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ABSTRACT. This study investigates in detail natural processes of modern sedimentation in South Baikal.
The article presents data on the total flux of sedimentary matter, collected between March 1999 and

March 2021. The quantity and composition of the recovered material is largely determined by SiO

2bio?

which is directly dependent on annual blooms of diatoms in the lake. Since 2010, particle fluxes have
generally increased. At the same time, there was a change in the dominant diatom species. So called
“Melosira years” were replaced by years with increased productivity of species of the genus Synedra.
Presumably, this happened due to climate change.
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1. Introduction

Diatom valves are important components of
Baikal sediments and are widely used to reconstruct the
past environment of the lake (Bradbury et al., 1994;
Grachev et al., 1997; Mackay et al., 1998; Karabanov,
1999; Mackay et al., 2000; Khursevich et al., 2001;
Kuzmin et al., 2009 and many others). Diatoms largely
consist of biogenic silica (SiO,,, ), the content of which
in bottom sediments is directly proportional to the
occurrence of diatoms. Accordingly, this indicator is
widely used in paleoreconstructions (Grachev et al.,
1997; Kuz’min et al., 2001; Karabanov et al., 2001 and
many others).

Current sedimentation studies are essential in
order to interpret paleoclimate conditions of sediment
records as well as to determine the state of the lake in
the context of modern climate change on the planet.
Accordingly, it is very important to study the sediment
particles in the water column over a longer time period,
using sediment traps, which are deployed at different
water depths of the lake.

The article presents results of the study of sed-
imentary material collected by sediment traps from
March 1999 to March 2021 in South Baikal in the area
of the Baikal Neutrino Telescope. They add to already
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published data (Sturm et al., 2015; Vologina et al.,
2022).

The research was carried out within the frame-
work of a scientific cooperation agreement between
the Institute of the Earth’s Crust SB RAS (IEC SB RAS),
Irkutsk State University (ISU) and the Swiss Federal
Institute of Environmental Science and Technology
(EAWAG).

2. Material and methods

Sediment particles were sampled using cylin-
drical sediment traps placed at a buoy station in the
Southern Basin of Lake Baikal near the Baikal Neutrino
Telescope (Fig. 1). The coordinates of the station are
51°46.076’ N, 104°24.948’ E. The work was carried out
almost continuously from March 1999 to March 2021.
The sampling periods are given in Table 1. In different
years, 10 to 18 traps were installed at depths from 50
to 1363 m (Vologina et al., 2022).

The collected material was freeze-dried on an FD
ALPHA device and weighed on an analytical balance.
Biogenic silica (SiO,,, ) was determined in samples col-
lected in 1999, 2000, 2001, 2005, 2006, 2015, 2016,
2017 and 2018. The analysis was carried out at the
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Technology using the method described in (Ohlendorf
and Sturm, 2008). Total sedimentary matter fluxes and
SiO,,, fluxes were calculated in grams per 1 m?* per year
(g/m?/year).

The qualitative composition of particles was
determined in smear-slides using a SK14 binocular

microscope with magnification of 100 X and 400 X .

3. Resulits

Examination of smear slides shows that the sam-
ples contain both terrigenous and biogenic material.
The terrigenous part of the samples is represented by
clay particles, mica-clay aggregates and single mineral
grains of silt size. Rare allochthonous biogenic material
includes pollen particles and terrestrial plant remains.
The biogenic part of the samples consists mainly of
diatom valves. Amphipods of the genus Gammarus and
their fragments are sometimes observed within the
traps, as well as sponge spicules and other undefined
particles. Amphipods were removed from the trap con-
tainers immediately after collection. The same applies to
small fish, which are sometimes (very rarely) observed
in traps. The diatom composition mainly included spe-

Fig.1. Map of Lake Baikal and location of the mooring
site (red point).

Table 1. Composition of the most abundant diatoms in sedimentary material collected by sediment traps and average values
of total annual fluxes of matter from 1999 to 2021

Years Sampling period Diatoms (genuses) TAF*,
g/m2/y
1999 11.03.1999-06.03.2000 Cyclotella dominates, few Aulacoseira, single cells of Synedra 121
2000 09.03.2000-08.03.2001 Aulacoseira dominates, there are Cyclotella and Synedra 162
2001 09.03.2001-07.03.2002 Cyclotella dominates, there are Synedra and Aulacoseira 61.3
2002 08.03.2002-09.03.2003 Synedra and Aulacoseira dominates, there is Cyclotella 127
2003 11.03.2003-08.03.2004 Synedra and Cyclotella, less Aulacoseira 52.2
2004 11.03.2004-07.03.2005 Cyclotella dominates, there is Aulacoseira, less Synedra 31.2
2005 08.03.2005-06.03.2006 Cyclotella, less Aulacoseira and Synedra 38.9
2006 12.03.2006 -07.03.2007 Cyclotella dominates, there is Aulacoseira, less Synedra 11.5
2007 11.03.2007 -05.03.2008 Synedra and Aulacoseira dominates, there is Cyclotella 120
2008 09.03.2008-05.03.2009 Synedra dominates, many Cyclotella, less Aulacoseira 70.7
2009 08.03.2009-05.03.2010 Cyclotella, Synedra and Aulacoseira 30.8
2010 14.03.2010-07.03.2011 Synedra dominates, there are Aulacoseira and Cyclotella 132
2011 09.03.2011-09.03.2012 Synedra dominates, there are Aulacoseira and Cyclotella 31.9
2012 11.03.2012-09.03.2013 Synedra dominates, there is Cyclotella, less Aulacoseira 113
2013 10.03.2013-09.03.2014 Synedra and Aulacoseira dominates, few Cyclotella 56.0
2014 11.03.2014-15.03.2015 Synedra dominates, few Cyclotella and Aulacoseira 208
2015 07.03.2015-05.03.2016 | Synedra dominates, there is Cyclotella, single cells of Aulacoseira 96.3
2016 07.03.2016-07.03.2017 Synedra dominates, few Cyclotella, single cells of Aulacoseira 69.6
2017 08.03.2017-06.03.2018 Synedra dominates, few Cyclotella, single cells of Aulacoseira 147
2018 08.03.2018-05.03.2019 Synedra dominates, there is Cyclotella, single cells of Aulacoseira 63.4
2019 06.03.2019-04.03.2020 Synedra dominates, there is Cyclotella, less Aulacoseira 36.0
2020 06.03.2020-17.03.2021 Synedra dominates, few Cyclotella and Aulacoseira 190

s
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Note: the lines corresponding to the values of the TAF>100 g/m?/y are highlighted in yellow
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cies of the genera Aulacoseira, Synedra and Cyclotella.
Single valves of benthic diatoms are also found. Content
and dominant species of diatoms vary in different years
(Table 1). It is noteworthy that the diatom assemblages
of the trap material from different depths are usually
similar in the individual years.

Table 1 shows the average amount of total
annual fluxes of sedimentary matter (TAF) from 1999
to 2021. A minimum value of TAF (11.5 g/m?/year)
was recorded in 2006 and a maximum value (208 g/
m?/year) in 2014. The average TAF value for the study
period was 89.6 g/m?/year. In general values of TAF
increased since the year 2010. Thus, from March 1999
to March 2010, they averaged 75.1 g/m?/year, whereas
they valued from March 2010 to March 2021 104 g/
m?/year (Vologina et al., 2022). It is noteworthy that
periods with peak values of TAF (e.g. more than 100 g/
m?/year) correspond to different dominant species of
diatoms. Species of the genus Cyclotella dominated the
year 1999, species of Aulacoseira the year 2000, whereas
species of Aulacoseira and Synedra dominated the years
2002 and 2007. Since 2010, only specie of Synedra
have dominated the diatom assemblage (Table 1).

It was shown that the fluxes of particles in the
sediment traps in Lake Baikal are largely determined
by SiO,,. (Vologina and Sturm, 2017). This is clearly
illustrated in Figure 2, which shows total fluxes of sed-
imentary matter and fluxes of SiO,,, at different water
depths of the Southern Basin of Lake Baikal during the
years 2015, 2016, 2017 and 2018. These values cor-
relate well with each other, showing minimum values
in 2018 and maximum values in 2017 (Fig. 2). The
maximum average values of SiO,,, fluxes of 81.7, 82.3
and 98.9 g/m?/year were recorded in 1999, 2000 and
2017. In these years, elevated average values of TAF
were also recorded showing 121 g/m?/year, 162 g/m?/
year and 147 g/m?/year (Fig. 3). On the other hand,
the minimum average values of SiO,, . fluxes (7.47 g/
m?/year and 3.58 g/m2/year) also correspond to the
minimum average values of TAF (38.9 and 11.5 g/m?/
year) in 2005 and 2006, respectively (Fig. 3).

4. Discussion

Diatoms are an important component of plank-
ton of Lake Baikal. During productive years, their
numbers can reach 90% of the total plankton. During
average years this number decreases by two to three
times (Popovskaya et al., ). Sediment trap experiments
conducted in South Baikal from 1999 to 2021 showed
that the fluxes of sediment particles directly depend on
the abundance of diatoms in the water column of Lake
Baikal. During diatom blooms, TAF values also increase
significantly (Vologina and Sturm, 2017). The homo-
geneous composition of diatoms observed at different
depths of the lake water column in individual years is
explained by aggregation of single cells, which leads to
increased sinking rates of up to 60 m per day from the
productive zone of the epilimnion down to the bottom
of the lake (Mackay et al., 2000; Ryves et al., 2003;
Sturm et al., 2015).

Biogenic silica is a component of diatom valves
and sponge spicules. However, the content of sponge
spicules in the water column and bottom sediments is
insignificant, so SiO,  concentrations mainly reflect
the total amount of diatoms. SiO,; fluxes are directly
proportional to the fluxes of sedimentary material and
depend on diatom blooms (Fig. 2, 3).

An increase of TAF has been observed in the
sediment trap samples since 2010 (Vologina et al.,
2022). At the same time, a change in the dominant
genera of diatoms occurred (Table 1). Species of the
genera Cyclotella and Aulacoseira prevailed in 1999
and 2000, respectively. 2000 was called a “Melosira
year” showing a significant content of species of the
genus Melosira, which was since renamed as the genus
Aulacoseira (Evstafyev et al., 2010; Jewson and Granin,
2014; Vologina and Sturm, 2017). Diatoms of the gen-
era Aulacoseira and Synedra prevailed the diatom com-
position in 2002 and 2007. Since 2010, just the genus
Synedra was dominant, with peak values in 2010, 2012,
2014, 2017 and 2020. The species of this genus make
up more than 94 % of the total population of diatoms.
(Vologina et al., 2023).

Total flux, g/m’/y Flux SiO,,,, g/m’/y
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Fig.2. Total fluxes of sedimentary matter and fluxes of biogenic silica (SiO,,, ) at different water depths of the Southern Basin

of Lake Baikal in 2015, 2016, 2017 and 2018.
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Fig.3. Average values of total annual fluxes of sedimentary matter (TAF) and annual fluxes of biogenic silica (SiO

Predominant genera of diatoms are indicated.

We assume the dominance of species of the
genus Synedra, observed in the water column and sur-
face sediments of southern Lake Baikal (Roberts et al.,
2018; Vologina et al., 2019; Bondarenko et al., 2020;
Vologina et al., 2020) to be a direct consequence of
recent climate warming (Vologina et al., 2022; Vologina
et al., 2023).

5. Conclusions

Biogenic silica, which built the skeletons of dia-
toms, is an important indicator of sedimentation and
of environmental conditions in Lake Baikal. Monitoring
of sedimentary matter fluxes, carried out from March
1999 to March 2021 in South Baikal in the area of the
Baikal Neutrino Telescope, shows significant fluctua-
tions in both SiO, . fluxes and total matter fluxes in
general in different years. Moreover, the maximum flux
values occur in the years of diatom bloom. An increase
of TAF and a change in the dominant diatom species
since 2010 are noted, which, in our opinion, is associ-
ated with climate change.
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AHHOTALIMA. [leTaibHO MCCIIEAOBAHBI IIPOLECCH COBPEMEHHOIO OCaJKOHaKomaeHus B IOxHOM
Barikase. B ctaThe mpeacTaBjieHbl JaHHBIE 00 OOIIMX MOTOKAX OCAJOYHOTO MaTepwusa, cOOpaHHBIE C
Mapta 1999 r. mo mapt 2021 r. KosiuecTBO 1 COCTaB U3BJIEYEHHOI'0 MaTeprasia BO MHOTOM OINpeAeJis-

erca Sio,. ,

KOTOPBIF HAMIPSIMYIO 3aBUCUT OT €XETOAHOTO IIBETEHNA JUATOMOBBIX BOJOPOCJel B 03epe.C

2010 r. IOTOKH YacTHI] B [1eJIOM BO3pocyiu. OQHOBPEMEHHO C 3TUM IIPOU30ILIA CMeHa JOMUHUPYIOINX
BUAOB AuaToMel. Tak Ha3blBaeMble “MesIO3UpHEIE roAbl” CMEHWJINMCh TOJaMU C IOBBIIEHHON ypoXau-
HOCTBI0 BUJIOB pojia Synedra. TIpeAnoaoXuTeaIpHO 3TO IPOU30ILIO B CBA3M C N3MEHEHHeM KJIMMaTa.

Kitiouegeie cstoga: o3epo batikan, cefuMeHTallIOHHbIE JIOBYIIKY, IIOTOKKA 0CaOYHOTr0 BelllecTBa, ONOTreHHBIN
KpeMHe3eM, AuaToMeu, JOHHbIE 0caJiKu

JnanurupoBanus: BonoruHaE.I'., lItypm M., Bynnes H.M. IToToku 1 cocTaB 0ocaJOYHBIX YaCcTUI] B BOAHOM ToJIle FOxxHoro Batikaia
¢ 1999 no 2021 rr. // Limnology and Freshwater Biology. 2025. - Ne 4. - C. 505-514. DOI: 10.31951/2658-3518-2025-A-4-505

1. BBeaenue

CTBOpPKM JIMAaTOMOBBIX BOJOPOCJIEN SBJISIOTCSA
BaXHBIMM KOMIIOHEHTAMU OaMKaJIbCKUX OTJIOXKEHUHN
U MIMPOKO WCHOJIB3YIOTCA I TPOBEJeHUS PEKOH-
CTPYKLUI OKpyXarolieil cpefsl B mporuioM (Bradbury
et al., 1994; I'paueB u np., 1997; Mackay et al., 1998;
Kapa6anoB, 1999; Mackay et al., 2000; XypceBuu u
ap., 2001; KysemuH u ap., 2009 1 MHOrUe Opyrue).
Juatomen B 3HAUUTEJIBHON Mepe COCTOAT u3 GuoreH-
Horo kpemHeséma (SiO,, ), comepxaHue KOTOPOTO B
JOHHBIX OCAJIKaX MPAMO MPOMOPIIMOHAIBHO WX YHUC-
neHHocTu. COOTBETCTBEHHO, 3TOT MOKA3aTeJb INPOKO
WICTIOJIB3YEeTCSl B MaJIeOpeKOHCTPyKIuaAx (I'paveB u Ap.,
1997; Ky3smuH u fp., 2001; Kapa6auos u ap., 2001 u
MHOTHe ApyTue).

HccnemoBaHusi COBPEMEHHOU CeIMMEHTAnu
UMeT OO0JIbIIIOe 3HAYEHUE [[JI MHTEPIPETANNHU TaJie-
OKJIMMAaTUYECKUX YCJIOBUM, 3a(UKCUPOBAHHBIX B OCa-
JOYHBIX 3aMCAX, a TAKXe JJIA ONpeJIeJIEHUS COCTOSHUSA
0o3epa B KOHTEKCTE COBPEMEHHBIX U3MEeHEeHNH KJIMMAaTa
Ha IUIaHeTe. B CBA3W C 3TMM KpaiiHe BaXXHO M3y4yaTh
OCaJIOYHBIF MaTepuajl B TOJIIE BOJbI B TEUEHUE JJIV-
TEJILHOT'O Neprojja BpeMeH!, UCTI0Ib3YS CeJUMEHTAIH-
OHHBIE JIOBYIIIKY, pa3MellaeMble Ha PAa3HBIX TIyOMHAX
o3epa.

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: vologina@crust.irk.ru (E.T'. Bosoruxa)

IHocmynwna: 25 vtona 2025; IIpunama: 10 asrycra 2025;
Ony6tukoadana online: 31 aprycra 2025
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B craTtbe mnpuBeneHbl pe3yJbTaTHl HCCIIeOBa-
HUA 0CaJIoOYHOro MaTepuasia, OTOOpaHHOro cequMeH-
TAIlMOHHBIMM JIOBYIIKaMM ¢ MapTta 1999 r. mo maprt
2021 r. B FOxnom Dbalikajsie B palioHe pacloJioXeHUA
Baiikasbckoro HeHTpHUHHOro Tejleckorna. OHU AOMOJI-
HAIOT yXe omyGJMKOBaHHbIe AaHHBle (Sturm et al.,
2015; Vologina et al., 2022).

HcciieqoBaHys BEIIOJHSJINCh B paMKax corJiaiie-
HUA O Hay4YHOM COTPyJHUYeCTBe MexAy MHCTUTyTOM
3eMHoI kopbl CO PAH (3K CO PAH), pkyTcKUM rocy-
JapcTtBeHHBIM yHUBepcutetoMm (UI'Y) u IlIBefinapckum
denepasibHBIM MHCTUTYTOM HayKU U TEXHOJIOTHU OKPY-
xatomiel cpeast (EAWAG).

2. MaTepuanbl M METOAbI

OTt6op mpo6 0CaZOYHOTO BeLIeCTBA OCYIIECT-
BJIAUVICA C MCIOJIb30BaHMEM LWIMHJPUYECKUX Cceau-
MEHTAI[OHHBIX JIOBYIIEK, Pa3MeIIEHHBIX HA OYHKOBOM
crannuu B FOxxHOI KoTJI0BUHE o3epa bBatikai B palioHe
pacnosioxeHus BalKajibCKOTO HEWTPUHHOTO Tejie-
ckorna (Puc. 1). Koopaunatel cranmyu — 51°46.076’
cam., 104°24.948’ B.n. PaboThl NMpPOBOAWIIUCH IOYTHU
HenpephBHO ¢ MapTa 1999 r. no mapt 2021 r. [Teproas:
otbopa npob npusefeHsl B Tabiuile 1. B pasHbie roast

© Asrop(s1) 2025. DTa pabora pacnpocTpaHs-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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C
ycTaHaBiauBayioch oT 10 Ao 18 snoBymiek Ha riyOuHax

ot 50 1o 1363 M (Vologina et al., 2022).

OTob6paHHBINI MaTepuas ObLI BBICYIIEH IOCpPen-
cTBOM BhIMOpakuBaHus (freeze-dried) Ha mpuGope FD
ALPHA u B3BellleH Ha aHaJIMTUYeCKUX Becax. B npobax,
otobpaHHbX B 1999, 2000, 2001, 2005, 2006, 2015,
2016, 2017 u 2018 rr. onpepesisnacsa OUOTreHHBIN KpeM-
He3eM. Ananu3 BeINoJHAACA B IlIBelinapckoM dene-
PaJIbBHOM HHCTUTYTe HayKU U TeXHOJIOTMH OKpY’Kalo-
mei cpenbl Metofom, onmucaHHeiM B (Ohlendorf and
Sturm, 2008). PaccunTaHsbl 00IIHE IIOTOKU 0CAaJIOYHOI0
BellleCcTBa U IIOTOKU SiOZGHo B rpammax Ha 1 m? B rox (r/
Mm2/roj).

KavecTBeHHBIII cOCTaB 4YacTUI] ONpelesiAicA B
npemnaparax-ma3skax (smear-slides) Ha GUMHOKYJIApHOM
mukpockorne SK14 ¢ ysennuenreMm 100 X u 400 X.

Miic MBanosckmit

Muic TIONOBHHHEIH = —

3. Pe3ynbTarthbl

[IpocMoTp mpenapaTtoB-Ma3koB (smear-slides)
CBUJIETEJIBCTBYET O TOM, 4TO B IIpoOax NpUCYTCTBYET
KaKk TeppUreHHBIl, Tak M OWOreHHBINI MaTrepual.

Puc.1. Kapra o3epa Batikan u MecTonoJioxeHue 6yiKko-
BOI1 cTaHIUM (KpacHas TOYKa).

Ta6suna 1. CoctaB HauboJiee yacTo BCTpeyaeMbIX AUAaTOMel B 0caJOYHOM MaTepuajie, 0TOOpaHHOM ceqMMeHTallIOHHBIMU
JIOBYIIKaMU, U cpeHNe 3HaueHUsA 0OIMX TONOBHIX IOTOKOB BellecTBa ¢ 1999 no 2021 rr.

T'oasr| Ilepuon or6opa nmpo6d Juatomeu (pona) OoriIr+,
r/m2/ron
1999 | 11.03.1999-06.03.2000 | Cyclotella moMmuHUpyeT, HE3HAUUTEIbHOE KOM4ecTBO Aulacoseira, e JMHUYIHbBIE 121
cTBOpKU Synedra
2000 | 09.03.2000-08.03.2001 Aulacoseira momunupyert, otMmevawTcs Cyclotella u Synedra 162
2001 | 09.03.2001-07.03.2002 Cyclotella nomunupyet, otmevaiotrcs Synedra u Aulacoseira 61.3
2002 | 08.03.2002-09.03.2003 Synedra u Aulacoseira nomunupyiot, otmevaetcs Cyclotella 127
2003 | 11.03.2003-08.03.2004 Synedra u Cyclotella, pexe Aulacoseira 52.2
2004 | 11.03.2004-07.03.2005 Cyclotella nomunupyet, otmevaetcs Aulacoseira, pexe Synedra 31.2
2005 | 08.03.2005-06.03.2006 Cyclotella, pexe Aulacoseira u Synedra 38.9
2006 | 12.03.2006 -07.03.2007 Cyclotella nomunupyet, otmevaetcs Aulacoseira, pexe Synedra 11.5
2007 | 11.03.2007 -05.03.2008 Synedra u Aulacoseira nomuHUpy0T, oT™MevaeTcs Cyclotella 120
2008 | 09.03.2008-05.03.2009 Synedra nomunupyet, MHoro Cyclotella, pexe Aulacoseira 70.7
2009 | 08.03.2009-05.03.2010 Otmeuarorcsa Cyclotella, Synedra w Aulacoseira 30.8
2010 | 14.03.2010-07.03.2011 Synedra nomunupyet, otmevatotcs Aulacoseira u Cyclotella 132
2011 | 09.03.2011-09.03.2012 Synedra nomunupyert, otMeuatotcs Aulacoseira u Cyclotella 31.9
2012 | 11.03.2012-09.03.2013 Synedra nomunupyet, otmeuaetcs Cyclotella, pexe Aulacoseira 113
2013 | 10.03.2013-09.03.2014 | Synedra u Aulacoseira TOMUHUPYIOT, He3HAUUTEIbHOE KoJnyecTBO Cyclotella 56.0
2014 | 11.03.2014-15.03.2015 | Synedra nomuHupyeT, He3HauUnUTeIbHOE KosmuecTBo Cyclotella u Aulacoseira 208
2015 | 07.03.2015-05.03.2016 | Synedra nomunupyet, otmeuaetcs Cyclotella, enunuynsie ctBopku Aulacoseira 96.3
2016 | 07.03.2016-07.03.2017 | Synedra noMuHUpYeT, He3HAUUTEIbHOE KoydecTBO Cyclotella, e quHUYHEIE 69.6
ctBopku Aulacoseira
2017 | 08.03.2017-06.03.2018 | Synedra nomMuHHUpYeT, He3HAUUTEIbHOE KoydecTBO Cyclotella, e muHUYHEIE 147
ctBOpkU Aulacoseira
2018 | 08.03.2018-05.03.2019 | Synedra nomunupyet, otMeuaetcs Cyclotella, enuanyuHble cTBOpKU Aulacoseira 63.4
2019 | 06.03.2019-04.03.2020 Synedra nomunupyert, otmedaetcs Cyclotella, pexe Aulacoseira 36.0
2020 | 06.03.2020-17.03.2021 | Synedra moMuHUpYyeT, He3HAUUTEIbHOE KoJnuecTBO Cyclotella u Aulacoseira 190

* OOMIMII TOIOBOM ITOTOK

IIpuMeyaHme: XEITHIM I[BETOM BBIZIEJIEHBI CTPOKH, cOOTBeTCTBYIomMe OI'TI> 100 r/m2/Top.
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TeppureHHas 4acTb Npo0O INpefcTaBjeHa IJIMHUCTHIM
Bel[eCTBOM, CJIIOJUCTO-TJIMHUCTBIMM arperatamMu u
eJUHUYHBIMI MHHEpaJbHBIMU 3epHaMHU aJIeBPUTOBOM
pa3MmepHocTU. Peikuil aJIJIOXTOHHBIN OMOTeHHBIN MaTe-
puaa BKJIIOYaeT YacTHUI[Bl IBIJIBIBI M Ha3eMHBIE pac-
TUTeJIbHble OCTAaTKU. BuoreHHasa yacTb npo6 COCTOUT
IJIaBHBIM 00pa3oM K3 CTBOPOK AuaroMei. B jioBymI-
Kax MHOIJa BCTpeYalTCA pauku-OOKOIUIaBH pofa
Gammarus 1 ux pparMeHTHl, a TakXe CIUKYJIBl ITYOOK U
JApyrue HeollpefleJIEHHbIe YacTUIbl. BoKoIIaBh M3BJle-
KaJIMCh U3 JIOBYIIeK cpa3y nocJe orbopa. To xe camoe
OTHOCUJIOCh U K MeJIKUM pbi0aM, KOTOpBe KpaiiHe
pelako HabslofaloTcA B JIOBYIIKax. B coctaBe auaro-
Mell mpeobGiafanu BUAbl pofoB Aulacoseira, Synedra
u Cyclotella. V3peka BCTpPEYAIMCh TaKXe CTBOPKU
OEHTOCHBIX AMAaTOMOBBIX Bogopocieil. CopaepkaHUA
U JOMUHUpYIOIIMEe BUABI [OUaTOMell BapbUpPYIOT B
pasHble rofpl (Tabmuna 1). IlpumevaTesibHO, YTO B
OTZAeJIbHO B3AThble FOJIbl COCTaB AaTOMeH B 0CaJ0YHOM
MaTepuaje, OTOOpaHHOM C pas3HBIX IVIyOMH, B I[€JIOM
aHaJIOTUYeH.

B Tabmune 1 npusefeHb cpefHUE 3HA4YeHUA
obmux rogosbix NoTokoB (OI'TI) ocamoyHOro BelecTBa
c 1999 no 2021 rog. MunumabHble 3HaueHus OITI
(11.5 r/m2/ron) ormeuatorcs B 2006 r., MakcUMaJIbHbIE
(208 r/m%/ron) — B 2014 1., cpenusas BeauumHa OTTI
3a Mmepuoji UcciieJoBaHuA coctaBwia 89.6 r/m?/roa. B
uestoM OT'TI yBennuniucs ¢ 2010 r. C mapTa 1999 r. o
MapT 2010 r. OHM coCTaBJIsLTU B cpegHeM 75.1 r/m2/
rof, a ¢ mapta 2010 r. mo mapt 2021 r. — 104 r/M2/Tox
(Vologina et al., 2022). CiienyeT OTMETUTbH, YTO MEPU-
oJaM c nmukoBbIMU 3HaueHuAMU OI'TI (Gostee 100 r/m2/
roJl) COOTBETCTBYIOT pa3jIM4yHble JOMUHUPYIOILIMEe BU/IbI
auartomeil. Tak, B 1999 r. JoMUHMpOBaIU BUIBI poAaa
Cyclotella, B 2000 r. — Aulacoseira, B 2002 r. u B 2007 T.
— Aulacoseira u Synedra. C 2010 r. B cocTaBe JuaToMeid
JOMHMHHUPYET TOJIBKO BUABI poja Synedra (Tabsuma 1).

YcTaHOBJIEHO, YTO NOTOKH YacTHUI[ B CeAUMeH-
TaIMOHHBIX JIOBYIIKax o3epa baiikai B 3Ha4MTeJIbHOMN

OOGHit OTOK, T/M°/TO

crenenu onpepenswTcsa SiO,, —(Bonoruna u IITypwm,
2017). OTOT BBIBOJ XOPOIIO WLTIOCTPUPYET PUCYHOK 2,
rfle mpuBeieHbl OOII1e TOTOKU 0CaJJOYHOTO BelllecTBa
u moroku SiO, . ~Ha pasHbiX TiyOuHax HOXHOI KOT-
joBuHH Barikama B 2015, 2016, 2017 u 2018 ropgax.
OTU BeJIMYUHBI XOPOIIO KOPPEeJIUpYIT Mexay coboi,
MOoKa3bpBasg MMHUMAaJIbHbIE 3HaYeHuA B 2018 r. u Mak-
cumasbHbie — B 2017 r. (Puc. 2). MakcumaibHble cpef-
HUe 3HavYeHus notokos SiO,, ~(81.7, 82.3, 98.9 r/m?/
roja) orMmeuasrch B 1999, 2000 u 2017 rr. B oaTu rofsl
HaOJII0aJMch TaKXe IMOBHIIEHHblE CpeJHNEe Besu-
ypnel OI'TI — 121, 162 u 147 r/M2/T0J1 COOTBETCTBEHHO
(Puc. 3). HanpoTuB, MUHUMAaJbHBIM CpEJHUM 3Haye-
HUAM IIOTOKOB SiOZGMO (7.47 u 3.58 r/m?2/Troxx) cOOTBET-
CTBYIOT MUHHMaJibHble cpeaHue BenuuuHbl OI'TI (38.9
u 11.5 r/m2/rom) B 2005 r. 1 2006 . COOTBETCTBEHHO
(Puc. 3).

4. 06cyxpenue

JuaToMOBEle BOLOPOCJN fABJIAIOTCA BaXHOU
cocTaBJIAIOLel MIaHKTOHa o3epa balikan. B mpoayk-
THUBHbBIE OBl UX YUCJEHHOCTh MOXeT gocturath 90 %
oT 00lIllero KOJMYecTBa IJIAHKTOHA. B OOBIYHEIE T'OJIBI
3Ta BeJWuYrMHa cHUXaetrcsa B 2-3 pasa ([lonoBckas u
ap., 2002). DKcHepuMeHTH € ceUMeHTalNOHHBIMU
JIOBYIIIKaMM, NpoBeAéHHbIe Hamu B FOxHOM Baiikase c
1999 no 2021 rr., mokasaJii, YTO IMOTOKH OCaJI0YHOTO
BellleCcTBa HANPsAMYIO 3aBUCAT OT OOMJIMA AuAaTOMel B
BOJIHOM ToJIIle o3epa. B mepuopsl 1iBeTeHUss AUATOMO-
BhIX BogopocJel 3HaueHusaA OI'Tl 3HauUTEeNIbHO yBeJU-
yupatoTcs (Bosiornna u lltypm, 2017). OgHOpOOHBIN
COCTaB JuaToMeli, OTMEeUYeHHbIN Ha pa3HbIX IJIyOMHax
BOJIHOM TOJIIIY O3epa B OT/ieJIbHbIe TO/Ibl, 0ObACHSETCA
arperanueil OTAeJIbHBIX KJIETOK, YTO NMPUBOLUT K yBe-
JIMYEHUI0 CKOPOCTU UX ocaxJeHus Ao 60 M B CyTKU
13 MPOAYKTUBHOU 30HHI SMIJIMMHUOHA [0 AHA O3epa
(Mackay et al., 2000; Ryves et al., 2003; Sturm et al.,
2015).

[Torok SiO,g,,, T/M’/To1
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Puc.2. O6mue MOTOKU OCAZOYHOI'O BelllecTBa U IOTOKM OHOreHHOro kpeMmHeséma (SiO

KoT10BUHBI Barikana B 2015, 2016, 2017 u 2018 rogax.
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JOMUHUPYIOIME POJia AUATOMEH.

BuorenHsIll kpeMHe3éM BXOOUT B COCTaB CTBO-
POK quaToMel U chukyJ rybok. OJHaAKO coAepkaHue
CIIUKYJI TYOOK B BOAHOM TOJIIIE M B JOHHBIX OcCagKax
HE3HAYWTEJIbHOE, TI09TOMY KOHUeHTpauuu SiO, .
OTpaxarwT TJIaBHBIM 00pa3oM CyMMapHOe KOJIMYeCTBO
nuatomeit. ITotoku SiO,, =~ TPAMO MPONOPLMOHAJIBHBL
MOTOKaM OCa[OYHOr0 MaTepuasia U HanpsIMYI0 3aBUCAT
oT 11BeTeHus auatomeri (Puc. 2, 3).

YcraHosnieHo yBesmueHue OIIT ¢ 2010 r.
(Vologina et al., 2022). OgHOBpeMeHHO C 3TUM IIPO-
U30IJIa CMeHa [AOMHUHHUPYIOIUX PpOJOB AuaToMeil
(Tabouna 1). Bugsr pogos Cyclotella v Aulacoseira mipe-
obsaganu B 1999r. 1 2000 1. coorBeTcTBeHHO. 2000 rofg
OBLIT «MeJIO3UPHBIM T'OZJOM>» CO 3HAUUTEJIBHBIM COJIepXKa-
HHEeM BUJOB poaa Melosira (B HacTosIee BpeMs mepe-
nMeHOBaH B poA Aulacoseira) (EBcradneB u ap., 2010;
Jewson and Granin, 2014; Bosorusa u IItypm, 2017).
Aulacoseira n Synedra npe[CcTaBJIAIA MUKA OUATOMEN
B 2002 r. u B 2007 r. C 2010 r. ToJIBKO pon Synedra
AIBJIIeTCS JOMUHUPYIOIMINM C MMKOBBIMU 3HAUY€HUAMU B
2010, 2012, 2014, 2017 u 2020 rr. ConepxaHue BUI0B
3TOr0 pofa MOXeT COCTaBATh Oosiee 94 % oT obiero
comepxaHusa nuatoMmeit (Bosoruna u nip., 2023).

MsI npefmnosiaraeM, YTo JOMHUHHPOBAHUE BUJIOB
poaa Synedra, HabyrojaeMoe B BOOHOH TOJIOIE U B
MOBEPXHOCTHBIX JIOHHBIX ocajakax IOxHoro Baiikasna
(Roberts etal., 2018; Bostoruna u ap., 2019; Bondarenko
et al., 2020; Vologina et al., 2020) sBJiAeTCA MPAMBIM
cJIe[ICTBUEM COBPEMEHHOIO IOTelJieHusA KJumara
(Vologina et al., 2022; Bosioruxa u gp., 2023).

5. 3akniouenue

BuoreHHbI1 KpeMmHe3€M, cJiaralolmuil CcKeJieThl
JuaTroMel, fABJIAETCA BaXHbBIM HHANKATOpPOM OcCaj-
KOHaKOILJICHUA W YCJIOBUM OKpyXalolleil cpedbl B
osepe baiikan. MOHUTOPUHI IIOTOKOB OCAaAOYHOTO
BelllecTBa, MPOBeNEHHBII ¢ MapTa 1999 r. mo mapt
2021 r. B FOxHoMm DBalikane B palioHe pacnoJioXeHuA
Balikasibckoro HEHUTPHUHHOIO TeJsleCKoIla IOKa3bIBaeT
3HAYUTEJIbHBIE KOJiebaHUA Kak MoToKoB SiO, ., Tak
001X MOTOKOB BelllecTBa B 11eJIOM B pa3Hble rofsl. [Ipu
3TOM MaKCHMaJIbHble 3HayeHHUs MOTOKOB NPUXOOATCA

2005

2006

2015 2016 2017 2018

Toner
Puc.3. Cpeqnue 3HaueHUs 0OIMX rogoBbix MoTOKOB (OI'TI) 1 rojoBbIX MOTOKOB GMOTEHHOTo KpemHeséMma (Si0,, ). YkaszaHbl
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Ha rofsl LBeTeHUs AuaToMeil. OTMmeuaeTcs yBesuue-
Hue OITl u cMeHa AOMUHUHPYIOIUX BUAOB AUATOME
¢ 2010 r., cBsA3aHHasA Ha HaIl B3rJIAL C U3MeHEeHHEM
KJIMMaTa.

BbraropapHocTn

ABTOpH HCKpeHHe OJlarogapHbl y4YaCTHHUKaM
skcneguuuu MHcTUTyTa npukiaagHon ¢usuku UT'Y
3a HeOlleHHMYI0 IIOMOIIb B IpoBedeHHMU paboT. Mbl
riy6oxo nmpusHaTesibHel . BpronHep (EAWAG) u E.T.
[Monsaxosoit (M3K CO PAH) 3a aHanmuTHUuyeckyo paboTy
Y [IOMOIIb B IIOATOTOBKe P00 [JIs aHAJIM30B.

HccienoBaHue BBIOJIHEHO Osiarogapss MHO-
rojeTHeMy MeXAYHapOoJHOMY COTPyAHUYECTBY IIpU
nognepxke EAWAG (mpoekt No 85145), B pamkax
rocyaapctBeHHoro 3amaHus 3K CO PAH (mpoekt No
1025022500090-2-1.5.1-1.5.1) 1 MuHuCTepcTBa HAYKU
u Boiciiero o6pasoBaHusa Poccuiickoii depepanuu
(mpoext No FZZE-2023-0004). B pab6ore uYacTU4YHO
3afetictBoBasioch obopynoBanue I[KII «['eoguHamuka
u reoxponosiorus» 3K CO PAH.

KoHPAUKT UHTEpecoB

ABTOpHBI 3aABJIAIOT 06 OTCYTCTBUM KOH(JIMKTa
VIHTEPECOB.

Cnucok Aureparypbl

Bosoruna E.T., lItypm M. 2017. [ToToku 0CagoO4HOrO
BemecTBa B IOxHOM Baiikase. Pe3ysibTaThl 9KCIIEpUMEHTOB C
ceMMEeHTAalOHHbIMY JIOBYIIKaMu. ['eosiorusa u reodusuka
58 (9): 1314-1323. DOI: 10.15372/GiG20170904

Bomoruna EJ., IItypm M., Byaues H.M. 2019.
Pe3yJibTaThl 9KCIIEPUMEHTOB € CeAMMEeHTalIOHHBIMU JIOBYII-
xamu B IOxHoM bBatikane ¢ mapra 2013 r. mo mapt 2015 r.
Martepuansl XXIII MexayHapoaHO! Hay4HOI KOHGepeHINN
(mkoJibl) IO MOpcKol reosorun «['eosorus Mopell U OKea-
HOB» 3: 20-24.

Bosioruna E.T'., llItypm M., Bopo6seBa C.C. 2023. IToToku
1 COCTaB OCAJI0YHOIO BelllecTBa B BOAHOM cToJiGe IOxHOrO
Batikana (c mapra 2015 o mapt 2016 r.). I'eostorus u reodu-
3uka 64(4): 547-558. DOI: 10.15372/GiG2022129



https://www.doi.org/10.15372/GiG20170904
https://www.doi.org/10.15372/GiG2022129

BornoauHa E.I" u dp. / Limnology and Freshwater Biology 2025 (4): 505-514

Cneu. sbinyck: «VIII-s5 MexdyHapooHasi
BepewazuHckas balikanbckasi KoHgbepeHyusi»

I'paueB M.A., JIuxomBaii E.B., Bopo6sesa C.C. u ap. 1997.
CurHaJibl IaJIeOKJIMMAaTOB BEpPXHero IJIeficTolleHa B ocajKax
o3epa Batikas. I'eosiorus u reodpusuka 38(5): 957-980.

EBcradnes B.K., Bonmapenko H.A., Menbuuk H.I'. 2010.
Ananu3 MHOrosieTHel AWHAMMKHA OCHOBHBIX 3BeHbEB TPO-
duueckolil nenu B nejaruanayd oszepa baiikan. M3Becrus
HpkyTckoro rocynmapcTBeHHoro yHuBepcurera. Cepus
Buosiorns. Oxosorus 3(1): 3-11.

Kapa6anos E.B., IIpokonenko A.A., Kyapmun M.W. u np.
2001. OnenmeneHuss U MexJieJHUKOBbs Cubupu — naseo-
KJIMMaThyecKas 3anuch u3 odepa balikai u ee koppesAlusa ¢
3anajHo-cubupckol crparurpadueii (3noxa MpsAMO MOJIAP-
Hoctu BpioHec). T'eostorus u reodpusuka 52(1-2): 48-63.

Kapa6anos E.B. 1999. I'eostoruueckoe cTpoeHue ocasiou-
HOW ToJImu o3epa Batikas u peKOHCTPYKIUM U3MeHeHUHN KJIn-
Mara LleHTpaJibHO! A3uu B [T03/1HeM KaliHo3oe. JluccepTanus
B BHUJIe HAy4YHOrO JIOKJIaJla Ha COMCKaHHe Y4YeHOH CTeleH!
JOKTOpa reoJioro-MruHepajgornyeckux Hayk. Mocksa, Poccus.

Kyspmun M.U., Kapabauos E.B., KaBau T. u gp. 2001.
I'my6okoBogHOe GypeHre Ha Balikasie — OCHOBHBIE pe3yJib-
taTel. ['eosiorus u reopusuka 42(1-2): 8-34.

Kyspmun M.HU., Xypcesuu I'.K., IIpokonenko A.A. u ap.
2009. lleHTpuyeckue AUATOMOBBIE BOJOPOCIU IO3OHETO
KaliHo30:1 o3epa bBalikan: mopdoJiorus, cucremaruka, cTpa-
Turpaduyeckoe paclnpocTpaHeHue, 3TalHOCTb pa3BUTUA
(mo matepuasiam rirybokoBosiHoro 6ypenus). HoBocubupck:
Axkanemuyeckoe n3aateabcTBO «['EO».

ITomoBckasa I'.U., T'enkan C.U., JluxomBai E.B. 2002.
JluaToMOBBIe  BOIOpPOCJIM IUTaHKTOHa o3epa batikail.
HoBocubupck: Hayka.

Xypcesuu I'.K., Kapa6anos E.B., [Ipokonenko A.A. u zip.
2001. HerampHass mguaTomoBas OuocTparurpadus ocagkoB
o3epa Balikan B anoxy BpioHec u kinmartudeckue GakTOPHI
Bugoo6pa3oBaHusl. I'eosiorus u reopusuka 42(1-2): 108-129.

Bondarenko N.A., Vorobyova S.S., Zhuchenko N.A. et al.
2020. Current state of phytoplankton in the littoral area of
Lake Baikal, spring 2017. Journal of Great Lakes Research 46:
17-28. DOI: 10.1016/j.jgIr.2019.10.001

514

Bradbury J.P., Bezrukova Ye.V., Chernyaeva G.P. et al.
1994. A synthesis of post-glacial diatom records from Lake
Baikal. Journal of Paleolimnology 10: 213-252.

Jewson D.H., Granin N.G. 2014. Cyclical size change
and population dynamics of a planktonic diatom, Aulacoseira
baicalensis, in Lake Baikal. European Journal of Phycology
50(1): 1-19. DOI: 10.1080/09670262.2014.979450

Mackay A.W., Flower R.J., Kuzmina A.E. et al. 1998.
Diatom succession trends in recent sediments from Lake
Baikal and their relationship to atmospheric pollution and
to climate change. Philosophical Transactions of the Royal
Society 353: 1011-1055.

Mackay A.W., Battarbee R.W., Flower R.J. et al. 2000.
The deposition and accumulation of endemic planktonic
diatoms in the sediments of Lake Baikal and an evaluation
of their potential role in climate reconstruction during the
Holocene. Terra Nostra 9: 34-48.

Ohlendorf C., Sturm M. 2008. A modified method for
biogenic silica determination. Journal of Paleolimnology, 54:
137-142.

Roberts S., Swann G.E.A., McGowan S. et al. 2018.
Diatom evidence of 20th century ecosystem change in Lake
Baikal, Siberia. PLOS ONE 13(12): e0213413. DOI: 10.1371/
journal.pone.0208765

Ryves D.B., Jewson D.H., Sturm M. et al. 2003.
Quantitative and qualitative relationships between planktonic
diatom communities and diatom assemblages in sedimenting
material and surface sediments in Lake Baikal, Siberia.
Limnology and Oceanography 48(4): 1643-1661.

Sturm M., Vologina E.G., Budnev N.M. et al. 2015. Results
of 20 years of sediment trap monitoring. Particle dynamics
in ocean-like Lake Baikal. In: 9th Symposium for European
Freshwater Sciences «Freshwater sciences coming home», pp.
165.

Vologina E.G., Sturm M., Vorob’eva S.S. et al. 2020. Late
Holocene sediments in the profound abyss of Southern Lake
Baikal. Limnology and Freshwater Biology 4: 585-587. DOIL:
10.31951/2658-3518-2020-A-4-585

Vologina E.G., Sturm M., Budnev N.M. 2022. Results
of long-term measurements of particulate matter in Lake
Baikal. Limnology and Freshwater Biology 4: 193-196. DOIL:
10.31951/2658-3518-2022-A-4-193



https://www.doi.org/10.1016/j.jglr.2019.10.001
https://www.doi.org/10.1080/09670262.2014.979450
https://www.doi.org/10.1371/journal.pone.0208765
https://www.doi.org/10.1371/journal.pone.0208765
https://www.doi.org/10.31951/2658-3518-2020-A-4-585
https://www.doi.org/10.31951/2658-3518-2022-A-4-193

	Fluxes and composition of sediment particles in the water column of Southern Lake Baikal between 1999 and 202
	1. Introduction

	2. Material and methods

	3. Results

	4. Discussion

	5. Conclusions

	Acknowledgements

	Conflict of interest

	References


	Потоки и состав осадочных частиц в водной толще Южного Байкала с 1999 по 2021 гг
	1. Введение

	2. Материалы и методы

	3. Результаты

	4. Обсуждение

	5. Заключение

	Благодарности

	Конфликт интересов

	Список литературы



