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ABSTRACT. The Tunguska catastrophe of 1908 (the “Tunguska meteorite”) was the most powerful
atmospheric explosion of unknown origin in human memory that occurred over the territory of the
Evenki district of the Krasnoyarsk region. Traces of any cosmic body have not yet been found. Lakes
Zapovednoye and Peyungda are located at a distance of 50-60 km from the supposed epicenter of the
Tunguska catastrophe of 1908. In the bottom sediments of lakes Zapovednoye and Peyungda, heteroge-
neities in the species composition of chironomids and Cladocera were found, probably reflecting changes
in ecosystems due to the Tunguska catastrophe of 1908. No significant changes in the diatom composi-
tion were detected. The new information may be useful as evidence of the reaction of lake ecosystems
after a strong impact, and therefore provide new information to the knowledge about the Tunguska

catastrophe of 1908.
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1. Introduction

The causes of the Tunguska catastrophe of 1908
(hereinafter referred to as TC 1908) are still not clear.
However, this mysterious phenomenon, if repeated,
could pose a serious danger, so any new information
about it is extremely relevant. Italian scientists have put
forward a hypothesis that Lake Cheko, located near the
epicenter of TC 1908, is a crater from the fall of a frag-
ment of a cosmic body during the Tunguska catastro-
phe of 1908 (Gasperini et al., 2007). The basis for this
hypothesis was the unclear origin of the lake, its fun-
nel-shaped form and relatively large depth of over 50
m. The age of the sediments, as estimated by Gasperini
et al. (2007), also supported the validity of this hypoth-
esis. However, our own age estimate, based on *’Cs,
21Ph measurements and annual layer (varve) counts,
indicates that the lake is significantly older than the
Tunguska catastrophe (Rogozin et al., 2017). In addi-
tion, in the vicinity of the epicenter, we studied the
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Zapovednoye and Peyungda lakes for the first time, and
found that the shape and size of these lakes are similar
to Lake Cheko, and the age of the sediments is several
thousand years (Rogozin et al., 2023). Therefore, the
shape of Lake Cheko is not unique, which argues against
the hypothesis of its impact origin. Traces of a forest fire,
presumably caused by the Tunguska catastrophe, were
found in the bottom sediments of Lake Cheko (Rogozin
et al., 2022). In the sediments of the Zapovednoye and
Peyungda lakes, a layer with an increased content of
terrigenous elements was detected, presumably formed
as a result of the erosion of the soil cover disturbed by
the massive fall of trees during TC 1908 (Darin et al.,
2020; Rogozin et al., 2025). In this paper, we analyze
the changes in the composition of diatoms, zooplankton
and chironomids for lakes Zapovednoye and Peyungda
in layers of bottom sediments aged before and after TC
1908, in order to identify possible changes in the lake
ecosystems caused by this phenomenon.
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2. Materials and methods

Lakes Zapovednoye and Peyungda are located
on the Central Tunguska Plateau on the territory of
the Tunguska State Nature Reserve (Evenki District
of Krasnoyarsk Krai) in the Podkamennaya Tunguska
River basin (Fig. 1). Lake Zapovednoye (60°31.688’
N, 101°43.740’ E) is round, about 500 m in diameter,
and has a maximum depth of 60 m. It is located 60
km from the epicenter of the Tunguska catastrophe;
the Verkhnyaya Lakura River flows through the lake.
Lake Peyungda (60°37.174’N 101°38.442’E) is almost
round, about 600 m in diameter, and has a maximum
depth of 35 m. It is also located on the Verkhnyaya
Lakura River, 12 km upstream from Lake Zapovednoye
(Rogozin et al., 2023). Bottom sediment cores were col-
lected in Lake Zapovednoye in March 2015 (Rogozin
et al,, 2025) and in Lake Peyungda in September
2022 in the central parts of the lakes near the points
of maximum depth, using a UWITEC gravity sampler
(Austria) with a transparent plastic pipe with a diam-
eter of 90 mm. The coordinates of the sampling points
are indicated above. The dating of the upper layers of
the cores corresponding to the time of TC 1908 was
carried out in Lake Zapovednoye based on the distribu-
tions of ¥’Cs and 2!°Pb activity (Rogozin et al., 2025).
In Lake Peyungda, the dating of the upper layers was
also carried out based on the distributions of *’Cs and
21°ph within the framework of this work using a simi-
lar technique. The analysis of chironomids, cladocerans
and diatoms was carried out using standard previously
described methods (Brooks et al., 2007; Korhola and
Rautio, 2001; Battarbee, 1986, respectively).

3. Results and Discussion
3.1. Age of sediments of Lake Peyungda

The bottom sediments of Lake Peyungda are
finely dispersed dark brown and black silts with a high
organic content and a weakly expressed layered struc-
ture. The 21°Pb distribution profile in the core is satisfac-
torily approximated by an exponential function, except
for the upper sample (Fig. 2). The low 2!°Pb value in
the upper sample can be explained by the loss of the
uppermost semi-liquid layers and partial mixing during
transportation and core processing. The sedimentation
rate calculated from the exponential approximation
of the 210Pb profile (Fig. 2) was 0.8 mm year?, and
without taking into account the uppermost layer, this
value was 0.7 mm year!. The distribution of *’Cs has
a clearly defined maximum in the depth range of 15 -
35 mm (Fig. 2). Most likely, this is a layer marking the
global fallout of radionuclides following nuclear weap-
ons tests on Novaya Zemlya Island in October 1961.
This layer is found in the sediments of many bodies
of water in the Northern Hemisphere and dates back
to 1963 (Krishnaswami and Lal, 1978; Appleby, 2008).
The sedimentation rate calculated from the location of
the upper and lower boundaries of the *’Cs peak gives
a significant scatter, from 15 mm/60 yr = 0.25 to 35
mm/60 yr = 0.58 mm yr-1, respectively. Considering
that, according by the distribution of 2°Pb, some of the
upper layers could have been lost, the 1¥Cs-based rate
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should rather be considered underestimated. Therefore,
the upper estimate of about 0.6 mm yr! is closer to the
true rate value, and closer to the rates typical of tem-
perate lakes, including the nearby similar Zapovednoye
Lake (Rogozin et al., 2025). Thus, the most probable
depth interval corresponding to the moment of TK
1908 in the core of Lake Peyungda is estimated by us as
7-8 cm, and in Lake Zapovednoye — 16-17 cm. The dif-
ference in sedimentation rates is due to the fact that the
moisture content of the sediments in Lake Peyungda is
significantly less than in Lake Zapovednoye.
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3.2. Chironomids

In the sediments of Lake Zapovednoye at a
depth of about 16 cm, in the layers corresponding to
the period immediately after the 1908 TC, the number
of species Synorthocladius, Nanocladius, Eukiefferiella,
as well as Limnophyes-Paralimnophyes and Smittia-
Parasmittia increased significantly compared to the peri-
ods before and after, then in the layers of about 1910
the number of the oligotrophic species Microtendipes
pedellus-type and a number of other species that prefer
moderate temperature conditions (Eukiefferiella clar-
ipennis-, Tanytarsus pallidicornis- and Cricotopus intersec-
tus -types) increased (Fig. 3). In the sediments of Lake
Peyungda, in layers dated to TK 1908 and immediately
after, the proportion of species preferring flowing con-
ditions increases significantly compared to the period
before 1908, as well as to the later period (Fig. 4).
Semi-terrestrial species of Lasiodiamesa and Limnophies-
Paralimnophies reach high numbers.

3.3. Cladocera

In Lake Zapovednoye, in the layer correspond-
ing to TK 1908, a decrease in the number of species
to 6 was revealed, while in the adjacent areas of the
core it varies from 8 to 13. The number of littoral taxa
Eurycercus sp., Biapertura affinis, Camptocercus rectiros-
tris associated with coastal vegetation decreases (Fig. 5),
but they reappear in younger layers. In Lake Peyungda,
no significant changes in the community were noted
after 1908, only a short-term decline in the N2 index
reflecting a decrease in taxonomic beta diversity was
observed. In addition, the littoral species Pleuroxus lae-
vis (Fig. 6) appeared, previously noted in small quanti-
ties only in the lowest layer of the core over 4 thousand
years old.

3.4. Diatoms

In Lake Zapovednoye, a slight change in the tax-
onomic composition of diatoms was noted after 1908,
namely, a decrease in the abundance of Tabellaria
fenestrate, Staurosirella pinnata and Ulnaria. and a short-
term increase in the abundance of Fragillaria vauche-
riae, Fragillaria capucina var. distanns, Pseudostaurosira
elliptica, Staurosira incerta, Staurosira venter (Fig. 7).
However, in general, the taxonomic composition
remained the same as in the adjacent layers. In Lake
Peyungda, the composition of diatoms before and after
the TC of 1908 did not undergo noticeable changes
(Fig. 8).

4. Discussion

The position of the TC 1908 layer in the cores of
both lakes, calculated on the basis of 13’Cs and '°Pb iso-
tope distribution data, is further confirmed by the pres-
ence of a marker light gray layer. At a depth of about
80 mm, a visually distinguishable light layer with a
thickness of 2-3 mm is observed in several cores of Lake
Peyungda, including the core studied by us (Darin et
al., 2024). Taking into account the inaccuracy of core
sampling and cutting, as well as the natural spatial dis-
persion of the linear sedimentation rate, it can be con-
sidered that the origin of this layer is isochronous in all
cores (Darin et al., 2024). Based on the sedimentation
rates obtained by two independent methods, the upper
limit of the age estimate of the light layer at a depth
of 80 mm is 80 mm/0.6 mm yr-1 = 133 years, and
the lower limit is 80 mm/0.8 mm yr-1 = 100 years
or 80 mm/0.7 mm yr-1 = 115 years, which gives suf-
ficient grounds to believe that this layer could have
formed as a result of the Tunguska catastrophe of 1908
(115 years ago). A layer similar in color and thickness
was previously found in the bottom sediments of Lake
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Fig.6. Cladocera taxa in the sediments of Lake Peyungda.



Rogozin D.Y. et al. / Limnology and Freshwater Biology 2025 (4): 446-457 SI: “The VIII-th Vereshchagin Baikal Conference”

Planktonic

o
[}
@
3
=
35
$%
< (OEONENENEIN
50 5
10
100( 15
20
200 o5
300 30
35
400 40
500| 45
600| 50
55 ., b L. b | S . —T
70l g0l 20 20 20 20 204060 20 20 20 2040 20 20 20 20 2040 20 2468101214
Total sum of squares
Fig.7. Most abundant diatom taxa in sediments of Lake Zapovednoye.
Zapovednoye; age estimation of this layer using the level and soil erosion (Rogozin et al., 2025). This may
same methods convincingly showed that it may have probably be caused by an increase in water turbidity as
appeared in 1908 (Rogozin et al., 2025). The formation a result of the washout of terrigenous material from the
of this layer was presumably caused by the erosion of area where massive forest felling occurred. The num-
the soil cover, which was disturbed at the time of the ber of cladocerans decreased by half during the same
TC of 1908 as a result of the massive fall of trees with period, mainly due to the disappearance of species asso-
roots over a vast territory, including the upper reaches ciated with macrophyte thickets (Rogozin et al., 2025).
of the Verkhnyaya Lakura River (Darin et al., 2024; However, no noticeable changes in the composition of
Rogozin et al., 2025). Thus, when determining the posi- diatoms were detected. It is worth noting that earlier,
tion of the TC 1908 layer, we used both the data of the in a small shallow lake Suzdalevo, located 40 km from
age models and the marker layer, the position of which the epicenter of TC 1908, changes in the composition
in both lakes is consistent with these models. of diatoms were detected after TC 1908 (Kavkova et al.,
We have shown that immediately after the TC 2022). This lake is located closer to the epicenter and is
1908, the species composition of chironomids in Lake within the zone of massive tree fall, while Zapovednoye
Zapovednoye shifted towards the appearance of species and Peyungda are 20 km further, perhaps this explains
that prefer flowing conditions with an unstable water the lack of reaction of diatoms to this phenomenon.
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5. Conclusions

Changes in the number and species composition
of chironomids and cladocerans were found in the sed-
iments of Zapovednoye and Peyungda lakes in layers
corresponding to the period immediately after 1908.
No significant changes were found in the composition
of diatoms. The new information may be useful as evi-
dence of the reaction of lake ecosystems after a strong
impact, and therefore provide new information to the
body of knowledge about the Tunguska catastrophe of
1908.
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CBuperenncrea TyHrycckoro coboitua 1908
roAa B OTAOXKEHMAX ABYX O03ep IBEHKUM

(Cubupb, Poccun)
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AHHOTAILIUA. Tynrycckasa kartactpoda 1908 roma («TyHrycckuii MeTeOpUT») — MOIIHEUMINIM Ha
[IaMATH 4YeJIoBeyecTBAa aTMOC(EpHBIN B3pHIB HEM3BECTHOM NPUPOABI, IIPOM3OIMIEAINI HaJ TeppUTO-
purel DBeHKHUICKOro pationa KpacHospckoro kpas. CiieApl KaKoro-11u60 KOCMHUYEeCKOro Tejia 40 CHUX [OpP
HalTu He yaanock. O3epa 3anoBefgHoe u [leloHraa pacnoJioxeHsl Ha pacctogHuu 50-60 kM OT IpeAro-
Jlaraemoro snulieHTpa TyHrycckoi karactpodsl 1908 roga. B TOHHBIX OTJIOXKEHUAX 03ep 3almoBeJHOE
u IleroHrma BeIABJIEHB HEOJHOPOAHOCTY BHAOBOIO COCTaBa XMPOHOMMA M KJjIafoLiep, BEpOATHO OTpa-
Xarolie U3MeHeHUs B 3KocUcTeMax BejleicTBre TyHrycckoi katactpodsl 1908 roga. 3aMeTHBIX M3Me-
HEeHUH B cocTaBe AuUAaTOMel He BbiABJIeHO. HoBble cBefjeHNsA MOryT OBITh IIOJIE3HBI KaK CBUAETEeJIbCTBA
PpeaKI[y 3KOCHUCTEeM 03ep MOCjIe CUJIbHOTO BO3JEHCTBIA, a CIe0BaTeJIbHO — AAl0T HOBYI0O MH(OpMaIHo
B MaccuB 3HaHUM o TyHrycckoii katactpode 1908 roaa.

Kitiouegsie citoga: TyHrycckas katactpoda 1908, xupoHOMU B, KJIaAOLephl, AuaTOMeN

JAnsa putupoBaHua: Porosun [1.10., Hazaposa JI.B., ®posnosa JI.A., Hurmarysuiua H.M., Ceipeix JI.C., T'osoBaTiok JI.B.,
bosnoGanmukosa I'.H., lementseB [I.B. CBugeresnberBa TyHrycckoro coObitus 1908 roga B OT/I0XEHHUAX ABYX 03ep DBEHKUU
(Cubups, Poccus) // Limnology and Freshwater Biology. 2025. - Ne 4. - C. 446-457. DOI: 10.31951/2658-3518-2025-A-4-446

1. BBeaenue

[Mpuunnsl TyHrycckoil katactpods 1908 ropa
(manee — TK 1908) mo cux mop He BbIACHEHHI. OHAKO,
3TO 3arajloyHoe sABJIeHUE B cJIyyae ero INOBTOpPeHU:
MOXeT HEeCTH Cepbe3HyI0 OIacHOCTh, [I03TOMY Jit0ObIe
HOBble CBeJleHHs O HeM 4Ype3BhlYallHO aKTyaJIbHBL
HTanpaHCKUMU y4YeHBIMM ObljIa BBIABHHYTa TUIIOTE3a,
yTO 03epo Yeko, pacroJioxkeHHOe BOJIM3U 3NUIleHTpa
TK 1908, aBnserca KpaTepoM OT nafeHusa pparmMeHTa
KOCMHYECKOro Tejia B MOMeHT TyHIycckoil KaTacTpodbl
1908 roga (Gasperini et al., 2007). AprymeHTamMu [Jist
3TOM UIIOTE3H! CJIYKUJIM HEIIOHATHOE NIPOMCXOX/ IeHe,
BOPOHKOOOpa3Hass ¢opMa U OTHOCUTEJIBHO OOJIblias
riaybuna ceeimie 50 M. OlLleHKa Bo3pacTa OTJIOXKeHUH,
npoBefeHHasA ['acnepunu ¢ coapropamu (2007), Takxe
CBU/IeTeJIbCTBOBAJIA O CIIpaBeJIMBOCTHU 3TON TUIOTE3EL.
Hawmu Oblsta mpoBeeHa cOOCTBEHHas OIleHKa BO3pacTa
Ha OocHOBe u3MepeHwuii '¥Cs, 2'Pb u mopcuera roguy-
HBIX cJjloeB (BapB), KOTOpas CBHUJETeJbCTByeT, YTO

*ABTOp [JIsA IEPENICKH.

Anpec e-mail: rogozin@ibp.ru

INocmynwna: 24 viona 2025; IIpunama: 15 asrycra 2025;
Ony6tukoadana online: 31 aprycra 2025

452

03epo 3HAuMTesbHO cTapiie TyHryccKoH KaTtacTpodbl
(Porosun u ap., 2017). Kpome TOro, B OKpecTHOCTU
SNUI[EHTpa HaMU BIepBble ObUIM HCCJIeOBaHBI 03epa
3anosegHoe u IletoHrga, M BBIABJIEHO, 4TO (opma
1 pas3Mephl 3TUX 03ep CX0XU c o3epoM Yeko, a BO3-
pacT OTJIOXKEHWIl COCTaBJIIeT HEeCKOJIbKO THICAY JieT
(Porosun u ap., 2023). CiegosaTesibHO, GopMa o3epa
Yeko He ABJIAeTCA YHUKAJIBHOMN, YTO CBUAETEJIbCTBYET
IIPOTUB I'MIOTE3bl O €ro MMIIAKTHOM MPOHCXOXJEeHUHU.
B NOHHBIX OTJIOXEHUAX o3epa Yeko OBLIU BhISIBJIEHBI
cJlefibl JIECHOTO IoXapa, MPeANoJIOXUTeIbHO BO3HUK-
mero B pe3yJibraTe TyHrycckoi katactpodsl (Porosux
u 1p., 2022). B oryioxeHUssx o3ep 3amnoBefHOEe U
[TeroHra BBIABJIEH CJIOH C IOBBIIEHHBIM CO/iepXKaHUeM
TeppUreHHBIX 3JIEMEHTOB, [IPeJII0JI0KUTEJIbHO 00pa3o-
BaBILMICA B pe3yjbTaTe CMbIBa IOYBEHHOI'0 IIOKPOBA,
HapylIeHHOT'0 MacCOBbIM BBIBAJIOM JepeBbeB B MOMEHT
kxaractpodsl 1908 roma (dapsuH u fp., 2020; Rogozin
et al., 2025). B manHoi1 paboTe MBI IPOBOAUM CpaB-
HUTEJbHBII aHaJIu3 H3MeHEeHMH cOCTaBa JUaTOMEH,

© Asrop(s1) 2025. DTa pabora pacnpocTpaHs-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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300IIAHKTOHA U XUPOHOMU/I AJIA 03ep 3aloBeJHOe U
[letoHrja B €JI0AX JOHHBIX OTJIOXKEHUI, BO3pacT KOTO-
PBIX COOTBETCTBYeT Nepuody BpeMeHU A0 u mnociie TK
1908, c 11eJ1bI0 BBIACHEHMS BO3MOXIHBIX M3MEHEHUH B
3KOocCHUCTeMax 03ep, BBI3BAHHBIX 3TUM SIBJIEHHEM.

2. MaTepuanbl U MeTOADI

Ozepa 3anoBenHoe U [leloHraa pacnoJioXeHsl Ha
LenTpanbHO-TyHIryCcCKOM IJIATO HA TEPPUTOPUU I'OCY-
JapCTBEHHOI'O0 IPUPOJHOIO 3aloBeAHUKa TyHrycCKui
(OBenkuiickuii paiioH KpacHosipckoro kpas) B 6ac-
cetiHe peku [TogxamenHas TyHrycka (Puc. 1). Ozepo
3anosegHoe (60°31.688’ N, 101°43.740’ E) okpyrJjoi
¢popmel uameTpoM oKojsio 500 M, MakCHMaJIbHOMN
riybuHoit 60 M, pacrosioxkeHOo B 60 KM OT SIUIlEH-
Tpa TyHrycckoil kaTtacTpodbl, Yepe3 03epo MpoTeKaeT
peka Bepxussa Jlakypa. Ozepo [letonrga (60°37.174°’N
101°38.442’E) mouTu Kpyrjoil (Gopmbl AUaMeTpPOM
okoJyio 600 M 1 MakcuMaJIbHOM ryiyouHoi 35 M, pac-
MIOJIOKEHO Takke Ha peke Bepxuas Jlakypa, B 12 kM
BhIIIIE TI0 TeYeHHIo OT 03. 3anoseAHoe (PorosuH u Ap.,
2023). KepHbl JOHHBIX OTJIOXKEHUN OTOMpaINCh B 03epe
3amoBegHoe B MapTe 2015 roga (Rogozin et al., 2025),
B o3epe IletoHraa — B ceHTs6pe 2022 roa B 1leHTpaib-
HBIX 4acTAX o3ep BOJIM3U TOYeK MaKCUMAaJIbHOU IJIy-
OMHBI, C TOMOIIIbI0 IPABUTAIIMOHHOTO TPOOOOTOOPHUKA
UWITEC (ABcTpus) ¢ npo3payHoOi IJIaCTUKOBOU TPY-
6oi1 auametrpoMm 90 Mm. KoopaunHatel Touek oTbopa
yKasaHbl Bblllle. JlaTHpOBKa BEPXHHUX CJIOEB KEpHOB,
cooTBeTcTBYyIOIMX BpeMeHU TK 1908, ocymecTBisanach
B 0o3epe 3amoBeJHOe IO paclpeiesieHUAM aKTHBHOCTU
137Cs u 21°Pb (Rogozin et al., 2025). B o3epe IletoHrga
JaTHpOBKAa BEPXHUX CJIOEB OCYI[eCTBJATIACh TaKxKe
mo pacmpefesieausaMm *’Cs u 2'°Pb B pamkax HAaHHOU
paboTHl MO aHaJOTMYHON MeToAuKe. AHaIU3 XHUPO-
HOMMJ, KJIajolep U AuaToMel OCYIIeCTBJIAJICA CTaH-
JapTHHIMM paHee onucaHHBIMU MeTonamu (Brooks et
al., 2007; Korhola and Rautio, 2001; Battarbee, 1986,
COOTBETCTBEHHO).

3. Pe3ynbTarthbl
3.1. Bo3pacTt oTno)xenun o3epa lMeloHrpa

JloHHbIe oTyIOXKeHUs o3epa [leloHrna mpencras-
JISIIOT cOOO0M TOHKOAMCIIEpCHBIE TEMHO-KODHUYHEBbIE U
YyepHble WJIBL ¢ OOJIBIIMM coAepXaHUeM OpraHuKU U
cy1abo BhIpaXKeHHOU CJIOUCTON cTPyKTypou. IIpodusib
pacnpenenieHus 2°Pb B kepHe yOoOBJIETBOPUTEJIHBHO
annpoKCUMUPYETCsl OKCIOHEeHNIUanbHOU (GYHKIMEH,
KpoMe BepxHero obOpasija (Puc.2). Huskoe 3HaueHue
219ph B BepxHeM oOpasiie MOXET ObITh OOBACHEHO yTe-
pell caMBIX BepXHUX IOJIYKUJKUX CJI0EB U YaCTUYHBIM
nepeMelrBaHueM IPU TPAHCIIOPTUPOBKe U 00pabdoTke
kepHa. CKOpOCTh OCAAKOHAKOIUIEHMS, pacCUMTaHHas
[0 DSKCIOHEHI[MAJIbHON 3aBHUCHUMOCTU COJepXaHusA
21pp (Puc. 2), coctaBwia 0.8 MM roxm!, a 6e3 yuera
caMoOro BepXHero cJjos 3Ta BeJuyuHa cocrasuia 0.7
MM roxal. Pacnpesesienue ¥7Cs nMeeT 4eTKO BhIpaXKeH-
HBII MaKCUMyM B MHTepBaJle riyouH 15 — 35 mm (Puc.
2). Haubosiee BepoATHO 3TO CJIOM, MapKUPYIOMUN
rinobajibHbBle BBITQAEHUSA TEXHOTEHHBIX PaJUuOHYKIIN-

JIOB IIOCJIe UCIBITAHUHN sIEPHOTO OPYXUs Ha OCTPOBe
HoBas 3emuis B okTs16pe 1961 r. JlaHHBIH cJ10l1 06Hapy-
XUBaETCA B OTJIOXKEHUAX MHOTHX BofjoeMoB CeBEpPHOTo
noaymapusa u gatupyerca 1963 rogom (Krishnaswami
and Lal, 1978; Appleby, 2008). CkopocTh 0CaJKOHAKO-
IJIEHNUs, pacCUUTaHHAA [0 PACIOJIOXEHUI0 BepXHell 1
HUKHEH rpaHul nuka '*’Cs, JaeT 3HAYMTEJIbHBIN pas-
6poc, ot 15 MM/60 et = 0.25 go 35 MM/60 JleTr =
0.58 MM rog-1, cOOTBETCTBEHHO. YUYUTHIBasA, 4TO, Cyas

03. Yeko p-Kumay
O
60°60°'N —]
|
7
\{ InuueHTp €« TyYHIYCCHOR
\ / watactpodoi®» 1908 .
f
= |\ yamba
“rE \_\ /o
=
S ~
03. [NetoHrga b
e = 03. Cy30aneBo
2
03. 3anosefHoe B

—
60°30'N—]
Banaeapa
p. ModkamenHas TyHaycka
10 km
A

101°30°E 101°90'E

Puc.1. I'eorpadudeckoe nojoxeHne UCcaeJyeMbIX 03ep.
[TyHKTUpHOI JIMHMEHN IoKa3aHa IpeAdroJaraeMas rpaHuLla
[I0’Xapa, BO3HUKINETo B pe3yJbTaTe TyHrycckoil kaTacTpodbl
1908 ropna.

AKTMBHOCTL, BK k!

0 100 200 300 400

LA 1963r._1
, .-

[
3 P R?=0,8634
N 4
(5] s
g 41( ,')
% I
g 5 a
‘.
: GJP //
& 4r
'
[ ? .
¥ M
8 i
‘J‘
9 ri
10

——Pb-210ex ——Cs-137

Puc.2. BepTukaibHble pacrpeeaeHns akTUBHOCTU H30-
TonoB '¥Cs u ?'Pb B HOHHBIX OTJIOXEHUAX o3epa [leloHraa.
CTpeJiKoii MoKa3aH MUK akTUBHOCTU ¥7Cs, COOTBETCTBYIOLIUI
1963 roay.



Pozo3uH [.FO. u dp. / Limnology and Freshwater Biology 2025 (4): 446-457

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

10 paclpeiesieHUI0 CBUHIIA, YacTb BEPXHUX CJIOEB
MorJia ObITh YTepsiHa, CKOPOCTh IO LIe3UI0 CKopee cJie-
AyeT cuuTaTh 3aHMXeHHOU. CiiefjoBaTeIbHO, BepXHsA
orieHka okoJyio 0.6 MM rox! GmXke K UICTUHHOMY 3HA-
YEeHUI0 CKOPOCTU, U OJiike K 3HAUeHUSAM CKOpOCTel,
XapaKTepHBIX JJIs 03ep YMepeHHO! 30HbI, B TOM uucJie
A7 pacIoJIO)KeHHOTo PAOM aHaJIOTUYHOTO 03epa
3anmoBegHoe (Rogozin et al.,, 2025). Takum oGpa3som,
HauboJiee BEPOATHBI HHTepBasl IJIyOWH, COOTBET-
cTBytomux MomMeHTy TK 1908, B kepHe o3epa IleroHrna
OIleHUBAaeTCs HaMM Kak 7-8 cM, a B o3epe 3amoBefHOe
— 16-17 cM. Pa3Huna B CKOPOCTAX OCAAKOHAKOILJIEHUA
obycJioBjeHa TeM, YTO BJIQXHOCTh OTJIOXEHHUN B 03.
[NetoHrJa cyniecTBEHHO MeHbIIIEe, YeM B 03. 3alI0BeTHOE.

3.2. XupoHomMmuAabl

B otmyoxeHuax osepa 3anoBegHoe Ha IJIyOuHe
O0K0JIO 16 cM, B CJI0AX, COOTBETCTBYIOU[UX II€PHOAY
HernocpeacTBeHHo 1mocjge TK 1908, 3HaunuTesbHO
yBeJINYWJIACh YHMCJEHHOCTh BUAOB Synorthocladius,
Nanocladius, Eukiefferiella, a Ttaxxe Limnophyes-
Paralimnophyes w Smittia-Parasmittia, o cpaBHEHHIO
¢ mepuoJaMHy [10 M IocJie, 3aTeM B CJIOAX IPUMEpHO
1910 roma BO3poOCia YUCJIEHHOCTb OJIUTOTPODHOIO
Buaa Microtendipes pedellus v psima HOpyrux BUJIOB,
NIpeIOYNTAION[MX yYMepeHHble TeMIlepaTypHble YCJIO-
Bus (Eukiefferiella claripennis-, Tanytarsus pallidicornis-
u Cricotopus intersectus (-types) (Puc. 3). B oTioxeHusax
osepa Iletonraa B ciosx, natupyeMeix TK 1908 u Heno-
CpPeACTBEHHO MOocJje, A0JA BUAOB, IPeANOYHTAoMNX
IIPOTOYHBIE YCJIOBUA, 3aMeTHO YBeJIMYMBaeTcs [0 CpaBs-
HeHMIO ¢ nepuogoM Ao 1908 ropa, a Takxe c GoJee
nozaHuM nepuoaoM (Puc. 4). Ilosy-HazeMHble BU[BI
Lasiodiamesa wn Limnophies-Paralimnophies pgocturawmt
BBICOKOM 4MCJIEHHOCTU. BepoATHO, 3TO cBUAeTesIb-
CTByeT 00 yBeJIMUeHNY IPUTOKA U yBJIaXXHEHUU [TpUJie-
raix TeppuToOpui.

MonyHasemHble JloTnyeckme

3.3. Kanaaouepsbl

B o3epe 3anoseaHoe B cjioe, COOTBETCTBYIOLIEM
TK 1908, BbIsABJIEHO CHUXeHHe KOJUYeCcTBa BUIOB 10 6,
TOrJa Kak B IIpujleralyx yyacTkax KepHa OHO Bapbu-
pyet ot 8 o 13. CHuxaeTcs 4uciIo JIMTOPAJIbHBIX TaK-
coHOB Eurycercus sp., Biapertura affinis, Camptocercus
rectirostris, CBs3aHHBIX C TNPUOPEXHOU PACTUTEJIBHO-
cthio (Puc. 5), oqHAKO OHM BHOBb ITOSIBJISIOTCA B 60Jjtee
MoOJIOABIX cj10s1X. B o3epe [leronrga nocyae 1908 r. cyme-
CTBEHHBIX H3MeHeHHIl B cooOllecTBe He OTMeueHO,
HabJrojaeTca JIUIIb KpaTKOBPEeMeHHBIH criaj MHAeKca
N2 oTpaxaromero CHUXeHHue TaKCOHOMHYECKOro Oera
pa3Hoobpasus. Kpome Toro, nosBJsAeTCs JIMTOPAJIbHBIN
Bup Pleuroxus laevis (Puc. 6), paHee OTMEYEHHBIN B
HeOO0JIBIIOM KOJINYeCTBe TOJIbKO B CaMOM HIXXHEM cJIoe
KepHa BO3pacTOM CBBIIIe 4 ThICAY JIeT.

3.4. Anatomen

B o3epe 3amoBemHOe OTMeYeHO HeOOJIBIIOE
M3MeHeHre TaKCOHOMUYECKOTO COCTaBa JuaTOMeld
nocse 1908 roga, a UMEHHO — CHHXeHHe YUCJIEHHO-
ctu Tabellaria fenestrate, Staurosirella pinnata n Ulnaria.
U KpaTKOBPDEMEHHOE VBeJIMYeHHEe  YKCJIEHHOCTHU
Fragillaria vaucheriae, Fragillaria capucina var. distanns,
Pseudostaurosira elliptica, Staurosira incerta, Staurosira
venter (Puc. 7). OaHako, B LIEJIOM TaKCOHOMHUYECKUI
COCTaB OCTAaBAJICA TAKUM XK€, KaK U B TMPUJIETAIOIINX
ciosx. B o3epe Ileonraa cocraB quaToMel 0 U MOCTIe
TK 1908 He npetepries 3aMeTHBIX u3MeHeHUi (Puc. 8).

4. 06¢cyxpenue

[Monoxenue cios TK 1908 B kepHax o6oux o3ep,
paccunTaHHOe Ha OCHOBe JAaHHBIX 110 pacipeesieHusAM
nu3oTonoB ¥Cs u 2!%Pb, momoJHUTEIFHO MOATBEPXK/IA-
eTcs HaJuyheM MapKUpPYIOLIero CBeTJIO-Ceporo IMpo-
ciios. Ha riybune okos1o0 80 MM B HECKOJIBKUX KepHax
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Puc.3. OTHocuTesbHBIE [0M Haubojiee pacnpoCTPaHEHHBIX TAaKCOHOB XHPOHOMUJ B OTJIOXKEHHAX O3epa 3anoBeHOe.
T'opuzoHTasIbHAsA cepas JIMHUA [TOKa3biBaeT cjiolt ocakoB TyHrycckoil katactpodsl 1908 r. (11 Jasiee Ha BceX pUCYyHKax).
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Puc.4. OrtHocuTesbHBIE OOJU Hambojiee paclpOCTPAHEHHBIX TAKCOHOB XHUP

OHOMHA B OTJIOXKEHUAX O3€pa HeIOHl"I[a.

TopuzoHTasIbHAS cepasi JIMHUA MOKa3bIBaeT CJIoN ocaakoB TyHrycckoi katactpodsr 1908 r.
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Puc.6. TakcOHBI BeTBUCTOYChIX PAaKOOOPA3HEIX B OTJIOXKeHUsAX o3epa IleloHraa.
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Puc.7. Haubosee pacripoCTpaH€HHbIE TaKCOHBI AUaTOMeH B OTJIOXKEHUAX o3epa 3anoBefHoOe.

o3zepa IleoHrja, BkJIIOYas H3yyaeMBII HaMM KepH,
HabJo[jaeTcsA BU3YaJIbHO Pa3/IMYMMBII CBeTJIBIN CJION
MoIiHocThio 2-3 MM ([JappuH u fp., 2024). C yueToM
HETOYHOCTH IpU Ipo0600TOOpe U pasjesike KepHOB, a
TakXe IPUPOJHON NPOCTPAHCTBEHHOMN MNCIIEPCHOCTU
JIMHEHOM CKOPOCTH OCAJKOHAKOIUJIEHUSA MOXHO CYU-
TaTh, YTO MPOMCXOXJEHUe NAaHHOT'O CJIOS M30XPOHHO
Bcex kepHax ([JappuH u fip., 2024). Ha ocHOBaHUM CKO-
pocTell 0caKOHAKOIJIEHN s, [TOJIyUYeHHbIX ABYM: He3a-
BUCUMBIMU MeTOJaMU, BEPXHsAA I'paHULla OLIeHKU BO3-
pacTa cBeTJIoro c¢JiosA Ha riyonse 80 MM cocrasiseT 80
mm/0.6 Mmroa-1 = 133 roaa, a HuxH:As 80 MM /0.8 MM
rog-1 = 100 net niu 80 mm/0.7 mMm roa-1 = 115 ser,
YTO AaeT AOCTAaTOYHO OCHOBaHUM CUYMTATh, YTO [aH-
HBIN CJIOW MOT 00pa30BaThCA B pe3yJibraTe TyHryccKou
katactpods! 1908 roga (115 et Ha3an). Panee noxo-
KM TI0 NBETY M TOJII[UHE CJION OBLI OOHAPYXEH B JIOH-

MnaHKTOHHbIE

HBIX OTJIOXKEHUAX 03epa 3amoBeJHOe, OI[eHKA BO3pacTa
3TOr0 CJIOA 3TUMMU XKe MeTodaMu yOequTesJIbHO IOKa-
3aj1a ero BO3MOxHoe nogsjieHue B 1908 roay (Rogozin
et al., 2025). O6pa3oBaHue JAHHOTO CJIOS MPEJIOJIO-
XKUTEJBHO BBI3BAHO CMBIBOM IIOYBEHHOTO TIOKPOBA,
HapyueHHoro B MoMeHT TK 1908 rogy B pe3syJjbTaTe
MaccoBOT'O BhIBaJjia JepeBbeB C KOPHEM Ha OOMIMPHOMN
TEPPUTOPHUHU, BKJIIOUAA BEPXOBbA peku BepxHsasa Jlakypa
(Japsun u np., 2024; Rogozin et al., 2025). Takum
o6pa3omM, IIpu onpeesieHnu noJoxenus cjos TK 1908
MBI WCHOJI30BaJIM KaK JAaHHBIE BO3PACTHBIX MOJesIew,
TaKk U MapKUPYIOMIEro CJIOs, MOJOXeHHe KOTOPOro B
000uX 03epax corjiacyercsa ¢ STUMU MOZEJIAMU.

Hawmu nokaszano, uto Herocpe/icTBeHHO nocJie TK
1908 B BUIOBOM COCTaBe XHPOHOMM/[ 03. 3allOBeJHOE
Mpou3oliies CABUT B CTOPOHY MOSIBJIEHUS BUJOB, Ipe.-
MOYUTAKIAX MPOTOYHBIE YCJIOBUA C HECTAOWJIbHBIM
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Puc.8. HauboJiee pacnpocTpaHeHHbIe TAKCOHBI JUaTOMel B OTJI0XeHUsaxX o3epa IleroHraa.
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YPOBHEM BOJIbl U MOYBEHHOU 3po3uel (Rogozin et al.,
2025). BeposATHO, 3TO MOXeT OBITh BBI3BAHO IOBHIIIE-
HUeM MyTHOCTU BOJBI B pe3yJibTaTe CMbIBa TeppUIeH-
HOIro Marepuasia ¢ TeppUTOpUU, HA KOTOPOU IIPOU30-
I1eJ1 MacCOBBIM BBIBaJI Jieca. UKCJIEHHOCTh KjIafoliep B
3TOT Ke MepuoJi CHU3WJIach B Ba pasa IJIaBHBIM oOpa-
30M 3a CcYeT HCYe3HOBEeHNs BHJIOB, CBA3aHHBIX C 3apoC-
asmu makpoduroB (Rogozin et al., 2025). OmgHako,
3aMeTHBIX M3MEHEeHHUI B cocTaBe AuUATOMel He BBIAB-
jeHo. CTOUT OTMeTHUTh, 4YTO paHee B HeOOJIBIIOM MeJl-
KOBOAHOM o3epe Cy3aasieBo, pacnojioKeHHOM B 40 KM
ot snuneHTpa TK 1908, Obuin BBIABJIEHE U3MEHEHUS B
coctaBe quaromoBbix mmocisie TK 1908 (Kavkova et al.,
2022). TaHHOe 03epo pacroJiokeHO OJiKe K 3MUlleH-
TPy U HaxXOJUTCA B IIpefesiax 30HBl MacCOBOI'O BhIBajla
JepeBbeB, Torga kak 3amnoBeaHoe u IleloHraga Haxo-
aarca Ha 20 KM Aajiblie, BO3MOXHO 3TUM 00bsACHAETCA
OTCYTCTBHE peakli AUaTOMOBBIX Ha JaHHOe fABJIEHUE.

5. 3akniouenue

B otrnoxenusx ozep 3anoBefHoe u IleioHrga
BBISIBJIEHBI 3MEHEHMsI KOJIMUeCTBa ¥ BUOBOI'0 COCTaBa
XUPOHOMMJ, U KJaJiollep B CJIOSAX, COOTBETCTBYIO-
X nepuoAy HemnocpeAcTBeHHO mnocisie 1908 ropa.
3aMeTHBIX M3MeHeHUI B COCTaBe JUATOMeH He BbIAB-
JneHo. HoBble cBeieHUs1 MOT'YT OBITH ITOJIE3HBI KaK CBU-
JeTeJIbCTBA peaKlUy SKOCUCTEM 03ep MocJjie CUJIBHOTO
BO3/lelicTBUA, a cjlefloBaTeJIbHO — Aal0T HOBYI0 UH(OP-
Maluio B MaccuB 3HaHUM o TyHrycckoil katactpode
1908 roxa.
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