUMEI C 03€PAMHU CTEMHBIX palioHOB CeBepHOIl AMEPUKH.
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1. Beepenue BpeMs HauboJiee NepCleKTUBHBIMU ABJIAIOTCA TEPMO-

1 COJIeUyBCTBUTEJIbHBIE OMOXMMHYECKHe MapKephl —
[IOJIMHEHAaCHIleHHble JJIMHHOLleNoYeYHble aJIKeHOHBI
(AA). AUA - sto C,-C,, METUJI- U STUIIKETOHH C
2-4 MBOVHBIMU CBA3AMU, CUHTE3UpyeMble ranToduTo-
BBIMHU BOAOPOCIAMM mopsika Isochrysidales. B koHTH-
HEeHTaJIbHBIX BOAOEMax PEeKOHCTPYKLUA TeMIepaTyphbl
no JJUA 3aTpyAHeHa u3-3a IPUCYTCTBUS HECKOJIBKUX
BUJIOB, MO-pa3HOMy pearvpymoliux Ha Temueparypy,
O[HAKO PeKOHCTPYKILNSA COJIEHOCTH ABJIAETCA He MeHee
BaXXHOM 3a/jauel, 1 B HACTOsIIIlee BpeMsI BeyTCA aKTUB-
HBIe MICCIEOBAaHUSA B 3TOM HampasJyieHuu (Zhao et al.,

Mogenu kaumatudeckux GJIyKTyalyil B BEICO-
KUX upoTax A3ny, Takux Kak Cubups, U3y4eHbl HeJl0-
cratouHo (Novenko et al., 2022). CeBepo-MuHycHHCKas
KOTJIOBHMHA IIpeficTaBJisAeT 60JIbIION NHTEepeC JIA faje-
OKJINMAaTU4eCcKuX HccjiefoBaHuil. JJOHHbBIe OTJIOXEHUA
03ep — OJMH W3 JIyYIINX NPHUPOAHBIX «apXHUBOB» KJIU-
MaTa. B apuaHbBIX U HOJIyapUHBIX perHOHax YpOBEHb
BOJbl 0€CCTOYHBIX O3ep UyBCTBUTEJIbHO pearupyeT Ha
fajlaHC «OCaJKH-UCNIapeHue» U3MeHeHueM obbema
BOJIbl 1 COJIEHOCTH, OJTHAKO HaJIeKHBIX YHHBEPCaJIbHBIX
ajieo-MHANKaTOPOB COJIEHOCTH [T0Ka HeT. B rocieqHee
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2014; Bulkhin et al., 2023). ®yHKUWOHAJIbHBIE 3aBU-
CUMOCTH, TOJIyYeHHble IyTeM CpaBHEHHUA COCTaBa
JLIA B NOBEPXHOCTHBIX CJIOSIX OCAAKOB C COJIEHOCTHIO
(core-top kKanMOPOBKU) — ABJIAETCA KOCBEHHBIMU, U UX
JIydiiedl mpoBepkoil sABJyisseTcs aHanu3 LA B KepHe
o3epa Ytuube-3 (down-core), i KOTOPOTO MMEIOTCS
WHCTPYMEHTaJIbHble HaOJIo/leHHUsl 3a COJIEHOCTHIO U
ypoBHeM BOJbl. TakuM o6pa3oM, ILeJibl0 HACTOSIIETO
HccsieJOBaHUA SBJISIETCS aHAJIN3 3aBUCUMOCTU COCTaBa
JUIMHHOI[ETIOYEYHBIX aJIKEHOHOB U UX NPOJYLIEHTOB OT
busrKo-xuMHYeckux HakTopoB cpesl B JOHHBIX OTJIO-
xeHuAx ozep CeBepo-MUHYCHHCKON KOTJIOBUHHL, a
TaKXe OIleHKAa BO3MOXHOCTU HCIIOJIb30BAHUA AJIKEHO-
HOB B KauecTBe UHANKATOPOB JJIA TaJIe0JIMMHOJIOTHYe-
CKUX PeKOHCTPYKLUI COJIEHOCTH.

2. MaTepuanbl U MeTOADI

B utosre 2019 roga, mae 2020 rona u utosie 2021
roja 13 IeHTpaJIbHOU 4acTu 22 03ep, pacnoJIOXeHHBIX
B CeBepo-MHHYCHHCKOI KOTJIOBHHE, C IIOMOIIBIO I'pa-
BuTanuoHHoro npo6oorbopHuka UWITEC (ABcTpus)
ObLIM  B3ATHL IIPOOBl IOBEPXHOCTHBIX OTJIOXKEHUH.
B mapre 2015 roma u3 IjeHTpaJIbHOM dYacTU o3epa
YTuube-3 depe3 npopyOb BO JibAy OB U3BJIEUEH KEPH
JIOHHBIX OTJIOKEHUH AJIMHON 67 cM. JJoHHBIe OTJIOXe-
HUA o3epa YTuube-3 ObLJIM JaTHPOBaHBl HA OCHOBE pac-
npeJieJieHnsA akTUBHOCTel n30TomoB ¥7Cs, 2!°Pb u 226Ra.
H3mepeHus NmpoBOoAWINCh cOTpyAHuMKaMu HHcTutyTa
reosioruu u MuHepasoruu um. B. C. CobosieBa CO PAH
(r. HoBocubupck). [lepess ot6opoM npob 1MCIoI530BaIn
MOTPYXHON MHOTOKaHaJIbHBIN 30HA YSI EXO2 (Yellow
Springs, Ohio, USA) g u3MepeHUs BepTUKAJIBHBIX
npoduiiel TeMrepaTypsl, IPOBOAUMOCTH, COAepPXKaHUA
PacTBOPEHHOI0 KMCJIOPOJAa 1 peAoKc-IoTeHIuaa. [
ananuza [JHK rantopuToBbIX BOAOpPOCJIel OTOMpaInch
npo6sl BoABI BOJIM3M MecT 0TOopa JJOHHBIX OTJIOXKEHUI
u3 13 o3ep, B KOTOPBIX ObLJIN OOHAPYXeEHbI aJIKEHOHHI.
Beipernienue, ammndukanuo U cekBeHrupoBaHue JTHK
ocymectssuin B LIKII «'eHomuka» CO PAH (UXBOM
CO PAH, r. HoBocubupck). i noctpoenus dusore-
HeTHUYeCcKOoro flepeBa MCI0JIb30BaIach IporpaMmMa aHa-
J3a MOJIEKYJIApPHOM 5BOJIIOIIMOHHON reHetuku MEGA
X.

JlmrHHOLlenoYeuHble aJIKeHOHBI 3KCTParupoBain
24 yaca cMmechio xjiopodopma u MetaHona (7:3, v/v) ¢
50 Mkt rexcarpuakonrana (C,,). CMecb GuiIbTpoBa,
BBIITApHBaJId, 3aTeM OMbUIAIM S M 6% KOH miia otae-
JIeHVs XUPHBIX KUCJIOT OT HeHUTpaJIbHBIX JIUNUIO0B. [[714
pasfesieHnsA KOMIIOHEHTOB HCII0JIb30BaJjIi ra30BHIl Xpo-
matorpad I'X-MC 7890/5975C (Agilent Technologies,
CIIA) c xanwuisipHOU KoJjioHkou VF-200MS (60 m X
250 MkM X 0.10 MxMm).

B nporpammuoii cpefie R (http://www.R-project.
org; R Development Core Team) BBHIOJHAIN MHOTO-
MepHBIN aHasm3 metogoM RDA (redundancy analysis,
aHanyM3 M30BITOYHOCTH) C HCIOJIb30BaHHWEM IIaKeTa
vegan. UYToOBl cAesaTh [OaHHBIE OoJjiee CONOCTaBH-
MBIMH M YCTPaHUTb BJMAHME MacIiTaboB M3MepeHUM,
BCce OaHHbIe mnpenBaputesibHo Obut (log+1) TpaHc-
dopMupOBaHH U CTaHAAPTHU30BaHBI N0 XeJUTUHIXEPY
(Hellinger).
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3. Pe3yAabTatbl M 06Ccy)xpeHue

Osepa 3HAUYMUTEIbHO Pa3jIN4ajIuch IO COJIEHOCTU
U ApyruM xapakTepuctukam. CojieHOCTh BapbUpoBaa
ot 0.02 1o 44 r 1!, a rory6uHa — ot 0.9 go 44 M. YeTsipe
03epa, B KOTOPHIX He AeTeKTHPOBaJINCh aJIKeHOHB! ObLIN
npecHeiMu. CoJiepkaHue ajIkeHOHOB B IIOBEPXHOCTHBIX
CJIOSIX JOHHBIX OTJIOXKEHU! MeHsJIoCh B MIMPOKOM Jua-
ma3oHe oT 4 1o 7400 MKr (r cyxoro ocagka)! u yBesu-
YHBAJIOCH [IPU COJIEHOCTSIX 0K0J10 20 1 Jrl. DTH pe3yib-
TaThl YyKa3plBalOT Ha BO3MOXHOCTb MCIIOJIb30BaHUA
QJIKEHOHOB B KauyecTBe KayeCcTBEHHOI'O0 WHAWKaTopa
IEPEeXO0/I0B Yepe3 Kputuyeckoe 3HaveHue 20 r Jr! mpu
[1aJIEOPEKOHCTPYKLUAX COJIEHBIX 03ep €O 3HAuUTeJlb-
HBIMU KOJIeOaHUAMU YPOBHS BOAH (U, caefoBaTe/IbHO,
cosieHocTH). IlosTyueHHbIe pe3yJsIbTaThl 10 HMCCileJOBaH-
HBIM 03€epaM MOATBEPXKIar0T BHIBOAB Zhao et al. (2014)
0 TOM, YTO CpefHsAA JJIMHA I[elld aJIKEHOHOB B IIOBEpPX-
HOCTHBIX OTJIOXEHUAX yBeJMYUBaeTcs C yBeJuue-
HHEeM COJIEHOCTH U MOXeT CJIYXHUTb ee NHAUKATOPOM.
CooTHomenue ankeHoHOB C,,/C,, BappvpOBasoCh OT
1.11 go 3.54, 4TO yKa3biBaeT Ha BO3MOXHOCTb HCIIOJIb-
30BaHUA JaHHOIO MHJIeKca B KadyecTBe Majleo-UHANKa-
Topa coJieHocTh. OOHapyXeHHas KOppesAnus MexXay

K K'
nngexcamu Uy u U, c coseHOCTbIO yKa3biBaeT Ha
WX NOTEeHLIUAaJ JJiA PEeKOHCTPYKIMH I1aJe0COJIeHOCTH.
Taxxe ObLIa BBIABJIEHA IOJIOXKUTEJIBHAS KOPPEAIUA

C COJIEHOCTBIO HMHAeKCca U3’§'38. [NosryyeHHBIE AaHHEBIE
OBLIM [IpOaHAJIM3HPOBaHHl C MCIOJb30BaHUEM MeToAa
RDA (ananu3 uzbsitouHocTu). O3epa pasfeniuch Ha
TPU I'PYNIEL: COJIeHble CTpaTU(GULIPOBaHHbIe, IIPECHBIe
U Apyrue coJieHble o3epa. AJIKeHOHHI ObUIM OOHapy-
JKEHBl TOJIBKO B COJIEHBIX O3epaX, NPUCYTCTBYIOIIUX B
nepBoi U TpeThell rpymnmnax. Obiiee cofepxaHue ajke-
HOHOB CHJIBHO KOPPEeJIPOBAJIO C COJIEHOCTHIO.

Bospact kepHa u3 o3epa YTuube-3 COCTaBHUJI
okosio 150 siet. CofepxaHue ajJJKeHOHOB Ka4eCTBEHHO
OoTpaxajio U3MeHeHHUs COJIEHOCTU 03epa, B YaCTHOCTH,
OHO YBEJIMYMBAJIOCH C 3a[0KYMEHTHPOBAHHBIM YBeJIN-
YeHHeM COJIEHOCTH B CJIOAX, COOTBETCTBYIOLIUX Iepu-
ozty 1920-x rozos. Uugexest Ujy, UL, UL, a raxxe
cpefHAs AyiMHA uenu u otHoiuenue C, /C,. mokasanu
IIOJIOKUTEJIBHYI0 KOPPeJIALMI0 C COJIEHOCTBIO, aHaJlo-
rMYHyl0 HaOJlloJaeMoH B MCCJIeJOBAHUM NOBEPXHOCT-
HBIX CJIOEB JOHHBIX OTJIOXeHuil (core-top wuccieno-
BaHUU), YTO B I€JIOM IOATBEPXXJAaeT BBIBOABL O TOM,
yTo cofepxaHue J[LIA B AOHHBIX OTJIOXKEHUAX OTpa-
KaeT M3MeHeHNs YPOBHA U COJIEHOCTU BOJBI B 03€pe U
MOXeT MCII0JIb30BaThCA B KayecTBe Najieo-uHANKaTopa
JUIA PEKOHCTPYKIMH 3TUX XapaKTepPUCTUK.

B oGpasnax u3 13 o3ep 651710 06HAPYKEHO UETHIpE
duoTuna, npuHaaIexanux K mnopaaky Isochrysidales.
dusioreHeTUYECKU aHaIM3 MOKasasl, 4TO 3TU (PUio-
TUINBl OTHOCATCA K I'pynme 2 ajikeHOH-IPOAYLIEHTOB,
KOTOpas XapakTepHa AJjiA COJI€HBIX KOHTHHEHTAaJIbHBIX
o3ep. bim3kue reHeTudyecKd POACTBEHHBIE IOCJIENO-
BaTeJIbHOCTU OblJIM OOHapy’keHHl B o3epax Kanajckux
IIpepuii, YTO MOXHO OOBACHUTH CXOXHMH yCJIOBUAMU
obutaHusa. Tospko B ciabocosieHOM o3epe Marapak
O6b1 oOHapyxeH ¢uuotun I'pynnel 1, xapakTepHBIN
JUIA TIPECHBIX 03€ep.
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4. 3aknioueHue

Copepxanue JILIA B coseHbix o3epax Cesepo-
MuHYCHHCKON KOTJIOBUHBI 3aBUCUT OT COJIEHOCTH.
B mpecHBIX BoAoeMax aJKEHOHOHH He OOHapyXeHBI,
TOT]a KaK B COJIEHBIX UX COAEPXKaHUe JOCTUTAeT MaKCH-
MyMa npu cojieHocTy okoJio 20 r orl. Takum o6pazom,
JLUA B OOHHBIX OTJIOXEHUAX MOTYT UCIIOJIb30BaThCA
KaKk I@ajJeo-WHAVUKATOp COJIEHOCTU oO3epa. AHanmu3
KepHa JOHHBIX OTJIOXEHUH o3epa YTuube-3 MOATBEp-
AWJI, YTO COAEepXaHWE AJIKEHOHOB OTPAXAEeT HM3MeHe-
HUA YPOBHA U COJIEHOCTHU BoAbl. TakuM o6pasoMm, LA
MOTyT MCIOJIb30BaThCA KaK IaJeo-WHAUKATOp KJIU-
MaTH4YecKu OOYCJIOBJIEHHBIX M3MeHEeHHUIl COJIEHOCTH B
OeccTOYHBIX O3epax, a CcjefoBaTesIbHO, U BJIAXKHOCTHU
KiauMaTa. TakCOHOMMYeCKHMH COCTaB aJIkeHOH-TIPO-
OYLIEHTOB B coJieHbIX o3epax CeBepo-MUHYCHHCKOH
KOTJIOBUHBl aHAJIOTUYeH COCTaBy IMPOAYLIEHTOB ApY-
TAX PErMOHOB MHpa C NOAOOHBIMU KJIMMaTUYECKUMU
yCJI0BUsAMH, HallpuMep, B CTeNHHIX palioHax CeBepHOM
Awmepuku.
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