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ABSTRACT. Paleolimnological studies of the Lososinskiy Reservoir (Karelia) have made it possible to
reconstruct the history of its development from the Ice Lake to the artificial waterbasin. Five stages of
sedimentogenesis were identified. It was based on lithostratigraphy, diatom and geochemical analysis
of bottom sediments. The detailing of the anthropogenic period of the Lososinskiy Reservoir was carried
out on the study of the landscape structure of the catchment area using the mass-balance production

model of the ecosystem.
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1. Introduction

The Lososinskiy Reservoir is one of the oldest
reservoirs in the Karelia Republic. It is located on the
Olonets Upland, in the area of the development of gla-
cial and water-glacial land forms. The Reservoir was
created at the beginning of the XVIII century for the
needs of the Petrovsky Iron Factory. The Lososinskiy
Reservoir formed on the site of two small lakes. The
rise in the waterlevel of the Reservoir was about 3.5
m, and the water area almost doubled (Potakhin et
al., 2023). The waters of the Lososinskiy Reservoir are
characterized as medium-alkaline slightly acidic neu-
tral bicarbonate class of the calcium and magnesium
groups. According to the phosphorus content, the reser-
voir has a mesotrophic status. According to the content
of organic matter, it corresponds to the mesohumus
type of waters (Lakes..., 2013).
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The purpose of the scientific research is to study
the features of the formation of lake bottom sediments
of the Lososinskiy Reservoir at different stages of its
history from the Ice Lake to the present day status.

2. Materials and methods

The Lososinskiy Reservoir is located in the drain-
age area of the Lososinka River (a tributary of Lake
Onego). The catchment area of Lososinskiy Reservoir
is 101 km?. The altitude above sea level is 183 m. The
area of the Reservoir is 8.1 km?, the length of the coast
line is 22.1 km, the volume of water is 46.2 million
m?®, the average depth is 5.7 m, the largest is 8.5m.
Comprehensive expeditionary research was carried out
in 2021-2023 and included of (1) studying the land-
scapes of the catchment area, (2) sampling of water to
study chemical and biological characteristics, (3) sam-
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pling of surface sediment samples (with a LIMNOS sed-
iment corer) and sampling long sediment cores (with
a Russian Corer) for lithological, chemical and diatom
analysis. The study of the material composition of water
and sediments was carried out in accordance with the
methods of analysis generally accepted in world prac-
tice (Belkina et al., 2023).

3. Results and discussion

Lithostratigraphy study of retrieved sediment
cores of the of the Lososinskiy Reservoir confirms the
existence of a local Ice Lake that arose in the marginal
zone of the Luga stage of the Valday Glaciation, the
age of which is estimated at 15.7 cal. BP/ 13.21*C BP
(Velichko et al., 2017). The uppermost unit of the bot-
tom sediments (thickness up to 5m) is everywhere rep-
resented by brown organic silty-clay gyttja. Below lies
the next unit represented by olive silty-clay organic
gyttia (thickness up to 2.2 m), which is under lain
by sandy silt layer and gray clay with layers of medi-
um-grained sand (laminated clays — varved clays).The
lithology of the bottom sediment sand the previously
obtained GIS reconstructions of the Onego Ice Lake
(OIL) (Subetto et al., 2022) all owed us to conclude
that as a result of the breakthrough and descent of the
Ice Lake through the moraine ridge in the direction of
OIL (modern Lososinka River), two small lakes were
formed in the depressions of inter-marine depressions
(Potakhin et al., 2023). In 1705, a dam was created at
the site of the breakthrough of the moraine ridge, and
in 1774, an adjustable dam. The water level was raised,
the water flow was regulated, a reservoir was formed
on the basis of the two lakes, which inherited the basin
of the glacial reservoir. In this status, the Reservoir has
been functioning for more than 300 years and currently
represents a formed the reservoir-lake with an estab-
lished water regime.

The diatom study of bottom sediments revealed
the main stages of the evolution of the lake’s ecosystem
including its reservoir stage. The earliest stage is charac-
terized with high abundances of meso-eutrophic species
and low diatom concentrations. The latter resulted from
high sediment supply to the basin caused by enhanced
erosion intensity in the catchment. At the next stage,
significantly increased concentrations of diatom valves
and chrysophyte cysts and diatom species diversity indi-
cate a rise in productivity of the lake ecosystem. The
following stage is characterized with a notable decrease
in the proportions of the most eutrophic species.
With the transition to the reservoir stage, the most
dramatic changes in the lake ecosystem occur. Rapidly
increased abundances of benthic diatoms indicate an
increase of the shallow-water areas as the coastal low-
lands were flooded due to the rise in the water level.
Modern diatom assemblages composition suggests
increasing eutrophication as a result of increasing
anthropogenic pressure

The use of the mass-balance model of V.V.
Boulion (2020) for the reconstruction of the ecosystem
of a small lake that existed before the creation of the
reservoir also showed that an increase in the level of the
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reservoir, an increase in the volume of water mass and
the area of the littoral affects the ratio of trophic links:
the role of coastal and bottom communities increases
due to a decrease in planktonic species.The model
experiment confirmed that an increase in the external
phosphorus load on the reservoir after an active anthro-
pogenic transformation of the catchment area led to an
increase in ecosystem productivity.According to calcu-
lations, at the present stage of ecosystem development,
about 36% of the organic matter of the total primary
production participates in the formation of bottom sed-
iments with an intensity of about 20-23 gC-m?year?,
which is 49-55% of the total intake of organic matter
per year (40-45 gCm?%year!, according to observa-
tions the composition of suspended solids from sedi-
mentation traps).Which is significantly higher than for
a small lake before anthropogenic transformations (16
gCm2year! with a total ecosystem productivity of 32
gCm2year?!).The contribution of the elements of the
trophic network of the reservoir to the organic matter
of bottom sediments also changes with an increase in
the level of the reservoir and an increase in anthropo-
genic load.

A study of the catchment area of the reservoir
was carried out to identify geochemical markers of
changes in the sedimentary process in bottom sed-
iments as a result of anthropogenic impact.Five peri-
ods of transformation of its landscape structure were
identified: (1) before the beginning of the XVIII cen-
tury - the period of natural landscapes of the middle
taiga zone; (2) after the creation of the reservoir from
the beginning of the XVIII century to the 30s of the XX
century — the period of initial transformation of land-
scapes; (3) from 1930 to 1970 - the period of forest
cover change as a result of continuous logging; (4) from
1970 to 2000. - the period of maximum transforma-
tion of landscapes (forest reclamation and drainage
of swamps, military construction, suburban develop-
ment and land cultivation, logging, development of
sand and gravel pits, construction of roads and power
lines); (5) from 2000 to the present — a period of rela-
tive stabilization of landscapes. Analysis of changes in
anthropogenic load on the reservoir showed that log-
ging (period 3) significantly affected the hydrological
regime of the reservoir: the volume of runoff increased,
and as a result, the amount of matter entering it from
the catchment increased.The change in the material
composition of sedimentary matter, mainly its organic
part, was significantly influenced by forest reclamation,
which manifested itself in an increase in concentrations
of Fe, Mn, humic and fulvic acids in bottom sediments.
Anthropogenic eutrophication of the reservoir natu-
rally manifests itself in an increase in the content of
phosphorus and organic matter in precipitation.

4. Conclusion

The study of the features of the formation of lake
bottom sediments of the Lososinskiy Reservoir at dif-
ferent stages of its history has shown that the creation
of reservoirs in conditions of highly dissected relief and
excess moisture, forming abundant surface runoff, can
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be compared with climatic changes in its effect on the
ecosystem of the reservoir.
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AHHOTAIIHAA. IlaneoanMHOJIOTAYECKUe KCCIefOBaHUA JIOCOCMHCKOIO BOAOXPaHWJIMINA MO3BOJIUIINA
PEKOHCTPYUPOBATh UCTOPUIO €ro pa3BUTHA OT NPUJIEAHUKOBOIO BojoeMa [i0 Hamux AHell. Ha ocHoBe
JIUTOCTpaTUrpauuecKoro, JUaTOMOBOTO U Te€OXMMHYECKOr0 aHaJIiu3a JOHHBIX OTJIOXKEHUHN BhIEJIEHO
5 3TamoB MPecHOBOAHOI'O celMMeHTOoreHe3a. JleTanmsalysi aHTPOIIOTEHHOro Mepuoja BBIIOJIHEHA Ha
OCHOBe U3y4eHUs JaHAmadTHON CTPYKTYPhl BOAOCOOPHOro HOacceiiHa ¢ mpUMeHeHHeM Macc-0ajiaHCco-
BOU IPOAYKIIMOHHOMN MOJEJN 5KOCHUCTEMEI.

Kitiouegsie ctoga: ®eHHOCKaHOUHABCKUM KPUCTAJUIMYECKUH AT, O3epHbIe OTJIOXEeHNs, CeJUMeHTOreHe3,
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1. Beepenue — COOTBeTCTByeT Me30orymycHoMy Tumy Bop (Osepa...,

2013).

Llenpio ucciiefoBaHUA ABJIAETCA U3y4deHUE OCO-
6eHHOCTEN (HOPMUPOBAHUA O03ePHBIX JOHHBIX OTJIOXe-
HUH JIOCOCHHCKOTO BOIOXpaHUJIMIIA Ha pa3HbIX dTanax
ero UCTOpUM OT NPUJIEJHUKOBOrO0 BoJoeMa [0 Hallux
QHEH.

JIococrMHCKOe BOOOXpAaHUJIMIIE ABJIAETCA OJHUM
U3 crapedmux BogoxpaHwimi Kapenuu. OHO pacrio-
JoXeHHOe B mpefesiax OJIOHENKOW BO3BBIIIEHHOCTH,
B pailioHe pa3BUTHA JIEAHUKOBBIX U BOIHO-JIETHUKO-
BeIX Gopm penbeda. Bogoem ObL1 co3maH B Hagasie
XVIII Beka a1 Hyx[ [IeTpoBCKOro 4yryHOJIUTEHHOIO
3aBoJla Ha MecTe AByX MaJibix o3ep. IlogbemM ypoBHA
BOJIBI COCTaBMJI OK0JIO 3,5 M, IJIOLAlb 3epKaJia yBeJu-
ymtach MOoYTH B f1Ba pa3a ([Totaxu u ap., 2023). Bombt
JIOCOCHMHCKOTro BOAOXPAaHWJININA XapaKTepU3yoTCa Kak
CcpeqHelleJIOYHOCTHBIe  CJIa0OKHCJIble HeNTpasbHble
TUAPOKapOOHATHOIO Kjlacca IPYMIbl KaabI[ysA, MarHus.
ITo comepxanuo ¢ocdopa BojoeM MMeeT Me30Tpod-
HBIH cTaTyc. [Io cogepaHUi0 OpraHlu4ecKoro BelecTsa

2. MaTepuanbl U METOADI

JlococuHCKOe BOOOXpaHUIINIIE PACOJI0XEeHO Ha
BojtocOope p. Jlococunka (mputok OHEXCKOTro o3epa).
[lnomanas Bomoc6opa -101 km2 BeicoTa Haj ypOB-
HeMm mops —-183 M BC. Iliomaap Bogoema — 8,1 kM2,
nauHa OeperoBoil JimHUM — 22,1 KM, 00beM BOJBI —
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46,2 MutH M°, cpemHAs raybuHa 5,7 M, HauboJIbInas
— 8,5 M. B Teuenue 2021-2023 rr. 6N IPOBEEHBI
KOMILJIEKCHBIe 3KCIeJULMOHHBIe HCCIIeJOBaHuA BOJIO-
XpaHWIUIA U ero BoJocOOpHOro OacceiiHa, KOTOpbie
BKJIIOYA/IN: U3yYeHMe JIaHAmadToB Bogocbopa, oToop
1po0 BOABI AJIA UCCJIEAOBAaHUA XUMUYECKUX U OHOJIO-
TMYecKHUX XapaKTepUCTUK, OTOOP IIOBEPXHOCTHEIX P06
JOHHBIX OTJIOXeHUH (cTpaToMerpoM Limnos) u ot6op
JUIMHHBIX KOJIOHOK JOHHBIX OTJIOKeHUH (TOphAHBIM
O6ypoM) Ha JINTOJIOTUYEeCKUl, XUMUYeCKU 1 JUaTOMO-
BBII aHau3. M3yuyeHue BelleCTBEHHOIO COCTaBa BOJBI
Y JOHHBIX OTJIOKE€HUI MPOBOAWJIM B COOTBETCTBUHU C
o0IIenpuHATHIMY B MUPOBOI IPaKTUKe MeTOJaMU aHa-
nu3a (Belkina et al., 2023).

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

Jlutoctpaturpadguueckoe u3yueHHe KepHOB
JOHHBIX OTJIOXXeHUH JIOCOCMHCKOro BOAOXPaHWJINILA
MIOATBEpXKJaeT CyleCTBOBaHNE B II03/JHeJIeJHUKOBbE B
3TOM palioHe JIOKaJIbHOTO MpUJIEHMKOBOIO BOJOEMA,
BO3HUKILEr0 B KpaeBoil 30He JIyXKCKO! cTaJuu Bajiai-
CKOTO OJie[leHeHNs, BO3pacT KOTOpPOH OlleHHBaeTcs B
15,7 xan. Teic. J.H. / 13,2 C Thic. JI.H. (BeJMuko u
ap., 2017). BepxHss ToIIa JOHHBIX OTJIOXKEHUI (MOIII-
HOCTb A0 5 M) MOBCEMECTHO IIpeficTaBjieHa KOpUYHe-
BBIM OPraHOTeHHBIM WJIOM, HIKe KOTOpOro 3ajeraet
OJIUBKOBBI WJI (MOIIHOCTH A0 2,2 M), KOTOPHIN MOA-
CTUJIaeTCA OIecYaHeHHBIM WJIOM U CePBIM IJIMHHUCTHIM
aJIeBpUTOM C IIPOCJIOAMH CpeJHEe3epHUCTOro Iecka
(nenTounsle ruHBL). C yueTOM BBHIIOJIHEHHBIX paHee
T'"C pexoHctpyknuii (CyberTo u fp., 2022) 6bL1 cfe-
JlaH BBIBOA O TOM, YTO B pe3yJjibTaTe IpPOphiBa U CIIy-
CKa NpUJIEAHUKOBOIO O3epa 4Yepe3 MOPEHHYI0 IpAAy
B HampabjeHMH OHeXCKOro osepa (coBpeMeHHas p.
JlococuHka) B yriyOJieHUAX MeXMOPEHHBIX IIOHMXe-
HUll obpazoBayvick ABa HebGosbmux o3epa (I[loraxun
u ap., 2023). B 1705 r. Ha MecTe NpOpbIBAa MOPEHHOM
rpsAnasl 661 co3gaHa namba, a B 1774 r. — peryaupy-
eMas IUJIOTHHA. YPOBeHb BOJBI OBLJI IOBBIINIEH, CTOK
3aperyJjrlpoBaH U Ha MecCTe pacloJioxkeHusA o3ep obpa-
30BaJIOCh BOAOXPaHWJIMILE, KOTOpOe YHacjeqoBaJio
KOTJIOBHHY NIpHJIEAHUKOBOIO BojgjoeMa. B aToM craTyce
BojoeM GyHKI[MOHMPYET yxe 6osiee 300 JieT u B HaCTO-
Alllee BpeMs NpeJicTaBjAeT co0oll chopMupoBaBlieecs
03ep0-BOJOXPaHW/INIIE CO CJIOXKUBIIMMCA BOJHEBIM
PEeXUMOM.

W3yueHne cocTraBa AUATOMOBBIX KOMILJIEKCOB
duTomsaHKTOHA B AOHHBIX OTJIOXKEHUAX II03BOJIAJIO
BBIIEJIUTh OCHOBHBIE 3Tallbl Pa3BUTHA SKOCUCTEMBI
o3epa, BKJIIoYasA sTan GyHKIMOHNPOBAaHUA BOJOXPaHU-
auma. 1A nepBoro sTama xapaKTepHa BBICOKas 4HC-
JIEHHOCTb Me30-3BTPOGHBIX BUIOB U HU3KHE KOHI[eH-
Tpauuu CTBOpOK AuaroMeil. IlocieaHee 00ycCJIOBJIEHO
MOCTyIJIEeHEM B JOHHBIE OTJIOXKEHHA MMHepaJbHBIX
YacTHUILl BCJIECTBUE aKTUBHBIX 3PO3MOHHBIX IIPOILIECCOB
Ha BomocOope. Ha BTOpoM aTame IpOHCXOOUT IOBHI-
neHyue NPOAYKTHBHOCTU O3€pPHON 3KOCHUCTEMEl, YTO
HAIlJIO OTpakeHHe B 3HAYMTEeJIbHOM yBeJINYeHUM KOH-
LleHTpaluil CTBOPOK JAUATOMOBBIX U IIUCT 30JI0TUCTHIX
BOJOPOCJIell U B yBeJIMUYeHUU BUJIOBOTO pasHOOOpasu-
AauaroMeli. Ha TpeTbeM 3Tane B cocTaBe JUATOMOBBIX
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KOMIJIEKCOB CYIIeCTBEHHO COKpaTWJach YMCJIEHHOCTb
Haubosiee BBICOKOTPOGHBIX BUAOB. Pe3kasa tpanHcdop-
Malys 3KOCHUCTeMBl BOJOeMa IIPOUCXOAUT Ha 3Tale
Co3[1aHNA BOAOXPaHWIMINA: 3HAUYMTEJbHO yBeJINYlBa-
eTcs 0J1A 6eHTOCHBIX AUaTOMeH, YTO CBUAeTeIbCTByeT
0 paclMpeHUr MeJIKOBOJHOU 30HHL. CocTaB JUATOMO-
BBIX KOMILJIEKCOB COBPEMEHHBIX OCAAKOB yKa3blBaeT Ha
yCuJIeHHe Ipolecca 3BTpopupoBaHUA BoJOeMa, CBH-
3aHHOI'O C POCTOM aHTPOIIOT€HHOU Harpysku.

[IpumeHeHne wMacc-6asaHcoBoil Mofenu B.B.
Bynbona (2020) pnjis peKOHCTPYKIUM 3KOCHUCTEMBI
MaJioro o3epa, CyIecTBOBaBIIEro JO CO3AaHUA BOJO-
XpaHWJININA, [T0Ka3ajo0, YTO MOBbIIIEHe YPOBHA BOJBI
B BOJIOEMe, yBeslMueHNe o0beMa BOJHOM MaccChl U ILJIO-
maau JIMTOPaJbHON 30HBHI BJIMAET Ha COOTHOIIEHHe
TpodUUeCKuX 3BeHbeB: BO3pacTaeT poJib NpUOpPEeXHBIX
1 NpUJIOHHBIX COOOIIECTB 3a cueT YMeHbIIeHUs IIJIaH-
KTOHHBIX BHJOB. MOJeJbHBIM 3KCIIEpUMEHTOM IOA-
TBEpXJEHO TO, YTO yBeJMueHHe BHellHell ¢ochopHON
Harpysku Ha BOJOXpaHWJIMIIe IIocjie aKTUBHOU aHTpo-
[IOreHHO TpaHcdopMaluy BogocOopa IpUBesio K yBe-
JINYEHUIO0 IPOAYKTUBHOCTH 3KocHucTeMbl. COrjiacHo pac-
yeTaM, Ha COBPeMeHHOM 3Talle pa3BUTHA 3KOCHCTEMBI
oKoJio 36% OpraHuYecKoro BellecTBa oOOllell rnepBUY-
HOM MPOAYKIMHU y4acTByeT B (pOpMHPOBAHUU AOHHBIX
OTJIOXXEHUH ¢ MHTEHCHUBHOCTHIO 0K0JI10 20-23 rC-M2ro?,
yTo cocTraBiisieT 49-55% otr obujero mMoCTymIIeHuA
opraHuveckoro BemectBa 3a roj (40-45 rCwmZrox?,
10 HabJII0IeHUsAM coCTaBa B3Becell U3 ceJUMeHTalu-
OHHBIX JIOByIIeK). UTO 3HAQUUTEJIbHO BhINIE, YyeM AJIA
MaJioro o3epa [0 aHTPOIIOTeHHbIX Tpeobpa3zoBaHuti (16
rCm2ron?! mpu obmell TPOAYKTUBHOCTU SKOCHUCTEMEI
32 rCm2roxm!). U3MeHseTCs M BKJIAJ 3JIEMEHTOB TPO-
(uyeckoll ceTd BoJoeMa B OpraHUYeCKOe BelleCTBO
JIOHHBIX OCAaJKOB IIPH IOBBILIEHUMYPOBHA BOAOeMa U
poCTe aHTPOIIOTeHHOU HarpysKu.

JnA BbIABJIEHUA B JOHHBIX OTJIOXKEHUAX TIeo-
XMMHUYECKUX MapKepoB HM3MeHeHHs OCagOYHOIo Ipo-
Ijecca B pe3yjbTaTe AaHTPOINOIe€HHOIO BO3AeNCTBUA
OBUJIO TIPOBENEHO H3yueHHe BOAOCOOPHOI TeppuTo-
pyuMu BoOOXpaHWIMIIA. BpUIO BBIESIEHO 5 mepuoaoB
npeobpa3oBaHusa ero JiaHAmMAaGTHOU CTpyKTypsl: (1)
Ao Havasta XVIII Beka - mepuo[ €CTeCTBEHHBIX JIaH[-
madToB cpeaHeTaeXHOU 30HBL (2) mocje co3gaHusA
BoAoxpaHuuma ¢ Havasa XVIII Beka go 30-x rogos
XX Beka — nmepuojJi HauaJbHOM TpaHc(opMaluu JaHAd-
madToB; (3) ¢ 1930 mo 1970 rr. — nepuojs u3MeHe-
HUA JIECHOTO IIOKpOBa B pe3yJibTaTe CIJIOHNIHBIX pyOoK
neca; (4) ¢ 1970 no 2000 rr. — nepuo MakCUMaJIbHOM
Tpa"Hcopmanuy JasamadToB (JecHasd MeJIuopanus
U ocynieHue 60JIOT, BOEHHOE CTPOUTEIbCTBO, JadyHOe
OCBOEHNe U OKyJIbTypHBaHMe 3eMeJib, pyOKa Jjieca, pas-
paboTka IecYyaHO-IPaBUMHBIX KapbepoB, CTPOUTEJIb-
ctBo gopor u JISII); (5) ¢ 2000 r. no HacTosiIlee BpeMs
— Iepuoj OTHOCUTEJIbHOHN cTabuausanuu JaHgmadp-
TOB. AHaJIU3 U3MEeHEeHU! aHTPONOreHHOMN Harpy3ku Ha
BOJIOXpaHWIHUIIE TIOKa3aJs, YTo pyOka Jeca (3 mepuo[)
3HAuYMTeJIbHO NOBJIMsJIA Ha T'MAPOJIOTMYECKU pexum
BOJl0eMA: yBeJIM4YuiIcA o0beM CTOKa, U Kak CJIe[ICTBHeE,
BO3pPOCJIO KOJINYECTBO BelllecTBa, IIOCTyHalollero B
Hero ¢ BojgocObopa. Ha mn3MeHeHUe BeleCTBEHHOI'O
cocTaBa 0CafOYHOIO BellecTBa, rJIaBHBIM 00pa3oM ero
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OpPraHUYeCKOl YacTH, 3HAYMTEJIBHO TOBJIMAIA JIeCHAsS
MeJIopalusA, YTO MpPOsABUJIOCh B YBEJIMYEHUU KOH-
neHTpanuil Fe, Mn, ryMUHOBHIX U (PyJIbBOBBIX KHCJIOT
B JIOHHBIX OTJIOXEHHUsAX. AHTPOIOTeHHOe 3BTPodUpo-
BaHME BOJOEMa 3aKOHOMEDHO MpOABJIAETCA B pPOCTe
comepxanus dochopa U OpraHUYECKOTO BEIECTBA B
ocajKax.

4. 3aknioueHue

H3ydeHne ocoGeHHOCTEN (GOPMHUPOBAHUA O3€ep-
HBIX JOHHBIX OTJIOXEHUM JIOCOCHHCKOTO BOJIOXPAHHU-
JIVIIA HA pa3HBIX 3Talax ero MCTOPUHU MOoKa3aslo, 4TO
CO3/JTaHMeEe BOJAOXPAHWJIUIL B YCJOBUAX CHUJIBHO pacuie-
HEeHHOro pesjibeda U U3ObITKA BJard, GOPMHUPYIOIINX
OOUJIbHBIN MTOBEPXHOCTHHIN CTOK, 110 CBOEMY BJIMSHUIO
Ha 2KOCHCTEMY BOAOEMA MOXET ObITh CPABHUMO C KJIH-
MaTHUYECKUMH U3MEHEHUAMU.
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