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ABSTRACT. Studying the pigment composition of bottom sediments of the meromictic Lake Shira
allows us to learn about the past of the reservoir. Analysis of carotenoids of frozen cores of the upper
layers of bottom sediments, and comparison with field observations shows the relationship between
the hydrological regime of the lake and the content of okenone, a carotenoid of purple sulfur bacteria.
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1. Introduction

Lake Shira (N 54.30, E 90.11) located in the
northern part of the Minusinsk Basin, on the territory
of the republic Khakassia (Russian Federation). Due to
the presence of hydrogen sulfide at the edge of the pho-
tic zone during the whole year, in the middle layers
of the water column exists a community of anoxygenic
phototrophic bacteria of the lake, represented by pur-
ple sulfur bacteria (PSB) (Rogozin et al., 2012). The
concentration of okenone - carotenoid of PSB, in the
water column and bottom sediments is a biomarker of
the meromictic state of the lake (Zykov et al., 2012).

For a long time, the lake had a stable meromictic
mixing regime, but in 2014-2015 complete mixing was
recorded and although the lake restored its previous
mixing pattern in 2017, the concentration of hydrogen
sulfide decreased and the position in the water column
deepened, which negatively affected the PSB commu-
nity (Rogozin et al., 2022).

The use of a freeze-corer made possible to collect
the upper layers of bottom sediments as undisturbed as
possible, fixing them in situ. This gives the opportunity
to compare them with recent field observations of the
anoxygenic community of the lake.

2. Materials and methods

In this research were used cores of bottom sed-
iment from Lake Shira, collected by the freeze-corer
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manufactured at the Institute of Biophysics SB of RAS
in 2016, 2017, 2018 and 2023. From the frozen bottom
sediments, bars measuring approximately 3*3 sm were
sawn off longitudinally, which were then cut trans-
versely in samples of 1 sm wide. Unlike the other cores,
the one collected in 2023 was dried before extraction
using an AK 4-50 freeze dryer (Proflab) . Photopigments
extracted from the samples, were then analyzed and
quantified using high-performance liquid chromatog-
raphy (HPLC) according to the method of Wright et al
(Wright et al., 1991; Zykov et al., 2012).

3. Results and discussion

The Laboratory of Ecosystem Biophysics of the
Institute of Biophysics SB RAS annually performs moni-
toring of the water column of Lake Shira. In recent years,
due to changes in the the lake, mainly the deepening of
hydrogen sulfide-containing water layers, the PSB com-
munity has weakened (Rogozin et al., 2020). Thus, the
concentration of bacteriochlorophyll A and okenone in
water and sediment traps since 2018 has been recorded
below the detection ability by the spectrophotometric
method. Such changes should have affected the carot-
enoids of bottom sediments. Considering that the thick-
ness of the topmost annual layer of the ice core is about
3-4 mm, and then narrows to 2 mm (for the upper par-
tof the core), the difference between the 2023 core and
the previous ones should be 2-4 cm.

© Author(s) 2024. This work is distributed
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Fig.1. Distribution of okenone in ice cores of bottom sediments of Lake Shira calculated on the dry weight of the sample

Profiles of the vertical distribution of carotenoids
extracted from bottom sediments were obtained. As can
be seen in Figure 1, the increase in okenone content in
the 3-8 cm section of the cores corresponds to 2003-
2007, when the lake level increased due to an increase
in water inflow. However, already in the upper lay-
ers of bottom sediments formed in 2014 and later, a
decrease in okenone content. This is consistent with
field observations; the above remains the same up to
the spring of 2024.

The dynamics of the carotenoids of green algae
and cyanobacteria - lutein and zeaxanthin (Fig. 2) in
the upper part of the roll of 2023 also shows a sharp
drop in the concentration of pigments. A similar pat-
tern can be observed in areas of 15-20 and 35-40 cm.
This can be caused by the deterioration of conserva-
tion conditions, since with the deepening of the oxygen

zone, the impact of destructive factors of carotenoids
also increases.

Thus, a pattern has been shown between the lake
stratification regime and changes in the composition of
carotenoids in modern bottom sediments, which gives
us valuable information for the paleoreconstruction
of climate (precipitation amount) in the territory of
Southern Siberia.

4. Conclusion

The dynamics of the content of okenone, as well
as (to a lesser degree) lutein and zeaxanthin, shows that
it responds to changes in levels of lake Shira. Thus, the
influence of the lake’s transition to a holomictic regime
on the okenone content in bottom sediments is shown.
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Fig.2. Distribution of the carotenoids lutein + zeaxanthin in ice cores from bottom sediments of Lake Shira calculated on the

dry mass of the sample.
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It can be assumed that the decrease in the okenone
level reflects not only a decrease in the lake level, as
was shown previously (Rogozin et al., 2017), but also
its stabilization.
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AHHOTAIIHW . U3yyeHre NTMrMEHTHOT'O COCTaBa JJOHHBIX OTJIOKEHUN MepOMUKTHYecKoro o3epa Illupa
II03BOJIAET y3HATh JaHHBIE O IIPOLIJIOM BoAoeMa. AHa/IN3 KapOTHMHOWJOB COJepXallhXcsA B 3aMOpO-
JKEHHBIX KepHaxX BEPXHUX CJIOEB JOHHBIX OTJIOXKEHHH, 1 COIIOCTaBJIeHHe C HaTypPHBIMU HaOJII0geHUAMU
IIOKa3bIBaeT B3aNMOCBA3b MEXAY T'MAPOJIOTMYeCKUM peXMMOM 03epa U coAepkaHheM OKeHOHa - Kapo-

TUHOU/A My PILyPHBIX CEPHBIX HaKTepUi.

Kitioueauie csio8a: okeHOH, MypIypHble cepHble OaKTepHuy, MepOMUKCHsA, cTpaTuduKanyisa, peKOHCTPYKIUA
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1. BBeaenue

Oszepo IMupa (N 54.30, E 90.11) - pacnoJioxeHO
B CeBepHOH YacTy MUHYCHMHCKOI KOTJIOBHHBI, Ha Tep-
puropuu p. Xakacusa (Poccutickaa ¢enepanus). Us-3a
HaJIM4usA cepoBOAOpoAa Ha Kpaw (HOTUYeCKOl 30HHI B
TeuyeHUe BCero rofja B CpeqHUX CJIOSIX BOJHOW TOJIIU
B 03epe CYIIecTByeT cOO0IecTBO aHOKCUTE€HHBIX (HOTO-
TpodHBIX OakTepuii, IpeAcTaBJeHHOe IIypIypPHHIMU
cepabivu Gaktepusmu (IICB) (Rogozin et al., 2012).
KonneHTtpanusa B BOOHOHM ToJile U JOHHBIX OTJIOXe-
HuUAX kapotuHonaa IICB — okeHOHa ABsAeTcAa OuomMmap-
KEpPOM MEPOMUKTUYECKOTO COCTOSIHUA Bofgoéma (Zykov
et al., 2012).

Ha mpoTsxeHuu [0Jroro BpeMeHu 03epo NMeJIo
YCTOMYMBBINT MEPOMUKTUYECKUI PeXUM IepeMellrBa-
HUA, ogHako B 2014-2015 r Ob110 3apUKCHPOBAHO MOJI-
HOe IepeMelBaHue U X0Ts o3epo B 2017 r BoccTaHO-
BUJIO IPEXHUM peXuM, KOHI[eHTpaluusa cepoBOAOpPOZa
[IOHU3WJIach, a MOJIOXKEHUE B TOJIIle YIJIyOMJIOCh, UTO
HeraTuBHO OTpasmiiock Ha coobujectBe IICB (Rogozin
et al., 2022).

Hcnosp3oBaHue Kopepa-HaMopaXuBaTeJis
[I03BOJINJIO OTOUPATh BepxHUE CJIOU JOHHBIX OTJIOXe-
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HUI MakCHMaJIbHO HeHapylleHHBIMM, (GUKCUPYS UX
is situ. OTo MO3BOJIAET CPaBHMBATH UX C HATYyPHBIMU
HaOJII0AeHNAMI aHOKCUT€HHOTO coobIiecTBa o3epa.

2. MaTepunanbl 1 MeTOAbI

B npmanHO#l po6OTe HCIIOJIb30BAIUCh KEepHBI
JIOHHBIX OTJIOXkeHuN u3 ozepa Illupa, oToOpaHHBIE C
IIOMOIIBI0 KOpepa-HaMOpOXUBaTesiss, COOPaHHOTO B
HHctutyTte 6uodpusuku CO PAH, B 2016, 2017, 2018 u
2023 rr. OT 3aMOpOXeHHbIX JIOHHBIX OTJIOXXKEHUU ObLITA
IMPOAOJIBHO OTIWJIEHB OPyCKU pasMepaMu OK 3*3 cM,
KOTOpHBIE 3aTeM ObLIN MOINIepEeYHO pa3pe3aHbl C MaroM
1 cM. B oTsiMumy OT OCTaJIbHBIX KPEHOB, OTOOpaHHBIN
B 2023 r mepen SKCTpakijeil ObLI BHICYIIEH C IOMO-
mpio JmoduiibHOU cymmiku AK 4-50 (TTpodiiab). U3
MOJIy4YeHHBIX 00pasl[oB ObLIM 3KCTpParupoBaHBl (OTO-
NUTMEHTH KOTOphIe 3aTeM ObUIM NMPOAaHAaJIM3UPOBAHBI
U OIleHeHbl KOJIMYEeCTBEHHO C IIOMOIIbI0 BBICOKOI(-
dexTUBHON XuAKocTHON xpomarorpadumu (BOXX) mo
Mmetoguke Wright et al (Wright et al., 1991; Zykov et
al., 2012).

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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Puc.1. PacrpejesieHre OKEHOHA B JIEJOBBIX KpEeHaX JOHHBIX OTJIOXeHUIT o3epa [llupa B pacuere Ha cyxoil Bec obpasia

3. Pe3ynbTaTthbl U 06Cy)KAEeHME

JlabopaTopueii 6rodusnku 3KOCUCTEM
WHctutyra 6uodusuku CO PAH exerogHo MOpoBoO-
OUTCA MOHUTOPUHI BOAHOM Tosmu o3epa Ilupa. 3a
nocjenHue ToAbl, 1M3-3a U3MEeHEHUI B TOJIIe 03epa, a
UMeHHO yTIybJieHus CepoBOLOPOACOAePXKAIIUX CJIOEB
coobmiectBo IICB ocnabsio (Rogozin et al., 2020). Tax,
KOHIIeHTpauusa OakTepuoxyiopoduyia A U OKeHOHa B
BOJIe U CeUMEeHTAlMOHHLIX JIOByKax ¢ 2018 r 3aduk-
CUpoOBaHa HWXe Iopora obHapyXeHHUs CIeKTPodOTO-
MeTpHUYeCKUM MeTodoM. Takue H3MeHeHHs OJIKHBI
OBIM OTPa3UTCA Ha KApOTUHOUAAX AOHHBIX OTJIOXe-
HUU. YUUTHIBadA, 4TO TOJII[KHA CaMOT0 BEpXHEro CJjos
JIeJAHOr0 KepHa OK. 3-4 MM, M 3aTeM CyXaeTcA [0 2
MM (71 BepXHEH YaCcTU OTJIOXEHUI), Pa3HUIa MEXITY
KepHOM 2023 T ¥ npeabpAyliMMU JOJDKHA COCTaBJIATH
2-4 cm.

B xozie paboTHI OBLIN TOJTyYeHBl IPOGhUIN BepTU-
KaJIbHOTO pacnpejesieHns KapOTUHOU/IOB, SKCTparupo-
BaHHBIX 13 JJOHHHIX OTJI0)KeHuH. Kak BugHo Ha PucyHke
1, moBhIIIEHNE cofAepXaHus OKeHOHa Ha y4yacTke 3-8
c¢M KepHOB cooTBeTcTByeT 2003-2007 rT Korga Ipou-
30ILJIO TIOBBIIIIEHNE YPOBHA 03€pa 3a CUYET yBEJIUYCHUA
IpUTOKa BOABL. OJHAKO yXe BEPXHUX CJIOAX JOHHBIX
oTJIoKeHuH, cbopmupoBasmuxcsi B 2014 u mosxe,
HayMHaeTCsA MOHMWXEHHEe COAEPXaHUA OKEeHOHa. JTO
corjiacyercs ¢ HaTypHBIMM HaOJII0JeHUAMU, BHIIIEYIIO-
MAHyTasA COXpaHAETCA TaKHUM BILUIOTh A0 BeCHHI 2024 r.

JuHaMmuyka KapOTMHOWJIOB 3eJIeHbIX BOJOPOCJIei
Y IMaHOOAKTepUH - JIIOTeNHA U 3eakcaHTuHa (Puc. 2) B
BepxHeH yacTu kpeHa 2023 r ToXe JIeMOHCTPUPYET pe3-
Koe IajieHre KOHIIeHTpaly MUTMeHTOB. AHAJIOTUYHBIN
naTTpeH MOXHO HaboaaTh M Ha ydJacTkax 15-20 u 35
-40 cM. BO3MOXHO, 3TO CBA3aHO C yXyAIIeHHeM YCJIO-
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BUM KOHCEPBAIMM, TaK KaK K3-3a yriiyGJeHus KUCJIO-
POJIHOI 30HHI, TaK Xe IOBHIIIAETCS BO3/IeICTBYE pa3py-
MIUTEIBHBIX (AaKTOPOB KAPOTHHOUBL.

TakyMm o00pa3oM I[OoKa3aHa 3aKOHOMEPHOCTh
MeXy peXuMOM cTpaTudUKanuyu o3epa U H3MeHe-
HUEeM COCTaBa KapOTUHOW/JIOB B HOBEWIINX [TOHHBIX
OTJIOXKEHUSX, YTO HaeT NpeJoCTaBjsAeT HaM IeHHYIO
nHboOpMaNMI0 /I TNAJEOPEKOHCTPYKIMU KJIMMaTa
(ocagkoB) Ha Tepputopuu I0xHoi Cubupu.

4. 3aknioueHue

JluHamMuKa cojfiepXaHusg OKEHOHA, a Takxe (B
MeHbBIIEH CTeleHMr) JII0TeMHa M 3eaKkcaHTHHa IIoKa-
3BIBAET, YTO OHA OTKJIMKAeTCs Ha M3MeHEHUe yPOBH:A
o3epa Ilupa. TakuM 06pa3oM MOKa3aHO BO3ZENCTBHE
mepexofja o03epa B TOJOMHUKTUYECKUH PEXUM MpU
co/iepXXaHUM OKEHOHA B JJOHHBIX OTJIOXKEHUAX. MOXHO
MPEeJNOJ0XKUTh, YTO TIOHWXEHHE YPOBHA OKEHOHA
OTPaXawT He TOJIbKO MOHMXEeHHEe YPOBHsS 03epa, Kak
ObL10 TOKa3aHo panbiie (Rogozin et al., 2017), HO u
ero ctTabuaInsaiuio.

duHaHcupoBaHue

HccrienoBaHusa BBIIOJHEHB IIpU (PUHAHCOBOH
noaaepxke PH®, rpant No 23-17-00067.

KoHpAUKT UHTEpecoB

ABTOpBI 3asIBJIAIOT, YTO Y HUX HET KOHQJIIMKTa
HMHTEPECOB.
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