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ABSTRACT. Lake Turgoyak development through more than 12 thousand years was studied based on
diatom analysis of the lake sediment core. Altogether 142 diatom taxa were identified. Four diatom
zones corresponding to main stages of the lake ecosystem development were distinguished with appli-
cation of stratigraphically constrained cluster analysis. It was found that in the period from 12.1 to 11.0
cal ka BP Lake Turgoyak had maximum salinity and a high degree of overgrowth with hydrophytes.
Desalination and an increase in the lake depth occurred between 11.0 and 7.7 cal ka BP. Substantial
fluctuations of the lake parameters about 8.0-7.0 cal ka BP were followed by period of lower flow rate
and accumulation of sediments with a high content of organic matter. Approximately 2.7 ka cal BP the
lake depth increased and salinity decreased. It was concluded that the chronological boundaries of the
main stages of the lake ecosystem development coincide with the climatic events previously determined

for the Holocene and Late Glacial of the Urals.
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1. Introduction

Diatom analysis of lake sediments is necessary
for the reconstruction of lake-water parameters and
study of history of lake ecosystem development. The
diatom analysis of Lake Turgoyak was previously car-
ried out only for a short lake sediment core covering a
period of several hundred years (Maslennikova et al.,
2023). Diatom analysis of several more ancient sam-
ples showed strong differences in the diatom assem-
blages composition of various types of the lake sedi-
ments (Maslennikova et al., 2018). The objective of this
research is to reconstruct the main stages of the Lake
Turgoyak development for over 12 cal ka BP based on
detailed diatom analysis of sediment core.

2. Methods

The sediment core (55°16’81.70”N,
60°05’48.10”E) with a thickness of 265 c¢m was col-
lected from Lake Turgoyak at 19 m water depth. A
sampling interval varied from 1 to 5 cm. The samples
were treated with nitric and perchloric acids to remove
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organic matter. A Mikmed 6 var. 7 microscope with
bright-field oil immersion optics at 1000 X magnifica-
tion was used for counting. At least 300 valves were
counted per sample (diatom total) to determine a rel-
ative abundance (percentage) of individual taxa in the
assemblages. Ecological groups in relation to pH, sap-
robity, trophicity, salinity were identified according to
(Van Dam et al., 1994) Benthic, plankton-benthic, and
planktonic diatoms were distinguished in terms of a hab-
itat according to (Barinova et al., 2006). The ecological
information from the study of 107 lakes of the Middle
and Southern Urals was applied as well (Gulakov and
Maslennikova, 2024). The diatom zonation scheme was
developed with a stratigraphically constrained cluster
analysis Tilia software package (Grimm, 1991).

3. Results

Altogether 142 diatom species and varieties were
identified by diatom analysis of the Lake Turgoyak sed-
iment core. Benthic diatoms (118 species) in lake sedi-
ments were the most diverse. In total, 8 plankton-ben-
thic and 16 planktonic diatom species were found in the
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lake sediment core. The abundance of habitat groups
varied in different stages of the lake development.

In relation to pH, most species were alkaliphilic;
in terms of saprobity, oligosaprobes and [(-mesosap-
robes inhabiting in waters saturated by oxygen (nor less
than 75%); in terms of trophic state, from oligotrophic
to eutrophic; and in terms of salinity, oligohalobes. The
four diatom zones were distinguished.

DZ-1(12.2-11.0 cal ka BP (calibrated years ago)).
Pseudostaurosira brevistriata (Grunow) D.M.Williams &
Round 1988 and Gomphonema angustum C.Agardh 1831
are dominated. Species preferring of high salinity waters
(Mastogloia elliptica (C.Agardh) Cleve in A.W.F.Schmidt
1893, Navicula oblonga (Kiitzing) Kiitzing 1844,
Rhoicosphenia abbreviata (C.Agardh) Lange-Bertalot
1980) as well as diatoms often inhabiting of shallow
overgrown by submerged vegetation alkaline lakes of
the Urals (Mastogloia lacustris (Grunow) Grunow in Van
Heurck 1880, Nitgschia denticula Grunow 1880) are
constantly found.

DZ-1I (11.0-7.7 cal ka BP) is characterized by
the highest abundance of Ellerbeckia arenaria (G.Moore
ex Ralfs) R.M.Crawford 1988 and Karayevia clevei
(Grunow) Bukhtiyarova 1999. The beginning of the
zone (11.0-10.3 cal ka BP) is distinguished by substan-
tial abundance of attached species (Epithemia frickei
Krammer in Lange-Bertalot & Krammer 1987, Amphora
indistincta Levkov 2009, A. pediculus (Kiitzing) Grunow
in A.W.F.Schmidt 1875).

DZ-1I (7.7-2.7 cal ka BP) is distinguished by
increase in Staurosira venter (Ehrenberg) Cleve &
J.D.Moller 1879 and Staurosirella lapponica (Grunow)
D.M.Williams & Round 1987. An abundance of Staurosira
venter, Cocconeis neothumensis Krammer 1990, and C.
disculus (Schumann) Cleve in Cleve & Jentzsch 1882
between 8.0 and 7.0 cal ka BP fluctuating substantially.

DZ-1IV (2.7 cal ka BP-present) is marked by an
increase in planktonic diatoms (Handmannia comta
(Ehrenberg) Kociolek & Khursevich emend. Genkal
2013, Stephanodiscus alpinus Hustedt in Huber-
Pestalozzi 1942). Diploneis elliptica (Kiitzing) Cleve
1894 and Eolimna metafarta Kulikovskiy & Lange-
Bertalot in Kulikovskiy & al. 2015 appeared and con-
stantly presented.

4. Discussion

Diatom assemblages reflect Lake Turgoyak eco-
system shifts for the period for over 12 cal ka BP. About
12.1-11.2 cal ka BP the lake had the highest salinity
and substantial degree of overgrowth by submerged
vegetation due to its shallowness in comparison with
the present time. The disappearance of diatoms with a
high salinity optimum indicates the lake desalination
about 11.0 cal ka BP. Decrease in epiphytic diatoms
and increase in epilithic species relates to lowering of
submerged vegetation due to the lake deepening about
10.3 cal ka BP. Abrupt changes in diatom assemblages
during the 7-8 cal ka BP period can be explained by
rapid climatic fluctuations. The shift at 7.7 cal ka BP
associates with decrease in the flow rate and increase in
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accumulation of organic-rich sediments. Higher plank-
tonic diatoms and change in the species composition at
2.7 cal ka BP indicate an increase of the lake level and
decrease in salinity. The chronological boundaries of
the main stages the Lake Turgoyak and several other
lakes of the Southern and Middle Urals development
coincide, which is associated with climate changes at
this time (Maslennikova, 2020; 2022).

5. Conclusions

Thus, the diatom analysis of the Lake Turgoyak
sediment core revealed four main stages of the ecosys-
tem development. The chronological boundaries of the
stages coincide with the previously reconstructed cli-
mate events in the Holocene of the Urals.
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AnaTomoBan AeTONUCb U3MEHEHHUH
3KocucTembl o3epa Typroak (FO)XHbIM
Ypan) B ronoueHe

MacJyienaukoBa A.B.*

FOsicHo-Ypateckutl pedepatbHblil HAYHHbLI YyeHmp MuHepatoeuu u eeoskosiocuu YpO PAH, 456317, YenabuHckaa obiacmy, 2.
Muacc, HbmeHcKull 3anoGedHUK

AHHOTAIIHS. Ha ocHOBe AUaTOMOBOI'O aHA/IM3a KOJIOHKH JOHHBIX OTJIOKEHUH, OXBaThIBAIOIIEN 60Jiee
12 THIC. JIET, U3y4YeHa UCTOPUS U3MEHEHUN dKOCUCTEMEI 03. Typrosk. B JOHHBIX OTJIOXKEHUAX WEHTH-
¢unmpoBaHo 142 Buga v pa3HOBUHOCTH AMATOMOBHIX BoAopocJiell. C MOMOIIBI0 KJIACTEPHOTO aHa-
Jiu3a BBIJEJIEHO YeThIpe AWATOMOBBIE 30HBI, COOTBETCTBYIOI[E OCHOBHBIM 3TamaM pas3BUTHA O3epa.
YcraHoBiieHO, yTo B nepuoA oT 12.1 mo 11.0 ThIC. K.JI.H. 03. Typrosx nmeso MakCUMaJIbHYI0 MUHepa-
JIM3alliI0 W BHICOKYIO CTelleHb 3apacTaHusa ruapodutamu. B nepuog 11.0-7.7 TeIC. K.JI.H. IPOU30ILIO
OIlpecHeHNe U Bo3pacTaHue IIyouHsl o3epa. [lociie pe3kux KojiebaHUI IapaMeTpoB 03. Typrosk okoJjo
8-7 THIC. K.JI.H. €0 IPOTOYHOCTh YMEHBIINJIACh, HAYaJI¥ HaKallJIMBAThCA JOHHBIE OTJI0XEHMS C BBICOKUM
cofiep>XaHUeM OpPraHn4YecKoro Bemectsa. OKoJIo 2.7 ThHIC. K.JI.H. TJIyOMHA 03€pa yBeJINYUIach, a MUHe-
panusanuA cHusmiIack. CaesiaH BBIBOJ, YTO XPOHOJIOTHUYECKUE TPAHULIB! BBIAEJIEHHBIX 3TAlOB Pa3BUTHUS
03epHOI 5KOCHCTEMBI COBIAJAIOT C KJIMMATHYECKUMH COOBITUAMY, OIpefie/IeHHBIMU paHee AJid r0JIo-

LIeHa U O3QHEJIEJHUKOBbA Y paJia.

Kitioueawie ciiosa: I[I/IaTOMOBbIe BOAOPOCJIN, KOJIOHKAa JOHHBIX OTJ'IO)KeHPIﬁ, T'OJIOLEH, YPa.TI, 03€po TprOHK,
IMaJjIe0JINMMHOJIOTYYECKNE PEKOHCTPYKIINU

Jlna mqutupoBaHma: MacieHHuKoBa A.B. JluaToMoBas JeTONMCh M3MeHeHUI sKocucTeMmbl o3epa Typrosk (IOxHbI Ypas) B
rojiorieHe // Limnology and Freshwater Biology. 2024. - Ne 4. - C. 505-509. DOI: 10.31951/2658-3518-2024-A-4-505

1. Beeaenue

W3ydyeHre [AMATOMOBBIX KOMILJIEKCOB JOHHBIX
OTJIOXKEHUI o03ep HeoOXOAMMO [Ji PeKOHCTPYKUUHU
TUAPOXUMHYECKUX ITapaMeTpOB 03ep U HCCJIeqOBaHUsA
WCTOPUHU pa3BUTUA 03epa. [[MaTOMOBBIN aHaIM3 o3epa
Typrosik paHee NpPOBOAWJICA TOJBKO MAJA KOPOTKOI
KOJIOHKU JOHHBIX OTJIOXEHUH, OXBaThIBAIOI[el Iepuoj
B HECKOJIbKO coTeH JieT (Maslennikova et al., 2023). [{1ia
6oJiee IpeBHUX OTJIOXEHUI OBUI cAejlaH JUaTOMOBBIN
aHaJM3 HEeCKOJIbKUX 00paslioB, MOKa3aBUINUI CHJIbHBIE
OTJINYUA COCTaBa AMATOMOBBIX KOMILJIEKCOB pa3jiny-
HBIX THUIOB OTJIOXeHU 03. Typrosk (MacsieHHUKOBa U
ap., 2018). Ilensio gaHHOI paboTHl ABIAETCA MOAPO6-
HBIl AUATOMOBHIN aHaJIM3 KOJIOHKM JIOHHBIX OTJIOXeE-
Hul 03. Typrosik, oxBaThBalonlell nocjieqHue 12 Teic.
JeT, A7A PEKOHCTPYKI[UM OCHOBHBIX 3TAlOB pPa3BUTHUA
03epHOI 3KOCHCTEMBI.

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: adenophora@inbox.ru (A.B. MacjieHHUKOBa)

IHocmynwna: 27 mas 2024; IIpunama: 01 urona 2024;
Ony6tukoaana online: 26 aprycra 2024

2. MeToabl

Kosionka moHHBIX oTJIoXeHuil (55°16781.70»
c.u1. 60°05’48.10» B.Z.) MOIITHOCTBIO 265 c¢M ObLjIa OTO-
6paHa B 03. Typrosk c riyouns 19 m. O6pa3sisl, 0To-
O6paHHBIe Yyepe3 1-5 cM, oOpabaTeIBaJICh CMEChIO a30T-
HOM Y XJIOPHOM KHUCJIOT JIA yAaJleHUsA OpraHn4ecKoro
BewectBa. Ha cBeToBoM Mukpockone Mukmen-6 Bap.
7 npu yBenudeHuu B 1000 pa3 ObIJI0 MOACUYUTAHO He
MeHee 300 cTBOpOK AuaToMell B KaXXJOM Iipenapare.
Ha ocHoBe jiuTepaTypHBIX NCTOYHUKOB BUABI pasfesis-
JINCh TI0 OTHOLIeHUIo K pH, rajo6HocTH, canipoOHOCTH,
tpodHoctu (Van Dam et al., 1994) u mo mectoobura-
Huto (bapuHoBa u Ap., 2006). IIpu peKOHCTPYyKUMAX
yuuTHIBaJIach MHQOpManus, NoJydeHHas NpU u3yue-
Huu 107 ozep Cpennero u I0xHoro Ypana (I'yiakos u
MacseHHuKoBa, 2024). [luaToOMOBEIE 30HHI BBIJIeJIEHBI C
IIOMOII[BI0 KJIACTEpPHOI'0 aHajn3a C y4eTOM CTpaTurpa-
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¢uueckux orpaHuueHuil. KjactepHslii aHaInU3 mpoBe-
neH B mporpamme Tilia (Grimm, 1991).

3. Pe3ynbTarthbl

B pesysbraTe wU3y4YeHUA KOJIOHKU JOHHBIX
oTJioxkeHUi 03. Typrosk HaiimeHo 142 Bupa u pas-
HOBUAHOCTH AMATOMOBBIX Bogopociei. I'pymmna GeH-
TOCHBIX BUJOB HauboJiee pasHoobpaszHa (118 BuAoB).
I1JIaHKTOHHBIX BUJIOB HakileHo 16, a MJIaHKTOHHO-OeH-
TOCHBIX - 8. O61IMie OEHTOCHBIX, IIJIAHKTOHHAIX 1 IJIaH-
KTOHHO-OEHTOCHBIX BHUJIOB BapbUpPyeT B pa3JIAYHbIE
Mepyuobl pa3BUTHUA 03epa. Buisl JuaTomell B OCHOB-
HOM TIpeJICTaBJIEHBI OJIMrorajiobamu, ajkaiuduiiamu,
onurocamnpobamu, [3-me3ocanpobamMu, OOUTAIOIUMU
B BOJIaX HACHIIIEHHBIX KUCJIOpOJoM (He MeHee 75%).
WaeHTuduUpoBaHHBIE JUATOMOBBIE BOAOPOCIIHU Mpe-
MOYUTAIOT BOJJOEMBI OT OJTUTOTPODHOTO 10 IBTPOGHOIO
Tpodudeckoro cratyca. C MoMOIIbI0 KJIaCTEPHOTO aHa-
JI3a BBIJIEJIEHO YeThIpe OCHOBHBIE JUATOMOBBIE 30HHI.

DZ-1 (12.2-11.0 ThIC. K.JI.H. (KaJIeHOApHBIX JIeT
Hazan)). Mdomuuupyet Pseudostaurosira brevistriata
(Grunow) D.M.Williams & Round 1988 u Gomphonema
angustum C.Agardh 1831. IIoCTOSHHO OTMeYawTCA
BUBI, MPEeINOYUTAIONE BOAOEMBI C TOBHIIIEHHOMN
MuHepasm3sanueit (Mastogloia elliptica (C.Agardh) Cleve
in A.W.F.Schmidt 1893, Navicula oblonga (Kiitzing)
Kiitzing 1844, Rhoicosphenia abbreviata (C.Agardh)
Lange-Bertalot 1980), a Takxe AUaTOMOBbIE BOJOPOCIIU
B 60JIBIIIOM KOJINYECTBE BCTPEYAIONINECS B HETJTYOOKHX,
3apoCHINX PU3OTUAPOGUTAMU AJKAJMHHBIX BOJIOEMAaX
VYpana (Mastogloia lacustris (Grunow) Grunow in Van
Heurck 1880, Nitzschia denticula Grunow 1880).

DZ-II (11.0-7.7 ThIC. K.JI.H.) OTJIMYAETCA JOMMU-
HupoBaHueM Ellerbeckia arenaria (G.Moore ex Ralfs)
R.M.Crawford 1988 wu Karayevia clevei (Grunow)
Bukhtiyarova 1999. [ua Havama 3o (11.0-10.3
THIC. K.J.H.) XapaKTepHO OOJIbIIIOE KOJIUYECTBO O€H-
TOCHBIX TMpUKperUAImuxcsa BunoB (Epithemia frickei
Krammer in Lange-Bertalot & Krammer 1987, Amphora
indistincta Levkov 2009, A. pediculus (Kiitzing) Grunow
in A\W.F.Schmidt 1875).

DZ-1I1 (7.7-2.7 ThIC. K.JI.H.) XapaKTepu3yeTcs BO3-
pactaHueM cofepxaHusa Staurosira venter (Ehrenberg)
Cleve & J.D.Moller 1879 wu Staurosirella lapponica
(Grunow) D.M.Williams & Round 1987. B unTepBase
oT 8.0 go 7.0 TeIC. K.JI.H. OTMevalTcsA pe3Kue KoJieba-
HUA YUCJIEHHOCTU BUIOB Staurosira venter, Cocconeis
neothumensis Krammer 1990, C. disculus (Schumann)
Cleve in Cleve & Jentzsch 1882.

DZ-IV (2.7 TBIC. K.JLH.-HacTosllee BpeMs:)
OTJINYaeTCAd 3HAYMTEJIbHBIM BO3pacTaHUEM COAEp-
KaHUA IUIaHKTOHHBIX AuatoMed (Handmannia comta
(Ehrenberg) Kociolek & Khursevich emend. Genkal
2013, Stephanodiscus alpinus Hustedt in Huber-
Pestalozzi 1942). JIyis 30HBI XapaKTEPHO MOSABJIEHUE U
nocrosiHHOe npucyTcTBue Diploneis elliptica (Kiitzing)
Cleve 1894, Eolimna metafarta Kulikovskiy & Lange-
Bertalot in Kulikovskiy & al. 2015.
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4. 06¢cyxpenue

JluaToMoBble KOMIJIEKCHI OTpaxaloT U3MeHeHUs
03. Typrosk 3a nepuop 6osiee 12 Teicsau Jier. OKoJIO
12.1-11.2 TBIC. K.JI.H. 03€pO UMEJIO CaMyI0 BBICOKYIO
MHHepa/IM3aliio 3a M3Y4YeHHBIH [eproj] pa3BUTUA U
3HauMTeJIbHYI0 CTelleHb 3apacTaHus ruapoduramu,
YTO yKa3blBaeT Ha OoJiee HU3KUN YPOBEHb O3epa B
CpaBHEHUH C HacTOAI[UM BpeMeHeM. lcue3HOBeHHe
JMaTOMOBBIX BOAOPOCJel, HMEIMNX CpPaBHUTEJbHO
BBICOKMI ONTHMyM MHHepaiu3anuy, okoso 11.0
THIC. K.JI.H. CBHJETeJIbcTByeT 00 OIpecHeHHU oO3epa.
YMeHblleHre KojauyecTBa 3MUGUTOB U Bo3pacTaHue
cojiepaHus CTBOPOK SIMJIMTOB yKa3blBaeT Ha CHUXe-
Hue posu rugpodutos 10.3 TeIC. K.JI.H. U3-3a YBEJIU-
yeHus IJIyOWHBI o3epa. Peskue m3MeHeHHA OUATOMO-
BBIX KOMILJIEKCOB B NIepHOJ 7-8 ThIC. K.JI.H. MOT'YT OBITh
0OBsICHEHBI OBICTPBHIMU KJIMMATHYEeCKUMHU KoJiebaHU-
avu. CMeHa JUaTOMOBBIX KOMILJIEKCOB OKOJIO 7.7 THIC.
K.JI.H. IpeAIoJIOKUTESIbHO CBf3aHa C YMeHbllIeHHeM
IIPOTOYHOCTH BOAOEMa, YyBeJIMueHHeM KoJindecTBa
Wia Ha AHe o3epa. BospacraHue poJiu IJIAaHKTOHHBIX
BUJIOB U M3MeHeHNe BUAOBOI0 cocTaBa guaTomei 2.7
ThIC. K.JI.H. CBHETEeJIbCTBYIOT O IOBBIIIEHWH yPOBHA
1 yMeHbIIeHWU MHuHepaiausanuu oszepa. OTMmeudaercs
coBIaJileHe XPOHOJIOTMYeCKUX IPaHUll OCHOBHBIX dTa-
0B pa3BuTHA o3epa Typrosk u apyrux osep IOxHoro
u CpenHero Ypaja, 4yTO CBA3aHO C U3MEeHEHUAMU KJIU-
maTa B 3To Bpems (Maslennikova, 2020; 2022).

5. BoiBOABI

Taxkum oOpa3omM, Ha OCHOBe JUAaTOMOBOIO aHa-
Ju3a [JOHHBIX OTJIOXKeHu! o03. Typrosk BBIABJIEHO
YyeThlpe OCHOBHBIX 3Talla Pa3BUTHA dKOCHUCTEMBI, XpO-
HOJIOTMYecKre I'PaHuIbl KOTOPHIX COBIAAAlOT C PEKOH-
CTPYUPOBaHHBIMU paHee COOBITUAMU rojiolleHa Ypasa.
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