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International Conference «Freshwater Ecosystems — Key Problemsy». 10-14 September, 2018 / Ab-
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The Conference «Freshwater Ecosystems — Key Problems» is dedicated to the 90™ anniversary of
Limnological Institute of the Siberian Branch of the Russian Academy of Sciences and is a large event devoted
to the studies of mechanisms of formation, biodiversity and evolution of the world’s lakes and other aquatic
ecosystems using the methods of interdisciplinary sciences (including hydrobiology, hydrology, hydrochemis-
try, physics, geology, climatology, biology, etc.). Such a comprehensive and interdisciplinary approach to the
studies of aquatic ecosystems is necessary for identifying quantitative regularities, processes and phenomena in
relation to the environment, forecast of possible changes affected by natural processes and anthropogenic im-
pact, development of methods for physical, chemical and biological monitoring, assessment of the effect of
economic activity on the environment and scientific rationale of measures necessary for protection of Lake
Baikal and other lakes of the world, as well as elaboration of recommendations for rational use of resources of
lacustrine and aquatic systems. The past 50 years are characterised by the intense impact of local and global
anthropogenic factors on the ecosystem of freshwater environments irrespective of their scale. Moreover, the
anthropogenic factor can overlap with the internal cycles of aquatic environments. During the Conference, it is
planned to discuss current developments of various freshwater ecosystems experiencing landscape and climatic
changes as well as increasing anthropogenic impact.

All presentations of this programme are included in 5 main sessions. Besides session presentations, In-
ternational Scientific School “Modern Limnology at the Intersection of Disciplines” is held within the frame-
work of the Conference. A start-up school on possibilities of financing of innovation projects for young re-
searchers, drafting business plans and defence of the projects is included in the Programme. Students of 8-11
grades who are involved in research under the leadership of teachers present the results of their investigations
at the School Session within the framework of the Conference.

In addition, Skype-session, webinars and Round Table Discussion «Problems and Prospects of Fishery
in Artificial Rearing of Fish and Their Propagation under Natural Conditions» are held during the Conference.
Best papers will be published in special issues of international peer-reviewed journals: Quaternary Internation-
al (IF — 2.199 (WoS), Scopus), Limnology (IF — 0.91 (WoS), Scopus), Journal of Great Lakes Research (IF —
2.354 (WoS), Scopus), Russian Journal of Ecology (IF — 0.430 (WoS), Scopus), Geography and Natural Re-
sources (WoS, Scopus).

Contact Information:

3, Ulan-Batorskaya St., P.O. Box 278
Limnological Institute SB RAS
Conference Secretary:

Yulia Sapozhnikova

Office: + 7 (3952) 42-65-04,

+7 (3952) 42-30-53, +7 (3952) 42-26-95
Mobile:

+7 914-950-960-4, +7 914-892-354-1
Fax: +7 (3952) 425-405
http://www.lin.irk.ru/conferences/fekp2018/ru/
E-mail: fekp2018@gmail.com
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M 43 MexmyHapogHast KoHpepeHIus «II[pecHOBOHbIE SKOCHCTEMBI — COBpEMEHHBIE BBI30BbI». 10-14
centsaops, 2018 cenrsOps, 2018 / Tesucsl mokmamoB u CTeHmOBBIX coobmenuit / Hpkyrck: OO0 «Me-
ranpuHT», 2018. — 400 c.

ISBN 978-5-907095-28-1

Kondepenmus npoBoANUTCS B Y4eCTh KpyMHEHIero st cubupckoi Hayku coobitus — 90-netust Jlum-
Honormdeckoro uHcTUTyTa CO PAH 1 sIBNIsieTCs KpYIMTHEHITMM MEPOTIPHUATHEM, TIOCBSIIICHHBIM U3yICHUIO Me-
XaHM3MOB 00pa3oBaHMsl, OMOPa3HOOOpa3Hs, FIBOIOIUHN 03€p MHpa, APYrUX BOJOEMOB U BOJAOTOKOB CYIIIH Me-
TOJaMH CMEKHBIX HayK (B TOM YHCIIE THIPOOUOIOTHH, TUAPOIOTHH, THAPOXUMUH, (PU3NKH, TEOIOTUH, KIMMa-
TOJIOTUH, OMOJIOTHH U T.J.). Takoi KOMITJIEKCHBIN U MEXIUCIUILTMHAPHBIN TOJIX0/1 K U3yUYEHHUIO TIPUPOIBI BO-
JIOEMOB KaK LIEJOT0 HEOOXOIUM JUIsl YCTAHOBJICHUS! KOJUYECTBEHHBIX 3aKOHOMEPHOCTEH, MPOIIECCOB U sIBJIE-
HUI BO B3aMMOCBSI3U C OKpYXKAlOIIEH Cpeloil, MpOrHO3MPOBAaHUS BO3MOXKHBIX HM3MEHEHHUH TO0J| BIUSHHEM
€CTECTBEHHBIX MPOIIECCOB M aHTPOIIOTCHHBIX BO3JCHCTBHIA, Pa3pabOTKU METOIOB (PH3UIECKOTO, XHMUIECKOTO
1 OMOJIOTHYECKOTO MOHUTOPUHTA, OICHKH BIMSHUS XO3IHCTBEHHOHN AEATEILHOCTH HA OOBEKTHI OKPYKAFOIIEH
MIPUPOJTHON Cpellbl ¥ HAYYHOTO OOOCHOBaHHWS MEPONPHUSATHH, HEOOXOIUMBIX JUIsl OXpaHbl baiikama u apyrux
03ep MHpa, pa3pabOTKH PEKOMEHIALUH M0 PAIlHOHAIFHOMY HCIIONB30BAaHHIO PECYPCOB 03€p M BOJOXPAHIIIHIIL.
[MocneaHue MATHASCAT JIEeT XapaKTePU3YIOTCSI HHTEHCUBHBIM BO3JICHCTBUEM JIOKANBHBIX U TJIO0ANBHBIX aHTPO-
MOTCHHBIX (PAKTOPOB HA SKOCHUCTEMY IPECHOBOIHBIX BOJIOCMOB HE3aBUCHMO OT UX pa3MepoB. [Ipu 3ToM aH-
TPONOTeHHEIH (PaKTOP MOKET OBITh HAJIOXKEH HA BHYTPEHHHUE IUKIIBI BOJIOEMOB. B Xome paboTsl KoH(DepeHIHN
TUTAHUPYETCS TPOBECTH MIMPOKOE OOCYKIACHNUE COBPEMEHHOT'O Pa3BHUTHUS HKOCHUCTEM Pa3HOOOpa3HBIX IMPECHO-
BOJIHBIX BOJOEMOB B YCIIOBHSX JaHIMIA(PTHO-KIMMATHICCKAX H3MEHEHHH M BO3PACTAIONMICH aHTPOIIOTCHHOM
Harpy3KH.

Bce noknaapl J7aHHON NpOrpaMMBbl pacrpeiesieHbl MEXAYy 5 OCHOBHBIMU ceKIMsMH. [lomMumo cekuu-
OHHBIX JIOKJIAJOB B paMkax KoHdepeHiu OyayT MpeacTaBieHbl JIEKIWH BEAYIIMX yYEHBIX MHUpa B paMKax
MextyHapOoJHOM Hay4HOU LIKOJIBI U1 MOJIOJEKU «COBpeMEHHas TMMHOJIOTHS Ha CThIKE TUCIMIUIUHY. Byaer
MpOBENeHa CTApPTAI-IIKOJa MO BO3MOXKHOCTSIM (PHHAHCHPOBAHWS WHHOBAIMOHHBIX IPOEKTOB JJIS MOJIOIBIX
HCCIIeIOBaTeIIel, COCTABIICHUIO OM3HEC IUIAHOB U 3aluTe MpoekToB. B pamkax KoHdepennnu Takxe npouaet
[xompHas cexrms st yaanuxcsi 8-11 Ki1accoB, BRITONHSIONIMX HAYYHO-HUCCIIEIOBATENIBCKYIO paboTy MO PYKOBOJI-
CTBOM II€JarOTOB.

B nononHeHue k npeacTaBiIeHHOM nporpamme OyayT nposeeHsl on-line nekiyu B pexume SKYPE-
ceccuu, BeOmHApHI, a Tarke Kpyrmbrit cton «[IpobneMbl M MEepCIeKTHBEI PHIOHOTO XO3SHCTBA MPH UCKYC-
CTBCHHOM Pa3BEICHUN U Pa3MHOKEHUH B €CTECTBEHHBIX yCIOBUAX». JIydmme cTaThu OyayT OIMyOIMKOBAHBI B
CIIEITUATTLHBIX BBIMTYCKAaX MEXIYHAPOJHBIX PEleH3UpYyeMbIX KypHaoB: Quaternary International (IF — 2.199
(WoS), Scopus, PUHII), Limnology (IF — 0.91 (W0S), Scopus, PUHLI), Journal of Great Lakes Research (IF —
2.354 (W0S), Scopus, PUHII), Russian Journal of Ecology (IF — 0.430 (W0S), Scopus, PUHIT), Geography
and Natural Resources (WoS, Scopus, PUHII).
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Annenkov V.V., Zelinskiy S.N., Pal'shin V.A., Danilovtseva E.N.
HOW LIVING SILICIFYING ORGANISMS BUILD SILICA CONSTRUCTIONS AT MODERATE
CONDITIONS?
Limnological Institute SB RAS, Irkutsk, Russia
annenkov@lin.irk.ru

Diatom algae and siliceous sponges are the most known organisms which use silica to build their skeleton.
Diatoms live in bivalve siliceous frustules and sponge bodies consist of siliceous needle-like spicules fastened together
with organic matter. Understanding of the biosilicification mechanism at molecular level is a large challenge to biolo-
gists, chemists and specialists in material science. This report describes some unsolved issues in this area and our re-
sults in study of diatoms and sponges with specially developed chemical substances.

The first stage of silica biosynthesis is capture of silicon from the environment. Natural waters contain
silicon in the form of monomeric silicic acid which concentration is not more several mg per liter. Initial stage
of formation of silica valves was studied with a new coumarin based fluorescent dye Q-N2 which contains
amine fragment. This dye changes fluorescence from blue to cyan under aggregation with siliceous materials.
Cultivation of diatom Ulnaria ferefusiformis (Kulikovskiy, Lange-Bertalot, 2016) in the presence of Q-N2
reveals siliceous particles in the cell cytoplasm in several seconds after beginning of silicic acid consumption
from the cultural medium. The fast appearance of condensed forms of silicic acid supposes oligomerization of
Si(OH), just after crossing the cell membrane or during this process. The ability of silicic acid to condense
below saturation level (2-3 mM) was demonstrated in the presence of poly(vinyl amine) - zinc complex.
Poly(acrylic acid) was applied as a model of oligosilicate nanoparticles and this polymer was accumulated in
frustules of U. ferefusiformis during cultivation. These findings allow us to hypothesize oligomerization of
silicic acid on the outer surface of the cell membrane following with capturing of the siliceous nanoparticles
under a pinocytosis mechanism.

Vital fluorescence dyes and spin probes are a powerful tool for study diatoms and siliceous sponges.
Cultivation of fresh-water sponge Lubomirskia baicalensis (Pallas, 1773) in the presence of Q-N2 and NBD-
N2 (green fluorescence) dyes allows to study spiculogenesis with the use of fluorescent microscopy. We visu-
alized main stages of spicule growth: silicon accumulation in sclerocytes; formation of an organic filament
protruding from the cell; further elongation of the filament and growth of the spicule in a spindle-like form
with enlargement in the center; merger with new sclerocytes and formation of the mature spicule. The spicule
growth proceeds by two ways: silicic acid capture from the extracellular space and by spicule merging with
new silicon-enriched cells. This observation allows us to overcome the virtual differentiation between intra-
and extracellular mechanisms of spicule growth. Visualization of the growing spicules with the fluorescent dye
is useful in monitoring sponge viability in ecological or toxicological experiments.

Polyamine-based spin probe was applied with the objective to estimate localization of biogenic poly-
amines in diatoms. These polyamines were found inside siliceous frustules and our data show presence of the-
se compounds in cytoplasm and on the surface of biosilica in comparable amount.

This work was supported by the Russian Federal Agency for Scientific Organizations (project no.
AAAA-A16-116122110059-3)

AnnenkoB B.B., 3equnckuii C.H., Ilansumu B.A., lannaosuesa E.H.
KAK ’KUBBIE CUJINCUOULIUPYIOUIUE OPTAHU3MBbI CTPOAT KPEMHUCTBIE
KOHCTPYKUHWHU B OBbIYHbIX YCJOBUSAX?
Jlumuonoruuecknit unctutyt CO PAH, Upkytck, Poccust
annenkov@lin.irk.ru

JlmaToMOBEIC BOJOPOCIIN M KPEMHUCTBIC TYOKHU SIBISIFOTCS HaWOOJIee M3BECTHRIMH OpPTaHM3MaMH, KO-
TOpBIC UCTIONB3YIOT KPEMHE3EM [UIS TIOCTPOCHHSI CBOMX CKEJIETOB. /lMaTOMEH JKUBYT B IBYCTBOPYATHIX KPEM-
HUCTHIX (PYCTyNaX, a Teya ryboK COCTOST U3 KPEMHHCTBIX UTOJTBYATHIX CIUKYJI, CKPEIUIEHHBIX OPTaHIYSCKIM
BemnecTBOM. [loHnManme MexaHm3Ma OHOCIIIMCH(UKAIINN HAa MOJIEKYISIPHOM YPOBHE SIBIISICTCS OOJBIINM BHI-
30BOM ISl OMOJIOTOB, XMMHKOB M CIEIMAJIMCTOB B 00JIACTH HayK O MarepuaiiaXx. B naHHoii paboTe ormicaHbl
HEKOTOpBIE HepEeHIEHHBIE BOTIPOCH! B 3TOH 00NACTH W HAIIHU Pe3yJbTATHl B M3YUCHUH TUaTOMEH U TYOOK C mc-
MOJIb30BAHUEM CIICIIHATIBHO Pa3pab0TaHHBIX XUMUIECKUX COCIUHCHUH.

[epBas cragms 6nocHHTE3a KpeMHe3EMa 3aKII0YaeTCsl B 3aXBaTe€ KPEMHUS U3 OKPYXKAIOMIEH Cperpl.
[IpuponHBIe BOABI comepkaT KpeMHHH B (opMe MOHOMEPHOW KPEMHHEBOH KHCIIOTHI B KOHIICHTPAIUM He-
CKOJIBKO MT Ha JUTp. HagampHas ctagus GopMHUpPOBaHUS KPEMHUCTHIX CTBOPOK M3ydUeHA C IMOMOIIBIO HOBOTO
KymapuHoBoro kpacurens Q-N2, comepikariero aMUHHBIA (parMeHT. DTOT KPacHTENb H3MEHSET (uryopec-
[EHIUIO C CHHETO Ha roiy0oil MpH arperanuu ¢ KPeMHHUCTBIME MaTepHaiaMu. KylbTHBHpOBaHWE AHATOMEH
Ulnaria ferefusiformis (Kulikovskiy, Lange-Bertalot, 2016) B npucyrctBun Q-N2 moka3ano OpHCYTCTBUE
KPEMHHUCTBIX YaCTHIl B IIUTOIUIa3Me KJIETOK Yepe3 HECKOJBKO CEKYHJ IIOCNie Hadalla YCBOCHWS KPEMHHEBOM
KHCJIOTBI U3 KYJIbTYPaJibHOHM Cpefbl. BRICTpoe MosiBICHHE KOHICHCUPOBAHHBIX (OPM KPEMHHUEBOW KHCIIOTHI
npexanonaraet onuromepusanuio Si(OH), cpasy mocie mepecedeHns KICTOYHONH MEMOPAHbBI HIH B XO/€ 3TOTO
nporiecca. CriocoOOHOCTh KPEMHUECBON KUCIOTHI KOHJCHCUPOBATHLCS MPH KOHIICHTPAIIMK HIKE YPOBHS HACHI-
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nieHus (2-3 MM) poAeMOHCTPUPOBAHO B MPUCYTCTBUHM KOMIUIEKCA TOJMBUHUIIAMHUHA ¢ ITMHKOM. [losmakpu-
JIOBas KHCJIOTA HCIONB30BANIACh B KA4ECTBE MOJCIH OJIMTOCHUIIMKATHBIX YAaCTUL M ITOT IOJHMMEP OKa3ajcs
crocoben HakarmBathes B manmupsx U. ferefusiformis mpu kyneruBnpoBanun. Jlanusie HAOMOACHHUS TO3BO-
JSFIOT HaM OPE.IOI0KHUTh, YTO OJNIMTOMEPHU3aLMs KPEMHHEBON KHUCIOTHI MPOMCXOJMUT Ha BHEIIHEH CTOPOHE
KJIETOYHON MeMOpaHbI C NOCJIESYIOIIUM 3aXBATOM KPEMHHUCTHIX HAHOYACTHIL [I0 MEXaHNU3MY MTHHOLIUTO3A.

[TprKU3HEHHBIC KPACUTENM U CIIMHOBBIC METKH SIBJISIOTCS BAXKHBIMU CPEACTBAMH ISl U3YUCHUS Ha-
ToMel 1 KpeMHHCTHIX Ty0oK. KysbTrBupoBanue npecHoBoHOH ryoku Lubomirskia baicalensis (Pallas, 1773)
B mpucytctBun kKpacureneir Q-N2 u NBD-N2 (3enénas ¢iryopecieHIus) mo3BOIMIO H3YIUTh CIIUKYIIOTEHE3 C
HOMOILBIO (DITyOpeclieHTHOI MUKPOCKOTHK. Mbl BU3YyaJIM3UPOBaId OCHOBHBIC CTAIUH POCTA CITUKYJIBI: HAKOII-
JICHHE KPEMHHs B CKJICPOUMTAX; (OPMHUpOBaHHME OPraHMYECKOro (HIaMEHTA, BBICTYMAIOLICTO W3 KICTKH;
NanbHeillee yauHeHne QUiIaMeHTa U PoCT CIHKYJIbl B BepeTeHO0Opa3Hoi opMme ¢ yTOJNIIEHHEM B LICHTPE;
CIIMSIHUE C HOBBIMH CKJIEPOIUTAMH M 00pa30oBaHKe 3pesiof CIHUKYIBI. POCT CIIMKYI MPOUCXOANT IBYMS TYTs-
MU: KPEMHHEBAast KUCJIOTa 3aXBATHIBACTCS U3 MEKKJIETOUHOT'O MPOCTPAHCTBA M NPH CIUSIHUM CIUKYJ C HOBBIMH
00OTaIEHHBIMH KPEMHHEM KJIeTKaMHu. JTO HaOJIOIEHNE TTO3BOJISET IPEO0I0JIeTh MHIMOE TPOTUBOPEYHE MEXK-
Iy BHYTPH- U BHEKJICTOUHBIMH MEXaHH3MaMH POCTa CHHKYJ. BU3yanu3alus pacTylIMX CIHKYJ C HOMOIIbIO
(ITyOpEeCLIEeHTHOTO KpacHTelNs I0JIE3HO JUIi MOHHTOPHHIA BBDKMBAEMOCTH T'yOOK IPH 3KOJOTHYECKUX WIIH
TOKCHUKOJIOTUYECKUX IKCIIEPUMEHTAX.

CnvHOBBIE METKH Ha OCHOBE ITOJIMaMIHA HCTIOIB30BAINCH C [ENIBIO OIIEHKH JIOKAIM3ANH OMOTEHHBIX
MOJIMAMUHOB B THaTOMesiX. JlaHHbIe MoJraMHUHbI 0OHAPYKEHbI BHYTPH KPEMHHCTBIX CTBOPOK, @ HAIIIM JTAHHbBIC
MOKA3bIBAIOT MPHUCYTCTBHE 3THX COEAMHEHWH B IIMTOIUIA3ME W Ha MOBEPXHOCTH OHMOTEHHOTO KpeMHe3éMa B
COMOCTaBUMBIX KOJMYECTBAX.

Pa6oTa moanepxana ®AHO Poccun (mpoekt AAAA-A16-116122110059-3).
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The northern part of Polish coast is home to numerous coastal lakes of various connectivity with an
open sea. Despite the fact these lakes display a wide range of ion composition, salinities, stratification pat-
terns, and ecosystems they have been rarely studied in a complex and long-term way. Few of lakes are lo-
cated on ecologically protected area or are habitats for migratory birds. A two-year seasonal survey of the
physical characteristics and chemistry of 11 lakes was carried out to assess their resistance on local pollu-
tion sources or impact of sea water intrusions. Moreover, due to limited information regarding the concen-
tration of metals in water and bottom sediments current study aims to complement the knowledge concern-
ing water-bottom sediment interface of coastal lakes in Poland. Moreover, one of the minor aims was to as-
sess water quality of the coastal lakes basing on physiochemical parameters which is unigque in Poland, since
classification rules being in force mainly concerns brackish water reservoirs and are based on biological
monitoring. Within the framework of the study more than 350 water and sediment samples were collected
seasonally (spring, summer and autumn) in 2014 and 2015 from intermittently closed and open lakes and
lagoons (ICOLLs) spread through Polish coastline. The following coastal lakes were investigated: Ptasi Raj,
Lebsko, Jamno, Gardno, Dotgie Wielkie, Kopan, Wicko, Sarbsko, Resko Przymorskie and Liwia Luza. pH
and eIectrontlc conduct|V|ty (EC) were measured in the field and double checked in the Iaboratory Full
ionic characteristic of water samgjles consisted of major cations (Na*, K*, Li*, Ca*", Mg*, NH,") and anions
(F', CI', NO2', Br', NOz and SO,~) was determined using ion chromatography while the mductrvely coupled
plasma optical emission spectrometry has been used in multielemental determination (Al, B, Ba, Bi, Cr, Cu,
Fe, Ho, In, Ir, Mn, Nd, Ni, Pb, Pr, Sm, Sr, Ti, Tl, V, Yb and Zn). Moreover, dissolved oxygen (DO), total
dissolved solids (TDS) and hardness (HD) were determined. Relationship between electrolytic conductivity
and concentration of ions for coastal lakes with corresponding regression lines and equations was assessed
and some seasonal fluctuations were discovered according to the level of lake's isolation. Water quality as-
sessment was based on two commonly used indexes: Water Quality Index (WQI) in two variants, Heavy
Metal Pollution Index (HPI) and Contamination Index (Cy). Several water parameters were considered for
calculation of WQI, (pH, EC, DO, TDS, HD, NO3, CI', SO,* and Ca*"), WQI, (DO, COD, TDS, pH and
NH,"), HPI (Cd, Cr, Cu, Mn, Pb, Zn, Fe) and Cq(Cd, Cu Mn, Pb, Zn, Fe, Ni). Analysis of the data revealed
that the WQI; values ranged from a minimum 31.6 to a maximum of 75.0 indicating that 71% of seasonally
studied waters were of good quality. WQI, values ranged from a minimum 17.6 to a maximum of 1298
which was out of scale due to B-oligohaline characteristic of lakes. It classified 61% of coastal waters as
excellent. HP1 values ranged from a minimum 27.1 to a maximum of 65.9 indicating significant domination
of waters of good quality over those of poor quality. The contamination index varied between -6.7 and 83.6
revealing high contamination of Jamno, Gardno, Koprowo, Dolgie and Resko Przymorskie lakes in Spring,
2014 which was an effect of almost eight times higher than usual inflow of heavy metals to the Baltic Sea in
2012-2013 reported by official, regional monitoring reports. Our study reveals that: (i) the water quality of
the studied lakes is good according their physiochemical characteristic; (ii) physiochemical water quality
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depends on connectivity with the Baltic Sea; (iii) not all the indexes were well correlated with each other;
(iv) discussed indexes assess the possibility of industrial water use (consumption, irrigation) and do not ex-
press the degree of water pollution.

Bedoshvili Ye.D., Gneusheva K.V., Popova M.C., Likhoshway Ye.V.
CELL MECHANISMS OF DIATOM VALVE MORPHOGENESIS
Limnological Institute SB RAS, Irkutsk, Russia
bedoshvilied@list.ru

There are quite a few organisms capable of producing silica structures, but diatoms have the most var-
ied of micro- and nano-scale silica structures on their shells. The silica frustule structures — valve and girdle
bands — are synthesized inside the cell in specialized organelles, silica deposition vesicles, surrounded by a
special membrane, silicalemma. Diatom valve symmetry (radial or bilateral) is determined at the earliest stage
of the morphogenesis, and the valve morphogenesis takes place according to a single scheme. The valve of
centric diatoms initiate as silica ring (annulus) with ribs radiating from the center. The hole of the annulus is
subsequently filled out with silica; areolae and processes are formed between ribs. The pennate diatom valve
morphogenesis begins with sternum, longitudinal silica backbone, which is a base for the first-order branches
named subsidiary ribs or virgae. After general valve structures have been outlined the openings of areolae and
other thon valve structures are formed.

The valve morphogenesis occurs under influence of the cytoskeleton. It was shown that inhibitors of
microtubules and actin filaments cause various valve abnormalities — change the valve shape and the localiza-
tion of processes and large structures on the valve, and areolae arrangement. The investigations of several cen-
tric species showed that despite the mitosis blocked with colchicine the valve morphogenesis had not been
blocked but changed. Normally, morphogenesis begins at the site of the cleavage furrow simultaneously in two
sister cells, but after colchicine treatment it was formed the one “lateral” valve with face part relocated on the
mantle. Such valves have one clearly distinguishable center of symmetry. The lateral valves in Aulacoseira
islandica can also be formed by the action of cytochalasin D, an inhibitor of the polymerization of actin micro-
filaments, and have two centers of symmetry. It is assumed that source and location of the SDV do not depend
on cytoskeleton unlike valve morphogenesis process. The SDV location under the plasmalemma and their
close interconnection during morphogenesis is controlled by unknown yet mechanisms.

The relationship between plasmalemma and silicalemma can result from the fact that the initial source
of silicalemma is plasmalemma. The deep plasmalemma invaginations revealed on ultrathin sections of Ency-
onema ventricosum in the late stages of valve morphogenesis allow to suggest that they can be the initial SDV
of the first girdle band. Such a vesicle can remain “on the dock’ near the plasmalemma during morphogenesis,
and grow with coalescing vesicles, originating from the Golgi or ER, which is observed in many studies of the
morphogenesis of the valve.

There is a noticeable ontogenetic connection between plasmalemma and silicalemma — eventually a
part of silicalemma joins plasmalemma during excretion of a mature valve from cell (and, obviously, from
SDV). There are observations of silicalemma and plasmalemma fusing near the mantles of new valve; in such
cases the fragments of upper silicalemma and old plasmalemma get caught between the two daughter cells.
Later they either degrade or, by some unknown mechanism, become a part of the valve organic coating and
diatotepum, polysaccharide layer between the valve and the plasmalemma.

The origin of SDV in the cell remains a controversial issue, but its relation with the microtubule center
appears to play a key role in the onset of morphogenesis. Silicalemma and the environment within the SDV
control micromorphogenesis — biochemical silicification processes. Changes in the work of these cellular
mechanisms lead to the formation of a variety of silica structures in experiments, and in the process of evolu-
tion can provide a variety of forms of diatoms.

The work was supported by the state task of the FASO No. 0135-2016-0001.

Belykh O.1., Tikhonova 1.V., Sorokovikova E.G., Potapov S.A.,
Kuzmin A.V., Fedorova G.A.
TOXIC CYANOBACTERIA IN LAKE BAIKAL AND WATERS OF BAIKAL REGION
Limnological Institute SB RAS, Irkutsk, Russia
belykh@lin.irk.ru

Cyanobacteria are one of the most ancient and successful microorganisms widespread in the aquatic
environment. Many species of cyanobacteria are able to produce toxins. The most dangerous of the toxins pro-
duced are saxitoxin (SXT) and its derivatives commonly called paralytic shellfish toxins (PST). Microcystins
(MC) are the most widespread cyanotoxins in the freshwater ecosystems. PSTs are sodium channel blockers
leading to muscle, including respiratory muscles, paralysis. MC inhibits enzymes in hepatocytes causing a
massive hemorrhage in the liver; a long exposure of low doses can have an oncogenic effect. The noxious
blooms are well known to be the most sensitive indicator of trophic status (Chorus, Bartram, 1989).

Complex research of toxic cyanobacteria started in Lake Baikal and waters of the Baikal Region in
2005. There were no data on toxic cyanobacteria in Lake Baikal before our studies. Search and identification
of the cyanobacteria containing genes of microcystin synthesis were performed with the primers detecting mi-
crocystin synthetase (mcy) gene cluster. The genes encoding saxitoxin and its derivatives were detected with
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primers specific to polyketide synthase entering to multienzyme stx complex. Concentration of cyanotoxins in
water and cyanobacteria was measured by enzyme-linked immunosorbent assay (ELISA) with Abraxis LLC
kits (USA). Variants of cyanotoxins were identified by tandem time-of-flight mass spectrometer with matrix
laser desorption/ionization (MALDI-TOF/TOF).

MC producing cyanobacteria were for the first time identified in the Angara (Bratsk and Ust-1limsk)
reservoirs in 2005. In subsequent years, the toxic cyanobacteria were regularly found in these reservoirs. Con-
centration of MC and PST in the plankton was 0.25+0.02 pg/L and 1.37-3.23 pg/L respectively. Toxic cyano-
bacteria and cyanotoxins were found in the Irkutsk and Boguchany reservoirs in 2016-2017. Analysis of plank-
ton in the lake Kotokel located two km eastward of the eastern shore of Lake Baikal and linked to the latter by
brooks showed the presence of the genera Microcystis u Dolichospermum, some species of which are able to
synthetize MC.

Since 2010, MC and PST producing cyanobacteria have been found in Lake Baikal in the littoral
plankton of the Turka, Barguzin and Chivurkuy gulf, Maloye More and Olkhon Gate straits. The main plank-
tonic MC and PST producers were species of the genera Microcystis, Anabaena/Dolichospermum and Ana-
baena/Dolichospermum/Aphanizomenon respectively. MC concentration in water of the areas studied was
0.17+0.01 pg/L, i.e. under the threshold values adopted by WHO for drinking water; its concentration in phy-
toplankton was 0.052-6.11 ug/g of dry weight. Concentration of PST in water varied widely being 1.93+0.64
pg/L in the Turka gulf to 7.23+0.5 pg/L in the Kurkut bay where the values obtained exceeded the maximum
concentration limit of 3 pug/L adopted in some countries for drinking water.

Microscopic and genetic analysis of biofouling samples taken from different substrates (ill and dead
sponges, stones, rocks, macrophyte) in 2014-2017 showed a massive bloom of benthic cyanobacteria
represented mainly by the species Symplocastrum sp., Tychonema sp., Tolypothrix distorta, Pseudanabaena
spp. not observed in Lake Baikal previously. Genetic markers in biofouling of various substrates, including
sponges, allowed identifying cyanobacteria containing genes of MC and PST synthesis. The maximum con-
centration of microcystin and saxitoxin and its derivatives in biofilms was 1165 pg/g and 294 pg/g of dry
weight respectively.

More than 15 MC and 10 PST variants were identified in planktonic and benthic cyanobacteria in the
lakes Baikal and Kotokel and the Angara reservoirs by MALDI-TOF technique.

The results show that the toxic cyanobacteria found in the littoral of the above mentioned waterbodies
bloom in the areas, which could be characterized as mesotrophic and partly eutrophic by phytoplankton bio-
mass and chlorophyll content. The bloom of toxic cyanobacteria potentially noxious for humans and animals
requires careful attention from the part of scientific community and state agencies, which have to recognize
necessity of continuous monitoring of water for cyanotoxins, especially in recreational areas with an intensive
anthropogenic stress.

The work is done within the State tasks 0345-2016-0003 and 0345-2016-0005.

Beasix O.U., Tuxonosa U.B., CopoxoBukosa E.I'., [Toranos C.A.,
Ky3bmun A.B., ®enoposa I'.A.
TOKCHUYHBIE IIMAHOBAKTEPUH B O3EPE BAVKAJI U BOJJOEMAX BAMKAJIBCKOI'O
PEI'’MOHA
Jlumuonornuecknii uactutyt CO PAH, Upkytck, Poccus
belykh@lin.irk.ru

[MuaHoOakTepuu — OJTHU U3 CaMbIX JPEBHHUX U YCHEIIHBIX MUKPOOPTAHU3MOB — IIUPOKO PacCIpocTpa-
HEHBI B BOIHBIX dKOcHcTeMax. MHOTHe BUAB IMAaHOOAKTEPHH CIIOCOOHBI MPOIYIIHPOBATh TOKCHHEL. CaMBIMH
OMAaCHBIMU CPeAN HUX ABISAIOTCS cakcUTOKCHH (SXT) u ero mpou3BOAHbIE, COBMECTHO Ha3blBaeMble Mapaiu-
THYECKUMH TOKCHHaM# MOJITFOCKOB (PST). Mukpomwmctunabl (MC) — Hanbosiee pacpocTpaHEeHHbBIE ITHAHOTOK-
CUHBI B MPECHOBOJAHBIX 3KocucTeMax. PST GIOKMPYIOT MOPHI HATPUEBBIX KaHAJIOB MEMOpaH HEPBHBIX U MbI-
IICYHBIX KIIETOK, BHI3BIBAS MAPAIMIH MBIIII, BKIIOYas AbIXaTeIbHYI0 MycKynaTypy. MC HHTHOHPYIOT aKTHB-
HOCTh ()epMEHTOB B I'€MaTOLMTaX, MPUBOJS K OOIIMPHBIM KPOBOMBIUSHHSIM B MEYEHH, a TPU BO3JEHCTBUU
HU3KUX 103 — K 3JI0KAYeCTBCHHBIM HOBOOOpa3zoBaHMsAM. Kak M3BECTHO, BPEIOHOCHEIE «IIBETCHHUSD SBILTIOTCS
HanboJee YyTKUM MHAMKATOpOM 3BTpodupoBanus BogoeMos (Chorus, Bartram, 1989).

Ha o3. baiikam um Bomoemax baiikanbCKOTO pernoHa KOMIUIEKCHBIC WCCIEAOBAHUS TOKCHH-
NpOAYLMPYIOIUX IaHobakTepuid BriepBbie HadaThl B 2005 1. JIo HammMX vcciaeqoBaHUM CBEIEHUH O TOKCHY-
HBIX BHJIaX IIMaHoOakTepuid B 03. balikan He Obu10. [ToHck M MICHTU(DUKAIINIO IMAHOOAKTEPHUA, COMCPIKAIITIX
TeHBI CHHTE3a MUKPOLIMCTHHOB, MPOBOJIMIIM C UCTIOJIB30BAHUEM MPANMEPOB, JETEKTUPYIOIIUX KJIACTEp TE€HOB,
KOAWPYIOIINX MHKPOLIUCTHH-CHHTETa3y (MCY). ['eHBI, OTBETCTBEHHBIC 32 CHHTE3 CAKCUTOKCHHA M €T0 MPOM3-
BOJIHBIX, BBISIBJSUTM C MOMOIIBIO MPaiMepoB CHeNU(UIHBIX K MOJUKETHICHHTA3e, BXOASIIEH B COCTaB MYJb-
TH(PEPMEHTHOTO KoMITIeKca StX. KoHIeHTpamio MaHOTOKCHHOB B BOAE M IIMAHOOAKTEPUSIX OMPEISIIIIH Me-
ToloM MMMyHO(epMeHTHoro aHanu3a (M®PA) ¢ ucnonb3oBaHHEM KUTOB, NPOU3BOAMMBIX «Abraxis LLC»
(CHIA). UnenTndukaryio BapuaHTOB NMHAHOTOKCHHOB BEITIONHSIN HA TaHAEMHOM BPEMSIIPOJIETHOM Macc-
CIIEKTPOMETPE ¢ MATPUUHOM JTazepHOit aecopOuueii/nonusarmeit MALDI-TOF/TOF.

B Bomoxpanmimmax aHrapckoro kackaaa MC-poayupyromue THaHo0aKTepHH BIICPBHIC BHISBICHEI
B 2005 1. B Yerh-Mnumckom 1 Bpatckom Bomoxpanunmmax. B mocienyromniye rogpl TOKCHYHBIE ITHaHOOaKTe-
pUH PEryISIPHO OTMeYaH B 3TuX Bojoemax. Konmentpamus MC B mianktone coctaBimmia 0,25+0,02 Mkr/m,
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PST — 1,37-3,23 mkr/n. B 2016-2017 rT. TOKCHHOTCHHBIE IMAHOOAKTEPUH M IIMAHOTOKCHHBI OOHAPYKEHBI B
UpkyrckoM u bory4aHckoM BOJOXpaHWIHIIAX. AHAIM3 IUIAHKTOHA 03. KOTOKENIbCcKOe, PachoNoKEeHHOTO B
JIBYX KMJIOMETPaxX OT BOCTOYHOTO Oepera o3. balikan U CBsI3aHHOTO C HUM TIOCPENICTBOM PEK, TIOKa3all Halnuue
Bu10B ponoB Microcystis u Dolichospermum, crioco6upix cuntesuposars MC.

B 03. baiikan MC- u PST-npoaynupyromue nuaHo0akTepuu BoisiBIsitoTcs ¢ 2010 T. B TUTAHKTOHE JIH-
TOpaJibHOM 30HBI 3a1uBa Typka, nposinBoB Manoe Mope u OnbxoHckue Bopora, baprysunckoro u Uusbip-
KyHCKOrO 3aJMBOB. B IUIAaHKTOHE OCHOBHBIM mpoayieaTroMm MC sBistorcss Buael pomoB  Microcystis,
Anabaena/Dolichospermum; mapaiuTu4ecKux TOKCHHOB MOJUTIOCKOB — MPEICTABHTENN KiacTepa poaoB Ana-
baena/Dolichospermum/Aphanizomenon. Kouuenrpamus MC B Boie HCCIEIyeMbIX paiiOHOB IOCTHralia
0,1740,01 MKT/71, 9TO 3HAYUTETHHO HIDKE MMOPOTOBBIX 3HAYCHHH, YCTAHOBICHHBIX BO3 111 MUTHEBOH BOJIBI; B
¢uTortankroHe oHa coctapisuia 0,052-6,11 Mkr/t cyx. Beca. Conepxanne PST B BoJle 3HAYUTENILHO BaphUPO-
Bajo, ot 1,93+0,64 mkr/n B 3amuBe Typka mo 7,23+0,5 mxr/n B 3anuBe Kypkyrt, rie moaydeHHbIE TOKA3aTeIH
npebitmany [1JIK 1is cakcHTOKCHHA B TUTHEBOM BOIE, IPUHSATHIE B HEKOTOPBIX CTpaHax (3 MKI/I).

MHUKpOCKONMYECKHH 1 TeHeTHYECKUH aHann3 oOpacTaHuii, 0ToOpaHHbIX B 2014-2017 rT. ¢ pa3immyHbIX
cyocTpaTtoB (60sbHBIE U TIOTHOIIHE TYOKH, KaMHH, BBIXOJIBI KOPSHHBIX MOPOJI, MAKPOQHTHI), TIOKa3all Macco-
BOE pa3BUTHE OCHTOCHBIX IMaHObOakTepuil ¢ jmomuHMpoBaHuem Bumos Symplocastrum sp., Tychonema sp.,
Tolypothrix distorta, Pseudanabaena spp., paHee He HabmoaaBiieecs B 03. baiikanr. C MOMOIIBbIO TeHETHYE-
CKHX MapKepOB B 00pacTaHUAX Pa3IHYHBIX CYOCTPATOB, BKIFOUAsl I'YOKH, BBISBJICHBI IIMAHOOAKTEPHUH, COMEP-
xaimmue TeHsl cuatesa MC u PST. MakcumanbHas koHneHTpanus MC B Ounoruienkax gocturaia 1165 Mkr/r
CyX. Beca, CAKCUTOKCHHA H eT0 IIPOM3BOAHBIX — 294 MKI/T CyX. Beca.

Metogom MALDI-TOF B maHKTOHHBIX M O€HTOCHBIX IIMAHOOAKTEpHUSAX M3 03. baiikai, BoloXpaHH-
JIMIIl aHTapCKOTO Kackaja, 03. Kotokenbckoe onpenenensl 6oiee 15 BapuantoB MC u 10 BapuaHTOB mapanu-
TUYECKUX TOKCHHOB MOJUTIOCKOB.

Pe3ynbpTaThl POBEJCHHBIX UCCICIOBAHHUN TTOKA3aJM, YTO TOKCHYHBIC ITHAHOOAKTEPUH, OOHAPYKCH-
HBIE B INTOpaNbHOM 30HE 03. baiikan, 03. KoTokenbckoe, aHTapCcKUX BOAOXPAaHUIIUINAX, PA3BUBAIOTCS B pano-
HaX, KOTOpBIE M0 OMoMacce (PUTOIUTAHKTOHA M COJICPIKAHMIO XJIOPO(GHUILIA, a XapaKTEPU3YIOTCS KaKk Me30Tpo (-
HBIE C HAJMYUEM HBTPO(HBIX Yy4acTKOB. MaccoBoe pa3BUTHE TOKCHH-TIPOAYLIHPYIOUINX HHAHOOAKTEPHI,
MPEJICTABNIAIONIUX YIpO3y HAJS 3[0POBbs UEJOBEKAa M YKUBOTHBIX, TpeOyeT MPUCTAJIHHOTO BHUMAaHHUS KakK CO
CTOPOHBI YYCHBIX, TAK W TOCYJAPCTBEHHBIX OPTraHOB, M YKAa3bIBACT Ha HEOOXOAMMOCTh PETYISIPHOTO MOHHUTO-
pHUHTa colep)kaHUsl IMAaHOTOKCHHOB B BOZIE, OCOOEHHO B TYPUCTCKO-PEKPEALMOHHBIX 30HaX ¢ MHTEHCUBHOM
aHTPOTIOTCHHOMN HATPY3KOH.

PaboTa BeImosiHeHa B pamkax roc. 3aaanuii Ne 0345-2016-0003, Ne 0345-2016-0005.

Doenz C.J.2, Seehausen O.%2
SPECIATION (AND ITS REVERSE) IN ALPINE WHITEFISH AND CHARR
'Eawag, SWISS Federal Institute of Aquatic Science and Technology, Kastanienbaum, Switzerland
?Institute of Ecology and Evolution, University of Bern, Bern, Switzerland
carmela.doenz@eawag.ch

Adaptive radiation, the exceptionally rapid evolution of many ecologically diverse species from a sin-
gle species, is a key generator of biodiversity on earth. Deep lakes provide supreme conditions for that process
to occur, and several fish taxa inhabiting such lakes have become important model systems for adaptive radia-
tion research. Focusing on two genera from the rapidly speciating fish family of Salmonids in pre-alpine lakes
of Switzerland, Coregonus and Salvelinus, we will address the following questions: what are the evolutionary
mechanisms involved in the rapid buildup of sympatric species diversity? How do humans affect these mecha-
nisms and thereby species diversity? Combining evidence from genomic, ecological and morphological as well
as historical data of Alpine whitefish and charr, we discuss how anthropogenic change and management may
together influence the evolutionary dynamics and thereby potential loss or gain of species diversity.

Drucker V.V.
AUTOCHTHONOUS BACTERIOPHAGES AND BACTERIOPLANKTON IN WATER BODIES OF
KHUVSGUL-BAIKAL-ANGARA-YENISEI HYDROSYSTEM
Limnological Institute SB RAS, Irkutsk, Russia
drucker@lin.irk.ru

Since 1972 up to the present time, all large water bodies, reservoirs and watercourses of the most ex-
tensive Khuvsgul-Baikal-Angara-Yenisei hydraulic system have been surveyed in order to study the patterns
of water quality formation under natural conditions, regulation of runoff in different climates, and forecasts for
the future. Total number of bacteria in the water was determined by epifluorescent microscopy, and autochtho-
nous bacteriophages — by transmission electron microscopy

In Lake Khuvsgul (1645 m above the sea, maximum depth 262 m) during the summer the number of
bacterterioplankton was 1.2- 1 7x10° cells/mL, heterotrophic microorganisms — 5-90 CFU/mL and bacterio-
phages — 0.09-0.11x10° mL™. According to mlcroblologlcal indicators, Khuvsgul in different seasons of the
year for many years has been regarded as ultracligotrophic lake.

The long-term study in different seasons of the year has shown that the main tributary of Lake Baikal,
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the Selenga River, along the entire length (Mongolian and Russian territories) has a low water guality; the
number of bacterterioplankton reached 11.37x10° cells/mL, heterotrophic microorganisms — 7.1x10° CFU/mL,
and sanitary indicator bacteria were 10-20 times higher than in Lake Baikal.

Lake Baikal remains an oligotrophic water body with a high water quality at all depths of the pelagic
zone. However, in various parts of its coastal part approximately 1 thousand potentially pathogenic microor-
ganisms were allocated due to the long-term constant supply of untreated sewage from settlements and tourist
bases. In 1999, we predicted a possible eutrophication of some areas of the lake, which has been fully justified
in recent decades. For the first time, at all depths of Lake Baikal we have found nine morphotypes from 10
known DNA containing autochthonous bacteriophages, which allows us to supplement the modern scheme of
the microbial loop in the lake with a new trophic link, i.e. virioneuston, virioplankton and viriobenthos.

The main peculiarity of waters in the Angara River and its reservoirs, Irkutsk, Bratsk and Ust-Ilimsk,
is the formation of their water masses from the low mineralized and poorly organic Baikal waters. Within the
examined cascade of the Angara hydropower stations, there are currently large foci of water and atmosphere
pollution: 1. Irkutsk-Angarsk-Usolie-Cheremkhovo site at a distance of 100 km; 2. Bratsk site, where the river
Vikhorevka turned into a dead zone; 3. Ust-1limsk site extended for 100-200 km. The Irkutsk reservoir found-
ed in 1956 is regarded as oligotrophic-mesotrophic with eutrophic bays. The Bratsk reservoir founded in 1961
is @ mesotrophic-eutrophic. The Ust-llimsk reservoir founded in 1975 is regarded as mesotrophic with eu-
trophic sites.

The Yenisei as the most full-flowing river in Russia with a mean annual runoff of 593 km®/year has
not been studied in terms of microbiology before the beginning of our studies in 1973. We have carried out the
studies along the whole length of the Yenisei, 3480 km. For the estuaries of 17 main tributaries, we have de-
veloped hydroecological classification of the river sections. We have also developed and implemented the
forecasts for the formation of water quality in the Sayano-Shushensk, Sredne-Yenisei, Osinovsk, polar Ku-
reysk and arctic Khantai reservoirs. We have given a negative conclusion on the design of the Turukhansk res-
ervoir on the river Nizhnyaya Tunguska approved by the USSR Council of Ministers in 1988.

This work was supported by State Project LIN SB RAS No 0345-2018-0003.

JAprokkep B.B.
ABTOXTOHHBIE BAKTEPUO®AI' U BAKTEPUOIIJIAHKTOH B BOJJOEMAX XYBCYI'YJI-
BAUKAJI-AHT'APO-EHUCEUCKOU T'NIPOCUCTEMBI
Jlnmuonormueckwmii nactutyt CO PAH, Upkytcek, Poccus
drucker@lin.irk.ru

C 1972 r. mo HacTosiee BpeMs 00CIeIOBaHbI BCe KPYITHBIE BOJOEMbI, BOJIOXPAHMWIIHIIA U BOJIOTOKH
camoi mpoTsbkeHHON Ha 3emiie XyOcyryn-baiikan-AHrapo-EHUCEHCKONW THAPOCUCTEMBI C LEIbI0 H3yYeHHS
3aKOHOMEPHOCTEH (hOPMHUPOBAHUS KAYECTBA BOJBI NIPH €CTECTBCHHOM PEXHMME M B YCIOBHSIX 3aperyarpoBa-
HUS CTOKA B Pa3MUYHBIX MPUPOTHO-KIMMATHICCKUX YCIOBUSIX, pa3padOTKU MPOTHO30B Ha Oyaymee. OOmast
YHCIICHHOCTh OaKTepuil B BOZAE OMpeAesisuIach SMUQIYOPECICHTHOW MUKPOCKOIHEH, aBTOXTOHHBIE OaKTe-
puodaru u3yJanuch Ha TPAHCMHICCHOHHOM 3JIEKTPOHHOM MHKPOCKOTIE.

B 03. Xy6cyryn (1645 M Haj ypoBHEM MOpsI, MaKCHUMallbHast TITyOrHa 262 M) B JISTHUH TIEPHOJT Y C-
neHHocTh GakTepromiankTona (UB) cocrapmsima 1.2-1.7x10° ki1/MiI, KOIMYECTBO TeTEPOTPOGHEIX MHKPOOPTa-
ar3MoB (M) — 5-90 KOE/mu, uncienrocts Gakreprodaros (U®) — 0.09-0.11x10° mr™. o MukpoGromors-
YECKHUM TI0Ka3aTessiM 03. XyOCyryll B pa3IHyHBIC CE30HBI T0JIa OIICHUBACTCS KaK YIBTPAOIUTOTPO(HOE yKe Ha
MPOTSHKEHUH MHOTHX JIET.

I'maBHBIN ipUTOK 03. baiikan — p. Cenernra Ha BceM NPOTSHKEHUH (MOHTOJIBCKHIA U POCCHMCKHN ydacT-
KH) TIPY MHOT'OJICTHEM HCCIICIOBAaHUM B Pa3JIMUHBIC CE30HBI r0Jja HMeeT HU3Koe KauecTBo Bog — Ub mocturaer
11.37x10° /™, TM — 7.1x10° KOE/M1, caHHTapHO-TIOKA3aTebHbIE MHKPOOPraHu3Mbl B 10-20 pa3 mpesbi-
LIAI0T UX KOJIMYECTBO B 03. balikai.

O3. Baifkan octaeTcss OMUTOTPOPHBIM BOJOEMOM C BEICOKMM KadeCTBOM BOJIBI B TIEJIATHAH Ha BCEX
IIyOMHaX, HO B MPUOPEKHOIN YacTH 03epa Ha PA3JIMYHBIX €r0 y4acTKaxX BBIAEICHO OKOJIO 1 THIC. YCIIOBHO-
MATOT€HHBIX MUKPOOPTaHU3MOB, YTO OOBSICHACTCS. MHOTOJISTHAM MOCTOSTHHBIM ITOCTYIUICHUEM HEOUYHIICHHBIX
CTOYHBIX BOJ| OT HACEJIIGHHBIX MYHKTOB U TypuUcTHYeCKUX 0a3. B 1999 r. Hamu ObUT 1aH MPOTHO3 BO3MOYKHOTO
ABTPO(HUPOBAHUS HEKOTOPHIX PAOHOB 03€pa, KOTOPHIH MOJIHOCTHIO OMPABIAINICS B MOCICIHUC JCCSITUICTHSL.
Brnepeeie B baiikane HamMu Ha BcexX TiyOMHAx HaizmeHsl 9-Tb MopdoTunoB nu3 10-tu n3BectHsix JJHK conep-
JKAIIX aBTOXTOHHBIX 0aKTepHO(Daros, 4TO MO3BOJSIET JOMOJHATH COBPEMEHHYIO CXEMY MUKPOOHOU «TIETIIN
03epa HOBBIM TPO(PHUIECKUM 3B€HOM — BUPUOHEHCTOH, BUPHOIIAHKTOH, BUPHOOEHTOC.

I'maBHO# 0cOOEHHOCTEIO BOJ p. AHTaphI U ee Bogoxpanmwmil: Upkyrckoe, bpatckoe, Ycrb-Unmumckoe
siBIsieTcs. (POPMHUPOBAHKE MX BOAHBIX MAcC U3 MAJIOMUHEPAIN30BAaHHBIX U OCIHBIX OPTaHMYCCKUM BEIIECTBOM
Boj baiikana. B npenenax paccmaTtpuBaemoro kackaga aHrapckux ['DC B HacTosiiee BpeMs CYLIECTBYIOT
KpYITHBIC OYard 3arpsisHeHus BoJ u atMocdepsl: 1. MpkyTcko-AHTapo-Yconbcko-YepeMxoBCKUi, Ha paccTo-
ssHun 100 xM; 2. Bpatckuii, rae p. Buxopeska npespaliieHa B «MepTBYIO» 30HY; 3. YcTh-MnuMckuil, mpoTs-
xeHHOCThI0 100-200 kM. MipkyTcKoe BOJOXpaHUIHIIE, co3AaHHOe B 1956 T., OlleHMBaeTCs KaK OJUTOTPOQPHO-
Me30Tpo(hHOEe C IBTPOQHBIMHU 3aiMBaMH. bpatckoe Bomoxpanwmmimie, co3nanHoe B 1961 T. sBiseTcs Me30-
Tpo(pHO-3BTpOHBIM BOmOEMOM. YcTh-MimMcKoe BOJOXpaHWIHUINE, co3laHHOe B 1975 T. olleHWBaeTCs Kak
Me30TpO(hHOE C IBTPOPHBIMHU yHACTKAMH.
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Pexa Enuceit, sBnstomascst camoi mogHoBogHOM B Poccun — cpeanemMHoroneTHU cTok 593 KM3/roz[,
B MHUKpPOOHOJIOrM4ECKOM OTHOIIEHUU A0 Hadana HallMX HcclienoBaHuil B 1973 r. He usydanacek. [IposeneHst
HCCIIEI0BaHUA Ha BCEM NpoTshkeHUU EHuces — 3480 kM, Ha yCThEBBIX y4acTKax 17-TM OCHOBHBIX MPUTOKOB,
pa3paboTaHa THAPOIKOJIOTHYECKas KIACCU(HKAIMSA YYacTKOB PEKH, pa3pabOTaHbl M BHEAPEHBI NPOTHO3BI
(dhopmupoBanust kayectBa Bozpl CasHo-Illymenckoro, Cpenne-Enuceiickoro, OcuHoBcKoro, noisipaoro Ky-
peiickoro u 3anossspHOro XaHTalCKOro BOJOXpaHUNUII. [IaHO OTpULATENbHOE 3aKIIOUEHHUE MO IPOEKTUPOBA-
Huto TypyxaHckoro BogoxpaHwimina Ha p. Hwkusis Tynrycka, npuasitoe CM CCCP B 1988 1.

PaGota BemonHeHa B pamkax Temsl roc3ananmst JIMH CO PAH Ne 0345-2018-0003.

Dulmaa A.}, Ayushsuren Ch.%, Sheveleva N.G.?
THE CURRENT STATE OF ZOOPLANKTON IN LAKE ULAAGCHINY KHAR
YInstitute of General and Experimental Biology, MAS, Zhukov-77, Mongolia
2Limnological Institute SB RAS, Irkutsk, Russia
adulmaa@yahoo.com, ayushsurench@mas.ac.mn; shevn@lin.irk.ru

Long-term data analysis (2010-2013) of zooplankton in Ulaagchiny Khar Lake is presented in this article. The
obtained data was compared with data sets form 1980 and changes of community structure and quantity could be
shown. During our research, in the general zooplankton composition 45 species were determined. These were made up
of 27 rotifers (60% of the total). There were rare species Mongolian water bodies of rotifers Synchaeta oblonga, S. sty-
lata, Polyarthra luminosa. Fauna taxonomic composition crustaceans, which are identified as rare species in Central
Asia were studied. Data on seasonal dynamics of the species composition, structure-forming complex, abundance, bi-
omass, saprobic and diversity indexes of zooplankton are included. The prolonged, more than 30-year impact of the
introduced peled has led to a significant restructuring of the structure of zooplankton and its quantitative changes. In
September 70% of the biomass of zooplankton was Bosmina longirostris. Due to the prevalence of rotifers in the
community, the biomass of zooplankton decreased by 35-50 times compared to years before the introduction of peled
into the lake. According to the study results, zooplankton of the Lake was characterized as oligo-mesosaprobic and
oligotrophic.

Fedorov Yu.A., Dotsenko 1.V., Mikhailenko A.V.
MERCURY IN BOTTOM SEDIMENTS OF WATER BODIES WITH DIFFERENT SALINITY IN
THE SOUTH OF EUROPEAN TERRITORY OF RUSSIA
Institute of Earth Sciences of Southern Federal University, Rostov-on-Don, Zorge str., 40
mikhailenkoanna@gmail.com

It is expressed an opinion of the possible influence of chloride ions on the transition of mercury from
the upper layer of sediments into the bottom layers of water during surges and tides in the estuary regions of
rivers. It was interesting to trace the variations of mercury content in the layers of the Azov Sea bottom sedi-
ments, the Don River and the muddy hydrogen sulphide lake Pelenkino. In the Don River and its tributaries,
the mineralization of water is in the range of 0.5-0.65 g/I, in the Sea of Azov - 1.0-16.5 g/l and Lake Pelenkino
- 7.55 g/l. In the desalinated Taganrog bay of the Azov Sea, it varied within 1.0-10 g/l. Thus, in terms of the
amount of mineralization, the following sequence can be built: Actually the Sea of Azov>Lake Pelenki-
no>Taganrog bay>Don River. Between the magnitude of mineralization of water and the content of mercury in
the upper layers of bottom sediments of water bodies there is no close connection. The values of pH, Eh and
mercury content in the upper layers of bottom sediments showed different connections in the described objects
- from direct to reverse and from close to insignificant. With the depth of submersion of bottom sediments, as a
rule, in all water bodies, regardless of the mineralization of water, there is a tendency to decrease the content of
total mercury. It is known that the Sea of Azov is a reservoir, where during the summer stagnation of water
masses, there is a hydrogen sulfide contamination, which can cover the entire thickness of the water. Lake
Pelenkino is a reservoir of sulphide muds that are used by unorganized tourists for medicinal purposes. Earlier
(Fedorov et al., 2000) it was shown that in the Sea, in most cases, the increased contents of total mercury are
confined to muds lying at a depth of 5.0-10.0 cm, with the smell of hydrogen sulfide and the presence of hy-
drotroilite in them. Our calculations showed a close direct relationship between the total content of mercury
and total hydrogen sulfide in the bottom sediments. In conclusion, we note that mineralization is a factor that
indirectly affects the processes occurring in the system "water - bottom sediments”. On one hand, due to the
high concentration of chloride ions, it is possible to intensify the desorption of mercury from the bottom sedi-
ments and transfer to water, and on other hand, in the presence of sulfate ions and conditions for the anaerobic
decomposition of the organic matter and the course of sulfate reduction, metal is bound to a slightly soluble
sulfide, mercury sulfide iron, sorption in the redox layer on elemental sulfur.

The study of mud Lake Pelenkino and Sea of Azov was supported by RSF (project No. 17-17-
01229).The study of bottom sediments of the Don River was supported by the RF President grant MK-
6548.2018.5.
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®enopos 10.A., Tlouenko U.B., Muxaiijienko A.B.
PTYTbh B JOHHBIX OTJIOXKEHUAX BOJHBIX OFBEKTOB IOT'A ETP C PA3JIMYHOM
MUWHEPAJIN3AIIMEN
Huctutyt Hayk o 3emne FODY, r. PoctoB-Ha-/lony, yu. 3opre, 40
mikhailenkoanna@gmail.com

JIoHHBIE OTIIOXKEHUST MOTYT, KaK CIIOCOOCTBOBATh OYHIIICHHIO BOJHOW TOJIIH, OJIaromapsi CBOMM Jie-
TMMOHUPYIOIIIUM CBOﬁCTBaM, TaK U CIIY)KUTb UCTOYHHUKOM €€ BTOPHUYHOI'O 3arpA3HCHUA. NHTEeHCMBHOCTH nepe-
X072 COpOMPOBAaHHOM MOHHBIMH OCaIKaMH PTYTH OMPEACISICTCS, TPEkKIE BCEro, 3HAUYCHUSIMHU BOJIOPOIHOTO
MOKAa3aTessi ¥ OKUCIUTEIFHO-BOCCTAHOBUTEILHOTO MOTCHIINANA. BaxkHy0 poibh B HAKOIUICHUH M PACCCUBAHUH
MeTajljla B IOHHBIX OCaJKaX UIPaeT MX JIUTOJOTMYECKUN M IPaHyJOMETPHUYECKUH COCTaB, a TaK)Ke BHEIIHHE
(akTOpPBI, TAKME KaK aHTPOIIOTCHHOE BIMSHHE, XapaKTep M OJU30CTh HCTOYHHUKA MOCTYIUICHHUS PTYTH U THI-
poMeTeopoNorudeckas 00CTaHOBKA BO BpeMs 0TOopa mpod. BenmndrnHa MuHepanmu3anuy U, Kak CIICACTBUE, CO-
nepxanue Cl° BMecte co 3HaueHMsiMH pH ompenensroT GopMbl HAXOXKICHHUS PTYTH M €€ TOKCUIHOCTbh. [lox
BO3JIEHCTBHEM XJIOPUAHBIX HOHOB BOBMOXKHO YCHJIGHHE BBIILEIAYMBAHHUA METajia U3 JOHHBIX OCAJKOB, OJJHA-
KO OJHOBPEMEHHO C 3THM TOKCHYHOCTh Hg MOmKHA CHMXKATHCS, a MPOIecC METHIMPOBAHUS HOAABIAThECSA. B
CBS3H C 3TUM, HEKOTOPHIMH HCCIIEIOBATENSIMU BBICKA3bIBAETCS MHEHHUE O BOSMOXKHOM BIIMSTHUM HOHOB XJIOpa
Ha TepexoJl PTYTH M3 BEPXHETO CJOS OCAIKOB B NPHIOHHBIC CIOW BOJABI BO BpeMs HAaroHOB M IPHJIMBOB B
YCTBEBBIX 007aCTsIX peK. B CBSI3U ¢ BBHIICHU3I0KEHHBIM, OBLII0 HHTEPECHO TPOCIICANTD BAPHAIIH COJICPIKAHUS
PTYTH B CJIOSX JOHHBIX OTJIOKEHUH A30BCKOTO MOPS, TIIABHOM BOJIHOW apTepuu ero dacceiiHa - p. JIoH u rpsi-
3€BOM CEPOBOJOPOAHOM o3epe IleneHKHHO, UMEIONUX Pa3Hyl0 CTeNeHb MMHepanu3anuu. B peke JloH u ee
MPUTOKAX MUHEpAIM3alis BOAbI HaxoauTcs B npeaenax 0,5-0,65 1/1, B nenom B A3oBckoM Mope — ot 1.0 1o
16.5 v/n u 03. Ilenenkuno 7.55 r/a. B onpecHenHoM Taranporckom 3aiuBe A30BCKOTO MOPSI OHA U3MEHSIIACH
B npenenax 1.0-10 r/n. Takum 0Opa3oM 1Mo BEIMYWHE MHHEPATU3AIMHA MOYKHO BBICTPOHTD CJICAYIONIYIO MOCIIe-
JoBaTenbHOCTh: CoOCTBEHHO A30Bckoe Mope>o3epo Ilenenkuno>Taranporckuii 3amus>p. JloH. Mexny Be-
JTMYUHON MUHEPATN3aIMK BOJBI M CONIEPKAHUEM PTYTH B BEPXHUX CIIOSX JOHHBIX OTJIOKCHHH BOJHBIX OOBCK-
TOB TECHOW CBs3M 0OHapyxeHo He Obut0. 3HaueHus pH, Eh u comepxanus pTyTH B BEpXHUX CIOSX JOHHBIX
OTJIOKCHHI TIPOSIBJISIIM B OMHUCAHHBIX 00BEKTaX Pa3IMIHYIO CBS3b - OT MPSIMOM 10 0OpaTHON M OT TECHOH 10
He3HaunMo#. C riyOuMHOM MOTpy)KEHUs! JOHHBIX OTJOXKEHHUH, KaK MPaBUIIO, BO BCEX BOIHBIX OOBEKTaxX BHE
3aBHCUMOCTH OT MUHEPAIN3aINK BOABI HAOMIOMAETCsl TEHICHINS K CHIDKEHHIO COJEpP)KaHUs BATOBOU PTYTH.
N3BecTHO, uTO A30BCKOE MOpE SIBISIETCA BOJOEMOM, T'Jie BO BpeMsl JIETHEH cTarHaluu BOJHBIX Macc, UMEeT
MECTO CEpOBOIOPOAHOE 3apakeHHE, KOTOPOE MOKET OXBATHIBATH BCIO TONIIY Boxbl. O3epo IleneHkuHoO sBIIS-
€TCSl BOJIOEMOM C CYJb(HUIHBIMH TPSI3SIMHU, KOTOPHIE MCIOJB3YIOT HEOPTAHU30BAHHBIE TYPHUCTHI B JIEUEOHBIX
neisix. Panee (®emopor u jap., 2000) ObLIO TIOKAa3aHO, YTO B MOPE, B OOJIBIIMHCTBE CIIy4acB, TOBBIIICHHBIE
CoJIepKaHHsI BAJIOBOW PTYTH MPUYPOUYEHBI K WilaM, 3ajeraroimumM Ha riayoune 5.0-10.0 cM, ¢ 3amaxom cepoBo-
JOpoJa ¥ MPHUCYTCTBHEM B HUX THAPOTPOWUINTA. Hammm pacueTsl MOKa3aid TECHYIO HPSMYIO 3aBHCHMOCTD
MEX/Iy BAJIOBBIM COJIEp)KAaHUEM PTYTH M OOILEro CepoBOJOPOa B JOHHBIX OTJIOKEHUSIX. B 3akmtoueHue otMe-
THM, 9YTO MUHEpaJH3alus SBILICTCS (PaKTOpOM, KOTOPHIH KOCBEHHO BIMSET HA MPOIECCHI, MPOUCXOIINE B
CUCTEME «BOJIa - JIOHHBIE OTJIOXKeHUs». C OJHON CTOPOHBI, O6Jaroaapsi BHICOKOW KOHIICHTPALMU XJIOPUIHBIX
HMOHOB BO3MO)KHA YCHJICHHE IECOPOLINHU PTYTH M3 JOHHBIX OTIOKEHHUH U IIEPEX0I0M €€ B BOLY, a C JPYrod IpH
HAJIMYUH CyIb(GaTHBIX MOHOB M YCIIOBHH JJI1 aHa’POOHOTO pacrajia MOPTMAacChl OPTaHUYECKOTO BEIIECTBA U
MPOTEKAHUS CyNb(paTPEIyKINHU, IIPOUCXOIUT CBA3BIBAHKE METaIa B CIab0 PacTBOPUMBIN Cynb(ua, 3axBar
PTYTH CyIb(pHUIOM XKele3a, COpOIHs B peIOKC-CIIOE Ha HIEMEHTHOII cepe.

HccrnenoBanns B A30BckoM Mope 1 o3epe [leneHknHO BEIONMHEHH 32 cueT rpanta PH® (mpoekT Ne
17-17-01229). HccnenoBaHue coaepaHUs PTYTH B JOHHBIX OTJIOKEHUSAX peKd JIOH BBIMOJIIHEHO IpHU IO J-
nepokke rpanta [Ipesnnenta PO MK-6548.2018.5.

Filatov N.N.
PRESENT-DAY STATE AND CHANGES OF THE LARGEST LAKES OF EUROPE: PROBLEMS
AND SOLUTIONS
Northern Water Problems Institute, Karelian Research Centre RAS
50 Al. Nevsky St., Petrozavodsk

nfilatov@rambler.ru
The largest (great) lakes of Europe (Ladoga and Onego) are of strategic importance for the economic
development of North European Russia. The need to conserve and restore the resources of lakes Ladoga and
Onego was discussed at the Russian Security Council meeting on 20.11.2013. The paper considers changes in
the hydrological regime, chemical-biological conditions based on in situ measurements, as well as the mathe-
matical models designed to improve long-term forecasts for the ecosystems of these lakes. The factors for the
slow recovery of the lake ecosystems after the reduction of human pressure since 1992 are studied. Possible
solutions for the establishment of decision-making support systems for Eurasian lakes are discussed. Diagnos-
tic and predictive developments for Ladoga and Onego ecosystems are described, the prevalence of anthropo-
genic factors over climatic ones in governing ecosystem change is demonstrated. Innovative approaches to the
study of lakes are suggested. Approaches based on the application of cellular automata for the simulation of
the complex systems of physical-chemical-biological processes in lakes, which are hard to describe by geo-
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physical hydrodynamics equations, are considered (Menshutkin, Filatov, 2016). Much attention is given to the
study of under-ice processes in the largest lakes. The contributions of climate oscillations and human impacts
to changes of aquatic ecosystems are estimated.

The unsolved problems of lake resources management are one of the most acute topics for contempo-
rary limnology, of relevance not only for Ladoga and Onego, but also for lakes Baikal, the Caspian and others,
the reasons being the lack of a systemic approach to the study of a lake and its catchment; lack of coordination
of the efforts of various scientific organizations; faults of the current monitoring system; absence of integrated
water management systems based on data, knowledge, and relevant mathematical models. Thus, the key hin-
drance to the solution of lake resources management problems is the non-use of the systemic approach and
adequate ‘lake-catchment’ mathematical models of the kind that have been designed and applied to diagnose
and predict the ecosystems of lakes Ladoga and Onego (Menshutkin et al., 2014; Rukhovets, Filatov, 2014).
There is a need for coordination of studies and practical developments through the federal integrated scientific
research programme, permitting to consolidate the efforts of different organizations, eliminate the depart-
mental monopoly to scientific and technical information about the state of lake ecosystem and catchment, and
establish an integrated ‘lake-catchment’ management system.

Among the most pressing issues to be addressed are identification of the reasons for the slow recovery
of the ecosystems of large Eurasian lakes after a sharp drop of nutrient loading; assessment of the role of bac-
terial plankton and water fungi in restoring lake ecosystems (Petrova et al., 2016); study of the role of alien
organisms in modifying lake ecosystems; legislative improvements needed to conserve and sustainably use
lakes. To this end, various organizations cooperate (Institute of Limnology, St. Petersburg Institute of Eco-
nomics and Mathematics, Northern Water Problems Institute, Water Problems Institute, Institute of Numerical
Mathematics RAS) in developing mathematical models for decision-making support systems (Largest im-
pounded lakes ..., 2015; Rukhovets, Filatov, 2014).

Of great interest is the study of the response of lake ecosystems to global warming, and the under-
standing of the contribution of ice-covered lakes to greenhouse gas emissions and the global carbon balance.
Thus, under-ice processes in great lakes of the World still appear as a ‘white spot’ in contemporary limnology,
and it is only lately that integrated multidisciplinary under-ice surveys have been launched on large lakes (Fila-
tov, Terzhevik, 2015; MacKay et al., 2011).

The task of creating an improved (cf. Rukhovets et al., 2013) 3D model for lake ecosystem prediction
remains topical. This task is being addressed within a project funded by the Russian Science Foundation using
the THD model previously developed for the Caspian Sea as the basis (Ibraev, 2008; Zverev, Golosov, 2016).
After proper testing, the models created for Ladoga and Onego lake ecosystems can be used for diagnosing and
predicting changes in the ecosystems of Lake Baikal and other Eurasian lakes.

The study is funded by the Russian Science Foundation grant Ne 14-17-00740-I1.

®uaaros H.H.
COBPEMEHHOE COCTOSIHUE U U3MEHEHUW S KPYITHEUAIIINX O3EP EBPOIIBI:
MHNPOBJIEMbBI U ITYTU UX PEHIEHUSA
Huctutyt Boaubix npodiem Cepepa ®UILL KapHIL PAH, Ilerpo3aBojck, A. Hepckoro 50
nfilatov@rambler.ru

Kpymueiimme (Benmkue) o3epa Eporrsr (JIagoskckoe 1 OHEXCKOE) IMEIOT CTPAaTETHIECKOe 3HAUCHHE
Juis pa3BuTUs 35koHOMHUKHN CeBepa EBponeiickoit wactu Poccun. Heo0x0aUMOCTh COXpaHEHUS! M BOCCTAHOBJIE-
HUs pecypcoB Jlagoskckoro u OHexckoro o3ep oocyxaanack Ha Cosete bezomacunoctu PD 20.11.2013 1. Pac-
CMAaTpUBArOTCsA H3MCHCHUS TUAPOJIOTMICCKOTIO peXKnMa, XI/IMI/IKO-6I/IO.HOFI/I‘1€CKOFO peKrMa 1O AdaHHbIM
HATYPHBIX U3MEPCHUH, a TaKkKe MaTeMaTHICCKUE MOICIH, KOTOPBIE pa3padaTeIBalOTCS ISl COBEPIIICHCTBOBA-
HUS JOJITOCPOYHOTO MPOTHO3a YKOCUCTEM 3THX 03ep. M3ydaroTcss BONPOCH! MEJIJICHHOTO BOCCTAHOBJICHHUS DKO-
CHCTEM 03ep NP YMEHBIICHUH aHTPOIIOTCHHON HArpy3ku mociie 1992 r. O0CcyXmaroTes IyTH PEemeHuUs IPO-
0J1eM CO3IaHus CUCTEM MOJEPKKH IPUHATHUS YIPaBICHYECKUX pemeHui i o3ep Eppasun. [IpencraBneHs
pa3paboTKu IuarHo3a U mporHo3a skocucteM Jlagoskckoro u OHEXKCKOTO, TIOKa3aHa OTPENeIIIONas POk aH-
TPOIOT€HHBIX (PaKTOPOB IO CPABHEHHIO C KIMMATHUCCKUMHU B M3MEHEHUH dKocucTeM. Ilpemmararorcs HOBBIE
MHHOBALIMOHHBIE MOAXOIbI ISl U3y4eHHs o3ep. PaccmaTpuBaroTcsi MoaXoAbl HA OCHOBE MOZEel KOHEYHbBIX
aBromatoB (cellular automata) st MoIETMPOBaHHUS CIIOKHBIX CHUCTEM (DU3UKO-XUMHUKO-OMOJIOTHUYECKUX TPO-
[IECCOB B 03€paX, OIUCAHUE KOTOPHIX C HCIIOJIB30BAHUEM YPAaBHEHUH TeO(pH3MYECKON THIPOIUHAMUKYU 3a-
TpyaHeHo (MenmytkuH, @unatos, 2016). bonbiioe BHUMaHUE YACTSACTCS HCCIICIOBAHUIO MPOIIECCOB, MPOUC-
XOZSIINX TTOJI0 JBIOM KpymHEHIuX o3ep. OIeHUBAETCS BKJIAA KOJICOAHUA KIMMaTa U aHTPOIIOTEHHBIX (PaKTO-
POB B M3MEHCHHUHU BOAHBIX KOCHCTEM.

Hepenrennpie nmpoOieMbl yIpaBIeHHS PECypcaMy 03¢p OCTACTCS OIHOW M3 aKTyaJbHBIX TEM COBpeE-
MEHHOM JIMMHOJIOTHH, aKTyaJIbHOU HE TONbKO st Jlamoskckoro u OHEKCKOTo 03€ep, a Takxke st o3ep baiikan,
Kacmust 1 ap., 9T0 CBSI3aHO C OTCYTCTBHEM CHCTEMHOTO TOAXOAA IO MCCIECIOBAHUIO BOJOEMa M BOHOcOOpa;
Pa3pO3HEHHOCTH YCUIMH Pa3HBIX HAYYHBIX OpPTaHU3alWi M3-3a HE JOCTATOUYHOW KOOPIAMHAIMH PadOT; HECO-
BEPILEHCTBA CYILIECTBYIOIIEH CHUCTEMBbl MOHUTOPHHIA, OTCYTCTBUS MHTEIPUPOBAHHBIX CHCTEM YIpPaBICHHS
BOJIOTIONIF30BAHMEM, OCHOBAHHBIX Ha TAHHBIX M 3HAHUSIX U COOTBETCTBYIOIIMX MaTeMaTHUECKUX MOJAEIAX. Ta-
KUM 00pa3oM, KITFOUEBBIM (PaKTOPOM B pEIICHUU MPOOIEeM YIIPaBICHUS PECypcaMu 03ep SBISICTCST HE HCIOTb-
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30BaHME CUCTEMHOTO TO/IX0/a U COOTBETCTBYIOIIMX MaTeMaTHIECKHUX MOJIENEH 03epo-BoaocOop, Ha 0A00uH
TeX, 9TO OBLIHM pa3pabOTaHBl M UCIIONB30BAJIKCH IS TUArHO3a M IPOrHO3a dKocucTeM Jlamoxkckoro u OHexX-
ckoro o3ep (MeHIIyTKYH U Ap., 2014; Pyxosen, @unartos, 2014). Takum 0Opa3oM, HeoOXxo1uMa KOOPAUHAIIHS
HCCIICIOBAaHUA W MPAKTUYECKUX pa3pabOTOK Ha OCHOBE (elepalbHbI KOMIUICKCHOW MPOrpaMMbI HAYYHBIX
uccienopanuii (KITHU), koTopasi mo3BOJIMT KOHCOJIMIUPOBATh YCHUIIMSA Pa3HbIX OpraHU3alMid, YCTPAaHWUT Be-
JOMCTBEHHYIO MOHOIIOJIMIO Ha HAYYHO-TEXHHIECKYIO MH()OPMAIIHIO O COCTOSHHU 03€PHON SKOCHCTEMBI U BO-
J0cO0pa U TIO3BOJIUT CO3/IaTh HHTETPUPOBAHHYIO CHCTEMY YIIPABJICHHUS 03¢p0-BOI0COOD.

Cpemu BakHeHIIIX MpoOIeM, KOTOPhIE MPEACTOUT PEIINTh — MIOHUMAaHWE TPUYHH MEIJICHHOTO BOC-
CTAHOBJICHHUS SKOCHCTEM KPYIHBIX 03ep EBpasum mocie pe3koro yMeHbUICHUS] OMOTEHHOM HAarpy3KH; OICHKa
poi 0aKTepHOTUIAHKTOHA ¥ BOJHBIX TPHOOB B BoccTaHOBICHUH dKkocucTeM o3ep (Iletposa u mp. 2016), uzy-
YEHHE POJIM BCEIICHIICB B N3MEHEHUH SKOCHCTEM 03€p, COBEPIICHCTBOBAHNE 3aKOHOIATEIBCTBA ISl OXPAHBI U
PaIMOHANEHOTO MCTONB30BaHms 03ep. JJst 3Toro Ha ocHOBE Koomeparwu pa3Heix opranusarmii (MHO3, CII6
OMU PAH, UBIIC, UBII, UBM PAH) co3naroTcst MaTeMaTHYECKHUE MOJICITH JJIsl CO3/IaHUS CUCTEM TOIeP K-
KU MIPUHATHS yIIpaBleHYeckuX pemennit (KpymHeiimue o3epa-BomoxpaHmwimma ..., 2015; Pyxosen, ®unaTos,
2014). 3HaunTEeNBHBIN HHTEPEC BHI3BIBAIOT MPOOJIEMBI H3YUCHHUS PEAKIIMU 03EPHBIX YKOCHCTEM Ha II00aIbHOe
MOTEIUICHHE, TOHUMAaHKE POJIA 03€p C JIEJOBBIM ITOKPOBOM B BBIOPOCAX MAPHUKOBHIX T'a30B B INIOOATBEHOM yT-
neponHoM Oanance. TakuM 00pazoMm, MPOIECCH MOAO JBIOM KPYIHBIX 03ep Mupa Mo-TpekKHEMY OCTaroTCs
«OEIBIM TISITHOM» B COBPEMEHHOMU JIMMHOJIOTUH U TOJBKO B MOCJICAHUE TOJIBI HAYAIH MIPOBOAUTHCS KOMILICKC-
HbIC MYJbTHIUCIUILTHHAPHBIC UCCIICIOBAHMS TTOJI0 JIHJIOM KpymIHBIX o3ep (Dunaros, Tepxkeruk, 2015; Mac-
Kay et al., 2011). AkryansHoii siBisieTcst mpobiieMa co3aanust 6oiee CoBepIleHHOM, YeM panee (Pyxoser u jp.
2013) 3-D moaenu 11t MPOrHO3a 9KOCUCTEM 03ep. ITa mpobiiema pemraercs B pamkax rpanta PH® Ha ocHoBe,
panee pazpadotanHoi moaenu TT /1 g Kacnius (M6paes, 2008; 3Bepes, ['onocos, 2016). CoznaHHbIe 1 anpo-
OupoBaHHBIE MO/IENN dKocucTeM Jlamokekoro 1 OHEKCKOTO 03ep MOKHO OyAET HCHONIB30BATh IS TUAarHO3a
W TIPOTHO3a U3MEHEHUH 3KOCHCTEMBI 03. baiikan u np. o3epa EBpazumn.

Pabora BeimonHsiercs o rpanty PH® Ne 14-17-00740-11.

Garmaev E.zh."2 Tsydypov B.Z.!, Andreev S G Ayurzhanaev AAL Sodnomov B.V.!, Gurzhapov
B.O. Batotsyrenov EAL Pavlov LAY Shlretorova V.G!
Ulzetueva I.D.* Radnaeva L.D."
IMPACT OF DISCHARGES OF GUSINOOZERSKAYA POWER PLANT ON THERMAL
AND HYDROCHEMICAL REGIME OF LAKE GUSINOE
'Baikal Instltute of Nature Management SB RAS, Ulan-Ude, Russia
Buryat State University, Ulan-Ude, Russia

This article is devoted to the assessment of the unfavorable impact of the Gusinoozerskaya Power
Plant on the ecosystem of Lake Gusinoe.

The new bathymetric map of Lake Gusinoe is created on the basis of the bathymetric survey in 2016
using the depth indicator Lowrance LMS 525CDF.

Fields of distribution of thermal pollution of Lake Gusinoe from discharges of Gusinoozerskaya State
District Power Plant are determined using methods of thermal infrared remote sensing (thermal bands of Land-
sat-8 TIRS spectroradiometer) and automatic digital recording of hydrothermal sensors HOBO, which were
placed before Landsat-8 scanning.

On the resulting maps, the direct impact of the power plant is clearly visible. The application of new
approaches to the analysis and processing of thermal information has made it possible to obtain quantitative
characteristics of the anomalous thermal fields of Lake Gusinoe surface from discharges of heated waters of
Gusinoozerskaya Power Plant and to reveal features of its spatial variability.

The macrocomponent and microelement composition of the lake water are determined. The negative
impact of the power plant, housing and utility companies of settlements and main tributaries of the lake on the
chemical composition of the lake's water was estimated. The content of biogenic substances (nitrogen and
phosphorus compounds) is higher in places of anthropogenic load. There is a significant decrease in the quality
of water in the lake as a result of anthropogenic pollution.

The using of the natural lake Gusinoye as a reservoir-cooler has led to the development of eutrophica-
tion processes, and the reservoir will not be suitable for economic, drinking, fishery and recreational using.

I'apmaes E. K HHZ[LI]IOB B3.! AHz[peeB crt AmpmaﬂaeB AAl COZ[HOMOB B.B.! , CypxanoB
B.0. BaTOIIpreHOB DAl HaB.JIOB HA! I[ln]l)eTopOBa BI.!
Yas3eryeBa I/I I[ PanHaeBa JIL.
OLEHKA BJIMSIHUA CBPOCOB FYCI/IHOO3EPCKOI/I I'P3C HA TEPMUYECKHWI 1
T'UJIPOXUMHAYECKHI PEXKAM 03. T'YCUHOE
BaI/IKaHLCKI/II/I uHCTUTYT nipupojonos3oBanus CO PAH, Ynaun-VY 13, Poccus
Byp}ITCKI/II/I roCy/IapCTBEHHbIN YHUBEpCUTET, Yan-Y 13, Poccus

Lens paboTHI — OLIEHHUTH BIHSIHUE COPOCOB TeIUThIX BoA I'ycuHoo3epckoit ['POC Ha TemmepaTypHBIT
pexxuM 03. ['ycnHoe MeTomaMu TEIUIOBOTO MH(PAKPaCHOTO AWCTAHIIMOHHOTO 30HAMPOBAHUS M aBTOMAaTHUE-
CKOW TIU(POBOH PETUCTPALINY THIPOTEPMUICCKUX JATINKOB, & TAKKE HA €T0 XUMHUUYCCKHIA COCTaB.

Cosznana akTyajan3upoBaHHAS KapTa rIyOuH 03. ['ycnHOoe Ha OcHOBe OatmMeTpudeckol cheMku 2016
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T. C UcnoJb3oBaHKueM dXosoTa Lowrance LMS 525CDF. OnpezaeneHsl moJisi pacipoCTpaHEHUs TEIIOBOTO 3a-
rpsi3HeHms 03. ['yerHOe oT cOpocoB ['ycuroosepckoit [ POC merogaMu TermioBoro HHGPaKpacHOro AUCTAHIIH-
OHHOTO 30HIMPOBAHUs (MCIONB30BAHBI TEIUIOBBIC KaHaJbl criekTpopaanomeTpa TIRS cnyrauka Landsat-8) u
aBTOMAaTHYIECKOU MU(POBOH perucTpanuu ruaporepMudeckux naraukoB HOBO, ycTaHOBICHHBIX Tiepen Mmpo-
Jetamu ciyTHUKa Landsat-8.

Ha mosryueHHBIX KapTocxemax XOpOLIO MpOCMaTpUBaeTcs HerocpencTBeHHoe BozaeiricTtBue ['POC.
[IpyuMeHeHre HOBBIX TIOJXOMOB aHaln3a U 00pabOTKHU TEPMUYECKOW MHGOPMAIMH MTO3BOJWIO MOIYYUTh KO-
JMIYECTBEHHBIC XapaKTePUCTHKH aHOMAIILHOCTH TEMIIEPATYPHBIX MOJeH TOBEPXHOCTH 03. ['ycuHOE OT cOpOCOoB
noxorpetbix Boj I'ycuHoosepckoit [POC M BBISIBUTH OCOOCHHOCTH €€ TMPOCTPAHCTBEHHOH W3MEHYHBOCTH.
OrnpeneneH MaKpOKOMIIOHEHTHBI M MUKPO3JIEMEHTHBIH cocTaB Boabl 03. ['ycuHoe. OlieHEHO HETaTHBHOE
BozzaeiictBre ['POC, KHIUIIHO-KOMMYHAIBHBIX OOBEKTOB MPUOPEIKHBIX HACEJICHHBIX MyHKTOB M OCHOBHBIX
MPUTOKOB 03epa Ha XMMHUYECKUI cocTaB Bombl. ColepkaHue OMOTEHHBIX BEIIECTB (COCTUHEHUH a30Ta U (oc-
¢opa) ABISIETCS MOBBIIICHHBIM B MECTaX BBIPA)KEHHOH aHTPOIOTEHHOW Harpy3ku. OTMEUYEHO 3HAYHTENHLHOE
CHIW)KEHHE KayecTBa BOJbI o3epa. Vcmonb3oBaHue mnpupoaHoro ozepa ['ycuHoe B KauecTBe BoAoeMa-
OXJIAZIUTEIISl IPUBEIIO K PA3BUTHIO MPOIECCOB IBTPOHKALIUK, U BOJIOEM OyIeT He MPUrOACH A X035 CTBEH-
HO-TIUTHEBOT0, PhIOOX03SHCTBEHHOTO U PEKPEALIMOHHOT0 HCTIONb30BaHHUS.

Pabora BeIONTHEHa B pamkax IlporpamMMbl (QyHIAMEHTANBHBIX HAy4YHBIX HccienoBanuii 1X.137.2
«[IpupoaHsie U coLMaAIbHO-3KOHOMHUYECKHE Tpolecchl B 30He BiusaHUS Benukoro IlenkoBoro m YaitHoro
MyTH B YCJIOBHAX TII00aU3aIMKA U U3MEHEHHS KIMMaTa» U (puHaHCOBOW Tojyiepkke nmpoekta PODOU Ne 17-
05-00822 «Tpanchopmarlius BemecTB B SKkocucTeMe 03. ['ycrHoe».

Gorshkov A.G., Babenko T.A., 1zosimova O.N., Kustova O.V.
PERSISTENT ORGANIC POLLUTANTS IN THE ECOSYSTEM OF LAKE BAIKAL
(20 YEARS LATER)
Limnological Institute SB RAS, Irkutsk, Russia
gorchkov_ag@mail.ru

The first data on the presence of persistent organic pollutants (POPs) in Lake Baikal were published
by Ts.l. Bobovnikova and S.G. Malakhova (1986). The authors found organochlorine pesticides (DDTs) and
polychlorinated biphenyls (PCBs) in zooplankton, Baikal omul (Coregonus migratorius Georgi, 1775) and
Baikal seal (Phoca sibirica Gmelin, 1788). Later, more significant knowledge about organochlorine pollutants
in the ecosystem of Lake Baikal was obtained in joint international studies within the framework of the Baikal
International Center for Environmental Studies (BICER). The content of organochlorine pollutants in the lake
ecosystem at that time was estimated as a reference level; two classes of compounds, PCBs and DDTSs, were
classified as priority. Further, based on the studies carried out in LIN SB RAS, polycyclic aromatic hydrocar-
bons (PAHSs) and phthalic acid esters (phthalates) were included in the group of priority POPs.

The modern stage of research in the POPs in the ecosystem of Baikal is connected with the adoption
and development of the chromatography-mass spectrometry methods, including the following main directions:

— development of a methodological basis for monitoring priority POPs in the Baikal water ecosystem;

— optimization of standard methods for monitoring POPs in Baikal water (pelagic, coastal zone, tribu-
taries of the lake), as well as studying and introducing POP biomonitoring into practice;

— study of Baikal biota: phyto-, zooplankton, Baikal fish species as bioindicators of POPs;

— study of the phenomenon of Baikal oil and its effect on the purity of Baikal waters;

— study of natural accumulating matrices: snow cover and pine needles (Pinus sylvestris L.) as indica-
tors of atmospheric pollution with POPs.

The study was carried out within the framework of the state tasks Nos. 0345-2016-0008; 0345-2019-
0007, 0345-2019-0002, using the equipment of Collective Instrumental Center “Ultramicroanalysis” at Limno-
logical Institute SB RAS.

. TI'opmikon A.I'., Ba6enko T.A., U3ocumosa O.H., Kycrona O.B. .
CTOUKHUE OPI'AHUYECKHUE 3AT'PA3HAIOIIUE BEIECTA B DD KOCUCTEME BAUKAJIA
(20 JIET CIIYCTSI)

Jlumuonoruuecknit unctutyt CO PAH, Upkytck, Poccust
gorchkov_ag@mail.ru

ITepBbie HaHHBIC O MPUCYTCTBHU CTOWKUX OpraHMYecKuX 3arpssHsromux semiectB (CO3) B baiikane
omybnukoBanbl B paborax L[.U. Bo6osaukosoii u C.I'. Manaxosa (1986). ABTOPEI IyOIHKAIIMH 00HAPY KK
xyopopranndeckue nectunuapl (J1JIT) n nomuxnopupoBanubie 6udenmisl (I1XB) B 300miankTone, B Oaid-
kaneckoMm omyiae (Coregonus migratorius Georgi, 1775) u B Gaiikansckoit Hepre (Phoca sibirica Gmelin,
1788). Bonee 3HauMMBI 00BEM 3HAHHMH O XJOPOPTaHUYECKHMX IOJUIFOTAHTaX B DKOCHCTEME baiikana ObLI
MOJYYEH IMO3HEE MPH COBMECTHBIX MEKAYHAPOIHBIX HCCICIOBAHAX B paMkax balikambckoro MexmyHapo-
noro Ilenrpa Oxosnornueckux Hccmemoanuit (BICER). ComepkaHue XJIOPOPraHUYECKUX IOJUTFOTAHTOB B
HKOCHCTEME 03epa Ha TOT IEPHOJ BPEMEHHU OICHUBAIOCH (JOHOBBIM YPOBHEM, K UHCIY MPHOPUTETHHIX OBLIH
oTHeceHbl nBa knacca coenuuenuii — [1Xb u JJ/JIT. Ha ocHoBanuu mccienoBanmii, BemosHeHHBIX JIMH CO
PAH mno3nnee, B rpymmy npuoputeTHbIX CO3 BKIIIOYCHBI MOTHIUKINISCKAC apPOMATHIECKUE YIIIEBOIOPOIBI
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(ITAY) u a¢upsi-o-praneBoit KUCIOTHI ((Pranatsr).

C ocBoeHuMeM M pa3BUTHEM MeToja xpomaro-macc-ciekrpomerpuu B JIMH CO PAH cBszan
coBpeMeHHBIH 3Tan uccneaoBanuii B CO3 B akocucteme baiikana, KOTOPBI BKJIIOYAET CIEAYIOIINE OCHOBHBIE
HATIPaBIICHHUS:

— pa3paboTka MeToIn4Yeckoi 6a3bl KoHTpoust puoputeTHbIX CO3 B BoAHOI SkocucTeMe baiikana;

— ONTHUMU3ANUS «TPATUIHOHHBIX» clI0c000B MoHHUTOpHHTa CO3 B OaliKaIbCKOH BOJHOU YKOCHUCTEME
(menaruans, mpuOpexHas 30Ha, IPUTOKHU 03€pa) U U3yUEHHE, BBECHHUE B IIPaKTUKY OromoruTopunra CO3;

— uccuenoBanue OaiikambCKOl OUOTHI: (PUTO-, 300IUIAHKTOHA, OaKaTbCKUX BHIIOB PHIO KaK OMOWHIH-
karopoB CO3;

— uccienoBaHue eHOMeHa OaliKkanbCKOW HE(TH U eTo BIHMSHIE YHCTOTY Boj bafikana;

— M3yUYCHHUE MPUPOIHBIX aKKyMYIHPYIONIMX MATPUIlaX — CHEXKHOTO TIOKPOBa, XBOU cocHbl (Pinus syl-
vestris L.), kak MOHUTOPOB 3arpsi3aenus atMochepst CO3.

Uccnenosanus mpoBoJeHbl B pamkax rocyaapctBeHHoro 3aganusi ®AHO Poccun: mpoekt Noe 0345—
20160008, Ne roc. per. AAAA-A16-116122110065-4; mpoekt 0345-2019-0007, Ne roc. per. AAAA-A16-
116122110064-7; npoexr 0345-2019-0002, Ne roc. per. AAAA-A16-116122110066-1), Ha 0GopyaOBaHHH
MPUOOPHOTO MEHTPa KOJUIGKTUBHOTO IIOJIE30BAHUS (PH3MKO-XUMHYECKOTO yiabTpamukpoanammsa OIBYH
JIumuonoruuecknit uuctutyt CO PAH.

Granin N.G.}, Gnatovsky R.Yu.}, Kozlov V.V.2, Makarov M.M.}, Blinov V.V.*
THE EFFECT OF GAS HYDRATES AND METHANE ON THE HYDROPHYSICAL
CHARACTERISTICS OF LAKE BAIKAL
!Limnological Institute SB RAS, Irkutsk, Russia
2\/.M. Matrosov Institute of System Dynamics and Control Theory SB RAS, 134, Lermontov Str.,
664033 Irkutsk, Russia

Lake Baikal is the only freshwater body in the world, in the bottom sediments of which methane gas
hydrates were discovered. Their discovery initiated the works on the search and monitoring of gas seepages.
Due to these works, many gas bubbles seepages from the bottom sediments of the lake were found. Gas seep-
ages are conventionaly divided into shallow (depth <380 m) and deep (>300 m). The number of shallow seep-
ages is more than 100, and deep ones more than 20 (Granin et al., 2010). We estimated the potential methane
flow from the bottom sediments of the lake according hydroacoustic measurements (Granin et al., 2012). The
methane flow in different deep seepages of gas ranged from 14 to 216 tonnes per year. These values are close
to the gas flows in oceanic flares. We also estimated the bubble flow of methane from the bottom sediments of
Southern and Central Baikal. The flow varied from 1400 to 2800 tonnes per year.

Gas hydrates decompose at the lower boundary of stability during sedimentation (Granin et al., 2012).
According to the estimates, the values of the methane flow in southern and central basins of the lake from the
bottom sediments caused by sedimentation are from 2600 to 14000 tonnes per year. Based on acoustic data
and sedimentation rate, the orders of magnitude of the flows estimates are close ad may indicate the increase in
the methane concentration in the lake water at the present time (Granin et al., 2013).

In 2003, the ring structures were found in the satellite images of the ice cover of Lake Baikal. Later,
these structures were observed approximately 20 times in different areas of Southern and Central Baikal. Hy-
drophysical studies and mathematical modelling of ice ring structures on Lake Baikal have shown that their
occurrence at the stage of the degradation of the ice cover is due to anticyclonic currents that can result from
the local rise of deep waters. In turn, the rise of deep waters we associate with the rise of methane hydrates
from the upper layer of the bottom sediments and their dissociation. Analysis of the satellite images showed
that linear dimensions of the radii of ice rings were 1300-2400 m, which is close to baroclinic Rossby radius of
deformation. The measured ice thickness in the ring region corresponds to the model calculations. The rise of
hydrate can be also associated with renewal of deep waters in the lake.

It was found that earthquakes could contribute to the change in the electrical conductivity and temper-
ature of the near-bottom zone in the pelagic part of the lake. In September 2008, after the Kultuk earthquake
we registered the decrease in mineralization and increase in the concentration of suspended particles in the
near-bottom zone of the southwestern part of Lake Baikal (Granin et al., 2012). The decrease in the concentra-
tion of dissolved ions was 0.4-0.7 mg/l, and the increase in the concentration of suspended particles was 6-9
mg/l with a reference value of approximately 0.2 mg/l. The spatial position of the of the mineralization area
was close to the focal Mv6.2 area of the Kultuk earthquake on 27 August 2008. It allows us to suggest the
freshening as a consequence of the earthquake. The freshening of a large (approximately 20 km®) volume of
water indicates that the significant volume of mineralized water entered the near-bottom area of the lake.
Sources of the possible entry of low-mineralized water are under study now.

Sometimes, in other years there was an increase and decrease in temperature of the near-bottom layer
that were not associated with the renewal of deep waters. These temperature changes, as well as high-
frequency changes in the level of the lake were close in time to strong remote earthquakes. Recently, we regis-
tered the effects of several earthquakes: 2011 Mw9.0 Tohoku (Fukushima), 2012 Mw8.6 and 2016 Mw7.8
Sumatra. Measurements of the vertical distribution of temperature indicate the change in the temperature of the
near-bottom zone after earthquakes. We registered an increase in temperature after the Tohoku earthquake in
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March 2011 and a decrease in the temperature of the near-bottom zone after the earthquake near Sumatra in
March 2016. These temperature changes cannot be associated with the renewal of deep waters. We assume that
the passage of seismic waves can increase the permeability of the bottom sediments (at least in the case of the
Tohoku earthquake), thereby increasing the methane flow. At the same time, gas hydrates can form in the near-
surface layer of the bottom sediments. It can cause the observed decrease in the temperature of the near-bottom
layer. The increase in the temperature after the Sumatra earthquake can result from the decomposition of gas
hydrates in the near-surface layer of the bottom sediments. Therefore, changes in the temperature of near-
bottom zone can result from the formation (increase in temperature) and decomposition (decrease in tempera-
ture) of gas hydrates in the near-surface layer of the bottom sediments (Granin et al., 2018).

I'pannn H.l".l, I'natoBckui P.IO.l, Ko3znoB B.B.Z, Makapos M.M.l, Baunos B.B.!
BJIUSIHUE I'A3OBbIX THIPATOB U METAHA HA TH/IPO®U3NYECKUE
XAPAKTEPUCTHUKHA O3EPA BAUKAI
Tumuonormaeckuit nactutyt CO PAH, Upkyrck, Poccus
I/IHCTHTyT JUHAMUKH CUCTEM U TeopuH ympasieHus uM. B.M. Martpocosa CO PAH,

r. Upkyrck, JlepmonToBa, 134

Baiikan 3T0 eTUHCTBEHHBINH NPECHOBOIHBIN BOJOEM MUpa, B JOHHBIX OTIOKEHHUSIX KOTOPOTo OOHapy-
JKEHBI TAa30BBIe THApATHl MeTaHa. [locie mx oOHapyXeHus ObUIM HAa4aThl paOOTHI 10 TOUCKY U MOHHTOPHHTY
BBIXOJIOB I'a3a. OTU pabOTHl MO3BOJWIN OOHAPYKUTh OOJIBIIOE KOIWYECTBO Iy3bIPHKOBBIX BBIXOJIOB Ia3a M3
JIOHHBIX OTJIOKEHHHU 03epa. BRIX0ABI Ta3a yCIOBHO pa3meisroTCcsl Ha MEJKOBOAHBIC (TiyOonHa MeHee 380 M) u
riyookoBoaHbie (>300 M). KonmmyecTBo MenkoBOJHBIX BeIX0J0B — Oosiee 100 u rimyOGokoBoaHBIX Goniee 20
(Granin et al., 2010). ITpoBesicHBI OLIEHKH MOTEHIIMATHLHO BO3MOYKHOTO ITOTOKA METaHAa U3 JOHHBIX OTJIOKCHUI
03epa 1o JaHHBIM THIpOoaKycTHYeckux naMepenuit (Granin et al., 2012). BenuuuHa moToka MeTaHa B pa3HbIX
TyOOKOBOJIHBIX BBIXOJAX raza uaMeHseTcs oT 14 1o 216 1/rox. DTH BeIMYHHBI OJIM3KH K TIOTOKAM rasa B OKe-
aHCKHX (pakenax. [IpoBeneHa oneHKa My3bIpbKOBOTO MOTOKA METaHA U3 JIOHHBIX OTJIOXKCHUI FOJKHOTO U CpeJi-
Hero balikana. Bexnunna notoka Moxet ObITh oT 1400 no 2800 1/roz.

I"a30BBIE THAPATHI PA3pyYIIAIOTCS HA HIDKHEH IpaHHLe YCTOHUMBOCTHU MPH ocagkoHakorueHnt (Granin
et al., 2012). OneHkn MOTOKA METaHA I0KHOW M CpeHel KOTIOBUHEI 03epa M3 TOHHBIX OTIIOKCHUH, 00yCIOoB-
JIEHHBIE OCAJIKOHAKOTIICHHEM, MaroT BeanuuHbl oT 2600 1o 14000 1/roa. Tlopsiaku BeIMYHH OLEHOK MOTOKOB
M0 aKyCTHYCCKUM JaHHBIM U IO CKOPOCTH OCAIKOHAKOIUICHHS ONM3KH M MOTYT CBHIETEIHCTBOBATEH O IOBHI-
[IeHUH KOHIICHTPAIllMi MeTaHa B BoJie o3epa B HacTosilee Bpems (I'panun u ap., 2013).

B 2003 romy Ha KOCMHUYECKHX CHHMKaX JICIOBOTO MOKpOBa o3epa baiikam oOHapy>KEHBI KOJBLEBBIE
CTPYKTYpbl. B manmpHeiimeMm mogoOHbIE CTPYKTYphl HAOMIOJANCh B Pa3HBIX palOHAX FOKHOTO W CPEIHEro
Batikana oxono 20 pa3. ['mapodusmdaeckre uccie0BaHNs U MATEMaTHIECKOE MOAETMPOBAHHE JICIOBBIX KOTb-
LEBBIX CTPYKTYyp Ha baiikame mokasajo, 4TO MX CYIIECTBOBAHHE Ha CTaJWH JAETpalalliy JEIOBOIO MOKpPOBa
00yCIIOBJIEHO aHTULUKIOHUYECKUMHU TEUYEHUSIMU, KOTOpPbIE MOT'YT BOSHHUKATh B PE3yJIbTaTe JOKAJIbHOTO MOb-
eMa TIyOMHHBIX BOJ. B cBOIO odepenb, MoIbeM TIYOMHHBIX BOJI MBI CBSI3bIBA€M CO BCIUIBITHEM THAPATOB Me-
TaHa U3 BEPXHEro CJIOS JOHHBIX OTJIOKEHUH M MX AMccolMalueil. AHaNIU3 KOCMUYECKHX CHUMKOB IMOKa3all,
YTO JIMHEHHBIE pa3Mephl paJrycoB JeJ0BbIX Kosel cocTaBisifoT 1300-2400 M, yTo 6IU3K0 K OAPOKIMHHOMY
panuycy nedopmanuu PoccOu. M3MepeHHbIe TONIIMHBI JIbJa B pailoHEe KOJIbI]A COOTBETCTBYIOT NAHHBIM pac-
9eToB 110 MozesH. Co BCIUIBITHEM THIpaTa TakKe MOXKET OBITH CBSI3aHO OOHOBJIEHHUE TIIyONHHBIX BOJ 03€pa.

OOHapyXeHO, 4TO 3eMJIETPSICEHHS MOTYT CIIOCOOCTBOBATH M3MEHEHHIO 3JIEKTPOIIPOBOTHOCTH U TEM-
MepaTypsl MPUJOHHON 30HBI MEIarudeckoi yactu ozepa. B certsope 2008 . mocine KynTykckoro 3emierpsi-
ceHus OBLIO 3apETUCTPUPOBAHO IMOHIMKCHUE MUHEPATU3AIUU U TIOBBIIICHIE KOHIICHTPAI[MH B3BEIICHHBIX Ya-
CTHII B TIPUIOHHOH 30HE I0T0-3anmaHoi yacTu o3epa baiikan (Granin et al., 2012). [ToHmwkeHue KOHIICHTPAIH
PacTBOPEHHBIX MOHOB cocTaBmwiIO (0.4-0.7 MI/I, a MOBHIIICHHE KOHIECHTPAIUHN B3BEIICHHBIX YacTUI 6-9 mr/m
pu poHOBOM 3HaueHUH OkoJio 0.2 Mr/i. IIpocTpaHCTBEHHOE TIOJIOKEHHUE O0JIACTH MOHIKEHNS MUHEpAIH3a-
iy ObII0 ONHM3KO K (okanmbHOM obnact Mv6.2 Kynrykckoro seminerpsicenus, 27 asrycra 2008 roma. Oto
MO3BOJIAET TOBOPHTH O PACHPECHEHUU KAK O TIOCIE/ICTBUH 3EMICTPACCHHU. Pacnpecnenne GonbIoro (0Koio
20 kM®) 06BEMA BOBI CBUJICTEILCTBYET O 3HAUUTEIHLHOM 00bEME MaJIOMUHEPAIN30BaHHON BOJBI, IOCTYIIHB-
nIel B IPUIOHHYIO 30HY 03epa. MIcTOUHHKH BO3MOYKHOTO MOCTYIUICHHST MAJIOMUHEPATHN30BaHHONW BOJIBI UCCIIE-
JIYIOTCSI B HACTOSIIIEE BPEMsL.

Wnorpa B apyrue roasl HAOIIOIAIOCH MTOBHIICHAE W MOHIDKEHUE TEMIIEPAaTyPhl IPUIOHHOTO CIIOS HE
CBSI3aHHbIC ¢ OOHOBJIEHHEM ITTyOUHHBIX BOJ. OTU MU3MEHEHUs TEMIIEPATYpbl, & TAKXKE BHICOKOYACTOTHBIC M3-
MEHEHHUS YPOBHS 03epa, 10 BPEMEHHU ObLTH OJM3KH K CHIBHBIM yHalNEHHBIM 3eMIICTpsICCHUSIM. B mocnennee
BpeMsl OBbUIM 3apErHCTPUPOBAHBI MOCIEACTBUS HECKOJIbKUX 3emueTpsiceHuil: 2011 Mw9.0 Toxoky (dykycu-
Mma), 2012 Mw8.6 and 2016 Mw7.8 Cymatpa. M3MepeHuss BepTHKAILHOTO pacTpeelCHUs TeMITEpaTyphl CBH-
JICTEIbCTBYIOT O U3MEHEHUM TEMIIEPATypbl IPUJOHHOM 30HBI IOCHIE 3eMIIETPSICEHUH. BbIIO 3aperucTpupoBaHo
YBEIMYCHHE TeMIIepaTypsl nocie 3emieTtpsicerrs Toxoky B mapte 2011 1. 1 yMeHbIIEeHHEe TeMIIEpPaTyphl P H-
JIOHHOH 30HBI Tociie 3emiieTpsiceHust BOmu3u Cymatpsl B Mapte 2016 r. OTU H3MEHEHUs TeMIEpPaTypbl HE MO-
T'yT OBITH CBSI3aHBI C MPOIECCOM OOHOBICHHS TTyOMHHBIX BOX. MBI IpeArogaraeM, 9To MpOXOXKACHHe Ceil-
CMHUECKHX BOJH MOXKET YBEIWYMBATh MPOHUIIAEMOCTh JOHHBIX OTJIOXKEHUH (10 KpaiiHell Mepe B cilydyae 3eM-
nerpsiceHust TOXOKY), 32 CYET 4ero IPOUCXOIUT YBEIMICHUE TIOTOKA MeTaHa. [Ipy 3TOM ra30BbIe THIPATH MO-
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ryT 0o0pa30BBIBAThCS B IPHUIIOBEPXHOCTHOM CJIO€ JIOHHBIX OTJIOXKEHHH. DTO MOXET BBI3bIBATH HaOIIO/IaeMOe
HaMU [TOHIDKEHHE TEMITepaTyphl MPUIOHHOTO ciiosl. [loBbimenue TeMmepaTypsl ocie CyMaTpHHCKOTO 3eMIe-
TPACCHUS MOXKCT 6I)ITL CJICACTBUCM Pa3pyIICHUA Ira30BbIX THAPATOB B MPUIIOBEPXHOCTHOM CJIOC JOHHBIX OT-
noxenuit. TakuM 00pa3oM, I3MEHEHUS TEMIIEPATYPHI IPUIOHHON 30HBI MOTYT OBITH CJIEACTBHEM 00pa30BaHMUSI
(TIOBBIIIIEHUE TEMIIEPATYPBhl) U pa3pylieHus (IOHWKCHHE) Ta30BbIX THAPATOB B IPUIIOBEPXHOCTHOM CJIO€ IO H-
HBIX oTnoxeHuit (Granin et al., 2018).

Guildford S.J., Vanderwerff Wilson J.M., Hecky R.E.
PHYTOPLANKTON NUTRIENT STATUS IN THE DEEP CHLOROPHYLL LAYER OF LAKE
SUPERIOR
Large Lakes Observatory, University Minnesota Duluth, Minnesota, USA

Lake Superior is the largest of the North American great lakes. It is shared by Canada and the US and
is located at Latitude 47.7 N and Longitude 86.9 W. It has a surface area of 82,100 km? mean and maximum
depths of 183 and 406 m respectively and a water renewal time of 180 years. Although |t is a cold dark lake it
does not freeze over completely during winter especially in recent years. The watershed is small relative to the
lake size and is predominately Precambrian Shield geology which results in extremely low nutrient inputs to
the lake. Phosphorus (P) limits the growth and biomass of phytoplankton and sets limits on the higher trophic
levels. Like many large stratified, transparent waterbodies, a deep chlorophyll layer (DCL) forms during the
stratified season. In this study we examined the DCL to determine its magnitude and extent over the stratified
season and to determine if it exhibited indications of P deficiency similar to the upper mixed layer. Over the
course of four months (June through September, 2010) we observed the formation and breaking down of a sig-
nificant DCL at stations in the open waters of eastern and western Lake Superior, with chlorophyll concentra-
tions in the DCL more than twice as high as the upper mixed layer in August. The ratio of particulate organic
carbon to chlorophyll, which can be used as a measure of general nutrient deficiency in pelagic waters, indi-
cated that while the upper mixed layer was more nutrient deficient than the DCL, the DCL and even the hypo-
limnion were in the range indicative of nutrient deficiency. Specific indicators for P deficiency, alkaline phos-
phatase activity and the ratio of particulate carbon to phosphorus, also indicated consistent P deficiency in both
the upper mixed layer and in the deep chlorophyll layer, and the DCL had significantly lower alkaline phos-
phatase activity compared to the mixed layer on average. As climate warming lengthens the stratified season,
we expect that this will exacerbate phosphorus deficiency resulting in an even more oligotrophic food web and
the DCL may become more important to the overall productivity of the lake.

Hecky R.E.", House G.L.}, Silsbe G.M.2, Guildford S.*
THE DEEP CHLOROPHYLL LAYER IN LAKE SUPERIOR AND ITSPHOTOSYNTHETIC
ACTIVITY
lLarge Lakes Observatory, University of Minnesota-Duluth, 2205 E. 5™ Street, Duluth, Minnesota, USA
“University of Maryland Center for Environmental Sciences, P. O. Box 775, 2020 Horns Point Rd.,
Cambridge, Maryland, USA
rehecky@gmall com

Lake Superior with a surface area of 82.100 km? and maximum depth of 406 m is the largest and
northernmost of the interconnected Laurentian Great Lakes. Extreme oligotrophy is imposed by very low
phosphorus concentrations and a short stratified season which in turn limit primary productivity and result in
generally low chlorophyll concentrations of <1 pg/L in the surface mixed layer. To better understand phyto-
plankton productivity patterns in this hyperoligotrophic great lake, the spatial and temporal variability in chlo-
rophyll (Chl) concentration and its photosynthetic activity was studied over an annual cycle in Lake Superior.
Variability in spatial distribution is especially challenging in Lake Superior not only because of its great areal
extent, but also because of the formation of a well-defined deep chlorophyll layer (DCL) in the metalimnion
during summer stratification where Chl concentrations can be 2-3x higher than in the surface mixed layer. In
the density stratified metalimnion, Chl concentrations change rapidly with depth along nutrient and light gradi-
ents which require sensitive, high resolution, non-invasive methods to evaluate ambient Chl concentrations and
photosynthetic activity. We utilized Fast Repetition Rate Fluorometry (FRRF) to assess photosynthetic effi-
ciency of photosystem Il (PSII) and photochemical electon transport and evaluate temporal patterns over diel,
seasonal and inter-annual time scales as well as extending over the hundreds of kilometers during lake-wide
cruises. Spatially, the vertical structure of photosynthetic efficiency and chlorophyll concentrations throughout
seasonal stratification was similar at stations separated by hundreds of kilometers when profiles of temperature
and light were comparable. In contrast to the spatial homogeneity, profiles of photosynthetic efficiency showed
substantial temporal variation during the course of a day in late summer. These diel patterns were remarkably
consistent over multiple days and between two consecutive years indicating diel-scale light history is the major
driver of variability in photosynthetic efficiency. The phytoplankton community remains photosynthetically
active during winter with photosynthetic efficiency similar to metalimnetic values in midsummer. The pres-
ence of a layer of water above the deep chlorophyll maximum (DCM), but below the mixed layer, with super-
saturated DO concentrations in July and August demonstrates that phytoplankton within the upper DCL were
actively photosynthesizing further confirming the results of the FRRF measurements. Photosynthetic rates in
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the upper depths of the DCL can be comparable to mixed layer rates during summer stratification. In contrast,
the DCM which was generally near the lower boundary of the euphotic zone and DCL had low photosynthetic
rates and appears to be more a zone of accumulation rather than active growth. The period of summer stratifi-
cation on Lake Superior is lengthening under climate warming which will likely result in increasing relative
importance of the DCL to the lake’s primary productivity.

Khodzher T.V., Domysheva V.M., Sorokovikova L.M., Golobokova L.P., Sakirko M.V., Tomberg I.V.,
Netsvetaeva O.G., Sinyukovich V.M.
RECENT CHEMICAL COMPOSITION OF AQUATIC ENVIRONMENT FOR BAIKAL
ORGANISMS
Limnological Institute SB RAS, Irkutsk, Russia
khodzher@lin.irk.ru

For many vyears, researchers of Limnological Institute have been performing comprehensive chemical moni-
toring of atmosphere and water in Lake Baikal and its tributaries. The water is sampled at 20 deep sites and 7 transects
from surface to bottom around the entire water area of the lake. Seasonal water sampling is carried out in the mouths of
large tributaries and littoral area of the lake. The researchers analyze gas impurities and aerosol in the near-water at-
mosphere. In each field expedition, they collect about 350-400 water samples. Gas composition and nutrients are ana-
lyzed on board the research vessel, whereas macro-and microelements and organic substance are examined at the ac-
credited Laboratory of Hydrochemistry and Atmosphere Chemistry.

Based on the dataset obtained in 2014-2017, we may conclude that the ionic composition of water at
all depths in the pelagic area is stable and similar to that of the previous studies (Votintsev, 1961; Falkner et
al., 1991; Grachev et al., 2004; Domysheva, 2009; Khodzher et al., 2012). Dynamics of nutrients (nitrogen and
phosphorus) in the pelagic area of the lake depends on phytoplankton productivity being within the long-term
fluctuations. Their annual variability in the upper 200-m water layer in the lake basins is dependent on intensi-
ty of phytoplankton growth. Changes in the water column below 200 m are stable and do not exceed the meas-
urement error. In the recent years, we observe the reduction of silica in the trophogenic water layer of the lake,
which has been recorded for the first time in the early 21 century as a result of climate warming and intense
development of plankton (Shimaraev, Domysheva, 2004). Due to climatic fluctuations occurring in the Baikal
region for the past three years, the water inflow from the Selenga, Upper Angara and Kichera rivers has re-
duced by 30-40% into the central and southern basins and by 20-30% the into the northern basin of the lake,
respectively, compared to the average long-term values. The discharge of nutrients with the waters of the main
tributaries into Lake Baikal decreases during the low water level period. Organic forms of phosphorus prevail
in the Selenga River inflow into the lake; the percentage of inorganic phosphorus decreased from 40% (in the
1980s) to 10-15% (in 2012-2016). It means that the quality of river waters has deteriorated.

The concentration of organic substance (OS) in the atmospheric precipitation is high. In the 1980s, ni-
trogen was 45%, phosphorus 37% and OS 7%. Absolute values in the 1990s were higher than in the 1980s.
However, their contribution in the lake budget decreased, being 36% of nitrogen, 27% of phosphorus and 10%
of OS. This was due to their discharge with the river waters into the lake during high water level period in the
rivers (Khodzher, 1988; Sorokovikova et al., 2001). The input of nitrogen onto the water area of Lake Baikal
increased in 2013-2017 because of forest fires in Pribaikalye, the increase of vehicles and intense development
of tourism in this region. At present, the contribution of nitrogen from the atmosphere is 55%, phosphorus
40% and OS 16%.

Thus, climatic changes and elevated anthropogenic impact in the Baikal region during this period sig-
nificantly affect the processes in the ecosystem occurring in both littoral and pelagic areas of the lake whose
resource potential is of great importance for the entire world.

The work was supported by the State Grant 0345-2016-0008.

Xomxep T.B, lombieBa B.M, CopokoBukosa JI.M, I'o1o6oxkoBa JLII., Cakupko M.B,
_ Tombepr U.B., Heuseraesa O.I'., CunioxoBu4 B.H. .
COBPEMEHHBIN XUMHNUYECKHUU COCTAB CPEAbI OBUTAHUSI BAUKAJIbCKHUX
OPI'AHU3MOB
Jlumuonoruuecknit unctutyt CO PAH, Upkyrck, Poccus
khodzher@lin.irk.ru
B Tedenne mHOrux neT B JIMMHOIOTHYECKOM MHCTUTYTE TPOBOAUTCS KOMIUIEKCHBIH XUMUUECKUN MO-
HUTOPUHT Bojbl baiikana, mputokoB u atMocdepsl. Boma otOupaeTcst Ha MBaANATH ITyOOKOBOAHBIX CTAHIIMSIX
Y CEMU TOTEePEUYHBIX pa3pesax OT MOBEPXHOCTH JI0 JHA M0 BCEH aKBaTOPUH 03epa. B yCThAX KPYIMHBIX MPUTO-
KOB ¥ JINTOPAJBHON 00JIACTH 03epa OTOOp BEIETCS MO CE30HAM roja. AHATU3UPYETCS COCTaB Ta30BBIX MPHUMe-
cel, a3po30Jib B MPUBOAHOM atMocdepe. B kaxoii sxcnenuiuu otoupaercs okoso 350-400 mpob Bojbl, razo-
BEII COCTaB, OMOTEHHBIC dJIEMEHTHl aHAM3UPYIOTCS HA CYIHE, MaKpO- U MHKPOAJIEMEHTHI, OPTaHHIECKOE Be-
IIECTBO B CTAITMOHAPHBIX YCJIOBHUSAX B aKKPEIUTOBAHHON J1a00paTOPHU THAPOXUMHUHN U XUMUHU aTMOCQEPHI.
Ha ocHoBe GoipIioro mMaccuBa JaHHBIX, MoiydeHHbIX B 2014-2017 rr. moxaTBepxmaeTcst CTaOWIIb-
HOCTh MOHHOTO COCTaBa BOJBI B TEJIarMalld 03epa Ha BCEX €ro riyOnHaX, CXOXKas ¢ pe3ysbTaTaMH MPeIbITy-
umx uccienosanuii (Borunues, 1961; @onkuep u nap., 1991; I'paues u nap., 2004; Jomsbrmesa, 2009; Xomkep
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u ap., 2012). luraMuka KOHIIEHTpaIiii OMOTCHHBIX PJIEMEHTOB a30Ta U (ocdopa B Meslaruaim o3epa 3aBUCUT
OT MPOTYKTUBHOCTH (PUTOIUIAHKTOHA M HAXOAMTCS B MpeesiaX MHOTOJICTHUX KoJieOaHuid. MeXToI0BbIe H3Me-
HCHUSA B BEPXHEM ZOO'MCTPOBOM CJIOC€ BOJIBI ITO KOTJIOBUHAM 03€pa OGYCJ'IOBHGHLI HWHTCHCUBHOCTLIO Pa3BUTHA
(UTOTIIAHKTOHA, U3MECHEHHS B BOAHOW Toie Tiry0xke 200 M cTaOMIBHBI M HE TPEBBIIAIOT TIOTPEITHOCTH Me-
TOOB M3MepeHust. OTMETHM, YTO B MOCTIETHHE IOl IPOIODKACTCS CHIDKEHHE KPEMHUSI B TPO(OTEHHOM cJioe
BOJIBI 03¢pa, KOTOPOE BIEPBEIC 3a(pUKCHUPOBaHO BHadaie 21 CTONETHS B pe3yibTaTe MOTCIUICHUS KIMMaTa U
MaccoBoro pas3sutus miankToHa (Ilumapaes, lombimesa, 2004). M3-3a ximMmaTtuueckux ¢iaykryarmid B baii-
KaIIbCKOM PETHOHE, MPUTOK BOABI ¢ CEeNeHToil B CPeIHIOI0 U FO’KHYIO KOTJIOBHHEI 03€pa 3a MOCIIeTHUE TPH T'O-
na causuics Ha 30-40%, ¢ Bepxueit Anrapoii u Kuuepoii B ceepHyto Ha 20-30% 1o CpaBHEHHIO CO CpeIHe-
MHOTOJICTHIMH 3HAYEHISIMU. B yCITOBHSX HI3KOH BOJHOCTH C BOJAMH TJIABHBIX IPUTOKOB CHIKACTCS BBIHOC
OMOTEeHHBIX AJIeMeHTOB B baiikan. B xummueckoM ctoke (ocdopa B 03epo ¢ p. CeneHroii ctanu npeodnaaath
opraHudeckre GopMsl, 101 MUHEpallbHOro yMeHbiumachk ¢ 40% (1980-e roasr) no 10-15% (2012-2016 rr.),
YTO CBHUAETEIBCTBYET 00 YXYAIICHUH KauecTBa PEUYHBIX BOI.

Jun baiikana BaKHO MOCTYIUICHHE W3 aTMOC(Epbl OMOTEHHBIX 3JIEMEHTOB, OPraHHYECKOTO BEIECTBA
(OB) T.k. ux 3HaueHUs, OCOOCHHO IO a30Ty, B aTMOC(EPHBIX BBIMIAJICHUAX BBICOKHE. ATMOC(EpHas COCTaBIs-
FOIIast B BOCBMHJIECATHIC TOMIBI COCTaBIIIA AU a30Ta 3.8 ThIC. T/Tox (45%), dhocdopa 0.3 teic. T/rox (37%), OB —
56 ThIC. T/TOA (7%). AGComoTHBIe 3HaYeHUs B 90-¢ rojipl ObLH BhIIIe, 4eM B 80-¢, HO MX BKIIaJ B OFOIDKET 03epa
B MPOLICHTHOM OTHOIIICHHH YMEHBIIMICS U COCTABIUT: IS a30Ta — 36%, docdopa — 27%, OB — 10%, uro ObLTO
OOYCTIOBIICHO YBEJIMYEHHEM HX BBIHOCA C PEKaMM NPH IMOBBILICHHONW BOJHOCTH IOCICTHUX HAa TOT MEPHOX
(Xomxep, 1988; CopokoBukosa u np., 2001). U3-3a necHbIX moxapos, oxBaTuBIHx [Ipubaiikanbe B mocien-
HUE TOJIpl, POCTa aBTOMOOMIILHOTO TPaHCIIOpTa, TYpU3Ma MOCTYIUICHHE a30Ta Ha akBaTopuio balikama B 2013 -
2017 1r. eme yBenmMUMIOCh. B HacTosiee BpeMs 0 MOCTYIUICHUS a30Ta U3 aTMOC(Ephbl COCTaBISIET OKOJIO
55%, docdopa — 40%, OB — 16%. Takum 0Opa3oM, IPOUCXOAIINE B COBPEMEHHBIH TIEPHO 3HAUUTEIHHBIC
M3MEHEHUs KJIMMaTta, BO3PACTAIONIUe aHTPOIOTCHHbBIC HArPpY3KH B balkalbCKOM perroHe OKa3bIBAIOT CYIIle-
CTBEHHOE BIJIMSIHHE Ha TPOILIECCHI B DKOCHCTEME HE TOJIBKO MPHUOPEKHON 00MacTh, HO U menarnany baiikana,
pecypCHBII MOTEHIMANl KOTOPOTO MPEACTABIISIET OOJIBIIOE 3HAUSHUE ISl BCETO MUPA.

Pabora BeITIONTHEHA B paMkax roc. 3aaanus Ne0345-2016-0008.

Kirillin G.}, Alymkulov S.2, Kurbaniyazov A2, Zavialov P.*
SEASONAL MIXING REGIME OF EURASIAN LAKES: HOW RESISTANT IS IT TO THE
CLIMATE VARIABILITY?
!|_eibniz-Institute of Freshwater Ecology and Inland Fisheries, Berlin, Germany
?Institute of Physical and Technical Problems and Materials Science, National Academy of Sciences of Kyrgyz
Republic, Bishkek, Kyrgyzstan
%Yasavi International Kazakh-Turkish University, Turkestan, Kazakhstan
*Shirshov Institute of Oceanology RAS, Moscow, Russia
kirillin@igb-berlin.de

Being the largest of the continents, Eurasia is characterized by the continental climate and its sub-
types, cold semi-Arid, cold Arid, and sub-Arctic climates. Therefore, the absolute majority of Eurasian lakes
undergo strong seasonal variations in the heat exchange with the atmosphere, with typical surface temperatures
varying in the range of tens of degrees Celsius within a year, and crossing the value of the maximum density
for freshwater of ~4°C. This fact determines the main feature of their physical regime: stable vertical stratifica-
tion with respect to temperature during the most part of the year, interrupted by two complete mixing events
(overturns) twice a year, when lake temperatures arrive at the maximum density value. Hence, the main dis-
tinctive feature of Eurasian lakes is dimixis in terms of Hutchinson’s classification (Hutchinson, Loffler, 1956;
Kirillin, Shatwell, 2016). We present the recent findings which demonstrate the fragility of the hydrophysical
regime of Eurasian lakes, analyze the factors able to disrupt regular seasonal mixing of lakes, and discuss pos-
sible ecological consequences of it. Thermokarst lakes of sub-Arctic and Arctic tundra are typically shallow
polymictic (i.e. regularly mixed and oxidized to the bottom). However, the increase of lake depth due to thaw-
ing permafrost may maintain continuous stratification for the largest part of the open water period and produce
by this strong intensification of methane production and release to the atmosphere from the large areas of Sibe-
rian tundra. Thus, the transition of shallow polymictic (i.e. regularly mixed and oxidized to the bottom) lakes
and ponds to dimictic regime may play a significant role in the positive feedback between warming in the Arc-
tic and methane release. The lakes of the arid and alpine regions of Eurasia, such as Central Asia and Tyan-
Shan, are especially sensitive to the regional hydrological balance. Due to dry climatic conditions, many of
these lakes are endorheic, having no outflows, and are therefore subject to salinization, with dissolved salts
affecting the hydrophysical conditions, in particular, vertical mixing. Oligomictic lakes (such as Lake Baikal
and Issyk-Kul) reveal complex mechanisms of the deep water renewal. Our newly obtained data reveal previ-
ously unknown details on horizontal temperature and salinity gradients in Issyk-Kul. In contrast to large
freshwater lakes, the lateral salinity gradients formed by freshwater inflows in couple with the bottom slope
ensure volume contraction by mixing of the colder and fresher waters sinking into the warmer and saltier deep
pelagial, resulting in the cabbeling effect By this, the vertical convective flow formed in shallow areas will
follow the bottom slope towards the warmer lake center with positive vertical acceleration due to the depend-
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ence of the thermal expansion coefficient on temperature. This mixing mechanism is highly sensitive to varia-
tions in the mean salinity of the lake and as a result to the regional water budget. The fact that anthropogenic
alteration of the regional water budget may change completely the mixing regime of lakes is demonstrated by
the notorious example of the previously dimictic Aral Sea, which partially changed to meromictic regime in
some of residual basins. The newly formed meromictic regime implies consequences at the regional scales, in
the biogeochemical regime, as the monimolimnion of the lake accumulates continuously increasing amount of
methane during the last years, as well as in the regional climate, as lake represents in winter a warm spot on
the surface, slowly releasing the accumulated heat onto the atmosphere. For dimictic lakes of temperate cli-
mate of Europe, existing future climate scenarios predict that, if the warming trend persists for next several
decades, water temperatures will never cool below the maximum density temperature, changing thus their mix-
ing regime to warm monomictic, without a winter stratification period. The mixing regime transition will take
place first in deeper lakes, while the shallower ones will possess the winter stratification for longer, i.e. the
capacity to store heat throughout wintertime depends directly on the mean depth. The consequences of the
physical regime change for biogeochemistry of lakes may appear manifold, including higher near-bottom tem-
peratures in summer and a longer summer stratification period. Both factors favor bacterial activity in lake
sediments, accelerate biodegradation of organic matter and, as a result, increase oxygen consumption and me-
thane production. Deep anoxia in previously well-oxygenated lakes and a stronger contribution of these lakes
to methane release may be hypothesized as possible global outcomes. However, many lakes do not demon-
strate any appreciable warming despite significant positive trends in local air temperatures (O’Reilly et al.,
2015). One reason for decoupled temperature trends in lakes and in the atmosphere was recently revealed from
the analysis of temperature variations in lakes on Tibetan Plateau. Analysis of the modeling results demon-
strated that the effect of the increased air temperatures on the lakes was compensated by decrease in the incom-
ing solar radiation The radiation decrease can be hypothetically related to the direct effect of anthropogenic
aerosols at high altitudes. Another possible reason for the decrease of solar radiation over the Tibetan Plateau
might be an increased evaporation and the resulting higher air humidity, which is also supported by positive
trends in the humidity and cloud amounts present in the reanalysis data. The lake system of Tibet reveals the
non-linearity of the lake-atmosphere interaction and demonstrates the decisive role of solar radiation as a ma-
jor physical driver of lake dynamics, especially in alpine regions with the high transparency of the atmosphere.
Among other major threats to the seemingly stable seasonal mixing patterns of Eurasian lakes are anthropo-
genic salinization of arid lakes, trend to warmer winters in temperate regions, and deepening of Arctic lakes
due to permafrost thaw.

This study was supported by the Russian Foundation for Basic Research (projects 15-55-12378
NNIO and 17-05-41043), State Assignment of FASO Russia (Theme No. 0149-2018-0002), German Research
Foundation (projects Kl 853/11-1 and Kl 853/14-1), and Sino-German Center for Science Support, Project GZ
1259.
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Last decade studies have demonstrated the high potential of oxygen isotope composition in diatoms
derived from lacustrine sediments in reconstructing past climate, environment and hydrology changes (e.g.
Kostrova et al., 2013; Meyer et al., 2015; Chapligin et al., 2016).

As part of the German-Russian ‘Paleolimnological Transect’ (PLOT) project aimed at investigation
the Late Quaternary climate and environment hlstory along a transect crossing Northern Eurasia, Lake Ladoga,
the largest freshwater body in Europe (18.329 km?) located close to St. Petershurg, has been investigated. Sed-
iment samples with sufficient amount of biogenic S|I|ca from the 10.5 cal. ka part of the sediment core
(C01309) were processed for diatom oxygen isotope (8*®Ogiatom) analysis.

Our inferences are guided by a comprehensive survey of both the modern hydrological system and di-
atom species analyses. The fractionation factor (mean o = 1.0409) between recent Lake Ladoga water (mean
8 0\e = 9. 8%o) and the most recent diatom sample (0.2 cal. ka BP; 8" Ogiatom = +30. 7%o) reflect the known
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silica-water fractionation in sediments and demonstrate that §*®Ogi,om is generally applicable for palaeorecon-
structions for the lake. However, regarding potential controls for 6 Od.amm from Lake Ladoga, water tempera-
ture (Tie) plays only a negligible role. Lake-internal changes are documented in 530 and comprise a com-
bination of varlatlons in evaporation, air temperature, atmospheric circulation patterns as well as hydrological
changes that affect 8" 00giatom OF Lake Ladoga.

Data indicate that Lake Ladoga existed as a freshwater reservoir from at least ~10.5 cal. ka BP. Varia-
tions in &t Od.atom ran e from +30.7 to +35.1%o, and clearly reflect the Holocene Thermal Maximum as an in-
terval of maximum 8™Ogiatom values around +35%o between ~8 and 6.5 cal. ka BP. At 0.8-0.2 cal. ka BP, a
promment minimum around +31%o is visible corresponding to the Little Ice Age. A continuous depletion in
8 Od,atom since ~6.6 cal. ka BP is in good agreement with Iate to mid-Holocene cooling after the Holocene
Optimum. Lake level rise is accompanied by a depletion of *20 in diatoms and thus results in lower 8*®0giatom
values from Lake Ladoga, whereas the lowering of the lake level causes higher 8" Ogiatom Values. Generally,
overall high "®Ogisom values around of +33.9%o characterise a persistent evaporative lake system throughout
the Holocene. As the Lake Ladoga diatom isotope record is roughly in line with the 60° N summer insolation,
a linkage to broader-scale climate change is likely. In general, overall trend in the §*®Ogiztom record corresponds
to regional variation in atmospheric circulation, rather influenced by maritime Atlantic air-masses in mid-
Holocene, whereas Arctic-derived moisture is intensified in late Holocene.

This study was funded by the German Federal Ministry of Education and Research (BMBF; grant
03G0859). Research of Dr. Svetlana Kostrova contributes to the State Research Program of IGC SB RAS
1X.127.1.2. (0350-2016-0026). Research of Dr. Anna Ludikova contributes to the State Research Program of
the Institute of Limnology, RAS (registration N 01201363379).

Kouraev A.V."?, Zakharova E. A , Rémy F.'  Shimaraev M. N
Kostlanoy AG.? Suknev A. Ya
ICE COVER OF EURASIAN LAKES FROM SATELLITE AND IN SITU OBSERVATIONS
'LEGOS, Umver51te de Toulouse, CNES, CNRS, IRD, UPS Toulouse, France
2Tomsk State Unlver5|ty, Tomsk Russm
Water Problems Institute RAS, Moscow, Russia
*Limnological Institute SB RAS, Irkutsk, Russia
°p.p Shlrshov Institute of Oceanology RAS, Moscow, Russia
®Great Baikal Trail Buryatiya, Ulan-Ude, Russia

Eurasian lakes and internal seas are an integrator of climate processes and an indicator of existing or
potential climate changes. Variability of ice and snow regime is important for their physical, chemical and bio-
logical properties, and for human activity (navigation, transport, fisheries, tourism etc).

We present studies of ice and snow cover of the lakes Baikal, Ladoga, Onega and Hovsgol using syn-
ergy of simultaneous active and passive satellite microwave radar altimetry observations (TOPEX/Poseidon,
GFO, Jason-1, -2 and -3, ENVISAT, SARAL/AItika). An ice discrimination approach is presented and evolu-
tion of ice conditions from historical data and satellite observations is analysed. We present results of our field
studies on lakes Ladoga, Onega, Baikal (Russia) and Hovsgol (Mongolia) and their relation with radar altime-
try observations, optical satellite imagery and hyperspectral UAV imagery. We also address the formation of
giant (diameter 5-7 km) ice rings in lakes Baikal and Hovsgol. We analyse the timing of and duration of their
existence as well as associated ice and water column structure.

This research was supported by the Swiss-Russian multidisciplinary project “Lake Ladoga: Life under
ice”, ERA.NET RUS Plus S&T #226 “ERALECC”, CNES TOSCA “Lakelce”, RFBR-RGO 17-05-41043-
RGO-a, Toulouse Arctic Initiative and IDEX INnHERA projects.

Kulikovskiy M.S., Maltsev E.I., Kezlya E.M., Shkurina N.A., Kuznetsova I.V.
PROCESSES OF DIATOMS DIVERSITY FORMATION IN LAKES
BAIKAL AND HOVSGOL
Institute of Plant Physiology RAS, Moscow, Russia

Lakes Baikal and Hubsugul are unique water ecosystems that evolve for a long time. Lake Baikal is
the oldest lake on the Earth. Diatoms are integral component of the biota of these lakes and they play important
role in these ecosystems. At the present time there is a noticeable change in the diversity of diatoms, dominant
taxa. The diatom flora of lakes Baikal and Khubsugul includes a large number of endemic taxa, diversity of
which has been studied, in many ways, by our works and the work of our colleagues. All these allow us to
consider the mechanisms of formation of the diatom diversity in the studied lakes, to carry out a comparative
analysis of floras. The work of the team is based on the morphological and molecular genetic analysis of or-
ganisms, the cultivation of a large number of algae (more than 1000 strains) and the study of morphological
variability in natural and cultural conditions. During the presentation, we will highlight our data on peculiari-
ties of the formation of the diatom diversity.

This work was supported by the RSF 14-14-00555 and RFBR 17-04-00042-a.
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Kymukosckniit M.C., Maasues E.U., Keznsa E.M., llIxypuna H.A., Ky3snenosa U.B.
MEXAHUM3MbI ®OPMUPOBAHUS PASHOOBPA3HUS JIMATOMOBBIX BOJOPOCJIEM B
O3EPAX BAMKAJI M1 XYBCYT'V.JI
Wuctutyt ¢pusnonorun pacrennit mvenn K. A. Tumupsizesa PAH, Mocksa, Poccus,
max-kulikovsky@yandex.ru

Osepa baiikan u XyOcyryi sSBISIOTCS YHUKAIbHBIMU BOJHBIMH 3KOCHCTEMAMHU, KOTOPBIE ABOTIOLMOHUPYIOT
JuTensHoe Bpems. Ozepo baiikan — camoe apeBHee 03epo Ha 3emite. J[aToMOBBIE BOJOPOCIH SIBJITFOTCS HEOTHEM-
JIeMBIM KOMIIOHEHTOM OMOTBHI 3THX 03€p M WIPArOT BAXKHYIO POJb B (DYHKIIMOHMPOBAHWUH SKOCHCTeM. B HacTosmiee
BpeMsI TIPOUCXOIAT 3aMETHBIC M3MEHEHHE B Pa3HOOOPAsHH AMATOMOBBIX BOIOPOCIEH, TOMUHHUPOBAHUH B COOOIIIE-
CTBaX HOBBIX TAKCOHOB. DJI0pa IMaTOMOBBIX Bozopocieit o3ep batikan n XyOcyry BKIodaeT G0JIbIIoe YHciIo SHIe-
MHYHBIX TAKCOHOB, Pa3HOOOpa3re KOTOPBIX OBLIO M3Yy4EeHO, BO MHOTOM, HAIIIMMK Pab0TaMH U pabOTaMK HaIlMX KOJI-
JIer B mocnesiHee BpeMs. Bee 310 1mo3BosseT paccMOTpeTh MEeXaHH3MbI (POPMHUPOBAHHUS Pa3sHOOOpas3Hst THATOMOBBIX
BOZOPOCTEH B M3y9aeMbIX 03epax, MPOBECTH CPaBHUTEIBHBIN aHaH3 (JIop, BEIIBUTH 00IIHe 3aKOHOMEpHOCTH. Pabo-
Ta KOJUIEKTHBA OCHOBAaHA Ha MOP(OJIOTMYECKOM M MOJIEKYIISIPHO-TEHETHYECKOM aHAIN3e OPraHW3MOB, KYJIETHBHPO-
BaHUM OOJIBIIIOTO YHcia Bogopocdei (6onee 1000 mTaMMoB) M M3y4eHHH MOPQOJIOTHUECKON M3MEHIUBOCTH B TIPH-
POJHBIX U KyJbTypaJIbHBIX HCCIIEIOBaHMSX. B mokmmame OymyT OCBEIIeHbI HAIIM JaHHBIE TIO 0COOEHHOCTSIM (hOPMHpO-
BaHHS Pa3HOOOPa3Hs UATOMOBBIX BOAOPOCIEH.

Pabora BeimosHeHa ipu o iepkke rpanToB PH® 14-14-00555 n PODU 17-04-00042-a.

Massol F.}, Macke E.?
NETWORK METHODS FOR THE ANALYSIS OF HOST-SYMBIONT INTERACTIONS:
AN EXAMPLE WITH DAPHNIA MAGNA AND ITS GUT MICROBIOTA
'UMR 8198 Evo-Eco-Paleo, Univ. Lille, F-59000 Lille, France
% aboratory of Aquatic Biology, KU Leuven (Kulak), Dept of Biology, E. Sabbelaan 53, BE-8500,
Kortrijk, Belgium
francois.massol@univ-lillel1.fr

Interactions between individuals, populations or species are a central pillar of ecology: all organisms
interact, in various forms, with others, and these interactions in turn define the functioning of ecosystems. The
past twenty years have seen a tremendous surge of interest in assessing and quantifying such interactions using
tools borrowed from network theory, with numerous empirical studies reporting food webs and mutualistic
networks and associated metrics. At the same time, data on the occurrence of microbial symbionts — be they
mutualistic, commensal or pathogenic — have exploded thanks to the use of metabarcoding and other next-
generation sequencing technologies. Consequently, ecologists now face huge amounts of studies reporting co-
occurrence of various microbial taxa within different genotypes or species of host, and have yet to tackle the
interpretation of such data.

In this talk, 1 will present a few recent methods which aim at studying the structure of multipartite in-
teraction networks. Starting from classic network analyses, | will introduce new methods that are able (i) to
disentangle dependencies in interaction networks to better infer correlations between explanatory variables
(e.g. phylogeny geography etc.) and the structure of networks and (ii) to assess the congruence of multipartite
networks using various definitions of “interaction compartments”. I will illustrate some of these methods using
data on Daphnia magna’s gut microbiota and the composition of its associated bacterioplankton. I will end
with a discussion of the next gaps to be bridged in the study of host-symbiont interaction networks and what
existing leads can help us achieve this.

Moore M.V.
TROPHIC COUPLING OF THE MICROBIAL AND THE PELAGIC FOOD WEBS IN LAKE
BAIKAL
Department of Biological Sciences, Wellesley College, Wellesley, Massachusetts, USA 02481-8203
mmoore@wellesley.edu

Pelagic copepods often couple the classical and microbial food webs by feeding on microzooplankton
(e.g., ciliates) in oligotrophic aquatic systems, and this consumption can trigger trophic cascades within the
microbial food web. Consumption of mixotrophic microzooplankton, which are both autotrophic and hetero-
trophic within the same individual, is of particular interest because of its influence on carbon transfer efficien-
cy within aquatic food webs. In L. Baikal, Siberia, it is unknown how carbon from a well-developed microbial
food web present during summer stratification moves into higher trophic levels within the classical food web.
In situ experiments were conducted in August, 2015 to test the hypotheses that: 1) the lake’s dominant endem-
ic copepod (Epischura baikalensis), previously assumed to be an herbivore feeding on diatoms, connects the
microbial and classical food webs by ingesting ciliates, and 2) this feeding initiates top-down effects within the
microbial food web. Our results supported these hypotheses. E. baikalensis individuals consumed on average
101-161 ciliates per day, obtaining 96.1 to 97.7% of their ingested carbon from ciliates and the remainder from
small diatoms. Clearly, E. baikalensis is omnivorous, and it is likely channeling more primary production from
both the microbial food web and the classical food web of L. Baikal to higher trophic levels than any other
pelagic consumer. Most ciliates consumed were a small mixotrophic oligotrich and such taxa are often abun-
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dant in summer in other oligotrophic lakes. Consumption of these mixotrophs likely boosts substantially the
transfer efficiency of biomass to higher trophic levels. In addition, feeding of E. baikalensis initiated a three-
link predatory cascade which reduced the abundance of ciliates and elevated growth rates of heterotrophic
nanoflagellates, but did not affect abundance or growth rates of autotrophic picoplankton. This is the first
demonstration of a trophic cascade in L. Baikal, but investigations at larger spatial-temporal scales are needed
to identify the conditions promoting or precluding trophic cascades in this lake. These food web results will be
discussed in the context of climate change and its effects on large aquatic ecosystems.

Niska M.

ENVIRONMENTAL CHANGES IN THE EEMIAN (MIKULINIAN, MIS 5E) RECORDED IN THE
LAKE-MIRESEDIMENT SUCCESSION FROM CENTRAL POLAND (CENTRAL EUROPE)
BASED ON SUBFOSSIL CLADOCERA ANALYSIS
Pomeranian University in Stupsk, Institute of Geography and Regional Studies, 27 Partyzantow Str.,

76-200 Stupsk, Poland
monika.niska@apsl.edu.pl

Lakes are natural archives with sediments being evidence of environmental changes accumulated over
thousands of years. The reconstruction of the ecological and biological past of lakes is possible, among others,
due to the remains of organisms preserved in their sediments with bioindication properties. Cladocera (water
fleas) belong to the small crustaceans and they are one of the basic elements of the lacustrine zooplankton.
High suitability of crustaceans for the purposes of limnological as well as paleolimnological studies results of
their stable ecological requirements and possibility of preserving elements of their chitinous shells, which can
identify the species within the lake sediments. Worldwide analyses of Cladocera subfossils have revealed de-
tailed results covering mainly the last 13,000 years, however also those from sediments older than the last gla-
ciation have been analyzed in a few sites: in Japan (1975), Canada (1984) and in Denmark (1962). Since 2000,
nearly 20 analyzes have been carried out for lakes from the region of Poland and Germany. Based on obtained
results existing state of knowledge about Eemian reservoirs including information concerning aquatic envi-
ronment (changes in temperature, trophic status, water levels, pH) was supplemented.

In the current study the result of subfossil Cladocera analysis of the lake-mire sediments from three
sites: Besiekierz, Kubtowo, Kucéw (Central Poland) of the Eemian Interglacial and the inferred environmental
alterations are presented. The aim of the study was to reconstruct and compare the development of Eemian
Interglacial lakes located within central Poland as determined on the basis of the changes in subfossil Cladoc-
era composition in the context of local conditions, climate change and natural evolutionary processes. The
studied reservoirs, fully developed during the Eemian Interglacial, were formed at the end of Warta Glaciation
(MIS 6) or in the early Eemian Interglacial period. Terrain troughs, including tunnel and kettle holes, were left
after the retreat of the glacier and filled by accumulating water. Eemian paleolakes are discovered mainly on
the occasion of preparation of geological maps.The studied sites are located to the south of the boundary of the
last glaciation: Besiekierz — around 30 km in north direction from £6dz, Kublowo — Klodawa Upland and
Kucow — paleolake discovered within the Betchatow open cost mine. At the initial stage of lake development,
sediments within the lake basins consisted mainly of sands and silts. The full lake development periods were
associated with sedimentation of gyttja and organic silts followed by peat and organic shales. Peat was pre-
dominant at the latest stages of lake history. The Eemian deposits have not been radiometrically dated because
the entire Eemian Interglacial is outside the range of radiocarbon dating. Therefore, only the pollen analysis
document the Eemian age of the paleolake deposits, providing the basis for chronostratigraphy. For this rea-
son, when discussing the development of lakes, the division into regional pollen assemblages zone were used
(E1-E7 - Eemian Interglacial) developed by Mamakova (1989).

At the Early Eemian the temperature of the lake water was low, and hence lakes were inhabited main-
ly by pioneering fauna resistant to low temperatures, low clarity of water and low content of organic matter at
the oligotrophic level. First evidences of Cladocera succession were discovered in Besiekierz paleolake (late
Warta Glaciation), then the succession of Cladocera began into the Kucow lake at the beginning of Eemian
Interglacial, and the development of the Kubtowo paleolake began at the latest. Gradual increase of water tem-
perature caused that the lakes were inhabited by a more thermophilic species. As the water level also in-
creased, the group of dominant species was enriched by pelagic zone species due to larger precipitation at the
Early Eemian Interglacial. The results of Cladocera analyses from the Early Eemian Interglacial period
demonstrate short-term episodes of climate warming during this relatively cold period, leading to an increase
in Cladocera abundance, being maintained generally at a low level in the initial period.The beginning of the
Middle Eemian was connected with the occurrence of more favourable conditions for zooplankton growth,
probably due to a significant rise in temperatures and still a relatively high level of water. In general, the Mid-
dle Eemian in the reservoir was dominated by species associated with aquatic plants and bottom sediments. At
the end of the period corresponding with the pollen zone E4, the situation in the paleolakes started to deterio-
rate. In all lakes at the turn of the E4/E5 and in the first half of E5 significant decrease in attendance of Cla-
docera in the sediment was marked. This resulted in reduction in the level of water in large lakes, while the
lowest (Besiekierz) turned into a peatbog. Late Eemian Interglacial was the next stage of the development of
water reservoirs associated with a considerable improvement in Cladocera habitat conditions. The final stage
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of the Eemian Interglacial was associated with a significant drop in temperatures; however, precipitation was
maintained at a relatively high level. In the studied paleolakes, except Besiekierz (who had landed), the fre-
quency of Cladocera species reached the top level throughout the history of the lakes (E6-E7). At the end of
the Late Interglacial due to cooling, the paleolake Kucow disappeared and in the Kublowo paleolake the at-
tendance of Cladocera recorded in the sediment was drastically reduced.

Summing up, in the studied reservoirs there were identified similar stages of development on the basis
of the Cladocera analysis resulting from the impact of regional climate changes. However, the time of the crea-
tion of the reservoirs and its terrestrialization was related mainly to the size and depth as well as local condi-
tions of the lakes.

Panchenko M.V.}, Domysheva V.M.?, Pestunov D.A.", Sakirko M.V.2,
Shamrin A.M.", Shmargunov V.P.*

CO; IN THE “ATMOSPHERE-WATER” SYSTEM AND BIOGENIC ELEMENTS IN WATER OF
THE LITTORRAL ZONE OF LAKE BAIKAL AT THE PRESENT STAGE OF CLIMATE
CHANGES
V.E. Zuev Institute of Atmospheric Optics SB RAS, 1, Academician Zuev sg., Tomsk, Russia
“Limnological Institute SB RAS, Irkutsk, Russia
hydrochem@lin.irk.ru, pmv@iao.ru

In the work, based on the data of regular long-term observations, characteristic features of the seasonal
and daily course of the measured characteristics for all hydrological seasons are determined. It is shown that in
the atmosphere there is a steady increase in the concentration of carbon dioxide, the trend of which is in good
agreement with both the global trend (https://www.co2.earth/) and with the data of aircraft and surface meas-
urements in Siberia. The analysis of the entire long-term series of easurements (2003-2018) of the main com-
ponents involved in the gas exchange process (CO2 concentration in surface water, the difference in the partial
pressure between water and atmosphere, the concentration of nutrients) did not reveal significant trends in the-
se characteristics. Separately, assessments of the dynamics of the characteristics under study during the low
water period in the Lake Basin were carried out Baikal and it is shown that at this time there is a reliable trend
of decreasing the concentration of biogenic elements in the surface water of the littoral zone of Lake Baikal.

IManyenko M.B.l, Jombimesa B.M.z, IMecTtyHnoB )I.A.l, Caxkupko M.B.2,
IMMampun A.M.l, IIImapryHos B.IL.!

CO, B CUCTEME «<ATMOC®EPA-BO/JIA» U BUOTEHHBIE DJIEMEHTBI B BOAE
JIMTOPAJIBHOM 30HBI O3EPA BAMKAJI HA COBPEMEHHOM JTAIE KJIMMATUYECKHAX
V3MEHEHMI
"Yucruryr omrruxu armocheps um. B.E. 3yesa CO PAH, 634055, r. ToMck, miomans Akajemuka 3yesa, |
Poccus
2 JIUMHONOT HYeCK i unctutyt CO PAH, Upkyrck, Poccus
hydrochem@lin.irk.ru, pmv@iao.ru

B Hacrosiiee Bpems Bce 0OBEKTBI OKPYXKAIOIIEH Cpe/ibl HAXOAITCS B YCIOBUSX OBICTPBIX KIMMATHYECKUX
V3MEHEHU ¥ BO3pacTaloIeii aHTpOIIoreHHOH Harpys3ku. PocT cozmepkanust B aTMoc(epe YIiIeKHcIIoro raa B 0oib-
LIMHCTBE CLIEHApHEB PacCMaTPUBAETCs, KaK OCHOBHASI MPUYMHA HAOJIFOIAIOIIErocs oTerieHus. B riobaisHoM Mac-
mTabe CyIECTBYIOIUE MOJIETN OTHOCUTEIBHO a[EKBATHO OIUCBHIBAIOT PEAKLIUIO KIMMAaTHYECKON CUCTEMBI IS pa3-
JTHYHBIX crieHapueB ysenmmueHuss CO,. Hanboree cioxkHOM 3aadeii B HACTOSIIIMI MOMEHT SIBJISICTCS OTIpE/ICTICHHE
ATOTO BO3ICHCTBHS HA Pa3iMIHBIE OOBEKTHI OKPYXKAIOMIECH CpeIbl Ha PETHOHAILHOM YpoBHE. baiikan sBisercs yHu-
KaIbHOH TPUPOAHOM Jtabopartopreid. [y M3ydeHns MmpoIieccoB ra3000MeHa B CHCTEME «atMocdepa — BOIHAS T0-
BepxHOCTh» Ha 03. baiikan MIOA CO PAH cosmectro ¢ JIMH CO PAH 6buta opranvzobaHa batikassckast atMocdep-
HO — JMHoTorndeckast oocepsaropust (BAJIO). ObcepBaropusi pacriosioyKeHa Ha 3aIiaJJHOM IMoO0ePEeKbe FOXKHON KOT-
JIoBHMHBI 03epa (51°54'c.im. 105°04' B.11.) Ha TEPPUTOPUH HAYIHO-UCCIICIOBATEIILCKOTO CTalFioHapa JINMHOIOTHIeCcKO-
ro Uacturyra CO PAH. C 2003 roma Bo Bce THAPOJIOTWYECKHE CE30HBI TO/Ia 3/IECh OCYITIECTBISIFOTCS] KOMILIEKCHBIE
M3MEPEHNS OCHOBHBIX COCTABJIIONINX YIIICPOIHOTO IMKJIA B CUCTEME «Boa-aTMocepay. Ha BEIHOCHOM ITyHKTe [Tt
M3MEPEHNs] TIOTOKOB Ta30B B IPUBOIHOM CJIOE€ aTMOC(ephl HCTIONB3YIOTCS HOIYIIOTpYyKHBIe Kamepsl. OnpeneneHue
MapIUAaILHOTO IABJICHUS Ta30B B BOJIC OCYINECTBISICTCS SKBIMOpaTtopamu («JIHo» 1 «[loBepXHOCTEY). XUMIYECKUI
aHaN3 PEryJPHO OTOMPaeMBbIX TPOO BOIBI IPOBOIUTCS B MOJIEBO 1a00paTOpHH, PACTIONOKEHHON Ha Oepery. 31ech
u3MepsieTcs BeJMurHa pH, KOHIEHTpaIms pacTBOPEHHOTO KHUCIIOPO/ia, THAPOKapOoHaTa, HUTpata, (ocdata u ¢uyo-
PECLICHTHBIX XapaKTEepUCTHK. B paboTe Ha OCHOBE JAHHBIX PETyISIPHBIX MHOTOJIETHHX HAOMIOACHMI OINpeliesieHb
XapaKTepHbIe OCOOCHHOCTU CE30HHOIO U CYTOYHOTO XOJia M3MEPSEMbIX XapaKTepHCTHK JUIsl BCEX THAPOJIOTHIECKUX
ce30HOB. [lokazaHo, uTo B MpUBOIHOM aTMochepe HaOMOIaeTCsl HEYKJIOHHBIH POCT KOHIIEHTPALIMH YIIIEKHUCIIOTO rasa,
TPEH]] KOTOPOTo XOPOIIIO Coracyercs, Kak ¢ riodanbpHbM TpeHnoM (https://www.co2.earth/), Tak ¥ ¢ JaHHBIMU Camo-
JIETHBIX U TIPU3EMHBIX U3MepeHuii B Cubupy. AHaM3 BCero MHOTONETHEro psina m3mepeHuii (2003-2018 rr.) ocHOB-
HBIX KOMIIOHEHT, y4JacTBYIOIIMX B Mpolecce razooomeHa (xoHueHTtpaiuu CO, B MOBEPXHOCTHOH BOAE, PAa3HOCTU
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MapLUaIbHOIO JTABJIEHUS! MEXKTY BOJOW U aTMOC(Epoii, KOHIIEHTpalli OMOTEHHBIX AJIEMEHTOB), HE BBISIBUII 3HAYM-
MBIX TPEHIOB 3THX XapakTepHCTUK. OTIENbHO ObUTH TPOBEICHBI ONCHKH JMHAMHKH HCCICTYEMBIX XapaKTEePHCTHK B
TIEPHO;] MAJIOBOIBS B Oacceline 03. balkall v MoKa3aHo, YTO B 3TO BpeMs HAOIOAAeTCS JOCTOBEPHBINA TPEH]T CHIDKE-
HYSI KOHIICHTPAIIMK OMOTEHHBIX JIEMEHTOR B IMTOBEPXHOCTHOM BOJIE JTUTOPAIBHOM 30HbI balikaa.

Pabora BeIMOJTHEHA TPY YaCTUIHOH Mo aepxke rpanta PODU Ne 18-45-030007.

Pozdnyakov Sh.R.
A MODERN APPROACH TO THE STUDY OF SEDIMENT
IN FRESHWATER ECOSYSTEMS
Institute of Limnology RAS, St.-Peterburg, Russia
lake@limno.org.ru
Development of our views on the formation and transformation of freshwater ecosystems requires
constant changes of priorities in research and evaluation of selected characteristics. In particular, requires a
restructuring of the system research of sediment with the expansion of the range of the analyzed particles and
spread it in the submicron size.

IMo3auakos 111.P.
COBPEMEHHBIN MMOAXO/ K HCCJIEJIOBAHUIO HAHOCOB B
MNPECHOBOJHBIX DKOCUCTEMAX
Wucturyt o3eposenenns PAH, Canxt-IleTepOypr, Poccus
lake@limno.org.ru

PasBuTne Hammx npencTaBiIeHNH O (POPMHUPOBAHMH M TPAHC(HOPMALMH IPECHOBOIHBIX SKOCHCTEM TpedyeT
TIOCTOSIHHOTO M3MEHEHUS IPHOPUTETOB B MCCIICIIOBAHNH U OIICHKE OTACNBHBIX MX XapaKTepUCTUK. Takast Tpancgop-
Malsl CBSI3aHa B 3HAYMTEIIFHOM CTETICHN ¢ HAKOIUICHHEM HAYJHBIX 3HAHWI M COBEPIICHCTBOBAHIEM OITFICAHHS TIPO-
LIECCOB MPOUCXOJLLIMX B IKOCHCTEMAX. ITO, ¢ OAHOM CTOpoHEbL. C Ipyroil CTOPOHBL, COBPEMEHHOE PAa3BUTHE LIMBUIIU-
3aIIiH ¥ TIOSIBIICHIE HOBBIX BHIOB IIPOHU3BOJICTB, IIPUBOUT K HOBBIM BH/IAM BBI30BOB, HE CUHTATHCS C KOTOPHIMHU He-
JorryctiMo. Ha mpumepe nccneioBaHust TBEpABIX HAHOCOB B TIPECHOBOHBIX SKOCHCTEMAX 3TO BBIIJIIIAT B HACTOS-
miee BpeMs CIeAyIomM oOpa3oM. TBepIpie HAHOCHI, TIepeMeIaeMble BOIHBIMU IIOTOKAMA BO B3BEIICHHOM H BIIEKO-
MOM COCTOSIHHH, OTJIOKUBIIIHAECS HA JHE BOJOTOKOB, a TAKKE B3BEIICHHBIC B BOAHON TOJIIIE BOJOEMOB H OCAKIacMbIe
Ha MX JTHO, SIBJIFOTCST BAYKHEHIIINM HJIEMEHTOM KX KocucTeM. KoidaecTBo 3TiX HAHOCOB OIpeieNsieT HHTCHCHBHOCTD
3aWJICHHs M 3aHECEHHS BOTHBIX OOBEKTOB, T.¢. (pakTHuecku onpeenseT ux Mmophomerputo. JIpyroi, BaxxHeken co-
CTaBIISIOLICH SBISCTCS THAPOXUMUYECKAs! POJIb HAHOCOB B (POPMHUPOBAHIHN SKOJIOTMIECKOTO COCTOSIHHS BOAHBIX 00b-
exToB. [laxke, ecrm mepemelaeMble JacTHIIBI HAHOCOB SIBJIIOTCS. XMMHMUCCKH OTHOCUTENIEHO HEHTpaIbHBIMH, HA HX
TIOBEPXHOCTU MOT'YT OBITh COPOMPOBAHEI JIFOObIE XMMUUECKHE 3JIEMEHTHI, B TOM YHCIIE BeCbMa onacHble. TakuM oOpa-
30M, TepeMeliaeMble B BOJOTOKE, M, OCOOEHHO, MOMAAIONIME B BOJIOEM, HAHOCHI B 3HAUMTEIBHON CTENEHH MOTYT
OTIPEEIISITh X MMAPOXUMUUYECKUI CTaTyC U, B KOHEYHOM CUETe, BIUSITh Ha THAPOOHOIOIMUECKYIO XapaKTEPUCTUKY
BoziHOTO OOBEKTa. [Ipy 3TOM, YeM MeHsbIle YacTUIIbl HAHOCOB, TeM 00JIee BaYKHYIO THAPOXUMHYECKYIO POJIb MOTYT
OHU HUCHONHATL. CBA3aHO 3TO ¢ X CyMMapHOH IUIOMAbI0 MOBepXHOCTH. Hanbomblryto cymMMapHyt0 MOBEPXHOCTb
WMEIOT, €CTECTBEHHO, YaCTHIBI CYOMHUKPOHHOTO pasMepa. Tak, cymMMapHas IUIONIa/(b MapooOpa3HbIX YacTHIl JTHa-
MeTpoM | HM, TOMEIIEHHBIX B KyO co cTopoHO# pedpa 1 1M, cocrasiser 3.14 kB. kM, uto B 100 000 000 pa3 Gossre,
YeM y Imapa, Auamerpom 1 M. BakHO OTMETHTB, 9TO TOMHMO TaKoi OOJIBINON MOBEPXHOCTH, I YACTHI] CyOMHUK-
POHHOTO pa3Mepa XapaKTepHa 3HAYMTENIbHAs COPOIMOHHAS aKTHBHOCTb, YTO JOCTATOYHO TTOJTHO OIHMCAHO B JIFOOBIX
y4eOHMKax 1o KoyutonmHod xuMu. Ho, o mocnemHero BpeMeHn kak Ha cetn Pocruapomera, Tak M B HCCIIENOBa-
TENBCKOM KJIACCHYECKON THPOJIOTHH ¥ THAPOJUHAMIKE, PH OLIEHKE IPAaHyJIOMETPHYECKOTO COCTaBa HAHOCOB, HIDK-
HUH TIpeiell i3MEPEHHH OMpenerisiics pasMepoM 1 MM, 0oJiee MeJKie HaHOChI OIICHUBAITUCH 110 OCTATOYHOMY IPUH-
LUITY ¥ OTHOCHIIHCH K (DPaKIIIsIM «TIIHY. B To)ke BpeMst COBpeMEeHHBIE FICCTIEIOBAHMS PHBO/IST K IOHIMAHHIO TOTO,
YTO CyOMHKpPOHHBIC YacTHIIBI B BOAE MOTYT MPEICTABIIATH OMACHOCTH JUIS YeIIOBEKa, TIOCKOIBKY OJlaroapsi CBOMM
pazMepamM CrIiocOOHBI IIPOHUKATH B JIFOOBIE TKAaHM, JIETKHE, MO3T U T.1. [Ipr 5TOM coBpeMeHHas cHCTeMa BOIOHOATO-
TOBKM HE CIOCOOHA WX 3aJepKUBaTh WM (QUIBTPOBAaTh. BMecTe ¢ TeM, COBpEMEHHOE pa3BUTHE HAYIHO-
MPAKTHYECKOM NEeSTeTIbHOCTH IPUBOIUT K OYpHOMY Pa3BUTHIO HAHOTEXHOJOIMYECKHX MPOM3BOICTB, & 3HAYMT, U Ta-
KUX € OTXOZIOB, KOTOpHIC, B KOHCYHOM CUETe, OKA3bIBAIOTCS Yepe3 OIPEIC/ICHHBIC NHTEPBAIbI BPEMEHH B HAIINX
BOJHBIX 0OBeKTax. Takum 0Opa3oM, MOJKHO KOHCTATHPOBATH HAIMYKE 3TOTO CEPHE3HOT0 COBPEMEHHOTO BBI30BA. B
3TOi1 CBs13H, TpeOyeTcs! epeoLieHKa HAIlIUX MPHOPUTETOB B OLIEHKE U MICCIIEIOBAHUH XapaKTEPUCTHK HAHOCOB.

Kpome Toro, kak TiokasbiBacT MPaKTHKa, aHAJIM3 YaCTUI] CYOMUKPOHHOTO pa3Mepa obecrieunBaet Ooiiee
KauecTBEHHOH MH(popManmel TpaAuIIMOHHbIe HecienoBanus. Tak, B kauecTBe IprMepa MOXKHO TIPUBECTH OIIEH-
Ky TPaHCTIOpTa PTYTH, COPOMPOBAHHON Ha YACTUIIAX B3BEUICHHBIX HAHOCOB Ha p. KaTyns. [laHHbIe nccnenoBa-
Hust npoBoamwick UBOIT CO PAH u I'TU nnst npoekra ctpoutenscta Karynckoit I'9C. {uddepenumaris
HAHOCOB Ha (pakumm KpymHee 1 MKM u Menpde 1 MKM oOecnedmia BOSMOXXHOCTD pa3elieHHs BCEro oObeMa
COpOMPOBAHHOM HAa HAHOCAX PTYTH Ha JIBE COCTABJISIOLIME — HA YACTh, KOTOPAs OCSIET Ha JTHE BOJOXPaHMIIMIIA
(3TO PTYTH HA HAHOCAX KpyIHee 1 MKM) U 4acTbh, KOTOpas OyaeT cOpolleHa B HIKHAN Obe(d (Ha HaHOCAX MEHbB-
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me 1 Mxm). [Ipy TpaauIOHHOM TIOAXOJI€ K aHAN3y MPaHyJIOMETPUIECKOTO COCTaBa TAKOTO pa3/ieieHUs TOTy-
4eHo He Obuo Obl. Keratu, Torma xe, ObUIO MMOKa3aHo, YTO Ha CYOMHKPOHHBIX YacTHIAX ObLIO COPOUPOBAHO HE-
MIPOTMOPIMOHHOE KOJMYECTBO PTYTU IO CPABHEHHUIO C KPYIHBIMU YacTUlaMH. B kaudecTBe npyroro mpumepa
MO>KHO TIpHUBECTH pe3yibrarsl oociaenoBanus MHO3 PAH BomoTokoB Oacceiina Jlamosxckoro o3epa. BrrsicHu-
JIOCh, UTO JIJI1 KOHKPETHOI'O BOJOTOKA, HE3aBUCUMO OT BOJHOCTH M CE€30HA I'ojia, ONPEACICHHBIC XapaKTePUCTUKHU
IPaHyJIOMETPHYECKOI0 COCTaBa CYOMHMKDOHHBIX HAHOCOB, SIBJISIOTCS OTHOCHTEILHO IOCTOSIHHBEIMH. B TO ke
BpeMsI, MEXKTY BOJOTOKAMHU OHHU Pa3HATCS, 0COOEHHO IIPU Pa3IMYHBIX (DM3HKO-TeOrpadUUECKUX YCIOBHIX B Oac-
cetine. Ecim ke paccMarpuBaTh curyaryio B 0yxrte Iletpokpenocts Jlamokckoro osepa, TO 371€Ch HIMEET MECTO
ompeaeeHHasl TMHAMUKA U3MEHEHNS dTHX XapaKTEPUCTHK U MOCTOSHCTBA He HaOmromaercs. JleTanbHBIA THAPO-
JMHAMWYECKUIM aHaIu3 MOoKa3all, YTO JaHHas JUHAMHMKA KOPPEIUPYET C MOMaJaHueM B 3Ty OYXTYy KOHKPETHOM
BOJBI U3 pa3HBIX yacTer OacceiiHa JIamo:KCKOro o3epa. DTOT BBIBOJ UMEET OOJBIIOE IIPAKTUYECKOE 3HAUEHNE,
MOCKOJIEKY TO3BOJISET OMPEAEIATE TEHE3UC TEX MM MHBIX BOJHBIX MacC, MOCTYIAIOIINX B ATY YacTh Jlagoxkcko-
ro 03epa, MPaKTHUYECKA B UCTOKe p.HeBEBI, OTKyIa Yepe3 KOPOTKOE BPEMsI 3Ta BOJa OKa3bIBAETCS B BOL03a00pax
r. Cankr- IletepOypr. Jleno B TOM, 4TO HamOOJee 3arpsi3HEHHBIE BOAHBIE MACChl MOCTYIAOT U3 p.Boiaxos, n
CBOEBpPEMEHHAs (hUKcaIMs JAHHOIO (haKTa IMO3BOJIMT ITOACTPOUTHL CUCTEMY OYHCTKH TIPH BOJOMOITOTOBKE Ha
MIEPHOJI UX IIPUTOKA M, TAKUM 00pa3oM, 00ECTIEUNTL ONTHMM3AIMI0 PAOOTEI CUCTEMBI. be3ycaoBHO, Takue KOH-
KPETHBIC TIPUMEPBI MMPAKTUICCKOW peann3aii UHGOpMaIMy O XapaKTEPUCTUKAX YaCTHI[ CYOMHKPOHHOTO pa3-
Mepa OyyT MHOKHUTHCS.

TaxkuM 00pa3oM, MOYKHO KOHCTATHPOBATh, UTO TPEOYETCs MEPECTPOMKA CUCTEMBI MCCIIEI0BAHMS HAHOCOB C
pacImMpeHreM THara3oHa aHATM3UPYEMBIX YacTHI] U paclipOCTPaHEHHEM €T0 B CYOMHKPOHHBIE pa3Mephl.

Prozorova L.A.}, Bogatov V.V.}, Chernova E.N.2 Lysenko E.V.2 , Ngo X. Q3
Do V T.#, Hoang N.S.°
TRACE ELEMENTS IN ECONOMICALLY IMPORTANT MOLLUSKS FROM THE MEKONG
AND THE RED RIVER DELTAS
Federal Scientific Center of the East Asia Terrestrial Biodiversity, Far Eastern Branch RAS, Stoletiya
Prospekt 159, Vladivostok, 690022, Russia
%pacific Institute of Geography, Far Eastern Branch RAS, Radio Str. 7, Vladivostok, 690041 Russia
%Institute of Tropical Biology, Vietnam Academy of Science and Technology, Tran Quoc Toan Str. 85,
Ho Chi Minh city, Vietnam
*Institute of Ecology and Biological Resources, Vietnam Academy of Science and Technology, 18 Hoang
Quoc Viet Road, Hanoi city, Vietnam
Iprozorova@mail.ru

Heavy metal and arsenic pollution in aquatic ecosystems has been a hot issue in ecology for the recent
time. This problem is bad studied but very important in Vietnam because of numerous environmental and eco-
logical problems in both transboundary Mekong and Red River basins.

Bivalve mollusks are well-known accumulators of trace elements widely used as bioindicators for monitoring
heavy metal pollution in aquatic environment. For the first time we examined levels of seven heavy metals Mn, Fe, Ni,
Cu, Zn, Cd, Pb and metalloid As in different bivalve species from 11 sites of the Mekong Delta and 2 sites of the Red
River Delta in April and September 2017. The study objects were selected among common freshwater, estuarine and
marine clams traditionally used by local people as food. Bivalve mollusk species belonging to 9 genera in 5 families
were studied: Unionidae (Ensidens, Scabies, Hyriopsis, Pilsbryoconcha), Cyrenidae (Corbicula, Geloina), Arcidae
(Anadara), Mytilidae (Perna), Veneridae (Meretrix). Heavy metals levels in clam tissue were analyzed employing
standard methods. As a result specificity of heavy metals accumulation for mollusks in studied families and genera are
revealed. All unionids selectively accumulate in their body Mn and Fe, cyrenids in the Corbicula — mainly Cu, large
cyrenids in the Geloina — mainly Zn. Detected levels of examined elements did not exceed permissible limits for haz-
ardous substances in fish and fishery products for recommendation of FAO, except As in the mangrove clams Geloina
sp. from the Mekong Delta. Increased concentrations of Zn, Pb and Cd close to maximum permissible limits were de-
tected in Corbicula sp. from the Red River estuary. Concentrations of heavy metals in Corbicula sp. from the Red Riv-
er Delta exceed these in the Mekong Delta species of the genus twice (Zn, Ni), by 3-7 (Mn, Ni, Fe, Cd) or even more
than 10 times (Pb).

The obtained results input into the scientific base for monitoring heavy metal and arsenic pollution in
aquatic environment. The study was supported in part by the Russian-Vietnamese cooperative scientific pro-
gram (FEB RAS —VAST 17-007).

Puzanov A.V., Kirillov V.V., Bezmaternykh D.M., Ermolaeva N.I.
SPATIAL-TEMPORAL ORGANIZATION OF AQUATIC ECOSYSTEMS AND ASSESSMENT OF
IMPACT OF NATURAL/ ANTHROPOGENIC FACTORS ON HYDROBIOCENOSES FORMATION
AND SURFACE WATER QUALITY IN OB BASIN AND OB-IRTYSH INTERFLUVE

Institute for Water and Environmental Problems SB RAS, 1, Molodezhnaya St., Barnaul
puzanov@iwep.ru
Variety and heterogeneity of ecosystems and their components are manifested through different-scaled
diversity in time and space. It makes the search for adequate methodological techniques for analyzing the spa-
tial-temporal organization (STO) in specific ecosystem studies rather complicated. Starting from Allen and
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Starr (1982), the concept of hierarchical organization of biological systems has been inseparably developed
with the problem of typical scales. Each process has its own typical scales of space and time, within which the
natural structure of a certain level is formed. Ecological phenomena crucially depend on scales both in time
and in space (Wiens, 2002).

The solution of the global problem of optimizing the interaction of social and natural systems within
specific spatial and temporal boundaries determines the choice of trends and goals of studying the aquatic eco-
systems in the Ob basin and Ob-Irtysh interfluve (OB and OIl). To solve this problem, it is advisable to use a
methodological approach that suggests a simultaneous study of spatial and temporal organization of geosys-
tems (Dyakonov, 2007). For OB and OIl aquatic ecosystems, spatial scales vary from a few centimeters (dif-
ferent biotopes within a water body) to several thousand kilometers (the size of large river systems in Siberia),
whereas temporal scales range from hours (daily dynamics of hydrochemical parameters and plankton) to hun-
dreds of thousands of years (the age of lake Teletskoye).

The particular importance of the STO analysis of aguatic ecosystems is manifested in assessing various factors
impact on their dynamics, which can be characterized by their heterogeneity in space and time. The research of ecosys-
tem STO is one of major tasks in modern ecology (Levin, 1992; Azovsky, 2000). According to the Concept of a four-
dimensional nature of lotic ecosystems (Ward, 1994), all elements of any ecosystem are considered in five dimensions
(in 3-D, in time and at biosystem hierarchy level). Internal organization of rivers and lakes ecosystems (i.e. their zon-
ing, component composition, impact of critical abiotic factors, community structure and basic processes of functioning)
are well-studied and published in humerous modern scientific national (Alimov, 2000; Kitaev, 2007) and international
(Wetzel, Likens, 2000; Rice et al., 2001; Kalff, 2003; Benda et al., 2004; Thorns, 2006; Thorp et al., 2006; Lampert,
sommerisi, 2007; Tundisi, Tundisi, 2011) editions. However, many problems of organization and functioning of aquat-
ic ecosystems are still poorly studied; for example, the issue of reliable forecasting of ecosystem state in the conditions
of environmental factors change. Identification of spatial and temporal patterns of migration, accumulation, transfor-
mation of chemical compounds in aquatic ecosystems and adjacent landscapes of various natural and high-altitude
zones are currently central as well.

Since the time of IWEP SB RAS foundation (1987), the development of methods for comprehensive as-
sessment of environmental consequences of changes in a hydrological regime of water bodies, including the de-
velopment of mathematical and experimental methods for studying hydrophysical, hydrochemical, biogeochemi-
cal and environmental processes in water bodies and streams are its major research trends. Previously, the Insti-
tute has studied the STO elements of OB and Oll aquatic ecosystems, the runoff formation of the Ob and its trib-
utaries, the influence of factors of different genesis and scales on the formation and functioning of ecosystems of
different-type lakes (Kirillov et al., 2007-2011; Ermolaeva et al., 2014-2017; Bezmaternykh, Vdovina, 2015-
2017; Puzanov et al., 2015, 2017). Impressive scientific results were obtained. Thus, the influence of the land-
scape-geochemical situation in the basin on chemical composition of surface waters of physical-geographical
provinces of Altai in the summer period was most clearly expressed for macro-components, for dissolved forms
of typomorphic chemical elements (Fe, Mn) and under anthropogenic impact on the catchment. Compared to the
period of spring flood, the metal content in suspended matter during a low water in summer was significantly
higher due to the predominance of fine fractions with greater sorption capacity (Puzanov et al., 2015). pH and
mineralization were key factors for total products formation in lake ecosystems of the steppe zone. In the taiga
zone, the role of the annual sum of effective temperature increases. The role of hydrobionts of different trophic
levels in the formation and accumulation of organic matter in different- type lakes of the Ob-Irtysh interfluve and
their influence on the final component composition of bottom sediments has been studied.

Since 2017, IWEP SB RAS is involved in the project "Spatial-temporal organization of aquatic eco-
systems and assessment of natural/anthropogenic factors impact on hydrobiocenoses formation and surface
water quality in Ob basin and Ob-Irtysh interfluve ", which is actually a continuation and extension of the sci-
entific research implemented in previous years. The main objectives of this project are:

- the analysis of spatial-temporal organization of aquatic ecosystems of the Ob river basin- one of the
largest river systems in Eurasia, for optimization of natural resources conservation;

- the determination of the role of zonal, regional and local, historical and modern, natural and anthro-
pogenic factors in the formation and functioning of ecosystems of different- type water bodies in the Ob basin
and the Ob-Irtysh interfluve.

Ilyzanos A.B., Kupuaios B.B., Beamarepnsbix /I.M., Epmonaesa H.W.
HPOCTPAHCTBEHHO-BPEMEHHASA OPTAHU3ALINA BOAHBIX 9KOCUCTEM U OLIEHKA
BJIMSIHUA ITPUPO/IHBIX U AHTPOIIOI'EHHBIX ®AKTOPOB HA ®OPMUPOBAHUE
T'UJIPOBUOIIEHO30B 1 KAYUECTBO NOBEPXHOCTHBIX BOJI BACCEMHA OB 1
OBb-UPTHINICKOT'O MEXIYPEYbA
HuctuTyT BoAHBIX U 3konoruueckux npobdinem CO PAH, r. baprayn, yn. MonoaexHas, 1
puzanov@iwep.ru

Pa3zHoo6pasue u reTeporeHHOCTh 3KOCHCTEM M COCTABIISIONIMX MX KOMIIOHCHTOB IPOSIBIISICTCS B 3HA-
YUTETHHON PA3HOMACIITAOHOCTH 0 BpEMEHH M IIPOCTPAaHCTBY. Bce 3T0 CBUIETENBCTBYET O CII0XKHOCTH TIOHC-
Ka aJIeKBaTHBIX METOJIMYECKUX TIPUEMOB IS aHAITN3a IPOCTPAHCTBEHHO-BpeMeHHO# opranmuzanuu ([IBO) mpu
HCCIIeIOBAHUM KOHKPETHBIX dKocucTeM. HaunHas ¢ pabotsl Amnena u Crappa (Allen, Starr, 1982), konuen-
U HePAPXIUECKON OpraHM3aly OMOJIOTHYECKHX CHCTEM pa3BUBACTCS B HEPA3PBIBHOM CBS3M C MpoOseMoi
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XapakTepHBIX MacmTaboB. Kaxkaplil mporiecc UMeeT CBOM XapaKTepHbIe MacIITa0bl IPOCTPAHCTBA U BPEMEHH,
B IpeesiaX KOTOPEIX (popMUpyeTCs MPUPOIHAS CTPYKTYpa ONPEICIICHHOTO YPOBHS. DKOJIOTUICCKUE SBIICHHUS
TPHUHIUIHAIBHO 3aBUCAT OT MacInTaboB Kak BO BpeMeHH, Tak u B nmpoctpanctse (Wiens, 2002).

Br160op HampasieHus U neiael ucciaenoBaHuM BOAHBIX 3kocucTeM Oacceitna O6u u O0b-HpThImickoro
Mexaypedbs (BO u OMUM) onpeenseTcss HEOOXOUMOCTBIO PEIICHHS TI00aTBLHON 3a/1auy ONTHMH3AINN B3a-
HUMOJICHCTBHSI COLMATIBHBIX U MPUPOIHBIX CHCTEM B KOHKPETHBIX MPOCTPAHCTBCHHBIX M BPEMEHHBIX TPAHUIIAX.
Jlns perrenus aTo¥ 3amaun 1eecooOpa3HO HCIOL30BaTh METOIOJIOTHUSCKHN TIOX0/T, BKITFOYAIONIUN OIHO-
BPEMEHHOE HCCIICIOBAHKE IPOCTPAHCTBEHHON M BPEMEHHON opranu3anuu reocucteM (JpskoHos, 2007). s
BoaHBIX 3kocucTteM bO u OMM mpocTpaHCTBEHHBIE MACIITA0BI, B KOTOPOM OHHU (D)YHKITHOHHPYIOT, MEHSIOTCS
OT HECKOJIPKUX CAHTUMETPOB (Pa3IMdHbIe OMOTOIBI B TpejiesiaX BOJHOTO 0OBEKTa) 10 HECKOJIBKUX ThHICSY KH-
JIOMETPOB (pa3Mepbl KPYIHBIX peuHbIX cucTeM CulOupH), a BpeMeHHble MacIiTabbl — OT YacoB (CyTOYHAs JH-
HaMPUKa THAPOXMMUIECKUX TTOKa3aTesIell i INIaHKTOHA) IO COTSH THICSY JIeT (Bo3pacT Tenerkoro o3epa).

Ocob6oe 3nauenue aHanusa [IBO BoAHBIX AKOCHCTEM HPOSBISIETCS IPU OLICHKE BIMSHUS HA UX JTUHA-
MUKy Pa3InIHBIX (HAKTOPOB, KOTOPHIC TAKXKE MOKHO XapaKTepU30BaTh MO WX HEOJHOPOIHOCTH IO MPOCTPaH-
ctBY 1 BpeMeHu. Mccnenoanue [IBO skocucteM siBIsieTCsl OMHON M3 OCHOBHBIX 33]1a4 COBPEMEHHOW 3KOJIO-
ruu (Levin, 1992; Azovsky, 2000). ITpu 5ToM Bce 37€MEHThI 3KOCHCTEMBI, B POA0bKeHHe KOHIIEIMY YeThI-
péxmepHo# mpupoabl Jotudeckux sxkocuctem (Ward, 1994), paccMaTpHBarOTCs B IITH U3MEPEHHSX (TPH IO
MIPOCTPAHCTBY, BPEMS U YPOBEHb B Hepapxuu OnocucteM). BHyTpeHHss opraHu3amus SKOCUCTEM PEK U 03ep:
WX 30HHPOBAaHUE, KOMIOHEHTHEIM COCTaB, BO3ICHCTBHE BAKHEHIINX aOHOTHIECKHIX (PaKTOPOB, CTPYKTYpa CO-
00m1ecTB, OCHOBHBIE TIPOIIECCHI (PYHKITMOHUPOBAHUS W3y4eHBI OTHOCUTEIHHO ITOJIHO M 00OOIIEHB B MHOTO-
YHCJICHHBIX COBPEMEHHBIX HAYYHBIX MyOiauKaiusx kak B Poccuu (Anumos, 2000; Kutaes, 2007), Tak u 3a py-
oexom (Wetzel, Likens, 2000; Rice et al., 2001; Kalff, 2003; Benda et al., 2004; Thorns, 2006; Thorp et al.,
2006; Lampert, Sommer, 2007; Tundisi, Tundisi, 2011 u ap.). OmHaKO MHOTHE BOMPOCHI OPTaHU3AIUHU U
(YHKIIMOHUPOBAHUS BOJHBIX PKOCUCTEM JI0 CHX ITOpP Majo M3YyYeHBI, HAalpUMep, BOIIPOC JOCTOBEPHOTO IPO-
THO3UPOBAHUS MX COCTOSHHUS PU U3MEHEHUH SKOJIOTHYECKUX (PaKTOPOB. AKTYyaJbHBIM HaIlpaBICHUEM HCCIIe-
JIOBaHUI TaKKe SBJSCTCS BBIIBICHHUE MPOCTPAHCTBEHHBIX U BPEMEHHBIX 3aKOHOMEPHOCTEH MPOIECCOB MUTPa-
[IUH, aKKyMYJIALUH, TpaHC(POpMaui XUMHUUECKIX COCTUHEHHH B BOJHBIX IKOCHUCTEMAX U CONPSDKEHHBIX C
HUMH JIaHAIa(Tax pa3IMIHbIX MPUPOIHBIX 30H U BBICOTHBIX MOSCOB.

Co Bpemenu cosznanus UBOII CO PAH B 1987 r. oqHMMHU U3 OCHOBHBIX Hay4HBIX HalpaBiIeHUI €ro
paboT SBISUINCH: pa3BUTHE METOJOB KOMIUIEKCHON OIICHKU SKOJOTHUECKUX IOCICICTBUN M3MEHEHHN THAPO-
JIOTHYECKOTO PEKMMa BOJHBIX OOBEKTOB; Pa3BUTUEC MATEMATHUECKUX U HKCIEPUMEHTATIBHBIX METOJIOB HCCIIE-
IIOBaHUM TUAPOPH3MIECKHUX, THAPOXUMUIECKNX, OMOTEOXMMHUUECKIX M IKOJOTHUECKIX IPOLECCOB B BOJOC-
Max W BojIoTokax. B MHCTUTyTe paHee yxxe nmpoBoAwian uzydeHue siemeHToB [IBO BomHbIX 3xocuctem BO u
OUM, popmupoBanus reoctoka p. O0U ee MPUTOKOB, BIHSHUSA (PAKTOPOB PA3IUIHOTO TEHE3MCa M MACIITa00B
Ha (opMupoBaHue U QyHKIIMOHUPOBAHHE YKOCUCTEM pa3HOTHITHBIX 03ep (Kupumios u ap., 2007-2011; Epmo-
naesa u 1p., 2014-2017; Beamarepusix, Baosuna, 2015-2017; Iy3auos u ap., 2015, 2017). Ioay4en psia 3Ha-
YUMBIX PE3YNIbTaTOB. Tak, BIMSHUE JaHAMA(PTHO-TEOXMMUYECKOW O0OCTAaHOBKM Ha BOXOCOOpax Ha XUMHYE-
CKHI COCTaB MOBEPXHOCTHBIX BOJ (DH3UKO-TeorpadMueCKUX MPOBHUHIMNA ANTasi B JICTHUN HEepUOA Hauboiee
YEeTKO BBIPKEHO: U MAKPOKOMIIOHEHTOB; ISl pACTBOPEHHBIX (DOPM THIOMOP(HBIX XUMIIECKAX 3JIEMEHTOB
(Fe, Mn); ipy aHTPOTIOTEHHOM BO3JIEHCTBUH Ha BOJ0cOOD. [1o cpaBHEHHIO C MEPHOJOM BECEHHETO TIOJIOBOIbS,
B IIEPHUO]T JICTHEH MEKEHHU COACPkKAHHUE METAILIOB BO B3BEIIICHHOM BEIIIECTBE 3aMETHO BBIIIE 33 CUET Ipeoldiia-
JaHWS JIETOM BO B3BECH TOHKOIWMCIEPCHBIX (pakiuii ¢ Gospiiei coporunonHoi crocodnocteio (Ily3aHoB u
ap., 2015). Onpenenstonumu pakropamu st HGOPMHUPOBAHUS CYMMAPHOH MPOIYKIHH 03€PHBIX SKOCHUCTEM B
CTETHOU 30He OKaszanuch pH m MuHepanm3amus. B TaexHO# 30He BO3pacTaeT posib TOJOBOH CyMMBI 3 (dek-
THUBHBIX TeMIlepaTyp. M3ydeHa poiib THIPOOHMOHTOB pa3IMYHBIX TPO(YUIECKUX YPOBHEH B Tpolieccax o0paso-
BaHUs ¥ HAKOIUICHHSI OPTAaHUYECKOTO BEIIECTBA B Pa3HOTUIHEIX 03epax OO0b-UPTHIIICKOTO MEXKTYpEUbs U UX
BJIMSIHUE HA UTOTOBBIA KOMIIOHEHTHBIH COCTAaB IOHHBIX OTJIO0KEHUH.

C 2017 r. 8 UBOII CO PAH BbmmosnHsietcst npoekT «lIpocTpaHCTBEHHO-BpEMEHHAsI OpraHU3alys BOJI-
HBIX DKOCHCTEM U OLICHKA BIUSHUS IPUPOTHBIX U aHTPOIOTEHHEIX (haKTOpoB Ha (opMHUpOBaHHE THIpoOHOIIe-
HO30B M Ka4eCTBO MOBEPXHOCTHBIX BOJ OacceitHa O0ou u O0b-MPTHIIIICKOTO MEXITypedbs», KOTOPBIH SBISETCS
MPOIOJDKEHIEM HAYYHBIX MICCIICAOBAHUH, BEITIONIHCHHBIX B TIPEIBIIYINNE To6I. OCHOBHBIC LIENH 3TOTO MPOCK-
Ta: aHAJIN3 MPOCTPAHCTBECHHO-BPEMEHHOM OpraHM3allMy BOJHBIX 3KOCHUCTeM OacceiiHa pexkn OOM — OJHOU U3
HanboJee KPYIMHBIX PEYHBIX CHCTeM EBpasuul /Uil ONTHMU3AIMHA COXPAHCHHS W HCIOJIb30BaHUS TPUPOTHBIX
PECYpCOB; OTpeneNeHre OTHOCHTENFHON POJHM 30HATBHBIX, PETHOHAJIBHBIX M JIOKANBHBIX, NCTOPHUCCKUX H
COBPEMEHHBIX, €CTECTBEHHBIX U AHTPOIIOTCHHBIX (PaKTOPOB B (HOPMHUPOBAHHMU U (PYHKIIMOHUPOBAHHUU IKOCH-
CTEM Pa3HOTHUITHBIX BOAHBIX 00hekTOB O 1 OVIM.

Raynaud D.%, Lipenkov V.2, Parrenin F.!
THE LONG ICE CORE RECORD OF EARTH’S CLIMATE
Univ. Grenoble Alpes, CNRS, IRD, IGE, F-38000 Grenoble, France
2Arctic and Antarctic Research Institute, St. Petersburg, Russia
Antarctic and Greenland ice sheets contain unique archives of the Earth’s climate and environment at
high latitudes. In Greenland the record go back to the Eemian interglacial (130,000 to 115,000 years ago) and
the long Antarctic record covers the last 800,000 years.
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Major information of the record includes the evolution of temperature, precipitation and atmospheric
dust at the surface of the ice sheets, of origin of the moisture and dust reaching the ice sheets, of surface eleva-
tion of the ice sheets, of atmospheric greenhouse gases like CO,, CH,, N,O at global scale, of ice volume and
recently on mean global ocean temperature.

Depending of the time resolution, the long ice core record can investigate the variability of climatic
proxies varying between centennial to orbital time scales. We plan to illustrate the presentation with infor-
mation about the glacial-interglacial cycles during the late Pleistocene (last 800,000 years, orbital time scale),
the Dansgaard-Oeschger rapid events that occurred in particular during the last glacial period, or the phase
relationship between atmospheric CO, and Antarctic temperature during the last deglaciation.

In terms of future projects, the ice core community plan to extend the Antarctic record beyond one
million year in order to get information about the Mid Pleistocene Transition, the time when the predominant
orbital periodicity shifted from 40,000 to about 100,000 years.

One aim of our presentation is to stimulate the comparison between the ice core record at high latitude
and the lake Baikal record, a continental and perfect archive of Asian climate.

Rudstam L., Watkins J., Scofield A., Holda T.

SPATIAL DYNAMICS IN THE PELAGIA OF LARGE LAKES - TECHNOLOGICAL ADVANCES
LEADS TO IMPROVED UNDERSTANDING OF THE ECOLOGY OF ZOOPLANKTON AND FISH
Cornell University, Department of Natural Resources, NY, USA
rudstam@cornell.edu

Large temperate lakes of the world, including the Laurentian Great Lakes in North American and Lake
Baikal, are undergoing ecological change associated with increases or decreases in nutrient loading and arrival
of new species. In the deeper North American lakes, both the introduction of dreissenid mussels and a decrease
in nutrient loading have led to increased water clarity and decreased primary production in some of the lakes,
particularly during the spring diatom bloom. These changes include a vertical restructuring of the pelagic zone.
Using data from the Great Lakes National Program Office and special studies in Lake Michigan and Ontario,
we show that deep chlorophyll maxima are common in all four of the deep lakes and the zooplankton commu-
nity includes a large proportion of cold adapted calanoid copepods that can utilize this deep production. Inver-
tebrate omnivores, such as mysid shrimps, also use both the algae and zooplankton in waters below the ther-
mocline. Deep production favors some fish species, notably the native coregonids, over others (non-native
alewife). We show how technology (various probes, laser optical plankton counters, hydroacoustics) can be
combined to investigate the spatial dynamics of predators and prey in these large ecosystems and speculate
about the ecological importance of deep production across a gradient of trophic levels that are represented by
lakes Ontario, Michigan, Huron and Superior.

Semenchenko S.
EFFICIENCY OF OMUL REPRODUCTION BY THE BOLSHERECHENSKY
FISH HATCHERY
FGUP Gosrybcenter, 33 Odesskaya st., Tyumen 625023
semsmO07@yandex.ru

The Bolsherechensk fish hatchery has been reproducing the Baikal omul (Coregonus migrato-
rius) for 85 years. The total of 35.8 billion larvae of omul has been released to the Lake Baikal. The
available data enables us to analyze the efficiency of the plant performance. During the first forty
years, the annual output of larvae has been consistently increasing. From the 1970-s to 2007, the num-
ber of larvae ranged from 0.43 to 0.93 billion specimens, an average value amounted to 0.67 billion
specimens. In 2016 the output volume began to fall to 49.5 million specimens due to the deficit of
spawners. During the first 40 years of the plant operation the number of spawning stock of the repro-
duced population as a whole increased from 30 to 50 thousand specimens up to 962 thousand speci-
mens. From 1972 to 1990 catches of spawning omul consistently fell to 69 thousand specimens, which
can be explained by the population response to over-regulation of the flow in Baikal. Then, up to 2004,
the annual arrival of the omul again increased to 0.5 million specimens, which is the result of adapta-
tion of the omul to new environmental conditions. Currently, population of the reproducible population
by the fish hatchery is experiencing depression. The number of fish caught annually varies from 9.3 to
20.5 thousand specimens. Over the years of the hatchery operation the share of returning spawners in
relation to the number of released larvae in the generation ranged from 0.001% (nowadays) to 0.601%
(in 1946), and the average is 0.125%. We have identified an inverse relationship between the number of
larvae released annually and the ratio of returning spawners, which is explained by the trophic re-
strictions of the Posolskiy sor, which serves as a growing reservoir. The increase in the output of larvae
in excess of 400 million specimens a year had an adverse impact on the number of fish returning to
spawn. The analysis of the hatchery's performance demonstrates the possibility in principal to achieve a
large number of reproducible population due to the mass production of omul larvae without growing.
The low efficiency of factory production of omul is currently associated with a comprehensive negative
impact of both environmental and socio-economic factors.

66



Cemenyenxo C.M.
K BOIIPOCY Ob O®®EKTUBHOCTHU BOCITPOU3BOJACTBA OMYJISA BOJbBHIEPEYEHCKUM
PbIBOBO/JHBIM 3ABOJIOM
OI'BHY «I"ocpeibuentp», Poccus, 625023, r. Tromens, yi. Onecckas, 33
semsmO7@yandex.ru

Bonbmepeuenckuit peidboBonHbIi 3aBos (BP3) ocymiecTBisieT BOCIPOU3BOACTBO IMOCOIBCKON MOITYJIs-
1 Gaiikanbekoro omyist (Coregonus migratorius). TTo cBouM macmrrabaM BOCEMHIECATH TSATHIICTHSIS /s
TEJNBHOCTH 3aBOJIa HE UMEET aHaJIOTOB B OTEUYECTBEHHOH W MUPOBOH MPAKTHUKE CUTOBOJACTBA. B o0ImIe cioxk-
HOCTH 32 T'oJIpl €ro padoThl B Oacceitn baiikana BeimynieHo 35,8 Map/ muurHOK oMyiisi. HepectoBoe cTano mo-
COJIBCKOTO OMYJISI TOTAJIFHO BBUIABIMBACTCS I PHIOOBOHEIX LIENEH, ero pa3MHOKEHHE 00eCTIeUHBaCTCS 10-
YTH UCKITFOYMTENBHO 32 cu€T pabothl bP3. AHanmu3 pe3ynbraToB paboThl 3aBOJIa 1aeT YHUKAIBHYIO BO3MOXK-
HOCTh OLEHKH BJIMSHHUS MPOJODKUTENILHOTO MCKYCCTBEHHOTO BOCIIPOM3BOJICTBA HA COCTOSHHE MOMYJISIIAN
pBIO, a TaKKe MO3BOJSET CYIUTh 00 3()(HEKTUBHOCTH CTPATETHH 3aBOJICKOTO BOCIIPOM3BOICTBA, OCHOBAaHHOM Ha
MacCOBOM BBIITYCKE JMYUHOK HEMOCPEICTBEHHO MOCIIE BBUTYILICHHS.

B MHOTOJNETHEH AMHAMUKE BBITyCKA JIHYMHOK MOKHO BBIICTIHTH TPH Ieproia. B TeueHne nepBrIX co-
pOKa JIeT eXKEroJHbsle 00BEMBI BBHITyCKa B LIEIIOM ITOCIEIOBATENIFHO HapacTamu. B 1971 . BeITyck BIEepBBIE
npesbicwit 0,5 mupa muarHOK (540 mutH 9k3.). C Havama 1970-x g0 2007 r. KOJIMYECTBO BBITYCKAEMBIX JTMUYH-
HOK HaXOJMJIOCh HA OTHOCUTEIBHO CTAa0MIBHOM YPOBHE. 3a 3TOT MEepPHOA BHIMYCK Konebancs ot 0,43 o 0,93
MJIPJ 3K3. U B cpentHeM paBHsiIics 0,67 MIIpH 9K3. 3aTeM eXeroIHble 00bEMBI BBIITyCKa HAYAU TIAIaTh B CBS3H
¢ aeduiurom npousBoauteneit. B 2010 r. mpou3omén «rpoBam» KOIMYECTBA BBITYCKAEMbIX JTMYMHOK 10 186
MJTH 9K3., CMEHUBIIMICS KPATKOBPEMEHHBIM MOIBEMOM 3TOTO mokazatess 10 850 miH k3. B 2012 r. [Tocnen-
HHE IIATh JIET XapaKTepU3yI0TCs KaTacTpo(hUUECKUM MajieHreM 00bEMOB BbITycka. B 2016 r. BRIMyIIEHO BCETO
49,5 MJIH 9K3., UTO COOTBETCTBYET YPOBHIO MEPBHIX JieT pabothl bP3.

B MmHoronerHem macmrabe AMHAMHKA YHMCIEHHOCTh HEPECTOBOTO CTaJ[d MOCONBCKOIO OMYJIsl OJBEPAKEHA
3HAYUTEILHBIM KOJIeOaHIsIM. B TOBOCHHBIE TOIBI YIOBEI B HEPECTOBBIX peukax [Iocoipckoro copa He TPEBBIIIAI
100 TeIC. 3K3. IlepBbIe COPOK JIET ACSITENBHOCTH 3aBOJA 00ECTICUMIH YBEIMUEHNE YMCIIEHHOCTH 00BEKTa BOCHIPOM3-
BOJICTBa Ha TIOPSJIOK 10 CPABHEHHIO C «()OHOBBIMY» YPOBHEM. PeKOpIHBIHA yiI0B TOCTUTHYT B 1972 T. — 962 ThIC. 3K3.
Iocnenyromiee AMUTENBHOE CHIDKEHUE YUCICHHOCTU MOCOIBCKOTO OMYIIS IO KOHI[A 80-X T0JI0B, BEPOSITHO, CBSI3aHHO
C TIEpECTPOIKOI dKOocHCcTeMBI 03. baiikal B yCIoBUsIX 3aperymmpoBaHHOTO cToKa p. AHrapel. BeioB B 1990 r. cocra-
BuII Beero 69 Toic. 5k3. Ha nmpoTspkennn 90-X TOJI0B M B Hayalle ABYXTHICSAYHBIX TO0B IPOUCXOUT TIOCTETIEHHOE BOC-
cranoBnerne yrcneHHocTr. B 2002-2003 rr. 3arotoBiieHO 524-543 ThIC. 3K3., UTO 3aMETHO MPEBBIIIAET CPETHEMHO-
TOJIETHIOIO BENMUMHY (0K0JI0 260 ThIC. 9K3.). YCTONHUMBBIN pocT HepecToBoro craga ¢ 1990 mo 2004 rr., BeposTHO,
CBHJICTENLCTBYET 00 a/IaNITAI|H MOITYIISIIAHN TIOCOIBCKOTO OMYJISl K HOBOM KOJIorHYecKoi cutyarmu. Oanako, ¢ 2005
T. ¥ TI0 HACTOSIIIMI MOMEHT HaOJoaeTcs porpeccupyronias aenpeccus nomymsiimy. Haunnas ¢ 2014 r., uncien-
HOCTh OTJIABJIMBACMBIX PBIO BIIEPBHIC 3a TOJIBI Pa0OTHI 3aBOJIA YITalla HIKE HA4aIbHOTO «(hOHOBOTOY» YPOBHS U KOJICO-
nercs B mpezenax 9,3-20,5 Tric. BK3.

Haymare maHHBIX O KOMMYECTBE KETOIHO BBITYCKAEMBIX JITIMHOK M O YHCICHHOCTH MPOM3BOANTENICH, BBI-
JIOBJICHHBIX B YCTBsIX pek Iloconbckoro copa, ¢ y4eToM BO3PACTHON CTPYKTYpPhI HEPECTOBOTO CTa/1a, TIO3BOJISIET OLle-
HWUTh MHOTOJICTHIOIO JIMHAMHKY Koa(duitieHTa Bo3parta nporsBoauteseii (KBII) mis kaxmoi reHeparia oMyois.
OT0T KO3((DHUILIHEHT OTpaXkaeT JIOJIF0 OTIIOBICHHBIX B HEPECTOBBIX peKax MPOM3BOAUTENICH OMpeieSICHHOM TeHepariu
OT KOJIYECTBA BHITYIICHHBIX JITIUHOK B TOJ ee poxkaerist. [InHamuka Bemanael KBIT nMeeT Bun KpuBoi 3aTyxa-
FOIIIEro KoJiebaTeNlbHOTO TpoIiecca ¢ TPEMsI pe3KO BhIPaKEHHBIMH MKaMU, mpuxosimMucs Ha 1946 (0,601%), 1966
(0,477%) 1 1992 (0,221%) rr. Mummmymsr KBIT kaxaoro u3 nepriofioB otMedeHs B 1956 (0,035%), 1978 (0,018%) u
2004 (0,001%) rr. ITocnenHee 3HaYeHNE MUHUMYMa COOTBETCTBYET TeHepaliH, (opMHpPYIOIee COBPEMEHHOE Hepe-
CTOBOE CTaJI0. J{JIs1 TOCTCOBETCKOTO TIepHo/ia XapakTepHa oTprriatenbHas quHamuka KBII. B mienom 3a romst paboTet
3aBOJIa OTMEUEHA 00paTHasi 3aBUCUMOCTh Mexay 3HaueHreM KBII n 00bEMOM BBITycKa JIMUMHOK B TOJT POXKICHUS
rereparm (I = -0,751; P > 0,999), ato, BeposATHO 0OBSICHACTCS YXYAIICHHEM 00eCIIeUeHHOCTH THIIeH Mostoau B [1o-
COJILCKOM COpE TI0 Mepe YBEJIMUECHHS INIOTHOCTH JIMUMHOK, BBITYCKAEMBIX C 3aBOJA. 3aBUCHMOCTb yJIOBa MPOM3BOIH-
TeJiel OJTHOM MeHepaliK OT KOJINYECTBA BBITYIICHHBIX JIAYHHOK, €€ (DOPMUPYIOIIYO, IMEET BUJT OIPOKMHYTON mapa-
6omb1. Touka mepernda GyHKIIMKA COOTBETCTBYET 3HaUCHHIO 0K0JI0 400 MJIH JIMUMHOK B ToJI. Takol 00bEM 3aphiOie-
HUS JITIUHKaMH [10COMBCKOTO copa, BBIONHSIOMET0 (PYHKIIO THTOMHOTO BOJOEMA TSI MOJIOJIH, JOJDKEH o0ectie-
YHMBATh BO3BpAT OKOJIO 470 ThIC. MPOMU3BOAUTENCH OMYJISl. AHAIIM3 MHOTOJIETHHUX pe3yibTaroB pabotsl BP3 He mo3Bo-
JSIET CYUTATH 0OJIee MAaCCOBBIE BBITYCKH JIMIMHOK 00OCHOBAHHBIMHL.

HecmoTpst Ha HU3KYIO YHCIEHHOCTH MOCOJIBCKOTO OMYJIS B MOCJIEIHUE TOJBI, B IIEJIOM JCSTEIEHOCTD
BounpmiepedeHCKOro perIOOBOTHOTO 3aBO/A SBIICTCS MPUMEPOM YCIICITHOTO MacCOBOTO MCKYCCTBEHHOTO BOC-
MIPOU3BOCTBA CUTOBBIX PbIO B €CTCCTBCHHBIX BOJOEMAX, JOKA3aBIINM HA MPAKTUKE BO3MOXKHOCTH 3(P(eKTHB-
HOTO TAacTOUIIHOTO peIOOBONCTBA Ha bafikame. MaccoBBIi BBITYCK JIMYWHOK OOECTICUMT YCTOWYINBOE PACIIH-
PEHHOE BOCIPOM3BOJICTBO MOIYJISIMK Ha IIEPBOM TPUALATHICTHEM 3Tamne paboThl 3aBoja. B Teuenue mocie-
IYIOIIUX COPOKa JIET, Ha (DOHE BO3PACTAIONIETO aHTPOMOTEHHOTO BO3ACHCTBHS Ha MOIMYIIALUIO, YUCICHHOCTh
3aXOSIINX Ha HEPecT MPOU3BOAWTENCH B cpenHeM OblIa HAa MOPANOK BBIINIE YPOBHS, COOTBETCTBYIOIIETO
Havaly paboTsl 3aBoja. OJHAKO HCKYCCTBEHHOE BOCIIPOM3BOJCTBO JIMIIL OJWH W3 DJIEMEHTOB aKTUBHOTO
yIpaBiieHHs PHIOHBIMH 3aracaMy. JKCIUTyaTHpyeMasl IMOIYJIINS HCIBITHIBACT KOMIUIEKCHOE BO3/AEHCTBHE
pa3MYHBIX (PaKTOPOB, BKIIOYAS DKOJOTUYCCKHE, COIMAJbHBIC W OpraHU3aIllMOHHO-dKOHOMH4Yeckue. Kata-
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cTporueckoe CHIKEHHE YHCICHHOCTH BCEX MOMJIIUi 0ailKabCKOTO OMYIIS, BKJIIOYAsl IIOCOJBCKYIO, Je-
MOHCTPHUPYET HEAPPEKTUBHOCTH COBPEMEHHOM CHCTEMBI PETyIHPOBAHISI PHIOHBIX 3aI1aCOB B OacceiHe.

Shimaraev M.N.%, Sizova L.N.2, Sinyukovich V.N.}, Troitskaya E.S.%,
Kuimova L.N.}, Yakimova N.1.2
ICE-THERMAL AND WATER REGIME OF LAKE BAIKAL IN 1950-2017
!Limnological Institute SB RAS, Irkutsk, Russia
“Federal Service for Supervision of Natural Resources Usage in Irkutsk Region
*Irkutsk Department of Hydrometeorological Service

One of the most acute problems in limnology is the effect of climate on aquatic ecosystems. For Lake
Baikal, this effect causes changes in abiotic components of the ecosystem and, as a result, influences the lake
biota. The structure of recent climatic changes includes a “secular” trend of warming and inter-secular oscilla-
tions caused by atmospheric circulation. In our paper, we consider the effect of circulation changes on ice-
thermal and water regime of Lake Baikal from the middle of the 20" century up to present. To study these
changes, we used data on water and air temperature, atmospheric precipitation and ice phenomena obtained by
Hydrometeorological Service for the period of 1950-2017, as well as data on total river inflow into Lake
Baikal and flow of the Selenga, Barguzin and Upper Angara rivers in 1966-2016. Indices of atmospheric circu-
lation in the Northern Hemisphere were obtained from the US NOAA for the period of 1950-2017. We used
the methods of multiple regression and least squares.

Regression equations for air temperature (T,) describe 38-66% of changes in annual, winter, spring
and autumn T,, while in summer only 17%. The main role in T, changes belongs to indices of zonal transport
(AO and NAO), as well as to indices of blocking this transport (SCAND, Sh). The effect of other circulation
parameters, as a rule, is of minor importance. The pattern of changes of circulation indices and T, shows that
the inter-secular T, cycle started in 1970 ended in 2010-2011.

The circulation affects air temperature during a cold season, thus changing characteristics of the ice regime.
During the intensification of the zonal transport and its index increase (1970-1995), the air temperature rises, the terms
of the lake freezing delays gradually, the ice breaking starts earlier, and maximal ice thickness reduces. Opposite
tendencies in the changes of ice regime characteristics are registered in the period of zonal transport weakening and
intensification of blocking circulation mechanisms SCAND and Sh (1950-1970, 1995-2009).

The effect of circulation indices in December-March on water temperature in May-September is at-
tributed to the relationship between the terms of ice breaking at Lake Baikal and surface water temperature
(Tw) (Shimaraev, 2007). The relationship of T,, with the indices of zonal transport NAO, AO, EA and EAWR
is positive (r=0.26+0.54), whereas with indices SCAND and Sh it is negative (r=-0.27-+-0.39) in all parts of the
lake. The multiple regression equations describe 31% of T,, changeability in Southern Baikal, 48% in Central
Baikal and 22% in Northern Baikal with S+0.7-0.9°C. AO (62%), NAO (61%) and SCAND (70%) contribute
to T,, changes in Southern, Central and Northern Baikal, respectively.

In spring, precipitation is connected with SCAND (r = -0.32), in autumn with POL and PNA (r = -
0.27+-0.31), from May to October with AO (r = 0.26) and during the whole year with AO (r = 0.30) and
SCAND (r =-0.29). The regression equation describes 14-22% of precipitation changeability for these periods.

The circulation affects the total water inflow into Lake Baikal and flow of the main tributaries pre-
dominantly in June to October (R? = 0.32, S + 8.7 km®). The EAWR indices influence the changeability of the
total river inflow and annual flow of the Selenga River, whereas WP and EA indices affect the annual flow of
the Barguzin and Upper Angara rivers, respectively. Atmospheric circulation processes describe approximately
28% of the total flow of the Selenga River, 41% of the Barguzin River and 16% of the Upper Angara River.

The role of meteorological factors for the rivers of the lake basin is diverse. Changes of atmospheric
precipitation account for 51% of oscillations of the annual total inflow into the lake, 12% of the annual flow of
the Upper Angara River, 34% of the Selenga River and 62% of the oscillations of the Barguzin River flow.
The effect of air temperature on the total inflow from the whole basin is extremely low, and its contribution to
the changeability of the Barguzin River flow is insignificant. In the Selenga and Upper Angara rivers, the con-
tribution increases up to 8 and 87%, respectively.

The reason of such differences in the flow of the main tributaries of Lake Baikal is attributed to differ-
ent reaction of their water level to warming because of different natural conditions in their basins.

Inter-secular anomalies of ice-thermal and water regime caused by atmospheric circulation should be
taken into consideration in forecast estimations of changes in the ecosystem of Lake Baikal.

Mumapaes M.H.l, CHUHIOKOBHY B.H.l, CuzoBa JI.H.Z, Tpounkas E.C.,
Kyunmosa JI.H.l, Siknmona H.W°.
JEJOBO-TEPMHUYECKHUN U BOJAHBINA PEXKUM O3EPA BAHKAJI B 1950-2017 I'T.
! JInmuONOrHYECKHiA urctutyt CO PAH, Upkyrck, Poccust
2anaBneHMe Pocnpupoananzopa mo Mpkyrckoit obnactu
KO NNY «pkyrckoe YI'MC»

[TpoGiiema BAMAHUSA KJIMMaTa Ha 03epa SBJSIETCS OJIHOM U3 aKTyaJbHBIX B JMMHOJIoTWH. J{i1s1 baiikana

9TO BIUSHHUE MPOSBISIETCS B U3MEHEHUH aOMOTHYECKUX KOMIIOHEHTOB 3KOCHUCTEMBI, YTO MOXKET BO3JEHCTBO-
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BaTh Ha OWoOTy 03epa. CTPYKTypa COBPEMEHHBIX M3MCHEHHUI KITMMAaTa BKIIOYACT «BEKOBOW» TPEHJ MOTEILIe-
HUSI, ¥ TIPEBOCXOMIAIINE ATOT TPEHI IO MacIiiTady BHYTPHUBEKOBBIC KOJcOaHMsI, BBI3BIBACMBIC MUPKYILIIIHCH
atMocdepsl. PaccMoTpeHo BIMsIHIE U3MEHSHUH IIUPKYIISAINH Ha JEI0BO-TEPMUICCKUI W BOTHEBIN pexkuM baii-
Kajia ¢ cepeuHbl XX BeKa 0 HACTOSIIEr0 BpeMEHH. VICTIOBb30BaHbI JAHHBIE O TEMIIEPATYPE BOABI U BO3IyXa,
aTMoc(epHBIX ocalKax, JICJOBBIX SIBICHHUIX MO0 HaOIrOAeHUAM Ha Oaiikanbckux 'MC B 1950-2017 rr., 0 cym-
MapHOM PEYHOM NpPUTOKE B 03. baiikanm u croke pek Cenenra, baprysun u B. Anrapa B 1966-2016 rr. Unnek-
CHI IUPKYILIMNA aTMOC(hEepsl B CEBEPHOM TIONYIIAPHU MPUHATH MO AaHHBIM LIeHTpa mporHO30B KiIMMaTa
CIIIA (NOAA) 3a 1950-2017 rr. B pabote UCroIp30BaHbl METO/IbI MHOKECTBECHHOHN pErpeccuyd U HAMMEHb-
[IUX KBaJPaTOB.

Perpeccronnbie ypaBHeHus s TeMmeparypsl Bo3myxa (T,) ommceBatot 38-66% mMeHeHwit TooBoii T, u
T, 3UMOIA, BECHOI U OCEHBIO, JIeTOM Bcero 17%. OcHOBHAS poJib B M3MEHEHNH T, IPUHAJTIKUT WHIIEKCaM 30HAIBHO-
ro riepeHoca (AO, NAO), a Takke nHIekcam onokupoBku 3toro nepenoca (SCAND, Sh). Brusaue apyrux mokaza-
Tenel HUPKYILNY, KaK IPaBUJIo, BTOPUYHO 110 3HAYMMOCTH. XapaKkTep U3MEHEHUsI MHIEKCOB LIMPKysimu U T, yka-
3pIBaeT Ha okoH4yaHus B 2010-2011 rr. BHyTpuBexoBoro 1ukia Ta, HauaBierocs eme 1970 1.

BimsiHue nupkynsuun Ha TEMIIEpaTypy BO3ayXa B XOJIOJHOE BpeMs rojia ONpeIeNsieT U €€ POJib B U3-
MEHEHHH XapaKTEepUCTHK JIEJOBOTO pexuMa. B mepuoj ycuiieHus: 30HaJIbHOTO MEPEHOca U POCTa €ro MHAEK-
coB (1970-1995 rr.) 3HaueHus T, MOBBIIAIOTCS ¥ MPOUCXOANT MOCTENICHHOE 3aMa3/IbIBAHIE BPEMEHU 3aMep3a-
Hus U OoJyiee paHHEE BCKPBITHE JIEJOBOIO MOKPOBA, MaKCHMallbHas TOJILIMHA JibAa yMeHblIaeTcsa. OOpaTHbie
TEHJICHIIMU B M3MEHEHUH XapaKTEPUCTHUK JIEJIOBOTO PEKUMA BOZHUKAIOT B MEPHOABI OCIA0JIEHHs 30HAIBHOTO
MepeHoca U YCHWICHAH OIOKUpyronmx MexaHm3MoB mupkymsimu SCAND, Sh (1950-1970, 1995-2009 rr.).

Hannuue cBsizu Mexay cpokaMu BCKpbITHs balikana u TemmnepaTypoid moBepxHocTy Bojbl (T;) 00bsic-
HSET BIHMSHHUE CPEIHUX B JeKaOpe-MapTe MHICKCOB MUPKYJSIIUU HA CPEIHIOID B Mae-CEHTAOpE TeMIlepaTypy
Bozbl 03. baiikan (Illumapaes, 2007). Cesi3b T, ¢ uHaekcamu 30HanbHOrO nepenoca NAO, AO, EA, EAWR
nonoxurensHa (r=0,26+0,54), a ¢ uagexkcamu SCAND u Sh otpunarensHa (r=-0,27+-0,39) Bo Bcex gacTsx
03epa. YpaBHEHMsI MHOXKECTBEHHON perpeccuu onuceiBaroT 31% usmenunsoctu T, B FOxnoM, 48% B Cpen-
HeM u 22% B CeBepHom balikane ¢ S+0,7-0,9°C. [Ipeobnanaromuii BKiIam B U3MeHeHHE T, B I0)KHOH 4acTH
o3epa BHOCUT AO (62%),), B cpeaneit NAO (61%), B ceBeproit SCAND (70%).

Ocanku cBszansl BecHoit ¢ SCAND (r = -0,32), ocenbto ¢ POL u PNA (r = -0,27+-0,31), B nepuoj ¢
Mas 1o okTs0ps ¢ AO (r = 0,26) u B menom amst roga ¢ AO (r = 0,30) u SCAND (r = -0,29). YpaBHeHus pe-
IPECCUU I ATUX MEPUOA0B ONUCHIBAIOT 14-22% M3MEHYUBOCTH OCAIKOB.

[Ipeobnanaroiee BIMsSHAEC HA CyMMApPHBIM IPUTOK BOZBI B 03. balika M CTOK OCHOBHBIX TIPHTOKOB TPOIIEC-
CBI IMPKYJISIIN OKA3bIBAIOT B TIEPHOJ] C UFOHS TI0 OKTSIOPh (R?=10,32, S + 8,7 km°). Ha u3MeHeHHs rof[0BOro CyM-
MapHOT0 PEYHOTO MPUTOKA U To0BOro crtoka p. Cenenru BiusitoT nunekcsl EAWR, rogoBoro croka p. baprysun —
nnnexcel WP, p. Bepxneit Anraps! — nnzekcsl EA. [Iponeccs! mupkyisiipy atMocdepbl OIMCHIBatOT okoo 28% ro-
noBoro croka p. Cenenra, 41% croka p. baprysun u 16% croka p. Bepxnsis Axrapa.

Pons MeTeoponornueckux (GakTopoB i pek OacceliHa HeomgHO3HAa4YHA. M3MeHeHme atMochepHBIX
ocankoB 00wsicHAET 51% KonebaHuii TOZOBOIO CyMMapHOTO IIPUTOKA B 03epo, 12% romoBoro crtoka p. Bepx-
Hsis1 Aurapa, 34% p. Cenenra, u 62% konebanuii putoka p. bapry3un. BiusiHue Temmeparypsl Bo3ayxa Ha
CyMMapHBIH MPUTOK CO Bcero OacceifHa M CTOK p. bapry3uH upe3BbIUaifHO Majio M €€ BKJIaJ B M3MECHYMBOCTD
MIPUTOKA CTaTUCTUUECKU He3HauuM. Jist p. CeneHra 3TOT BKJIaJ] NOBbIaeTcs 10 8%, a ans p. Bepxusas Anra-
pa on mocturaet 87%.

IIpruuHO¥M paznuuuii B TEHACHUUAX U3MEHEHUS CTOKAa OCHOBHBIX MPUTOKOB 03. baiikan siBisieTcs pas-
Hasl peaKlys UX BOJHOCTH Ha MOTEIUICHHUE M3-3a Pa3IHIIi IPUPOTHBIX YCIOBHH B X OacceifHax.

Bri3biBaeMble UUPKYJIALUEH aTMochepbl BHYTPUBEKOBBIE aHOMAaJINH 3JIEMEHTOB
JIETOBO-TEPMHUYECKOTO M BOJHOTO PEXKUMa CIEAYeT YUYUTHIBATH B JOJITOCPOYHBIX MPOTHOCTHUECKUX OIEHKAX
HW3MEHEHUS B 3KocHucTeMe o3epa baiikan.

Sinyukovich V.N., Chernyshov M.S.
WATER REGIME OF LAKE BAIKAL UNDER CONDITIONS OF CLIMATE INSTABILITY AND
ANTHROPOGENIC IMPACT
Limnological Institute SB RAS, Irkutsk, Russia
sin@lin.irk.ru

The current water regime of Lake Baikal forms under conditions of the regulated effect of the Irkutsk Hydro-
power Electric Station (IHES) and intensification of global warming beginning in the early 1970s. Warming occurring
more intense in the region is accompanied by transformation of different hydrological processes at Lake Baikal and in
its catchment area (Shimaraev et al., 2002; Goldman et al., 2013). Since 1996, the low water level with its drop below
the regulated values has been observed in the lake basin accompanied by the problems of energy, water supply, naviga-
tion and ecosystem of Lake Baikal (Timoshkin et al., 2014, 2016).

Changes of the water regime of Lake Baikal under the IHES influence have been recorded since the
autumn of 1958. The water regime of the lake depends on the inflow through the hydrosystem taking into ac-
count a number of limitations: maximal water discharge because of the flooding of economic enterprises in the
downstream and minimal water discharge for providing regular water and heat supply of the cities located here
and supporting navigation depths. Of great importance are limitations of the maximal values of the lake level,
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which have been revised several times since 2001. Significant annual levelling of the outflow from the lake
and rise of its water level by 0.8 m resulted from the regulation.

Annual and seasonal variability of the filling and empty regime of Lake Baikal depends mainly on changes of
inflow of surface waters into the lake. From the beginning of the active warming (conditionally 1971), the inflow re-
mainde elevated up to 1996 with the exception of the low water period (1976-1981). After 1996, the inflow varied
from insignificantly decreased or close to mean values to abnormally low in 2014-2017. In addition, the inflow of some
tributaries varied in a different way. In the Selenga River, the main tributary of the Baikal basin, the decrease of the
water level was recorded in 1976-1981 and after 1996. In the Upper Angara River, the second largest tributary of the
lake, on the contrary, the inflow with the rise of air temperature increased and was the highest in 2007-2009, whereas in
2013-2017 the water discharge was the minimal for the entire period of observations. The inflow of the Barguzin River
was stable, except the low water period in 1976-1982 and after 2011.

In the annual redistribution of inflow affected by climate changes, the winter inflow of surface waters
mcreased from the basin area. Average low water inflow (November-March) from the 1970s increased by 0.6
km® or from 9.8 to 11% of the annual river inflow. These factors caused the slowdown of empty of the basin
and insignificant rise of the water level in winter, whereas in summer and autumn, the water level was lower
because of the slowdown of the seasonal filling of the lake. The decrease of filling rate of the lake was also
affected by the increase of evaporation losses from the lake surface because of the higher heating of the water
and shortening of ice cover period.

The role of inflow in the water regime of Lake Baikal increases during the abnormally low water level
because of the Irkutsk HES operation using constant (minimal) discharges. For the last four years (smce the
autumn of 2014), the water discharge during the exploitation of the hydrosystem was 1,250-1,300 m3 s, and
the regime of filling and empty of the lake was like in a closed (without inflow) water body.

Cunwoxkosn4 B.H., Yepnbimos M.C.
BOJIHBIN PEJXKUM O3. BAVIKAJI B YCJIOBI/IHX HECTABUJIbHOCTHU KJINMMATA U AHTPO-
IOT'EHHOI'O BO3JIEVICTBUSI
Jlumuonornuecknii uactutyt CO PAH, Upkytcek, Poccus
sin@lin.irk.ru

CoBpeMeHHBIH BOJHBINA peskuM 03. baiikair ¢popMupyeTcss B yCIOBUSIX PETYIUPYIOIIETo BiausHus Mp-
kyrckoit I'9C u akTuBM3amu ¢ Hadana 1970-x rr. rmo6ansHoro noremieHus. [lotemnenue, nporekaromee B
pernoHe 0coOCHHO MHTEHCHBHO, COMIPOBOXKIAETCS TIEPECTPONKOI Pa3IIYHBIX THIPOIOTHYECKUX MPOIIECCOB B
Baiikane u Ha ero Bomoc6opHOii TeppuTtopuu (Lllumapaes u np., 2002; I'onaman u ap., 2013). C 1996 r. B bac-
ceifHe 03epa MPOIOIDKACTCS JIUTENFHOE MAJIOBOIBE C MAJCHHEM YPOBHS BOJOEMa HIDKE pErIaMEeHTHUPOBAH-
HBIX 3HAYEHUH U OCJIOKHEHUEM MPOOJIEM THAPOIHEPTETUKH, BOJOCHAOKEHUSI, CY/I0OXO/ICTBA, a TAKKE B IKOCH-
creme baiikana (Tumornikus u np., 2014, 2016).

N3menenus BoHOTO pexxnma balikana moj BoszeiicteueM Mpkyrckoit 'OC mposBiisitorest ¢ ocenut 1958 1. u
OTIPEIEIICTCS PEKIMOM CTOKA Yepe3 THAPOY3EIL, 331aBacMBIM C YIETOM Psia OTPAHIYCHIH KaK 110 MaKCHMAIBHBIM
pacxofiaM BOJIbI M3-3a PUCKA 3aTOIUICHHS XO35CTBEHHBIX 0OBEKTOB B HIDKHEM Obe(e, TaK 1 10 MUHUMAJIBHBIM — JIJIs
obecrieueHus OecriepeOOHOT0 BOJIO- M TEINIOCHAOKEHHS PACTIONOKEHHBIX 3/IECh TOPOJIOB, & TAKKE TOIICPIKAHHS
CYJOXO/IHBIX INTyOHMH. 3HaYMMBIMUA MOTYT OBITh TaKXKe OrpaHHMUIEHHS MPe/ICTBHBIX 3HAUCHHUI YpOBHEH caMoro o3epa,
KOTOpBIE YK€ HEOMHOKpaTHO repecMarpruBaimchk ¢ 2001 r. Pe3ymsraTtom 3aperynmmpoBaHusl CTANO 3HAYUTEILHOE
BHYTPUT'0JIOBOE BBIPABHHBAHHUE CTOKA U3 03€pa U TIOBBIILICHHUS ero YPOBH: B cpeHeM Ha 0,8 M.

MesxronoBast v Ce30HHASI IBMEHYHBOCTH PEXXIMA HATIONIHEHIS U cpaboTku baiikaa onpenemnsercst, TIaBHEIM
00pa3oM, U3MEHEHISIMHU [IPUTOKA MIOBEPXHOCTHBIX BOJ B 03epo. C Hauasa akTUBHOIO MOTEIUICHHS, 32 KOTOPOE MOMKET
OBITE TIPUHAT 1971 T., IPUTOK B TIEJIOM OBLT MOBHIIIEHHBIM 110 1996 T., 32 UCKITFOUEHHEM MaJIOBOAHOTO Tieprona 1976-
1981 rr. ITocne 1996 . MPUTOYHOCTH W3MEHSUIACH OT HE3HAYUTENIHHO TTOHKEHHOM, WM OJIM3KOM K Cpe/THIM 3Ha4e-
HUAM, J10 aHOMaJIbHO Hu3KoM B 2014-2017 1r. IIpu 3TOM CTOK OTAENBHBIX PeK M3MeHsIcs no-pasHomy. s Cenenry,
TJIaBHOM peku OaiikaibcKoro OacceiiHa, CHIbKEHHE BOJHOCTH ObLIO XapakTepHo B 1976-1981 rr., a 3aTemM — mocne
1996 r. [l BepxHeld AHrapbl, BTOpOro o 3HauMMOCTH NMpUToKa baiikana, Ha000pOT, CTOK C MOBBIIICHAEM TeMIIepa-
TYpbI BO3IlyXa HECKOJILKO Bo3pacTai M ObuT 0coOeHHO BbicokuM B 2007-2009 1T., @ B 2013-2017 IT. pacxoasl BOIpl,
CTaJIM MUHAMAITGHBIMU 32 Bce Bpemsi HaOmonenuid. CToky p. bapry3uH Obiia CBOHCTBEHHA OIpeeNicHHas CTaOMTb-
HOCTb, 33 UCKITFOYEHHEM MaJIoBOHOTO neproaa 1976-1982 rr. u nocne 2011 r.

BHytpuronooe mepepacrpenencHie IpUTOKa 0] BO3ACHCTBHEM MPOH3OIICIIINX W3MCHCHUH KITMAaTa
BBIPAXKAeTCsl B POCTE 3UMHETO IOCTYIUICHNS TIOBEPXHOCTHBIX BOJI C TeppuTopry Oacceiina. CpeHeMeKeHHBIH TIpH-
TOK (HOsI0pB-MapT) ¢ 1970-x rr. BBIpOC Ha 0,6 kv, i ¢ 9,8 110 11% B rozooM oGbeMe MOCTYIJIEHUSI PEYHOTO CTOKA.
OTH 00CTOSATENBCTBA CIIOCOOCTBYIOT 3aMETICHHIO CPpabOTKH MOJIE3HOTO 00heMa U HE3HAUYUTENIHHOMY POCTY YPOBHS B
3UMHEE BpeMsl, HO JIETOM U OCEHbI0, HA000POT, YPOBEHb HECKOJIBKO HIDKE M3-3a 3aMEUICHHS CE30HHOTO HATIOIHEHMS
o3epa. K CHIDKEeHHIO CKOPOCTH HATIOJTHEHHS 03€pa MPHUBOIUT TAKKE U POCT MOTEPh HA UCTIAPEHHUE C TOBEPXHOCTH 03e-
Ppa, KaK 3a cyeT OoJiee BRICOKOTO MPOTPEBa BOJL, TAK U 32 CUET COKPAILICHHS BPEMEHH JIeIOCTaBa.

Ponb nputoka B opmMupoBaHnE BOIHOTO peknMa baiikana Bo3pacTaeT B ieproibl aHOMATLHO HU3KOM BO/I-
HocTH BenenetBre paboTel Mpkyrckoit 'DC Ha MOCTOSHHBIX (MUHAMATHHBIX) TIOIycKax. B TeueHme HETEIPEX 110-
cneaux et (¢ oceHu 2014 r.) SKCIuTyaTarys THAPOY3JIa OCYIIECTBILIIACH C pacxofamu Boabl 1250-1300 m e, orpe-

TIeISIst PeXXUM HaTIONTHEHHS M cpabOTKH 03epa 0 THITY OECCTOYHOTO (HEMPOTOYHOT0) BOJI0EMa.
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Smirnov V.V.}, Smirnova-Zalumi N.S.2, Shimaraev M.N.?,
Sinyukovich V.N.%, Sukhanova L.V.?
POPULATION LEVEL OF CLIMATIC RHYTHMS IN BAIKAL OMUL COREGONUS
AUTUMNALIS MIGRATORIUS (GEORGI)
!Baikal Museum ISC SB RAS, 1, Akademicheskaya St., Listvyanka 664520, Russia
?Limnological Institute SB RAS, Irkutsk, Russia

Baikal omul, one of the landmarks of Lake Baikal, has been the main commercial fish of the cold deep
lake for a long time. Due to the extant data on the Baikal omul catches, we were able to reveal the dependence
of their long-term fluctuations on the main factors that limited the species productivity, i.e. water level of the
lake basin and its temperature regime.

S. Savina (1974) and K. Vinnikov et al. (1980) correlated these fluctuations with the periodic altera-
tion of atmospheric circulation forms. The development of the meridional circulation in the Northern Hemi-
sphere and transport of cold air mass from the polar regions during the ice cover maximum in the polar basin
cause climate cooling in East Siberia, insignificant warming of waters in the epipelagic area of Lake Baikal,
reduction of its productivity and mass migration of omul to warmer coastal zone, a site where fishing teams
catch fish. In such periods, all age groups of omul are located in the fishery zone.

However, in the periods of ice cover reduction in the polar seas and during zonal (western) atmospheric cir-
culation, there is significant climate warming in East Siberia and in the basin of Lake Baikal. In such warm periods,
omul of all main populations remains during the whole year in the biotopes abundant in food in the epipelagic deep
areas and seldom migrates to the coastal zone. The growth and productivity of this species increase.

This paper is devoted to the problem whether fluctuations in omul catches depend on its distribution,
as well as on the number and biomass of concrete populations.

CMmupHos B.B., CvupHoBa-3aaymu H.C.z, HInmapaes M.H.2,
Cunroxosma B.H.%, CyxaHoBa JB.?

HQHYJIS[IIPIOHHI»IPI YPOBEHB ITPOABJIEHUA KIMMATUYECKUX PUTMOB Y
BAUKAJIBCKOI'O OMYJISI COREGONUS AUTUMNALIS MIGRATORIUS (GEORGI)
JInmuonoruuecknit uactutyt CO PAH, Upkyrck, Poccust

Baiikanbckuii oMyiib, CTaBILIMIA TETIEPh «BU3UTHOMN KapToukoi balikanay, u3aaBHa ObUT INIABHOM NMPOMBICIIO-
BOM PBIOOH TITyOOKOBOIHOTO XOJIOJHOTO 03¢pa. braroaapsi COXpaHMBIIMMCS 32 JUTUTEIIBHBIN TICPUOJI CBEJICHHSAM 00
ynoBax 0aiikabCKOro OMyJIs BBIBIICHA CONPSDKEHHOCT MX JIOJTONEPHOAHBIX KoJIeOaHHit ¢ OCHOBHBIMU (hakTOpaMH,
JIAMATHPYIOIMMH TPOTYKTUBHOCTH BHJIa — BOTHOCTEIO OacceifHa o3epa M €ro TeMIIepaTypHBIM PEKIMOM.

OOHapy>keHa CKOPPEIUPOBAHHOCTD ITUX KOJIEOaHUM ¢ mepuoanueckoil cMeHoi gopM atMochepHoit
mupkyssiimy, onvcanHoit C.C. Casunoii (1974) u K. 5. BunaukoBbeiM ¢ coaBTopamu (1980). Passutne mepu-
JMoHaJIbHON (Popmbl aTMochepHOl nupKyisiiuu B CeBEPHOM IMOJIYIIAPUU U TIEPEHOC XOJIOJHBIX BO3TYITHBIX
Macc u3 [1onspHBIX paifoHOB B TIEPHOJIBI MAKCUMYMOB JieJIoBUTOCTH [loJisipHOTO OacceliHa MPHUBOAMT K MOX 0-
nojanuio B Boctounoit Cubupu, ciabomy MporpeBy Boj snunenaruany baiikana, CHKEHHIO ee IPOTyKTUB-
HOCTH M MacCOBOMY BBIXO/Y OMYIIS B OoJiee TEIUTYI0 IPUOPEKHYIO 30HY — palioHy IHUCIOKAIUH PHIOOIIPOMBIC-
JIOBBIX Opuraz. B Takue nmepuo sl Bce BO3pacTHBIE IPYIIIBI OMYJIS HAXOAATCS B 30HE JCHCTBHS IIPOMBICIIA.

B mepuonp! e CHIDKCHHUS JISTOBUTOCTH MOJLIPHBIX MOpPEH M OOJBIIEro MpOSsBICHHUS 30HANBHBIX (3a-
naaHbIX) opM aTMochepHON NUPKYIAIMU OTMEYaeTCsl CYIIECTBEHHOE TOTEIUIeHHe kiuMmaTta Bocrounoii Cu-
oupu u Oacceiina baiikama. B Takue Teruibie meproasl OMYIIb BCEX OCHOBHBIX HOMYIIALNA IPAKTHUSCKH B Te-
YeHHe BCEro rojia OCTaeTCs B CBOMX 00Jiee KOPMHBIX B 3TH TOJbl OMOTOMNAX JMHIEIaruain TTyOOKOBOIHBIX
palioHOB W PEIKO BHIXOIWT B MPHUOPEIKHYIO 30HY. DTO COMPOBOXKIACTCS MOBLIMICHAEM OKA3aTele pocTta |
MPOAYKTUBHOCTH BUJA B LIEJIOM.

B oT0i#i CBSI3M BO3HUKAET BOMPOC — HACKOJIBKO KOJIEOaHUs BBIJIOBA OMYIIS 3aBUCST OT €r0 pacrpenele-
HUSI, ¥ B KAKOM CTENIEHU OHH OIPEACIIIIOTCS YHCICHHOCTRIO U OMOMaccoi KOHKPETHBIX Momymsiuid. O6cyx-
JICHUIO 3TOM MPOOJIEMBI TIOCBAIICHO HACTOSIIEE COOOIICHHE.

Sterner R.%, Reinl K .2, Austin J.

TEMPERATURE DEPENDENCE OF PRIMARY PRODUCTION AND THE DEEP
CHLOROPHYLL MAXIMUM STRUCTURE IN LAKE SUPERIOR: PROJECTIONS FOR
CLIMATE WARMING IN LARGE, DEEP, COLD LAKES
! arge Lakes Observatory, University of Minnesota Duluth, USA
stern007@d.umn.edu

Warming surface layers in response to changing climate are well documented for small and large lakes around
the world. How this shifting physical habitat will affect ecological functioning is still very uncertain but there are many
different potential effects. Direct temperature effects correspond to how biological rates relate to temperature, and the
many indirect effects include shifts in phenology, altered mixing regimes, and others.

Effects of climate warming in primary producers is especially a concern because of the importance of
this process in lake ecosystems. We examined how surface water temperature affected both the rates of carbon
incorporation and the depth and shape of the deep chlorophyll maximum in Lake Superior. We found that in-
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tegrated primary production (mg C m? d™) was positively related to lake surface temperature, but with a seem-
ing step function with greatest effect of temperature around 8 C. Above this cutoff we observed little variation
in integrated production with temperature. This result suggests that changes in length of stratified season (af-
fecting how much of the year is above 8 C) may be most significant in terms of amount of primary production
in a warming lake.

In examining the shape and depth of the deep chlorophyll layer, we observed that warmer surface lay-
ers were associated with shallower, narrower, and more intense deep chlorophyll maxima. We also found that
in addition to structural changes, the integrated chlorophyll concentration in the deep chlorophyll maximum is
decreasing. Mean depth of chlorophyll was shallower in warmer water columns. A shallower deep chlorophyill
maximum and mean depth of chlorophyll will result in increased light exposure and may also lead to increased
primary productivity.

These two phenomena may thus act in a similar direction to suggest higher levels of primary produc-
tivity in a warmer lake, but neither of them relates well to a simple, smooth effect of temperature on biological
rates. Predicting climate change effects on ecosystem processes is a great limnological challenge and will re-
quire consideration of nonlinearities, thresholds, and multiple impacts of temperature on limnology.

Sturm M.}, Vologina E.G.?
LONG-TERM PARTICLE VARIABILITY WITHIN THE WATER COLUMN
OF LAKE BAIKAL
'Swiss Federal Institute of Aquatic Science and Technology EAWAG, 8600 Duebendorf, Switzerland
’Institute of the Earth’s Crust, SB RAS, 664033 Irkutsk, Russia
michael.sturm@emeriti.eawag.ch

Sediment trap experiments have been conducted in the South Basin of Lake Baikal for long-time mon-
itoring of vertical particle fluxes through the 1366 m long water column. Complex mooring strings with suffi-
cient buoyancy were used to attach integrating traps (‘open traps’) at different water depths, collecting particle
samples within time-intervals of approximately 12 months. They were supplemented by automated sequential
traps, which were attached to the mooring at water depths of 100 m, 600 m and 1360 m to collect particle sam-
ples at intervals of a few days to more than one month. Additionally, thermistors and current meters were
mounted to continuously measure water temperatures and currents at different depths of the water column.

Total mass fluxes rates, fluxes of nutrients and diatom diversity revealed distinct differences within the water
column as well as during the course of the year at a seasonal pattern. Considerable annual fluctuations of particle fluxes
and diatom composition could be determined during the last two decades. Maximum spring/summer-blooms of dia-
toms (so-called Melosira-blooms) are dominated within irregular alternations of Aulacoseira baikalanesis and Synedra
acus. Such extraordinary events of productivity within the epilimnion provoke exceptionally high bulk settling veloci-
ties of particles of up to 75 md™ down to the bottom of the lake.

The composition of suspended particles within the water column of Lake Baikal is dominated by organic mat-
ter (Coyg Up to 30%) and by opal (SiOyy, up to 60%). In general, high rates of degradation occur during the settling of
organic particles through the water column until they reach the sediment surface. Resuspension of particles is observed
at the sediment/water-interface within the benthic boundary layer, just at 1-2 meters above the sediment surface.

The evaluation of results of long-term monitoring research in Lake Baikal is essential for the under-
standing, assessment and response to current environmental changes of the lake, provoked by anthropogenic
pressure and climate warming.

Subetto D.A.2, Belkina N.A.*, Rybalko A.E.*>*, Strakhovenko V.D.?
LATE PLEISTOCENE AND HOLOCENE SEDIMENTARY ENVIRONMENTS IN LAKE ONEGA,
NW RUSSIA
'Northern Water Problems Institute, Karelian Research Center RAS, Alexander Nevsky 50, Petrozavodsk,
185030, Russia
Herzen State Pedagogical University of Russia, St. Petersburg, Russia
®Institute of Earth Sciences of St. Petersburg State University, St. Petersburg, Russia
*Seismic Data Analysis Centre (SDAC) at Lomonosov Moscow State University, Moscow, Russia
°V/.S. Sobolev Institute of Geology and Mineralogy RAS, Novosibirsk, Russia
subetto@mail.ru
At its session, held on 20 November, 2013, and dealt with Russia’s national security in environmental
protection and the use of natural resources, the RF Security Council called for special attention to the study
and recovery of Russia’s three largest lakes: Baikal, Ladoga and Onega. Both Ladoga and Onega are Europe’s
largest freshwater lakes. They are part of the River Neva watershed basin, the only source of water supply of
St.Petersburg, the largest city in Northwest Russia, and the factor largely responsible for the water quality of
the Gulf of Finland and the entire the Baltic Sea. The study of bottom sediments, conducted to reconstruct the
evolution of water bodies and their ecosystems, is an essential aspect in the study of the current state of lakes.
This problem is acute because we need to reveal the structure-forming natural and man-induced factors affect-
ing the formation of freshwater ecosystems influenced by permanent watershed transformations responsible for
the migration flow of elements and the formation of the current geochemical background of Lake Onega’s
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landscape zones. Therefore, the in-depth study of the chemical and mineral composition of bottom sediments
and the estimation of age intervals and the factors responsible for their structures, textures and mineralogical
composition are essential for a better understanding of the formation mechanisms of substance and energy
flows in a watershed-lake system. Such studies provide a key to developing the scientific fundamentals of nat-
ural resources management with regard for the increasing impact of human activities.

Lake Onega is the second largest freshwater reservoir in Europe, located at the boundary between the
Baltic Crystalline Shield and the Russian Plate. The depression of Lake Onega is of tectonic origin. Its catch-
ment area lays on Precambrian crystalline rocks and Vendian to Phanerozoic sedimentary rocks, which are
resistant to glacial abrasion and partly covered by Quaternary deposits. Oligotrophic waters of Lake Onega are
characterized by low mineralization (39-46 mg/l). The area of the water surface is 9720 km 2. The maximum
depth is 127 m, with the average depth is 30 m, the length (the longest distance from south to north) is 248 km,
and the width is 83 km.

Time-space variations in the sedimentogenesis and diagenesis of Lake Onega at all stages of its evolu-
tion from its basin deglaciation ca.15000 years ago to the present is reconstructed for the first time using a dig-
ital relief model. Long drill cores of bottom sediments from Lake Onega were collected, based on seismo-
acoustic profiling data to obtain more detailed objective information on the distribution of Holocene and Late
Peistocene sediments. Current sedimentation processes in Lake Onega are assessed for the first time by the
integrated study of suspended substances in the water and chemical, mineral and particle-size compositions,
physicochemical properties and structural and textural characteristics of bottom sediments using up-to-date
mineralogical and geochemical methods.

The upper layer of Lake Onega’ sediments is composed of typical lacustrine sediments, represented by
fluid gray and greenish-gray organic silty clays and clays with a brownish tinge. They are eventually replaced
by more sandy mud and often have erosion contact with underlying deposits. The sediment-water boundary is
characterized by ochre-coloured colloidal gelatinous silt up to 1 cm thick; below there lies gray-green unal-
tered lacustrine silt, gradually hardening and then being replaced down the section by homogeneous gray
and/or varved clays. Black (due to the presence of complex oxides and hydroxides of Mn, Fe), green (contain-
ing vivianite), and cream-colored (containing rhodochrosite and siderite) microlayers are observed in the gray-
green mud. The number of microlayers and their distribution in different cores vary. Importantly, the reduc-
tion-oxidation barrier zone in the upper parts of the sediment cores from the areas with increased gas concen-
tration coincides with the sediment-water boundary (a slightly oxidized layer that is less than 1 cm thick). This
upper horizon was identified according to previous studies as the Late Holocene. The thickness of this layer is
20 — 35 sm. The underlying horizons usually contain the same sediments, but with more numerous thin layers
composed of manganese oxides and hydrous oxides and hydrotroilite concretions, forming banded diagenetic
textures. The sediments also change their consistency and become more viscous, soft and highly plastic. Usu-
ally, it is observed in the cores to a depth of 20-30 cm. The thickness of this layer is no less than 1 meter. This
research project is the first to study gas accumulation in the sediments of Lake Onega. The seismograms show
background noise in the form of bubble clusters that are usually located in areas of thick bottom sediments and
do not entirely block the recording completely. A clearer picture of gas accumulations is observed in the seis-
mic profiles, where entire sections of a seismic profile are characterized by low image resolution. The seismic
lines also reveal distinctive structures of gas fluids emission from the sediment deposits, the so-called pock-
marks. The study of the mineral composition of the bottom sediments in the Lake Onega showed that authi-
genic minerals can be found already in the upper first centimeters of the sediments. Most of these are opal,
chalcedony of the diatoms skeletons, Fe-illite and Fe-chlorite. It was also established the natural mineral phas-
es of Fe and Mn (amorphous and crystalline goethite, birnessite, pyrochroite, pyrolusite, vivianite, rhodochro-
site, and siderite). It is remarkable that the concentration of rhodochrosite, siderite and vivianite increases in
the areas of gas-saturated silts. The formation of these minerals is possible only under reduction circumstances,
i.e. this is an extra proof of the release of methane in reduction.

This research project is supported by grant of the Russian Science Foundation (RSF) No 18-17-00176.
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BAIKAL COASTAL WATER TEMPERATURE FLUCTUATIONS CAUSED BY OFFSHORE
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!School of Marine Resources and Environment, Tokyo University of Marine Science and Technology, Tokyo,
Japan
“Limnological Institute SB RAS, Irkutsk, Russia
*Graduate School of Human and Environmental Studies, Kyoto University, Kyoto, Japan
Mlyamae Suginami, Tokyo Japan
ytanaka@kaiyodai.ac.jp

To understand the mechanisms in the environmental fluctuations of Lake Baikal, we have been col-
laborating for many years. Based on this long collaborative work, we here show some observational results,
obtained mainly in the South Basin, showing that the coastal water temperature in the summer stratified period
fluctuates sometimes violently.
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Continuous observations made by mooring temperature-loggers have shown that it is not rare that rap-
id decreases in coastal water temperature in the summer stratified period occur. The range of decrease can
reach 8°C in 6 hours, or occasionally 10°C in 24 hours. Such drastic changes in the coastal water temperature
have actually been recorded by daily measurements being made manually at Listvyanka since back to 1941.

CTD Transect observations during summers in the Southern Basin such as from Tanhoy to Listvyanka
showed that the seasonal thermocline usually staying ten or twenty meters below the lake surface sometimes
was rising toward a coast and reaching the surface. At that time, the offshore cold, transparent and nutrient-rich
water normally staying below the thermocline must be reaching the surface to cover the coastal zone. This
phenomenon may be analogous to that called “coastal upwelling,” being observed in the oceans and large
lakes. We speculate that this phenomenon may be governed by the fluctuations in the local wind system of tens
of kilometers and several hours or more in the spatial and temporal scales. Another possible phenomenon caus-
ing such a rise in the thermocline may be the internal wave traveling in the lake with the basin-scale.

Considering these observations, it is obvious that, in the Southern Basin of Lake Baikal during the
summer stratified period, replacement of warm water in the coastal zone with cold water rather offshore from
beneath the seasonal thermocline often takes place. This brings to the coastal zone a sudden decrease or in-
crease in the water temperature and transparency, and most likely a certain change of chemical contents such
as nutrient salts. It is of interest that the ecosystem here has been evolved to endure such environment that fluc-
tuates so dramatically.

Further observational, analytical and theoretical studies to reveal the mechanisms in the water ex-
change would someday enable us to establish a means to predict the fluctuation in the coastal environment,
where diverse but unique organisms are living, sometimes in abundance. The rising trend of global surface
temperature may affect the lake’s stratification, and the wind-system even in the Siberian region, and conse-
quently, may affect and alter the patterns in environmental fluctuations due to the coastal water exchange.

Investigations partly supported by federal project No. 0345-2016-0009 “Large-scale changes in ecolo-
gy and biodiversity of the littoral communities of Lake Baikal: interdisciplinary studies, factors, prediction.”

Tasiemski A.
ANTIMICROBIAL PEPTIDES TO FOLLOW THE ADAPTATION/ACCLIMATION OF
INVERTEBRATES TO EXTREME/CHANGING AQUATIC HABITATS
Université de Lille 1 — Sciences et Technologies, CNRS, UMR 8198 Evo-Eco-Paleo,
groupe Interactions interspécifiques et immunologie compare (SPICI), Villeneuve d’Ascq, France
aurelie.tasiemski@univ-lillel1.fr
Antimicrobial peptides (AMPs) are natural antibiotics produced by all living organisms. In metazoans,
they act as Host Defense Factors (HDF) by clearing the body from microbial pathogens. They also shape the
colonizing bacterial symbionts while coping with specific environmental challenges. There is no consensus
sequence for AMPs and the majority of them is confined to certain taxa or even species as exemplified here in
annelids showing that a high selection at the intraspecific level occurs. Annelids have colonized all habitats
including very extreme ones (polar, hydrothermal vents, abyss...) where they dominate the biomass in co-
occurrence with a large number and variety of bacteria. This presentation aims at highlighting the large diver-
sity of AMP sequences and their originality presumably linked to the highly diverse life styles and ecology of
worms. We conclude on the unique system that represent AMPs to follow the immune adaption and acclima-
tion of aquatic invertebrates to biotic and abiotic changes of the habitat as well as the promising sources of
antibiotics that they may constitute.

Wisniewski R.
RESTORING URBAN LAKE WOLSZTYNSKIE USING PRECISE APPLICATION OF
COAGULANT DIRECTLY TO SEDIMENT DURING ITS
CONTROLLED RESUSPENSION.
Department of Hydrobiology, Kazimierz Wielki University in Bydgoszcz, Jana Karola Chodkiewicza 30,
85-064 Bydgoszcz, Poland
wisniew2@ukw.edu.pl

One of the basic features of hypertrophic lakes is blooms caused by rapid and excessive production of
phytoplankton biomass, often dominated by Cyanobacteria (blue-greens). The majority of intense blooms end
with a mass dying algal cells. As a result, unfavourable effects develop, such as a deficiency of oxygen, mass
death of fish, and the release of cyanobacterial toxins. Main reason of blooms is phosphorus entering the lake
from watershed, and accumulated for many years in its sediments. It is accepted, that the most important meth-
od to solve the problem is an inactivation of phosphorus in lake sediments. In most cases inactivation is made
through application of coagulants onto or below water surface. The assumption is that amorphous flocs of co-
agulant can bind phosphate from water, and settling down will create uniform, solid layer on sediment surface
preventing phosphorus release. But due to very fragile structure, and low negative buoyancy, that layer can be
solid only in very calm water. Water dynamics can prevent uniform settlement during coagulant application, as
well sediment resuspension or gas bubbles releasing from sediment can it redistribute.

Prote-Fos method is really blocking phosphorus in sediment. In general, the principle of its operation
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is similar to that proposed by Ripl (1976). The similarity lies in the principle of simultaneous air, and coagu-
lant addition to the sediments. The main difference is in the earlier intentional initiation of the intensive, but
controlled, resuspension of a selected surface layer of sediments, and in applying the coagulant at a precisely
determined depth. Both, resuspension and coagulation takes place inside the device in a closed volume. Thus,
precise control, and monitoring of the parameters that optimize coagulation, is possible.

In order to be able to apply Prote-Fos method in the most effective way possible, a custom-made Pro-
teus vessel that consists of two modules was designed and built.

Surface module: is powered by two engines installed on each of the two floaters operated individually,
and can effect forward and reverse movement; carries chemical substances up to 3 tons of load; doses chemical
substances in a precise and controlled manner; pumps air to bottom sediments to the required depth, in order to
oxygenate sediment and trigger its resuspension; is able to very precisely navigate across the reservoir and
monitor its bottom reporting accuracy of vessel position (maximum error of 1.0 to 5.0 cm); controls the un-
derwater module; three computers allow to work in three modes (automatic, half-automatic and manual). Ef-
fective monitoring of the reservoir’s bottom is possible owing to an exact, digital map of the bottom and to
continuous sonar monitoring of the bottom.

Underwater module is responsible for: the provision of information about its location versus the sedi-
ment; triggering controlled re-suspension of sediment in its close proximity inside that bell form; oxygenation
of bottom sediment; dosing of chemical substances used to bind sediment phosphorus; coagulation and re-
sedimentation after application of chemical substances.

Wolsztynskie Lake is typical shallow, urban lake. Its surface is 116.0 hectars, maximum depth 3.9 m,
and average depth 2.0 m. Main inflow is Dojca River. Supplementing the hydrological catchment area of this
lake are the other smaller inlets (streams), which have a very significant impact on its fertility. Some of them
are drying during the summer. After rewetting by the rain water, mineralized fractions of phosphorus, includ-
ing organic and fine suspension are entering the lake.

From several years, water and sewage management around the Wolsztynskie Lake are regulated. All
municipal pollutions are directed to the modernized sewage treatment plant. However, due to inappropriate
human activity in previous years, involving the direct discharge of wastewater and solid waste biogenic com-
pounds, which were supplied from the catchment and tributaries, the lake Wolsztynskie is classified as a high-
ly eutrophic lake. A high level of fertility is proved by cyanobacterial blooms appearing every year.

The presentation contains a summary of the restoration treatments carried out on Wolsztynskie Lake, in 2012-
2014 years, among which the leading method was inactivation of phosphorus directly in bottom sediments.

Yamamuro M.

GREEN TIDE FROM SEA COASTS TO FRESHWATER LAKES
Cross appointment fellow, Geological Survey of JAPAN, AIST
Graduate School of Frontier Sciences, The University of Tokyo

yamamuro@edu.k.u-tokyo.ac.jp

Overgrowth of benthic green algae sometimes becomes a nuisance in freshwater lakes including Lake
Baikal and along sea coasts. When it occurs at sea coasts, it is often called a “green tide”. In freshwater ecosys-
tems, it is described as “nuisance periphyton” or “nuisance growth of algae”.

The species of green algae which induce nuisance growth differ between seawater and other aquatic
ecosystems (freshwater and brackish water). In seawater, Ulva, Ulvarea and Cladophora are dominant compo-
nents of green tides. In brackish water and freshwater, Cladophora is the chief green algae inducing nuisance
growth. Spirogyra could also induce nuisance growth in freshwater systems such as Lake Baikal.

Although the species are different, nuisance growth of benthic green algae induces common negative
effects in benthic ecosystems. For example, rapid accumulation of hydrogen sulfide occurs in the water col-
umn during the decay of an Ulva green tide in coastal marine environments. Decaying Cladophora and Spiro-
gyra mats also produce hydrogen sulfide even in freshwater lakes where sulfate is far less abundant than in
seawater. The study which compared the sediment, the water column and the thalli as active sites for the sul-
fate reduction process during decomposition of Ulva lactuca mat found that sulfate-reducing bacteria were
present on the thalli, and sulfate reducers proliferated rapidly on the thalli. This may explain why many gastro-
pods died on the algal mat at Lake Baikal where the mat was not covered with water. The rotting thalli pro-
duced large quantities of hydrogen sulfide, and the hydrogen sulfide was released as gas, which inhibited cellu-
lar respiration, resulting in critical cellular hypoxia of gastropods. Actually, a truck driver had died near his
vehicle after hauling three truckloads of decayed Ulva without protective gear during the annual cleanup. The
cause of his death was later determined to be cardiac arrest resulting from pulmonary edema, which is an indi-
cation of possible hydrogen sulfide poisoning.

Cladophora growth is phosphorus limited, and so nuisance growth is triggered by phosphorus-induced
eutrophication. Green tides at sea coasts are also explained by eutrophication caused by anthropogenic nutrient
loading. However, green tides occur even where river inputs are absent. In the case of a Korean island lacking
river input, the discharge of submarine fresh groundwater and associated nutrients caused the green tide devel-
opment. This case may be applicable to the nuisance bloom of Spirogyra at Lake Baikal where nutrient con-
centrations remain dilute at the coast covered with nuisance green algae.
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ROLE OF NATURAL AND CLIMATIC FACTORS IN FORMATION OF AUTOCHTHONIC
ORGANIC SUBSTANCE STREAMS IN SMALL LAKES OF THE SOUTH OF WESTERN SIBERIA
YInstitute for Water and Environmental Problems SB RAS, Barnaul, Molodezhnaya str., 1
2\/.S. Sobolev Institute of Geology and Mineralogy SB RAS, Novosibirsk, pr. Akademika Koptyuga, 3
hope413@mail.ru

Schemes of circulation of the basic biogenic elements in reservoirs are so far established; however
there aren't enough researches of value of climatic factors in formation of streams of autochthonic organic sub-
stance in reservoirs of different types.

In the south of Western Siberia there are more than 20 thousand lakes, various by the sizes, food type,
the hydrochemical mode, hydrobiological characteristics. In 2012-2017 more than 40 lakes with various types
of a ratio of production and destruction of organic substance and accumulation of ground deposits have been
studied. Lakes are located in dry-steppe, forest-steppe and forest natural zones of the South of Western Siberia.
During forwarding and cameral works the main links of a trophic chain are investigated: autotrophic — phyto-
plankton and macrophytes; geterotrophic — zooplankton and a zoobenthos. On model lakes production of auto-
trophs is determined by the bottle method in situ. Processes of sedimentation by means of statement of an ex-
periment of in situ with sedimentary traps are studied. The size of a sedimentary stream of dry substance is
calculated. Morphometric, hydrological and hydrochemical indicators are investigated: depth, transparency,
temperature, concentration of the dissolved oxygen, active reaction of the water (pH), the content of organic
substances (on BODs), a mineralization, ions structure.

The investigated lakes differed on mineralization degree (from 0,01 to 113 g/dm®), size pH (from 6,3
to 9,96), to the content of the dlssolved oxygen (from 4 to 13 mg/dm?®), concentratlon of organic substances (on
BODs from 0,81 to 7,44 mgO/dm®), carbonates (from 2,3 to 7730 mg/dm?), sulfates (from 2,9 to 60130
mg/dm?), chlorldes (from 0,06 to 192738 mg/dm?), nitrates (from 0,08 to 20,8 mg/dm?) and phosphates (from
0,03 to 9,5 mg/dm? ). Statistical analysis was performed using “STATISTICA” software package v 5.5 (A).

When carrying out the multiple-factor analysis it is revealed that the defining factors for formation of total
production of water ecosystems in dry-steppe and steppe zones are active reaction of the environment (pH) and a water
mineralization, explaining in the sum of 94% and 65% of variability, respectively. In forest-steppe and forest zones the
role of these factors decreases and the role of transparency of water, concentration of oxygen and biogenic elements
and also others, so far unspecified factors increases. On the size of formation of primary production (phytoplankton and
macrophytes) in the studied reservoirs the main impact is exerted by the sum of effective temperatures, concentration
of the dissolved oxygen, content of the dissolved organic substances and also carbonates and sulfates. Production of
zooplanktonic community in general is to a lesser extent limited by abiotic factors of the environment. With increase in
a mineralization only the number of types authentically decreases. Force of influence of a mineralization on specific
richness of community of zooplankton was 52%. In the analysis of production characteristic of various groups of zoo-
plankton on the specified gradients of the environment it is revealed that Cladocera, Rotifera, Copepoda variously react
to their change. Often reactions are multidirectional that doesnt allow to track them by consideration of community in
general. Production of zooplankton generally is defined by the size of production Cladocera and depends on amount of
organic substances in water (direct dependence from BODs). Whereas production of Rotifera and Copepoda increase
with a growth of pH and are maximum in the range of 8.5<pH<9.5. Biomass of a zoobenthos is reduced with a growth
of a mineralization. Whereas temperature, transparency of water and size pH positively influence on biomass and den-
sity of zoobenthos.

This work was supported by grant of RFBR Ne.16-05-00132 A and 17-05-00404 A.

Epmounaena H. n.! , 3apyOuna E Jo.! CTpaxonemco B.J1.%
Be3MaTepH1,1x . M.! OBzuma E.A.

POJIb TIPUPOJHO-KIUMATHYECKUX (I)AKTOPOB B ®OPMUPOBAHUU ITIOTOKOB
ABTOXTOHHOI'O OPTAHUYECKOI'O BEHIECTBA B MAJIBIX O3EPAX IOI'A 3AIIATHOA
CubuPu
I/IHCTHTyT BOJHBIX U 3Kojorumdeckux npodiaem CO PAH, r. HoBocubupck, Mopckoii mpoc. 2

I/IHCTHTyT reonorun U munaepanorun uM. B.C. Co6onesa CO PAH, r. HoBocubupck, nmpoci. Akaje-
muka B.A. Konrrora, 3
hope413@mail.ru

K HacTosiiemy BpeMeHHU YCTaHOBJIEHBI CXEMbI KPYrOBOPOTa OCHOBHBIX OMOT€HHBIX 3JIEMEHTOB B BO-
J0eMax, OJHAKO JTOBOJIFHO MaJO MCCIECIOBAHUN 3HAYCHUS MMPUPOAHO-KIIMMATHUCCKUX (PaKTOpPOB B (hOpMHPO-

BaHUU IOTOKOB aBTOXTOHHOI'O OPraHMYECKOT0 BELIECTBA B BOJIOEMAX Pa3HBIX TUIIOB.
Ha rore 3anannoii Cubupu Haxonutcs 6osee 20 ThIC. 03ep, pa3HOOOPa3HBIX M0 pa3MepaM, THITY ITUTa-
HUS, TUAPOXUMHUYECKOMY PEKUAMY, THAPOOHOIOTHUECKIM XapakTepuctukam. B 2012-2017 rr. ObUT0 U3ydYEeHO
6omee 40 o3ep ¢ pa3NUIHBIMU TUIAMHU COOTHOLICHHS MPOAYKIMU M ASCTPYKINH OPTaHUYECKOrO BEUISCTBA U
HAKOIUICHUS JOHHBIX OTJIOXKeHWH. O3epa pachoioXeHbl B CYXOCTEIHOM, CTEMHOM, JIECOCTENHOW U JIECHOM
MIPUPOJHBIX 30Hax tora 3amagHoii Cubupu. B Xoje 3KCHEeTUITMOHHBIX U KaMepalbHBIX pa0OT HCCIEI0OBaHBI
OCHOBHBIC 3BEHBS TPO(UUECKOW Iemnu: aBTOTPO(MH — (UTOIIIAHKTOH W MaKpOQHTHL;, TeTepoTpodBl — 300-
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IUIAHKTOH 1 3000eHTOC. Ha MOJIeNbHBIX 03epax omnpe/esieHa MPpOayKIHs aBTOTPO(MOB CKITHOYHBIM METOIOM iN
Situ. M3ydeHbl MpoIecchl CeIUMEHTAIME C OMOIIBI0 MOCTAHOBKHU JKCIEpUMEHTa iN Situ ¢ cequMeHTanoH-
HBIMHU JIOByIIIKaMH. PaccunTaHa BeaMYMHA CEAMMEHTAI[IOHHOTO TMOTOKAa CYXOTo BellecTBa. ccienoBaHb
MOp(hOMETPHYECKHE, THAPOIOTHISCKUE W THAPOXUMHUYECKIE TIOKa3aTeln: TIayOruHa, IPO3pavyHOCTh, TEMIIepa-
Typa, KOHIIEHTPAIXs paCTBOPEHHOTO B BOJIE KUCIIOPOa, aKTUBHAs peakuus cpens! (pH), conepxxanue opranu-
geckux BeriecTs (110 BIIKs), MuHepanmu3anus, MOHHEIH COCTaB.

HccnenoBanHble 03epa pa3iuyainch Mo cterneHr MuHepanm3anun (ot 0,01 mo 113 /am® ), BEeTMUKHE
pH (ot 6,3 10 9,96), conepxaHuio pacTBOPEHHOTO B BOJIE  kncopozia (ot 4 110 13 mr/am®), KOHLEHTPALIHH O~
TaHMYECKUX BEIECTB (no BIIKs ot 0,81 1o 7,44 mrO/am’ ), Kap6OHaTOB (ot 2,3 10 7730 mMr/mm’ ), chIL(baTOB
(ot 2,9 110 60130 mr/mm®), x10proB (0T 0,06 10 192738 Mr/am®), HuTpaToB (OT 0,08 10 20,8 mMr/mm°) u doc-
¢aros (ot 0,03 m0 9,5 mr/am°). Cratuctidyeckass 00paboOTKa pe3ylbTaTOB MPOBOIMIACH C HCIIOIb30BAHUEM
nakeTa nporpamm «STATISTICA v 5.5 Ax.

[Ipu mpoBeneHNH MHOTO(AKTOPHOTO aHAIM3a BRISIBICHO, YTO ONpPEAEIIIIONMMHU (hakTopaMu At (op-
MHUPOBAHUS CYMMAapPHOH MPOIYKIIMK BOJHBIX SKOCUCTEM B CYXOCTEITHON U CTEITHOM 30HaX SBITIOTCS AaKTUBHAS
peaxuus cpensl (pH) u MuHepanu3anus BoAsl, 00BACHSSI B cyMMe 94 1 65% M3MEHUYNBOCTH, COOTBETCTBEHHO.
B necoctemHolt U yiecHO# 30HAX poib 3TUX (DAKTOPOB CHIDKAETCS W BO3PACTACT POJb IMPO3PAYHOCTU BOJIBI,
KOHIIEHTPAIINK KUCJIOPOAa U OHOTEHHBIX AIEMEHTOB, a TaKKe APYTHX, I0OKa HEYCTAaHOBJIECHHBIX (hakTopoB. Ha
BEJIMYMHY 00pa30BaHUs MEPBUYHON MPOMYKIUU ((PUTOILIAHKTOH M MaKpO(UTHI) B UCCICIOBAHHBIX BOJOEMAX
OCHOBHOE€ BIIMSIHHE OKAa3bIBAIOT CyMMa 3((EKTUBHBIX TEMIEPaTyp, KOHIICHTpAIMs PAcTBOPEHHOTO B BOJE
KHCJIOpOJIa, COJICp KaHUe PAaCTBOPEHHBIX OPTaHMYECKHX BEIIECTB, a TAKKE KapOOHATOB U Cynb(aToB. [Ipomyk-
IUsI 300IIAHKTOHHOTO COOOIIECTBA B IIEJIOM B MCHBIIICH CTCTICHH IMMUTHPOBAaHA a0HOTHYECKUMU (haKTOpaMu
cpenpl. C yBenMYCHHEM MUHEPAIH3AIUH TOCTOBEPHO CHIYKACTCS TOJIBKO YMCIIO BUIOB. CHia BIUSHUS MUHE-
paiM3anry Ha BHJOBOE OOraTcTBO cOOOIecTBa 300IIaHKTOHA cocTaBmia 52%. [Ipu aHamu3e mpoIyKIIMOHHBIX
MoKa3aTelsiell pa3InUHBIX TPYII 300TUIAHKTOHA HAa YKAa3aHHBIX IPajJMeHTaxX cpeibl BeIBiIeHO, uTo Cladocera,
Rotifera, Copepoda pazmudHbiM 00pa3oM pearupyroT Ha uX U3MeHeHHe. HacTo peakuu sBISIOTCS pa3HOHA-
MPaBJICHHBIMH, YTO HE TO3BOJICT MX MPOCIICINUTH PU PACCMOTPEHHUU COOOIIECTBa B TeToM. [IpoayKius 300-
TUTAHKTOHA B OCHOBHOM OTIpeIeTsieTcsl BenmuunHoi mpoaykimu Cladocera 1 3aBHCUT OT KOJIMYECTBA OpraHUIe-
CKHX BelIeCTB B Boje (mpsmas 3aBucuMocThb oT BI1Ks). Torma kak npoaykiust Rotifera u Copepoda Bo3pacrta-
0T TIPH pOCTE ToKa3aTeneil pH u ABISIOTCS MakCHMaTBHBIMHE B Auamna3one 8,5<pH<9,5. buomacca 3006eHTOCa
COKpaIllaeTcs MpH pocTe MUHepanu3anuu. Toraa kak Temreparypa, Ipo3pavyHOCTh BOJbI M BenmuuHa pH mo-
JIOXKUTENHHO BIMSIOT HAa OOMAacCy IIOTHOCTH 3000€HTOCA.

Pa6oTa BeimosHeHa pu noaepskke rpantoB PODU Nel6-05-00132 A u 17-05-00404 A.

Zemskaya T.1.1, Lomakina A.V.}, Zakharenko ASh Khal’zov LA Chernltsyna S.M.}, Shubenkova O.V.,
Pavlova O.N.}, Bukin S V Galachyants Yu.p.!
Pogodaeva T.V.}, Morozov 1.V.2
DIVERSITY AND STRUCTURE OF MICROBIAL COMMUNITIES
IN LAKE BAIKAL BOTTOM SEDIMENTS
!Limnological Institute SB RAS, Irkutsk, Russia
?Institute of Chemical Biology and Basic Medicine SB RAS, 630090, Novosibirsk,
Academician Lavrentyev ave., 8, Russia

The results of studies of microbial communities diversity and taxonomic composition from Lake Baikal
bottom sediments obtained during last decades using platforms of mass parallel sequencing are considered. Physi-
cal-chemical parameters of environment, components of mineralized fluids and hydrocarbons incoming from bot-
tom sediments, as well as geological structures type were taken into account. Bacterial communities of Lake Baikal
bottom sediments are characterized by moderate species abundance compared to other lacustrine ecosystems. Dom-
inating phylotypes of bacterial communities are related to several cosmopolite taxa, and their nearest homologs are
involved in different processes of destruction of organic substrates as well as in ones of liquid and gaseous hydro-
carbons. Archaea are represented by 5 phyla, among which we revealed sequences of ANME-2d clade (Eu-
ryarchaeota) performing nitrate-dependent anaerobic oxidation of methane (AOM). Structure and diversity of mi-
crobial communities in background areas have their own regularities correlating with distribution of microorganisms
of different physiological groups. Archaea are dominated by representatives of the phylum Thaumarchaeota, which
are autotrophic aerobic oxidants of ammonium widely distributed in soils, marine and freshwater ecosystems. In
sites of intensive discharge of mineralized fluids and elevated heat flows, formation of particular microbial commu-
nities is found out. By nowadays, two types of microbial mates with dominance of different microorganisms taxa
are described. Above gas hydrate fields in Central Baikal, functioning of biological communities is based on metha-
notrophy, while in the area of methane seep of Posol’skaya Bank (South Baikal), communities analogous by their
composition of underwater mates from the area of underwater low-temperature source in Frolikha Bay form (Nam-
saraev et al., 1994). Their life activity is based on chemosynthesis and methanotrophy. In the zone of formation of
iron-manganese crusts, non-classified bacteria dominated with considerable fraction of Cyanobacteria, Proteobacte-
ria and Actinobacteria.

The studies were performed within State task for themes 0345-2016-0007, 0345-2018-0001.
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PA3HOOBPA3HUE U CTPYKTYPA MUKPOBHBIX COOBHIECTB JJOHHBIX OTJIOKEHUI
O3EPA BAHKAJI
Tumuonormaeckuii nactutyt CO PAH, Upkyrck, Poccust
I/IHCTHTyT XUMHUYeCcKoU Oronorun U pyrnamentansHor meaunuael CO PAH, 630090, HoBocubupck,
np. Akagemuka JlaBpeHTtrseBa, 8, Poccust
PaccMoTpeHsl pe3ynbTaThl UCCIEI0BaHHUS Pa3HOOOpa3usl M TAKCOHOMHUYECKOTO COCTaBa MUKPOOHBIX
COOOIIECTB B IOHHBIX OTJIOXKEHHUIX o3epa baiikai, moyrydeHHbIe B TOCIIETHHUE AECSATUIIETHS C TTIOMOIIBIO TUIaT-
(hopM MacCOBOTO MapaIUIETBHOTO CEKBCHUPOBAHUS. Y UUTHIBANCH (PH3UKO-XUMHUYCCKHE MApaMETPhl CPEIbl,
KOMIIOHEHTHBIH COCTaB IMOCTYMAIOIINX U3 JOHHBIX OTIOKECHUHA MHHEPAIN30BaHHBIX (DIFOMIOB M YTICBOIOPO-
JIOB, a TaK’Ke THIT T€OJIOTHYECKHUX CTPYKTYp. bakTrepuansHple coobmecTBa JOHHBIX 0CanKoB o3epa baiikan xa-
PaKTEepU3YIOTCS YMEPEHHBIM OOraTCTBOM BHIOB MO CPAaBHEHUIO C IPYTMMHU O3€pHBIMH dKOCHCTeMaMHu. Jlomu-
HUPYIOIIUEC (I)I/I.]'[OTI/IHI)I 6aKTepI/IaJ'II>HLIX COO6H_leCTB OTHOCATCA K HECKOJBKHNM KOCMOIIOJIMTHBIM TaKCOHaM, a
uXx OJKaiIue roMOJIOTH BKIIFOUEHBI B Pa3iIMYHbIE POLECCH] AECTPYKINH OPraHMYeCKUX CyOCTpaToB, a TakK-
ke KUJIKAX U ra3000pa3HBIX YTICBOJAOPOIOB. ApXEH MPEICTABICHEI 5 (HHUITyMaMu, CPEI KOTOPHIX BBISBICHBI
nocnenoBatensHocT ANME-2d knagst (Euryarchaeota), ocymnecTBISIFOIIMX HUTPAT3aBHCHMOE aHaPOOHOE
okuciienue Metana (AOM). CTpykTypa U pa3HOOOpa3ue MHKPOOHBIX COOOINECTB B (DOHOBBIX paiioHaxX UMeeT
CBOU 3aKOHOMEPHOCTH, KOPPEIHPYIOIIHE C pacTpeaesiCHHEM Pa3IHIHbIX (PH3HOJIOTHUECKIX TPYIIT MHUKPOOP-
raam3moB. Cpenn apxeit TOMUHHPYIOT mpejacTtaButenn Guasl Thaumarchaeota, seisroryecs: aBTOTPOGHBIMA
a’pOOHBIMH OKHCITUTEIISIMH aMMOHUS, IMUPOKO PACIPOCTPAHCHHBIMHU B MOYBAX, MOPCKUX U TMPECHBIX IKOCH-
cTeMax. B MecTax MHTEHCHBHOW Pa3rpy3Kd MUHEPAIN30BAHHBIX ()IIOWIOB M MOBBIIICHHBIX TEILIOBBIX MMOTO-
KOB OTMeUaeTcsl (POPMUPOBAHUE OCOOBIX MUKPOOHBIX coo0IIecTB. K HacTosImEeMy BpeMEHHU OMICAHO JBa THIIA
MHUKPOOHBIX MAaTOB C JOMUHHPOBAHHEM PA3JIMYHBIX TAKCOHOB MHKPOOPTraHU3MOB. Ham rasormapatHeIMU 110O-
nsmu B CpenHeM baiikane GyHKIIMOHUPOBaHUE OMOJIOTHYECKUX COOOIECTB OCHOBAHO HA METAaHOTPO(UH, TO-
I/1a Kak B paiione metaHoBoro cuma [loconbckas 6anka (FKOxHbi baiikan) GopmupyroTcs coolriecTsa, aHajo-
THYHbIE TI0 COCTaBY MHUKPOOHBIM MaTaM U3 paiioHa MOJBOJHOTO HU3KOTEMIICPATYpHOrO MCTOYHMKA B 6. Ppo-
mxa (Hamcapaes u zip., 1994). Ux ku3HeneaTeIbHOCTh OCHOBAaHA Ha XeMOCHHTe3e U MeTaHoTpodun. B 30He
(hopMHpOBaHHS KEIE30MAPTAHIICBEIX KOPOK B COCTaBe OAKTEpUANbHBIX COOOINECTB Mpeoliagany HEeKIacCu-
¢unmpoBaHHbIe OAKTEPUH, TIPU 3HAYUTEIHFHOH JJOJIe IMaHOOAKTEPUH, TPOTEO0AKTePHil i aKTHHOOAKTEPHIA.
HccnenoBaHus BHIMOIHEHBI B paMKaxX rocyIapcTBEHHOTo 3aaaHus o temam 0345-2016-0007, 0345—
2018-0001.
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Abasov N.V., Osipchuk E.N., Nikitin V.M., Berezhnykh T.V.
THE PROBLEM OF LAKE BAIKAL LEVEL MANAGEMENT IN CONDITIONS OF CLIMATE
CHANGE
Melentiev Energy Systems Institute of SB RAS
664033, Irkutsk, Lermontov st., 130
nva@isem.irk.ru, eugene.os@mail.ru
The paper is concerned with problem of the lake Baikal level management with contradiction of
ecological requirements and water users of Angara River. Violation of bottom bound (456.00 m) of the
lake level and minimum water discharge (1300 m®/sec) of Irkutsk hydropower plant (HPP) are caused
by long low water period in Baikal basin and climate change. The current conditions require adjustment
of hydrological characteristics of the useful inflow into the Lake Baikal and rules of Angara HPP cas-
cade management.

Adacos H.B., Ocunuyk E.H., Hukutun B.M., bepexubix T.B.
NPOBJEMA YHPABJIEHI/IH YPOBEHHI)IM PE)KI/IMOM 03. BAWKAJI B YCJOBHUSIX
U3MEHEHUS KJINMATA
Uncturyr cuctem snepreruku uM. JI.A. MenenrseBa CO PAH, Upkyrck, Poccus
nva@isem.irk.ru, eugene.os@mail.ru

3a mocieIHNe TOABl YCWIMIINCH IPOTUBOPEUHS IO YIIPABICHUIO YPOBEHHBIM PEKUMOM 03. baiikan
B 3aKOHOJATEeJIbHO YCTaHOBJIEHHOM Juana3zoHe peryiaupoBanus (456,00—457,00 m TO — TuxookeaHckou
CHCTEMBI BBICOT) U BOJIOXO3SIIICTBEHHBIMU OTpaHUYEHUAMH B HIDKHeM Obede Upkyrckoit I'DC. Orpanu-
YeHUE PEryIHPOBAHUS YPOBHSA 03epa B quama3oHe 1 MeTp, YCTaHOBICHHBIC MOCTaHOBJIcHUEM [IpaBu-
teapcTBa PD Ne234 B 2001 rony, He BRINONHAIOCH B TeueHue 4-x et ¢ 2014 roga mpu MUHHMAIBEHO
JIOMYCTHMBIX PACXO/AX depe3 Upkyrckyro I'DC mo Tpe6OBaHmo KPYIHBIX BOJI03a00pOB €€ HUXKHETO
oneda (1300 M /c) [IpoaomkuTEeNbHBI HEMPEPHIBHBINA TIEPUO HU3KUX PACcXOJ0B B HIKHEM Obede Up-
KyTckoil ['DC u ypoBEHHBIX PEXHMMOB p. AHrapa NpHUBEN K 3HAYUTCIBHOMY YXYAIICHHUIO CAaHUTAPHO -
TUTUEHUYECKUX YCIIOBUM (KauyecTBO BOJBI), MpoOIeMaM y BOJHOT'O TpaHCIOpPTa U PHIOHOTO XO3sii CTBA.
daktuuecku, ¢ 2001 romga MUpkyrckas 'DC paboTaer Ha mojaepkaHUEe ypOBHS 03epa B 3aJaHHOM [ a-
ma3oHe 0e3 ydyeTa HETaTUBHOTO BIHSHHS pPEKHMa Ha pa0dOTy DHEPTrOCHUCTEMBI, BOIOMOIB30BaTENCH H
BOJIONIOTpeOUTENeH B HUXKHEM Obe e rHIpoy3a.

Hauunas ¢ 1996 roga cymecTBEHHO U3MEHIINCH MTOKA3ATENN CPEAHETOI0BOTO MOJIE3HOTO MPUTO-
Ka B 03. baiikan (pucyHok). Ha pucyHke BUIHO, YTO C 3TOTO r'0ojia MHTETPaAIbHO -Pa3HOCTHAs KpUBas IO-
Ka3bIBaeT HEYKJIOHHOE MajJeHue.

Texymuii MaoBOJAHBIN Mepuo ] Ha 03. baiikain, nponomkatomuiics yxe 22 roja, XxapakTepu3yeTcs
CIIEIYIOIIUMH U3MEHEHUSIMU B NIOKA3aTelIX MMOJIE3HOTO MPUTOKA BOJIbI B 03€PO:

— CpeIHETOOBBIC TIOKA3ATENHN 38 «MATKUW» MaToBOAHBIH nepuo 1996-2013 rT. yMEHBIIUIUCH Ha
14% no cpaBaenwuro ¢ neprogom 1899-1995 rr.;

— aHAJIOTMYHO TMOKA3aTeNIH 32 SKCTpeMallbHbIA ManoBoAHbIN niepuoa 2014-2017 rr. yMeHBIIWINCH
Ha 35%;

— u3MeHeHus poneit nputokoB 3a |l u Il kBapTanbl oTHOCUTENHEHO TOOBBIX MOKa3aTele UMEIOT
CIIEIYIOI e 3HAUYCHHUS:

a) 3a Bechb nepuon HaOmogenuit 1899-2017 rr.: II keapran — 39%, III kBapran — 53%, 11/ 111
kBapran — 73%;

0) mepuon 1899-1995 rr.: Il kBapTan — 38%, III xBapran — 54%, 11 / 11l xBaptan — 72%);

B) mepuox 1996-2013 rr.: II xBapran — 41%, 111 kBapTan — 52%, 11 / I1I kBapTan — 79%;

r) nepuox 2014-2017 rr.: II xkBapTan — 46%, 111 kBapran — 45%, 11 / I1I kBaptan — 102%.

Hnsa Il xBapTana naHHbIM MoKazaTeab BO3pAcTaeT, YTO CBA3AHO C OoJiee pAaHHUM CHErOTasHUEM U
Oonee BBICOKOW TEMIEPAaTYpOHl JIETHETO IEepHUOAa, YMEHBIIAIONIETO BEIWYUHY IOJE3HOTO IPHUTOKA B
03epo.

ITepuonx 1996-2013 rr. XxapakTepu3yeTcs MOBBIMICHHEM JICTHUX TeMIlepaTyp B Oacceline o3. baii-
Kall, a JJIsl <OGKeCTKOTo» MasnoBogHoro nepuoga 2014-2017 rr. cpegnenieTHUE TeMIIEPaTyphbl MOBBICUINCH
0 3-X TpajlycoB B IEHTPaJbHOW M CEBEPO-BOCTOYHON HacTsAX ero OacceilHa. DKCTpeMallbHO MaJOBOI-
HBI{ MEepUOJ] TAKXKE XapaKTepHU3yeTCs 3HAUUTEIbHBIM YMEHbBIIEHUEM JIETHUX OCaJIKOB.
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JvuHaMyka U3MEHEHHsI CPEHETOI0BOTO TIOJIE3HOTO PUTOKA B 03. baiikar.

1 — ucxomHbIi psi; 2 — CriaKeHHBIH (CKOJIB3SIIEe S-IeTHEe OCPEAHEHNE); 3 — HHTErPaabHO-Pa3sHOCTHAS KPH-
Bas; 4 — cpeanee 3a mepuon 1899-2013 rr.; 5 — jokanbHble cpenuue s nmepuomos 1899-1995, 1996-2013,
2014-2017 rr.

T'uapornoruyeckrie ¥ KJIMMaTHIECKHE M3MEHEHHs B Oacceline 03. baiikai cBsA3aHbI ¢ I100abHBIM H3MEHEHHEM
KJIMMaTa, & B COUYETAHNH C YBEIIMUMBAIOIIAMCS aHTPOTIOT€HHBIM BO3/ICHCTBHEM MOTYT MPUBECTH K CEPHE3HBIM JI0JITO-
CPOYHBIM HETraTHBHBIM TIOCIIEJICTBUSIM KaK CaMOTO 03epa, TAK U SKOCHCTEMBI OacceiiHa p. AHrapa.

B o70ii cBs3u HeoOXomuMa pa3paboTKa CIEIHATBHBIX MPABWI YIPABICHHUS YPOBCHHBIM PEXHMOM O3.
Baiikan 115 pa3nU9HBIX CIIEHApHEB OyMyIiei BOJTHOCTH:

1) yTo4HEHHE THAPOIOTUYECKHX XapPaKTEPHCTHK (CPEAHEMHOTOICTHHH IPUTOK — HOPMAa, SKCTPEMAaIbHBIHN IPH-
TOK JIp.) TIOJIE3HOTO TIPUTOKa B 03. baiikan u p. AHrapa 1o HOBOH 3I10X€ BOJAHOCTH C IMPOTHOCTHYECKUMH OLIEHKAMU
Han0oJIee BEPOSITHBIX TII00aIBHBIX U PETMOHABHBIX M3MEHeHWH KimMata Ha 10 net u 6oree;

2) u3aMeHeHue nucneTdepckux rpagukoB Upkyrckoit '9C, ncxoas U3 BO3MOKHOCTH MPOIOKEHHS Ma-
noBoaHoro nepuoaa 1996-2017 rr.;

3) BHeceHHE KOPPEKTHPOBOK B [IpaBmia wmcmonb3oBanus BoAHBIX pecypcoB ([IMBP) Bomoxpanwmwig
Amnrapckoro kackaga ['OC ¢ npoBe/ieHHEM BOJIHO-3HEPTE€TUYECKUX PACUETOB IS MOBBIIIEHUS! YCTOMUNBOCTH
BOJIOXO3AKMCTBEHHOM cucTeMbl OacceiiHOB 03. baiikan u p. AHrapa B 1IeJIOM.

Abukenova V.S, Bljalova Z.Z., Kartbaeva G.T.
MONODACTNA COLORATA - THE INVASIVE SPECIES OF THE NURA RIVER
(CENTRAL KAZAKHSTAN)
Karaganda State University of the name of academician E.A. Buketov,
100026, University street 28, Karaganda, Kazakhstan
abu-veronika@yandex.ru

Bivalve invasive molluscs Monodactna colorata Eichwald 1829 were revealed in zoobenthos samples
selected in the upper part of the Nura river in 2017. M. colorata quite numerous in the polluted waters of the
river, where other species of mollusks are disappearing. The invasive species become dominant in benthic
communities at the points of registration, determining the conditions of the functioning of the ecosystem. The
study of the mollusc's distribution along the river bed has been started.

AoykenoBa B.C., Basuiosa 7K. K., Kaproaesa I'.T. .
MONODACTNA COLORATA — BCEJIEHELl PEKU HYPbI (HEHTPAJIbBHBIN KA3AXCTAH)
Kaparanaunackuii rocyjapcTBaHHBIN YHUBEpCUTET UMeHH akajemuka E.A. bykerosa,
100026, yn. Yausepcurerckas 28, r. Kaparanma, Kazaxcran
abu-veronika@yandex.ru

B Hacrosmiee Bpems siBJIeHHE OMOMHBA3WH CBOHCTBEHHO IUIS BOJOSMOB M BOJOTOKOB MHOTHX CTpaH.
HenTpanbubiii Kazaxcran orianyaercs kpailHeW apUIHOCTBIO TEPPUTOPUU U ClIa00 Pa3BUTON PEYHOH CEThIO,
YTO HAKJIAJBIBACT OTPAHHICHUS HA BO3MOXKHOCTH CAMOCTOSITEIIFHOTO PAcCeNICHUsI THAPOOHOHTOB 110 BOAOTO-
KaM B 3TOM pEruoHe. Boiblryro poiib 34€Ch UIpaeT pacceiieHHEe B pe3ynbTaTe ACSTEIBHOCTH YeJoBeKa, a
UMEHHO B PE3yJbTaTe MHTCHCUBHOTO PAa3BUTHS PHIOONOBCTBA, CO3MAHMS BOJOXPAHIIIAI, aKKIMMATH3AIOH-
HOH J1esITeIbHOCTH, aKBAPUYMHUCTHKU.

Becnoii 2017 roma B BepxHeM TeueHnH peku Hypbl, B paiione mocenka mMm. . Mycraduna Byxap-
Keipayckoro paiiona KaparanmuHckoil obmacti ObUTH OOHApYy)XeHbI MecTooOMTaHMs MoiuLmocka Monodactna
colorata, Hukora paHee He BCTPEUABIIICTOCS MPH MPOBEACHUM THIPOOHONIOTHUECKHIX UCCIICIOBAHHH B PETHOHE.

Martepuanom Ui HACTOSIIEH CTaThH MOCTY>KWIN MPOOBI 3000€HTOCA, COOpaHHbIE HAa MEJIKOBOIHBIX
yuacTkax peku Hypsr B mpenenax Kaparanamackoit obnactu. Ha riryomaax mo 1,5 M oTOMpany KauecTBCHHBIC
npoOBl ¢ TIOMOIIBI0 PyYHOTo cayka. OpraHn3msl OTIaBIMBAIN Ha miomaan npumepHo 0,3 X 4,0 m. IIpo6sr
¢duxcupoamm 4%-HbIM (HOPMATHHOM.

3000eHTOC OBUT MpEACTaBICH TAaKCOHOMHUYECKHMMH Tpymmamu 1richoptera, Hirudinea Heteroptera.
Ipeobnaganu mpeacTaBuTeNn HacekoMbix oTpsiioB Diptera (cemeiicteo Chironomidae) u Ephemeroptera.
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ManakodayHa ObUla NpEACTaBIEHA CIEAYIOIMMU BHAaMH: NPYIOBHKH — Oojbmioi Lymnaea stagnalis
(Linnaeus, 1758), ymkossiit Radix auricularia (Linnaeus, 1758), yceuennsiii Galba truncatula (Miiller, 1774);
Karymika okatimnennast Planorbis planorbis (Miiller, 1774) u mononaxtha nBetHass M. colorata, Eichwald
1829.

[Tnomane pycia, 3aceneHrHoro M. colorata npesbimana 500 M2. UHCIIEHHOCTh MOJUIFOCKOB COCTABUIA
B cpemHeM 43 5k3./M°. JUTHHA Tela MCCIeTOBAHHBIX 0C00eil He mpeBbimaa 32 MM. Menbimas 1oms ocobeii B
noyssiu# (mpuMepHo 30% YucIeHHOCTH) OblIa MpeICTaBIeHa MOJIOBI0 OT 3 10 10 MM. DTH GOPMBI UMEIOT
KOPMOBOE 3Ha4eHHe I phI0. I3BeCTHO, 4TO IpennouTeHne MPEeCcHBIX BOJ 00ecTeYMBaeT BUAY XOpoIiee pac-
MIPOCTPAaHEHHE, B TO JK€ BPEMsI MOJUTIOCK YyBCTBHUTEINICH K 3arPS3HEHHIO, OTPAHUYMBAIOIIEMY €TO YHUCICHHOCTb.

Cpenu GeHTOCHBIX OopraHu3MoB pekn Hypsr B 70-x mo 90-e roasl mpommioro Bexa mpeodiamal
MoJUTIOCK 0e33yOka obsikHOBeHHass Anodonta cygnea, cocrtasisis 60% uucnenuoct u 75-80% Guomac-
cbl OT o0b1ero mokasarensi 6enroca. Ha momo npynosukoB L. stagnalis mpuxonunocs 10-15% Guomac-
cel. OgHako mocnennue 15 ner HaOmMOManoch 3HAYMTENBLHOE CHIDKEHHE 4YHCICHHOCTH A. cygnea.
Haxoxnenne 0e33y0ku 1r000T0 BO3pacTa CTallo yXKe BechbMa peIkuM ¢akToM. Bo3zMoxkHO, 3TO CBA3aHO
c3arpsisHeHHeM Boj peku Hypel. Ha npoTsbkennu 6onee gem 20 net Hypy OTHOCST K pekaMm C yMepeH-
HO-TPSI3HBIMH BoJaMH. [Ipyrue BHIBI MOJUTIOCKOB TaK)ke MaJIOUHCIeHHBI. Hampumep, mepnonndeckuit
yuet momuHaHTHOTO Buaa L. stagnalis, kak cocraBmsroteit 3006eHTOCa, B TIOCIEHIE TObI BO3MOXKEH
TOJIBKO B paiioHe VIHTyMaKCcKOro BOJOXpaHMIIHINA .

[TosTOMy NOsIBIIEHHE JOCTATOYHO MHOTOYHCIICHHOHN oMy siuu M. colorata B yCIOBUSIX SJIMMUHALIUAH
JPYTHX BHIOB MOJUTFOCKOB BECbMa MHTEPECHO U 3aCIy)KHBaeT HaOmoaeHus. Mbl IIIaHUpyeM MpOCIIeANTh pac-
CeJIeHHE BUIa B HOBOM MECTOOOUTAHUH 1 OIPEACIHUTE PETYISTOPHI €TO YHCICHHOCTH.

H3BecTHO, uto M. colorata ObL1 3aBe3eH B HEKOTOpbIe Bogoxpanunuina Kasaxcrana ¢ nesipio obora-
meHus ruapodaynsl. Tak B 70-80-x romax mponuioro Beka MOJUTIOCK paccerieH B KamyaraiickoM BoJOXpaHU-
JIMIIE, B IENbTOBBIX BojgoeMax p. M u o3epe banxam. OnHako 3T0 He 00BACHIET NPUCYTCTBUSI MOJIIFOCKA B
JIOCTATOYHO yJAJICHHOW OT 3THX BoJI0eMOB peke Hypa. MeponpusTuii mo oborameHne KOpMOBOW 0a3bl PhIO
3JIeCh TaKXKe He POBOAMIOCE. Bo3MOKHBIE IMyTH MPOHUKHOBEHUS] MOJUTIOCKA B PeKy — cToKkH CaMapKaH/CKO-
T'0 WK IPYTUX BOJOXPAHMIHIL, T1IE TPEAIONIOKUTEIRHO OBLIO MPOBEAECHO BCEJICHNE MOJITIOCKA Ha JIFOONUTEIb-
CKO ocHOBe. BeceHHuUe pa3inuBbl B PEUHOM JNOJIMHE TAaKXKe MOTJIM CIIOCOOCTBOBAThH PACCENIEHHIO MOJLTIOCKA U3
YaCTHBIX PHIOHBIX XO3SICTB.

Adamovich B.V.}, Nikitina L.V.* Medvmsky AB.? Radchlkova N.P.2,
Mikheyeva T. M , Zhukova T. V
SEASONAL VARIATIONS IN BACTERIOPLANKTON ABUNDANCE IN THE LAKES OF
DIFFERENT TROPHIC STATE
'Belarusian State University, Nezavisimosti Ave., 4, Minsk, Belarus
%Institute of Theoretical and Experimental Biophysics, Instltuskaya str., 3, Pushchino, Russia
®pirogov Russian National Research Medical University, Ostrovitianov str. 1, Moscow, Russia
belagualab@gmail.com

The trophic status is a key hydroecological characteristic of water bodies. Trophic state of lake
ecosystems based on the amount of available nutrient for organisms classically distinguishes three types
of lakes: oligotrophic — a nutrient-poor state, mesotrophic — a nutrient sufficient state, and eutrophic — a
nutrient rich state. In order to characterize the lake trophic state quantitatively, trophic state indices (TSI)
were put forward (Carlson, 1977). The dynamics of bacterioplankton abundance should also be linked
with trophic status of the lake. But, what is the relative contribution of environmental (for example, tem-
perature) and intrinsic (for example, food supply) factors in driving the close association of the trophic
state index with bacterioplankton abundance in the Naroch Lakes? Here, we present the results of analysis
of the bacterioplankton data obtained during the monitoring of the Naroch Lakes under conditions of the
stabilization, i.e. in 1995-2015.

The system of Naroch Lakes is situated in the Northwestern Belarus in the Neman River basin. The
lakes have a common catchment area but differ in their trophic states; namely, the trophic states consistently
decrease in the chain Lake Batorino — Lake Myastro — Lake Naroch. The Naroch Lakes were monitored inten-
sively during the last fifty years. Throughout this time, these lakes underwent a set of conversions in their
structural and functional structure. The stabilization of biological and hydrochemical characteristics of these
water bodies came in the mid-1990s (Ostapenya et al., 2012; Adamovich et al., 2015; Zhukova et al., 2017).

The bacterial abundance grew since spring reaching a maximum in July in Small Stretch of Lake
Naroch, or in August in Large Stretch of Lake Naroch, in Lake Myastro, and Lake Batorino. Then, from Au-
gust till October, a progressive decrease of the bacterial abundance took place. Temperature patterns are simi-
lar to those of the bacterial abundance. No statistically significant differences between the spring and autumn
bacterial abundances were found with one exception for Lake Batorino where a significant change in the bacte-
rial abundance in May vs September took place. The bacterial biomass increased gradually from May till Au-
gust in both the stretches of Lake Naroch reaching the values in Small Stretch and in Large Stretch, and then
decreased in September-October. In Lake Myastro and in Lake Batorino the bacterial biomass peaked in July.
However, in contrast to the changes in the bacterial abundance and biomass, the mean volume of bacterial cells

81



remained virtually unchanged.

It is noteworthy that in Lake Batorino, Lake Myastro and Lake Naroch, the ratio of the time-
averaged abundance of bacteria in July to the time-averaged abundance of bacteria in May remains virtu-
ally unchanged compared to the same ratio between July and October. However, similar ratios for chloro-
phyll-a undergo significant changes. This result leaves room for further investigation of the factors,
which can influence trophic state of the lakes, on the assumption that bacterial abundance is considered as
an invariant measure.

We show that even though the dynamics of bacterioplankton abundances and chlorophyll concentra-
tions in each of the Naroch Lakes are not statistically correlated with each other, the Naroch Lakes system as a
whole manifests a distinct linear relationship between the temporal variations in the TSI values assessed for
each of the Naroch Lakes, and the corresponding variations in bacterioplankton abundances. This result im-
plies that the bacterioplankton abundance is inextricably associated with lake trophic state. Moreover, the bac-
terioplankton oscillations are shown to be under a tangible temperature control.

This study was partially supported by the Belarus Republican Foundation for Fundamental Research.
MAB gratefully acknowledge support from the Russian Foundation for Basic Research (grant 17-04-00048).

Aghajanyan E.A., Avalyan R.E., Atoyants A.L., Aroutiounian R.M.
BIOTESTING OF FRESHWATER ECOSYSTEM USING MODEL TEST OBJECT
Yerevan State University, RI “Biology”, Yerevan 0025, Charents str., 8, Armenia
re_avalyan@mail.ru; a.atoyants@mail.ru; genetic@ysu.am
The clastogenic effects of water samples in 7 locations of a natural lake (Lake Sevan) with the appli-
cation of Trad-MCN (micronuclei in tetrads of microspores) bioassay using Tradescantia (clone 02) were in-
vestigated. A significant increase in the frequency of micronuclei in tetrads and tetrads with micronuclei in
microspores of the plant exposed to the test samples- Tsapatagh, Litchk, Masrik, Martuni compared to the con-
trol has been revealed. The positive correlation between tetrads with MN frequency and the concentration of
Ni and Co in the investigating water samples was showed.

AramkansH J.A., Apaiasi P.JD., Arosinny AJL., Apyrionsn P.M.
BUOTECTUPOBAHUE INPECHOBO/HbBIX 9 KOCUCTEM C IPUMEHEHUEM MOJEJIBHOI'O
TECT-OBBEKTA
EpeBanckuii rocynapcteennsiii yausepeuret, HUU “buonorus’, Apmenwnsi, Epesan 0025,
yi. Yapenna,8
re_avalyan@mail.ru; a.atoyants@mail.ru; genetik@ysu.am

Buonornyeckuii MOHUTOPHUHT MO3BOJIIET JaTh MHTETPaJbHYI XapaKTePUCTUKY HKOJIOTUYECKOH 00-
CTaHOBKW, BBI3BAHHOI aHTPOIIOTCHHBIMHI U TEXHOTCHHBIMU (paKTOpamMu. B yCcIOBHSIX COBpEMEHHOTO BO3JEH-
CTBUS TEXHOTEHE3a Ha BOJIHBIE IKOCHCTEMBI (0OCOOCHHO MPECHOBOIHBIEC) BO3HUKAET NMpaKTUIeCKas He0OX01-
MOCTB H IIeTIeCO00pPa3HOCTh TECTUPOBAHUS Ka4eCTBa BOIHOU CPEIIBL.

Cpenu MOJENBHBIX PACTUTENLHBIX MOJIENBHBIX TECT-00BEKTOB 0CO00 BBIJCISAETCS T€TEPO3UTOTHBIN
mo okpacke 1BeTka ko 02 tpageckanmuu (Tradescantia clone 02), koTopslii SBIS€TCS TPUPOIHBIM MEKBH-
noBbIM rHOpuIoM Mexay Tradescantia occidentalis Britton Rudb. u T. ohiensis Raf. Jlansblii KJ10H HCITOND-
3yeTcsl B TEHETUIECKOM MOHHUTOPHHTE Ul OOHAPYXCHHUS HAPYIICHUH Tpoliecca MUKPOCIIOPOTeHe3a B TeTpa-
Jlax MUKPOCIIOp ¢ 00pa3oBaHHeM MUKposiep (K1acToreHHbIH apdekt — tect Tpan-MS1). MukposiaepHslii Tect
BXOIHUT B MeXIyHapOIHYIO TporpamMmy mo pactutensHbM TecTaM (IPPB) mon srumoit OOH (FOHEIT) mo
OKpYyXarouiei cpese.

Ozepo CeBaH ABISETCS OJAHUM U3 KPYIMHEHIIHUX BBICOKOTOPHBIX 03€p MUpPa — YHUKAJIbHBIA IPECHO-
BOJIHBIN BOZOEM, UTPAIOLIHI OONBIIYIO POJIb B HAPOAHOM X034HCTBe ApMeHuH. B HacTosiiee BpeMs mpoOie-
Ma HepaIMOHaJIBHOTO MCIIOIB30BAaHMS M 3aTrpsI3HEHUS IKOCUCTEMBI CeBaHCKOTO OacceifHa SIBISICTCS aKTyallb-
HOIA, a ee pa3pelieHre KpaitHe He0OXO0UMO ISl YIYUIIEHUS KOJIOTHYECKOW OOCTAHOBKHU B PETHOHE.

Lenpio HACTOSIIEr0 MCCIENOBAHUS SBISIOCH OHOTECTUPOBAHKE YPOBHS KIACTOTEHHOCTH BOII-
HBIX TIpo6 Oacceiina 03. CeBaH (Tepputopus boawsmoro CeBaHa) ¢ NPUMEHEHUEM MUKPOSJIEPHOIO TECTa
MOJENBHOT'0 TecT-00heKTa KiIoHa 02 Tpameckanmuu (tect Tpan-MSl). [Ipu TecTupoBaHUM C IpUMEHE-
HHEM JAaHHOTO TecTa (PUKCHPYIOTCS IBA TECT-KPUTEPHUs: MPOLEHT MUKPOSAECP B TETpanax M MPOLEHT
TeTpaJ C MUKPOSAPaMHU.

Martepuanom HCCIeIOBaHUS CITY>KWIH BOAHbIC MPoObI (7) Oacceiina 03. CeBaH, B3sThIE B HCCIEIye-
MBIX TOYKax BOJW3M HaceleHHBIX IMyHKTOB: ApTanum, Kapuaxmop, Hopamy3, Macpuk, Ilanarax, Jlnuk,
Maptynu. B uccienyembix BOJHBIX 00pa3iax omnpezesiachk KOHIEHTpamus xumuieckux aneMeHToB (K, Ca,
Mg, P, Mn, Cu, Zn, Co, V, Al Fe, Ni u ap.). B xauecTBe (poHOBOTO 00pa3ia UCIOIH30BAIN BOJOIPOBOIHYIO
BOAy. [loydeHHbIe pe3yabTaThl 00pabaThIBAINCH CTATHCTUYECKH C MPUMEHEHHeM Tporpammel Statgraphics
Centurion16.2. TIpoBoauiIn KOPPEISILUOHHBIA aHAIN3 MEXIY YaCTOTONH OOOMX TECT- KPUTEPUEB U XUMHYC-
CKHM COCTaBOM HCCIIETyEMBIX BOJIHBIX IIPOO.

W3ydyenne K1acTOreHHBIX d(PQPEKTOB B CIIOPOTCHHBIX KIETKAX TPaJCeCKAHIMU MOKA3aI0 YBEIUYICHUES
YacTOTHl BCTPEUAEMOCTH 00OMX TECT-KPUTEPHEB BO BCEX HCCIEAyeMbIX BOIHBIX BapHaHTax B 2-4,5 pasa mo
CPaBHCHUIO C KOHTPOJIBHBIM YPOBHEM B 3aBUCHMOCTH OT 00pa3iia. MakcuMansHOE MPOsIBIICHIE JaHHBIX TeHe-

82



THYecKuX 3()PeKkToB Mo 060MM TECT-KpUTEPHUSAM HaOJII0ANI0Ch B BApUAaHTaX BOAHBIX Npod — Macpuk, [lamna-
tax, Jluak u Maptynu. [Ipu onpeneneHin 3aBUCHMOCTH N3yYCHHBIX TCHETHYCCKHUX d(PPEKTOB B CIOPOTCHHBIX
KIICTKaX TpaJACCKaHIIUU OT COACPKaHUA B BOAHBIX 06pa3uax HEKOTOPBIX XUMHUYCCKUX 3JICMCHTOB BBLIABJICHA
JIOCTOBEPHAs MMOJIOKHUTEIIbHAS KOPPEISIUI MEXIy dacToToi terpan ¢ M n xonnentparmeir Ni u Co B uc-
CllelyeMbIX BapHaHTaXx.

[Ipumenenue mukposinepHoro 6motecta (Tpan-MSl), kiona 02 TpageckaHIUHU mokaszano ero 3ddek-
TUBHOCTH U II€JIECOOOPA3HOCTD Il OMOTECTUPOBAHUS KauecTBA BOJHOM CPe/bl IPECHOBOIHON 3KOCHCTEMBI
03. CeBaH.

Alyoshina A.V., Velichko M.S.}, Glyzin L.A%, Yakhnenko V.M.?, Sapozhnikova Yu.P.?, Tyagun M.L.2,
Sukhanova L.V.2, Glyzina O.Yu.?
BREEDING OF WHITEFISH AND THEIR HYBRIDS IN SMALL RECIRCULATING
AQUACULTURE SYSTEMS
YIrkutsk State University, Irkutsk, Russia
%Limnological Institute SB RAS, Irkutsk, Russia

Comparison between whitefish and seven variants of their hybrids showed better survival, quantitative
and qualitative characteristics in pidschian, and in lake whitefish and pidschian hybrids.

One of the most outstanding changes of water ecosystems now is a drastic depletion of game fish
stock in natural waters. According to the “Aquaculture Expansion Strategy in the Russian Federation till 2020”
“when the fish stock of inland waters are endangered, the aquaculture is a sole available source able to increase
the game fish production”. The Cyprinidae and Coregonidae hybrids became the most popular in Russia, the
latter being the most profitable in the industrial fish breeding due to their excellent taste.

The feature of the Siberian Federal District is a breeding of cold water, mainly Coregonidae, fish.
Three species of this family inhabit Lake Baikal. Now, amongst all Baikal Region fish fauna a special part
in diet of the local people is played by Baikal omul. Baikal Coregonidae: omul (C. migratorius), lake white-
fish (C. baicalensis), and especially humpback whitefish or pidschian (C. pidschian) differ from whitefish
of other waters in higher fecundity and growth rate. The pidschian stock is exceptionally low; this species is
endangered with extinction. Fisheries of Baikal Region breed whitefish larvae, in particular of Baikal omul,
and this is a promising trend in the field of fish breeding in the Baikal Region. A successful aquaculture of
endemic Baikal game fish requires a complex of advanced research methods allowing a quick and high sen-
sitivity assessment of the fish state in order to adjust conditions of their keeping.

Multidisciplinary studies of whitefish by classical methods of biology, molecular biology, biochemistry and
behavior science are being performed at the Experimental Freshwater Facilities for Cultivation of Baikal Organisms in
the Limnological Institute, Siberian Branch of the Russian Academy of Sciences. These facilities allow providing iden-
tical conditions for brooding and breeding during the experimental work with all Baikal whitefish and all variants of
their F1 hybrids. Today in the living collection of the Institute there are specimens of four whitefish species and their
hybrids up to 7 years old, and next generation eggs are being brooded.

The experiments showed survival of whitefish eggs and their hybrids in small Weiss jar incubation
systems to be 14-61%. As a result, we got seven hybridization variants of a hybrid progeny of Baikal whitefish
(including lake whitefish and omul, pidschian and Baikal omul, peled and omul). The best survival, quantita-
tive and qualitative indices characterize the eggs and juveniles of the pidschian and the lake whitefish and
pidschian hybrids. We gained experience in keeping the living collection of the Baikal whitefish in small recir-
culating aquaculture systems at the Experimental Freshwater Facilities. We found that the F1 hybrids of Baikal
pidschian and lake whitefish had advantages over their parents and could be specified as a high quality fish
seed for a pond and industrial agriculture. State-of-the-art biotechnologies of fish breeding, easy cross-species
hybridization of whitefish and increasing availability of new research tools allow studying diverse aspects of
whitefish adaptation processes in the Baikal ecosystem, creating cryobanks and doing a genetic certification of
the fish population.

Next, we are going to use the F1 progeny in backcrossing. The F1 hybrids of Baikal pidschian and
lake whitefish can be used as a high quality fish seed in a pond and industrial fish breeding. Creating fisheries
with advanced monitoring techniques should ensure a preservation of the unique Baikal ecosystem, recruit-
ment of the Baikal game fish population, and formation of a new marked-based regulatory mechanism for in-
dustrial aquaculture.

The work is done within the Basic Research 0345-2016-0002 “Molecular ecology and evolu-
tion of living systems of the Central Asia under the global climate change”; 0345-2016-0005 “Experi-
mental research of genomes and proteomes of freshwater ecosystems biota”; # VI.51.10 Integration
Program of Irkutsk Scinetific Center, Siberian Branch of the Russian Academy of Sciences “Basic re-
search and innovative technologies as a basis for a rapid development of the Baikal Region”, as well as
under a financial support of the RFBR and the government of the Irkutsk Region in the frame of the
projects # 17-43-380006, 17-44-388081.
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AJlellIMHA A.B.l, Beanuko M.C.l, TIapB3uH JI.A.Z, SIXHeHKo B.M.Z, CanoKHUKOBa IO.H.Z, Taryn M.JI.Z,
CyxaHoBa JLBZ Tabiuna 0.10.2
BO3MOXKHOCTHU COAEPKAHUS CUT'OBBIX PbIb U UX TUHBPUI0OB B MUHUYCTAHOBKAX
3AMKHYTOI'O BOJOCHABKEHU S
1I/IpKyTCK1/H7I rOCy/apCTBEHHBIN yHUBEPCUTET, T. UpkyTck, Poccus
Jlumuonorudeckuil uscrutytr CO PAH, Upkyrck, Poccus

HTEeHCUBHBIM U3MEHEHHUEM BOAHBIX 3KOCHUCTEM B IMOCJICAHEEC BPEM S ABJISICTCA KaTaCTpO(bI/ILIeCKOG
CHIDKEGHHE 3aIacoB IMPOMBICIOBEIX PBIO B €CTECTBEHHBIX Bonoemax. Kak otmedeHo B «CTpaTeruu pa3Bu-
THsI aKBaKyJIbTypbl B Poccuiickoii @eneparnuu Ha nepuona go 2020 roma» B yclOBUSX, KOT/Ia PHIOHBIC 3a-
Mackl BHYTPEHHUX BOJOEMOB HAXONIATCS B KPUTUYECKOM COCTOSHUH, CAMHCTBCHHBIM HAJCKHBIM HCTOY-
HUKOM YBEJIHUYEHUS 00BEMOB MHUIIEBOH PHIOONPOAYKINH SIBIIETCS aKkBaKyabTypa. B Poccun manbonpmee
pacmpoCcTpaHeHHEe MONYyYIH TUOpuAbl cemeiicTB kapmoBbix (Cyprinidae) u curoseix (Coregenidae), mpu
9TOM THOPHIBI ceMeiCTBa CUTOBBIX HambOJee BHITOAHBI I TOBApHOTO BEHIPAIIMBAHUS H3-32 CBOUX Tra-
CTPOHOMHYECKHX KAa4eCTB.

Ocob6enHocThI0O CUOMpCKOTo (helepasbHOTO OKpYra SIBJISCTCS BBIpAIIMBAaHUE XOJIOAHOBOJHBIX (B
OCHOBHOM CHTOBEIX) pbIO. B 03epe Baiikan oOuTaeT Tpu mpeacTaBUTENS JIOCOCEOOpa3HBIX PBIO U3 ceMe i-
ctBa Coregonidae. B HacTosmiee Bpems cpeau Beel nxtuogayHsl baiikanbckoro pernoHa ocoboe MecTo B
MUTAaHUU MECTHOTO HACEJCHHS 3aHMMAaeT OaifkambCKkuil oMynb. baiikanbckue cuUTOBBIE PBHIOBI: oMynb C.
migratorius, ozepusiii cur C. baicalensis u, oco6enno, o3epHo-peunoit cur — neikbsaH C. pidschian ornum-
YaIOTCS OT CUTOB JIPYTUX BOJOEMOB OOJIBIIEH TUIOJOBUTOCTHIO W BBICOKAM TEMIIOM POCTA. 3ammachl MbIXK b-
sTHa HAXOMSTCS B KpalHE HaNpsHKCHHOM COCTOSIHHH, BIDIOTH O YTPO3Bl IOJTHOTO MCYE3HOBEHUS. Prprbo-
Pa3BOIHBIMHE 3aBOJiaMK baiikaabCKOTO peruoHa MPOBOJMTHCS MOJAPAIIUBAHNAC JTMYUHOK CHT'OBBIX, B 4aCT-
HOCTH 0alKaJIbCKOTO OMYJIS, UTO SIBIISIETCS IMEPCHCKTUBHBIM HAIPaBICHHEM B 00JacTH pHIOOpa3BEICHUS B
BaiikanbckoM perunoHe. JJis yCIENIHOTO COACPIKAHUS JHACMHYHBIX BUIOB OalKaNIbCKUX MPOMBICIOBBIX
BHIIOB PHIO W KOHTPOJIS UX COCTOSHUS HEOOXOIUMO MPUMEHEHHE KOMIUIEKCa COBPEMEHHBIX METOIIOB HC-
CJIEIOBAHUS, TTO3BOJISIONINX OBICTPO M C BRICOKOW YYBCTBHTEIHHOCTHIO OICHUBATH COCTOSIHHE PBIO M H3-
MEHATDH YCIIOBUS CONEPKAHUS UX aKBAKYIbTYPHI.

Ha 6a3ze JIumnonoruueckoro uacturyta CO PAH, B OkcnepUMEeHTaIbHOM NPECHOBOIHOM KOMILIEKCE
Oaiikanbckux TuapoOoroHTOB (ITAK) mpoBOsSTCS MyIbTHIUCIMITIMHAPHBIE HCCIICIOBAHUS CUTOBBIX PhIO C
HCTIOJIb30BAHUEM KIIACCUYECKUX METOJIOB OMOJIOTUH, MOJICKYIIIPHOW OMOJIOTHY, OMOXUMHUYCCKHX U TIOBE/ICH-
YECKHUX METOJIOB. B Xoje 3KcIeprMeHTaIbHBIX PadOT MO0 MCCICIOBAHHUIO CHTOBBIX phIO Ha 0aze TTAK Oputa
obecrieueHa MICHTUYHOCTh YCIOBHH MHKYOAIIMH UKPBI U TOCIIEAYIONIETrO BBIPAIMBAHUS PHIO BCEX CHUTOBBIX
pBI0 o3epa baiikam u ux rubpuaoB F1 Bcex BapuaHTOB cKpenuBaHuii. Ha ceromHsIHAi 1eHh B dKUBOW KOJI-
JICKIIMHA UHCTHUTYTA COAEPIKATHCA 0COOU 4 BHUIIOB CUTOBBIX PBIO BO3PACTOM JI0 7 JIET U UX THOPUIHBIC (HOPMBI,
HHKYOHPYETCS UKPa HOBBIX MTOKOJICHHH.

DKCIIepUMEHTAIIBHBIC PA0OTHI TIOKA3aJIH, YTO BEDKMBACMOCTh MKPUHOK CHTOBBIX PBIO U MX THOPHUIOB B
MHUHU-ammaparax Beiica coctaBnser 14-61%. B pesynbpTate paboThl OBUIO TOIYYEHO THOPHUIAHOE TTOTOMCTBO
0aliKaTbCKUX CUTOBBIX PhIO 7 BapHAHTOB MHIMBUAYAJIbHBIX CKPEIIMBAHHM (B T.4. O3€PHOTO CHra C OMYJIEM,
MBDKBSIHA ¢ OAHKABCKUM OMYJIEM, TEAON ¢ oMyiieM). Jlydmias BBDKMBAaE€MOCTh, KAUYECTBCHHBIC M KOIMYE-
CTBCHHBIC IIOKa3aTCIIN Ha6HIOZIa}OTC$[ Y HKPBI U MOJIOJH IIBDKbsAHA U FI/I6]I)I/IJIa O3€PHOI'0 CUra " InblXKbsHa. bein
MONTYYEH OIBIT COXPAaHEHUS JKUBOW KOJUICKIMHM OaiKallbCKUX CHTOBBIX PHIO0 B MUHHYCTAaHOBKaX 3aMKHYTOTO
BOJIOCHA0KEHUSI HA BOJOMPOBOTHON BOJE; MPOBEACHBI UCCICAOBAHMS IO BBDKHBACMOCTU PBHIO B YCIOBHUSIX
[TAK. BrisBieHo, uro rubpuast F1 GaiikambCKUX MBDKBSHA W 03€PHOTO CHT'a MOTYT UMEThH MPEUMYILECTBA I1e-
pen POAMTENSIMHM U HCIIONB30BATHCS KaK BBICOKOKAUECTBEHHBIN PHIOONOCAIOYHBIN MaTepHal Ui [IPOU3BOI-
CTBa TOBapHOH PHIOBI B MPYIOBOM M MHAYCTPHAIBHOM PHIOOBONCTBE. Mcmonmp30BaHME COBpEMEHHON OHOTEX-
HOJIOTHH KYJIbTUBUPOBAHUA FI/I}IpOGI/IOHTOB, JICTKOCTH 06pa3OBaHI/I$I MEKBHAOBBIX FI/I6pI/I}]OB CHUI'OBBIX U BO3-
pacTaromasi TOCTYIHOCTb HOBBIX METOJOB HCCIICIOBAHUI MO3BOJLIIOT HCCIEIOBATH PAa3MUYHBIC ACICKTHI
aIalITAllMOHHOTO IPOIecCa CUTOBBIX PHIO B YCIOBHSX 0alKalbCKON IKOCHCTEMBI, CO31aBaTh KPUOOAHKU U
MIPOBOJNTH TEHETUUCCKYIO MTACTIOPTU3AIMIO TIOITYIISIIHH.

B nanpueiinieM miaHupyeTcs UCIOIb30BaTh NokojeHue F1 npu Bo3BpaTHBIX CKPEIIMBAHUIX C HC-
XOJHBIMH BHIAMHU. ['MOpHUIBI MEPBOro MOKOJCHUS OalKambCKUX NMBDKBSHA M 03€PHOI0 CHTa MOTYT HC-
MOJIB30BATHCSI KaK BBICOKOKAYECTBEHHBIH PHIOONOCAJOYHBIA MaTepual B MPYAOBOM M HHAYCTPHAIHHOM
peiboBoncTBe. Co3manue prIOOPa3BOAHBIX MPEATNPHUATHI C UCTIOIB30BAHUEM COBPEMEHHBIX METOJOB MO-
HUTOPUHTA: COXPAaHUT YHUKAIBHOCTH 3KOCHUCTEM Oaccelina o3epa baiikamn, cioco6CcTByeT BOC CTAHOBIICHHIO
MPUPOTHOHN MOMYJISAINH OalKaIbCKUX IMPOMBICIIOBEIX BHIOB PHIO, COBEPIICHCTBYET YCIOBUSI (POPMHUPOBa-
HUSL HOBOTO PBIHOYHO-PETYIUPYEMOT0 3KOHOMHYECKOT0 MEXaHIU3Ma IIPOM3BO/ICTBA aKBAKYIbTYPHI.

PaGota BeImoNHsIETCS B paMKaxX (yHIaMEHTAIBFHBIX HaydHBIX uccienoBanuii 0345-2016-0002 «Mo-
JIEKYJIpHAst KOJIOTHS U HBOJIONHUS KHUBBIX cucTeM LleHTpanbHO# A3HM B yCIOBUSX IIIOOAIBHBIX 3KOJIOTHYE-
ckux mMeHeHniy, 0345-2016-0005 «OkcmeprMeHTalbHBIE HCCIICAOBAHUS T€HOMOB U MPOTEOMOB OHOTHI
npecHOBOAHBIX 3KocucTeM»; Ne VI.51.10 Mnrerpannonnoi nporpammel MUpkyrckoro nayunoro nenrpa CO
PAH «®yHnameHTaNbHBIE UCCICIOBAHUS M MPOPHIBHBIC TEXHOJOTHH KaK OCHOBA OMEPEKAIONIETO Pa3BUTHS
BaiikambCcKkoro permoHa M ero MeXperdoHaABLHBIX CBSA3CH», a Takke Npu (GuHaHCOBOW momnepxke PODU u
[paBurenscTBa MpkyTcKoit o0acTi B paMkax Hay4qHBIX poekToB Ne 17-43-380006, Ne 17-44-388081.
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GEOINFORMATIONAL WEB SYSTEM FOR THE ANALYSIS OF THE SPATIAL DATA ON THE
DISTRIBUTION OF BAIKAL AMPHIPODES IN THE ENISEY RIVER
Instltute of Computational Modeling SB RAS, 660036 Krasnoyarsk, Akademgorodok, 50/44
2Scientific Research Institute of Ecology of Fishery Reservoirs, 660097 Krasnoyarsk,
ul. Parizhskoi Kommuny, 33
$Siberian Federal University, 660041 Krasnoyarsk, pr. Svobodnyy, 79
AndrAV@icm.krasn.ru

Nowadays, it is generally recognized that the problem of biological pollution is one of the most
important global environmental problems of our time, it is also actual for the Yenisey River. Invasions of
alien species in new ecosystems lead to significant changes in reservoirs — recipients, in particular, to a
decrease in species diversity and the stability of aquatic ecosystems. It is known that the damming of the
Yenisey caused a radical change in the hydrological, hydrochemical and hydrobiological regimes, espe-
cially in the afterbay of the Krasnoyarsk hydro-electric power station. Large-scale rearrangements have
also occurred in the communities of benthic invertebrate animals — zoobenthos, which is the main food
resource for most species of fish in Siberian rivers. At the same time the species diversity of bottom in-
vertebrates has decreased significantly, but their number has increased. Quantitative characteristics of
zoobenthos in the area from the dam to the Angara’s estuary have greatly increased: quantity — by more
than 2 times, biomass — by 5 times. The growth of indicators is determined, firstly, by the spread of en-
demic amphipods (crustaceans) from Lake Baikal through the Angara river upstream of the Yenisey,
while their proportion in the total zoobenthos biomass increased by 10 times.

This work is devoted to the spatial dynamics of Baikal endemic amphipods in the Yenisey, which
spread far beyond the Baikal not only downstream, but also upstream. The results of expedition hydrobiologi-
cal studies, conducted in 2015-2016 in several zones of the Yenisey River from its head to the mouth, are pre-
sented. In the Upper Yenisey, three zones were explored: in the Republic of Tuva, lower than the Sayano-
Shushensky reservoir (from the city Sayanogorsk to the city Minusinsk) and below the Krasnoyarsk reservoir
to the mouth of the river Angara. In the Middle Yenisey, the area from the mouth of the river Angara to the
village Surgutiha was explored, in the Lower Yenisey — from the city Dudinka to the delta, including the
Brekhov Islands.

In the Yenisey we discovered several species of amphipods, but throughout the whole river
there was only Gmelinoides fasciatus Stebb. Philolimnogammarus viridis Dybowsky took the second
place. Only in the lower reaches and in the delta of the Yenisey the leading positions were transferred
to Pontoporeia affinis Lindstrom — a representative of the estuary-relic complex of organisms. The
number of amphipods in different zones of the Yenisey varied significantly. At the highest investigated
site (the Republic of Tuva) under conditions of high flow velocity and large rocky-pebble soil, the am-
phipods are presented extremely poor: only G. fasciatus was found individually. The maximum density
of the amphipods was below the Sa ayano- Shushensky reservoir near cities Sayanogorsk and Minusinsk
(3.8 thousand ind./m? and 10.4 g/m?), while their share in the zoobenthos averaged 70% of the popula-
tion and 53% of the biomass. Further downstream, the number of amphipods decreased and in the Low-
er Yenisey fell to an average of 0.3 thousand specimens/m? with a biomass of 0.6 g/m? (13% abundance
and 7% biomass of benthic fauna Baikal endemics actively populated the Upper Yenisey section below
the Sayano-Shushensky hydroelectric power station, especially in the areas of massive macrophyte dis-
tribution. There is a divergence of ecological niches in G. fasciatus and Ph. viridis in the Yenisey: the
dominant prefers silty sand-and-shingle biotopes with a calm speed rate; the subdominant tends to pre-
fer stony-pebble bottom washed by a rapid current. P. affinis in the lower Yenisey has aclimated on
silty and sandy-silty deposits. For all three studied species of amphipods, there was a tendency to in-
crease in density in the presence of higher aquatic vegetation. Over the past 15 years, the density and
proportion of crustaceans in the zoobenthos in the Angara-Podkamennaya Tunguska area have in-
creased, especially of G. fasciatus — the number increased in 4 times and the biomass — in 7 times.

The results of hydrobiological studies has been designed in the form of geospatial database in
the geoportal, which gives the possibility to visualize and process geodata, and gives access to it from
third-party applications based on cartographic web services. At this stage of the research, information
on the hydrography of the Yenisey River basin was updated. On the basis of the data from the geopor-
tal, prepared in accordance with the State Water Cadastre, geo-referencing of the hydrobiological moni-
toring observation points to kilometer points along the fairway of the Yenisey River was carried out
(“coordinate system of the river”); the use of such a coordinate system makes it possible to evaluate
various parameters along the course of a river. Also, a set of specialized layers of geospatial data was
formed. Creation of a geospatial database with the results of expeditionary work and the introduction of
a geoinformational web system for information and analytical support of hydrobiological monitoring
greatly expands opportunities in the analysis and representation of geodata, forms the basis for inter-
disciplinary research.
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DINOFLAGELLATES FROM BAIKAL AND NORDIC MARINE AREA AS AN EXAMPLE OF
RECENT DIVERGENCE
lLimnological Institute SB RAS, Irkutsk, Russia
2Aquatic Ecology, Department of Biology, Lund University, Lund, Sweden

Dinoflagellates is a big group of water single-cell eukaryotes (protists). Members of this group occupy
every major ecological niche both in marine and freshwater environments as primary producers and predators,
free-living, symbionts, and parasites. Certain plankton dinoflagellates were described in Lake Baikal. Among
them those from spring under-ice complex are most important. We investigated their evolutionary relations
using molecular-genetic approach. According to the obtained data, most numerous morphospecies, Gymnodin-
ium baicalense, does not contain cryptic species. One of its most close relative is marine species G. corollari-
um, which was observed at first time in the Baltic Sea. They are similar not only in morphological and genetic
sense, but have the same ecological strategy: they bloom during relatively short period under the ice. Both spe-
cies can’t survive under the temperature upper +6°C. Laboratory experiments shown, that Baltic G. corollari-
um is tolerant to the changes of water salinity (it survived both in marine and fresh water). However, G. bai-
calense is a strict freshwater species according to our experiments. We suggest, that a common ancestor of
these two species had (as well as G. corollarium) a broad tolerance to different salinity and this allowed it to
adapt in freshwater lakes from Baikal region. One may even hypothesize, that such ancestor migrated from
Arctic Ocean at the time of last local cooling, when there were certain empty ecological niches in Baikal
plankton. Earlier we shown that other three species from spring Baikal plankton (Apocalatium baikalense, A.
euryceps, A. aff. malmogiense) as well as cosmopolite freshwater A. aciculiferum and marine A. malmogiense,
which inhabits both Arctic and Antarctic waters, form one species complex, that originated during recent, pos-
sibly adaptive, radiation. It seems, the ancestor of the complex (as in the case of G. baicalense) was a dino-
flagellate from the Nordic seas, which was tolerant to the variability of the water salinity.

Today we continue to study dinoflagellate in two directions. First, adaptation of G. baicalense and its
Nordic relative G. corollarium to the low temperature in freshwater and marine conditions is studied. For the
purpose we use transcriptomic data. Second, further investigations of Baikal dinoflagellate diversity are settled
(in particular, with using DNA metabarcoding). Our first data suggested the existence of undescribed dinoflag-
ellates in Baikal. In future, it is necessary to figure out their phylogeographic relations with dinoflagellates
from other lakes of temperate zone and with Arctic species.

The work was supported through the Russian Foundation for Basic Research (project # 16-04- 01704),
algae cultivation was performed at the Experimental Freshwater Aquarium Complex for Baikal Hydrobionts.

AHHEHKOBa H.B.l, Penredgopc K.2
JTAHO®JIATEJUISTHI U3 O3EPA BAHKAJI U CEBEPHBIX MOPEM KAK IIPUMEP HEJJABHE
JUBEPTEHIINNA
Tumuonornaeckuii Hucturyr CO PAH, Upkyrck, Poccust

2Or1en1 BOJHO# 9KONOTHH, GHOIOTHIECKHIA ¢akynereT, YHuBepcuter Jlynna, Jlynn, lserus

JIuHO(Iare U Thl — 3T0 MHOTOYHMCIICHHAS TPYIIA BOJHBIX OJHOKJICTOYHBIX 3YKapHOT (TIPOTHUCTOB), B KOTO-
PYro BXOJAT (DOTOCHHTETHKH W TeTepOTpOodbl, Mapa3suThl M cCMMOMOHTHL. B o3epe Baiikan omvcan psiji TIIAaHKTOHHBIX
JMHO(IIATEIUIAT, U3 HUX 0COOYIO BXKHOCTD MPEICTABIIIOT JUHO(IIAreIUIATHl BECEHHETO MOJICHOTO KOMIUTeKca. Mx
SBOJTIOIMOHHBIC CBSI3H UCCIICIO0BAHbI HAMH C TIOMOIIIBIO MOJICKYJIIPHO-TEHETHYECKOro Toaxona. Hanbosee maccoBast
nuHO(aresurira, Gymnodinium baicalense, o HammM gaHHBIM TIpeCcTaBiicHa B Baiikae oqHOPOIHOM HOMyIsImeit
U He 00pazoBalia «IIy40K BUAOB». OHa MMeeT OJIM3KOTO POJICTBEHHMKA B CIA0OCONICHBIX CEBEPHBIX Boaax. VM siBis-
ercst G. corollarium, BriepBeie onmcannas B bairuiickom mMope. [ToMiMo rererrdeckoi 1 MophoIornieckon 6m3o-
CTH, 00a BU/Ia UMCIOT OJIMHAKOBYIO DKOJIOTMUYESCKYIO CTPATETHIO: OHM MacCOBO Pa3BHBAIOTCS B TCUCHHE HEOOIBIIIONO
cpoka ono JbaoM. O0a BUIA TUIOXO TepeHOCAT TeMreparypy Bbie +6°C. JlabopaTopHbIE OIBITHI TIOKA3aJIH, YTO
Ganruiickas G. corollarium crocoGHa pa3BUBATHCS B BOJIE C Pa3sHBIM YPOBHEM COJIEHOCTH (OT MOPCKOIA JI0 MPECHOIA),
B TO Bpemst kak G. baicalense crporo npecHOBOIHBIM BH ¥ IIPH COJICHOCTH OT 3 MPOMMIUIb HE PasMHOXKAETCs. MBI
TpeJToaraeM, 4To OOIIMi MPEIOK 3THX IBYX BUIOB UMel, Kak 1 G. corollarium, mmpokyro mprucrocofisieMocTh K
Pa3IIYIHOI CONEHOCTH BOABI M 3TO IMO3BOJIIIIO EMY aIAlITUPOBATHCS K YCIOBUSAM B 03¢pax balKambCckoro perroHa.
MO>HO HPEITIONOKHTh, YTO STOT NMPEJOK MUTPUPOBAIT U3 APKTHUKH B TO BPEMs, KOT/Ia BO BPeMsl [IOCJICAHErO JIOKalb-
HOTO TIOXOJIOZIaHMs B 0alKaIbCKOM IUIAaHKTOHE ITyCTOBAIN OMpPEIeNICHHBIC SKOJIOTHYECKUE HUITN. Panee Hamu ObLIO
TI0Ka3aHO, YTO TPH JAPYrUX BHJIA M3 BECEHHEro Gaiikaabckoro riankToHa (Apocalatium baikalense, A. euryceps, A. aff.
malmogiense), a Takke KOCMOIOJIMTHBIN MPECHOBOHBINA Br A. aciculiferum u Mopckoit Bux A. malmogiense, o6u-
TaroIel Kak B APKTHKE, TAK U B AHTapKTHKE, BXOJST B KOMITIEKC, 00pa30BaBIIUIACS B XOJI€ HEJaBHEH, BEPOSTHO,
a[anTUBHOM, paguaiwn. [Ipr 3TOM poIOHAYAIEHUKOM 3TOr0 KOMILIeKca (Takxke Kak B ciydae ¢ G. baicalense), cko-
pee Bcero, ObLT BUJ M3 CEBEPHBIX MOPEH, TOJUICPaHTHBIN K PA3HOMY YPOBHIO COJICHOCTH BOJIBL.

Ha cerogmsmuuii neHh HAMH IMPOJOJDKEHBI MCCIENOBAHUS OalKalbCKAX TUHO(IATSIUIAT O JBYM
HarnpasjieHusM. Bo-niepBbix, 310 yriyOJeHHbIH aHaiu3 MexaHu3MoB anantauuu G. baicalense u ero GanTuii-
ckoro poacteenHuka G. corollarium k HU3KO# Temmepatype B, COOTBETCTBEHHO, IPECHON U COJIOHOBATON BO-
ne. JIi1s 3Toro u3yvarTcs TPaHCKPUIITOMHBIC JJaHHbBIE 3THX BUIOB. BO-BTOPBIX, OCYILECTBISCTCS AaNbHEMHIIee
U3ydeHHEe pa3HooOpasus OaiikambCKUX MUHOGUAre)UsIT (B T.4. Ha ocHOBe nMaHHBIX JIHK merabapkommmra).
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[TepBbie naHHBIC TOBOPAT O HATMYMH €Ille HEOTIMCAHHBIX BUJIOB B balikane. B nanpHeiimem OyaeT Heo0Xoaumo
MpocleTuTh ux (roreorpaduieckue CBsI3U U ¢ AMHODIATSIUATAMA U3 03¢p YMEPEHHOU 30HBI, M C apKTHYe-
CKHUMH BUOaMU.

PaboTa BemonmHena B pamkax rpanta POOU Ne 16-04-01704, KyIbTHBUPOBAHUE MUKPOBOIOPOCICH
MPOBOAMJIOCH Ha 0a3e YCTaHOBKU «DKCIEPUMEHTAJIbHBINA MPECHOBOHBIN aKBAaPHUYMHBINH KOMIUICKC OaiiKalb-
CKHX THIPOOHOHTOBY.

Antokhina O.Yu.!, Belan B.D.}, Buryak G.A.*, Generalov V.M.*, Golobokova L.P?, Ivlev G.A!, Kozlov AV}
Laptev N.A %, Olkin S.E.%, Otmakhov V.1.%, Pestunov D.A.L, Petrova E.V.%, Rasskazchikova T.M.},
Safatov A.S.*, Simonenkov D.V.},

Tolmachev G.N.}, Fofonov A.V.!

ASSESSMENT OF THE EXTENT OF BAIKAL LAKE POLLUTION FROM THE ATMOSPHERE
ON THE AIRCRAFT SAMPLING RESULTS
W.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia
%Limnological Institute SB RAS, Irkutsk, Russia
*Tomsk State University, Tomsk, Russia
*State Scientific Center of Virology and Biotechnology “Vektor”, Koltsovo, Novosibirsk Region, Russia

The data of sampling during aircraft sounding of the Baikal basin in 1991, 1995 and 2008 are dis-
cussed. In the last campaign, these data were compared with the composition of the aerosol of the above-water
layer and the surface micro-layer of water.
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Paccka3zunkoBa T.M.l, Cadaros A.C.4, CHMOHEHKOB I[.B.l,

Toamauen F.H.l, DodoHOB AB.!
OLIEHKA MACIITABOB 3AT'PSI3HEHUSA 03. BAHKAJI YEPE3 ATMOC®EPHBII KAHAJI 110
3KCNEPUMEHTAJIBHBIM JAHHBIM CAMOJIETHOI'O 30HIANPOBAHUSA
1I/IHCTI/ITYT onrtuku arMocgepsl uM. B.E. 3yesa CO PAH, Tomck, Poccus
Jlumuonoruaeckuit uactutyr CO PAH, Upkytck, Poccust
$Tomckuit TOCY/IapCTBEHHBIN YHUBEpCUTET, ToMck, Poccus
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s BalfkanbCKOro pernoHa, Kak U Jiro00ro Ipyroro 00beKTa, HCTOUHUKAMHU a3p030JIs SIBIISIOTCS JIO-
KaJbHBIC W yHaleHHbIe NCTOYHUKHA. CocTaB aTMOC(EpHOTO adpo30JIs, MPOUCXOKICHUE KOTOPOTO CBS3aHO C
Pa3IMYHBIMUA MPUPOTHBIMU M aHTPOIIOTEHHBIMM HCTOYHHKAMH, OTpakaeT MUMEHHO HX, B MEPBYID OYepeb,
3JIEMEHTHBIH U MOHHBIN COCTaB (3¢MHOMH KOPBI, TOYBbI, MOPCKOH WIIM TIPECHOM BOJBI, pACTHTEIBHOCTH, aHTPO-
MOTEHHBIX BBIOpPOCOB). TakuM 00pa3oM, aTMOC(EpHBIE a3p030J1 BOJIM3H MOITHOTO HCTOYHHKA HECYT B cebe
SIPKO BBIPOKCHHBIA «OTHEYATOK» €r0 XMMHUYECKOTO COCTaBa. B ATHX a’po30isIX MPUCYTCTBYIOT DIIEMEHTEI,
KOTOpPLIC B HanOOJIBIITNX J0JIX TPUCYTCTBYIOT B XUMHUYCCKOM COCTaB€ MOMIHOI'O UCTOYHUKA. TeppI/ITopm[, Ha
KOTOpO# pacrionaraercsi 03. baiikain, ¢ OZHOW CTOPOHEI, XapaKTepu3yeTcsl pazHooOpa3ueM penbeda, orpoM-
HBIMH HETPOHYTBHIMU XO3SHCTBEHHOH NEATENHLHOCTHIO IUIOIMIAASAMH, U CBOe0oOpa3HbIM KiuMaToM. C apyroi
CTOPOHEI, B €T0 OKPECTHOCTSX PACIOIOKEHO MHOTO MPOMBIIIUICHHBIX MPEATPHUATHA, BEIOPACHBAIOIINX B BO3-
ZlyX LIAPOKYIO raMMy XMUMHHYECKHX BEIIECTB. Tax kak 03. baiikan o61agaeT KojgoccaabHON IJIOMIABI0 BOJIO-
coopa (570 TBIC. KM®), MOXKHO TPEATIONAraTh, YTO 3HAYUTEIFHOE KOJIMIECTBO 3arps3HEHIH, BEIOPOIICHHBIX B
PEruoHe MUK MNPUBHCCCHHBIX TPAHCTPAHWUYHBIMU IMMOTOKAMH OCAAYT Ha MOJACTWIANOIIYIO IOBEPXHOCTH, B TOM
qrcie momaayT B o3epo. Kpome Toro, emé B cerTsiope 1991 rona eme B XoJe MEPBOTO CaMOJIETHOTO 30HAUPO-
BaHUsI aTMOC(ephl KOTIIOBHHBI 03€pa, BBIMOJHEHHOTO caMonéToM-nadoparopueii AH-30 «OnTuk-O», B Iorpa-
HUYHOM cJIoe atMoc(ephl Ha 03epoM ObIII0 0OHAPYKEHO SBICHHE 3aMKHYTOH KPYTOBOW IUPKYISAIIH BO3IY-
Xa BIONb €ro NepuUMeTpa, UMEIOIIee OCHOBHOE HAMpaBICHHE IMPOTHB YaCOBOI CTPENKH B TOPH30HTAIBHOU
miockocTd. To ecTs, Haj akBaTOpUel 03epa BAOJb 3aMaJHOIO U BOCTOYHOIO €ro OEperoB CYILECTBYIOT [BE
KBa3HIIapaIeJbHbIE, IPOTUBOIIOIOKHBIC 10 HAIIPABICHUIO BO3IYIIHBIX MOTOKOB BETBH LUPKYJIAINHN, KaXKIast
MPOTSDKCHHOCTHIO Topsiaka 600 kM. 3Ta MUPKYIAIUS TO3BONIMWIA 00BSICHUTH PACIIPOCTPAHEHIUE IO BCEH aKBa-
TOPHUH 03€pa adpo30JIs1 C JOCTATOUYHO OJHOPOTHBIM XHMMHUYECKUM COCTABOM, KOTOPBINA OJHM30K K COCTAaBY BBI-
OpOCOB MPKYTCKOTO TPOMBIIUICHHOTO IeHTpa. JlanpHeliliee BCeCTOPOHHEE M3YUeHHE 3TOTO SBICHHS B XOZE
nociexyronux HazeMHbIx 1997-2001 rr. asponoruueckux 3KCHeIuuid U caMoJIETHOrO 30HAupoBanus 1995 u
2008 rr., MO3BOJWIIO YCTAHOBUTH, YTO, C OJHON CTOPOHBI, ABMKYILEH CHUIION 3TOM HUPKYISALUU SBJISIETCSA TOoC-
MOJICTBYIOIIMH 3aIaJHO-BOCTOYHBINA MEPEHOC BKYyIE C oporpadueid u ¢usuko-reorpapudeckuMu 0coOEHHO-
CTAMH PACIOIOKEHHs KOTIOBUHBI baiikana; ¢ Apyroil CTOpOHBI, PacIOI0KEHHbIE 0COOEHHO € 3alafgHOU CTO-
POHBI 03€pa KpyITHbIE NMPOMBIIIUICHHBIE IEHTPHI U paiionsl — Mpkyrckuii, Bpatckuii u Kpachosipckuii — crio-
COOCTBYIOT HACBHIIICHHIO KOTJIOBHHHOU aTMOC(Ephl OOJBIINM CIIEKTPOM AHTPOIIOTCHHBIX TMPUMECEH, JOTHY-
HBIM CTOKOM KOTOPBIX SIBJIIETCSI OCKICHHE KaK HEMOCPEICTBCHHO Ha BOTHYIO IMMOBEPXHOCTH 03€pa, TaK U Ha
MPUOPEKHBIE TOPHBIC CKIOHBI, aTMOC(EpHBIE 0CAJKH HAa KOTOPBIE TAKXKE CHOCOOCTBYIOT TUAPOIOTUICCKOMY
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CTOKY aHTPOIOTCHHBIX MpUMecel B 03epo. Takum 00pa3oM, ONacHOCTh 3arpsi3HEeHus 03. baiikan depe3 atmo-
c(epHBIIT KaHAI BIIOJIHE OUCBUTHA.

B xozme camMoseTHOTO 30HIUPOBAHUS IS aHAJIM3a XUMHUYECKOTO COCTaBa a’dpo30Jyisi 3a00pTHHII aTMO-
cepHBII BO3MYX H30KHHETUICCKU acIMpHpOBAJIC 1epes ¢uneTpel [letpsHoBa THIA ADA-XI1-20. O6BEM
aCIIMPHUPYEMOTO BO3JyXa COCTAaBILUI 3-6 M™. Jlng aHanmM3a 3JEMEHTHOTO COCTaBa a’3po30Jisl HCIONb30Bajlach
ATOMHO-OMICCHOHHASI CIIEKTPOCKOIINS. AHAIIN3 HOHHOTO coctara mposowics st Na', K, Ca?*, Mg?* mero-
J10M aToMHO#t abcop6im, a st CI', NO¥, SO42 BbIcok0d (B (eKTHBHOM KUIKOCTHOM XpOMATOrpadHeii.

B aByX mepBBIX JETHBIX KaMITAaHHUIX 0TOOp mpob mpom3Boamics Ha BeicoTax 400 m 700-900 M Ha 12-
TH yJacTKax, Ha KOTOpble ObLI pa3ouT nepumeTp baiikana.

XoTa BpeMEHHOM MHTepBal Mexay skcnenunusamu 1991 u 1995 rr. He BenuK, CUIbHBIM NMPOU3BOA-
CTBEHHBIH CIaJ 3a ATU TOJBI MPHUBET K 3HAYUTEIFHOMY CHIKCHHUIO aHTPOIIOTEHHBIX BHIOPOCOB M MOKA3aTEeNIN
COJICpIKAHUS Psila XUMIYECKHUX JIEMEHTOB CTAITM Ha MOPSIIOK MEHBIIE, a JJIS JIEMEHTOB CMEIIAHHOTO TIPOWC-
xoxaenus (Fe, Mg, Si) kapAnHAIEHO H3MEHIWIIOCH COOTHOIICHNE aHTPOTIOTEHHOTO ¥ TEPPUTCHHOTO BKIIAJIOB B
a’pO30IILHBIN OanmaHc pervoHa. TeM He MeHee, U COXPAHSIONINX CBOE 3HAUCHUE aHTPOIIOTCHHBIX DJIEMEHTOB-
peniepoB [Ipubaiikanbst (HanpuMep, MOJTUOJICH U MapraHel) ocTaéTcsi HEM3MEHHON CTPYKTYpa CMEIICHHUS TTH-
KOB KOHIICHTPALIUI W3 BEPXHEH YaCTH IMOTPAHNYHOTO CJIOS aTMOC(EPhl KOTIOBUHEI B HIDKHIOIO 30HIUPYEMYIO
yacTh [ICA no HampaBieHHI0 OTMEYEHHON MEPUMETPUIECKON LIUPKYIISLINH.

B mpo6ax atmMochepHOro a’po30iisi, OTOOpAHHEIX B HECKOJIBKHX METpax OT Oepera, a TakKe Ha BBICO-
tax 600-900 M Hag akBaTopHel o3epa etoM 2008 T., B HANOOIBITUX KOHIICHTparusax npucyrcteyror Ca, Mg,
Na u K. DiieMeHTBI, KOTOpBIE MPECTABICHBI B MEHBIIHX KOHIICHTPAIMSX B TIOBEPXHOCTHOM MHKPOCIIOE BOJIBI
(ITMC) akBaTopuid KYpOPTHBIX 30H 03epa balikan, B a3po30ie UMEIOT KOHIICHTPAIIMU HIDKE MpeJieia X OIpe-
nenenud. Hu B ogHO# U3 npo6 B mpejenax 4yBCTBUTEIBHOCTU METOJa HE ObIIO 0OOHApYKEHO 3arpsi3HEHHM
MOJIAPOMATHIECKUMH YTIICBOIOPOIAMH.

O06001IeHHBIH aHAT3 TIOYYEeHHBIX MPOO MOCIeqHe cepur KoMIuiekcHoro uccienoBanus 2008 r.
MO3BOJISIET CHIENIATh BBIBOJ — BO BPEMsI IIPOBEICHUS HCCIEAOBAaHUN U B aTMOC(EpPHOM a’po30IIe, M B BOZE 03€-
pa nmpeolbagany OTHH U Te JK€ XUMUYECKHE 3JIEMEHTBI, YTO CBUJIETEILCTBYET O TOM, YTO aTMOC(EpHBIH a’po-
3076 1 [IMC BOJIBI TECHO CBSI3aHBI MEXIY COOOM. DTO JKe MOJATBEPKAACTCS U OOHAPYKEHHBIM T'€HETHUSCKUM
MaTepHaIoM MUKPOOPTraHM3MOB U KYJIETUBHPYEMBIX OaKTEpHUil, OOMTAIOIINX B BOJE, M B OOJBIIUHCTBE MPOO
a’po30JIs1 KYpOPTHEIX 30H o3epa baiikam, BKIo9asi BRICOTHBIE TPOOBI, OTOOpaHHBIE HAJ aKBaTOpHEH o3epa.
Taxum o6pazoM, aTMoc(hepHBIN a3p03011b KypOPTHBIX 30H 03epa baiikan u I[IMC ux akBaTopuil UMEIOT CXOJ-
HBIN 3JICMEHTHBIA 1 OMOJIOTHYECKHUI COCTaB.

Pabora BeinosHeHa npu noaaepxkke rpanta PH® Nel17-17-01095.

Axenov-Gribanov D.V."'?, Protasov E.S.}, Kostka D.V.}, Krasnova M.E.},
Dmitriev LA}, Rzhechitsky Ya.A.}, Lubyaga Yu.A."?, Timofeyev M.A.
DIVERSITY ASSESSMENT OF ACTINOBACTERIA ASSOCIATED WITH BAIKAL ENDEMIC
ALGAE
YIrkutsk state university, 664025 Lenin str. 3, Irkutsk
“Baikal Research Centre, 664003, Lenin str. 21, Irkutsk
Denis.Axengri@gmail.com

The search, synthesis and production of therapeutically active natural compounds, and primarily of
substances with antibiotic properties, is the most important field of current scientific studies. Among the key
reasons for the need to develop new drugs is the rapid growth of multiple resistance of microorganisms to an-
tibiotics developed and involved into medical and veterinary practice (Willems, 2016). Excessive and incom-
petent use of antibiotics has led to the spread of strains of microorganisms resistant to effective and non-toxic
compounds for humans and animals (Fischbach, Walsh, 2009; Manaia, 2016).

The main industrial producer of biologically active compounds is bacteria from actinobacteria group
(Landwehr et al., 2016). The role of these microorganisms has been extensively studied in plant consortia (Qin
et al., 2011), in the life of insects (Kroiss et al., 2010; Human et al., 2017), marine sponges (Ng et al., 2013;
Zotchev et al., 2013; Selvin et al., 2016) and other organisms. However, studies aimed to isolation of cultivat-
ed actinobacteria from the endemic algae of the lake Baikal and an assessment of their biotechnological poten-
tial have not been conducted previously. The aim of the study was to assess the biodiversity and antimicrobial
characteristics of cultivated strains of actinobacteria isolated from freshwater Baikal algae Draparnaldioides
baicalensis.

During current study, 9 strains of actinobacteria were isolated from the freshwater Baikal algae D.
baicalensis. Representatives of the widespread and dominant genus Streptomyces and representatives of the
rare genera Saccharopolispora, Nonomuraea, Rhodococcus and Micromonospora were found. The first time
actinobacteria belonged to genera Nonomuraea and Saccharopolispora were isolated from Baikal organisms.
It should be noted that the actinobacteria of the genus Nonomuraea were first time isolated from algae. It has
been established that strains associated with the Baikal algae D. baicalensis are active against both gram-
positive and gram-negative bacteria. Number of known and new natural products was responsible for this ac-
tivity. At the same time, it has been shown that the antibiotic activity of extracts consisting of a complex of
natural compounds is comparable with the activity of chemically purified commercial antibiotics.
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[louck, cuHTE3 M MPOW3BOJICTBO TEPAIIEBTUUCCKH AKTHBHBIX MPUPOIHBIX COCTUHEHUH, U B MEPBYIO
ouepeb BEIIECTB ¢ AHTUOMOTUYECKUMU CBOMCTBAMH, SBIISICTCS BRKHEHIIINM W3 HANPABICHUH COBPEMEHHBIX
HAYYHBIX HcclienoBaHui. Cpenu KII0UeBbIX PUYMH HE00XO0IUMOCTH Pa3paboTKH HOBBIX NPENapaToB — CTpe-
MUTEIBHBIA POCT MHOKECTBEHHON PE3UCTEHTHOCTH MHKPOOPTaHU3MOB K paHee pa3pabOTaHHBIM M BHEIPCH-
HBIM B MEJUIIMHCKYIO U BEeTepUHAPHYIO NpakTuky aHtuonotrkam (Willems, 2016). UpeamepHoe U 3a4acTyro
HETPaBIIIFHOE MACCOBOE HCIIOJIF30BAHUE aHTHOMOTHKOB MPUBEIIO K PACTIPOCTPAHEHHIO MTAMMOB MHUKPOOPTa-
HU3MOB, PE3UCTEHTHBIX K J((EKTHBHBIM M HETOKCHYHBIM Ui YeNOBEKAa U >KUBOTHBIX COCTUHEHHSIM
(Fischbach, Walsh, 2009; Manaia, 2016).

OCHOBHBIMH TIPOMBIIIICHHBIME TPOAYIEHTAMH OWONOTHYECKH AKTUBHBIX COCIMHEHHN BBICTYIIAIOT
Oaxrepuu rpymmsl aktuaoOakTepun (Landwehr et al., 2016). Poib TaHHBIX MUKPOOPTraHM3MOB IIHPOKO H3y4e-
Ha B pacTHUTENBHBIX KoHcopImyMax (Qin et al., 2011), B xxu3HenesTenpHOCTH HacekoMbix (Kroiss et al., 2010;
Human et al., 2017), mopckux ryook (Ng et al., 2013; Zotchev et al., 2013; Selvin et al., 2016) u npyrux opra-
HU3MOB. OJTHAKO HCCIICTOBAHUI, HANIPABICHHBIX Ha BBIJCICHNE KYJIHTHBHPYEMBIX aKTHHOOAKTEpHI M3 dHIE-
MHUYHBIX BoJIopocieli 03. baiikai 1 onieHKy MX OHOTEXHOJIOTMUECKOTo MOTEHIHalla paHee He TPOBOINIIOCH.

Ienbro MccnenoBaHus SBISUIACH OIIEHKA OHOPa3HOO0pas3rsl M aHTUIMUKPOOHBIX XapaKTePHUCTHK IITAMMOB aK-
THHOOAKTEPHH, BBIIEICHHBIX 13 MPECHOBOIHOM Oaiikanbckoit Bogopociu Draparnaldioides baicalensis.

B xo71e nmpoBeaeHHOro MUCCIICIOBaHMS U3 TIPECHOBOMHOM OaliKaabckoi Bomopocin D. baicalensis mamu Bbi-
JIeNIeHOo 9 MITaMMOB aKTHHOOAKTEPHH, CPE/IH KOTOPBIX OOHAPYKEHBI MPEJICTABUTENH KaK IMPOKO PACIIPOCTPAHEHHOTO
W JIOMHUHHPYIOIIETO poja Streptomyces, Tak M TpeACTABHTENN PEAKUX PONoB Saccharopolispora, Nonomuraea,
Rhodococcus u Micromonospora. Briepseie u3 npencraButesiell 6aifkanbCkoi (opsl BbIICICHbI aKTHHOOAKTSPHH
ponoB Nonomuraea u Saccharopolispora. CTOUT OTMETHTb, 9TO akTHHOOakTepruu posa NOnomuraea BriepBbIe Bbljie-
JeHbl W3 Bojopociieil. Taroke yCTaHOBJIEHO, YTO IITaMMBbI, acCOLMHMPOBAHHBIE ¢ OalKaibcKoW Bopopocibio D.
baicalensis, akTMBHBI B OTHOIIIEHHH KaK TPAMIIOJIOKHTEIBHBIX, TaK ¥ TPAMOTPHIATEIBHBIX OaKTEepHii, 3a YTO OTBEYa-
0T KaK psiT M3BECTHBIX, TaK M HOBBIX MPUPOJHBIX COCMHEHUI. BMecTe ¢ TeM, moka3aHo, 4To aHTHOMOTHYECKAs aK-
THBHOCTB SKCTPAKTOB, COCTOSIIINX W3 KOMIDIEKCA IPHPOIHBIX COSIUHEHHI, COITOCTABUMA C AKTHBHOCTHIO XUMUYCCKH
OYHINICHHBIX KOMMEPYECKIX aHTHOUOTHKOB.

Hacrosmee uccnenosanue MpoBeJICHO NPH YaCTHIHOW (PMHAHCOBOH moiiepikke mpoektoB PH® (17-
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Nowadays, it is generally recognized that the problem of biological pollution is one of the most important
global environmental problems of our time, it is also actual for the Yenisey River. Invasions of alien species in new
ecosystems lead to significant changes in reservoirs — recipients, in particular, to a decrease in species diversity and
the stability of aquatic ecosystems. It is known that the damming of the Yenisey caused a radical change in the hy-
drological, hydrochemical and hydrobiological regimes, especially in the afterbay of the Krasnoyarsk hydro-electric
power station. Large-scale rearrangements have also occurred in the communities of benthic invertebrate animals —
zoobenthos, which is the main food resource for most species of fish in Siberian rivers. At the same time the species
diversity of bottom invertebrates has decreased significantly, but their number has increased. Quantitative character-
istics of zoobenthos in the area from the dam to the Angara’s estuary have greatly increased: quantity — by more
than 2 times, biomass — by 5 times. The growth of indicators is determined, firstly, by the spread of endemic amphi-
pods (crustaceans) from Lake Baikal through the Angara river upstream of the Yenisey, while their proportion in the
total zoobenthos biomass increased by 10 times.
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This work is devoted to the spatial dynamics of Baikal endemic amphipods in the Yenisey, which
spread far beyond the Baikal not only downstream, but also upstream. The results of expedition hydrobiologi-
cal studies, conducted in 2015-2016 in several zones of the Yenisey River from its head to the mouth, are pre-
sented. In the Upper Yenisey, three zones were explored: in the Republic of Tuva, lower than the Sayano-
Shushensky reservoir (from the city Sayanogorsk to the city Minusinsk) and below the Krasnoyarsk reservoir
to the mouth of the river Angara. In the Middle Yenisey, the area from the mouth of the river Angara to the
village Surgutiha was explored, in the Lower Yenisey — from the city Dudinka to the delta, including the
Brekhov Islands.

In the Yenisey we discovered several species of amphipods, but throughout the whole river there was
only Gmelinoides fasciatus Stebb. Philolimnogammarus viridis Dybowsky took the second place. Only in the
lower reaches and in the delta of the Yenisey the leading positions were transferred to Pontoporeia affinis
Lindstrom — a representative of the estuary-relic complex of organisms. The number of amphipods in different
zones of the Yenisey varied significantly. At the highest investigated site (the Republic of Tuva) under condi-
tions of high flow velocity and large rocky-pebble soil, the amphipods are presented extremely poor: only G.
fasciatus was found individually. The maximum density of the amphlgods was below the Sayano-Shushensky
reservoir near cities Sayanogorsk and Minusinsk (3.8 thousand ind./m? and 10.4 g/m?), while their share in the
zoohenthos averaged 70% of the population and 53% of the biomass. Further downstream, the number of am-
phipods decreased and in the Lower Yenisey fell to an average of 0.3 thousand specimens/m? with a biomass
of 0.6 g/m? (13% abundance and 7% biomass of benthic fauna Baikal endemics actively populated the Upper
Yenisey section below the Sayano-Shushensky hydroelectric power station, especially in the areas of massive
macrophyte distribution. There is a divergence of ecological niches in G. fasciatus and Ph. viridis in the Yeni-
sey: the dominant prefers silty sand-and-shingle biotopes with a calm speed rate; the subdominant tends to pre-
fer stony-pebble bottom washed by a rapid current. P. affinis in the lower Yenisey has aclimated on silty and
sandy-silty deposits. For all three studied species of amphipods, there was a tendency to increase in density in
the presence of higher aquatic vegetation. Over the past 15 years, the density and proportion of crustaceans in
the zoobenthos in the Angara - Podkamennaya Tunguska area have increased, especially of G. fasciatus — the
number increased in 4 times and the biomass — in 7 times.

The results of hydrobiological studies has been designed in the form of geospatial database in the geo-
portal, which gives the possibility to visualize and process geodata, and gives access to it from third-party ap-
plications based on cartographic web services. At this stage of the research, information on the hydrography of
the Yenisey River basin was updated. On the basis of the data from the geoportal, prepared in accordance with
the State Water Cadastre, geo-referencing of the hydrobiological monitoring observation points to kilometer
points along the fairway of the Yenisey River was carried out (“coordinate system of the river"); the use of
such a coordinate system makes it possible to evaluate various parameters along the course of a river. Also, a
set of specialized layers of geospatial data was formed. Creation of a geospatial database with the results of
expeditionary work and the introduction of a geoinformational web system for information and analytical sup-
port of hydrobiological monitoring greatly expands opportunities in the analysis and representation of geodata,
forms the basis for interdisciplinary research.

Anzpuanosa A.B."?, SIky6aiimk 0.3." %, Illanbko FO.B.!
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B mHacrosee BpeMs OOMICTIPH3HAHO, YTO IpoOiieMa OHOJOTHYEeCKOTO 3arpsA3HEHUS — OJHA M3 OCT-
peimx rio0aabHBIX SKOJOTHYECKUX MPOOJIEM COBPEMEHHOCTH, B TOM uucie U A p. Exnuceit. lHBazum ay-
YKEPOJHBIX BUIOB B HOBBIE DKOCHCTEMBI IPUBOIAT K 3HAUUTEIFHEIM H3MEHEHUSM B BOJIOEMaX — PEIUITNCHTAX,
B YAaCTHOCTH, K CHIDKECHHIO BHIOBOTO Pa3HOOOPa3usl M YCTOMYMBOCTU BOAHBIX dKocucTeM. M3BecTHO, uTO 3a-
perynaupoBanue EHuces BBI3BAIO KOPEHHOE M3MEHEHUE THIPOJIOTHIECKOT0, THIPOXUMIIECKOTO U THAPOOHO-
JIOTUYECKOTO PEKUMOB, 0COOeHHO B HIKHeM Obede KpacHosipckoit 'DC. MaciraGHble MepecTpoiKku mpo-
M30IIUTH U B COOOIIIECTBAX TOHHBIX OECIIO3BOHOYHBIX JKUBOTHBIX — 3000€HTOCE, KOTOPBIN SBJISIETCSI OCHOBHBIM
KOPMOBBIM pecypcoM JUisl OOJBIIMHCTBA BHIOB PHIO B CHOMPCKUX pekax. IIpu 3ToM CyIIecTBEeHHO CHU3HIOCH
BHZOBOE Pa3HOOOpa3ue JOHHBIX OECIIO3BOHOYHBIX, HO UX KOJIUYECTBO YBEIMIWIOCh. KomiuecTBeHHEIE Xapak-
TEPUCTUKU 3000€HTOCA Ha y4yacTke OT ToTuHbl KpacHospckoii 'DC 10 ycThst AHraphl CyIecTBEHHO BO3POC-
JIM: YUCJIEHHOCTh YBEJNMYIIIACh Oojee yeM B 2 pasa, Omomacca — B 5 pa3. Poct mokazaterneli oOycnoBeH,
NPEXe BCEro, PaclpoCTpaHCHUEM SHAEMUYHBIX amdunoj (pakoobpasHbie) u3 o3. balikan uepe3 p. AHrapy
BBEpX I10 TeueHII0 EHMCe s, TIpH 3TOM X 0 B 001IIel rnoMacce 3000eHToca yBenndriachk B 10 pas.

[Jannas paboTa MOCBSIIEHa NMPOCTPAHCTBCHHON AMHAMHKE OalKaIbCKUX SHAEMHYHBIX aM(UIION B
Enncee, koTopble pacpoCTpaHWIMCh ajeKo 3a mpesensl balikana He TOMBKO BHHU3, HO M BBEPX IO TEUEHHIO.
[IpencraBieHsl pe3ynbTaThl SKCIICAUIIMOHHBIX THAPOOUOTIOTHUYECKUX HCCIICIOBAHNUMN, MPOBEACHHBIX B 2015—
2016 rr. B HeckoJbKkux 30Hax Exuces ot ucroka 1o yctes. B Bepxuem Enucee uccrnegoBanu 3 30HBI: B pec-
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nyosuke TeiBa, Hike CastHo-1llymenckoro Baxp. (ot r. CasHoropcka Ao r. MunycuHcka) U Hbke KpacHosip-
CKOTo BAXP. 10 YcThs p. AHrapel. B Cpennem Enucee ucciieoBaiu yqyacTok OT ycTbs p. AHrapsl 10 mnoc. Cyp-
rytuxa, B Hwkunem Enucee — ot r. [lynuHka 1o nenbThl, BKIIOYasi bpexoBckue ocTpoBa.

B Enucee Hamu 00HapYy»KEHO HECKOJBKO BUAOB aM(HIIO]], HO Ha BCEM MPOTSHKEHIH PEKH BCTPEdacs
u pomuuuposan jgumbe Gmelinoides fasciatus Stebb. Bropoe mecto 3amsu1 Philolimnogammarus viridis Dyb-
owsky. JIumib B HU30Bbe U fenbre EHuces nuaupyromue nosuimu nepenutn k Pontoporeia affinis Lindstrom —
MPEJICTABUTEIIO 3CTyapHO-PEIMKTOBOTO KOMIUIEKca OpraHn3MoB. KonmudecTBo aM(UIo B pa3IHyHBIX 30HAX
Enmces cymectBenHo BappupoBano. Ha camoM BepXHEM HccleOBaHHOM ydacTke (pecmyOnmka TeiBa) B
YCIIOBUSIX BBICOKOI CKOPOCTH TEUCHMS M KPYHMHOTO KaMEHHCTO-TAJICYHOTO TPYHTA aM(UIOABI IPEACTABICHBI
KpaiiHe OemHO: equMHUYHO BCTpevascs umb G. fasciatus. HauGosplieil miIoTHOCTH aM(QUIOABI JOCTHIAIH
HIXKE CaHHO -IIIynreHckoro BoJOXpaHWIHIIA B paiioHe ropoioB CastHOropck 1 MuHYCcHHCK (3.8 ThIC. DK3. M? 1
10.4 t/m ) TPU 3TOM HX JIOJSI B 3000eHTOCE B cpeaHeM coctaBmia 70 % uucnennoct u 53 % Ouomaccel. [a-
JIe€ 110 TEYECHUIO Konnqecmo am¢unoy camkanock u B Huwkaem Enucee ymano B cpenaem a0 0.3 ThIC. 9K3. /m?
npu 6nomacce 0.6 r/m? (13 % umcnennocts u 7 % GHOMACCH JOHHO ¢aynsr). balikanbckne SHIEMUKH aK-
THUBHO 3acenwiii yuacTok Bepxuero Enuces Hwke Casro-IlynieHckoro BIXp., 0COOEHHO B 30HaX MacCOBOTO
pacnpocTpaneHust Mmakpodutor. Habmoqaetcs auBeprernus skonornueckux vum y G. fasciatus u Ph. viridis
B EHuncee: JOMHHAHT NpeAmoYUTacT 3aWICHHbIC MECYaHO-TaJIeuHble OMOTOMBI CO CIIOKOWHBIM CKOPOCTHBIM
PEKUMOM; CYOIOMHHAHT CKJIOHEH K KaMCHHCTO-TaJICYHBIM TPYHTaM, OMBIBACMBIM OBICTPHIM TedeHUeM. P.
affinis B Hu3oBre Enucest ocBOMIA MIIHCTHIE U TIECYAHO-MIIUCTHIE OTIOXKEHUs. [Tl BCEX TPEX MCCIeIOBAHHBIX
BUIOB aM(UIIO]] OTMEUEHA TCHACHIINS K YBETMICHUIO TUNIOTHOCTH B MPUCYTCTBUH BBICIICH BOJTHON pacTUTEIb-
HOCTH. 3a moclieiHre 15 et Bo3pocia MIOTHOCTh U JIOJs PAauyKOB B 3000eHTOCE Ha yuacTke AHrapa — [lomka-
MmenHas TyHrycka, ocobenHo G. fasciatus — B 4 pa3sa uuciaeHHOCTS U B 7 pa3 GruomMacca.

Pe3ynpraTel THAPOOHOIOTHYECKOTO MOHUTOPHHTA O(GOPMIICHBI B BHIC T'€ONPOCTPAHCTBEHHON Oa3bl
JAHHBIX HA Te0ropTalie, KOTOPBIN MPe0CTaBIIeT CPEACTBA I BU3yalIUu3alud U 00pabOTKU TeOAaHHbIX, J0-
CTyIa K HAM U3 CTOPOHHHUX NPHUKIAIHBIX MPOTpaMM Ha OCHOBE KapTorpadudeckux BeO-cepsrcoB. Ha maHHOM
JTarne UCCIeOBaHMi ObUIa aKTyaIn3upoBana nuadopmarms mo rugporpadun dacceiina p. Enuceit. Ha ocHoBe
AHHBIX TEOTIOPTaja, MOATOTOBICHHBIX COTIACHO CBeAEHIsIM ['ocymapcTBEHHOTO BOXHOTO KagacTpa, Oblia
BBHITIOJIHEHA TEOMPUBS3Ka TOYEK HAOMIOJIEHUH THAPOOHOIOrHYECKOT0 MOHUTOPHHTA K KMJIOMETPOBBIM OTMET-
KaM BJONIb (apBarepa p. Exucelt («cucteMa KOOpAWHAT PEKW»); HCIOIb30BaHUE TAKOH CHCTEMBI KOOPAMHAT
JIaeT BO3MOXHOCTh OLIEHKH Pa3IMYHBIX MapaMeTpoB MO TeUeHHIO peku. beut Takke copMupoBaH HabOp crie-
[UATM3UPOBAHHBIX CIIOEB T€ONPOCTPAHCTBEHHBIX JAaHHBIX. CO3[aHNE TeONpPOCTPaHCTBEHHON 0a3bl JAHHBIX C
pe3yapTaTaMu SKCIEAUIIMOHHBIX UCCIEJOBAaHUNA W BHEApeHHe IreonH(OPMAIMOHHONW BeO-CHUCTEMBI IS MH-
(hOopMaTMOHHO-aHATUTHYECKOTO 00ECTICUEHIS THAPOOHOIOTHIECKOTO MOHUTOPHHTAa 3HAYUTEIFHO PACIITUPSICT
BO3MOKHOCTH B aHAJIM3€ U NPEACTABICHUN I'€0JJaHHBIX, (JOPMHUPYET OCHOBY MEXIUCIUIUIMHAPHBIX HCCIEN0-
BaHUIL.

Anikienko 1.V., Ryadinskaya N.I., lljina O.P.
ANATOMICAL PECULIARITIES OF BRUSH ARTERIUM ARCHERY ARCTICS OF BAIKAL
SEAL
Irkutsk State Agricultural University named after A.A. Ezhevsky; Molodejnii village, Irkutsk district, Irkutsk
region, Russia, 664038
babushcinai@mail.ru
The article describes the features of the location and divergence of the vessels from the arch of the
aorta. The arch aortic of Baikal seal has an ampoule extension, and the carotid arteries separate branches from
the brachiocephalic artery and left subclavian artery, the carotid artery departs directly from the aortic arch in
some cases.

Anuknenko U.B., Paaunckas H.U., Unbuna O.I1.
AHATOMUYECKHUE OCOBEHHOCTU BETBJIEHUSI APTEPUI 1YT'U AOPTbI BAUKAJIbCKOI
HEPIIbI
denepanpHOE TOCYAapCTBEHHOE OIOIKETHOE 00Pa30BaTEIHLHOE YUPEKICHUE BEICIIIETO 00pa30BaHUS
«MpKyTCcKHi rOCYAapCTBEHHBIN arpapHblil yauBepcuteT nuMeHu A.A. ExxeBckoroy; 664038,
Upkyrckas obmacts, UpkyTckuii patioH, moc. Moxoaexssii, 1/1
babushcinai@mail.ru

Wzyuennto MophOJIOTUN COCYAUCTON CHCTEMBI Y JIACTOHOTHX IMOCBSIIECHO JOCTATOYHOE KOJIUICCTBO
paboT, OTHAKO KacaeTcsl 3TO, MPEKIE BCEro, KOIbYATON M KaCTUICKOM HepIl, B TO e BpeMs JaHHBIE O TOIO-
rpaduu 1 aHATOMUH apTepuil OaHKaILCKOW HEPIThI HEMTOIHEI U OTPHIBOYHEL. Kpome Toro, yclioBHs OOWTaHHS
0aifKaIbCKOW HEePITbl 3HAYUTEIBHO OTIMYAIOTCSA OT €€ OJNIMKAUIIKMX POJICTBEHHUKOB (0OJbINast TIyOrHa o3epa
Baiikan, muTeNEHOCTD IMEpUoaa XO0JIO0A0B U JEITHOTO IIOKPOBa 03epa, OCOOCHHOCTH paclpeAeIeHuUs POI0-
BOJILCTBEHHBIX PECYPCOB), CIIOCOOCTBYSI (POPMHUPOBAHHIO PA3TIMYUIA B CTPOCHUH OPTaHOB U CHCTEM OPTaHOB.

OOBEKTOM HAIIIETO MCCIEeOBAaHUS SBIIACH OaliKkanbCkast Hepra, qoOkiTas B Kabanckom paitone Pec-
nyonuku Bypsarus B pamkax [Iporpammer HUP, yrBepxknenHol B Pocpeibonosctee PD. MccnemoBanus npo-
BOAWINCH Ha 0a3e kadeapsl aHaTOMUM, (HU3UOIOTUU ¥ MHUKPOOHONOTHH MPKYTCKOTO TOCYAapcTBEHHOTO ar-
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papsoro yHuBepcuteta uM. A.A. ExxeBckoro. J[ist u3ydenus tomorpaguu U MOpPOMETPUN apTepuil mpuMe-
HSUIM TIpeNapupoBaHue, a TakKe IMpenaparbl ¢ MpelBapUTEIbHON MHBEKLMEH MOHTaXHOW meHou “Makpo-
¢rexc” U nmpoTHUBOINOKapHOIl IeHo “Invamat” uepes OpromrHyo aopty. s noidydeHus MOp(HOMeTpHUIECKIX
MoKazaTeliell apTepuabHble COCYAbl U3MEPSUTU C MOMOLIBIO CAHTUMETPOBOW JIEHTBI, TPAHCHIOPTUPA U LLITaH-
TCHLUPKYJIS.

OCHOBHOH apTepHaIbHOW MarHCTPAIBIO SBISIETCS aopTa. [Ipy BeIXOe U3 cep/iia aopTa oopas3yer ny-
Iy, KOTOpas Ha ypOBHE 7-TO IIEHHOTO MO3BOHKA MEPEXOIUT B IPYIHYIO, OPIOIIHYIO aOpTYy M CIEIyeT BIAOJIb
MMO3BOHOYHOTO cTOJ0A. [[yra aopThl MMeeT aMmylt000pa3HoOe pacIIup eHHe, THaMeTp KOTOPOro B CAMOM MIHPO-
KOM 4acCTH y UCCJIENYyeMbIX >KMBOTHBIX COCTaBILI B cpeaneM 4,53+0,2 cm, B camoii y3koi 1,68+0,14 cMm, no
JAHHBIM JIUTEPATyphl aHAJIOTHYHOE PACIIMPEHHE aopThl MMeeTcst y konpuatod Hepmbl (Hrvoje Smodlaka,
2004). IIpotskeHHOCTH AyrH aopThl coctaBmia 20,40+1,32 cm. [Topsaok 0OTXOXKAEHUS COCYIOB OT YT'H a0PThI
CXEMaTHYHO IMPEJICTABIIEH HAa PUCYHKE.

Cxema BapHaHTOB BETBJICHHS apTepHil AyTrH a0pThl OalKanbCKOH HepIbl: 1 — ayra aopThl; 2 — IIEYETr0JI0BHAS

aprepust; 3 — paBasi MOAKIIOYNYHAS apTepus; 4 — COHHASI apTEePHH; 5 — MO3BOHOYHAS apTepust; 6 — pebepHO-

IICHHBIN CTBOJI (Pa3BETBIAETCS HA TIIyOOKYIO M TOBEPXHOCTHYIO MEHHbBIE apTepuu); 7 - IUIedenIeHHbIH CTBOI;
8 — BHyTpeHHs rpyaHas apTepus; 9 — HapyxHas rpyaHas aprepus; 10 — neBas moaKIoYndHAas apTepus

OT nyru aopTbl OTXOIUT IUIEYEr0JIOBHAsL apTepus oA yrioM 85°+2,89°, nuamerp KOTOpOH B MecTe
OTXOXKJEHUS OT a0pThl cocTaBua 1,5540,13 cm. OT miedyeroaoBHON apTepun OTXOAUT NpaBas COHHAsl apTepUst
(muameTp (d) B mecte orxoxaenus 0,72+0,11 cMm). Jlanee miederonoBHas apTepus EPEXOTUT B MPABYIO TO/I-
KJIIOUMYHYIO apTeputo, nuameTp kotopoit 0,97+0,22 cM. OT npaBoil NOJKIIOUUYHON apTepUu B KayJalbHOM
HaIpaBlICHHH OTXOIWT BHYTpeHHssi rpynHas aprepus (d 0,7+0,05 cm) u Hapyxnas rpynHas aptepus (d
0,1+0,01 cm), B KpaHHATFHOM HampaBiieHuU mo3BoHouHas aprepus (d 0,6+0,01 cm).

VY wnccnenyeMbIX JKUBOTHBIX OBUIO OTMEUYCHO JBa BapHAHTA OTXOKICHHS JICBOM COHHOI apTepuu: B
niepBoM ciydae (10%) conHas apTepusi OTXOIUT OT JIEBOH MOJKIIOUUYHON apTepuu, Bo BTopoM (90%) — Heno-
CPEICTBEHHO OT AYTH aopThl, ee quameTp coctaBmia 0,93+0,09 cum.

3ateM oT seBoi moakmrounyHod aprepun (d 1,23+0,17 cm) orxoaut mo3BoHOouHas apTepus (d
0,6+£0,01 cMm), peGepHOIIEHHBIN CTBOJI, IICUCIIEHHBIA CTBOJI, a TAK)KE BHYTPEHHSS TPYIHAs apTepusi, HapyxK-
Has TpyAHAas apTepusl.

Takum 00paszom, y OaliKaJIbCKO HEepIIbl B apXUTCKTOHUKE apTepHU JYTH a0pThl UMEIOTCS aHATOMUYE-
CKHe 0COOEHHOCTH, BBIpR)KEHHBIE: B aMITyJI000pa3HOM PAaCIIUPEHUH JIYTH aOpPThl, B OTXOXICHUH OTIEIbHBIMH
BETBSIMH OT IIJICUETOJIOBHON apTepHM M JICBOH MOJKIFOYMYHONW apTepUH COHHBIX apTepuii, BapuabeTbHOCTH
OTXOXKJICHUS JIEBOH COHHOM apTepuu (OT Iyrd aopThl U OT JIEBOI MOAKIIOUMYHON apTepHUH), YTO BO3MOKHO
CBSI3aHO C TITYOOKOBOJHBIM IIOTPY>KEHHEM.

Anoshko P.N., Makarov M.M., Kirilchik S.V., Smolin I.N., Dzyuba E.V.
RESEARCH PERSPECTIVES OF WINTER DISTRIBUTION OF BAIKAL OMUL AND MONITORING
OF ITS RESERVES
Limnological Institute SB RAS, Irkutsk, Russia
apn000@mail.ru

We investigated for the first time distribution of Baikal omul Coregonus migratorius (Georgi, 1775)
in winter using two methods: hydroacoustics and method of quantitative DNA analysis of the habitats. The
survey was performed from the ice in March 2018 (5 points) at the cross-section Listvyanka-Tankhoy using an
eco-sounder Furuno FCV1100 with an antenna of one-beam type. Samples for DNA analysis of the habitats
were synchronously collected.

The data on distribution of Baikal omul were compared with the gradients of DNA concentration of the habi-
tats. The results obtained showed that in the long term both approaches can significantly enrich knowledge on the struc-
ture of omul stocks and can be used for monitoring of fish reserves and forecast of their changes.
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Anomko I1.H., Makapos M.M., Kupuabuuk C.B., Cmonun U.H., /[3106a E.B.
HNEPCIHEKTHUBBI U3YYEHUSA 3UMHEI'O PACIIPEJEJIEHUS BAUKAJBCKOI'O OMYJISI U
MOHHUTOPHUHI'A COCTOSIHUA EI'O 3AITACOB
Jlumuonoruueckuit uncturyr CO PAH, Upkytck, Poccus
apn000@mail.ru

BriepBrie uccnenoBanue pacnpeaenenus oaiikanbckoro oMy Coregonus migratorius (Georgi, 1775)
B 3UMHHM{ HEPHOJA MPOBEICHO C HCIIOJIB30BAHHEM JBYX METOJIOB: T'HMAPOAKYCTHYECKOTO M METOAa KOJHYe-
ctBeHHoro anamm3a JIHK oxpyxatomeii cpensl. PaboTsl mpoBoauincs co apaa B mMapte 2018 1. mo paspesy
noc. JIuctesinka — noc. Tauxoit B 5 Toukax ¢ nmpumeHeHuem sxojora Furuno FCV1100 ¢ anrenHamu tuna
«oJuH 1yd». ITapaMeTpsl 3X0J0Ta: ATUTENBHOCTh 30HIUPYIOLIETO UMITyIbca 3 MC, YacTOTa 30HAUPOBAHUS 2
I'm. HuzkowyactoTHas antenHa 28 kl'11 ¢ nuarpaMMoi HampaBieHHOCTH 24°, BbicokouacToTHas aHTeHHa 200
k[’ — 12°. CuaxponHO OBLT poBenieH 0TOOp Npo6 Ha ananmm3 JJHK oxpyxaromeit cpersl.

XapakTep aKyCTHIeCKOi 3armicH BO BCeX TOUKax ObUT cxoneH. OMyIb pacipenersiics Ha TTyOnHaX OT
50 no 350 M. EnuHOBpeMEHHO B KOHYyCe JTyda 3X0J0Ta peructpuposanock 0-10 neneit B cpeanem 3.3, uckito-
yasi HepaspemumMble ckoruieHus. Ha riryonnax 200-350 M He ObUIM 3apeTrHCTPUPOBAHBI TUIOTHBIC arperaiu,
€MHUYHbIE LM HEe TPOSBISIM aKTHUBHOCTH B YaCTH BEPTUKAIbHBIX mepemenieHui. [1noTHbIe ckoruieHus
3apETUCTPUPOBAHBI B 30HE TIOJIBOJTHOTO CKJIOHA Ha riayouHax 50-200 M. B aToit 30He Oblta OTMEUYEHA aKTHB-
HOCTP KaK OT/JEJIbHBIX 0c00eH, COBEpIIABIINX BEpPTHKAJIbHBIE epeMeInenns Ha 13-15 M BBepx 3a 2-3 MuUH, Tak
U CITyCK cKoruieHui poi0 ¢ rayomH 80-115 x 125-175 m ¢ 6:20 mo 7:00 gacoB, T.e. CKOPOCTh UX MUTPAIIUHU CO-
craBisiia okojo 50 M 3a 40 MuH. Pa3mepHsIi cocTaB 00BEKTOB, 3apPETUCTPUPOBAHHBIX O00MMHU JIydaMH, ObLT
BOCCTaHOBJICH W3 3HAYCHUI CHIIBI OOPATHOTO aKyCTHYECKOro paccesHus. OMyib IpeacTaBieH 0COOsSIMH -
HoM 22-42 cM, ¢ 1Byms Mofamu 27-28 u 32-34 cm. Anamu3 JIHK okpyskatomieil cpepl O3B0 CONIOCTaBUTD
€€ KOHIICHTPAIHIO ¢ 0COOCHHOCTSAME OaTHMETPUIECKOTO pacIlipeeNieHrs PoI0, a Takke MOIYIUTh OPUCHTHUPO-
BOUHBIC JJaHHBIE 00 YPOBHE T€HETHUECKOT0 MOJUMOP(U3MA OMYJISl B UCCIIEIOBAHHBIX TOUKAX.

XapakTepHble OCOOCHHOCTH CE30HHOW JMHAMUKH CKOTUICHHH 0aiKabcKOTO OMYJISi OTHOCHTEHLHO XOPOIIIO
u3ydeHbl. HecMOTpst Ha TO, UTO HA 3THX 3HAHUSIX JOJDKEH OCHOBBIBATHCS POMBICEN, UCCIIEAOBAHMS COCTOSHUS 3ama-
COB 0alfKaJIbCKOr0 OMYIIS HE TIO3BOIIIIIN CHOPMYITUPOBATE YCIOBHS HX PAIMOHAIBHOM SKCINTyaTalliH, YTO TIPUBENO K
HeoOxomrMocTH BBezieHUs B 2017 T. orpaHNYeHNH Ha MPOMBIIUICHHBIN M MOOUTENECKHUI JI0B. B HacTosee Bpems
HET JOCTOBEPHBIX OIICHOK COCTOSIHUS 3aItacoB TOTO MPOMBICIIOBOTO BUA. [ MIIpoaKyCTHYeCKHil METOT OLICHKH 3aria-
COB SIBISIETCS] OJTHUM U3 HanOoJee NEePCTIEKTUBHBIX. B CBSI3M ¢ 3TUM BaXKHOI 3a/1a4eil SBiIsieTCs €ro JaybHEHIIee co-
BepIIleHCTBOBaHUE. OMYIIb MOXKET CITYKHTh OOBEKTOM Pa3paboTKH (DyHIaMEHTAIBHBIX TOIXOJ0B THIPOAKYCTHYC-
CKMX PECYPCHBIX HccienoBaHuid. C 0JJHOI CTOPOHBI OCOOCHHOCTH PACTIPEIETICHUS PHIO MO3BOJLIIOT OTACIUTH OMYJIS
OT JIPYTUX BHIOB TPHOPEKHOTO KOMILIEKCA, C IPYroi — OMYJb 3HAYNTEILHO OTIINYASTCS CHIION OOpaTHOTO aKyCTH-
YeCKOI'0 paccesiHUs OT OOUTAIOIINX B baiikaie nemarnieckux 6ecIry3bIpHBIX KEPUYaKOBBIX BUJIOB.

H3BecTHO, YTO OCHOBHAS YaCTh OMYJIEBOTO CTaja B 3UMHHUI MIepHO]] OOMTACT B CKIIOHOBOW 30HE (TIpe-
UMYIIECTBEHHO 10 TiyouH 350 M) mpuierarouieif K OCHOBHBIM PHIOONPOMBICIOBBIM paifoHaM: AeibTaM U
YCTBSIM HEPECTOBHIX peK. PaHee 1O TaHHBIM THAPOAKYCTHIECKUX CHEMOK OBLIO OTMEYEHO pasnuine B OaTH-
METPUUECKOM pacIpeAeICHUN MOy, 00ycIoBIeHHOE MX MOpP(O-3KOIOrniecKoi nuddepeHnmanueit
(TmapoakycTuueckuit y4er..., 2009). DTH 0COOGEHHOCTH MOTYT OIpPEIEISATh Pa3InYHbIA YPOBEHb TeHETHUE-
cKoro nosmMop(du3Ma, yCTaHOBJICHHBINM Ha ocHoBaHMK aHanm3a JJHK okpyxaromieit cpensl.

[pobnemoit TOYHOCTH OTpEeNeHIST YUCTICHHOCTH 0afKaIlbCKOTO OMYILSI SIBIISIETCST MO3AHYHOCTD pacIperie-
JIEHVSI U TUHAMUYHOCT €r0 CKOIUICHHI B PHIOOIPOMBICIIOBBIX paioHax. M3ydeHue ocobeHHOCTel hopMupoBaHUs
YJaCTH MOITYJISIIIUH, OOMTAIOIIEH B OTKPBITHIX BOJIAX, B T.4. Pa3MEPHO-BO3PACTHOM CTPYKTYPHI M TEHETHIECKOTO MOJH-
MopduzmMa, Mo3BOIUT pa3padboTaTh Y3PHEKTUBHBIE METOILI MOHUTOPHHTA 3aI1aCOB M TIPOTHO30B MX M3MEHEHHMS.

Pabota BemonmHena B pamkax TeM: 0345-2016-0002 «MonekymsipHas 3KOJOTHS M IBOJIONHUS JKUBBIX
cucteM lleHTpanbHOW A3MK B YCIIOBHSIX TJIOOQIBHBIX SKOJOrMYecKuX m3MeHeHui» u 0345-2016-0006 «Ila-
JIe0- ¥ COBpPEMEHHBIE M3MEHEHHS 03€pHBIX cucTeM U JaHamadToB BoctouHoit Cubupm».

Antokhina O.Yu.!, Antokhin P.N.}, Devyatova E.V.%, Mordvinov V."?

SCENARIOS OF BLOCKING EVENTS DEVELOPMENT OVER EURASIA AND ANALYSIS OF
THEIR EFFECT ON TOTAL AMOUNT OF PRECIPITATION IN THE SELENGA RIVER BASIN
'E. Zuev Institute of Atmospheric Optics SB RAS, 634055, Tomsk, Academician Zuev sg. 1
2|nstitute of Solar-Terrestrial Physics SB RAS, 664033, Irkutsk, Lermontov Street, 126a antokhina@iao.ru

The long low-water period in the basin of Lake Baikal started in 1996 and continues till now. The main reason
for the decline in water content is the decrease of inflow of the key tributary of Lake Baikal — the Selenga River. One of
the main causes of the low water period in the Selenga basin is the decrease in summer precipitation from 1996, mainly
in July. Midsummer precipitations in the Selenga basin related with the frontal system of the East Asian summer mon-
soon. The monsoon intensity has decreased over recent decades. As the monsoon has cyclonic origin over the northern
part of Eastern Asia the reason for monsoon decreasing perhaps is the frontal system weakening. That is a factor ob-
structing the penetration monsoonal air masses to the Selenga basin. The atmospheric blocking events are the possible
mechanism responsible for the frontal system formation. At the moment, there are facts confirming the existence of a
relation between precipitations over the Selenga basin and Eurasian blocking events frequency. In this work we present
a catalog of the types (schemes, scenarios) of blocking event development over different parts of Eurasia from 1979 to
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2017. We also analyze the relation of these types to precipitation anomalies over the Selenga basin. The scenario can be
the single blocking development, the simultaneous or sequential development of two or more blocking, the displace-
ment of the blocking to a adjacent region (characterized by other relation with precipitation anomalies over the Selenga
basin). We have identified six main types (scenarios).

AHTOXHMHA O.IO.l, AHTOXHUH H.H.l, JleBsiTOBA E.B.z, MopaBuHOB B.1.2
THIIW3ALIMS BJOKUPYIOIIUX COBLITUIN HAJT EBPASUEN Y AHAJIN3 UX BJIMSTHUS HA
CYMMAPHOE KOJIMYECTBO OCAJIKOB B BACCEWHE P. CEJIEHT'A B UIOJIE
I/IHCTI/ITyT ontuku atMocdepsl uM. B.E. 3yeBa CO PAH, 634021, r. Tomck, 1. Akagemuka 3yesa, 1
I/IHCTHTyT cosHeyHO-3eMHOM pusnkn CO PAH, 664033, . I/IpKyTCK ya. JlepmonToBa, 126a, a/s 291
antokhlna@lao ru

B Gacceitne o3epa baiikai ¢ 1996 rona Habmomaercst 3aTsHKHOE MaJIOBOIBE, OCHOBHOM MPUYHMHON KOTOPOTO
siBTsieTcst Hu3kui npuTok peku Cenenru. CesnieHra MMeeT MPerMyIIECTBEHHO JieTHee nmuTanue. CHIDKEHE TIPUTOKA B
OCHOBHOM OOYCIJIOBIICHO CHIDKEHHEM KOJIMYECTBA OCA/IKOB, BBITIAAIONIMX B mrojie. Ocaky, BHIaIAroNye B OacceiiHe
B CEpeIIHHE JIeTa, CBS3aHbI C aKTHBHOCTBIO (DPOHTA JIETHETO MyccoHa BocTouHoit A3mu, KoTopasi B IIOCNEIHNE JeCs-
TIJICTUS CHIDKaeTcs. Tak Kak MpUpoJia 3TOr0 MYCCOHA B CEBEPHBIX paifoHax BocTouHON A3WH SIBISETCS [IKIOHIYC-
CKOMH, TIpEJIoJIaracTcs, YTo MPUYMHON €ro OCalJIeHUss MOXKET ObITh YMEHBIICHHE WHTCHCHBHOCTH (DPOHTAITBLHOM
CHCTEMBI, CIIOCOOCTBYFOIIICH MPOIBIDKEHIIO MYCCOHHOU Biary k Oacceiiy Cenenra. OHAM W3 BO3MOXKHBIX MeEXa-
HIBMOB (hOPMHPOBAHHS STOW (PPOHTAITEHON CHCTEMBI SIBIISFOTCS aTMOC(hepHbIe OMOKHMHTH. Ha TaHHBI MOMEHT H3-
BECTHBI (DaKTHI, OATBEP)KIAIOIIHE CYIIIECTBOBAHNE CBA3H MEX/TY PEXUMOM OcajkoB B OacceitHe CeneHrn U MoBTo-
PAEMOCTBIO COOBITHI OJIOKMPOBAHMS B Pa3IMUHbIX perroHax EBpaszun. B nanHoi paboTe MBI MpeCTaBIsieM KaTajior
OCHOBHBIX THIIOB (CXEM) pa3BUTHs COOBITHI OJIOKMpOoBaHKs B utosie Hag EBpasueii ¢ 1979 o 2017 1. 1 anamiupyem
VX BJIMSTHUC Ha KOJIMYECTBO 0CaIKOB B Oacceline CeneHru. BeIesieHHbIE CXeMbI MOTYT MPENICTABIIATE COOOH pa3BUTHE
OZIMHOYHOTO OJIOKWHTa HaJ| ONpeJeNeHHBIM perioHoM EBpasuu, ofHOBpeMEHHOE MM TOCIIe/JOBaTeIbHOE PasBUTHE
JIBYX WK OoJiee OJIOKWHTOB B pa3HbIX YacTsaX EBpasum, cMelieHne OJI0KWHTa B COCSTHUM PETHOH C MHBIM THIIOM CBSI-
3u ¢ ocajikaMul Hajl CeneHroid. Bcero BbIIENIEHO 1IECTh OCHOBHBIX THIIOB (CXEM).

Aslamov LA, Kirillin G.2, Kozlov V.V.2, Zdorovennov R.E.*, Granin N.G.}
THE RESULTS OF THE HEAT FLUX STUDIES AT THE WATER-ICE BOUNDARY LAYER OF
LAKE BAIKAL
!Limnological Institute SB RAS, Irkutsk, Russia
Lelbnlz Institute of Freshwater Ecology and Inland Fisheries (IGB), Berlin, Germany
Instltute for System Dynamics and Control Theory SB RAS, Irkutsk, Russia
*Northern Water Problems Institute, KarRC RAS, Petrozavodsk, Karelia
ilya_aslamov@bk.ru

Seasonal formation of ice cover is an essential feature of polar seas and surface waters. The demand on a bet-
ter quantitative description of the formation, evolution, and decay of the seasonal ice, as a function of external forcing,
has grown recently because of large-scale trends to shortening of the ice season and decrease of the arctic sea ice ex-
tent. Closure of the global mass budget of the arctic seasonal ice is a complex problem, related, apart from the atmos-
pheric and terrestrial heat sources, to the heat upward heat transport stored in the Arctic Ocean. An important role in the
upward heat transport is played by the storage of the solar radiation in the under-ice water and the advective transport
by the under-ice currents. Lake Baikal is the lake most closely resembling the Arctic Ocean with regard to the seasonal
ice dynamics. Among other great lakes of the world Lake Baikal reveals the longest ice-covered period and the most
steady ice cover, occupying the entire lake for 3-5 months of the year.

Ice cover on polar and temperate lakes creates seasonally developing boundary layer at the ice base
with specific features: fixed temperature at the solid boundary and stable density stratification beneath. Turbu-
lent transport in the boundary layer determine the ice growth and melting conditions at the ice-water interface,
especially in large lakes and marginal seas, where large-scale water circulation can produce highly variable
mixing conditions. Since the boundary mixing under ice is difficult to measure, existing models of ice cover
dynamics usually neglect or parameterize it in a very simplistic form. We present first detailed observations on
mixing under ice of Lake Baikal, obtained with the help of advanced acoustic methods.

In order to reveal the major factors governing the ice-water heat flux in lakes, we analyze the out-
comes from a field campaign held on Lake Baikal. Two autonomous stations were installed in the vicinity of a
quasi-stationary longshore current in January-March 2017. Station 1 was installed 4.5 km from the lake shore
at the point with maximum speeds of the under-ice currents and station 2 was located 3.5 km to the north from
station 2. Each station registered temperature at 30 vertical levels distributed within the ice cover, the water
boundary layer, and the air above the ice. Three sensors of the short-wave solar radiation registered the vertical
radiation decay within the air-ice-water system. Ice thickness was registered by a 330-kHz echo-sounder, de-
ployed upward-looking at a fixed distance from the ice surface. Two-dimensional electromagnetic current me-
ters "INFINITY-EM" ("JFE Advantech Co., Ltd.") were used to measure the current velocities (velocity range
+ 5 m/s, resolution 0.02 cm/s, accuracy = 1 cm/s). The current meters were positioned at a distance of 1 m
from the surface of the ice cover. Four additional current meters were deployed at Station 1 at distances 0.6,
0.8 and 1.4 m from the ice surface.
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Detailed characteristics of turbulent mixing in the under-ice boundary layer were obtained with the
help of the high-resolution Doppler flow rate meter HR Aquadopp (Nortek AS, Norway). The profiler was
deployed for 48 hours successively at each of the two stations. The values of short-period fluctuations of the
flow velocity were used to calculate dissipation rate of the kinetic energy of turbulence (TKE) based on the
Kolmogorov's hypothesis on the self-similarity of the velocity structure functions. In addition, the detailed pro-
files of mean currents, obtained with a time interval of 2 s and a spatial resolution of 15 mm, served to verify
long-term point measurements by electromagnetic recorders, demonstrating good agreement.

The dissipation rate of the turbulent kinetic energy (TKE) was derived from spectra of velocity fluctu-
ations at a single point under ice, and from correlations (structure functions) of current velocities along vertical
profiles in the boundary layer. The range of the dissipation rate variability covered 2 orders of magnitude
(107 - 107 W/kg). Intensity of mixing was closely connected to mean speeds of the under-ice currents, the lat-
ter being of geostrophic origin and having lake-wide scales. Turbulence directly affected heat flux at the ice-
water interface and, by this, the ice growth and melting rate. To quantify these effects, we develop a parame-
terization of the water-ice heat flux based on the Kolmogorov microscale involving the dissipation rate of
TKE. The parameterization describes well the thickness of the viscous sub-layer at the ice base, and the con-
ductive heat flux across it, determined from the fine-scale temperature measurements in the boundary layer.
The thickness of the viscous sublayer was 1-2 mm, with a temperature drop of about 0.07 K. Heat flux from
water to ice calculated from parameterization varied from 5 to 40 W/m? with time and agreed well with alter-
native estimates from the heat balance and from the numerical model. The parameterization can be implement-
ed in coupled lake-ice models, which typically use TKE dissipation rate as a prognostic variable.

This study is part of the joint Russian-German project ‘IceBound’ funded by the German Research
Foundation (DFG KI-853/11-1) and by the Russian Foundation for Basic Research (15-55-12378 NNIO_a).
Field work was carried out under state assignment No 0345-2016-0008.

Babenko T.A., Shishlyannikov S.M., Gorshkov A.G.
PHYTOPLANKTON AS A BIOGENIC SOURCE OF DI-(2-ETHYLHEXYL) PHTHALATE IN THE
WATER ECOSYSTEM OF THE LAKE BAIKAL
Limnological Institute SB RAS, Irkutsk, Russia
krom_07@lin.irk.ru

Diesters of o-phthalic acid (phthalates) — products of organic synthesis being used as plasticizers of
plastics, which volume of production reaches 5-6 million tons per year. Phthalates are not chemically bonded
in polymer matrix, so they easily transfer to environment during the plastic products life cycle. Phthalates have
a toxic effect, they are included in the persistent organic pollutants (POPs) and found in all environmental ob-
jects. Their presence in aquatic ecosystems is associated with anthropogenic sources. According to monitoring
of POPs in the waters of Lake Baikal pelagic and its coastal zone are characterized with high distribution het-
erogeneity and temporal variations of phthalate content. In particular, sharp fluctuations of the concentration of
di-(2-ethylhexyl) phthalate (DEHP) during the spring period (March-May, 2016 and 2018) were noted in the
water of the Listvennichnyi gulf and the maximum concentrations of DEHP were recorded in water samples
collected in the period of preservation of the ice cover on the lake and the growth of planktonic algae in the
water. The content of DEHP in plankton samples collected simultaneously with water samples reached 1000-
56000 ug / kg (dry weight). Under the conditions of the model experiment in biomass S. Acus subsp. radians,
the dominant species of Baikal phytoplankton, was detected by DEHP at a concentration level of 5600 pg / kg
(dry mass). Based on the results of field and laboratory studies, an assumption has been made about the effect
of biological cycles of phytoplankton development on the spatial and temporal variability of the content of
DEHP in Baikal waters, as a biogenic phthalate source in the lake ecosystem.
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for sampling water and plankton in the coastal zone of Listvyanka.

The research was carried out within the framework of the state task of the FAO Russia (project No.
0345-2016-0008, state registration No. AAAA-A16-116122110065-4) on the equipment of the Limnological
Institute SB RAS.

bat6enko T.A., Hlumsinauxos C.M., I'opukos A.T'.
®UTOIVIAHKTOH KAK BUOT'EHHBIM HCTOYHUK JHU-(2-9TUJATEKCHUJT) ®TAJIATA B
BOJHOU SKOCUCTEME O3EPA BAUKAJI
Jlumuonornueckuii uactutyT CO PAH, Upkyrck, Poccust
krom_07@lin.irk.ru

Jmdupst o-pTaneBoi KUCIOTH ((TanaTsl) — MPOAYKTHI OPraHMYECKOrO CHHTE3a, HCTIONB3YeMbIC B Ka9eCTBE
TUIACTH(HUKATOPOB TUIACTMACC, 0OBEM MPOU3BOJICTBA KOTOPBIX JOCTHTACT 5-6 MIH. TOHH B ToJ. B monmmmMepHoit MaT-
puIie (TanaThl He CBS3aHbI XUMHYECKH, TIO3TOMY JIETKO TIEPEXOJIAT B OKPYKAIOIIYIO CPEAY TPH AKCIUTYaTalluy | yTH-
JIM3AITHN U3JEIHIA U3 TUIacTMacchl. dranatel 00J1a1aF0T TOKCHISCKUM JICHCTBHUEM, BHECCHBI B YHCIIO CTOMKUX OpraHHu-
yeckux 3arpsprsonux BerectB (CO3), o0HapyKeHbI BO BceX 00BEKTax OKPYXKAIOIIEH Cpelbl U UX MPHUCYTCTBUE B
BOJIHBIX 3KOCHCTEMAX CBS3BIBAIOT C TIOCTYIUICHHEM U3 aHTPOIIOTCHHBIX HCTOYHHKOB.

Io manabmM MouuTopuaTa CO3 B Bomax baiikanma ycTaHOBICHO, UTO TMEJIardalib U €ro IPHOPEKHAas 30HA
XapaKTePU3YIOTCS BHICOKOH HEOJHOPOIHOCTHIO PACIIPENIC/ICHNs] U BPEMEHHOW M3MEHUMBOCTRIO cozepkanus dra-
naToB. B wactHOCTH, B Bozie 3amBa JIMCTBEHHUYHBINM B TEUCHHE BECEHHErO nepuoa (Mapt-maid, 2016 u 2018 rr.)
OTMEYEHBI PE3KUE KojIeOaHus KOHUEeHTpaimu au-(2-otuiarekcwi)dranara (JIOI'P), npuueM MakCMMAallbHbIE KOH-
nientparmu J[9I'D ObUTH 3aperiCTpUpOBaHbI B TIPOOAX BOJIBI, COOPAHHBIX B MEPHO]] COXPAHSHUSI JISSTHOTO TIOKPOBA
Ha 03epe M Pa3BHUTHS B BOJIE IUIAHKTOHHBIX BOAopociei. B oOpasiax riaHKToHa, COOpaHHOTO OJHOBPEMEHHO C
npobamu Bojbl, cogepkanue 1D nocturano 1000-56000 Mkr/kr (cyxoi Macchl). B yCIOBHSIX MOJICIIBHOTO DKC-
nepuMenTa B Oromacce S. acus subsp. radians, moMmuHHpyrOIIEro Biaa 6aikaibCkoro (PUTOINIAHKTOHA, OOHAPYIKEH
JDI'® Ha yporHe KoHIeHTpanuid 5600 MKT/KT (Cyxoi Macchl). Ha ocHOBaHHMM pe3yJIbTaTOB IOJIEBLIX U JIabopaTop-
HBIX HMCCIICJIOBAHUH CJIETIaHO TIPENTIONIOKEHNE O BIMSAHUMA OMOJIOTMYECKUX ITMKJIOB Pa3BUTHS (PUTOIIAHKTOHA Ha
MPOCTPAHCTBEHHYIO M BPEMEHHYIO M3MEHUMBOCTH cojiepkanus [IOI'® B Bomax balikana, kak OMOr€HHOTro MCTOY-
HUKa (pTayaTa B 3KOCHCTEME 03epa.
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ABTOpBI BBIpOXAIOT UCKPEHHIOW OnarogapHocTh cotpynaukam JIMH CO PAH B.A. O6onkuny, T.A.
InnuISHHUKOBOM 3a 0TOOP MPOO BOABI U IUIAHKTOHA B MPHOPEKHOI 30HE 1. JINCTBSIHKA.

HccnemoBanue BBIIOIHEHO B paMKax rocyaapctBennoro 3amanusg ®AHO Poccun (mpoekt Ne 0345—
20160008, Ne roc. per. AAAA-A16-116122110065-4) Ha 06opyaoBaHNK PHOOPHOIO IIEHTPA KOJUIEKTUBHO-
r0 TOJIb30BaHUS (U3UKO-XUMIYECKOTO yibrpamukpoananmmza OI'BYH Jlumuomormgeckmit mactutyr CO
PAH.

Baigal-Amar T.%, Ayushsuren Ch.2, Khishigjagal M.}, Oyuntuya Sh.:, Ariunsuren P.}, Tumenbayar P.},
Dambadarjaa N.*, Enkhtur A.", Buyanbaatar A.*
ECOSYSTEM RESEARCH ON A DRYING LAKE IN KHUVSGUL MONGOLIA
!School of Agroecology, Mongolian University of Life Sciences
?Laboratory of Hydrobiology, Institute of General and Experimental Biology, MAS
a buyanbaatar@muls.edu.mn
A number of lakes throughout the world are drying or completely dry due to over or improper use and climate
change. Mongolia's geographical location, extreme climate, fragile ecosystems, agricultural dependence on climate
requires adaptation to global climate change and smart usage of natural resources. In the 1940s in Mongolia, there were
4296 lakes and ponds with area of more than 0.003 km?, and their total area was 15514.7 km? The water level of most
lakes in Mongolia had been steadily increasing from mid-1960s to 1995 and declining from 1996 to 2016. According
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to the 2015 year Landsat data, 3464 lakes, ponds were counted and their total area was 14312.6 km? and 832 lakes have
dried up and the area has decreased by 1202.1 km? or 7.8%. One of the drying lakes is named Duruutsagaan, which
locates in north central Mongolia (N49°, 02'08", E101°12'15"). The drying and degradation of the lake is related to
global warming, and on the other hand, environmental degradation and exploitation. Therefore, it is essential to study
each compartments in and near lake ecosystem in define causes of degradation and drying.

The purpose of this study is to determine current condition by each ecosystem compartment in and
around the Lake Duruutsagaan and define cause of the lake water degradation and drying. The Lake Duruut-
sagaan ecosystem study was carried out in the following natural elements, climate, hydrology, hydrobiology,
forest, soil, pasture, plant species composion, and animals

Climate: The average annual air temperature in the region from 1940 to 2016 has increased, and annual pre-
cipitation decreased due to seasonal pattern of preC|p|tat|on and a slight increase in winter precipitation.

Hydrology: The lake area was 9.6 km?in 1986 and increased in 1996 and 2000 until 11.4 km®. Since
2000, the lake area is decreased steadily, reaching 7.9 km? as July 2017. The water calcium and potassium con-
tent (and) is very high decreased and water quality was deteriorated. The major cations content (98 mg Ca/L,
45 mg Mg/L, 3454 mg Na/L and 33.5mg K/L) in the lake water is high and according to the Mongolian lake
categorisation it is classified into large, permanent, highly mineralized and saline lakes.

Hydrobiology: Species diversity in this lake is limited and only few species of crustaceans that can
tolerate high salinity and pollution are present. As well as biomass of pollution indicator is high. According to
the concentration of phosphorus and chlorophyll a in Duruutsagaan lake, it is considered as an eutrophic lake.

Forest: As a result of climate warming and grazing in the research area, annual growth rate of forest
tree stems decreased and natural regeneration has stopped.

Soil: The study shows that the surface texture deficiency of the soil surface is high, so it may be possible to fill
lake's bottom capillary pores. In addition, only less than 10% of total mass of the biofilm on stones of the lake bottom is
organic and more than 90% is inorganic compounds, indicates the erosion of the lake shore is high.

Plants: Of the estimated 21825.07 hectares areas around Duruutsagaan Lake, 36.7% is rocky land, 30.7% is
pastureland with grasses, 13.3% is marsh pasture, no pasture with shrubs, 31.7% is forests, 1.1% is salt-marsh, and
3.8% is lake area. There are 20 different types of pasture and 120 species of pasture plants, 79 species of medicinal
plants, and 5.7% of all plants are endemic species in Mongolia, which require plant protection program in this area.

Pasture: The pasture carrying capacity around the Duruutsagaa Lake is 2.5 times higher, off all area 7.04% is
strongly and 80.95% is moderately degraded and only forest edge (12.03%) and in the forests is pasturable. Therefore
due to overgrazing the bare ground is supporting evaporation and negative impacts on lake water.

Animal: The concentration of humans has increased dramatically, reducing red deer and roe deer ped-
igree from the area. The number of small animals, squirrels, mice and rodents is increasing because the plants
are degraded. This is an indication of the degradation of the environment around the lake.

Balin Yu.S., Klemashova M.G., Kokhanenko G.P., Nasonov S.V.,
Novoselov M.M., Penner |.E.

LIDAR STUDIES OF FORMATION OF VERTICAL STRUCTURE OF TROPOSPHERIC
AEROSOL FIELDS OVER LAKE BAIKAL IN BACKGROUND CONDITIONS AND DURING
FOREST FIRES
V.E. Zuev Institute of Atmospheric Optics SB RAS, 1, Academician Zuev square, Tomsk 634055, Russia
nsvtsk@gmail.com

Lake Baikal is one of the most valuable natural complex of Siberia. The problems related to preservation of
this natural object are of universal importance. A special role in research and protection of the Baikal environment is
played by studies of atmospheric aerosol fields (Balin et al., 2007). The aerosol is one of the most important component
of the atmosphere, which influences its optic status and thus the Earth’s radiation budget and climate. The aerosol for-
mation depends on regional factors, such as topography, vegetation and so on. Hence, it is of prime importance to per-
form such studies in diverse geographical regions in order to find and determine regularities of its vertical and spatial
distribution. Besides, the atmosphere can highly polluted with aerosol admixtures coming both from natural disasters
such as forest fires, volcano eruptions, sand storms and from industrial one such as emergency emissions during chem-
ical and radiation accidents.

Here we show features of vertical structure of the aerosol in the mountain depression of Lake Baikal
both under natural (background) conditions and in the presence of local and remote sources of smoke such as
forest fires. The experiments were done in the summertime in the test ground Boyarski (51.84° N, 106.06° E)
on the southeastern shore of Baikal.

The remote lidar techniques that allow monitoring of large areas without sampling are the most effec-
tive tool for rapid detection and identification of atmospheric aerosol fields. During the experiments, we used a
lidar “LOZA-M2” equipped with two-wave (A;=1064 nm and 2,=532 nm) laser (Balin et al., 2011). Detection
of elastic backscattered radiation was done in analogue mode at a shifted wavelength A;=607 nm of spontane-
ous Raman scattering in photon-counting mode. As the measurements are performed for almost 24 h, there is
an opportunity to study a day and night time-space dynamics of vertical distribution of the aerosol as well as
its transformation at a shift of the air masses.

The typical vertical structure of aerosol fields over Baikal in the summertime is induced by some specific
features of air circulation in the mountain depression and represents a stable vertical distribution by aerosol strata
(Balin, Ershov, 2000). A large quantity of smoke aerosol originating for local and remote forest fires characterized
the field works of 2013 and 2015. We found that the time-space structure of the smoke aerosol fields significantly
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differed depending on proximity of the forest fires to the coastal area of the lake. A fine fraction of aerosol prevailed
in 2013 when forest fires in Yakutia were a remote source of smoke aerosol. In 2015, a coarse fraction predominat-
ed. Its source was a forest fire at the opposite shore of the lake, ca. 60 km from the test ground.

The work is financially supported by the RFBR #17-29-05044_ofi.

bamun 10.C., Knemamena M.I'., Koxanenko I'.Il., Haconosn C.B.,
HogBocesoB M.M., Ilennep N.J. .

JIMJAPHBIE HCCJIENJOBAHUA ®OPMUPOBAHUS BEPTUKAJIBHOU CTPYKTYPbI
A3PO30JIbHBIX ITOJEU TPOIMIOC®EPHLI HAJI O3EPOM BAUKAJI B ®OHOBBIX YCJIOBUSIX
U B IEPUO/ JIECHBIX TIOKAPOB
HucturyT ontuku atMocdepst uM. B.E. 3yeBa CO PAH, Poccus, r. ToMck, mnomans Akagemuka 3yesa, 1
nsvtsk@gmail.com

O3epo baiikai sBisieTcsl OMHAM M3 HauOoJiee IEHHBIX MPUPOAHBIX KoMmIuiekcoB Cubupu. Borpockl,
CBSI3aHHBIC C OXPaHOW MPUPOABI 3TOT0 00BEKTA, UMEIOT 00mEeMIpoBoe 3HaueHue. Ocodoe MecTo B u3yde-
HUU W OXpaHe OKpYKallIlel cpeabl akBaTopuu 03. baiikan 3aHUMAIOT MCCIEI0BaHMs a3pO30JbHBIX MOJIeH
atMocdeps! (bamuua u ap., 2007). A3po30b SBISETCS OJAHUM U3 HaubOJiee BaXKHBIX COCTABILIFOIIUX aTMO-
cephl, urpas 3HAYUMYIO POJIb B H3MEHCHHUH €€ ONTHYECKOTO COCTOSHHS, YTO B CBOIO OUYEPEIh OKA3hIBACT
BIUSHUE HA PaTUallMOHHBIN OalaHC M, COOTBETCTBEHHO, HA KiIMMAT 3emiu. Biusawe Ha dopmupoBanue
a’p030JIs OKA3BIBAIOT PETHOHAIBHEIE (PaKTOPHI — pebed MECTHOCTH, PACTUTENLHBIA NOKPOB U T.1. B 3TOM
CBSI3H, OCOOCHHO Ba)KHO MPOBOIUTH TAaKWE HCCIEIOBAHUS B Pa3HBIX reorpauuecKux peruoHax, IJs ompe-
JICJICHUSI €0 BBICOTHOTO M NPOCTPAHCTBEHHOTO pACHpEACTICHHS U BBIABICHHS 3aKOHOMEpHOcTed. Kpome
TOTO, MOBBIIEHHOE 3arpsA3HEHHUE adPO30JbHBIMU MPUMECIMH aTMOc(epbl MOKET ObITh BHI3BAHO KakK 4Ype3-
BBIUAHHBIMU CHTYalUsSIMU TPUPOJTHOTO XapaKTepa, K KOTOPBHIM OTHOCSATCS JIECHBIC MOXAPBI, W3BEPIKECHUSI
BYJIKAHOB, TIeCUaHbIe OYpH, TaK M TEXHOTCHHOTO — IMPOMBIIUICHHBIC BEIOPOCH], aBapUX HA XUMHYICCKH U pa-
JIUAIMOHHO ONACHBIX OOBEKTaX.

B pabote mokazaHel 0COOCHHOCTH BEPTHKAILHOW CTPYKTYPHI a3p030J1s B TOPHOH KOTJIOBUHE 03epa baiikan,
KaK B €CTECTBEHHBIX ((D)OHOBBIX) YCIOBHMAX, TaK M IPH HAJIMYHN UCTOYHHKOB JHIMOB, KaK OT yHAJICHHBIX, TaK U JIO-
KaJIbHBIX, HAXOJSIIIMXCS B TIPHOPEKHON TEPPUTOPHUH 03€pa, JIECHBIX MOKAPOB. DKCIIEPUMEHTHI TPOBOIMIINCH B JIET-
HUU NIepro/l, B MpUOpPEKHO 30He 10:KHOM yacTH 03. balikan, Ha onurone cr. bosipekwit (51,84° c.r., 106,06° B.11.).

Jns pemenust 3a7ad OINEPATHBHOTO OOHAPYKCHUS W MICHTH(HKAIMH adpO30JBHBIX MONEeH aTtMocqeps
Hanbosee Y(PHEKTHBHBI TUCTAHIIMOHHEIE JIMIApHBIE METOABI, KOTOPBIE MO3BOJBIOT MPOBOAUTE MOHUTOPHHT OTPOM-
HBIX TeppuTOpHii 06e3 oTOopa mpod. B AKcHeprMeHTax HCIONB30BAMCH TEXHUUESCKHE BO3MOKHOCTH a3PO30JIHHO-
pamanoBckoro ymmapa «JI03A-M2y, ¢ iByMs JUTMHAMH BOJTH H3Ty4eHHs Jiazepa A=1064 am u A,=532 um (banua n
ap., 2011). ITpuem ympyroro oOpaTHOPACCESHHOTO M3ITYYSHHUS Ha ATHX JIJIMHAX BOJH OCYIICCTBIIIICS B aHATIOTOBOM
pexumMe, a Ha CMEIEHHOM JTTMHE BOJHBI Az=0(07 HM CIIOHTAaHHOTO KOMOWHAIIMOHHOTO PACCESIHUS — B PEXKUME cUeTa
¢oToHOB. braromapsi ToMy, 94T0 M3MEPEHHUsI OCYIIECTBILIOTCS MPAKTHYECKU KPYITIOCYTOYHO, CYIIECTBYET BO3MOXK-
HOCTb MCCJIEIOBaTh KaK CYTOYHYIO MPOCTPAHCTBEHHO-BPEMEHHYIO JMHAMHKY W3MEHEHHS BHICOTHOTO pacIpe/iesieHHs
adPO30JI, TAK U €TO TPAHC(HOPMAIIHIO TIPU CMEHE BO3AYIIHEIX Macc.

N3-3a crenmduueckux 0COOSHHOCTEH IMPKYJSIIAKA BO3AyXa B TOPHOM KOTJIIOBHHE, THITMYHAS BBICOTHAS
CTPYKTYpa a3po30JIbHBIX TMOJICH B JIETHUI TIeproj1 Hall 03. baiikan npencrasiser co0oi HEKOTOPOE YCTONYMBOE BbI-
COTHOE paszielieHue Ha psij a3po3oibHbIX coeB (bauH, Epmos, 2000). OnHako OTIMYUTENEHBIMUA OCOOCHHOCTAMH
SKcTie UMK, mpoBeeHHbIX B 2013 1 2015 rr., 66110 HanKMuMe OOJMBILIOrO KOJIMYECTBA JIHIMOBOTO a3pO30Jisi B aTMO-
cepe OT 0YaroB JICCHBIX MOXKAPOB Pa3HOH YHAJICHHOCTH. BBUIO OTMEYEHO CYIIECTBEHHOE OTIMYUE MPOCTPAHCTBCH-
HO-BPEMEHHOH CTPYKTYPBI JHIMOBBIX a9pO30JIBHBIX TOJICH OT JIOKAIHHBIX JICCHBIX TI0KapOB Ha IPHOPEKHON TeppH-
TOPHH 03epa, OT CITy4asi, KOria UCTOUHHUKH NIpEMecer ObLTH pacIioioyeHbl Ha 3HaUUTeNIbHOM yianeHnu. B 2013 romy,
B CJTyJae JajJbHero NCTOYHMKA JbIMA (B pe3ysIbTaTe 3aHOCa IBIMOBOTO adp030J OT JIECHBIX MOXKAapOoB SIKyTHI) mpeoo-
Tajana MeJkoucnepcHas hpaxuust asposois. B 2015 rofy, B cirydae OMKHIX UCTOUHUKOB JibIMa (JIECHOH MoYKap Ha
MPOTHUBOIIOJIOKHOM Oepery o3epa, mpuMepHo B 60 KM OT MecTa MpoBe/IeHHs SKCIIepUMEHTa) Mpeobaiaa rpyooaunc-
niepcHast ppaxIws a3po30IIsL.

Pabota BeimonHeHa npu ¢puHAHCOBOU moanepskke rpanta PODU Ne Ne 17-29-05044 odwu.

Bashenkhaeva M.V., Zakharova Yu.R., Galachyants Yu.P.,
Sakirko M.V, Likhoshway Ye.V.
COMPARATIVE ANALYSIS OF FREE-LIVING AND PARTICLE-ATTACHED BACTERIAL
COMMUNITIES OF LAKE BAIKAL
Limnological Institute SB RAS, Irkutsk, Russia
maria.bashenkhaeva@gmail.com

In aquatic ecosystems free-living and particle-attached bacterial communities take part in different
stages of the cycle of matter. In marine ecosystems particle-attached bacteria play an important role in the de-
struction of complex organic compounds that are broken down into simpler compounds consumed by free-
living bacteria (Richardot et al., 2000; Stocker, 2012; Dang, Lovell, 2016). This work aims to compare the
taxonomic structure of the free-living and attached bacterial communities of Lake Baikal in the subglacial pe-
riod by pyrosequencing the fragments of the 16S rRNA gene.

Sampling was conducted jointly with the diving research group of the LIN SB RAS under the supervi-
sion of the senior researcher 1.V. Khanaev. Water samples from underside of the ice sheet (sub-ice communi-
ties) were taken using syringes; samples of under-ice water from a depth of 10 m were taken using a Niskin
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bathometer. The fraction of attached bacteria was obtained by filtration through the 5 um pore diameter filters;
then filtrate was passed through 0.2 pm filters to obtain a fraction of free-living bacteria. Pyrosequencing of
V3- V4 regions of the 16S rRNA gene was carried out on a GS FLX 454 genome sequencer (Roche, USA).
Analysis of pyrosequencing data was performed using the Mothur program package.

As a result, 30553 sequences of the VV3-V4 region of the 16S rRNA gene were obtained from 6 samples of the
free-living fraction and 6 samples of aggregated fraction. In the free-living fraction of sub-ice communities the largest
shares belonged to the phyla Proteobacteria (43%) and Bacteroidetes (16%). The genera Massilia, Albidiferax and
Flavobacterium were the most abundant. Phyla Bacteroidetes (35%) and Cyanobacteria (21%) dominated in the frac-
tion of attached bacteria, the highest amount of sequences belonging to the genus Flavobacterium and unclassified Cy-
anobacteria. The phyla Actinobacteria (48%) and Verrucomicrobia (24%) dominated in the free-living fraction of the
under-ice water communities. Representatives of the genera Ilumatobacter, Candidatus Methylacidiphilum and the
family Sporichthyaceae were the most abundant. Phyla Proteobacteria (51%) and Cyanobacteria (22%) dominated in
the fraction of attached bacteria, specifically representatives of the genus Massilia and unclassified Cyanobacteria.
Clustering analysis using a weighted UniFrac metric showed that fractions of free-living and attached bacteria formed
separate clades on the UPGMA tree Correlatlons between environmental parameters (temperature, pH, microalgae
biomass, concentration of Si, PO,>, NH,", NOs, NO,” and organic matter) and the structure of bacterial communities
were investigated. Correlations were found with Si concentrations (r2 = 0.7197, P <0.011), NO," (r2 = 0.4970, P
<0.045), organic matter (r2 = 0.4603, P <0.06) and pH (r2 = 0.4117, P <0.092).

Thus, it is shown that the free-living and attached bacterial fractions are different in structure. The di-
versity is higher in the free-living fraction than in the attached one. Differences in the structure are noted be-
tween the communities of different biotopes: the sub-ice communities and under-ice water. The correlations
between the community composition and the concentrations of silicon and organic matter suggest the relation-
ship of bacterial communities with microalgae.

This work was supported by the Russian Foundation for Fundamental Research in the framework of
the scientific project No. 18-34-00461.

bamenxaesa M.B., 3axaposa 10.P., I'amaubsinn 10 I1., Cakupko M.B., Jluxomsaii E.B.
CPABHUTEJILHBIN AHAJIA3 CBOBOI[HO)KI/IBY[HI/IX n HPI/IKPEHJIEHHI)IX
BAKTEPUAJIBHBIX COOBIIECTB O3EPA BAHKAJI
JInmuomornueckuii nHCTUTYT CO PAH, Upkyrck, Poccus
maria.bashenkhaeva@gmail.com

B BogmBIX 3KOCHCTEMaX CBOOOTHOKUBYIIHME U PUKPEIUICHHBIE K YacTUIIaM OaKTepHallbHBIE cO00IIIe-
CTBa y4acTBYIOT B Pa3HBIX 3Talax KPyroBOPOTa BEIIECTB. M3BeCTHO, YTO B MOPCKHUX SKOCHCTEMaX INPHUKPEII-
JICHHBbIC OaKTEPHU UTPAIOT BHKHYIO POJIb B Pa3PYIICHHH CIOKHBIX OPraHUMYECKUX COCTHHCHHN, KOTOPBIE pac-
MajaloTest Ha Oosiee MPOCThIE BEIIECTBA, MOTpedseMble cBOOOIHOXUBYIIMMHU OakTepusimu (Richardot et al.,
2000; Stocker, 2012; Dang, Lovell, 2016). Llesbro nanHo# pa®oThl ObUIO CPAaBHUTH TAKCOHOMUYECKYIO CTPYK-
Typy CBOOOTHOKHMBYIIHMX ¥ MPUKPEIUICHHBIX OaKTepUaTIbHBIX COOOIIECTB 03¢epa balikam B mouie AHBINH Ieprox
C TIOMOIIBIO0 TUPOCEKBEHUPOBaHUs (parMeHToB reHa 16S pPHK.

Ot160p TPOO TPOBOIMIIM COBMECTHO C COTPYAHHUKAMH TPYIIILI Bogoa3HbIX uccienosanmii JIMH CO PAH
Toj1 pyKoBoZIcTBOM C.H.c. M.B. XanaeBa. [IpoObl BO/IBI OTPaHIYIHOTO CIIOS paszena ¢a3 «Jie] — BoJia» OTOUpaIIU C
HIDKHEH TTOBEPXHOCTH JIbJIa C TIOMOIIBIO IINPHIIOB; MPOOBI MOJIETHON BOJIBI ¢ TITyOMHBI 10 M OBUTH OTOOPAHBI C UC-
nojb30BaHueM Oatomerpa HuckiHa. dpakimio MpUKpervieHHbIX OakTepHii HOTy4aad METOJIOM OCaKAeHHS Ha (rilb-
TPBI C TUAMETPOM TIOp 5 MKM; 3aTeM TOIYYEeHHBIH (PuibTpat nporyckamy depe3 0,2 MKM (UIIBTPHI TS TOTydeHHS
(pakmu cBobomHOXMBYIMX Oakrepuil. [TnpocexsermpoBanne npoommm Ha twiatdopme GS FLX 454 Roche
(JIMH CO PAH), naHHbIe aHATM3UPOBAIIH C IIOMOIIIBIO TIPOrPaMMHOTO rakeTa Mothur.

B pesynbrare 6110 nosrydeHo 30553 mocnenoBatensHocTH V3-V4 obnactu rera 16S pPHK, otHOCsmecs k
nomMeHy Bacteria, u3 6 00pasiioB cBOOOIHOKUBYIIEH (PakKIiy U 6 00pa3IoB arperupoBaHHoOM. B coo0IecTBaX HIDK-
HEell TIOBEPXHOCTH Jbia B CBOOOJHOXUBYIICH (DPAKIMK HAMOONBINVE MO TPHHAICOKATIA K (rIymMam
Proteobacteria (43%) u Bacteroidetes (16%). Haubonee oormmapiMu Obuti posia Massilia, Albidiferax u Flavobacte-
rium. Bo ¢paximu nprkperuieHHbIx GakTepuit nomuHupoBanu Guymbl Bacteroidetes (35%) u Cyanobacteria (21%),
13 KOTOPBIX HaMOOJBIIIKE M0M pHHamtekany poxy Flavobacterium u nexknaccudummposannsiv Cyanobacteria. B
coo0lIecTBax MOUICAHON BOJbI B CBOOOJHOXKUBYIIEH (pakimu nomuHupoBau ¢urymsl Actinobacteria (48%) u
Verrucomicrobia (24%). Haumbonee obumbHbIMH ObUTH  TpezcTaBuTesi  poma  llumatobacter, Candidatus
Methylacidiphilum u cemeiictsa Sporichthyaceae. Bo ¢pakimu mpukpernieHHbIX GakTepuii JOMUHHPOBAA (QITyMBbI
Proteobacteria (51%) u Cyanobacteria (22%), a umenHo npezacrasurenu poaa Massilia u HeknaccuduimpoBaHHbie
Cyanobacteria. KnactepHblii aHai3 ¢ UCIONB30BaHUEM MeTPHKH B3BeleHHb UniFrac mokasa, uto dpakimu cBo-
OOTHOKHMBYIIINX W MPHUKPETUICHHBIX OAKTEpHiA 06pa3y[0T Ha JiepeBe OT/IeIbHBIC Kilapl. bblna uceienoBaHa B3anMo-
CBA3b MLy PASTMIHBIMH NAPaMETPamMHu OKpy)Karomieii cpemsl (Temmeparypa, pH, Omomacca MHUKpPOBOZOPOCIEH,
KOHIIeHTpaus Si, PO,*, NH,", NO3, NO,, OPraHUYECKUM BEIIECTBOM) M CTPYKTYPO OaKTepHaIbHbIX COOOIIECTB.
BrisiBrieHb! koppessimn ¢ KorteHTparpsivu Si (12 = 0.7197, P <0.011), NO; (12 = 0.4970, P < 0.045), oprasueckum
BerectBoM (12 = 0.4603, P <0.06) u pH (12=0.4117, P <0.092).

Taxum 00pa3oM, IMOKazaHO, YTO IO CTPYKType CBOOOJHOKMBYIIME ¥ TPHKpPEIUICHHbIE OaKTepHabHbIE
(pakImy B OIIEHBIX COOOIIECTBAX pa3iHBL. B cBoOOMHOXMBYIIEH (pakiim pa3HOOOpasue ObLIO BHIIIE, YEM B
TIPUKPETUICHHOM. Pa3niums B cTpyKType OBUTH TIOKa3aHbl M MEXIy COOOIIECTBAMH Pa3HBIX OHOTOITOB: pasziena (a3
«ren — BoJay | MojyiefHoN Bobl. Koppemsimst CTpyKTyphl OakTepHaIBHBIX COOOIIECTB ¢ KPEMHIEM M OPTaHUYECKIM
BEIIIECTBOM [M03BOJISIET FTOBOPHTB O B3aMMOCBSI31 OAKTEPHAIIBHBIX COOOIIIECTB C PA3BUTHEM MUKPOBOAOPOCIICH.
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Pabota BeimoHeHa npu puraHcoBO# noiepkke PODU B pamkax HaydHoro mpoekta Ne 18-34-00461.

Baturina M.A.
TO THE STUDY OF OLIGOCHAETA FAUNA OF LAKES OF BOL'SHEZEMEL'SKAYA TUNDRA
Institute of biology Komi SC URD RAS, 167982, Syktyvkar, Kommunisticheskaya str., 28

The aquatic biota of the lakes in the north are adapted to low temperatures and, despite the simi-
larity of species in different latitudes, in general, the taxonomic composition may be different. That’s why
studying regional biodiversity is important (Ciamporova-Zatovicova et al., 2010). Zoobenthos is one of
the most important components of the continental water bodies’ biocenoses (Koveshnikov, 2009). Chang-
es in the structure of the bottom invertebrate’s communities may indicate on ecosystem’s restructuring.
Oligochaeta is one of the widespread groups of zoobenthos in variety of conditions, geographical latitudes
and types of water bodies.

The territory of the tundra in the European North-East of Russia from the right bank of the Pecho-
ra River to the Polar Urals is indicated as the Bol'shezemel'skaya tundra (North ..., 1966). The first analy-
sis (Finogenova, 1962, 1966; Popchenko, 1978, 1988) of the Oligochaeta’s fauna of Bol'shezemel'skaya
tundra water bodies was described only for main watershed with major systems of Vashutkiny Lakes,
Padimejskie Lakes and Ambarty Lake (67°34 to 68°00° N and 61°30" 62°54" E). Modern studies refer to
the different types of water bodies of Kharbeiskie Lakes system (67°31,351'-67°36,463' N, 62°49,747'-
62°56,665' E). For the Bolshoi Kharbei Lake’s researches different stages are separated and the level of
biota’s development is described (Fefilova et al., 2014; Baturina et al., 2014). In general, the benthic
community in Kharbeiskie Lakes is characterized by a high biodiversity (H=3,2+0,13 bit/ind.) and the
degree of uniformity (0,17<S>0,23; 0,14<H'>0,18), especially in the littoral and sublittoral zone (Baturin
et al., 2015). For lakes systems of the Bol'shezemel'skaya tundra studied earlier (Zvereva, 1966, 1970;
Zvereva et al., 1964, etc.) and nowdays (Fefilova et al., 2014; Baturina et al., 2014; Bolotov et al., 2014)
high level of diversity and productivity of bottom communities was described. At present stage the fau-
na’s of Oligochaeta of Kharbeiskie Lakes researches more than 70 species and forms of the six families
are developed. The estimated values of the expected species richness of the Oligochaeta in the studied
water bodies exceed the actually detected quantity of species by 7.1% for the Chaol, by 16.3% for the
Jackknife2 (Gotelli, Colwell, 2011; Koleff et al., 2003). This is indicating that the detected list of Oligo-
chaeta species in the lakes on near complete.

Our research was supported within the framework of the state task Ne 0414-2018-0005, by Complex UB RAS
Programs Ne 18-4-4-37 and RFBR according to the research project Ne18-54-00009 Bel a and grant Ne 18-44-110017.

Barypuna ML.A.
K HCCJEJOBAHUSIM ®AYHBI OJIATOXET O3EP BOJIBIIE3EMEJIbCKOM TYH/IPBI
®I'bBYH Unctutyt 6nonorun Komu HI[ YpO PAH, 167982, r. CeiktriBkap, 'CI1-2,
yi. KommyHnuctuueckast, 28

Bopnas 6nota ceBepHBIX 03€p aJalTHPOBaHA K HU3KUM TEMIIEpaTypaM W, HECMOTPS Ha CXOXECTh BU-
JIOB Ha Pa3HBIX IMMPOTaX, B IIEJOM TAKCOHOMUYECKHH COCTAB €€ MOXKET OTJIMYATHCS, YTO MOTYEPKUBAET BaXkK-
HOCTb U3YYCHHUSI HIMEHHO PETHOHAIBHOTO Gropasnoobpasus (Ciamporova-Zatovicova et al., 2010). 3o06eHToC
SIBJIACTCS. OJTHUM M3 BaKHEUIIIMX KOMIIOHCHTOB OMOIICHO30B KOHTHHEHTaIbHBIX BOJ (KoBemrnukon, 2009) u
M3MEHEHUS B CTPYKTYPE COOOMIECTB JOHHBIX OECIIO3BOHOYHBIX MOTYT OTPAXKaTh OOIIECHUCTEMHBIC MEPECTPO -
ku. K o1HO# U3 MUPOKO pacrpoCcTpaHEHHBIX TPYIIT 3000€HTOCA B pa3HOOOPA3HBIX YCIOBUAX, TeOrpapuIecKuX
HIMPOTaX, TUMAX BOJOEMOB OTHOCATCs MasorieTuHkoBbie yepu Annelida (Clitellata: Oligochaeta).

Tepputopus TyHIpOBOH 30HBI Ha KpaliHeM CeBepo-Boctoke eBporeiickoit yacti Poccuu oT npaBoro Oe-
pera ITedopst 10 otporoB IlomsipHoro Ypana BeijeneHa B bonpiesemenbekyro TyHIpy (Cesep ..., 1966). IlepBbie
pabotsl (PuHOreHOBa, 1962, 1966; [Tonmuenko, 1978, 1988), mocesieHHbIe (hayHe MaTIOIIETUHKOBBIX YepBel BO-
J0eMOB BoJibIe3eMebCKO# TYHAPHI, KaCATUCH TOJBKO €€ TJIABHOTO BOAOPA3ZIea, TAe HaXOITCS KPYITHBIC CUCTE-
MbI Bamrytkunsix, [laguveiicknx ozep 1 03. AMOapTsI (o1 67°34' 1o 68°00° c.m1. ot 61°30° o 62°54° B.11.). Co-
BpPEMEHHBIC HCCIICJOBAHUSI OTHOCATCS K Pa3IMYHBIM THIIAM BOJOEMOB CHCTeMbl XapOekckux ozep (67°31,351'-
67°36,463' c.11., 62°49,747'-62°56,665' B.1.). B nuccnenoBaHUsIX 03ep CHCTEMBI MPOCIICKUBAIOTCS OTICIBHBIC Ta-
IIbI, JUIA KOTOPBIX ONMHMCaH ypoBeHb pasputus OuoThl (Dedmmora u ap., 2014; barypuna u ap., 2014). B nienom
JIOHHOE coO0IIecTBO B XapOelcKuX 03epax XapaKTepu3yeTcsi BRICOKMM paszHooOpazuem (H=3,2+0,13 6ut/sk3.) n
cTenensio BeipaBHeHHOCTH (0,17<C>0,23; 0,14<H™>0,18), ocobeHHO B 30Hax nuTopaiu u cyonuropanu (barypuna
u ap., 2015). Jlng Bcex ucclieloBaHHBIX cUCTeM 03ep bosbliesemMenbeckol TyHAPH! paHee (3Bepea, 1966, 1970;
3BepeBa u 1p., 1964; u 1p.) u B coBpemennbiii nepuox (Oedumosa u ap., 2014; barypuna u ap., 2014; bonoros u
Ip., 2014) otMeyascs BICOKHI YPOBEHb pa3HOOOpas3Hs M MPOIYKTHBHOCTH JOHHBIX coo0mecTB. B coctae (ayHbI
OJIUTOXET BOJOEMOB CHCTEMbI XapOCHCKHX 03ep Ha COBPEMEHHOM dTalle HUCCIEIOBaHWI ycTaHOBICHO Oojee 70
BUIOB U (JOPM U3 IIECTH CEMEHCTB. PacueTHbIe 3HaUCHUS O’KUIAEMOTO BHIIOBOTO OOTaTCTBA MAJIOIICTUHKOBBIX
YepBeil B UCCIIEIOBAHHBIX BOJOEMaX MPEBBIMIAIOT PEATbHO OOHAPYKEHHOE YKCIIO BUIOB Ha 7,1% s anroputMa
Chaol, na 16,3% mmst anropurma Jackknife2 (Gotelli, Colwell, 2011; Koleff et al, 2003), uto yka3biBaeT Ha gocTa-
TOYHO TIOJIHBIN CIIMCOK BBISIBIICHHOW B 03¢pax (hayHbI.

Pabota BemoONHEHA B paMKax rocymapcTBeHHOro 3amanus Ne roc. peructparmm 0414-2018-0005, Kowm-
wiekcHoH nporpammbl YpO PAH Ne 18-4-4-37 u momnepxke PODU B pamkax Haydnoro mpoekrta Ne 18-54-
00009 ben_a.
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Baturina N."?
MACROZOOBENTHOS COMMUNITIES OF RIVERS AND STREAMS AT SOUTH SIBERIA MTS
"Novosibirsk State University
?|nstitute of Systematics and Ecology of Animals
Natalya.s.baturina@gmail.com

Current research aimed to give a taxonomic and functional characterization of benthic communities
within mountain streams of the Altai-Sayan mountainous country. The paper is based on the material collected
at rivers and streams of the Western Sayan, Northern Altai, Salair ridge, Shoria mts in the summer period dur-
ing 2009-2017. At all 25 watercourses were surveyed, more than 250 quantitative samples of macrozoobenthos
were collected. For each sampling point, the parameters of the main abiotic factors were taken. Benthic organ-
isms were collected from equal transects with triplicate repetition per sampling site.

To compare the communities were used: the Shannon diversity index, the Pielou’s evenness index, the degree of
diversity for each trophic-functional group. Then, based on the obtained similarity matrices, dendrograms were construct-
ed using the pairwise clustering method using the Bray-Curtis similarity index. For the calculations used software PAST.

For explored natural regions 297 taxa belonging to such orders as Trichoptera, Plecoptera, Ephemeroptera,
Diptera, Coleoptera, Megaloptera, Amphipoda, Pulmonata, Veneroida, Rhynchobdellida, Tricladida were identified.
Shown that taxonomic structure of benthos population of south part of Western Siberia have relatively high degree of
similarity between the population of Western Sayan, Northern Altai and Shoria mts. However, the benthos population
of Salair Ridge shows a slight similarity with the above-mentioned regions. In the fauna of Salair Range, species with a
Palearctic type of distribution predominate. The East Palearctic species, which form the main part at communities of
Western Sayan and Northern Altai, represent only 12.0% of the species richness. While Western Palearctic species
occupy 15.0 and 6.0% respectively for the population of North Altai and Western Sayan.

A comparative analysis of the structural and functional organization of communities of benthic invertebrates
of the southern margin of the Altai-Sayan mountain system makes it possible to identify 10 types of communities
whose trophic-functional structure is determined by the geomorphology of the river valley, and also by the type of
available organic matter. In the population of macrozoobenthos of mountain streams, the main change in the taxonomic
structure occurs during the transition from the zone of crenon to the zone rhithron, where the upper crenon communi-
ties can be significantly different from each other. It is shown that river metarhithron zone is characterised by maxi-
mum diversity and evenness of communities taxonomic structure. The communities taxonomic diversity reducing is
noted for the crenon communities and in ¢ of increased cases of anthropogenic impact.

The study was carried out with partial financial support from the RFBR grant (16-34-00632).

Barypuna H.C."? .
COOBUIECTBA MAKPO3OOBEHTOCA I'OPHBIX BOAOTOKOB IO’)KHOU CUBUPU
HoBocubupckuii I'ocyrapcTBeHHBIN Y HUBEPCUTET
2 Muctutyt Cucrematuxu u Jkonoruu XKusotHeix CO PAH
Natalya.s.baturina@gmail.com

Ienb nanHOM pabOTHI — IaTh TAKCOHOMHYECKYIO M (D)YHKIIMOHAIBHYIO XapaKTEPHCTUKY OSHTOCHBIX CO00-
IECTB B MpeJieNiaX TOPHBIX BOJIOTOKOB Ha TeppuTtoprn Ajrae-CasHCKO TopHOH cTpaHbl. B pabote npecraBieH Ma-
Tepuai, coOpaHHBI Ha BomoToKax 3amamHoro CasHa, CeepHoro Anras, Camaupckoro kpsbke, I'opHoii Illopum.
Cbop marepuana npoBoauics B aetHuii nepuog 2009-2017 rr. O6cnenoBano 25 BogoTOKOB, codpaHo Oosee 250 ko-
JIMYECTBEHHBIX Mpo0 Makpo3zoobeHToca. [ KaX a0 TOuKr 0TO0pa rmpod MpON3BOAMIACE CHEMKA MapaMeTpoB OC-
HOBHBIX a0HOTHYECKUX MapaMeTpoB. Ha kaxmom BOIOTOKE POM3BOIMIIACH 3aKIIa/IKa YICTHBIX TPAHCEKT B Mpeeax
CTOMETPOBOTO BEICOTHOTO HHTEPBAJIA C TPEXKPATHON OBTOPHOCTHIO YUETHBIX TUIOMIAIOK.

Jns cpaBHEHHsT COOOIECTB MCHOJB30BATIMCH MHICKC pasHooOpasus llleHHOHa, WHIEKC BBIPABHEHHOCTH,
CTETIeHb Pa3HO00pasusl I KXo TPo(hHKO-(PyHKIMOHATIGHON TPYIIBL. 3aTeM M0 MOTy4YeHHBIM MaTpHULiaM CXOI-
CTBa CTPOMJIMCH JIEHAPOTPaMMBI C HCIIONIB30BaHMUEM IONIAPHOT0 METO/a KIIaCTePH3alliK C HCIIOJIF30BaHUEM HHIIEKCa
cxoncra bpes-Kepruca. st pacueToB HCTIONB30BaHo TporpaMmHoe obecriedeHne PAST.

B xoze paGoTe! ObUT0 BEIBICHO 297 TAKCOHOB OTHOCSIIMXCS K TAKUM OTpsiiaM Kak, Trichoptera, Plecoptera,
Ephemeroptera, Diptera, Coleoptera, Megaloptera, Amphipoda, Pulmonata, Veneroida, Rhynchobdellida, Tricladida.
CpaBHeHHE TaKCOHOMIYECKON CTPYKTYPhI HACENICHHs MaKpo3000€HTOCA OTACTBHBIX MPHUPOTHO-TCPPHTOPHATLHBIX
KOMILIEKCOB B Mpezienax tora 3anaqHoi CuOupy MoKasaio OTHOCHTENIBHO BBICOKYFO CTETIeHb CXOJICTBa MEXKITy Hace-
nenvieM 3anagHoro CasiHa, CeBepHoro Anrast, ['opHoii opun. OnHako, HaceneHne Makpo3oodeHToca Cananpckoro
KpsbKa JIeMOHCTPHpYeT ci1aboe CXOJICTBO C BBILIENEpPeUHCIeHHBIMU perdoHamu. B dayne Canampckoro kpsbka rpe-
00J1a1a10T BUABI C TAJICapKTHYECKUM THIIOM paclpOCTpaHHeHus. Bocrounonaneapkriaeckne peouiibHbIE BHIBL,
COCTABJISIOIINE OCHOBY coo0miecTs 3amaaoro Casnaa u CeBepHOro Anrasi, mpencTaBiieHs! Juib 12,0% oT BUIOBOTO
Oorarcta. 3amajHONATICapKTHYECKUE BUBI 3aHIMAr0T 15,0 u 6,0% cooTBeTcTBeHHO 11l Hacenenus CeBepHOro AJi-
Tas 1 3anaguoro CasHa.

CpaBHUTENBHBINA aHATIM3 CTPYKTYPHO-(YHKIIMOHAIBHOM OpraHM3aluy OEHTOCHBIX COOOILECTB pek fora 3a-
niajiHoit CuOMpH 1o3BosIseT BbLIEUTh 10 THIIOB COOOIIECTB, CTPYKTYpa KOTOPBIX ONPENeNseTcss reoMopQooriei
pyciia peKH, a TaKkxKe THTIOM JOCTYITHOTO OpraHMYecKoro BelecTsa. B HacereHn: Makpo3000€HTOCa TOPHBIX BOJIOTO-
KOB OCHOBHEIE N3MEHCHUS B TAKCOHOMIYIECKOU CTPYKTYPE COOOIIECTB MPOUCXOIAT TIPH MIEPeX0/ie M3 30HbI KPEHAIN B
30HY SIUPHUTPAIH, MPUYEM KpeHAIBHBIE COOOIIECTBA BEPXOBHEB PEK MOTYT CYIIECTBEHHO OTJIMYATHECS MO CBOCH
crpykrype. IlokazaHo, 4To MakcHMalbHOE pasHOOOpasye M BBHIPABHEHHOCTh TAKCOHOMHYECKOW CTPYKTYPBI CO00-
IIECTB CBOWCTBEHHBI ydacTKaM MeTapuTpaiy. CHIKEHHE YPOBHS pa3HOOOpasusi COOOIIECTB OTMEYaeTcs Il Kpe-
HAJIBHBIX COOOILIECTB M B YCJIOBUSX MOBBIILIEHHOH aHTPOIIOT€HHOW Harpy3KH.

HccnenoBanye BBITIOTHEHO TPY YaCTHYHON (PMHAHCOBOH nojyiepkke 1 rpanta PODU Nel6-34-00632.
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Bazarsadueva S.V., Taraskin V.V., Radnaeva L.D.
FATTY ACID COMPOSITION OF DEEPWATER BAIKAL SPONGES FROM HYDROTHERMAL
DISCHARGE AREA
Federal State Budget Scientific Establishment the Baikal Institute of Nature Management SB RAS, Ulan-
Ude, Russia

This paper presents a study of fatty acid composition of deep water sponges Baicalospongia intermedia
sampled during the 2008-2010 International Scientific Expedition “The MIR’s on Lake Baikal” in the Frolikha Bay
where are the area of hydrothermal vents’ discharge at the depth of 400-450 meters. 64 fatty acids with different
unsaturation were found in the tissue of these sponges using gas chromatography with mass-spectrometry.

basapcanyesa C.B., Tapackun B.B., Pagnaesa JLJI.
JKUPHOKHWCJIOTHBII COCTAB I’ JYBOKOBOJHBIX BANKAJIBCKUX I'YBOK U3 30HbI
TUJAPOTEPMAJIbHOM PA3I'PY3KHU
®denepaabHOE rOCYIapCTBEHHOE OI0KETHOE yUpEeKIeHHEe Hayku balikaabCKuii HHCTUTYT
npupoaomnonb3oBanus CO PAH, Ynan-Y a3, Poccus
bselmeg@gmail.com

Ozepo Bamcan - YYacTOK MHPOBOIO MPHPOHOTO HACIEIHs, crapeimmii (25 MITH. JI€T) W CaMBbIi
6oupmmoit (23000 kM ) MIPECHOBOIHEIN BoioeM B Mupe. OqHIM U3 Hanbouee MHTEPECHBIX parioHoB o3epa baii-
Kax siisieTcs Oyxta dponmxa, KOTopasi XapaKTepu3yeTcsl BBIXOJaMH THAPOTepMalbHOM pasrpysku (I"omyoes,
2007). Ee mHO cBepXy MOKPBITO BEChMa TOHKHUM CIIOEM COBPEMEHHBIX MATKHX WJIOB, HIDKE KOTOPBIX 3aJIeTaroT
BaJIyHHO-TaJICUYHBIN MaTepHall, IECKH U IUIOTHBIC TJIMHBI, OTJIOKUBIIUECS B MOCJICAHUN JEJHUKOBBIN MEPHO.
TemnepaTypa BobI C IPUOIIKEHUEM KO JHY YBEIHUMUBACTCS, YTO TOBOPHUT O TOM, YTO MPOUCXOIUT pasrpy3Ka
TepMaJbHBIX BOJ. Ha MOBEpXHOCTH JOHHBIX OCAJKOB PACIOIaraloTCs «I10Jis» ryOOK U pa3BUBAIOTCS OaKTepU-
aIBHBIC 00pacTaHusi — MUKPOOHBIE MaThl. ['YOKH ITHPOKO pacpOCTPaHEHBI B MOPCKUX U MPECHOBOIHBIX KO-
cuctemax. OHH 00Naaf0T caMbIM OOJIBIIUM CPEAH BOIHBIX KHBOTHBIX pa3zHooOpasueM crepuHoB u KK, xo-
TOpBIE UMEIOT HEOOBIYHBIE, 3 MHOTAA YHUKAJIbHBIE CTPYKTYpHl. HekoTophie MUIUAbI TyOOK XapaKTepu3yeTcst
kak Ouonorudeckue aktuBHbIe (Ichiba et al., 1995). M3BecTHBI Bccie0BaHUs TI0 JIMITUAHOMY COCTaBY HEKO-
TOpBIX OalKaNbCKUX T'YOOK, obuTarommx Ha HeGonbiol riyouHe (Dembitsky et al., 1993, 2003; I'nbi3uHa,
2002), Ho ryOKu riry0OKOBOTHOM 30HBI 03epa baiikan He H3yueHSI.

Jlist M3ydeHust JIMIUIAHOTO COCTaBa ObLIM 0TOOpaHBI 00pas3ikl rTy0OKOBOIHBIX TyOOK Baicalospongia
intermedia B paiioHe ruapoTepMaNbHOI pasrpy3ku OyxTel Oposuxa (o3epo baiikan) ¢ ryounst 400-450 M Ha
paccrosaum 330-1450 M oT MecTa THAPOTEpMATbHOM pa3rpy3ku u 420-950 M OT MyHKTa H3MEPEHHUS MaKCH-
MaJIBHOTO 3HAYCHNUS TEIUIOBOTO MOTOKA.

Omnpenernen mupokuit cektp kuciaoT — 64 XKK pasnuuHoi cTeneHn HeHacklneHHOCTH. Ob1iee co-
JepKaHue HachleHHbIX XUpHBIX KUcioT (JKK) coctaBnset 25.6 — 30.7% OT cymMMBI XUPHBIX KUCJIOT. B nu-
nuax ryook ooHapyxeH psag HaceimeHHbIX KK ot C12 no C24, cpeny KOTOPBIX JOMUHUPYIOLIUMH SBIISIOTCS
passerBinennas KK 116:0 (7.0-8.2 otH.%), creapunoBas 18:0 (4.8-6.2 otH.%), 118:0 (2.0-3.2 0TH.%) U maNb-
mutrHOBas 16:0 (2.0-2.7 0TH.%), KOTOpPBIE TAKXKE SBILTIOTCS TOMUHHUPYIOMUMH y OONBIIHHCTBA MOPCKHX TY-
6ok (OKyxosa, 2009; Poapkuna, 2005). Torma kak B ryokax B. intermedia, oouraronux B FOsxaom batikane Ha
ryoune 8-10 M, ocHoBHOW HachkimeHHOW JKK sBnsercs mamemutwHOBas 16:0 (11.1 otH.%) kucnota
(Dembitsky et al., 1993). Hu3skast Temmeparypa, mo-BUANMOMY, OOYCIOBIMBACT MOHIKEHHOE COJIEPIKAHHUE
HachieHHbIX xupHbIX kuciaoT (HXKK) B uccnenyembix obpasuax ryook.

IIpecHoBOMHBIC TYOKM TakXke, KaK M MOPCKHE COAEpKAT OOJIBIIOE pa3sHOOOpashe W30- U aHTCH30-
KHCJIOT; B CCIIEAYEMBIX TYOKaX HalIeHBI pa3BEeTBICHHBIC N30- H aHTEU30-KHUCIIOTHI ¢ OOIINM YHCIIOM aTOMOB
yrnepoga ot C13 mo C20. O6HapyxeHa penkast i23:0 kuciora, kotopas coctaBmsier ot 0.14 go 0.18 % ot
cymmbl JKK. JlnmuaHonenoyeunslie JKK m30- M aHTEN30- CTPOCHUS, BEPOSATHO, CHHTE3UPYIOTCS COOCTBEHHOM
TyOKOH TyTeM BJIOHTaIlu U30- M aHTEU30-TPEAIIECTBEHHUKOB OaKTepUAILHOTO TIPOUCXOXKACHUS ¢ OoJiee KO-
POTKUMHU yriIeBOAOPOAHBIMU LiersiMU (Ponskuna, 2005).

Cogepxxanne moHoneHachilieHHbIX JKK (MHXKK) B nccnenyemsix ryOkax kosnebnerca ot 33.9 no
39.1 % ot cymmer XK, a comepxkanne nmonmueHachimeHHbX (ITHXKK) — 28.4-32.3 otH. % ot cymmser JKK.
Cpemn MHXK momunupytomumu sBisttorest m3omepsl 16:1 u 18:1 kucnor, a takke kucnota 24:1. MHXKK
psina C20 — C23 u C27 oOHapyKeHbI BO BeeX TyOKax, Ux cojepkanue ke, yeM C16 u C18 MHXKK. Brico-
Kasi KOHIICHTPAIHUs HEeHACBIIEHHBIX JKUPHBIX KUCIOT, ocobeHHo 16:1 u 18:1, oueBuaHO, CBA3aHA C aKTUBHOU
JeSTeNFHOCTRI0 MUKpoopranu3mMoB. OcHoBHOH Bkjaa B cymmy ITHXKK BHOCHT memocnoHrueBasi CBEpXAJIUH-
HOIIeTIOUeYHas KucioTa 26:3, KoTopas Takke HalJileHa B OOJIBLINX KOJMYECTBaX B OallKabCKUX U HEKOTOPBIX
Mopckux Tyokax (Latyshev et al., 1992). Ee conmepxanue B ryokax, ooutaronux B 420 u 550 M ot BeIXOz2
TepMaJIbHBIX UCTOYHHKOB BBIIIE, YeM B IyOKaX, oOuTaromux Ha pacctosaud 930-950 M, u cocraBmusroT 23.8-
247 u 20.1-21.5 otu.%, coorBercTBeHHo. B B. intermedia, oburaromux Ha HEOOJBIINX TIyOHMHAX, CPEIH
MHXK nomunupytor takxke uzomepsl kucioT 16:1 u 18:1, ognako cpenu ITHKK ocHOBHBIMU SIBIISIFOTCS
n3zomepsl KucioT 18:2 u 18:3, B MeHbIne# crenienn kucnorta 26:3 (Dembitsky et al., 1993). Huskue temnepa-
TYpbI BOJBI 03epa baiikas, cnocoOCTBYIOT 60Jiee BBICOKOMY COJICPKAHUI0 HEHACBHIIIEHHBIX U HU3KOMY COJEp-
xaHuio HachImeHHBIX JKK, 94TO crmocoOCTByeT MmoIepKKe Ha OMpeAeICHHOM YPOBHE <OKHIKOKPUCTAILIHY e-
CKOE€» COCTOSTHIIE MEMOPaHHBIX CTPYKTYP.

Pabora BemmoiHeHa npu GuHaHCOBOW Tozepxkke PODU B pamkax HayuHoro mpoekra Nel8-35-00439
MOI_a.
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Bazhenova O.P.
TO THE QUESTION OF THE CRITERIA FOR IDENTIFYING A RARE SPECIES OF ALGAE ON
THE EXAMPLE OF WATER BODIES OF OMSK PRIIRTYSHYE
Omsk State Agrarian University named after P.A. Stolypin, Omsk, Russia
olga52@bk.ru
On the basis of the taxonomic list of algae, created as a result of multi-year research (1998-2018) of
phytoplankton in the water bodies of Omsk Priirtyshye, a rare species are identified as a subjects to entry into
the preliminary Red List of the region. The leading positions in the number of a rare species are occupied by
Bacillariophyta, Chlorophyta, Euglenophyta and Cyanobacteria, which generally corresponds to the im-
portance of these algal groups in the addition of the taxonomic structure of the phytoplankton of Omsk Priir-
tyshye. There are considered the discriminatory criteria of a rare species by the frequency of their occurrence
in the water bodies of the region, inclusive of the literary and our own data. It is established that the city's wa-
ter bodies and the transboundary Irtysh River are the most significant categories of a protected water bodies in
Omsk Priirtyshye by the number of a rare algae species.

Basxenosa O.I1. .
K BOIIPOCY O KPUTEPUSAX BBIJIEJJEHUSA PEJKUX BUAOB BOAOPOCJIEU HA IPUMEPE
BOJHBIX OBBbEKTOB OMCKOI'O TIPUUPTHIIIbSI
Omckuit rocygapcTBeHHbBIN arpapubiii yauBepcuret uM. [1.A. Ctonsimunaa, Poccust, r. Omck
644008 Uncturyrckas mi., 1
olga52@bk.ru

B nccnenoBaHusaxX (UTOIUIAHKTOHA KPYIMHBIX PErHOHOB OOJIBIIOE 3HAYEHHE MMEET CO3JIaHHE TaKCO-
HOMHYECKOT'O CIIHCKa BHJIOB, OTpakaromero OnopasHooOpasne. Ha ocHOBe TakMX CITMCKOB MOXKHO BBIJIEITHTH
peIKue BUIBI BOJOPOCIEH, OAekKaIie BKIIUeHHIO0 B KpacHyIo KHUTY, 94TO UrpacT OOJBIIYIO POIb B OXpaHe
npupoasl peruona. OUeHUTh BUAOBOE OOraTcTBO (PUTOIUIAHKTOHA, CIaraeMOro MpeACTaBUTEISIMA Pa3INIHBIX
OTJEINOB, KpaifHe CIIOKHO, STOT MPOIECC TPeOYeT MIUTENbHBIX CUCTEMATHIECKUX HCCIEAOBAHUM, a IO OTHO-
HICHHIO K KAKOMY-JTHOO PETHOHY — M3Yy4YeHHS OOJIBIIOr0 YKciia BOAHBIX OOBEKTOB.

IIpoBoaumeie B 1998—2018 rr. mccnenoBanus GUTOIUIAHKTOHA peK U 03ep OacceifHa cpelHero Teve-
Hust peku Uptein (Omckoe IIpunptheiibe) MO3BOJNMINM COCTABUTh TAKCOHOMUYECKUI CIIMCOK BOJIOPOCIHEH,
BKJIFOUarONmid K Hacrosiemy Bpemenn 1149 BBT u3 8 ormenos: Cyanobacteria — 163, Cryptophyta — 11,
Miozoa — 20, Ochrophyta — 107, Euglenophyta — 151, Bacillariophyta — 323, Chlorophyta — 281, Charophyta
— 93. Ins yCTaHOBICHHS YACTOTHI BCTPEYAEMOCTH BHIOB IPUMEHSIIA KOMMIECTBEHHOE OIpE/IeIeHIe Tpaia-
uit mkanel «[IpucyrcrBue», pekomenayemoe H. B. Konapatseroii u I1. M. Ilapenko (2008): 1) Bux kpaiine
penkuit — HaiineH He Oonee 4eM B 3% 0T oO0Imiero 4yuciaa oOCaeIOBaHHBIX YYaCTKOB; 2) BHJ OUY€Hb PEIKUIl —
HaizeH B 3,1-5% ot obmiero uncia o6caeJoBaHHBIX YYacTKOB; 3) BUI penkuii — HaitieH B 5,1-10% ot o6ie-
T'0 YKcJIa 00CIIeI0OBAaHHBIX YYaCTKOB.

CooTBeTCTBHE YaCTOTHI BCTPEYaeMOCTH BH/A IpaaliisiM 1-3 cBHETENBCTBYET O HEOOXOAMMOCTH €ro BKITIO-
YeHUsl B TipeBapuTeNnbHbI KpacHsiil crivicok permona. Vcxoas w3 Halmx JTaHHBIX, OTHECEHHE BUa K | Kareropuu
03HAYaEeT, YTO OH BCTPEUCH JIMIIH B OJJHOM BOITHOM OOBEKTE, a BUBL, HAUICHHBIC B 2-3 BOJHBIX OOBEKTAX, OTHOCSATCS
KO 2 1 3 KaTeropusiM. Buipl epBBIX Tpex KaTeropuii Mbl paccMaTpHBaeM o] OOIIHM Ha3BAHUEM «PEIKUE.

COFHaCHO NPUBEACHHBIM KPUTEPUAM B YHUCJIO PEAKUX BHI0B BO}:[OpOCJ'[Cﬁ BOIIJIM MPEACTABUTEIIN BCEX
OTHEJNOB, JIOJII PEeIKuX BHIOB cocTaBuiaa 68,5% oT obmero kojaudecTBa uiaeHTH(HIUpoBaHHBIX BBT.
Hauboubiniee unciio peikux BUIOB oTHOCHTCS K oTaeny Bacillariophyta, mpudyem okoio mojoBuHBI AHATOMEH
(165 BBT) oTHOCSTCS K KaTeTOpUU KpallHE peIKUX BHAOB. JTOT (akT 00yCIOBIIEH, MIPEXe BCETO, TEM, UTO B
TaKCOHOMHUYECKOM cTpykType Bacillariophyta mpeobsagaror npeactaBuTe I SKOJIOTHYECKON TPYIIIBI CIIydaii-
HO TUIAHKTOHHBIX BOJOPOCTIEH, KOTOPBIE JOCTATOYHO PEIKO BCTPEUYAIOTCS B IUTAHKTOHE.

JIupupyrotye MO3UIMH MO YKCITy peAKuX BHIOB 3anmMmaroT Taikke Chlorophyta, Euglenophyta u
Cyanobacteria, 4to B 1eJIOM COOTBETCTBYET 3HAYMMOCTH 3THUX OTICIOB B CIOKCHHH TaKCOHOMHYECKOI
CTpyKTyphl (uToruiankToHa Omckoro [IpuupTeimibs. MakcumanbHas TOJS PEIKUX BHIOB OTMEUCHA JUIS
knacca Xanthophyceae (87,5%), ux HauOonbiiee uucino HaiaeHo B p. Omu. 3eneHble BOJOPOCIH
(Chlorophyta) mo BuaoBoMy 60TaTCTBY CONEPHHYAIOT ¢ IHATOMESMH, B TO ke BpeMs, cpeau Chlorophyta ort-
MeueHa camasi Hu3Kas JoJs peakux BunoB 1 kareropun — 21,4%. Jonsa peakux BuaoB 1-3 kateropuu B cocta-
B€ Pa3JIMYHBIX OTAEJOB (DUTOIUIAHKTOHA, OYEHBb BBICOKAs U KoJiebercs B npeaenax 68,2-87,5%, Ho mis Chlo-
rophyta ona cocrasisier 45,6%. BonpummaerBo BuaoB Chlorophyta mmpoko pacnpocTpaHeHsl B pa3iHYHBIX
BOJIHBIX 00BEKTaX PErMOHA M JIOCTHI'AlOT BEICOKOTO OOMIINS B JIETHE-OCEHHHH nepro. Kak nsBecTHo, BHIOBOE
OorarcTBo M wHTeHCHBHas Bereraiums Chlorophyta gacto cBsi3aHbl ¢ BBICOKHM YPOBHEM 3BTPO(HPOBAHUS
BOJIHBIX 00BEKTOB, BECbMa XapakTepHbIM 11t OMckoro [IpuupThImIbs.

TaxuM 00pa3oM, KOJTHIECTBO PEIKUX BHIOB BOJIOPOCIEH B IUNTAHKTOHE BOAHBIX 00BEKTOB OMCKOTO
[IpunpTHIIbS, BEIICICHHBIX 0 YKa3aHHBIM KPUTEPHUSIM, COCTABIISICT BECbMa 3HAYUTEIIBHYIO JI0JII0 OT OOIIETo
BUJI0BOTO OoraTcTBa U coctaisier 787 BBT. Takas curyanus npeanosiaraet 6ojiee CTpOruii 0TOOp KpUTEpHEB
BBIJICJICHUSL. YUUTHIBAs, YTO COOTBETCTBUE YaCTOTHI BCTPEYaEMOCTH BHUJIA TPaJalisaM 1—3 CBUIETENBCTBYET O
HEOOXOUMOCTH €T0 BKJIIOYCHHUS B MPEIBAPUTENLHBIN KpacHbIi crIMCOK 00CIICIOBAHHOTO PETHOHA, B HAIIEM
cirydae ero o0beM OyaeT HeOolpaBIaHHO 3aBBINICH. BeposTHO, KpUTEPHH BBIICICHUS PEAKUX BHIOB, PEKOMEH-
JIOBaHHBIE JIJIS1 BBICIIUX pacTeHWH W KUBOTHBIX (mkaza MCOII u ee MogudHKaIyn) mI0X0 paboTaloT B MUK-
poMupe, ITO 3aCTaBISICT BEIOMPATH YIPOLICHHBIN BapHAHT [IKAJIB! BBIICICHUS PEIKUX BUIOB BOIOPOCIIEH.

C y4eToM BBIIIECKA3aHHOTO, MBI PEKOMEH]TyeM OCTABUTH JUISI BHECEHHS B IpeBapHUTeIbHbIN KpacHsli crm-
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COK T€ BHJIbI BOJIOPOCIIEH, BCTPEUaeMOCTh KOTOPBIX B BOJHBIX 00bekTax OMCKOro IIpuupThilbs cOOTBETCTBYET |
KaTeropuu. B 3ToM ciydae KomaecTBo penkux BUIIOB Bogopociel cHusures 1o 462 BBT. B nansnelimem HeoOxo-
JIIMO PacCMOTPETh TAKUE CO30JIOTMUECKHE KATErOPUX PEIKUX BUAOB BOJOPOCIEH KaK «PEMKT» U «3HAeM». Bompo-
caM BHJIEMH3Ma MPECHOBOAHBIX BOJIOPOCIIEH MOCBSIIEHO MHOXKECTBO padoT, HO 3Ta IpolieMa Bee elle HaXOIUTCs B
CTaIAH IIIAPOKO HTYIIETO OOCYXKICHIS 0e3 (POpMYIMPOBKH KAKHX-THO0 OOIIEIPUHATHIX KOHIICTIIIHIA.

HawuGonpIiee KoIMUECTBO PEAKUX BUIIOB BoJOpociiel 1 KaTeropun HaliieHO B TOPOJCKHX BojoeMax — 164
BBT(14,3%), Ha BTOpOoM MecTe Haxomures TpancrpanmaHast peka Mpremm (122 BBT wm 10,6%). B octansHeIX pe-
Kax ¥ 03epax perroHa MpUCYTCTBHE yKa3aHHOW KAaTETOPHU BHIOB CYIIECTBEHHO HIDKE. Takum 0OpasoM, TOpOACKHe
BOJIOEMBI TIPEJICTABILIIOT cO00H HanboJIee 3HAUMMYFO KaTETOPHIO0 OXPaHsIeMbIX BOAHBIX 00B6eKTOB B OMckoM [lpump-
TBIIIBE, YTO CBSI3aHO C BBICOKUM YPOBHEM aHTPOIIOI€HHON Harpys3ku, XapaKTepHBIM ISl 3TUX BOJOEMOB. 3HAUCHHE
OXpaHbI TPaHCTPAHUYHOW peku MpThI B 3TOM acriekte erie Oonee Bo3pactaer. K Hactosmemy Bpemenn B KpacHyro
kaury OMCKO# 00JIacTH He BHECEH HH OIIMH BHJ BOJOPOCIICH, TO3TOMY pado0Ta IO BKIFOUCHHIO MX PEAKUX BUIOB B
TIpeABAPUTENHHBIN KpacHBIi CITMCOK pervoHa sBISIeTCs] Ype3BhIMaiHO aKTyaTbHOM.

Bazova N.V., Bazov A.V., Borisova N.G.

LONG-TERM HYDROBIOLOGICAL MONITORING (1919-2017) AS A BASIS OF ECOLOGICAL
SECTURITY OF CATCHMENT AREA OF THE SELENGA RIVER (MAIN TRUBUTARY OF
LAKE BAIKAL)

Institute of General and Experimental Biology SB RAS, Ulan-Ude, Russia
The paper reports results of multiyear (1987-2017) studies of Selenga macrobenthos during the sub-
glacial period as well as monitoring data (1919-2017) on the Selenga stock of Baikal omul. The results under-
lie fo recast of impact of the intended hydropower stations (Mongolia) on the ecosystem of the Selenga River
within the bounds of the Russian Federation.

. basosa H.B., bazos A.B., bopucosa H.I'.

AOJITOBPEMEHHBIU THAPOBUOJOI' TYECKUU MOHUTOPHUHI (1919-2017 I'T.) - OCHOBA
9KOJIOI'MYECKOU BE3OITACHOCTH BOAHOI'O BACCEMHA PEKH CEJIEHI'M (I'/TABHOI'O
IIPUTOKA 0O3. BAUKAJI).

OI'BYH HucTuTyT 0011E# 1 9KcniepuMeHTansHoi ononorun CO PAH, r. Ynan-Ymp
B noxnaze miuaHupyeTcs IPUBECTH Pe3yabTaThl MHOTOJICTHHX MCCICIOBAaHUN MaKp0o3000€HTOCA PEKH
Cenenru B mourennsiid nepuop (1987-2017 rr.), a Takke pe3ylIbTaThl HAOIOACHUH 32 CEJICHTHHCKIM CTaIoM
Oaiikabckoro omyist (1919-2017 rr.). Pe3yibpraTsl HCciieJOBaHUH TOJI0KEHBI B OCHOBY padOT IO MPOTHO3Y
BO3ICUCTBHS IUIAHUPYEMOTO CTPOUTEIBCTBA THAPOIHEPTETHIECKUX OOBEKTOB (TeppuTopuss MOHTroimm) Ha
akocuctemy p. Cesnenru B npenenax Poccuiickoit @eneparum.

Belkina N.A.}, Strahovenko V.D.?, Kulik N.V.*, Efremenko N.A.!, Subetto D.A."
FORMATION OF THE CHEMICAL COMPOSITION OF MODERN LACUSTRINE DEPOSITS OF
ONEGO LAKE
NWPI KarRC RAS Russian Federation 185030, Petrozavodsk, A. Nevskogo Ave., 50
2IGM SB RAS Russian Federation, 630090, Novosibirsk, Academician Koptyug Ave., 3
bel11863@mail.ru

The aim of the work is to reveal the regularities in the chemical composition of the bottom sediments
of Lake Onego (the second largest reservoir in Europe, S = 9720 km?, V = 295 km®) under modern conditions.

The glacial origin and large size of the lake in conditions of temperate climate support to the long stay
of the finely suspended matter in the water column. The distribution of sedimentary material is controlled by
the dynamics of water. The central deep-water region of the lake and northwestern bays (50% of the bottom) is
covered with thin clayey silt. Complex morphology of the basin and uneven anthropogenic impact — are the
cause of the existence of local basins with different sedimentation regimes. Mineral bio-chemo- genic sedi-
ments accumulate in the central regions. The sediments enriched with organic matter are found in small pro-
ductive bays. Clastic sediments settles in areas of river floodplains. The sediments, contaminated with sus-
pended sewage material, are formed in the bays, near large industrial centers.

The formation of bottom sediments is largely determined by the composition of the rocks in the catch-
ment area and the well-developed river network, which is the main supplier of the substance to Onego Lake.
Acidic bedrock is the source of supply to the lake of silicon. A long light day in the summer contributes to the
development of the diatom complex of phytoplankton, which provides a high proportion of biogenic silicon in
the material composition of the sediments. Low phosphorus content in rocks causes the ecosystem to be lim-
ited by phosphorus. Podzolic soils in the catchment area and high concentrations of iron and manganese in the
rocks provide the entry into the Lake Fe, Mn and P as part of iron-humus complexes. Precipitation of humus
suspensions helps maintain the oligotrophic status of Lake Onega and the accumulation of these elements in
sediments. Bottom sediments inherit the mineral composition of terrigenous material entering the lake. Silica,
Fe-illite and Fe-chlorite prevail among authigenic minerals. The transformation of the mineral part of the sed-
iment in the process of diagenesis depends on the characteristics of the terrigenous component of the flowing
streams, and the quantitative and qualitative composition of the organic matter entering the bottom sediments.

The work was supported by the grant of the RSF 18-17-00176.
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Beakuna H.A.Y, CrpaxoBenko B. I[ Kyauk H. B. , Eppemenko H. Al , CyberTo Jl. Al
O®OPMUPOBAHUE XUMHNYECKOI'O COCTABA COBPEMEHHI)IX )IOHHHX OTJIO)KEHUI
OHEKCKOTI'O O3EPA
I/IBHC KapHILl PAH P®, PK, 185030, r. [letpo3aBosck, np. A. Hesckoro, a. 50
2I'M CO PAH PO, 630090 r. HoBocuOupck, mp. akagemuka KonTrora, 1. 3.
bel11863@mail.ru

Lemnsio pa60T1>1 SIBISICTCS. BBISIBIICHHE 3aKOHOMEPHOCTEH (HOpMHUPOBAHII XHMHYECKOTO COCTaBa JIOH-
HBIX OTJIOXKeHUH OHEXCKOTO 03epa — BTOPOTo Mo BennyuHe BojgoeM EBporbl (S=9720 km?, V=295 km ) B CO-
BPEMEHHBIX YCJIOBHSIX.

JlemHUKOBOE MPOKCXOXKICHIE U OOJIBIIME pa3Mephl BOZOEMa B YCIIOBISX YMEPEHHOTO KJIMMaTa CIioCOOCTBYET
JUTATEITFHOMY TIPEOBIBAHHIO MEJTKOAMCIIEPCHOTO B3BEIIICHHOTO BEIIECTBA B BOAHOW ToMIe. Pacmpenernenue ocanod-
HOTO MaTeprajia KOHTPOJIHMPYESTCS TUHAMIKON BOJI: TITyOOKOBOIHASI OOJNACTD IIEHTPAIBHBIX palOHOB 03¢pa M CEBEPO-
3armaqHBIX 3aMBOB (50% OT IUIomaIy JHA) TOKPHITa TOHKMMH TIIMHUCTHIMA HWaMi CIO)KHAst MOP(OIIOTHS KOTIIOBH-
HBI ¥ HEPAaBHOMEPHOCTH AHTPOTIOTCHHOTO BO3ACHCTBUS SBILIOTCS MPHYWHAMY CYIIIECTBOBAHMS JIOKAJbHBIX Oaccei-
HOB C pa3JIMYHbIM PEIKUMOM CEANMMCHTAlIUU. B HCHTPAJIbHBIX pa1710Hax B HAaCTOAIECC BPEMsS HAKAIUIMBAOTCA MUHC-
pajbHBlE OMO-XEMOICHHBIE OCA/IKH, B MAJIBIX NMPOAYKTUBHBIX 3aJIMBAX BCTPEUAIOTCS OCAAKH, OOOTraIlleHHbIe OpraHu-
YeCKUM BEIIIECTBOM, B paiioHaX BIAJICHUS PEK OCEIAI0T TePPHUTCHHBIC HAHOCKHL B 3anmmBax, Ha Geperax KOTOPBIX pac-
TIOJIO’KEHBI KPYITHBIE TIPOMBIIILICHHBIC IEHTPBI (POPMHUPYIOTCS 30HBL, TJIe JOHHBIC OTIOXKECHIIS, 3arpsi3HEHEI B3BEIIICH-
HBIM MaTepHaIoM IPOMBIILICHHBIX X OBITOBBIX CTOYHBIX BO/I.

®opmypoBaHKEe JOHHBIX OTIIOKEHHUH BO MHOTOM OIIPENIEIISIETCSI COCTABOM MOPO BOJOCOOPHON TEPPUTOPHHI
Y XOPOIILIO PAa3BUTON PEUHOM CETHIO, SIBIISIOIICHCS] OCHOBHBIM ITOCTaBIIMKOM BerlecTBa B OHexckoe o3epo. [Ipe-
HMYIIECTBEHHO KUCTIbIC KOPESHHBIC TIOPOJIBI ABIISFOTCS UCTOYHHKOM MOCTYIUICHHS B 03€PO KPEMHHS, UTO BMECTE C
JIOJTMM CBETOBBIM JTHEM B JICTHHI TIEPUOJ CIIOCOOCTBYET Pa3BUTHIO JHATOMOBOTO KOMIDIEKCA (PUTOIUIAHKTOHA H
o0ecreunBacT BBICOKYIO JONIO OMOTCHHOTO KPEMHHSI B BEIIECTBCHHOM COCTaBe OcaakoB. Huskoe comepixanve
¢dochopa B opojax onpenessieT JUMATHPOBAHHE SKOCHCTEMBI TI0 Gocdopy. Pa3BuThie MOA30JIMCTHIC TIOYBHI HA
TEPPUTOPUH BOJIOCOOpa M BBHICOKHE KOHIICHTPALINH JKeJie3a U MapraHIia B IOpOAax 00ECTIeUHBAIOT BEIHOC B 03€PO
Fe, Mn u yactuuHo P B cocTaBe »kene30-TyMyCOBBIX KOMITIEKCOB, OCKIICHHE KOTOPBIX CIIOCOOCTBYET MOIepIKa-
HHIO OJIMTOTPO(HOTO cTaTtyca OHEXCKOr0 03¢pa U HAKOIUICHUIO ATUX 3JIEMEHTOB B IOHHBIX OTJIOKCHHAX. JJOHHBIE
OTJIOKEHHMS B 1IEJIOM HACJEAYIOT MUHEpPaIbHBII COCTaB TEPPUIEHHOTO MaTepHana, HOCTYMaromero B 03epo. Cpenu
ayTUTEHHBIX MUHEPAJIOB MpeolianatoT KpeMue3éM, Fe-mumr u Fe-xmmopur, BctpedaroTcst aMopgHBIA M KpUCTam-
TIeCKui TETUT, OEPHECCHUT, TIPOXPOUT, TIHPOJIO3UT, BUBUAHUT, POJOXPO3UT, cuiepuT. [IpeoOpazoBaHue MuHe-
pabHOI 9acTH OcajKa B MpPOLECCe TUareHe3a B ONPEIEICHHOM palioHe 03epa 3aBHUCHUT OT OCOOCHHOCTEH Teppu-
TeHHOU COCTABJIIIOIICH BIAAIONINX B HETO BOJOTOKOB, M KOIMYECTBCHHOTO W KAUECTBEHHOTO COCTAaBA OpPraHHYe-
CKOT'0 BEIIIECTBA, MOCTYMAIOIIETO B IOHHBIC OTJIOXKEHHUSI.

Pabora BeimosHeHa npu noaepxke rpanra PH® 18-17-00176.

Belov S.Yu.
DEVELOPMENT OF APPROACHES AND METHODS FOR MONITORING THE STATUS OF
ECOSYSTEMS BY REMOTE SENSING IN THE SHORT-WAVE RANGE OF RADIO WAVES
M.V. Lomonosov Moscow State University
Belov_Sergej@Mail.Ru
The problem of remote diagnostics of a “rough” earth's surface and dielectric subsurface structures in
the shortwave radio wave band is considered. A new incoherent method for estimating the signal-to-noise pa-
rameter is proposed. Specification was carried out for the ionospheric case. This range makes it possible to
diagnose a subsurface layer of the earth, since the scattering parameter is also formed by inhomogeneities in
the dielectric permeability of subsurface structures. The idea of the method for determining this parameter is
that, by having synchronous information about a wave reflected from the ionosphere and about a wave reflect-
ed from the earth and the ionosphere (or having passed the ionosphere twice when probing from a satellite), it
is possible to extract information about the scattering parameter. The paper presents the recording quadrature
components of the signal in the short-wave range of radio waves. A comparative analysis is performed and it is
shown that according to the analytical (relative) accuracy of the definition of this parameter the new method is
an order of magnitude larger than the widely used standard method. An analysis of the analytical errors in es-
timating this parameter allowed us to recommend a new method instead of the standard one.

Beaor C.10.

PA3BPABOTKA IMOAXO10B U METOJ0B MOHUTOPHUHI'A COCTOAHUA SKOCUCTEM
JAUCTAHIOMUOHHBIM 30HAUPOBAHUEM B KOPOTKOBOJIHOBOM JIMAITA3OHE PATMO-
BOJIH.

MockoBcKui rocynapcTBeHHbIN yHIBepcuTeT nmeHrn M.B. JlomoHnocoBa,
119991, Poccus, Mocksa, I'CI1-1, Jlennsckue roper, MI'Y, 1. 1, c. 2
Belov_Sergej@Mail.Ru
MOHHUTOPUHT MOBEPXHOCTH 3€MJIM METOJOM JAWUCTAHIIMOHHOTO 30HIMPOBAHUS B KOPOTKOBOJHOBOM
JTUara30He PaJFoOBOIH MOXET TO3BOJIUTH OTIEPATHBHO BBISBIATH HEKOTOPBIC TeO(MU3MUCCKIE TApaMETPhI IIPH-
ponubix cucteM (benos, 2016). JlanHbBIN nrana3oH MO3BOJISIET AUATHOCTHPOBAThL Y MOIITOBEPXHOCTHBIA CIIOM
3eMJIM (TOJIIIMHBI MOPSIIKA UIMHBI BOJHBI MAAlONIEr0 M3IyIeHNUs), IOCKOIBKY MapaMeTp paccestHust GpopMu-
pyeTcs Takke M HEOJHOPOIHOCTSIMH JMAJICKTPUUECKONW TMPOHUIIAEMOCTH TOAIOBEPXHOCTHBIX CTPYKTYP
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(Belov, Belova, 2017). /laHHbIM METOIOM IIPHM OPTaHHU3AIMH MOHHTOPHHIOBOTO 30HIMPOBAHHMS, BO3MOIKHO
BBIABJIATH 00MacTu m3aMeHeHus 3tux cpen (Belov, 2017), nanpumep, A OLEHKH BO3IEUCTBUS aHTPOIIOTCH-
HBIX ()aKTOPOB Ha DKOCHCTEMY, OTIACHBIX MPUPOHBIX SBJICHHUH, a TAK)KE HEKOTOPBIX 3KCTPEMANIBHBIX COOBITHI
TexHOreHHoro xapaktepa (Belov, 2016), B ToM uucie U 1uisl Lesedl KOHTPOJIsI U3MEHEeHHsI TaHAAapTOB U HX
KOMITOHEHTOB, PEIIeHHUs TPOOIeM paIriOHAIFHOTO W 9KOJIOTUYHOTO HEAPO- M TPHUPOIOTIONE30BaHHSA, IPOTHO-
3upoBaHus u3MeHdnBocTH 3kocucteM (Belov et al., 2016).

B pabGote paccmarpuBaercs 3agada JUCTAHIIMOHHON JMArHOCTHKH «IIIEPOXOBATOM» 3€MHOU MOBEPX-
HOCTH U AUDJICKTPUUECKHUX MOANOBEPXHOCTHBIX CTpYyKTYyp B KB-mmnamasone (benos, 2017). IIpu sToMm B Kaue-
CTBE NapaMeTpa, XapaKTEePU3YIOLIETO0 PAacCEHBAIOILIYI0 CIIOCOOHOCTh PaJAMOBOJIH 3€MHOI NOBEPXHOCTH, HC-
MOJIB3YETCSI COOTHOLIEHHE CUrHa/mryM. Myest Merona ompezeneHus 3TOTo IapameTpa 3aKJII04aeTcsi B TOM,
YTO, pacriojaras CHHXpOHHOH HH(pOpMaIHei 0 BOJHE, OTpaKEHHON OT HOHOC(EPHI M 0 BOJIHE, OTPAXKEHHOH OT
3eMJI ¥ MOHOC(heps! (WM mpomreanell noHocdepy ABKIBI HPH 30HANPOBAHUU CO CITyTHHKA), BO3MOXKHO
M3BIIEKaTh HHPOPMAIIHIO O TIapaMeTpe paccesiHust 3eMHoi noBepxHocTH (benos, 2017). TectupoBaHue Mpous-
BEJICHO Ha IpUMepe IBYKPATHOT'O OTPaKEHHsI OT HOHOC(EPH! IPH BEPTHKATIHHOM 30HIMPOBAHHH.

[t mosmyueHust HeOOXOIMMBIX SKCIIEPUMEHTAIBHBIX TAHHBIX UCIIOJB3YETCS UMITYJIECHBIN METOJ] KOTEPEHT-
Horo npuéma (Belov, Belova, 2017). Dror MeTo/ MO3BONSET PErHCTPUPOBATh HU3KOYACTOTHBIE KBAIPATypHBIC CO-
crapytrolpe noHocdepHoro curnana Eq(t), Eg(t). Moneprusaims obecrieunna peructpaimio Ha OBM yHOMSHYTBIX
MapaMeTPOB CHTHaMIA OJJHOBPEMEHHO JUIS CUTHAJIOB PA3NIMYHON KPaTHOCTH. DTO JOCTHTHYTO NMPHMEHEHHEM CIIECIH-
aJIbHOM MHOTOKAHAJIBHOM CHCTEMBI CTpoOupoBanus u peructpammu (Belov, Belova, 2016). B pabote npencraBieHs!
00pasIpl PEruCTpaIy KBaAPaTypHBIX KOMIIOHEHT CHTHAJIA C ITOMOIIBI0 HA3eMHOTO M3MEPHTEIFHOIO KOMIDICKCA
YCTAaHOBKH KOT€PEHTHOTO 30HAMPOBAHMUS B KOPOTKOBOJIHOBOM [HAITa30HE PaIMOBOJIH HA TECTOBOM mosmrone MI'Y
JUIsL TIEPBOTO OTPAKEHUSL. Y CTAHOBKA MO3BOJISIET OCYILECTBISITH OHOBPEMEHHYIO PETHCTPALIHIO ITAPaMETPOB KPATHBIX
MOHOC(EPHBIX OTpaKEHUH, IPUUYEM Jjake ¢ Ucroib3oBanieM DBM ¢ He 04eHb BHICOKMM OBICTPO/IEHCTBHEM 33 CUET
TIPUMEHEHNS] OPUTHHAIBHBIX anroputMoB ontumiisaimy (benos C.1O. Ilporpamma peructparmy KBaapaTypHBIX
KOMIIOHEHT N-KPaTHOTO OTPaKEHHOTO OT 3¢MHOU MTOBEPXHOCTH paaiocHrHaa. CBHACTENECTBO O PETHCTPALH IpaBa
Ha niporpammMHoe obecrieueHrne NeRU.2016612172 ot 19.02.20161.).

B pabote npenctapnena pazpaboTaHHas U CKOHCTPYMPOBAaHHAsI aBTOPOM SKCIEPHMEHTAIbHAS aIa-
patypa Ha3eMHOTO H3MEPUTENIFHOIO KOMIUIEKCAa YCTAHOBKHM KOTEPEHTHOI'O 30HAMPOBAHMS PACCEUBAIOIICH
CIOCOOHOCTHU 3€MHOI MOBEPXHOCTH B KOPOTKOBOJIHOBOM JMANa30HE PAaJHOBOJIH JUIS OLEHKH MapaMeTpa CUr-
Han/mym. [IpessioxkeH HOBBIM HEKOT€PEHTHBIH METOJ OIEHKH IapameTpa CHIHAI/IIyM. BhINoHEH cpaBHU-
TEJIFHBIM aHAN3 W TTO0Ka3aHO, YTO TI0 aHAJTUTHYECKOW (OTHOCHTENHHON) TOYHOCTH ONPEIEICHHs 3TOTO Mapa-
MeTpa HOBEII METO Ha OPAJOK MPEBOCXOIUT MIMPOKO UCTIONB3YEMBIH CTaHIaPTHEIH.

Bessudova A.Yu., Firsova A.D.

SCALED CHRYSOPHYTES AND THEIR STOMATOCYSTS IN THE MOUTHS OF THE KICHERA
AND THE UPPER ANGARA RIVERS AND IN THE CHANNELS OF THE NORTH BAIKAL SOR
Limnological Institute SB RAS, Irkutsk, Russia
annabessudova@mail.ru

The golden algae of the class Chrysophyceae Pascher of the families Chromulinaceae Engler, Paraphyso-
monadaceae Preisig & Hibberd, Mallomonadaceae Diesing and Synuraceae Lemmermann form a scaled biosilica
envelope. As one of the most important component of freshwater phytoplankton, the scaled chrysophytes occur
worldwide except Antarctica. The small size and complexity of taxonomic identification with standard light micros-
copy methods make difficult to detect them when assessing waterbody productivity and phytoplankton diversity.
Identifying a taxonomical rang of these organisms became possible due to development of scanning and transmis-
sion electron microscopy methods. Thanks to these methods, it became possible to detect fine structure details of
their silica scales and spines allowing the taxonomic identification of these algae. The ability of the chrysophytes to
form silica stomatocysts (statospores) at some stages of their development or under changing environment is im-
portant for paleoreconstructions (Duff et al., 1995; VVoloshko, 2016).

We had previously found a high specious diversity of the scaled chrysophytes, 72 species and intra-
specific taxons, in Lake Baikal and in its two the most affluent tributaries: the Selenga (delta channels) and
Barguzin (mouth) Rivers (Bessudova et al., 2018).

This work was aimed to identify species composition of scaled chrysophytes and stomatocyst morphotypes in
the mouths of the Kichera and the Upper Angara Rivers and in the North Baikal Sor by means of electron microscopy.

The samples were taken in the mouths of the Kichera and the Upper Angara Rivers and in the Kichera,
Middle and Dushkachan Channels in July 2017. The sampling was done with bathometer; the samples were
fixed with Lugol's iodine. Sedimentation method (Kuzmin, 1975) was used for sample processing. In order to
identify a taxonomical rang of small-celled chrysophytes with more accuracy, the bathometric samples were
washed, annealed with 30% H,0, and thermostated at 75°C for 2 h, then they were washed again. The washed
samples were placed on grids with 3 mm mesh covered with Formvar films, dried at the room temperature and
analyzed with LEO 906E («Carl Zeiss», Germany). The abundance of scaled chrysophytes was assessed with
scanning electron microscopy Quanta 200 (FEI Company, USA) in 10-15 mL samples taken with 1-um Milli-
pore filters (Whantman, USA) in addition to the bathometric samples.

Thirty species and intraspecies taxons of scaled chrysophytes altogether were identified in the area
studied, namely Chrysosphaerella — 1; Paraphysomonas — 2; Spiniferomonas — 8; Mallomonas — 14; Synura —
5. The most frequent were the following species: Mallomonas alpina Pascher & Ruttner in Pascher, M. corym-
bosa Asmund, M. tonsurata Teiling and Spiniferomonas trioralis f. cuspidata Balonov. Rare species of chrys-
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ophytes such as Synura macropora Skaloud, Skaloudova, Prochazkova & Nemcova and S. mammillosa
Takahashi, Spiniferomonas silverensis Nicholls and S. triangularis Siver were found too. The last three species
were identified in the Baikal Region for the first time.

A high diversity of chrysophyte stomatocysts were found during the study. Thus, 24 morphotypes, a
major part of which is widely distributed, occurred in the Kichera Channel. Small morphotypes with 4-4.5 um
flanges dominated. They resembled the 223 Duff & Smol stomatocysts typical of deep oligotrophic mountain
lakes where they can be sometimes very abundant. The 31 Duff & Smol (cysta aeometrica Nyaaard) stomato-
cysts were frequent too. This morphotype has a high tolerance to a cold water and various trophicity. The high
diversity and abundance of stomatocysts in July may evidence the end of vegetation period for the majority of
the chrysophvtes. It is the first study of chrysophyte morphotypes composition in this area.

The sampling was done within the Project #0345-2016-0008; the study of the scpecies composition of chrys-
ophytes was performed at financial support of the RFBR within the Project #18-34-00203. The microscopic analyses
were done in the Shared Research Facilities for Physical and Chemical Ultramicroanalysis LIN SB RAS.

. Beccynosa A.10O., ®uncoBa A.Jl. .

YEIIYUYATBIE XPU30®UTOBBIE 1 UX CTOMATOHUCTBI B PAMOHE YCTBEB PEK
KHYEPA, BEPXHSISI AHT'APA U ITPOPBAX CEBEPO-BAUKAJIBCKOI'O COPA
Jlumuonoruyeckuit uacturyt CO PAH, Upkyrck, Poccus,
annabessudova@mail.ru

3osotrcThie (xpu3oduToBbie) Bogopociu Kiacca Chrysophyceae Pascher us cemeiicts Chromulinaceae
Engler, Paraphysomonadaceae Preisig & Hibberd, Mallomonadaceae Diesing u Synuraceae Lemmermann ¢opmu-
PYIOT HelyiyaThlii MaHIMpPh W3 OMOTEHHOrO KpeMHe3eMa. SIBISIACh BaXKHEHIIIMM KOMITIOHEHTOM (PUTOIIIAHKTOHA
MPECHOBOIHBIX 3KOCUCTEM YeITyidaThie XpU30(HTOBBIC PACIPOCTPAHEHBI [0 BCEMY 36MHOMY IIIapy, 3a UCKITFOUC-
HEeM AHTapKTHIEL. OJJHAKO, MEJIKHE Pa3MePHI U CIIOKHOCTh OTIPEICNICHIS HX TAKCOHOMUYECKOH MPHHAIICKHOCTH
C TIOMOIIIBIO CTAHIAPTHBIX METOJIOB MCCIIEA0BAHUS — CBETOBOI MUKpockormn (CM) 3aTpyaHsIOT HX OOHapy KEHHE
TIPH OIIEHKE TPOIYKTHBHOCTH BOJOEMOB M BUIIOBOTO pa3HOOOpasms ¢puTorankToHa. OnpeneneHre BUIOBOH IpH-
HAJUISKHOCTU ATHUX OPraHM3MOB CTaJI0 BOSMOXKHBIM C Pa3BUTHEM METOJIOB CKAHHPYIOLIEH M TPaHCMHCCHOHHON
anexkTpoHHOH Mukpockoru (COM u TOM). C nx HOMOIIBIO BBIIBIIIOTCS JIETAIM TOHKOW CTPYKTYPBI KPEMHH-
CTBIX YEIIyeK U IIUTIOB, KOTOPHIC TIO3BOJIIOT ONPEEIATh UX BUIOBYIO IPHHAUICKHOCTh. CIIOCOOHOCTD XpH30(hu-
TOBBIX (HOPMHPOBATH KPEMHHCTBIE CTOMATOLUCTHI (CTATOCIIOPBI), B ONPEICIICHHBIC CTAINI CBOCTO Pa3BUTHUS UM
O/ BO3/ICHCTBUEM M3MEHEHHUI OKPYXKAIOIIEH CPelbl HTPaeT BAKHYIO poiib B maseopekoHcTpykuusix (Duff et al.,
1995; Voloshko, 2016).

Panee, B paiione, oxBartpiBaroIieM 03. baiikai, 1 IBe TJIaBHBIE IO BOJHOCTH PEKH, BIIAAAIOIIHE B 03€PO
— Cenenry (IpoTOKHM €€ NeNbThl) U bapry3un (ycTbeBas 30Ha), 00HApYKEHO BBICOKOE BHIOBOC pa3HOOOpasue
Jenryityatbix Xpu30(UToBbIX — 72 BUA U BHYTPUBHIOBBIX TakcoHa (Bessudova et al., 2018).

Lenbto JaHHOTO HCCIIEAOBAHUS OBLIO ONMPEAETICHUE BUIOBOIO COCTABA YEITyHIAaThIX XPU30(QHUTOBBIX H
MOP(OTHITIOB CTOMATOLMCT 30JI0THCTHIX BOAOpPOCIeH B yeThsaX pek Kudepa, Bepxuss Arrapa, n mpopsax Ce-
Bepo-baiikansCKoro copa ¢ MpUMEHEHUEM IIEKTPOHHONH MUKPOCKOITHH.

Matepuanom JUIs TaHHOTO MCCIIEIOBAHUS TTOCTYX UM MPOOBI, 0TOOpaHHbIe B urosie 2017 T. B yCThAX
pex Kuuepa un Bepxusis Anrapa, a Taxke B Kuuepckoit, Cpennert n Jlymikadanckoit nmpopsax. Ot6op mpob
OCYIIECTBIISUIA 0aTOMETPOM, (PUKCUPOBAITU HOMHBIM pacTBopoM Jltoross. O6paboTKy mpod MpOBOJWIN CEH-
MeHTallMOHHBIM MeToaoM (KyspmuH, 1975). Jlns Oosiee TOYHOTO OMpeNesieHUs] BUAOBOW MPHUHAIIICKHOCTH
MEJIKOKJIETOYHBIX XPH30(HUTOBEIX BOJIOPOCIeH GaToMeTpriaeckue poOsl oTMbeIBany, nmpoxkuram 30 % H,O, u
nporpeBaiu B Tepmoctate mpu 75 °C 2 4, a 3aTeM CHOBa poMbIBaii. Ha cetouku ¢ auametrpoM 3 MM ¢ popM-
BapOBOH TUICHKON-TTO/IJIOKKON HAHOCHIIM OTMBITYIO NMPOOY, BBICYIIMBAJIU NMpPH KOMHATHOH TeMmIepaType |
aHammsupoBanu ¢ nomoinsio LEO 906E («Carl Zeiss», I'epmanus). [ onpeaeieHnuss OOMIUS delrydidaThix
XpU30(UTOBBIX OAHOBPEMEHHO ¢ OaTOMETPHUECKUMU MPOoOaMH OCYIIECTBIISUIN 0TOOp 00pa3ioB o0seMoM 10—
15 mn Ha ¢unstpel Mllipore ¢ muamerpom mop 1 Mxm («Whatmany, CIIA) u uccnenoBaiy ¢ MOMOIIBIO CKa-
HHUPYIOIETO 31eKTpoHHOTo MHKpockona Quanta 200 («FEI Company», CLLA).

Bcero B nccnexyemom patione ooHapyxeHo 30 BUIOB M BHYTPUBHAOBBIX TAKCOHOB YCIITyHIATHIX XPHU-
so¢uroBeix: Chrysosphaerella — 1; Paraphysomonas — 2; Spiniferomonas — 8; Mallomonas — 14; Synura — 5.
Haubonee yacto B mepwon mcciemoBanus Bcrpedarorcss Buasl: Mallomonas alpina Pascher & Ruttner in
Pascher, M. corymbosa Asmund, M. tonsurata Teiling u Spiniferomonas trioralis f. cuspidata Balonov. O6ua-
PY)KeHbI peJiKre Bubl Xpu30GhHuTOBBIX — Synura macropora Skaloud, Skaloudova, Prochazkova & Nemcova u
S. mammillosa Takahashi, Spiniferomonas silverensis Nicholls u S. triangularis Siver. Tlocneauue Tpu Buga
00OHapyXeHbI B balikabCKOM PETHOHE BIIEPBBIC.

B xome mccnenoBanmii Takke BBIIBICHO OOJBIIOE Pa3HOOOpa3He CTOMATOICT 30JI0THCTBIX BOIOPOCICH.
Taxk, Harpumep, B Kuaepckoit mpope BeTpeTmwioch 24 MopdoTaIa, 60JbIIast 9acTh KOTOPBIX SBISIETCSI IIPOKO Pac-
npocTpaHeHHbIMHU. [Ipeobnananu menkue MopdoTulbl ¢ rpebHaMu (4-4.5 MKM) nMeroLue cXoAcTBO co CToMaToLy-
croit 223 Duff & Smol, koTopsie XapakTepHbI WIS TITYOOKKX, OMTOTPOMHBIX, TOPHBIX 03€D, T7I¢ HEPEIKO IOCTHTAIOT
BBICOKO# urcienHocTH. Yacto Berpeuanach taike Cromarorucra 31 Duff & Smol (cysta geometrica Nyaaard). Otor
MOPMOTHUIT XapaKTepH3YeTCs TOJEPAHTHOCTHIO K XOJIOMHBIM BOJIaM, a Takxke TpodHocTH Bombl. borbloe pasHooOpa-
3W€ YHNCIICHHOCTh CTOMATOICT B HIOJIE MOT'YT TOBOPUTEH 00 OKOHUAHHH BETreTaIlH OOJIBIIIETO YHCIIa 30JI0TUCTHIX BO-
nopociieid. Panee coctaB MOpGOTHITOB XpH30(MUTOBBIX BOAOPOCIIEH B 3TOM PaliOHE HE MCCIICI0BAIICS.

Ot6o0p mpo6 BeIMONHEH B pamkax npoekra 0345-2016-0008. nccrnenoBanne BHIOBOTO cOcTaBa ye-
IIyHYaThIX XPH30(UTOBBIX BHIIOJIHEHO MPH (pHUHAHCOBOM mojyiepxkke PODU B pamkax HaydHOro mpoexra 18-
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34-00203. Mukpockonuueckue uccienoBanus nposeaeHsl B KT «DnexkrponHas mukpockonusy OObeau-
HeHnoro L[KIT «YnsTpamukpoananms» JINH CO PAH.

Blinov V.V., Granin N.G., Mizandrontsev I.B., Tomberg I.V.,
Sinyukovich V.N., Gnatovsky R.Yu., Zhdanov A.A.
THE INCREASE OF mineralization IN UNDER-ICE LAYER OF WATER IN SOUTHERN BAIKAL,
ION BALANCE.
Limnological Institute SB RAS, Irkutsk, Russia
bwad@lin.irk.ru
The authors recorded changes of mineralization in the under-ice layer of water. The ion balance analysis
showed that the increase in mineralization is influenced not only by salinization during formation and growth
of ice, but also by the water of the Selenga River were mineralization is higher than in Lake Baikal, as well as
by evaporation during the autumn-winter ice-free period.

Baunos B.B., 'panun H.I'., Muzanaponues U.b., Tomoepr U.B.,
CunwokoBnd B.H., 'naroBckuii P.1O., ’Knanos A.A. .
IMOBBIINEHUE MUHEPAJIM3AIIMHA B IIOJUIEJHOM CJIOE BOJI FO’KHOI'O BAUKAJIA,
MOHHBIU BAJIAHC
Jlumuonornuecknii nactuTyT CO PAH, Upkytck, Poccust
bwad@lin.irk.ru

W3BecTHO, uTO TIpH 00pa30BAHMY M HAPACTAHUH JIbA B IIOBEPXHOCTHOM ciioe BoJl baiikama moBsImmaeT-
Cs1 MUHEpAJIM3aLUs 32 CUeT BRIMOpaKUBaHHUS cosieil. [loBbIIeHre MUHEepaTu3aliiy TeHepUpyeT KOHBEKIHIO B
HoJyUIeAHOM ciioe Bojbl (I'panuH u ap., 1999), koTopas BiIMseT Ha NepeMELINBAHUE B NIEPUOJ] HApACTaHUS Je-
JIOBOTO TIOKPOBA M UTPACT BAXKHYIO POJIb B IOIICPIKAHUU KJIETOK JHATOMOBBIX BOJIOPOCIIEH.

Lenbio paboThl siBiIsIeTCs] OANAHCOBBIE OLCHKH MOCTYIUICHHUS CONC B moayienHoM cioe Box HOxHoro
baiikana. [IpoBeneHsl pacyeTsl KOJIMYECTBA COJEH, BBIJEIEBIIETOCS MPH HApacCTaHHWH JIEAOBOTO TOKPOBA, a
TaKXe PaCCMOTPEHBI JONOIHUTEIbHBIE (PaKTOPHI BIMSHUA Ha YBEIMUCHUE MUHECPATU3AIMHI B 3UMHHN TIEPUO.

V3MeHeHre MUHEpaIM3aliy 3a NEpHOA JIeIoCcTaBa (Janee IpUpaleHie MUHEPATIH3allii) pacCUUTHIBA-
JIOCh IO JJaHHBIM M3MEPEHUI BEPTUKAIBHOTO paclpeesieHUs 3JIEKTPONPOBOAHOCTHU C MEPECUETOM HA CYyMMY
MOHOB (WJIM MOHHYIO MHUHepanm3aiito — SC ) 3a epuog 2001-2016 rr. (MapT). beumm paccMoTpeHBI LIeHTpaiib-
HBIC CTAaHIMH MOMEPEUHBIX Pa3pe30B B IOXKHOHN KOTIOBHHE o3epa: M. KammmsHeri — p. Mummxa (u.c.K-M), m.
JluctBsnka — m. Tamxou (1.c.JI-T) u n. Mapuryii — . Coman (1.c.M-C). Ilpuparienne MUHepaM3anuu
(AQsc) paccunThIBAIOCH HHTETPUPOBAHKUEM SC B CJIOE, I'lIe 0TMEYAJIOCh H3MEHEHHE MUHEPAIU3aLUH.

ITpoBeneH pacueT MOCTYIUICHUS coJieii TPy 00pPa30BaHWK M HAPACTAHWH JISTOBOTO TIOKPOBa (AQp ;) € ydeToM
MUHEpAIM3alY TTOBEPXHOCTHOTO CJIOSI BOABI JI0 HEpHO/A JIEA000pa30BaHusl U TOJIIIMHEI JIbJa BO BPEMs JICOBBIX
sxcnemumi. [Tpu onenke Oanmanca Mexay AQs. 1 AQ,,, OBLTH TOTYYEHBI BEMYHHBI HEBSI3KHU 10 PACCMATPHBAEMBIM
crarsaM. Hanbonpias Hess3ka (AQsq- AQ,.») OTMeuanach B cpeiHe yactr KoToBUHSI (11..K-M u 1.c.JI-T).

Pazmrumst B Ganmance MuHepanu3anuy OOYCIIOBICHBI BIMSHAEM Oojee MIHEpAIn30BaHHBIX BoX p. Ce-
JIeHTa, TOCTYIUICHHE KOTOPBIX B MOJICTHBIN repro oreHnBaetcs 10 60 % cToka B 10kHYI0 KOTI0BHHY (Bep-
00710B U 1p., 1986). AHann3 pacueToB MpHpalleHHs MUHEpaIU3alny 3a cdeT Boj p. CelleHra moxasani, 4To
HauboIbIlee BIMsAHUE oTMedaeTcsi Ha 11.c.K-M, kotopas Haxomutcs O0mmwke k p. Cenenra. B roro-3zamamHoit
gactu (1.c. M-C) 105KHOH KOTJIOBUHBI TaKoe BIUsIHUE Yxe cnadoe. IIpu ananuze 6anaHCOBBIX OLIEHOK MUHEpa-
JU3AIMN TIOBEPXHOCTHOTO CJIOSI BOJI BBISIBJICHO, UTO JOMOJHUATEIBHBIM (PAKTOPOM, KOTOPBIH HEOOXOIUMO YIH-
THIBAaTh IIPH OICHKE M3MEHCHUS MUHEPAIU3AINH, SBIICTCS MCIAPEHUE C TOBEPXHOCTH OTKPHITOH BOIBI IO
Mepuoa J1e000pa3oBaHusl.

TaxuM 00pa3om, MOKa3aHO YTO HA TOBBIIICHWE MHHEPANU3AIMH B MOJUICTHOM CJIO€ BOJIBI BIMSCT HE
TOJIBKO OCOJIOHEHHE TPU 00pa30BaHUM M HAPACTAHUH JIbAA, HO U BoABI p. CeneHra ¢ MUHEpaIM3alluel BhIIIE,
yeMm B baiikane, a Takke UCIapeHHe B OCEHHE-3UMHUIN MEePUOJ] OTKPBITON BOIBI.

Pabora BEINOIHEHA B paMKax TeMbI TOCYJapCTBEHHOTO 3aanust HHCTHTYTa Ne(0345-2016-0008.

Bobrov V.A,, Budashkina V.V., Shcherbov B.L.

USE OF THE ELEMENT COMPOSITION OF MADACULAR DUST AS A NATURAL ARCHIVE
OF THE LONGTERM ATMOSPHERIC EMISSIONS OF HEAVY METALS OF ANTHROPOGENE
ORIGIN
Sobolev Institute of Geology and Mineralogy SB RAS, Novosibirsk, Akademika Koptyuga Avenue, 3

bobr@igm.nsc.ru

Wind erosion of the arid zones of the Euro-Asian continent is considered to be the main mechanism for trap-
ping microparticles from the earth’s surface, which forms an atmospheric aerosol. The atmosphere is filled with long-
range and ultra-long-range aerosols — particles of 1-4 um in size and smaller. In the words of Academician A.P.
Lisitsyn, this is “the realm of substance invisible to the eye, and in quantities that are usually invisible without the use
of modern instruments” (Lisitsyn, 2001). In the process of air transport of a mineral substance that enters the atmos-
phere, its fractionation takes place, both in granulometric and in geochemical formulations. With the distance from the
source (arid zone), the fraction of microparticles increases, and the ratio of chemical elements becomes universal.

Foreign researchers proposed the use of household (domestic) and street dust as a natural archive of local at-
mospheric depositions of heavy metals of anthropogenic origin (Balabanova, 2010, 2011; Bavec, 2016).

An alternative approach to the study of long-term atmospheric deposition (over 50 years) of technogenic radi-
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onuclides and heavy metals is the use of attic dust. The possibility of using attic dust as any long-term monitor for de-
termining air pollution has been proved by numerous studies. For the first time, the corresponding analytical work on
the analysis of 137Cs and 239Pu near the nuclear test site of Nevada was presented (Cizdziell et al., 1998). Moreover,
undisturbed dust layers in attic beams were used for historical reconstructions of air pollution of 210Pb and 137Cs in
1879-1995. in New Jersey (USA) (Lacque, 2003). Thus, it has been proven that attic dust is an effective and cheap
monitor for mapping long-term aerosol pollution and assessing the risk to human health living in industrial settlements.
Thus, the study of granulometric fractions, sources of exposure and pathways of exposure of heavy metals to people of
different ages (4 to 104 years) in Sydney, Australia, using integrated attic dust, revealed that the anthropogenic compo-
nent of heavy metals is about 25%, 75% of crustal origin (Davis, 2005).

The main objective of this study was to study the elemental composition of attic dust as an indicator of
the accumulation of heavy metals of technogenic origin. For analysis, 34 samples of dust were taken from the
attics of private houses in the Altai Territory, located along the latitudinal transect from the northwestern
“background” section (Slavgorod, Blagoveshchenka) to the southwestern “technogenic” section (Gornyak,
Zmeinogorsk). The subject of the study was the geochemical composition of the dust (the main dimension of
the microparticles is 1.2-1.4 um and higher), selected in the attics of different age-old apartment houses in the
countryside. Atmospheric dust was collected by a spatula in paper envelopes from various internal parts (floor,
overlapping) in the attics of houses. The study of the geochemical composition of the attic dust was carried out
by a number of analytical methods - X-ray fluorescence based on the SBP3 accelerator of the Institute of Nu-
clear Physics of the SB RAS, neutron activation and atomic absorption in IGM SB RAS.

All samples of attic dust were grouped according to the duration of accumulation of the substance. The first
group (6 samples) contained dust accumulated during the period 1914-1940. (“Preatomic™) period. The second (12
samples) is attributed to the “atomic™ years, characterized by rapid development of industry in the south of Siberia and
Eastern Kazakhstan, the development of virgin lands and the functioning of the Semipalatinsk test site (1945-1962).
The third group (9 samples) characterized the last 30 years, after 1970, when the nuclear tests and active development
of virgin lands were completed. The fourth (7 samples) — the period of stabilization of industrial and agricultural pro-
duction (after 1980). The mean values of the content of elements within their group have relatively low coefficients of
variation (V% is the ratio of the mean square to the mean): 1 group — 5-15%, 2 group — 7-16%, 3 group — 10-30%, 4
group — 8-21%. Despite the spread of values by groups, the “total average” remains at 10%.

The final results of the study are presented in the form of “enrichment coefficients” EF (Enrichment Factor),
which are calculated according to the formula EF = (Xi / XAl) dust / (Xi / XAl) clay. The sulphate agrees with the ap-
proach (Shotyk et al., 1996), where Xi - the concentration of each element, normalized by the content of a conservative
element (aluminum). Coefficients EF of heavy metals (Cd, Pb, Zn, Hg) in attic dust are greater than 1 and above the
“conditionally background” values for soils of the Altai Territory. It is this group of elements that refers to the most
active air migrants with an anthropogenic source. In particular, this is shown by geochemical studies of forest fires in
Siberia (Shcherbov, 2012). As for ore elements (Mn, Cr, Co, Ni, Cu), their elevated concentrations are also caused by
man-made or anthropogenic sources. Elevated levels of Na, Ca and Mg attic samples are due to other sources of in-
come - the widespread distribution of saline lakes in the surveyed areas.

Thus, the impact of technogenic and anthropogenic processes (nuclear weapon tests, general industri-
alization, development of virgin lands, household waste) on the atmosphere of Western Siberia in the twentieth
century proved to be commensurate with natural factors for a number of volatile elements (Cd, Hg, Zn, Pb, Sb
and other). This ratio remains stable for the last 2000 years (Gavshin et al., 2003; Bobrov et al., 2013). The
same elements that have high variability and anomalously high contents are formed due to local deposition
(Shcherbov, 2012). Elements introduced by global atmospheric transport are correlated with rock-forming
(crustal) elements and therefore have less variability.

The work was carried out with the partial support of the RFBR grant Ne 17-45-540063 r-a.

bob6pos B.A., bynamkunna B.B., Illep6os b.JL.

NCHOJIb30OBAHUE 3JIEMEHTHOI'O COCTABA YEPJAYHOMU ITbIVIM B KAYECTBE IIPU-
POAHOI'O APXUBA JOJT'OBPEMEHHBIX ATMOC®EPHbBIX BBIITAJJEHUH TSIKEJBIX
METAJIJIOB AHTPOITIOI'EHHOI'O ITPOUCXOXKIEHUSA
Wucturyt reonorun n munepanorun uM. B.C. Co6onesa CO PAH,

630090, HoBocubOupck, npocriektT Akagemuka Komnrrora, 3
bobr@igm.nsc.ru

BetpoBast 5po3us apuHbIX 30H EBpo-A3HMaTckoro KOHTUHEHTA CYMTACTCS OCHOBHBIM MEXaHM3MOM 3aXBaTa
MUKPOYACTHI] ¢ 3¢MHO# IIOBEPXHOCTH, (POPMHUPYIOLIAM aTMOC(EPHBII a3p030Jib. ATMOC(Epa HAMOIHEHA a3PO30JIIMU
JIATBHETO ¥ CBEPXJATBHETO PACHPOCTPAaHSHHS — YaCTUIIAMH pa3MepoM 1-4 MM u Gostee MenkuMu. 110 BEIpaKeHHIO
akanemuka A.I1. JlucuibiHa, 3TO «a1apCTBO BEIIECTBA, HEBHAMMOTO TJIA30M, NPUYEM B KOJIMYECTBAX, OOBIYHO He3a-
METHBIX 0€3 MPUMEHEHUsI COBpeMeHHbIX mpubopos» (JlucwimiH, 2001). B mporiecce BO3YIIHOIO IepPEeHOCa MUHE-
PATBHOTO BEIIECTBA, MOCTYIHBIIETO B aTMOC(epy, MPOUCXOIUT €ro (ppaKIMOHUPOBAHNE, KaK II0 TPaHyIOMETpHYIC-
CKOMY, TaK U 10 TEOXUMHYECKOMY, cocTaBaM. C yrajeHreM OT UCTOYHMKA (apUIHOM 30HBI) JIOJIS MUKPOYACTHII BO3-
pacTaer, a COOTHOILIEHHE XUMHYECKHX 3JIEMEHTOB CTAHOBUTCS] YHUBEPCATBHBIM.

3apyOeKHBIMH HCCIECIOBATEIISIME TPEUIONKEHO HCIOJIh30BaTh OBITOBYIO (IOMAIIHIOK) M YIUYHYIO
IBUTH B KAQUECTBE MPUPOJHOTO apX¥Ba JIOKATBHBIX aTMOC(HEPHBIX BEIMAICHUH TSHKEIBIX METAUIOB aHTPOIIO-
rernoro npoucxoxaeuus (Balabanova, 2010, 2011; Bavec, 2016).

AJbTEpHATHBHBIN TIOJIXOJ] K U3y9YEHHIO JIOJTOBPEMEHHBIX aTMOC(EPHBIX BbITaieHu (Oomee 50 JieT) TexHo-
TCHHBIX PAIAOHYKIINIAOB U TSHKCIIBIX METAJUIOB — 3TO HUCIIOJIb30BAHUEC qepﬂaqufz'I meUIM. Bo3MokHOCTE TIPUMECHCHUA
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YepAaYHOH MBUTH KaK JIFO0O0TO IOITOCPOYHOr0 MOHUTOPA I ONPENEIICHHUS 3arpsi3HEHNsT aTMOochephl JOKa3aHO MHO-
TOUUCIICHHBIMI HCCIIE/IOBAHHUAMH. Briepsbie Oblia NPE/ICTaBIeHa COOTBETCTBYHOLIA aHATMTHYECKast paboTa 1o aHa-
3y ' Cs u “*Pu Bozne sineproro noymrona Hesapr (Cizdziell et al., 1998). Bosiee Toro, HeHapyIieHHEIE C/IOU LT
HA YepIAuHBIX GATKAX HCIIOJIB30BAMICH JUIS HCTOPHHUECKUX PEKOHCTPYKIMIL 3arpsHeHms Bo3ayxa - Pb u *'Cs B
1879-1995 rr. B Heto-Ixepcu (CILIA) (Lacque, 2003). Takum 06pa3om, ObLTO TOKA3aHO, YTO YepaavHast TbUTb — 3(¢)-
(DEKTUBHBII 1 JEIEBRII MOHUTOP IS COCTABJICHHUS KapT IOJTOCPOUHOTO a9PO30JIFHOTO 3arpsI3HEHMS U OIICHKH PUCKa
UL 3710POBBSI YEJIOBEKA, JKMBYIIETO B IPOMBIIUICHHBIX HACEItHHBIX MyHKTaX. TaK, HCCIIEIOBAHIE TPaHyIoMeTprde-
CKUX (ppaKIuii, ICTOYHMKOB MOCTYIUICHHS U IyTel BO3ACHCTBUS TSDKEIIBIX METAIUIOB Ha SKUTENEeH pa3HBIX BO3PACTOB
(ot 4 1o 104 ner) Cunnest (ABCTpaiiusi) IO UHTETPUPOBAHHOM YePIaYHOM TBUTH MO3BOJIMIIO BBISIBUTH, YTO AHTPOIIO-
TeHHas! COCTABJIIOLL[AS] TSDKEJBIX METAILIOB OK0JIo — 25%), 75% — kopoBoro npoucxoxknenus (Davis, 2005).

OCHOBHOI 3a7jaueil TAaHHOTO HCCIICNOBAHUS OBUIO M3yYeHUE 3JIEMEHTHOTO COCTABA YePIavYHOMN MBUTH KaK
WHIUKATOPa HAKOIUICHUS TSDKEJIBIX METAJUIOB TEXHOTEHHOTO MpoucxXoxkaeHws. s anamimsa OpUm B3SITH 34 00-
pa3lia IMbUTH C YepIaKoB YaCTHBIX JOMOB ANTAiCKOTO Kpasi, pactoJIOKEHHBIX BIOJb MIHPOTHOTO TPAHCEKTA OT Ce-
Bepo-3amamgHoro «poHoBoro» ydactka (CraBropon, braroemieHka) 0 10ro-3amafHoro «TeXHOITEHHOT0» yJ9acTKa
(T'opasak, 3menHoropek). IIpenmeToM nM3ydeHHUs! MOCTYKHI TEOXUMHYIECKHUI COCTaB IMBUIH (TJIaBHAsI pa3MEpHOCTh
MukpouacTturl 1,2-1,4 MKM U BbIIlIE), OTOOPAaHHBIX HA Uep/iaKaxX Pa3HOBO3PACTHBIX JKHJIBIX JOMOB B CEIILCKON MECT-
HOCTH. ATMOC(epHast TBUTH ObLIa cOOpaHa IMImaTeyieM B OyMaXKHbIE KOHBEPTHI C Pa3IMIHBIX BHYTPEHHUX JeTaeit
(TroTa, mepeKpBITHil) Ha YepaaKax JOMOB. M3ydeHne Te0XUMHAYECKOrO COCTaBa YepIadHOMN IBUTM BBIIOIHEHO Psi-
JIOM aHAJMTHYECKUX METOJIOB — peHTreHo-(uryopectieHTHhIM Ha Oaze yckoputens BIIN3 HAD CO PAH,
HEUTPOHHO-aKTUBAITOHHBIM 1 aTOMHO-abcopOrmonHemiM B UT'M CO PAH.

Bce 00pasupl yepaadHOil MbUTH OBUTH CTPYNIHPOBAHBI MO MPOJOJDKUTEIFHOCTH HAKOIUICHUS BeIle-
ctBa. IlepBas rpymma (6 o6pa3ioB) cojepikaia IMblUIb, HAKONMUBIIYIOCS B miepuon 1914-1940 rr. («moatom-
HBINY) nepuoj. Bropas (12 00pasiioB) oTHECEHA K «aTOMHBIMY TOJaM, XapaKTePU3yIOUIHUMCsl OYPHBIM pa3BH-
THEM TPOMBINIICHHOCTH ora Crbupu u Boctounoro Kazaxcrana, ocCBOGHHEM LETUHHBIX 3¢MEb U (PYHKIHO-
HupoBanueM Cemunanatuackoro nmonurona (1945-1962 rr.). Tperss rpymma (9 06pa3moB) XxapakTepuzoBaia
nocienuue 30 net, mocye 1970 r., Koraa 3aKOHYHIINCH SIIEPHBIEC UCTIBITAHUS U aKTHBHOE OCBOCHHE IEJIMHHBIX
3emenb. YerBepTas (7 oOpasloB) — MEpHO CTAOMIIM3AIMN MPOMBIIIJICHHOTO U CEITbCKOXO03SHCTBEHHOTO TPO-
u3BojicTBa (mocne 1980 r). CpenHue 3HaYEHUs COJIEPIKAHHS DIIEMEHTOB B IPEJEiaX CBOCH TPYIIbl UMEIOT
OTHOCHUTEJBHO HEBBICOKHE KO3 GuImeHTs! Bapuarmu (V% — OTHOIICHUE CPEeTHEKBAPATHICCKOTO 3HAYCHUS K
cpenHemy): 1 rpymma — 5-15%, 2 rpynmna — 7-16%, 3 rpymma — 10-30%, 4 rpynma — 8-21%. Hecmotpst Ha pas-
Opoc 3HaYCHUH MO TPYIIaM, «o0Iee cpeanee» ocraéres Ha ypoBHe 10%.

OKOHYaTebHBIC PEe3YIIbTATHl MCCIICIOBAHIS TIPEACTABICHB B BHAC «Kod(dummeHToB oboramenns» EF
(Enrichment Factor), kotopsre paccuurbiBarotes 1o dopmyie EF = (XX D) / (Xi X A1)t cranen COTIACEHO MOIXOMY
(Shotyk et al., 1996), rae X; — KOHIIEHTpAIKS Ka¥KI0TO 3IEMEHTa, HOPMUPOBAHHOT'O 10 COMIEPKAHMIO KOHCEPBATUBHO-
ro anemenTa (amomunus). Kosddurments! EF Tsoxensix metawios (Cd, Pb, Zn, Hg) B uepaavHoit b Gosnbie 1 u
BBIIIIE «YCJIOBHO (DOHOBBIX» 3HAYEHMIA I MOYB ANTAHCKOro Kpas. MIMEHHO 3Ta TpyIma 3JIEMEHTOB OTHOCHTCS K
HanOoJiee aKTUBHBIM BO3IYITHBIM MUTPAHTaM, MMEIOIINM aHTPOIIOTEHHBIN UCTOYHHK. B 9acTHOCTH, TO TIOKa3aHO
TEOXUMHUYECKAMH MCCIIEI0BaHISAMH JIeCHBIX moxkapoB Cubupu (ILlep6or, 2012). Uro kacaercst pyaHbIX 3JEMEHTOB
(Mn, Cr, Co, Ni, Cu), TO MX IOBBIIICHHBIC KOHIICHTPALMK TaK K& 00YCJIOBJICHBI TEXHOTCHHBIMH WJIM aHTPOIIOTCHHBI-
MU ucTouHrKamH. [loBbITIeHHBIE coeprkanns B oOpasiax depradHoi meum Na, Ca 1 Mg 00yCIoBIIeHB! IPyrUMH
MCTOYHUKAMH TTOCTYILICHHS — [IOBCEMECTHOE PAaCIIPOCTPaHEHHE COJICHBIX 03ep B 00CIIEIOBaHHBIX PaiioHax.

Takum 00pa3oM, BO3ACHCTBHE TEXHOTCHHBIX M AHTPOIOTEHHBIX IPOLECCOB (MCIBITAHUS SICPHOTO
OpYXHs, 00IIasi HHAYCTPHAIN3AIS, OCBOCHHUE IEIIMHHBIX 3eMelb, OBITOBBIC OTXOJBI) Ha atMocthepy 3aman-
Hoit Cubupu B XX BeKke OKa3aInch CON3MEPUMBIMH C MIPUPOAHBIMU (HaKTOpPaMH MO PSITy JETYIUX JIEMEHTOB
(Cd, Hg, Zn, Pb, Sb u ap.). D10 cooTHOmEHNE OcTaeTcs crabmiabHbiM nocieanne 2000 ner ([aBmmH u ap.,
2003; Bo6pos u ap., 2013). Te ke 2IEMEHTBI, KOTOPHIE MIMEIOT BHICOKYIO BApHAOEILHOCTh M aHOMAJILHO BBICO-
KHE COJepKaHust, POPMHUPYIOTCS 3a CUET JIOKaIbHBIX Beinaaenuii (I1lepGos, 2012). DineMeHTHI, IPHBHECEHHBIE
r7100aJbHBIM aTMOC(EPHBIM MEPEHOCOM, COOTHOCHMBI C TOPOJ000pa3yIonMy (KOPOBBIMHU) 3JIEMEHTAMHU U
MO3TOMY MMEIOT MEHBINYIO BapUaOeIbHOCTb.

Pabota BeImonHEHA MTpH YacTHIHOM noanepxke rpanta PODOU Ne 17-45-540063p-a.

Bogdanov B.E.
ICHTHYOFAUNA OF THE BAIKAL WATER SYSTEM: MODERN STRUCTURE AND HISTORY
OF FORMATION
Limnological Institute SB RAS, Irkutsk, Russia
bakhtiar.oogdanov@mail.ru
There are many scientific works, both historical and contemporary, dedicated to the issues related to the de-
scription of the taxonomic and biological diversity of fishes, the structure and the formation history of the ichthy-
ofauna in Baikal and its basin. One of the controversial statements frequent for faunistic descriptions is immiscibility
of the Baikal endemic and Siberian-Baikal non-endemic faunas represented by local forms of widespread European-
Siberian species. Another controversial point concerns a slightly less popular statement that modern ichthyophauna
of the Baikal region, as well as Siberia in general (disregarding Lake Baikal with its endemic fauna), is the remnant
of the once common European-Siberian ichthyofauna existing in its present form now in the Oligocene-Miocene,
but rather depleted due to extinction of thermophilic species in the Pleistocene.
Analysis of the current publications about phylogeny and phylogeography of Eurasian fishes gives a new
insight into the taxonomic structure and the formation history of the Baikal ichthyofauna and the Baikal region. Ac-
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cording to recent data, the modern ichthyofaunal of the Baikal water system formed in stages during the past two
million years from 1) cold-water species of Boreal (European-Siberian) and Upland-Asian faunas of the Neogene;
2) younger (Pleistocene and Holocene) species migrating from the Amur, Central Asian and Ponto-Caspian basins,
and 3) autochthonous (endemic) forms and species with a different evolutionary age: from the Lower Pleistocene to
Holocene. All these species and forms interact in some way and form stable species compositions associated with
habitat in the certain landscape and ecological zones of Lake Baikal and its basin. Therefore, the statement about the
immiscibility of Baikal endemic and Siberian-Baikal non-endemic faunas is not relevant.

The work is done within the Basic Research V1.50.1.4. (0345-2016-0002) “Molecular ecology and
evolution of living systems of the Central Asia under the global climate change”.

Bornanos B.3.
UXTUHOPAYHA CUCTEMBI BOJ] BAUKAJIA: COBPEMEHHAS CTPYKTYPA U HCTOPUSA
D®OPMUPOBAHUSA
JInmuonoruuecknit uuctutyt CO PAH, Upkyrck, Poccus
bakhtiar.bogdanov@mail.ru

Cy1iecTByeT HEMaJlo Hay4YHbIX TPYAOB, KaK UCTOPHUYECKHX, TaK U COBPEMEHHBIX, MOCBSIIIEHHBIX BOIIPOCAM,
CBSI3AHHBIM C OIMHCAHUEM TaKCOHOMITIECKOTO M OHOJIOTMYECKOTO Pa3HOOOpasmst PeI0, CTPYKTYPBI U UCTOPHU (POPMU-
poBanus uxtHodayns! baiikama u ero Gacceitra. OmuH, U3 CIIOPHBEIX MOMEHTOB, YaCTO BCTPEUAOIIMIACS B (hayHIICTH-
YeCKHMX ONHCAaHMAX, 3TO TE3UC O HE CMEIIMBAEMOCTH SHICMHUYHOW OalKallbCKOH W HE SHIEMHUYHOW CHOMpPCKO-
Oaiikabckol (hayH, MPEICTaBICHHOW MECTHBIMH (POpMaMM HIMPOKO PACHPOCTPAHEHHBIX EBPOIEHCKO-CHOUPCKHX
BUIOB. J[pyro¥i ClIOpHBIM BOMPOC KacaeTcs, YyTh MEHE MOMYJISPHOTO YTBEPKACHHS, O TOM, YTO COBPEMEHHAs! MXTHO-
(hayHa GaiikanbCkoro pervioHa, kak 1 Cubupu B 1iesom (06e3 yuéra baiikana, ¢ ero riyOOKo 3HIEMUYHOH (hayHOH),
SIBJIETCSI OCTATKOM HEKOTJIA €IMHOM EBPOIMEHCKO-CHOMPCKON MXTHO(AYHBI, CYIIECTBOBABIICH B HBIHCIITHEM BHJIC
YIKe B OJIUTOIICHE-MUOIEHEe, HO HECKOJIBKO O0STHEHHOM, 32 CUET BRIMUPAHIS TEIUIOMIOOMBBIX BUMIOB B IUICHCTOLICHE.

AHaM3 COBPEeMEHHBIX MyOJuKanuii o ¢unorennu u ¢uioreorpaduu peid EBpasuu, mo3BoisioT He-
CKOJIBKO MIHAY€ B3TJIIHYTh HA TAKCOHOMHUYECKYIO CTPYKTYPY M HCTOPHIO (POpMUpPOBaHHUS UXTHO(ayHb! baiika-
na u Oaiikabckoro pernoHa. CoritacHoO MOCIeIHUM JIAaHHBIM COBpeMeHHas nxTuodayna cuctemsl Boj baiikana
(hopMupoBaach MOATAIMHO Ha MPOTSHKEHUH MOCTEAHUX 2 MJIH JIeT U3 1) X0J0AHOBOIHBIX BUOB OOpeaIbHOM
(eBporneiicko-cuOUpcKoil) 1 HaropHO-a3uaTCKON (ayH HeoreHa; 2) 6osiee MOJIOABIX (TIEHCTOLEHOBBIX U TOJIO-
[ECHOBBIX) BUJOB — MUTPAHTOB U3 aMypPCKOTO, IEHTPATbHO-a3UATCKOTO ¥ TIOHTO-KACIIHHACKOTO OacCeHOB 1 3)
aBTOXTOHHBIX (PHIEMHYHBIX) (JOPM U BUIOB, IMEIOIIIX TAKKE PA3HBIN IBOIOIUOHHEIN BO3PACT: OT HIKHETO
TUIEHCTOIIeHA [I0 ToyoneHa. Bee 9T Buapl i YOPMEI, Tak WM WHAa4Ye, B3aUMOACHCTBYIOT H, B TOM YHCIIE, 00pa-
3YIOT YCTOHYHUBBIC BHIOBBIC KOMIIO3WIWH, CBS3aHHBIE C OOWTAaHHMEM B OINPEACNEHHBIX JTaHAMA(pTHO-
JKOJIOTHYECKHUX 30HaX baiikama u ero Oacceiina. B ¢Bs3u ¢ ueM, Te3UC 0 HE CMENINBAEMOCTH OalKaIbCKOM D H-
JIEMUYHOU 1 cHOMpPCKO-0alkaabCKOW HE SHAEMUYHOH (payH TepseT CBOK aKTyaJbHOCTb.

Pabota Bemonmsercs B pamkax npoekra VI.50.1.4. (0345-2016-0002) «MonekyiasipHasi SKOJIOTHSI U
HBOJIFOIIHS JKUBBIX CUCTeM LIeHTpaabHOM A3WH B YCIIOBHAX TNIOOATBHBIX SKOJIOTUIECKUX H3MEHEHUY.

Bogdanov B.E., Teterina V.., Kirilchik S.V.

ECOLOGICAL FORMS OR YOUNG SPECIES: THE PHENOMENON OF MODERN SPECIATION
IN LAKE BAIKAL USING THE EXAMPLE OF COTTOID FISH OF GENERA CYPHOCOTTUS
AND BATRACHOCOTTUS
Limnological Institute SB RAS, Irkutsk, Russia
bakhtiar.bogdanov@mail.ru

Endemic fishes of Lake Baikal — grayling, whitefish and sculpins, are characterized by the presence of
complexes of forms with different stages of speciation. On the one hand, the abundance of intermediate forms
generates uncertainty with the definition of boundaries and number of taxa, but, on the other hand, allows us to
track the intermediate stages of speciation and come to an understanding of its possible scenarios. In this re-
spect, the sculpins are of the greatest interest, since they have the highest species diversity.

In the presented study the phenetic relationships of 6 sculpins species were estimated by 6-11 meristic
and 28 plastic characters. To detect population structure of the species cytochrome b gene (Cytb) of mtDNA
and the ribosomal DNA first internal transcribed spacer (ITS1) sequences were used. The genera Batrachocot-
tus and Cyphocottus were chosen for the study, as they are represented by a series of forms homologous in
phenotype and biology at different stages of speciation. The structures of these genera look like a “chains of
forms”, with all overlapping phenotypic characters. However, in the genus Batrachocottus, analyzed “forms”
are definitely biological species: diagnosed from exterior features, reproductively isolated, and with their own
distribution areas. Thus, the genus Batrachocottus includes four species: “good species” B. baicalensis, early
diverged from the others, and a group of young species consisting of B. nikolskii, B. multiradiatus and B. talie-
vi. The genus Cyphocottus has a similar taxonomic structure. The form described as C. elegans corresponds
completely to the criteria of both biological and taxonomic species. These fishes are phenotypically similar,
have a continuous distribution area, and are reproductively isolated from other. In contrast to C. elegans the
other forms of the genus are passing through the early stages of speciation. They are not discretely different
from each other, confined to certain underwater landscapes and have a complex of intraspecific forms within
the polymorphic species C. megalops. We hypothesized that in continuing or incomplete speciation, no dis-
crete differences between the species in the phenotypic characters are formed. Therefore, young species from
intraspecific forms differ, mainly, by the level of isolation of their gene pools.
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The work is done within the Basic Research V1.50.1.4. (0345-2016-0002) “Molecular ecology and
evolution of living systems of the Central Asia under the global climate change”.

Bornanos B.3., Terepuna B.U., Kupuabunk C.B.
9KOJOIT'MYECKHUE ®OPMbI WJIX MOJIOJBIE BU/Ibl: ®EHOMEH COBPEMEHHOI'O
BUIOOBPA30BAHUS B BAUKAJIE HA IPUMEPE KOTTOUJIHBIX PbIb PO1OB
BATRACHOCOTTUS U CYPHOCOTTUS
JImmuonorungeckuit nactutyt CO PAH, Upkytck, Pocenst
bakhtiar.bogdanov@mail.ru

OHaeMuuHble PBIOBI baiikana xapakTepu3yIOTCs HATMIHNEM KOMIUICKCOB (pOpM Ha pa3HBIX JTarax BU-
J000pa3oBaHMS.

Jns SHIeMUYHBIX 0afKaIbCKHX PHIO (XapIyCOBBIX, CUTOBBIX M KEPUAKOBBIX) XapaKTEPHO TO, YTO HAPSITY C
«XOpOIIMMH BHIIAMI» B 03€PEe COCYILIECTBYIOT «KOMIUIEKCHI (hOpM» HAXOIIMECS Ha pa3HBIX dTarax BUIO0Opa3oBa-
HHSL. DTO, C OIHOM CTOPOHEI, TIOPOXKIACT HEONPEAESIEHHOCTD C YHCIOM TAKCOHOB, HO, C IPYTOM CTOPOHBI, TIO3BOJIIET
OTCJISIUTH TIPOMEKYTOUHBIE 3TAlbl BUA000pa30BaHMS U IPUHATH K IOHUMAHHIO €r0 BO3MOYKHBIX ClICHapHeB. B KOH-
TEKCTE JTAHHOM MpoOJIeMbl, ObIYKH (POraTKOBHIHBIC PBIOBI) MPECTABIAIOT HAUOONBIIMI HHTEPEC, TAK KaK XapaKTe-
PH3YIOTCSI HAHOOJIBIIMM BHIOBBIM pa3sHOOOpA3neM M COCTaBIISIOT Oornee 2/3 Gaiikaibckoi mxTrodayHsl. B nmpencras-
JICHHOM HCCIIEZIOBAaHNH (DeHETHUECKIE OTHOIIECHNS OIICHUBAIIMCE TI0 6-11 MeprcTHIeCKiM U 28 INIACTHYSCKUM TIPH-
3HakaM. [lOmysIsIMOHHO-TeHETHYECKHE HCCIICIOBAHMS MIPOBOMIUIACH C HICTIONB30BAHUEM aHAIN3a HYKJICOTHIHBIX
TIOCIIEZIOBATEILHOCTEH MUTOXOHAPHAITLHOTO TeHa 1uToxpoMa b (Cytb) 1 miepBoro BHYTpeHHETO TpaHCKpHOHPYEMOTo
crieficepa pubocomuoii JIHK sneproro redoma (ITS1). Pomer Batrachocottus i Cyphocottus Osum BEIOpaHE! ISt ¥c-
CJIEJIOBaHUs1, IOCKOJIBKY TIPEICTABIIEHBI TOMOJIOTMYECKUMH T10 (PeHOTHITY M OMOJIOTHH psiiaMH (OpM, HaXOISIIIAMHUCS
Ha pa3HBIX CTaJMsIX BUI000pa3oBaHus. CTPYKTypa 3THUX POIOB BBINVIIIAT KaK «IeMb ()OpM», CBSI3aHHBIX HHTEprpasa-
1peit o (peHOTUIMYIECKHM Tpu3HakaM. TeM He MeHee, B poje Batrachocottus, uccnenosannsie «(opmb» onpee-
JIEHHO SIBILTEOTCS OMOJIOTMYECKIME BUIAMIL: PENPOIYKTHBHO M30IMPOBAHHBIMU, UMEIOIMMU COOCTBEHHEIE, B OOb-
IIeH WM MeHbIIeH Mepe TIePeKPHIBAIONIHACCS apeaibl U JUarHOCTHPYEMBIMH I10 SKCTEPREPHBIM Ipr3HaKaM. Takum
obpazom, pox Batrachocottus xmrouaer 4 Buma: «xopoumii Bum» B. baicalensis, napHo muBeprupoBaBInmii oT
OCTAIIGHBIX, M TPYIIy MOJIOBIX BHIOB, cocTosmryro u3 B. nikolskii, B. multiradiatus u B. talievi. Ananormamyro
ctpyktypy umeet poa Cyphocottus. Bxozsime B Hero (opMbl ((heHOHBI) He MMEIOT IUCKPETHBIX PA3IMYHiA, HO JHa-
THOCTHPYIOTCS TI0 COYETaHMIO TpU3HaKoB. O00COOIEHHOE TIOJI0KEHHE, TTOJTHOCTBIO OTBEYAIoIee KPUTEPHsIM BHA,
Kak OHOJIOTMYIECKOro, Tak U TAKCOHOMUYECKOT0, 3aHnMaeT Gopma, ormcantas kak C. elegans. Otu peiObl GeHOTHIH-
YeCKU OTHOOOPAa3HBL, OTIIFYHEI OT IPYTUX, IMEIOT HENPEPBAHHBIN apeall v perpOayKTUBHO U30JAPOBAHEI OT IPYTHX
(hopm. TlocrenHare HAXOMATCS HA PAaHHKX CTAIUSX BUIOOOPa30BaHUs U 00pa3yrOT KOMIUIEKC BHYTPHBHIIOBBIX ()OpM B
cocrage nonumopdHoro Buna C. megalops. BrickazaHo MHeHHe, YTO B YCIOBHUSIX MPOIOIDKAIOIICTOCS FITH He3aBep-
MIEHHOTO BHI000Pa30BaHKs HEPEAKOH SBISIETCS CUTYalysl, KOT/Ia MEXKITy BHIaMH HET JIMCKPETHBIX PasiiMiKi B psigax
M3MCHYMBOCTU (DEHOTHITMYECCKHUX MPH3HAKOB. [103TOMY, MONOMBIC BUIBI OT BHYTPHBHIOBBIX (DOpM OTIMYAIOTCA,
[JIaBHBIM 00pa30oM, YPOBHEM 000COOICHHOCTH MX TeHO(OHIOB.

Pabora BemonHsercs B pamkax npoekta VI.50.1.4. (0345-2016-0002) «MotekyssspHasi SKOJIOTHS 1
9BOJIIOIHS JKUBBIX cUCcTeM LeHTpanpHOM A3HH B YCIIOBHAX TIIOOATBHBIX SKOJIOTUIECKUX H3MEHEHUI.

Bolgov M.V.
ABOUT THE PROBLEM OF LEVEL CONTROL OF LAKE BAIKAL
Institute of water problems of RAS, 119333, Moscow, Gubkin St., 3.
bolgovmv@mail.ru

In the basin of Lake Baikal for more than 15 years the long low flow period which gained catastrophic
character in recent years is observed. Water supplies in reservoirs of the Angarsk cascade are reduced, the wa-
ter level in Baikal is lowered below the marks established by the Government of the Russian Federation, on
certain sites work of river transport is broken, there were difficulties with water supply of the population of the
region.

Modeling and prediction of fluctuations of Lake Baikal level is one of the complex problems of the
modern hydrometeorology. Despite existence of more than 100-year period of instrumental observations, the
forecast of level it is possible only in a probability form today, i.e. it is impossible to predict calendar year of
the termination of a low flow phase. The task of the probability forecast of level in the conditions of regulation
of a drain from the lake is even more composite.

The problem of use of water resources of Lake Baikal is that today control of the lake is exercised on
the basis of "Ground rules of use of water resources of reservoirs of the Angarsk cascade of hydroelectric
power station (Irkutsk, Brotherly and Ust-llimsk)", accepted in 1988, and resolutions of the Government of the
Russian Federation of 26.03.2001 No. 234 "About the limiting values of the water level in Lake Baikal at
economic and other activity", limited the maximum and minimum levels of water in Lake Baikal with marks
456,0-457,0 m

Practice showed that it is impossible to combine requirements of these two normative documents as
the restrictions set by the Resolution No. 234 cannot be executed in shallow years without the significant eco-
logical and social and economic damages.

For ensuring steady water management and providing hydrological operating conditions of an ecosys-
tem of the lake, the range of the limiting marks of level control of water in the lake has to be wider.
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Boaros M.B. .
O NPOBJIEME PEI'YJIMPOBAHMUSA YPOBHS O3EPA BAUKAJL
Wucturyt Boanbix npobiem PAH, 119333, Mocksa, yi. I'yOkuHa, 11.3.
bolgovmv@mail.ru

B 0Oaccetiine o3epa baiikan Ha npoTsoxkeHnu OoJiee 15 et HaOmMomaeTCs 3aTSHKHOW MaJIOBOIHBIN TIep H-
0], KOTOPEI B TOCJIEAHUE TOABI Mprodpen KatacTpoduaeckuii xapakrep. CpaboTaHbl 3amackl BOIBI B BOZIO-
XpaHWIUIIaX AHTapcKoro Kackajaa, ypoBeHb BOAbI B balikane CHW)XKEH HIKE YCTaHOBIEHHBIX [IpaBurteinn-
cTBOM P® 0TMETOK, Ha OTAEIBHBIX yYacTKaxX HapylleHa paboTa peqHOro TPAHCIIOPTA, BOSHUKIIN CIIOKHOCTH C
BOJIOCHA0XXECHUEM HACEJICHUs PETHOHA.

MonenupoBaHue U IPOrHO3UPOBAHUE KOJICOAHUI YPOBHS 03epa baiikan sBIseTCs OAHOM U3 CIIOKHBIX
mpo0JieM COBPEMEHHOM ruapomereoposiorui. Pasmax koneGanuil ypoBHs baiikana onpenernsercsi cooTHoLIe-
HUEM BEJIMYUH PEYHOTO IPUTOKA K 03Py, U OTTOKA U3 03€pa, 3aBUCAIIETO OT CAMOI'0 YPOBHSI BOJbI, U B €CTe-
CTBEHHBIX YCJIOBHSX COCTaBISICT BEJMYMHY OKOJIO JBYX MeTpoB. Ho HecMoTpst Ha Hanmmuue Oonee uem 100-
JIETHETO TIepHOJia MHCTPYMEHTAJIBHBIX HAONIOACHUM, POTHO3 YPOBHS CErOTHS BO3MOXKEH TOJBKO B BEPOST-
HOCTHOH (opMe, T.e. peacKa3aTh KaJeHAAPHBINA T'0Jl OKOHYAaHUs MaJOBOIHOM (a3bl HeBo3MOHO. Emie 6onee
CJIO’KHOH SIBJISIETCS 33/1a4a BEPOATHOCTHOTO IIPOrHO3a YPOBHS B YCIIOBUSAX PETYJIHUPOBAHUS CTOKA U3 03€pa.

[Ipo6nema ncnoabp30BaHKsA BOAHBIX PECYpcoB 03epa baiikain 3akimoyaercs B TOM, UTO CETOJIHS yIpaB-
JIEHHE 03€pOM OCYLIECTBIISIETCS Ha OCHOBE «OCHOBHBIX IPaBUjIa HCIIOJIb30BaHUS BOJHBIX PECYPCOB BOAOXpa-
Hwmn Anrapckoro kackaga ['DC (Mpkyrckoro, Bparckoro u Ycerb-UnumMckoro)» PB-269-87, npuHSTHIX B
1988 r., u nocranoBnenus IlpaBurenscTBa Poccuiickoit @emepammu ot 26.03.2001 1. Ne234 «O npeneiabHbIX
3HAYCHUSIX YPOBHSI BOJIBI B 03epe baiikai mpu ocyIliecTBICHUN X03IiCTBEHHON U MHOMU JESITEIbHOCTHY (Jaiee
— IlocTanoBieHue), orpaHUYMBIIIEE MaKCHMaJbHbIE 1 MUHUMAaJbHBIC YPOBHHU BOJIBI B 03epe baiikan oTMeTka-
mu 456,0-457,0 m. [IpakTrka mokazana, 4T0 COBMECTHTb TPEOOBaHHUS 3THUX JBYX HOPMATHUBHBIX JIOKYMEHTOB
HEBO3MOJKHO, IIOCKOJIbKY OTpaHUYCHHUS, YcTaHOBICHHBIE [locTaHOBIeHHEeM No234, He MOTYT OBITh BHITTOJTHEHBI
B MAJIOBOJIHBIE TOJB 0€3 3HAYUTEIBHBIX 3KOJIOTHUECKUX U COUATFHO-YKOHOMHYIECKHX yiiepooB. [1o mpuanne
npusaThs [ToctanoBnenust Ne234, ¢ momomsio MpkyTckoro BomoxpaHwmmiia (o3epa balikam) Moxer ocy-
IIECTBISATECS TOJBKO CE30HHOE PETYIMPOBAHME CTOKA, MHOTOJICTHEE PErYJIMPOBAHUE CTOKA HCKIIIOYEHO. B
pe3ynbTaTe, rapaHTusl oOecTeUeH s BOAOIOIb30BaTeNei B MaJOBOJHbBIE OBl CHIDKEHA, @ BEPOSITHOCTh 3a-
TOILICHUS] HIYKHETO Obe(a B MHOTOBOJTHBIC TOJIbI CYIIICCTBCHHO YBEIMYICHA.

Jus obGecriedeHust YCTOMIHMBOTO BOJOMOIB30BAHMS U 00CCIICUEHIS THIPOIIOTHYSCKIX YCIOBHN (DYHK-
LMOHHUPOBAHUS SKOCUCTEMBI 03€pa, JUaNa30H MpenebHbIX OTMETOK PETYJIMpPOBAHMUA YPOBHSA BOJBI B 03epe
JTIOJDKEH OBITH 00Jiee MUPOKUM.

B 2015-2016 rogax psaoM HaydHO-HUCCIICOBATEIILCKUX MHCTUTYTOB M MPOCKTHBIX OPTraHU3aIvid ObI-
JIA BBITIOJTHEHBI UCCJICIOBAHUA U TTOATOTOBJICHBI MPEAJIOKEHUA 10 MAKCUMAJIbHBIM U MUHUMAJIbHBIM 3HA4YCHHU-
sIM YPOBHsI BOJBI B 03epe, 00eCIeUrBaoNie MUHUMH3AIHI0 HETraTUBHBIX BO3IEHCTBUI Ha COCTOSTHHE DKOCH-
cTeMbl o3epa balikal, Ha ycTOHYMBOCTh OEperoB 03epa, Ha MPOLECChl COLUATbHO-3KOHOMUYECKOTO Pa3BUTHSI
npUOpPEXHBIX TeppuTopuit. [lomyueHHbIE pekKOMEHAAINHE HOCIIIN JOJTOCPOYHBIN XapakTep, ogHako [locrta-
HomyieHue [IpaButensctBa PD oT 1 mrons 2016 1. N626 «O MakCUMalbHBIX ¥ MHHUMAIBHBIX 3HAYCHHUIX
ypoBHsl Bojisl B 03epe baiikan B 2016-2017 ronax», moAroTOBICHHOE C YUETOM HAYYHBIX PE3YJIbTATOB, YCTa-
HOBHJIO HOBBIE TPEOOBaHUSI K PEKUMY KOJIeOaHHUH YPOBHS TOJIBKO HA JIBa TO/IA.

B nocnenyronuii nepuoa BpeMeHH ObUIH MPEAIoKEeHbI ¥ PACCMOTPEHBI pa3IHYHbIE THIIOTE3H! O Xa-
pakTepe MHOTOJETHUX KOJIeOaHWH BOJHOCTH PEK M YPOBHS BOJbI B 03€pe, HA4aThl HOBbIE HAYYHBIE MCCIIE-
JIOBaHUs, HO, K COXKaJIEHUIO, COBPEMEHHBIN YPOBEHb Pa3BUTHUS THIPOJIOTHUU TAKOB, UTO MBI HE BCETJa MOXKEM
BBIITYCKaTh MPOTHO3bI INPHUTOKA C TOYHOCTHIO, MO3BOJISIONIEH NPUHUMATH JOJTOCPOUYHBIE ONTHMAJbHbIE
ympasnendeckue permeHus. Cpok nevictBust [loctanoBienuss Ne626 zaxonuruics 31.12.2017, vo 2017 rog
OKa3ajcs TaKXKe MAJOBOJIHBIM, BEIMYMHA MPUTOKA BOABI K 03epy baiikanm HeZoCTaTOuHON AJIS COXpaHCHHUS
ot™eTkH 456 M. [lox yrpo3oii okaszanock GyHKIMOHHPOBAaHKE BOI03a00POB, YCTOWIMBOE SHEPTOCHAOKEHHE
HaceJIeHHsI ¥ MMPOMBIIIIEHHOCTH, ToaToMy [IpaButensctBo PO, npuHSAB BO BHUMaHUE NOJy4YeHHbIE HAyYHBIE
pe3yabTaThl U ONBIT pealu3aluy NpeablIymux peumenuil, ceouM IloctanoBnenuem Nel667 ot 27 nexaOpst
2017 rona «O mpenenbHBIX 3HAYEHUSX YPOBHS BOJBI B 03epe baiikan B 2018-2020 romax» ycTaHOBHIIO 3HA-
YEHUSI MaKCUMaJbHOTO M MUHUMAIILHOTO YpOBHEH BOXbI B 03epe baiikai, B 3aBUCUMOCTH OT yCJIOBHH BO/I-
HOCTH, €IIIe Ha TPH roja.

Bolotova N.L.
PECULIARITIES OF ANTHROPOGENIC SUCCESSIONS OF THE DIFFERENT TYPE LAKE
ECOSYSTEMS
Vologda State University, Vologda, Lenin street 15,
bolotova.vologda@mail.ru

As a result of global pollution the natural successions of water ecosystems have already been trans-
formed into anthropogenic but of different degrees. The successions depend on the priority of natural and
anthropogenic factors. Differences in anthropogenic succession during eutrophication, toxification, and
changes in the ionic composition of water, accompanied by undesirable restructuring of communities are
discussed. The nonlinear response of the large and small shallow lakes of glacial origin to anthropogenic
impact is analyzed.
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Bojgorosa H.JL .
OCOBEHHOCTHU AHTPOITIOT'EHHBIX CYKHECCHU PASHOTHUITHBIX O3EPHBIX
9KOCUCTEM
Bonoroackuii rocyiapcTBeHHbI YHUBEpCUTET, Booraa, yn. Jlenuna 15,
bolotova.vologda@mail.ru

B ycnoBmsx rmoanmbHOro 3arps3HEHIST BOMHBIX SKOCHCTEM MX PAa3BUTHE MOYKHO PACCMATPHBAaTh KaK aHTPO-
TIOTCHHBIE CYKLECCHH Pa3HON CTETICHH BBIPAKCHHOCTH. JTO TIPOLECCHI SBTPO(HPOBAHMS, TOKCU(PUKAIHH, CIBATH
HOHHOM KOMITO3UILMM BOJbI M aKTHBHOM PEAKLMU CPEABl, YTO COMPOBOXKIACTCS HEKENMATEbHBIMU NepeCTPOKaMu
COOOIECTB. AHTPOINOTEHHBIE CYKIIECCHH UMEIOT HEJIMHEHHBINA XapaKTep, 4TO COOTBETCTBYET CAMOOPraHU3AIMH KO-
CHCTEM B HEYCTOHYHMBOM COCTOSIHUM IIPH MHOTO(AKTOPHOH XO3SICTBEHHOW HAarpysKke B CHIEM(UYECKUX YCIIOBHSX
JaHAmadTHO-KJIMMaTHIecKol 30Hb1. Hanbornee 3aMeTHbIe OTKIIOHEHUS OT MPUPOAHBIX CYKIIECCHIT 00YCIIOBIIEHBI pe-
30HAHCHBIM 3((PEKTOM, KOTIa aHTPOIIOTEHHOE BO3CHCTBIE COBMAIACT C €CTECTBEHHBIMU MEXaHU3MAaMHU Pa3BUTHS
9KOCHCTEM.

Harnsimaoii nimmoctparnyeld pe30HaHCHOTO 3(deKTa MOTYT CIIY)KUTh BBIPAKEHHBIC aHTPOTIOTCHHBIE CYKIIeC-
CHH MEJIKOBOJHBIX O3EPHBIX SKOCHUCTEM HNPWICIHHKOBOTO MPOUCXOXKICHUS. MHOToJeTHHE psibl HAOMOACHMH 32
COCTOSIHUEM Pa3HOTHIIHBIX 03€p Ha TeppuTopuu Bosoroackoit 061acTy, pacoIoXKeHHOH B MOI30HAX CPETHEN U F0XK-
HoM Taiiru Ha CeBepo-3anaze Poccuy, Mo3BoIMIM BBISIBUTH oco6eHHocm UX Pa3sBUTHS IPU PA3HON aHTPOMOTEHHOMN
Harpyske. JT0 KpyIHbIE pr601'IpOMI>ICJ'IOBLIe o3epa: bemnoe (1284 KM) BXOJIAIIIEE B CHCTEMY Bonro-EaJm/mcxoro
BojiHOTO TiyTH, KyOeHckoe (417 KM ) otHocsmee k CeBepo-/IBUHCKOM BOJHOM dKOcHcTeMe, U 03. Boxke (418 km )
yIAJICHHOE OT IIEHTPOB XO3SMCTBEHHOH IesTebHOCTH. J[Ba MasbIX o3epa, pacroioeHHbIe Ha BoxocOope beroro
03epa paHee TIATh JIET KCIUTYaTHPOBAIUCH B CHCTEME 03EPHOT'0 TOBApHOTO X03sicTBa. 3 Hux byosepo (0,9 KMZ) uc-
TOJIb30BAJIOCH B PEXMME MMTOMHHUKA U TIOJBEPIIIOCH KOPEHHOMY MPe0oOpa30BaHMUIO, BKIIFOYAsl OCEHHHIA CITYCK BOJB,
OYHCTKY OT PaCTHTENIFHOCTH, YHUUTO)KeHHE aDOpUIeHHBIX PbIO MXTHOLMIOM, BHECEHHE YIOOPEHNI 1 3apbIOJeHHe.
Beccrouroe 03. Jliommckoe (2,6 kM%) CIyKIIO HATYITHHEIM BOJOEMOM, T/I¢ MPOBOILIACH PEKOHCTPYKIS HXTHO(A-
VHBI 32 CUET MHTEHCHBHOTO M3BSITHSI MECTHOH PBIOBI M BeesleHns cUroBbIX prIO. [Tocie 3amycka o3ep ObLIO Tpocite-
JKEHO WX BoccTaHoBieHre uepe3 10 met. V3ameHneHne HEKOTOPBIX THAPOXUMHYECKUX MTapaMeTPOB B ATUX MABIX 03€-
pax 3aBHCETIO OT IITyOHHBI, IPOTOYHOCTH U CBO0Opasus BogocOopoB. [Ipon3onumy cBUTH B CTPYKTYPE 300ILIAHKTO-
Ha 1 3000€HTOCA, & CUTOBBIE PHIObI OBLIM BBHITECHEHBI A0OPUTeHHBIMU BHUaMH. BoccTaHoBIIeHHE COOOIIECTB TIPOXO-
JIAJIO 32 CYET PETYJISLHH 110 THITY «TPO(QHIECcKOro KacKauay.

Pe3onancHbIH 3¢deKT 3BTpohHUpOBaHIS XapaKTepeH I 03ep ¢ MIyOWHOH OKOJIO 2 M, KOTOpbIE Pa3BUBAIOT-
ca 1o «maxpodurHOMY» TyTH: Byosepo, Boxe, Kybenckoe. 3apacraromiee Manoe byosepo, TecHo 3aBHCsIIiee OT CO-
CTOSHHS TPaHC(HOPMUPOBAHHOTO BOJIOCOOPA, OTINYAIOCH HAHOOJIBIIIMMH TEMITaMH 3BTPO(MHUPOBAHHUS, YTO CTUMYJIH-
POBAIOCH BHECEHNEM MIHEPAIBHBIX yA0OpEeHMA. BBIsIBIICHa BBICOKAs! CKOPOCTh M3MEHEHHSI KPYITHOTO 03epa Boke B
YCIOBHSIX CITA00T0 aHTPOIIOTEHHOTO TPecca, YeMy CIOCOOCTBOBAIM BHYTPHUBOJOEMHBIC TPOLIECCHl M OOIIMPHBIH 3a-
607104eHHbIH BotocOop. DBTpodupoBanue KyOeHCcKoro o3epa, HapsLy ¢ IPUPOTHBEIME OCOOEHHOCTSIMH, YCKOPSIIOCh
3a CYeT aHTPOIIOTeHHOM Harpy3KH Ha 03epo 1 Bogocoop. IIporieccs! sBTpodmpoBanms KpynHOro 03. besoro u Manoro
03. JIIOIMMHCKOr0 3aMETSIINCE TPH «(PUTOIITAHKTOHHOMY ITyTH Pa3BUTHS Ha (poHE MX MOP(HOMETPUIECKUX OCOOCH-
HOCTEH, HECMOTpSI Ha pa3HOe aHTpornoreHHoe BozzeiicTBre. O3. beoe HCIBITHIBaCT HAMOOJIBITYIO H XPOHIMYECKYFO
BHEIIHIOIO OMOTEHHYIO Harpy3Ky, TOraa Kak 03. JIFoIMHCKOe BBIBECHO M3 XO3SHCTBEHHOTO MCTIOJB30BAHMS B Cepe-
qmHe 1980-X To10B.

Toxkcuukanys pasHOTUITHBIX 03€p OMpPENeNsIeTCsl MOCTYIUICHHEM ONACHBIX JIEMEHTOB OT JIOKAJIBHBIX HC-
TOYHHKOB, 3arpsi3HEHHEM BOJOCOOpa, a TAKKEe adPOTEXHOTCHHBIM IIEPEHOCOM B YCJIOBHSX aKTHBHOM armocdepHon
IUPKYJIALMH TIpY 3HAYUTENBHOM JI0Ne 0CaaKoB B BOHOM Oarnance. Tax, mpu yaaneHHocTH o3epa Boke oT ncrouHu-
KOB TIPOMBIIILICHHON SMUCCHH, HAKOIUICHIE TSDKEIIBIX METAUIOB B TKAHX PHIO OBLIO IO OTACIBHBIM AIIEMEHTaM BEI-
II1e, 9eM B JPYrux o3epax. Bece paccmaTprBaeMble 03epa HaXOASTCS B KApOOHATHBIX JIAHAIA(TAX, YTO IPEISTCTBYET
MX 3aKUCIICHHIO. B MasIbIx 03epax mpowusolten cpur pH B IIeI0YHYI0 CTOpOHY, 0COOSHHO 3aMeTHBIH B Byosepe. On-
HAKO B KPYITHBIX 03€pax M3MEHEHHE OTOKa KaTHOHOB M aHHOHOB € BOZOCOOpA U a9pOTEXHOTEHHBIH IIEPEHOC CO3AI0T
TPENOCHUIKY 3aKUCTICHHS [P YBEIHMUEHUH KOJIMUECTBA CY/Ib(aTOB U YMEHBIIEHUH THAPOKApOOHATOB.

[Ipy aHTPONOTEHHBIX CYKIECCHSIX CTPYKTYPHBIE ITEPECTPOHKN TPO(PHUUECKUX YPOBHEH B PasHBIX 03epax OT-
JIMYAFOTCS CIICIM(UIHOCTRIO. MI3MEHEeHMsI phIOHOM YacTH COOOIIIECTRBA MPOCIISKUBAIOTCS Ha YPOBHE (DayHHCTHIECKUX
KOMIUICKCOB, BUIOBOM W BHYTPHIIONMYJIIIIMOHHOW CTPYKTYpPBI. YBEIMUMBACTCS JOJISI PHIO TIOHTOKACITMMCKOTO KOM-
wieKca, (pUTO(UIIOB, r-CTPATEroB, XUIITHIKOB M YTHETAIOTCS TIOMYJ AN CUTOBBIX. OIHIM W3 OCHOBHBIX MEXaHHU3MOB
TIEPECTPOUKH SBIISFOTCS BHY TPHITOMYIISIIIMOHHBIE (D HEPESHIUPOBKH TI0 TEMITY POCTA PBIO C PACXOXKICHHUEM KX CIICK-
TPOB IUTAHUS, UTO NepepacrpesessieT OTOKH SHEPTHN B coo0mecTBe. B HacTosIee BpeMs: CKOPOCTh TEpeCTPONKU
PBIOHOTO HaceNeHHs yBeNMIMBaeTCsl Ha (JOHE KIIMMATHIECKHX W3MEHEHUH 1 OMOMHBa3WH. AHTPOIIOTEHHbIE CyKIIec-
CHH HE CBOJASTCSI TONBKO K KOJIMYECTBEHHBIM M3MEHEHUSIM MPUPOJHBIX MPOLIECCOB, U HOCST AMEPUKEHTHBIN Xapak-
Tep. B oTimurie oT IpUpOIHBIX CYKIIECCHIA, MMEIOIIIX TIOCIICI0BATENBHBIC CTANH, ICHCTBHE aHTPOIIOTEHHBIX (haKTo-
OB OTJIMYACTCS MaJION MPEIICKa3yeMOCTRIO TIPH aJ/TATHBHBIX U CHHEPTETHYECKIX B3aUMOCHCTBIISIX.

Bondarenko N., Vorobyova S., Zhuchenko N., Golobokova L.
A CURRENT STATE OF LAKE BAIKAL SHALLOW PHYTOPLANKTON, SPRING 2017
Limnological Institute SB RAS, Irkutsk, Russia
nina@lin.irk.ru
To assess a current state of the primary link of shallow plankton in Lake Baikal along all its basins in
spring 2017, a study of its water chemical characteristics, algal species composition, abundance and biomass of
phytoplankton was carried out along the 44 shallow and 3 pelagic stations.
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The shallow waters contained low concentrations of nutrients in the upper layer of the water column as
it was usual in years when spring phytoplankton intensively bloomed. Mineral nitrogen contents varied from
20 to 70 mg-m™ (reaching 140 mg- m % at bottom layers) as well as phosphate phosphor from 2 to 17 mg-m?,
and silicon from 300 to 1500 mg-m™. Nitrate nitrogen contributed 70 to 85% to the total mineral nltrogen
while the other share of 15 to 30% was ammonium nitrogen. Nitrite nitrogen was totally absent at the western
coast of Lake Baikal and poor, about 1-2%, at its eastern coast.

It was sharp spatial heterogeneity in the phytoplankton biomass distribution along the western, from 33
to 566 mg-m=, and eastern, from 860 to 2933 mg-m 3, coasts of the lake. This pattern was caused by the cir-
cumstance that the waters at the western coast got heated faster than the eastern waters and consequently dia-
tom algae in western shallows began to sink earlier into the deeper layers. Also more abundant phytoplankton
at the eastern lake shore was likely related to more amounts of nutrients inflowing into Lake Baikal by the riv-
ers and to the fact that the eastern shore was more populated and therefore more polluted.

Dominant species were different from location to location along the lake. During the last decade since
2007, diatom Ulnaria radians dominated in spring phytoplankton at the southern and middle basins of Lake
Baikal. In 2017, it was dominating also varying from 28 to 1400 thousand cells per litre. In the northern basin
and Chivyrkuyskiy bay, chrysophyte Dinobryon cylindricum dominated by 25 to 1374 thousand cells per litre.
This alga and green Koliella longiseta both dominated in Maloe More by 26 to 869 thousand cells per litre and
correspondingly 144 to 508 thousand cells per litre.

Violations in regular functioning of Lake Baikal phytoplankton observing since 2000s took place in
2017 too. The typical to Lake Baikal large-cell set of diatom algae, namely Aulacoseira baicalensis, A. island-
ica, and Stephanodiscus meyeri, was not abundant varying from 0.5 to 10 thousand cells per litre like it was
during the last ten years. Diatom Nitzschia graciliformis (former N. acicularis), which intensively developed
over 1970-90s and showed very low numbers, less than thousand cells per litre, after 1996, increased again its
number during the last time, in 2017 being maximal in the northern basin, and mlddle basin. This alga is
known to be sensitive to evaluatlng phosphor contents in the environment. In 20 century, the diatom large-
cell algae have produced high values of biomass periodically more than 1 g- .m™ in so-called melosira (high-
productive) years but now small-sized algae were composing spring phytoplankton and gave less biomass. In
2017, biomass in some lake Iocatlons reached the criterion of high- productlve year but in average over the lake
they were lower: 547+237 mg-m™ in the northern basin, 841+346 mg-m™ in the middle basin, and 787+440
mg-m™ in the southern basin, p=0.05. So, 2017 may be assigned as middle-productive.

A diatom analysis of the fossils obtained from the Lake Baikal bottom confirmed changes in the domi-
nant algae composition of phytoplankton. It showed that Ulnaria radians increased its number in upper bottom
sediments by an order, i.e. from 3.6% in 2003 to 35.5% in 2015 or 3.9 and 36.1 million valves per 1 g of dry
fossil. Meanwhile valve numbers of A. baicalensis decreased from 42 to 22%.

Structural changes happened in plankton: decreasing role of the typical Baikalian large-cell diatom
complex on the background of increasing role of small-sized algae and dominant algae inserts testify to a
stressed state of the Lake Baikal shallow. So we need careful monitoring over this part of the Lake Baikal eco-
system. In the world, there are not so many long-term phytoplankton series comparable in length with the
Baikalian series which is longer than 60 years. Such long series allow us to reveal changes in the ecosystem, to
investigate their causes, are they natural or anthropogenic, and predict ecological trends.

Bonnapenko H.A., BopooseBa C.C., ’Kyuenko H.A., I'o1000kxoBa JLII.
COBPEMEHHOE COCTOHHI/IE HPI/IBPE)KHOFO (I)I/ITOHJIAHKTOHA O3EPA BAHMKALL,
BECHA 2017
JInmuonormuecknit uactutyt CO PAH, Upkyrck, Poccust
nina@lin.irk.ru

J1i1st OIIGHKM COBPEMEHHOT'0 COCTOSHHS TIEPBUYHOTO 3BEHA IUIAHKTOHA 03epa balikail BO BCex ero KotT-
JIOBHMHAxX Mo3aHel BecHOI 2017 roga ObLI0 MPOBEACHO U3YYEHUE XUMHMYIECKUX XapaKTEPUCTUK BOJIBI, BUIOBO-
r'0 cocTaBa, OOMIHS U OMoMacchl (PUTOTUIAHKTOHA Ha 44 MPHOPEKHBIX U TPEX METATUISCKUX CTAHITHSIX.

B npuOpexHBIX BOgax coiepkaHne OMOTeHHBIX AJIEMEHTOB B TIOBEPXHOCTHBIX CIIOSX, KAK OOBIYHO B TOIBI
MHTEHCUBHOTO Pa3BHUTHS BECEHHETO IIAHKTOHA, 6LUIO Hm3krM. KoHmieHTparmst a3ota KOJIC6aJIaCL B npefenax ot 20
10 70 Mrm® (B mpuIOHHBIX ciosix A0 140 Mr-M ) (ocdopa 2-17 Mr-m 3 , kpemuawnst ot 300 no 1500 mMr-m 3 Conepxca—
HME HUTPATHOT'O a30Ta BapbHUpoBajio B npenenax 70-85% oT cyMMapHOro MUHEpaIbHOTO a30Ta, Ha JOJIF0 AMMOHMIA-
HOTO a30Ta Mpuxoamwiock ot 15 1o 30%. Baoss 3anagHoro nodepeskbs 0TMEYAIOCh OTCYTCTBHE HUTPUTHOTO a30Ta, a
B/IOJIb BOCTOUHOTO NOOEPEKbS €T0 HU3KOE cofiepkanue, 1-2% 0T cyMMapHOro MUHEPAILHOTO a30Ta.

OtMmeueHa peskas TPOCTPAHCTBEHHAS HEOHOPOIHOCTh B PACTIPE ICIICHHH OroMacchl (PUTOIIAHKTOHA
BIIOJIb 3amagHoro (0T 33 10 566 Mr-M®) 1 BocTouHOro (0T 860 10 2933 Mr-M°) Geperos o3epa, 4To GBLIO 06Y-
CJIOBJICHO 0OoJice paHHUM MPOTPEBOM BOIBI BOJI3H 3alaHOTO Oepera, BBHI3BABIINM OIYCKAaHWE BECEHHETO
KOMIUIEKCa BOJIOPOCIIEH, a TaKKe C MOBBIIICHHONW OMOTEHHOW HArpy3KOH CO CTOKOM PEK Y BOCTOYHOI'O U TUIOT-
HBIM PacIoJIOXKEHHEM HAaCENEHHBIX IIYHKTOB B 3TOM paioHe.

Ilo axBaTOpHM 03€pa OTIIMYAIUCH U BUIBI-TOMUHAHTEL. Tak ke Kak B nocieaHee aecstuierue (¢ 2007 r.),
B BECCHHEM IUIAHKTOHE HA IOr€ U B CPEIHEH KOTIOBHHE OJHUM W3 JOMHUHHPYIOIIUX BHUIOB ObUT quatomoBbiit Ul-
naria radians, 4ucaeHHOCTh KOTOPOro Kojiebanack B mpesenax ot 28 10 1400 Thic. KIL-IT 1B CeBepHOM baiikane n
qI/IBLIpKYI/ICKOM 3aJIMBE JJOMHUHHPOBAI 30710 THCTHIN Dlnobryon cylindricum, ot 25 1o 1374 Thic. k1.1, a B Manom
Mope 3enéubiii Koliella longiseta, ot 144 1o 508 thic. K111, 1 Dlnobryon cyllndrlcum 26-869 Thic. KT,

OTMeueHHBIE B HAYaJIe TEKYILETO CTOICTHS HapyI]_IeHI/IH B YCTOIYMBOM (DYHKIIMOHUPOBAHHMH (PUTOILTAHKTO-
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Ha 03epa NpoaoKWIKCh U B 2017. UHCIEeHHOCTh KPYITHOKIIETOYHOTO 0alKaIbCKOTO KOMILIEKCA TUATOMOBBIX, TIPE-
crasnenHoro Aulacoseira baicalensis, A. islandica, u Stephanodiscus meyeri, Takke, kak GbLTO MOCIIEAHAE IECSTH JIET,
He3HauuTenbHa, oT 0.5 10 10 ThIC. KIL.-JT . YBeIMYHUBASTCS YUCICHHOCTh JOMUHUpOBaBIiero B 1970-1990 rr. quarto-
mogoro Nitzschia graciliformis (mpexxuee Hazsanue N. acicularis), 4yBCTBUTEIHHOTO K MOBBINIEHHBIM KOHIICHTPAIIU-
sM (ochopa B cpene. B cBs3u ¢ TOMUHHpOBAHWEM MENKOKJICTOUYHBIX MPEICTABUTENCH, B BECCHHUI MIEPUOI OTCYT-
CTBYFOT YETKO BBIDAXKCHHBIC BHICOKOIPOYKTUBHBIC TO/IBL, KOI/a Cpe/IHsist OHoMacca (UTOILIAHKTOHA 110 KOTJIOBHHAM
npeBbImaia 1 r-M ™, KOTopble HaOMOAAMCH B TIpoIIeAieM croetid. B 2017 . 3HaquI/1;1 Ha OTAEJIBHBIX CTAHIAX
COOTBGTCTBOBaJII/I BbICOKO]TpO}lyKTI/IBHbIM roiaM, HO CpelHHe BeMM4uuHbl 547+237 MI/MS B CEBEPHOW KOTJIOBUHE,
841346 Mr/m® B cpemmeii n 787440 Mr/M® B 103KHO#M XapakTepu3yioT 2017 ToJ1, Kak CpeTHENPOLyKTHBHBIA,

V3MeHeHus: B JOMHHUPYIOMIEM COCTaBe (PUTOIUIAHKTOHA TIOATBEP)KIAIOTCS Pe3ylbTaTaMH JTUATOMO-
BOTO aHajiu3a O3EPHBIX OCAIKOB, KOTOPHIN MOKa3al, 4TO B MOBEPXHOCTHHIX ocankax IOxnoro baiikama mpo-
M30IIJIO TIOYTH HA MOPSIOK yBenuuenue kommdectsa Ulnaria radians (otHocurenbHas 4iCIeHHOCTH OT 3,6% B
2003 r. g0 35,5% B 2015 r., wim 3,9 u 36,1 MaH CTBOPOK B T cyxoro ocamaka). Kommgectso crBopok A. bai-
calensis camsumnocs ¢ 42 1o 22%.

ITpowmsorienime CTPyKTypHBIE MEPECTPOMKH B TUIAHKTOHE: CHIDKEHHE YHCIICHHOCTH OalKalIbCKOTO KOM-
IieKca, CMEHa JIOMHUHAHTOB M MHTEHCUBHOE Pa3BUTHE BUIOB, UMEIOIIMX 00JIee MEJIKUE pa3Mephbl, — CBUIIETENIbCTBYIOT
0 CTPECCOBOM COCTOSIHUM TIPHOPEIKHOM 30HBI 03¢pa, YTO TPeOyeT TIIATEIEHOTO TATHEHIIIETO CICKEHIIS 38 ITOH Ja-
CTBIO AKOCcHCTeMBL. CTOIb UTHTENBHBIX PSIOB HAOMIONCHUH 3a (PUTOIIIAHKTOHOM, Kak Ha o3epe baiikan, B Mupe He-
MHOT0, HO FIMEHHO TaKHe HaOIOACHIS TI03BOJIIIOT BEIBILITH M3MEHEHHS B 9KOCHCTEME 03€p, ONPEAEIATh X MPHpPO-
Iy, €CTECTBEHHOT'O OHH FIJTM aHTPOIIOTeHHOTO XapaKTepa, M JejaTh IPOTHO3 Ha OyyIee.

Bukhchuluun Ts.}, Baigal-Amar T.2
DIATOM STUDY IN KHARA RIVER BASIN, MONGOLIA
YInstitute of General and Experimental Biology, Mongolian Academy of Science
“Mongolian State University of Life Sciences
btsegmid@gmail.com; tbaigalamar@muls.edu.mn

The Khara River basin is located in northern Mongolia between latitudes 47°53” and 49°38” N and
longitudes 105°19° and 107°22°E with a catchment area of 14,534 km? including its main tributaries namely
Tunhel, Sugnugur, Bayangol, Shivert and Zagdal rivers, and other smaller streams. Its total length is 362 km
and with average discharges of 11.1 m*/ to the Orkhon River. The Khara river effluences from the western side
of Baga Khentii mountains and belongs to Selenge River Basin. Along the Khara River, some cities and towns
like Barunkhara, Darkhan and Zuunkhara are located. Agricultural land covers 58.95%, forest 9.2%, riparian
zone 3.24%, and urban 0.46% of the total catchment of the Khara River.

Diatom studies are very important for river basin monitoring to assess water quality and ecological integrity.
Data on algal abundance and distribution are fundamental information for environmental protection and monitoring.

Although algae study in Mongolia have started in 1903, it required several decades until the first assessment
of river water quality based on diatom communities in Mongolia has been published by Soninkhishig et al. (1999).

Diatom samples were collected from microhabitats (mud, plant, stone) along the Kharaa River basin to
establish baseline information for diatom diversity in each habitat and to test for their use as water quality
indicators. A total of 345 species belonging to 58 genera were recorded in this area. The diatoms recorded only
on plants, stones, and mud respectively. While totally 159, 154, 226 taxa were recorded on plants, stones, and
mud respectively 38 taxa were counted only on plants, 49 taxa were counted only on stones, and 94 taxa were
only in mud samples. The 77 diatom taxa were commonly distributed among all habitats. The greatest number
of diatom richness was determined from mud samples collected in May.

Site ecological conditions assessments were done using integration of 19 different diatom metrics and
compered to reference sites namely the Khon and Eroo Rivers, which have no anthropogenic impact.

Along Khara River the points mostly marked as “moderate’” and “bad” conditions. In the Hyporhithral region
upstream of the Khara River, marks were 14% good, 57% moderate, and 28% bad. The biodiversity of diatom com-
munities is decreasing along the Khara River from upstream to downstream. However, the diversity is increasing at the
confluence of tributary streams with Khara main river. A general decrease of diatom biodiversity is stated for the
Epipotamal region in the lower reaches until the confluence of Khara and Orkhon Rivers.

Bukin S.V.', Pavlova O.N. Kalmychkov G.V.2, Ivanov V G.! Pogodaeva T.V.!, Galach'yants Yu.P.},
Bukln Yu.s.t Khabuev AV.! Zemskaya Tt
SUBSTRATE SPECIFICITY OF METHANOGENIC COMMUNITIES FROM LAKE BAIKAL
BOTTOM SEDIMENTS ASSOCIATED WITH HYDROCARBON GAS DISCHARGE
!Limnological Institute SB RAS, Irkutsk, Russia
2Vinogradov Institute of Geochemistray SB RAS, Irkutsk, Russia
sergeibukin@lin.irk.ru
Mehtane production by microbial communities from Lake Baikal bottom sediments with different
chemical composition of pore water was studied. Methane production was more active in the media supple-
mented with H, : CO, and H, + CH;COONa, rather than in media with acetate as the sole source of carbon and
energy. Addition of methanol stimulated methane production only in the case of microbial communities from
upper S|Its Ability of the communities to produce methane correlated reliably with the concentrations of the
NO¥, SO,%, CI', and CH3;COO ions in the pore water of the relevant sediments. Cultivation of communities
from the mud volcano sediments resulted in development of methanogenic archaea of the family

116



Methanocellaceae in the media supplemented with H, : CO, and H, + CH3;COONa, while methanogenic ar-
chaea in the communities cultivated without additional substrates belonged to the genera Methanoregula,
Methanobacterium, and Methanosaeta. In the course of study, the enrichment culture produced both methane
and ethane was obtained. This enrichment was found to contain the only methanogenic microorganism, which
was a member of the genus Methanobacterium.

In this work, the geochemical studies were performed within the framework of the State Assignment
project 0345-2016-0007; the molecular biological and microbiological experiments were supported by the
Russian Foundation for Basic Research grants nos. 16-04-00181_a and 18-34-00435_mol_a, respectively.

Bykun C. B.! , IlIaBJjioBa O. H! KaJIMLI‘IKOB I'.B.2 I/IBaHOB B.I. HorouaeBa T.B. , Tamaupsann 1O. !
Bymm 10.C* , Xa0yeB A. B.! 3eMc1caﬂ TA!
NPOLECCHI BUOTEHHOI'O OBPA3OBAHI/L$I yr .JIEBOVI[OPOI[HBIX I'A30B B JOHHBIX
OTJIOKEHUSAX O3EPA BAUKAJL
YTumuonormaeckuit unctutyt CO PAH, Upkyrck, Poccust
I/IHCTI/ITyT reoxumuu uM. A.I1. Bunorpanosa CO PAH, Upxkyrck, Poccus
sergeibukin@lin.irk.ru

OO0pa3oBaHue YIIIEBOJOPOAHBIX Ta30B B IOHHBIX OTJIOXKCHUSIX o3epa baiikan MpouCcXOIHT Kak B pe-
3yIbTaTe aHAYPOOHOTO PA3IOKEHUS OPraHUIECKOTO BEIIECTBA MUKPOOPTaHU3MAaMH, TaK B PE3yJIbTaTe TEPMO-
KaTAIUTHIECKHX TIPOIECCOB. YTIEBOIOPOIHBIE Ta3bl OMOTEHHOTO MPOMCXOKICHUS MIPEICTABICHE METAHOM C
MIPUMECHI0 TOMOJIOTOB (3TaHa, MpomaHa, OyraHa), KOHIEHTPALUs KOTOPBIX, KaK [IPaBUIIO, HA TP MOPSIKa HU-
e, 9eM KOHIICHTpAaIHs CaMOro METaHa.

Ha cerogssmHuii 1eHb aKTyalbHBIM OCTA&TCSI BOTIPOC O BIMSAHHE (PU3UKO-XUMUYECKUX MapaMeTPOB
cpelbl Ha CyOCTpaTHYIO CrelM(UYHOCTh M (DYHKIIMOHUPOBAHHE METAHOTCHHBIX COOOIIECTB B OCAIOYHOM
tome 03. baiikan. Tak, ¢ MOMOIIBIO PaIHOM30TOITHOTO METOIa TIOKAa3aHO, YTO B 0CAIKaX TIYOOKOBOIHOU 30-
HBI 03epa 75-100% metana obpazyercs u3 Hy, u CO, (Hamcapaes u ap., 1995; Zemskaya et al., 2010). Ha nPe-
MMYILIECTBEHHOE 00pa3oBanue MeTana B Xo/1e CO,-PeIyKIMA YKA3BIBACT M PA3HUIIA MEKILY SHAUCHISAMU 8
CO; u CHy (Krylov et al., 2010). B 1o ke BpeMs, H30TOIHbIC XapaKTEPUCTUKH OMOTEHHOTO METaHa, 3aKIIio-
YEHHOTO B CTPYKTYpE GaiKaTBCKIX Ta30BHIX TUPATOB, CBUACTEILCTBYIOT O €ro 00pa30BaHUM IO AI[CTOKIIA-
ctryeckomy mmytr (Hachikubo et al., 2010).

B cBs3u ¢ 3TUM, UTT MUKPOOHBIX TOMYJSIMK 03. baiikas, HACENMIOMUX TOHHBIE OTIOKEHHUS METAaHO-
BOTO CHIIA ¥ TPSI3EBBIX BYJIKAHOB, C Pa3HBIM XIMHUYECKAM COCTABOM MOPOBBIX BOM, SKCHIEPHUMEHTAIBLHO HCCIIE-
IoBaHa CIIOCOOHOCTh 0OPa30BBIBATH METAH NP KYIGTUBHPOBAHWN HA OCHOBHBIX CyOCTpaTaXx METaHOTCHE3a.
Bonee aktuBHO MeTaH 0Opa3oBEIBaICS Ha cpenax ¢ nodasnenuem H, : CO, u H; + CH3;COONa, yeM Ha cpenax
C aneTaToM, CIy)KallliM B KaueCTBE CIUHCTBCHHOTO MCTOYHHUKA yriiepoaa u sHepruu. JJo6aBieHne MeTaHOIa
CTHUMYJHPOBAJIO 0Opa30BaHHE METAHA TOJHKO MHUKPOOHBIMU MOMYJISIMAMH MOBEPXHOCTHBIX WIIOB. Croco0-
HOCTD K METAHI€HEPAIIH HCCIIE/IOBAHHBIX NPUPOJIHBIX coo0IIecTB JIOCTOBEPHO KOPPEITMPOBANA C COMICPIKAHH-
em noroB NO¥', SO,%, CI' u CH;COO™ B mOPOBBIX BOJAX JIOHHBIX OTIOKCHHIA, KOTOPBIE OHM HacemsioT. [Ipu
KYJIbTUBUPOBaHUH MPUPOIHBIX co00IIecTB, B pucyrctBur Hy : CO, m Hy + CH3;COONa passuBanuch ruipo-
reHoTpodHBIE METaHOTeHbIE apxen ceMelicTBa Methanocellaceae, Torna kak B coctaBe cOOOIIECTB, KYJIbTUBH-
POBaHHBIX 0e3 JOMOJHUTEIHHBIX CYOCTPaTOB, METAHOTCHHBIC apXEU IMPE/ICTABICHBI POJAMHU Methanoregula,
Methanobacterium u Methanosaeta.

B xo71e uccnenoBanis MoTydeHa HAKOIUTEbHAS KYJIbTYpa, 00pa3yrolasi He TOJIBKO METaH, HO U 9TaH, B CO-
CTaBe KOTOpPOH €IMHCTBCHHBIM  METAHOTCHHBIM  MHUKPOOPTaHI3MOM  SIBISICTCS  TIPEICTaBUTETh  pojia
Methanobacterium.

XuMIYeCKHe 1 JIUTOJOTMIECKUI HCCICAOBAaHMS BEIIOTHEHBI B pAMKaX TOCYIapCTBEHHOTO 3a1aHUs IO
teme 0345-2016-0007, monekynsipHO-Onoornuecknii aHamu3 3a cué€t rpanta POOU Ne 16-04-00181 a, Muk-
poOuonoruueckue ucciaenoBanus 3a cuet rpanta PODOU Ne 18-34-00435 mon_a.

Bukin Yu.S., Voylo M.A., Kravtsova L.S.
BARCODE DNA TO IDENTIFY SPECIES OF NONBITING MIDGES OF CRICOTOPUS (DIPTERA:
CHIRONOMIDAE)
Limnological Institute SB RAS, Irkutsk, Russia
bukinyura@mail.ru

The species identification of chironomid nonbiting midges is a complex and time-consuming task. In the
coastal zone of Lake Baikal, hirnomids of the genus Cricotopus are often found. During the study, we identi-
fied Cricotopus myiriophylli, close to Cricotopus gr. sylvestris, as well as Cricotopus sp. 1 and Cricotopus sp.
2, close to Cricotopus gr. tremulus. The determination of their exact species belonging to morphology turned
out to be difficult, so we tried to apply molecular genetic methods. For this purpose, DNA sequences of the
mitochondrial gene of the first subunit of cytochrome ¢ oxidase (CO1), 510 bp long, were obtained. The spe-
cies status of Baikal chironomid nonbiting midges was determined using methods based on the analysis of the
topologies of reconstructed phylogenetic trees. The application of the method has given unambiguous confir-
mation that the selected groups are really independent species.

This work was supported by budget project Nos 0345-2016-0004.
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Bykun 10.C., Boiino M.A., KpaBuosa JI.C.
HNCIHOJb30BAHUE JHK BAPKOJA JJIA UAEHTU®UKATIUU BUTOB JINUUHOK
XUPOHOMMUJ POJA CRICOTOPUS
Jlumuonoruyeckuit uncturyr CO PAH, Upkyrck, Poccus
bukinyura@mail.ru

B o3epe Baiikang THUMHKE HaceKOMBIX KoMapoB-3BoHIOB (Diptera: Chironomidae) urparor Baxkuyro
POJIb B TIMIICBOM [IENU. B YacTHOCTH, IMYMHKYU 3TUX HACEKOMBIX SIBJISIFOTCSI OCHOBOH KOPMOBOM 0a3bl MOJIOIM
IPOMBICTIOBBIX PBIO, TAKHUX KaK OMYJIb, CUT, XapHyC, OKYHb.

BupoBas waeHTHOUKAIWMS JTHTIMHOK XHPOHOMH/] MIPEICTABISIET COOOM CITIOKHYIO U TPYIOSMKYIO 3371ady.
Hanwune GobIIOro KOIMYeCTBA HEYETKO BBIPAXKEHHBIX MOP(OIOTHIECKUX MPU3HAKOB YaCTO HE MO3BOJISIET OJJHO-
3HaYHO OTHECTH MCCIIeAyeMBIX 0CO0ei OJJHOro pojia K omnpeseneHHoMy Buy. B mpnbpeskroit 3one baiikana gacto
BCTPEUAIOTCSI IMIUHKK XUpHOMUJ pozaa Cricotopus. B mporiecce uccneioBanmii Hamu ObUTH UICHTU(DUIPOBAHBI
Cricotopus myiriophylli, 6ms3kmii k Cricotopus gr. sylvestris, a taxoke Cricotopus sp. 1 u Cricotopus sp. 2, Giuskue
k Cricotopus gr. tremulus. Omnpenenenre MX TOYHON BUIOBOM HPHUHAIIEKHOCTH 1O MOP(OJIOTHH OKa3aaoch 3a-
TPYIHUTEIIBHBIM, TIO3TOMY MBI HIOTIBITAINCH IPUMEHHUTH MOJIEKYIISIpHO-TEHETHIECKUe METOABL. J{yist 310 11emu Obl-
mm paciudposansl nocnenosareabHocTd JJHK MUTOXOHAPHATEHOTO reHa MepBoil CyOheIMHUIIBI IIMTOXPOM C OK-
cumasbl (CO1), mmnoit 510 m.H. OmHAKO aHAIHM3 MOCE0BATEILHOCTEH ¢ UCTIOIb30BaHIEM JTUCTAHIIMOHHBIX Me-
TOJIOB TaroKe HE ANl OAHO3HAYHOTO pe3yibTara. [loaToMy B paboTe ObLia MpEeATPHHSTA TIOMBITKA OIPEICIIUTh BU-
JIOBOI1 cTaTyc OalKaIBCKUX JTMINHOK XUPOHOMHUIL C TTOMOIIBI0 METOJIOB, OCHOBAHHBIX HA aHAIM3E TOIOJOTHIA pe-
KOHCTPYHUPOBAHHBIX (PUIIOT€HETHUECKUX JIEPEBBEB.

s OunonnHpopmaTudeckoit o0paboTku mocienoBatenbHocTeld CO1 HMCHONB30BAM ANTOPUTM —
pipeline, cocTosmmit U3 clIeAyIOMNX TANOB!

1) ®opmupoBanne MaccuBa maHHbIX (mocienoBarensHocTeit CO1) xuponomun poma Cricotopus us
MexTyHapoHoH 6a3bl naHHbX NCBI.

2) BelpaBHUBaHHKE [TOCIIEI0BATEILHOCTEN C MCIIOIb30BaHneM ON-line cepsuca MAFT.

3) Bribop Haubosiee ontumanbHOM Moaenu sBomtonui JIHK mist dunoreneTndeckoit peKOHCTPYKIIMN
¢ momoIibko nporpammel JModelTest.

4) PexoHCTpyKIuUS (PUIOTEHETHYECKOTO ApPEeBa C NMPHUMEHEHHEM T'HIIOTE3bl CTPOTHMX MOJIEKYJISPHBIX
vacoB (mporpamma BEAST).

5) Aranu3 Tonosoruu (UIOreHeTHYECKOro ApeBa ¢ nomornsio Merona GMYC makera "splits" s3bpika
mporpaMMupoBaHus R.

AHanusupyeMblii MacCUB JaHHBIX BKIo49an 812 mocienoBarensrocteii CO1 xuponomun poma Cri-
cotopus u3 6a3el manuabiXx NCBI u 9 nocnenoBarenpHOCTEl OalikaibCKUX XUpoHOMHZ 3TOoTo poxa. GMYC-
aHaJM3 TOIMOJIOTMU peBa MOKa3al, YTO BECh MACCHUB JAHHBIX BKIIIOYACT 45 KJIaCTEpPOB, COOTBETCTBYIONIUX
panry Buia. balikaneckue xuporomuasr C. myiriophylli, Cricotopus sp. 1 u Cricotopus sp. 2 o6pa3yioT He3a-
BUCHMBIC KiiacTepbl BuioBoro paura. C. myiriophylli, xots cnabo ornuuaercst mo MOp(OIOrUK OT JTUIUHOK
rpynmbl SylVestris, Tem He MeHee OH MPEACTABIIAET CAMOCTOSITEIIbHBINA BUJI, TAK KaK TOTOJIOTHS BETBICHHUS HA
npeBe uMmeeT mojyepkky Oomnee 90%. Cricotopus sp. 1 u Cricotopus sp. 2 obpasyror ayrrpymny k C.
triannulatus, Bxomsiaero B kiactep C. gr. tremulus, HO Takke MPEACTABISAIOT COO0H CaMOCTOSITEIbHBIC BHIBI C
NOJIIEP KKOK TomoJioruu BeTBieHus Oomnee 90%. IlpudyeM OHHM JOCTATOYHO HAJECKHO OTIWUYAIOTCSA APYT OT
npyra (tomosorus BetBiaeHus apea 100%). Takum oOpazoM, IpUMEHEHHE METO/a, OCHOBAHHOT'O Ha aHAIIU3E
TOTIOJIOTHH PEKOHCTPYHUPOBAHHBIX (UIIoreHeTHYeckux fepeBbeB o CO1, maet oJHO3HAYHBIN Pe3yIbTaT IPH
PEIICHUH CTIOPHBIX BOMPOCOB TAKCOHOMUH JIMYHHOK KOMapOB-3BOHIIOB.

Pabota BeImoNHEHA B paMKkax OromkeTHOro mpoekta Ne 0345-2016-0004.

Burdiyan N.V., Borovkov A.B., Tihonova E.A., Alemov S.V.
MICROBIOLOGICAL CHARACTERISTICS OF BOTTOM SEDIMENTS FROM SIVASH BAY
(CRIMEAN)

Institute of Marine Biological Research RAS, 2, Nakhimov ave., Sevastopol 299011 CRIMEA Russia

burdiyan@mail.ru

The data on number of some groups of heterotrophic, tionov and sulfate-reducing bacteria in bottom sedl-
ments of eastern part of the Sivash bay in 2017 are glven The total number of heterotrophic bacteria varied from 10° to
10 cl. « g™; thiobacteria varied from 4.5x10% to 4.5x10* cl. » g; sulfate-reducing bacteria from 95 to 4.5x102 cl. g™
The quantitative results of heterotrophic bacteria typical of aquatoria with a high level of organic matter. The increase
(several times), in comparison with the results of 2016, the number of anaerobic bacteria group indicates the intensifi-
cation of anaerobic processes in the sediments of the study area. The received results are a basis for an estimation of
microbiological processes in bottom sediments of aquatoria of Sivash bay.

bypausan H.B., boposkos A.b., Tuxonosa E.A., Anemos C.B.
MHUKPOBUOJIOI'NYECKHUE ITIOKA3ATEJIU I[OHHI)IX OTJIO)KEHI/[I/I 3AJIMBA CUBALI
(KPBIM)
®I'BYH «HCTHTYT MOpCKHX Ononormdeckux uccnenoBannii umenn A.O. Kosanesckoro PAH» 99011, np.
Haxmmoga 2, T. CeBacTomnois, Poccus
burdiyan@mail.ru

Cupan (I'Huoe Mope) TpeicTaBisieT CoO0 CHCTEMY MHOTOUHCIICHHBIX 3aJIMBOB U JIaryH A30BCKOTO MO,
orpannyeHHOI KppIMOM ¢ ofiHOMN CTOpOHBI U ApabaTcKoil cTpenkoii ¢ Apyroil. B Hactosmee Bpems 3amis Cusari
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WCTIBITHIBACT 3HAYUTENBHYIO aHTPOIIOTCHHYIO U TEXHOI'€HHYIO HarpysKky. Ilepexprrriie CeBepo-KpHIMCKOTO KaHajia B
2014 r. npuBeNo K NPEKPaIEHUIO NIOCTYIUIEHUs AHEIIPOBCKOM IPECHOM BOZBI B 3aJIMB U, KAK CIECACTBUE, PE3KOMY
BO3PACTAHUIO CONEHOCTH. BO BpeMst (pyHKIIMOHUPOBAHMSI KaHaJa CONIEHOCTh B 3anuBe coctapisiia 21.7-26.0%o (Boin-
Taués, 2011), a yxxe B 2017 T. noKa3aTesn CONEHOCTH, M0 HAIIUM JAHHBIM, BapbHpOBaH OT 66.14 10 80.47%0. Oue-
BHJIHO, YTO CTOJIb CYIICCTBEHHBIC M3MEHEHUS (DH3HMKO-XUMUYECKHX IMOKa3aTeliel MapaMeTpoOB CPEMbl, BEI3BAHHBIC
POCTOM CONEHOCTH, HEM30SKHO MPUBENYT K TPAHCPOPMALIMH BCEX XaPAaKTEPUCTHK SKOCUCTEMEI 03¢pa.

Lenbio HacTosimie# pabOTH SBISUIOCH MONMYyYEHHE KOJIMYECTBEHHBIX XapaKTEPHCTHUK OTHECNIBHBIX (hu-
3MOJIOTHYECKHX TPYNN OaKTepuil B JOHHBIX OTJIOXKEHHUSIX BOCTOUHOHN yacTu o3epa CuBail BaoIb ApabaTcKon
cTpenku. B 3amaun nccnenoBaHus BXOAWIO ONpEAETICHUE YHCIEHHOCTH TeTepoTpOdHBIX, CyIb(aTpeayupy-
IOIIUX W THOHOBBIX TPYII OaKTepHii.

Marepuranom 111 MAKPOOHOJIOTHYECKOTO aHaJIM3a TOCTY)KIITH TPOOBI JIOHHBIX OTJIOXKEHHH, 0TOOpaHHbIS
Bpy4HYyo ¢ riryouH 0,5-1,5 M B more 2017 1. Ha 3 craHmmsx. CremyeTr OTMETHTb, 9TO 3amB CHBAII SBISETCS CIIOXK-
HBIM, C 3KCTICAMITMOHHON TOYKH 3pEHUsI, 00beKTOM. UHCIIEHHOCTh OaKTeprii B TIpo0e ONpeNersid METOIOM MPeIeiib-
HBIX Pa3BEICHHI C MCIIOJB30BaHUEM NIEKTUBHBIX cpel (Muponos, 1988; Bypmus, 2011) ¢ y4eToM COIEHOCTH BOJIBL.
Haubosee BeposiTHOE YHCIIO MUKPOOPTaHW3MOB B €IIMHUIE 0OheMa paccuuThiBa 1o Tabmuie Mak-Kpenu (B Tpéx
MOBTOPHOCTSIX ), OCHOBAHHOW Ha MeTo/Ie BapHarmonHoi cratuctrku (Hetpycos, 2005).

Pe3ynmbpTaThl IPOBECHHBIX MUKPOOHOJIOTUYECKUX HCCICAOBAHUHN TMMOKA3aH, YTO B Mpo0ax JTOHHBIX
OTIIOKEHUI, OTOOPaHHBIX HA TPEX CTAHIUAX, YUCICHHOCTh FeTepOTPO(HBIX OaKTepUil HAXOTUIIACH B TIPEIeIax
10°-10" ki.xr. KonmaecTBeHHbIe MOKa3aTeN cynbg)anez[yquonme 0OaKTepUil — OCHOBHBIX TIPOU3BOINTE-
Jel cepoBOJIOpOa, BappupoBasd oT 95 mo 4,5%10° k.. KommuecTBO THOHOBBIX OaKTEpHid, YHEPTHIHBIX
OKHCJIUTENICH CepOBOOPOa, K0JIehanoch OT 4,5X103 Ji (o) 4,5X104 kLxrt . Tlo CPaBHEHHIO C HAIIUMHU JIAHHBIMHU,
MOJTYYEHHBIMH B aHAJIOTHYHBIX 3KCIIEIUIHOHHBIX HCCenoBaHnsax Ha 03. Cuam B 2016 T., OTMEUYEHO YBEIH-
YeHHEe YUCICHHOCTH UCCIIETyeMbIX TPYIT OaKTepHi.

TaxuM 00pa3oM, pe3yapTaThl HAIMX MCCICIOBAHUHN MOKA3aJH, YTO MUKPOOHOE COOOIIECTBO JOHHBIX
otnokeHuit CHBaIia 1Mo CBOMM KOJMYECTBEHHBIM XapaKTEPHCTHKAM CXOIHO C TAKOBBIM B pallOHAX C MOBEHI-
[IEHHON aHTPOTIOTEHHOM HArpy3KOM U 3arps3HeHreM opranndeckumu BemtectBamu (bypausia, 2004). Kosmae-
CTBCHHBIC MTOKA3aTENIN TeTePOTPOHBIX OaKTepUil XapaKTEpHBI U aKBATOPUI C BRICOKHM YPOBHEM COAEpKa-
HHS OpraHu4eckoro BemiecTBa. [Ipu 3ToM B ycloBusiX mpekpaiieHus ctoka u3 CeBepo-KphIMCKOTO KaHala,
MPUTOK JAHHOTO KJlacca BELIECTB M3BHE KpaiiHe orpaHudeH. COOTBETCTBEHHO, YBEJIHMUCHUE HA OJUH-ABA IIO-
psiika gucia reTepoTpodHsIX O6akTepuii, mo cpaBHeHUO ¢ 2016 T., M0 BCell BUANMOCTH, CBSI3aHO C HHTCHCHB-
HOHM THOeNbI0 OMOTH B BOOEME, OJTHOM M3 IPHYMH KOTOPOH, OYEBUIHO, SBIISETCS M3MEHEHHE COJIEHOCTH Ja-
ryHel. B cBolO ouepens, 00 MHTEHCH(UKAINN aHAYPOOHBIX IPOIECCOB B JOHHBIX OTIIOKEHUSIX HCCIIETYyEeMOM
aKBaTOPHH, CBUJICTEIILCTBYET U YBEIMUYCHHE (B HECKOJIBKO pa3), 10 CpaBHEHUIO ¢ pe3yabratamu 2016 r., gyuc-
JIEHHOCTH aHa’poOHOMU rpynmbl OakTepuidl. OTMEYEHO, YTO B UCCIEAYEMBIX MP0Oax Moka3aTeln YUCICHHOCTH
Tb npeBanupoBanu Hax CPB, uTo cBUIETENBCTBYET O HAMYMK OaKTEPHAIBHOTO (THOHOBOrO) ribTpa, mpe-
ISTCTBYIOLIETO MPOHUKHOBEHHUIO CEPOBOAOPO/IA B OJIM3IIEKAIIE CJIOM BOJBI U TPYHTA.

Butina T.V.,' Bukin Y.S.,! Tupikin A.E.,? Kabilov M.R.?Belikov S.1.*
METAGENOMIC ANALYSIS OF VIRAL DIVERSITY IN LAKE BAIKAL
!Limnological Institute SB RAS, Irkutsk, Russia
?Institute of Chemical Biology and Fundamental Medicine SB RAS, 8, Lavrentiev Avenue, Novosibirsk,
630090, Russia.
tvbutina@mail.ru

Viruses, the most ubiquitous, abundant and diverse biological objects on the Earth, have a significant im-
pact on the numerous biogeochemical processes in water ecosystems and effectively regulate the abundance and
diversity of aquatic organisms. Despite the active research in the field of aquatic virology in recent years, viral
communities of fresh water bodies, including the largest and oldest lakes, remains poorly understood; the available
descriptions of the genetic diversity of marine viruses are much more abundant than those from freshwaters.

The aim of present work was to study diversity of viral communities in Lake Baikal using meta-
genomic analysis. The metagenomic study is an analysis of the total genetic viral material using next-
generation sequencing, and is the most informative in terms of studying the diversity, structure of viral com-
munities and detection of new, unknown viruses in aquatic environments.

Water sampling was performed at the coastal and deep-water stations, in the southern and central ba-
sins of Lake Baikal. Samples were filtered, viral particles were concentrated and purified; and then viral DNA
was isolated. Analysis of DNA-viruses genetic material was conducted on a MiSeq genome sequencer (Illumi-
na) in the SB RAS Genomics Core Facility (Novosibirsk, Russia). Bioinformatic analysis of the resulting data
sets was carried out using special programs.

As a result of metagenomic analysis, a large variety of viruses (virotypes) belonging to different families and
genera was detected in the plankton of Lake Baikal. Viral genotypes of the families Myoviridae, Siphoviridae, Poxviri-
dae, Mimiviridae, Podoviridae, and Phycodnaviridae dominated in water samples, amounting to more than 90% of
reads. The viral community compositions in distinct areas of Lake Baikal were similar; however, the percentage ratio
of particular taxonomic groups of viruses differed. In general, we identified a lot of virotypes infected a wide range of
organisms, including bacteria, archaea, algae, amoebae, flagellates, fish, amphibians, insects, and others.

Thus, as a result of the study, new data on genetic and taxonomic diversity of the virioplankton of
Lake Baikal were obtained, expanding the understanding of diversity and the role of viral communities in
functioning of the largest freshwater ecosystems.
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Byruna T.B..! bykun 10.C..! Tviknn A.E..” Kaéuios M.P.? Benkos C.I([.l
METATEHOMHBIN AHAJIU3 PABHOOBPA3USI BUPYCOB B O3EPE BAUKAJIL
Jlumuonorngeckuit uacturyr CO PAH, Upkyrck, Poccust
HMHCTUTYT XUMHYECKOH OMOJIOTHH B (DYHIAMEHTAIBHON MEIUIHMHEI,

630090, r. HoBocubupck, Ilpocniext Ak. JlaBpentrena 8§
tvbutina@mail.ru

Bupycel — Hanbonee pacpocTpaHeHHbIE, MHOTOYUCIICHHbIE U pa3HOOOpa3Hble OHOJIOrHYecKHe 00b-
eKTHl Ha 3eMJie, OKa3bIBAIOT CYIIECTBEHHOE BIMSHUC Ha OMOTCOXMMHUYECKUE MPOIECCH B BogoeMax, 3ddek-
THUBHO PETYIUPYIOT YUCICHHOCTh ¥ BHIIOBOE Pa3HOOOpa3ne BOIHBIX OpraHM3MOB. HeCMOTps Ha akTUBHEIC HC-
CIIEIOBaHMS B 00JACTH BOJHON BUPYCOJIOTHH B MOCJICIHHE TOIBI, BUPYCHBIE COOOIIECTBA MPECHBIX BOJIOECMOB,
B TOM YHCJIe KPYIHEHIINX ¥ IPEBHUX 03€p, OCTAIOTCS MAJIOW3yYCHHBIMHU, UMCIOIIHECS OMUCAHMS TeHEeTHY e-
CKOTO pa3HO00pa3usi MOPCKUX BUPYCOB 3HAYMTEIBHO MPEBBILIAIOT TAKOBBIE ISl IPECHBIX BOJI.

Llenpro HacTosmiel paboTHI CTajo MCCIeNOBaHHE pa3HOOOpasust BUPYCHBIX cooluecTB B o3epe baii-
KaJl ¢ OMOIIBI0 METATeHOMHOT'O aHau3a. MeTareHOMHOE MCCIICIOBAaHKE MPEIONIaracT aHajau3 CyMMapHOTO
TCHETHUYECKOTO BHPYCHOTO MaTephalia ¢ HCIOIb30BAaHHEM BBICOKOTIPOU3BOIUTEIFHOTO CEKBCHHPOBAHUS U
SIBJIIETCSL HanOoJiee MHQOPMATUBHBIM B TUIAHE OIICHKH Pa3HOOOpa3wsl, H3YYCHHS CTPYKTYPhI BUPYCHBIX CO00-
IIECTB ¥ BBISBICHUS HOBBIX, HEHM3BECTHBIX BUPYCOB B BOJHBIX 9KOCHCTEMAX.

OT160p TPo6 BOJBI MPOUZBOAMIIN B MPUOPEKHBIX palioHaX W HA TIYOOKOBOJHBIX CTAHIIUSX, B FOXKHOU
U cpelHel KOTIoBHHAX 03. baiikan. [IpoObl GpunsTpoBanu, BUpyccoAepKalluii MaTepruasl KOHIICHTPUPOBAJIH,
MIPOU3BOIMIIN OYUCTKY BUPYCHBIX YacTuIl u Beieienue JJHK u3 moirydeHHOro KOHIIEHTpaTa. AHAIN3 TCHETH-
gyeckoro Mateprana JIHK-conepkamux BupycoB npomssoawin Ha miatdopme MiSeq (Illumina) na 6aze LIKIT
«'enomuka» CO PAH (r. HoBocubupck). brnonndopMannoHHbIii aHATH3 MONYyYCHHBIX MACCHBOB IaHHBIX
TIPOBOIVIIM C TIOMOIIBIO CIICIIHAIM3UPOBAHHBIX TPOTPAMM.

B pe3yipraTe METareHOMHOTO aHAIW3a B IJIAHKTOHE 03. baiikanm BBIIBIEHO OoJbIIOE pasHOOOpasue
BUPYCOB (BUPOTHIIOB), IPHHAAJICKAIUX PA3IMUHBIM ceMeiicTBaM M poaaM. JJoMUHHpYOIIUEe BUPYCHbIE TEHO-
THITBI, cOcTaBIsrONIHE Ooiee 90% mpouTenwii, mpuHaiexkanu cemeiicteam Myoviridae, Siphoviridae, Poxvir-
idae, Mimiviridae, Podoviridae, Phycodnaviridae. CpaBHHTeNbHBIN aHANTN3 BBISBIJI CXOAHBIH COCTAaB BHUpYC-
HBIX COOOINECTB, HO Pa3IMYHOE COOTHOIICHNE OTICIHHBIX TAKCOHOMIYECKHUX TPYIIII BUPYCOB B pa3HBIX paifo-
Hax o3epa. B memoM HaM ynaioch WASHTHOUIIMPOBATH OOJBIIOE KOJMIECTBO BUPOTHIIOB, OPAXKAIOIIHNX IIIH-
POKWUii criekTp OakTepuii, apxeit, Bomopociiel, aMéo, uaressT, peld, pakooOpa3HbIX, HACEKOMBIX U JIp.

Takum 00pa3oMm, B pe3ysibTaTe HCCIIeIOBaHUS MOTyYSHBI HOBBIE JaHHbIC O TEHETHYECKOM U TaKCOHO-
MHYECKOM pa3HOOOpa3Hu BHPHOILUIAHKTOHA 03. balikain, pacmmpsroiye mpeacTaBieHdss 0 pa3HOOOpasuu U
POJIH BUPYCHBIX COOOIIECTB B (DYHKIIMOHUPOBAHIH KPYITHEHIINX PECHOBOIHBIX YKOCHCTEM.

Pabota BeImonHEeHa B pamMKkax rocymapctsenHoro 3amanus Ne0345-2016-0002 mpu ¢puHAHCOBOH MOM-
neprxkke poekToB PODU No14-44-04158 u Nel7-44-388080.

Bystrova K.A., Murzina S.A., Nefedova Z.A., Pekkoeva S.N.,
Ruokolainen T.R., Nemova N.N.
LIPIDS AND FATTY ACID PROFILES OF MUSCLES AND LIVER OF SMOLTS OF THE BROWN
TROUT (SALMO TRUTTA L.) (KOLA PENINSULA)
Institute of Biology of the Karelian Research Center RAS,
185910 Petrozavodsk, Pushkinskaya st., 11

The lipid and fatty acid status of the Brown trout smolts (4+) Salmo trutta L. (liver, muscles) from the
Krivoy Ruchey river in the summer in order to obtain data on features of expenditure, transformation and func-
tional role of individual lipid components during its growth and development, in biochemical adaptations and
the determination of readiness for smoltification was studied. An equal content of total lipids in muscles and
liver was shown (12 and 14% of dry mass respectively). The level of reserve triglycerides (TAG) and the ratio
of TAG/total phospholipids (PL) were higher in the smolt muscles than in the liver. Intramuscular TAG re-
serves are an availible form of fat that provides energy for muscle contraction in conditions of increased motor
activity. In addition, the elevated level of monounsaturated fatty acids (FAS) (35 and 19% of the sum FAs) was
shown in smolts muscles in comparison with the liver, mainly due to 16:1n-7 and 18:1n-9, having food origin
and being components of energy lipids. In the liver of smolts, in comparison with muscles, a higher content of
structural PL and cholesterol are shown that indicates active biosynthesis of these lipids. The main proportion
of liver phospholipids of the Brown trout smolts are phosphatidylcholine and phosphatidylethanolamine. Be-
sides, its level in muscles is 2 times lower as well as other minor phospholipids. A higher level of cholesterol
in the liver is presumably associated with the activation of its synthesis in it in response to active nutrition.
This process correlates with the increased proportions of reserve cholesterol esters, TAG and the ratio TAG/PL
in the muscles of the Brown trout smolts which accumulate lipids in salmonids. The higher proportions of pol-
yunsaturated FAs in the liver was found in comparison with muscles (50 and 39% of the sum FAs respective-
ly) due to a higher proportion of 20:4n-6, arachidonic acid, and 22:6n-3, docosahexaenoic acid, which corre-
lates with a higher level of PL. There are always exogenous lipids derived from food in the liver, so its lipid
composition reflects to some extent the features of nutrition as well as the physiological state of the body. In
the liver of smolts metabolic processes of elongation and desaturation of 18:2n-6 and 18:3n-3, derived from

120



food, proceed more actively than in muscles, which correlated with increased ratios of 20:4n-6/18: 2n-6 and
22:6n-3/18:3n-3 in the liver. In addition, higher lipid metabolism intensity is shown in the liver of smolts in
comparison with muscles which is determined by the ratio of 16:0/18: 1n-9.

The research was carried out using the facilities of the Equipment Sharing Centre of the Federal re-
search centre “Karelian Research Centre of the Russian Academy of Sciences”. The study was funded by the
Russian Science Foundation, the project No. 14-24-00102.

BuicTrpoBa K.A., Myp3una C.A., Hedenona 3.A., Ilekkoesa C.H.,
. Pyoxonaiinen T.P., Hemosa H.H.
JIMIIUAHBIA 1 )KUPHOKHUCJIOTHBIA COCTAB MbIIII U TEYEHA CMOJITOB KYMXKHU
(SALMO TRUTTA L.) (KOJIbCKHUHU ITOJYOCTPOB)
HuctutyT 6nonornn — obocobnennoe moapasaencane ®I'BYH denepanbHOTO HCCie10BATEIBCKOTO
nentpa «Kapenbckuit HayaHbIN 1IeHTp Poccuiickoit akagemun Hayky, 185910 IetposaBonack,
yi. [lymkunckas, 11

TTpo0IDKEHO HCCIeI0BAHNE JIMMTAIHOTO U KHUPHOKHCIOTHOTO CTaTyca cMOJToB (4+) kymku Salmo trutta L.
(meyeHs, MBIIIBI) U3 pekd KpuBoil pydeil 1eToM C Lieiblo Mody4eHus JaHHBIX 00 OCOOEHHOCTSIX PacXO0BaHUs,
TpaHchopMarmu U (GyHKIHOHATIEHON POJM OTACIBHBIX JIMIHIHBIX KOMIIOHGHTOB B TIPOIIECCAaX POCTA U PA3BUTHSL, B
OMOXMMHYECKIIX aJalTallFsIX U OTIPeIeIICHAH TOTOBHOCTH K cMoTH(uKarmy. [loka3aHo paBHOE conepkaHne OOl
TIUIOB B MbIImIax U medeHn (12 u 14% cyxoif Macchl COOTBETCTBEHHO). Y POBEHB 3aIlaCHBIX TPHAIMIITIHIICPHHOB
(TAI) u coorromenue TAI/obmme dochomumuast (PJI) ObUTO BEIIIE B MBIIIIAX CMOJITOB TI0 CPAaBHEHHIO C TIeUe-
Hb0. BHyTpUMEBIIieuHbie 3amacel TAD sBIsFOTCS ToCTymHON (POpMOH KHPOB, 0OSCTICUNBAIOIINX SHEPTUCH MBIIIICU-
HOE COKPAILICHNE B YCIIOBHSIX MOBBIIIEHHO ABUraTeNIbHOM akTMBHOCTH. KpoMe Toro, B MBIIIIAX CMOJITOB 10 CPaBHE-
HHIO C TIEYEHBIO TIOKa3aH MOBBIIICHHBIN YPOBEHh MOHOHEHACKIIIEHHBIX KUPHBIX KUCIOT (OKK) (35 u 19% cymmbl
KK), B ocHOBHOM 3a cueT 16:1n-7 u 18:1n-9, umeromyx muiieBoe NporCXOKIEHUE U SBIIIOIIMXCS KOMIIOHEHTaMU
SHEPTeTUYCCKUX JIMIHIOB. B mIeueHn CMONTOB 10 CpaBHEHHIO C MBIIIIAME OoJiee BBICOKOE COICpIKaHUe CTPYKTYp-
HbIX ®JI 1 XoJecTeprHa, U4TO yKa3bIBacT Ha aKTHBHBIC MPOLIECCH OMOCHHTE3a ATUX JIMNHI0B. OcHOBHYIO 100 DJI
TIEYEHH CMOJITOB KYMXH COCTABIIIOT (hochaTuIuixoimiH U (ocdaTuamnTaHoniaMyH. [IpuueM B MBIIIIax ux ypo-
BEHb B 2 pa3a HIKe, Kak U Apyrux MUHOpHbIX DJI. Boree BRICOKHI ypOBEHB XONECTEpHHA B MEUEHH, TPEIIOIOKH-
TeJbHO, CBSA3aH C aKTHBALMEH ero CUHTE3a B Hel, B OTBET Ha aKTMBHOE MUTaHUE. J[aHHBIN IpoLiecC KOppeImpyeT ¢
TIOBBIIIICHHBIM COZICpKaHHeM 3aracHbIX 3¢upoB xonectepuna, TAI' u TAI'/®DJI B MbIIIIax cMOJITOB KyMKH, KOTOPBIS
AKKyMYJMPYIOT JIUITHIBI Y JIOCOCEBBIX. Y CTAHOBIIEHO OoJtee BRICOKOE coiepkanne nonrHeHachmeHHbIX JKK B meve-
HH TI0 cpaBHeHuIo ¢ MbImamu (50 1 39% cymmbt JKK cooTBeTCTBEHHO) 32 cueT Gornee BbIcokoi momm 20:4n-6, apa-
XHUJIOHOBAs KHCJIOTA, U 22:6N-3, noKo3arekcacHoBasi KUCJIOTa, YTO KoppenupyeT ¢ Oosee BbicokiM ypoBHeM DJI. B
TIEYCHH BCET/A MPUCYTCTBYIOT SK30I'€HHBIE JIUIHBI, IIOCTYIAIONIVE ¢ THUIIEH, TI03TOMY JIMIIUAHBIA COCTaB OTpaXkaeT
B HEKOTOPO¥ CTETNeHH 0COOEHHOCTH MUTaHUs, a TaloKe (PU3HOTIOTHUECKOE COCTOSIHUE OpTaHnu3Ma. B medeHu cMonToB
METa0O0IMUYECKHE TIPOLIECCHI IOHTAIMH U JeCaTypaliy MaIIeBbx 18:2n-6 u 18:3n-3 kucnot nportekaror Oojee ak-
THBHO, YE€M B MBIIIIIAX, YTO KOPPEIUPYET U C TOBBIIICHHBIMU 3HAYCHUSIMU cOoOTHOMIeHuI 20:4n-6/18:2n-6 u 22:6n-
3/18:3n-3 B meuenn. Kpome Toro, B MeYeHN CMOJITOB IOKa3aHa W HauOoJIee BBICOKAs MHTCHCHBHOCTH OOMEHA JIMITH-
JIOB IO CPABHEHHMIO C MBIIIIIAMH, OTPeessieMast [0 COOTHOIIEHHO KoHteHTparuii 16:0/18:1n-9.

PaboTa mpoBezieHa ¢ MCHONIB30BAaHUEM HAaydyHOTro 00OopymoBaHus LleHTpa KOJUIEKTUBHOTO TOJIB30Ba-
HUSI HAy49HBIM OOoOpymoBaHueM DelepallbHOIO HCCIEA0BATEIbCKOro IHeHTpa «KapeiabCckuil HaydHbIM HEHTp
Poccuiickoit akanemuu Hayk». MccnenoBanue BBIOJHEHO NMpH (pUHAHCOBOMW mojyepkke Poccuiickoro Hayd-
HOTO (hoHma, mpoekT Ne 14-24-00102.

Chekmareva E.A.

THERMOVISION SURVEY ON WATER OBJECTS: ADVANTAGES AND DISADVANTAGES
Branch of the Institute of water problems RAS, Ivankovskaya NIS, Tver Region, Konakovo, ul. Belavinskaya, 61
s_taya@list.ru

World trends in the field of hydrology are aimed at using modern means of measuring the parameters
of the aquatic environment. One of the methods for measuring the temperature in the infrared without direct
contact is the method thermal imaging control. It is based on a remote measurement by a thermal imager of
water temperature fields on the surface of a water body with visualization of temperature data on thermograms
and their subsequent analysis with the help of specialized programs. The thermal image of thermograms is cre-
ated due to differences in the radiation temperature on the water surface of different parts of the water body.

Obijective: to identify the advantages and disadvantages of using thermal imaging devices for contact-
less temperature measurement on the water surface of a water body in places where wastewater is discharged.

Advantages of thermal imaging, it is an opportunity: work at different distances from the water body;
use unmanned aerial vehicles with a thermal imager installed on them; identify clear contours of the place of
discharge and spread of sewage; to assess the interaction of the water body with the catchment area; measure
the temperature of the host environment near the watercourse.

Disadvantages: temperature measurement only on the surface of a water body, most thermal imaging are
adapted for use in a stationary environment (construction, industry, medicine), less susceptible to changes than the sur-
face of a water body; high measurement error (up to 2°C); high cost of thermal imager with a minimum error (0.1-
0.2°C); inaccuracy of measurements as a result of improper adjustment and calibration of the instrument (the reflecting
temperature is set incorrectly, etc.), the interfering effect of natural factors for a clear temperature display (fog, steam,
elevated ambient temperature, precipitation); absorption of a part of the radiation by the air medium.
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Practice shows that shooting with a thermal imager help to promptly detect areas of discharge and
spread of sewage, the zone of outlet and distribution of groundwater, identify the thermal effects during the
formation of the ice cover. The use of thermal imagers for monitoring the aquatic environment presupposes the
adaptation of the device for research purposes.

The study was performed with financial support RFBR, research project No. 17-45-690600 RA.

Yexkmapena E.A.
TEIIVIOBU3EPHASI CbEMKA HA BOAHBIX OFBEKTAX: TJOCTONMHCTBA U HEJOCTATKHA
@uman GPI'bYH UBII PAH MBanskoBckass HUC, TBepckas 061acTs,
r. Konakoso, yi1. benasunckas, 1. 61
s_taya@list.ru

OOmemMupoBble TCHACHINH B OOJACTH THAPOJIOTHH HANpPaBIeHBI HA HCIOJIB30BAaHHE COBPEMEHHBIX
CPEICTB M3MEPEHUs IMapaMeTpoB BOIHOH cpenpl. OOUH W3 METOIOB M3MEPEHHS TeMIepaTrypsl B HH(ppakpac-
HOM 00JacTH criekTpa 6e3 MpSMOro KOHTAKTa — METO TEIUIOBH3EPHOTO KOHTPOJsl. OH OCHOBAH Ha JUCTaHIIM-
OHHOM H3MEPEHUH TEIUIOBU3EPOM TOJIEH TeMIepaTyphl BOABI Ha TOBEPXHOCTH BOJHOTO OOBEKTA C BU3yaIH3a-
LUeH TeMIepaTypHbIX AAHHBIX Ha TEPMOrpaMMax U MOCJEIYIOUINM UX aHAJIU30M C TOMOIIBIO CIIEUAIU3UPO-
BaHHBIX MporpamM. TeroBoe n300pakeHHe TepMOrpaMM CO31AETCS 3a CUET passIiii B PaAHalMOHHON TeM-
repaType Ha TIOBEpXHOCTH BOJIBI Pa3HBIX YYaCTKOB BOJTHOTO OOBEKTA.

Llesns paGoTHL: BRIABUTH JOCTOMHCTBA M HEAOCTATKH HCIIONB30BAHUS TEITOBH3EPOB I OECKOHTAKT-
HOTO M3MEPEHUS TEMIIEPaTyphl Ha TIOBEPXHOCTH BOJIBI BOJHOTO 00BEKTA B MECTaX COPOCA CTOYHBIX BOJI.

W3mepenue TeMiiepaTyphl ObUTH BRIIIOJIHEHBI B X011 00CIEOBAHMS JBYX TEIUIOBBIX CTOKOB, COPOCHO-
ro KaHajla OTBOJAIIErO Teruibie BoAbl ¢ KoHakoBckoi I POC u MoIIKkoBHYeCKOro 3aiuBa. Bece BOAHBIE 00BEK-
Thl BHAJalOT B lBaHBKOBCKOE BOJOXpaHunuine. Beero BeImonHeHO 82 3amepa TeMIEpaTypbl MOBEPXHOCTH
BOJIHOM ¥ BMeIatomell cpeabl (II04BbI, CHETa).

JlocTOoMHCTBA TEIIIOBH3EPOB, STO BO3MOXKHOCTH: PabOTaTh HA Pa3IMIHOM PACCTOSHUU OT BOIHOTO
00BEKTa; MCIOIB30BaTh OSCIMIIOTHBIC JIETAIONINE alllapaThl C YCTAHOBICHHBIM Ha HUX TEIDIOBU3EpOM; 000-
3HAYHUTH YETKUE KOHTYPBI MeCTa cOpoca U PACHpPOCTPAHEHUSI CTOUHBIX BO; OICHUTH B3aHMOJICHCTBHE BOIHO-
ro 00beKTa ¢ BOZOCOOPHOH TeppUTOpHEii; H3MEPUTh TEMIIEPATYPy BMEILAIoIeil cpeibl BOIU3H BOJOTOKA.

Henoctatku: u3MepeHue TeMIepaTypbl TOJIBKO Ha TMOBEPXHOCTU BOJHOTO OOBEKTa, OOJBIIMHCTBO
TEIUIOBU3EPOB aJANTUPOBAHbl JUIl HCIOJIb30BAHUS B CTAllMOHAPHOM cpene (CTPOUTEIbCTBO, MPOMBIIIICH-
HOCTh, MEJMIIHA), B MEHBIIECH CTENEHN MOABEP)KEHHONH M3MEHEHHSM, YeM ITOBEPXHOCTH BOJHOTO OOBEKTa;
BBICOKas TIOIPEITHOCTD u3MepeHui (110 2°C); BBICOKask CTOMMOCTD TEIUIOBU3EPOB ¢ MUHUMAIBHOM MOTPEITHO-
cthio (0,1-0,2°C); HETOYHOCTh M3MEPEHUN B pe3yJIbTaTe HEMPaBWILHOW HACTPOUKU U KaJIMOPOBKH mpubopa
(HempaBWIIFHO BBICTABJICHA OTpaXKarollas TeMIlepaTypa u Ap.), MEIIaroliee BIMSHUEC HNPUPOIHBIX (AaKTOPOB
JUIL YETKOTO OTOOpaXKeHMs TeMIepaTypsl (TyMaH, Map, HOBBIIICHHAs TeMIlepaTypa OKpyKarolueil cpemsl,
0CaJIKH); MOTJIOIEHNUE YaCTU U3JIy4EeHUs BO3AYLIHOM CpeoH.

IIpakTHKa MOKA3BIBAET, YTO TEIIOBM3EPHAs ChEMKa ITOMOTAET OINEpPATHBHO OOHAPYKHUTH yYaCTKH
cOpoca U pacmpoCTpaHEHHs CTOYHBIX BOJ, 30HBI BBIXOAA M PACIPOCTPAHEHUSI TPYHTOBBIX BOJ, BBISIBUTH TEII-
T0BEIe A((HEKTHI B IIEPHOL JIEIOCTaBa. Vcroap30BaHNe TEIIOBU3EPOB ISl MOHUTOPUHTA BOTHOM Cpesl Ipe -
HoJjaraeT aJanTaiuio Ipudopa B HAyYHO-UCCIEI0BATEIbCKHUX LIEISX.

HccnenoBanne BHINONHEHO pu (huHaHCOBOM mojaepxkke PODU B pamkax HaydHOro mpoekta Ne 17-
45-690600 p_a.

Cherniaev G.A.
ON THE TRYNITY FUNCTION OF THE BIOCHIMICAL MARKER FOR THE EGGS OF
COREGONID FISHES (COREGONIDAE) - CYTOCHROME B 560 IN EMBRIOGENESIS
A.N. Severtsov Institute of Ecology and Evolution RAS, Moscow, Russia
gerarchernyaev@mail.ru
Hemoproteid cytochrome 560, the pigment that has been discovered in water-soluble part of corego-
nids oocyte yolk and is treated as a biochemical marker for eggs of the family Coregonidae, in all likelihood
performs protective (antioxidant) functions preventing spontaneous oxidation of embryo’s fatty inclusions.
Under the oxygen shortage inside the ice envelope, cytochrome B560 probably sets conditions for oxidation
processes of embryo’s tissue respiration.

Yepuses K.A.
O TPUEJIWHOM ®YHKIIUU BUOXUMHUYECKOI' O MAPKEPA UKPbI Pl CEMEHCTBA
CUI'OBbIX (COREGONIDAE) HUTOXPOMA p -560 BOMBPUOI'EHE3E
HucTtutyt npobiiem skosoruu 1 3osronud nvenu A. H. CeseprioBa PAH, Mocksa, Poccus
gerarchernyaev@mail.ru
Coznannast no perenuio B 1916 roxy Komuccueit Poceuiickoit imnepaTtopckoil AkageMun Hayk 1o usyde-
mmto baiikana (KWbB) mox pykosoactBom JI.C. Bepra, B.A. O6pyueBa u A.H. CeBeprioBa mpu cozeiicTBUM
B.K. oporocraiickoro u I'.}O. Bepewaruna B 1917 rony B bonbimx Kotax Obla ocHoBaHa « baiikasbckas Ouosno-
rrdeckast ctaHiys. [lepBelit peiic Ha MoTopHOM Jtoake «Halika», uepe3 Bech baiikan B UMBBIPKYHCKHN 3aJIMB COBEp-
M Oyryrve Beinarommecs ruapodrosior: B.K Jloporocraiickuid, .. Mecsues, u cryaentst JI.JI. Poccommmo u
JLA. 3enkeBuu. B 1930 rogy I'.}O. Bepemmarun nepesen JINMHOIOrMUECKYIO CTaHIIMIO B TIOCEJIOK JIMCTBsIHKA y MCTO-
ka Axrapsl. B 1960 roxy Jlnmuonorudeckast cranuust BCO AH CCCP 6b1a peoOpa3zoBaHa B paMkax passutis Cu-
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oupckoro otaeneaus AH CCCP B JINMHOJIOTHYECKHI UHCTUTYT, KOJUIEKTHB KOTOPOTO MPUCTYII K KOMIDICKCHBIM
uccreoBanusM o3epa baiikain. M3ydenue sHAeMIYHON MXTHO(GAYHBI KpOME MOP(OIOTHYECKOTO acrekTa HOCHIIO U
MpaKTHYeCKHuil xapakTep. MccnenoBanmuch OMOTEXHMYECKHE IMPHEMBI HCKYCCTBEHHOTO BOCIIPOM3BEICHHS IICHHBIX
TIPOMBICIIOBBIX PBIO: YEPHOTr0 OalKaIBCKOTO XapHyca, OMyJist 1 o3epHoro cura. C 3Toi nessro cotpyqauky Muctury-
ta: KA. Uepnses, A.U. Memepsikora, T.B.[loruii, K.XK.Boruaues, A.M.MamontoB, H.C.CmupHOBa,
B.B. CMupHOB, TIPOBOJIIN WCCIIEAOBAHIS PAa3MHOKCHUS M Pa3BUTHS TIPOMBICTIOBBIX PHIO, HCTIONB3YS MO Oasbl:
Bonpimepeuenckuii, Yusbipkylickuii, bypayrysckuit u benbckuid (oMmynieBbie) 1 CapMUHCKHH (CHTOBBIN) PHIOOBOI-
HBIE 3aBOJIBI M BpEMEHHBIE PHIOOBOTHBIE XapHyCOBBINH (DpormxHHCKUA) U oceTpoBblid (CeneHrnHckui) myHKTHL Of-
HOU M3 HEpeIleHHbIX i1l (pyHIaMeHTaIbHON SMOPHOJIOTHHY PhIO, HO Ype3BBIYaifHO IPOPHIBHOM MPOOJIeMOl K HACTO-
SIIIEMY BPEMEHH, K KOTOPOH KOJUIETHU-TUMHOJIOTH TICPBBIMHU MPUIOKIIIN PYKH, SIBISICTCS MIATMEHT - TeMOIPOTEH]T
ToxpoM 3 560, coneprkariuiics: B BOIOPaCTBOPUMO# YacTH JKeNTKa MKPbI CHTOBBIX poIo (UepHseB, MukymnH, Ap-
1at6anoB, Bamorok, 1988). /laHHbIN MTOXPOM MPHCYTCTBYET B YKEITKE HKPBI BceX poId cemetictea Coregonidae -
CHIOBBIE, OTpsiza Jiococeobpasubie - Salmoniformes, mogotpsina- JlococeBuanbix- Salmonoidei, B BoccraHoBIEHHOM
COCTOSIHHH, a TIOCJIe TIOTIAJaHMsI KPHI B BOY TIPH HEPECTE MEPEXOUT B OKUCIICHHOE M TaK COXPAHSIETCs 0 TOJIHOTO
paccacbIBaHHsI JKeNTKa 3MOpHOHOM. Bech Tepro pa3BUTHS JaHHBINA TEMONPOTEN T JOTIOTHUTEIBHO K KapOTUHOW/I-
HBIM [TMTMEHTaM OKPAILIMBAET KEJITOK B XKEJTHIH 1BET. VccieoBaHie roMOreHaToB TKaHel MBIIILL, IEYeHH, KPOBH U
TIOYKM CEBAHCKOTO CHTa MOKA3aJIM TIOJTHOE OTCYTCTBHE B HAX ITOXpoMa B 560. B nkpe npyrux ceMencTB JI0COCEBbIX
poI6 mroxpoM P 560 He 6611 0OHApYKeH. CpaBHEHHE TPOIIECCOB Pa3BUTHSI SMOPHOHOB BHYTpH OTpsina Jlococerns-
HBIX MEXIy ceMericTBamMu JIOCOCEBBIX BBIBIIIO, YTO CHTOBBIC PHIOBI B OTIIMUKE OT JIOCOCEBBIX M XapHYCOBBIX PHIO
MOT'YT pa3BUBATHCS OYTy4IH MHKAICYIUPOBAHEI B Jie/] (MTaroH) v 6e3 MPHUCYTCTBUSI COTHEYHOTO CBETA, PETYIMPYIOIIe-
ro TeMN 3MOpHOTeHe3a, Pa3BUBATLCA HE MOTYT. “@oTodmimis” 3apojplliell CHTOBBIX PHIO PE3KO OTIMYAeT UX OT
OCTaJIbHBIX MpezcTaBuTeNel peId oTpsiaa Salmoniformes, pa3BuTre SMOPUOHOB KOTOPBIX OCYIIECTBIICTCS B KAMEHH-
CTOM TPYHTE HEPECTHJIUILI, MO0 01 KAMHSMH NPH OTCYTCTBHH CBETA, KOTOPBIH JUTs HUX TyouteneH. [1o nmerormm-
s HaOJTIOZIEHHSIM TIO/IBIDKHBIE (CBOOO/IHBIE) SMOPHOHBI JIOCOCEBHIHBIX TOCIE BBUTYIUICHHS M3 00OJIOYKH, aKTHBHO
HCTIONB3YS] MEXKTPABUMHBIC ITYCTOTBI, YXOJST OT CBeTa B TeHb (“‘(hoTododus”). [TurMeHTamms KapoTHHOJHBIMH TIHT-
MEHTaMH UKPHI JIocOCEeBBIX PBIO OCYIIECTBIISICTCSI B OCHOBHOM aCTAKCAHTHHOM, 8 MKPa CUTOBBIX OKpAIlICHA 3€aKCaH-
TtiHOM. Jlonroe Bpemst amMOpuosioru 1mkoibl C.I'. KppbkaHOBCKOTO Mpeonaraii, YT0 KapOTHHOUIHBIC TIMTMEHTHI,
BBITIONHSTIOT JIbIXaTeNbHble (pyHKIMK 3apoapieil. Anrmiiickue ¢muonoru K. Cvut n @. Xencyont (1972) nokaza-
JIM, YTO TIPY HAJIMYMH B SIHIIEKIIETKAaX MIMTMEHTOB C IMKITMYECKIMH CTPYKTYPaMH, TIPH BO3/IEHCTBHIH CBETA, 3apOJIBIII B
COCTOSIHIM Pa3BUBAaThCS IPU KpaliHe HU3KHX 3HAYCHHSIX KUCJIOpO/ia, 00eCIIeurBasi 3HEPTHI0 Pa3BUTHA 3a CUET paslio-
YKEHUSI MOJICKYJT BOJIBI M3 TUIa3MBI KIIETOK 3apozbiia 3a cuetT H+ nona Bomopoza! MiMeHHO Takoil «aHa’poOHBIIN X0
COOBITHI BEpOSITCH B AMOpHOTeHe3e CUToBBIX phI0! Poib muroxpoma B560 B kauecTBe TOTIOTHTENS CBETOBOM SHEP-
THH, a TakKe ero (POTompoTeKTOpHas U (GOTOPEryIMpYyIomas (PyHKIMK (2 BO3MOXKHO, U KPHOIIPOTEKTOPHAS) BIIOJIHE
BEPOSTHBI U JIOJDKHBI OBITh IIEJTBIO TATBHEHITINX U3bICKAHHUH.

Chernyshov M.S., Sinyukovich V.N.
PARAMETERS OF THE WATER LEVEL REGIME IN LAKE BAIKAL BASED ON THE DATA OF
PRE-INSTRUMENTAL PERIOD
Limnological Institute SB RAS, Irkutsk, Russia
chernishov@lin.irk.ru

Monitoring of the water level of Lake Baikal has been performed since 1898. To imagine the picture
of changes of the water level in the lake in earlier period, researchers use dendrochronological, archeological,
chronical and other data. We consider a series of data of the average annual water levels in Lake Baikal for
1729-2017. A.N. Afanasyev (1967) reconstructed the major part of these data (1729-1897) from solar activity.
The rest data present the water levels measured in the periods of natural (1898-1958) and regulated (1959-
2017) water regimes of the lake.

To eliminate non-uniformity of the data connected with the regulation, the water levels recorded in 1959-2017
were brought to natural conditions according to the water balance scheme of reconstruction (Sinyukovich, Cher-
nyshow, 2018). The analysis of the 289-year dynamics of long-term natural water levels of Lake Baikal shows that it is
possible to trace long-term trends of different duration, including secular and inter-secular cycles. The beginning of the
first (conditional) secular cycle and its termination corresponded to 1700-1710 (Afanasyev, 1976) and 1814, respec-
tively. This cycle reached its maximum in 1751. The second secular cycle continued until 1903, and its maximum in
1869 was absolute, which was confirmed by the levelling of the mark of the highest water level of this year at Cape
Shamansky by B.I. Dybovsky. The third cycle appeared to be longer and is likely continuing at present. Having data on
natural observations of the water level and flow, it is possible to distinguish three distinct inter-secular cycles within the
third one and the fourth weakly expressed cycle beginning in 1981 with long extended decline. Therefore, it is doubtful
that this cycle has ended and a new stage has begun.

The highest levels of water in the lake were recorded in the third secular cycle. The main parameters
of the level regime for the periods with different original data are as follows:

Period Mean value, m Standard deviation, m
Pre-instrumental natural (1729-1897) 455.49 0.14
Pre-instrumental natural (1898-1958) 455.61 0.17
Instrumental conditionally natural (1959-2017) 455.69 0.13
Entire series (1729-2017) 455,55 0.17

These data also attest to weak tendency of the water level rise during the last three centuries.
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Yepupimos M.C., Cunroxkosuy B.H.
MMAPAMETPBI YPOBEHHOI'O PEXKUMA O3. BAUKAJI C YUETOM JAHHBIX
JOUHCTPYMEHTAJIBHOI'O ITIEPUOJA
Jlumuonoruyeckuit uacturyr CO PAH
chernishov@lin.irk.ru

JlocToBepHbIe TaHHBIE HAOMOCHHH 3a ypoBHEeM baiikana umerorcs ¢ 1898 r. [y cocTaBiieHus Kap-
THUHBI N3MEHEHUI ypOBHS 03epa B OoJiee paHHHUN MEPHOJ MCIOIB3YIOTCS ACHAPOXPOHOIOTUIECKUE, apXeoIo-
TUYecKue, JIETONMCHbIE U UHBIE cBelleHusl. Hamu paccmaTpuBaeTcst psifi CpEAHETOIOBBIX YpOBHEH 03. balikan
3a 1729-2017 r., B KoTOpoM Oouibmas 4acTh AaHHBIX (1729-1897 rr.) pexoncTpynpoBana A.H. AdaHackeBbIM
(1967) o cBsA3U C CONHEYHON aKTUBHOCTHIO. OcTajbHBIE JAHHBIE - 3TO PE3YJIbTaThl U3MEPEHHBIX YPOBHE,
BKITIOYAIOIINE TTepHoIbl ecTecTBeHHOTO (1898-1958 1T.) M 3aperymuposannoro (1959-2017 rr.) BomHOTO pe-
KIMa 03epa.

Juis ycTpaHeHHsT HeOTHOPOIHOCTH JaHHBIX, CBSI3aHHBIX C PETYINPOBaHNEM, HAOIIOICHHBIC YPOBHH 32
1959-2017 rr. ObUTM MIPUBENIEHBI K €CTECTBEHHBIM YCIOBHUAM 10 BOJIHOOAIaHCOBOM cxeme (CuHiokoBU4, Uep-
HBITIOB, 2018) pexoHCTpyKIuy. M3 aHamm3a coCcTaBICHHOM, TakMM 00pazoM, 289-neTHel JUHAMHUKH MHOTO-
JIETHUX €CTECTBEHHBIX YpoBHel balikana MOXHO MpOCIEeNnTh MPOSBICHHUE JTOJTOBPEMEHHBIX TEHACHIIUN pas3-
HOM JUIMTENIbHOCTH, B TOM YHUCJIE, BEKOBBIX M BHYTPUBEKOBBIX IIUKJIOB. Hauano nmepBoro (yCiI0BHO) BEKOBOTO
mukora npuxogutes Ha 1700-1710 rr. (Adanacwses, 1976), a ero okondanne — Ha 1814 r. CBoero Makcumyma
JaHHBIA UK gocturan B 1751 r. Bropoii BekoBoi mukit nmpomomkaics a0 1903 r., a ero makcumym B 1869 1.
SIBIISIETCS. aOCONMIOTHBIM, YTO TOATBEPXKICHO HUBEIHUPOBKOW 3aCEUKHM HAWBBICIIETO YPOBHS JAaHHOTO ToOja,
HaHeceHHO# B.U. JIpi6oBckum Ha mbice [llamanckwmii. TpeTuit nuka okazancs OoJiee MPOJOKUTEIBHBIM H,
BO3MOJKHO, MPOJIOJDKAeTCsl B HAcTosllee BpeMs. BHYTpU Hero, uMmesi HaTypHble HaOMIOJIEHUs 32 YPOBHEM U
MIPUTOKOM, MOXKHO JOCTATOYHO YBEPEHHO BBIJICIUTH TPU BHYTPUBEKOBBIX IIMKJIa U MEHEE BBIPA)KEHHBIN YeT-
BEPTHIiA, HAaYaBIIHHCS B 1981 T. ¥ OTIMYAFOIIUIACS IPOIOIDKUTEIEHBIM PACTIHYTHIM CIaI0M, YTO HE TI03BOJISET
Ha CETOAHSAIIHUIA JeHb YBEPEHHO TOBOPHUTH O €TO 3aBEPIICHIH U HAYaJIe CISIYIONICH BOTHEL.

B Teuenue Bcero paccmarpuBaeMoro mepuozaa 0oiiee BEICOKHE YPOBHH IIPUXOISTCS HA TPETHI BEKO-
BOM IUKJI. [IJI1 BpEMEHHBIX OTPE3KOB C PAa3HBIM XapaKTEPOM MCXOTHBIX AAHHBIX OCHOBHBIC MAapaMETPHI YpoO-
BEHHOT'O PEXUMA MOTYIUITUCH CIEAYIOIIUMU:

CpelHee 3Have- CTaHJApTHOE OT-
aue, M TO KJIOHCHHE, M
MepUO.
- IOWHCTPYMEHTAJBHBIN ecTecTBeHHBIH (1729-1897 1T.) 455,49 0,14
- TOMHCTPYMEHTAJIbHBIN ecTecTBeHHbIN (1729-1897 rT.) 455,61 0,17
- HHCTPYMEHTaJIbHBIN yCIIOBHO-ecTecTBeHHBIH (1959-2017 rT.) 455,69 0,13
- Bech psx (1729-2017 1r.) 455,55 0,17

HpI/IBeIleHHI)Ie JAAaHHBIC TAKXKXC CBUACTCILCTBYIOT O cnaboi TCHACHIIMH POCTA YPOBHS B TCUCHUC TPEX
MOCHEeAHUX CTOJETHH.

Chernogor L.1., Feranchuk S.1., Belkova N.L., Klimenkova E.S., Khanaev 1.V., Belikov S.I.
APPLICATION OF THE MODEL CELL CULTURE OF PRIMMORPHS IN THE CONDITIONS OF
MASS DEATH OF BAIKAL SPONGES
Limnological Institute SB RAS, Irkutsk, Russia
Ichernogor@mail.ru

In recent years, Lake Baikal has faced a serious problem of mass diseases and the death of endemic
freshwater sponges. The first appearance of anomalously colored pink sponges Lubomirskia baicalensis (Pal-
las, 1771) described in 2011 (Bormotov, 2011). Presently, in many areas of the lake identified diseased and
dying sponges (Kravtsova et al., 2014; Khanaev et al., 2017). Simultaneously with the disease of the sponges a
large-scale violation of the spatial distribution and structure of phytocoenoses of the coastal zone of the lake
has been noted Baikal (Timoshkin et al., 2016). The cause of these phenomena is not known.

Baikal sponge L. baicalensis (Demospongiae, Lubomirskiidae) is primitive multicellular symbiotic an-
imals. Earlier, we have shown that primmorphs cultivation in vitro will allow the creation of a live model sys-
tem under experimentally controlled conditions in the absence of any additional organic component (Cher-
nogor et al., 2011). The endemic freshwater Baikal sponge L. baicalensis (Pallas, 1776) was the subject of our
investigation. The purpose of this study is to isolate and identify bacterial pathogens with the help of the cell
culture of primmorphs on the basis the morphological, metagenomic and bioinformatic studies.

The association of microbiomes of microorganisms in healthy and experimentally infected cell cul-
tures of primmorphs studied and evaluated using a comprehensive investigation of the mechanisms of the dis-
ease of endemic Baikal sponges, including the study of composition and dynamics of bacterial and eukaryotic
symbionts. Results of the given work in the further become a basis for creation of a collection of modelling
cellular cultures of freshwater Baikal sponges and will allow expanding representations about symbiotic mutu-
al relations in freshwater sponges. These data, in a practical plan will help understand the causes of the epi-
demic that affected the Baikal sponges, which will give an opportunity to give recommendations to the rele-
vant environmental organizations.

This work supported by budget projects of Federal Agency of Scientific Organizations: no 0345-2016-
0002, by the Russian Foundation for Basic Research (grants no 16-04-00065; 16-54-150007; 18-04-00224).
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NPUMEHEHUWE MOJEJBbHOU KIIETOYHOU KYJIbTYPBI IPUMMOP® B YCJIOBUSIX
MACCOBOU I'BEJIM BAUKAJIbCKUX I'YBOK
JImvmuonoruuecknii uactutyt CO PAH, Upkyrck, Poccust
Ichernogor@mail.ru

B nocnennuie rojpl, Ha o3epe baiikan Bo3HHMKIIA cepbe3Has pobiieMa MacCOBBIX 3a00JieBaHUNA 1 THO e-
JIM SHAEMHYHBIX TPECHOBOMHBIX T'y0oK. IlepBoe MOsBICHHE aHOMATBHO OKPAIICHHBIX PO30BBIX rybok Lubo-
mirskia baicalensis (Pallas, 1771) 6bu10 omucano B8 2011 roxy (bopmotos, 2011). B Hactosiiee Bpemsi, BO
MHOTHX palloHax 03epa BBISBJICHBI OOJBHBIC, B TOM 4YHcie morudaromue Buiabl rybok (Kravtsova et al., 2014,
Xanaes u ap., 2017). OqHOBpeMEHHO ¢ 3a00JIeBaHHEM I'yOOK OTMEUEHO KPYITHOMACIITAaOHOE HAPYIICHUE MPO-
CTPAHCTBEHHOI'O PACIPEACIICHHS  CTPYKTYPHI (PUTOICHO30B MpubpexHoi 30HbI 03. Baiikan (Timoshkin et al.,
2016). [IpyunHa BOSHUKHOBEHHS dTHX ()CHOMEHOB HE M3BECTHA.

Paree MBI TIOKA3aJTH, YTO KYJIETHBUPOBAHHUE KIIETOUHOM KyJBTYPBI prMopd iN VItro mo3BoswT cO31aTh )KUBYIO
MO/ICTIEHYFO CHCTEMY B 3KCIIEPUMEHTAIIFHO KOHTPOIMpYeMbIX yenoeusix (Chernogor et al., 2011). DuueMuusast mpecHo-
BojHas1 Oaiikabckast ryoka L. baicalensis (Pallas, 1776) Gbuia 06beKTOM Hatiero uccienoBanust. 1{enbio JaHHOTO HC-
CIICZIOBAHMS SIBJISUIACH M3OILSIIMSL M MIACHTA(PUKAIMS OaKTepHATHHBIX MATOCHHBIX arcHTOB C TOMOIIBIO KIICTOYHOU
KYJIBTYPBI IprMMOop¢ Ha OCHOBE MOP(OJIOTMIECKUX, METATCHOMHBIX ¥ OMOMH()OPMAIIFIOHHBIX FICCIICIOBAHMIM.

Hawmu, wiccnenoBana 1 oreHeHa accoIMaIis MEKPOOHOMOB MUKPOOPTaHM3MOB B 3I0POBBIX M OKCTICPHMEH-
TaJHHO 3apaXKCHHBIX KIETOUHBIX KYJIBTYpaxX MPHIMMOpP(] ¢ HOMOIIBI0 KOMIDIEKCHOTO FICCIICIOBAHMS MEXaHU3MOB 3a-
OorneBaHus YHACMHYHBIX TYOOK balikama, KOTOpble BKIOYAIOT N3yUeHHE COCTaBa U IMHAMUKH OaKTepUAILHBIX U JY-
KapHOTHYECKUX CUMOMOHTOB IIPECHOBOHOM T'yOKH. Pe3ynbTaTel TaHHOM paboTh B TabHEHIIIEM CTaHyT OCHOBOI 1St
CO3/IaHMs KOJUICKIIMU MOJICTBHBIX KJICTOYHBIX KYJIBTYP TPECHOBOHBIX OaNKAIBCKHMX T'YOOK U TIO3BOJIAT PACIIMPUTH
HAIlM TIPEICTABJICHIS O CUMOMOTIYECKUX B3aMMOOTHOIICHUSIX B MPECHOBOMHBIX I'yOKaxX. B mpakTudeckoM IuiaHe,
STH JAHHBIC TO3BOJLIT MOHATH MPUYHMHEI AIHACMUM, 3aTPOHYBIICH OalKadbCKUX TyOOK, YTO HPEIOCTABUT BO3MOXK-
HOCTB JJaTh PEKOMEHIAIINH COOTBETCTBYIOIINM IIPHUPOIOOXPAHHBIM OPraHU3aIIHsIM.

Pabora BeImosiHEHa B pamkax rocyaapctBeHHoro 3aganus Ne 0345-2014-0002, a taxke npu GUHAHCOBOW TOJI-
nepxke mpoekToB PODU Ne 16-04-00065; Ne 16-54-150007; 18-04-00224.

Chuiko G.M.

MODERN APPROACH FOR THE DETERMINATION OF AREAS OF WATER BODIES
CONTAMINATED WITH POPs (PCB, DDT AND ITS METABOLITES, HCCH ISOMERS) FROM
ORGANIZED LOCAL SOURCES AND DIFFUSIVE RUNOFF

Papanin Institute for Biology of Inland Waters RAS, Borok, Russia,
Demidov Yaroslavl State University, Yaroslavl, Russia
gko@ibiw.yaroslavl.ru
A methodical approach is proposed for separate detection of areas of water bodies contaminated with POPs
(PCBs, DDT, HCCH) from an organized local source, due to scattered unorganized terrigenous runoff, with atmos-
pheric precipitation as a result of atmospheric transport. The method is based on the determination of the content, quali-
tative composition and nature of the spatial distribution of POPs and the products of their degradation. This approach
was tested on the example of the Rybinsk and Gorky reservoirs in European part and some rivers in Far East of Russia.

Yyiiko I'.M.

COBPEMEHHBII NOIXO /151 ONPEAEJIEHUSI PAUOHOB BOJHBIX OFbEKTOB, 3ATPSI3-
HEHHBIX CO3 (IIXB. JUIT 1 ET'O METABOJIUTBIL, U3OMEPBI I'XIIIN U3 OPI'AHU30BAHHBIX
JIOKAJIbHBIX CTOKOB 1 HEOPI'AHU30BAHHbIX /IU®®Y3HbBIX UCTOYHUKOB
WucTtutyt 6nonorun BHyTpeHHHX BoA uM. M. /1. [Tanannna PAH
152742 Poccust bopok, SApocnasckas o6i., Hekoysckwuii p-u, UBBB PAH
gko@ibiw.yaroslavl.ru

B mocnenamie rompl MOBRIIIEHHOS BHUMAHUE SKOTOKCHKOJIOTOB YETSCTCS TPYIIE CTOMKAX OPraHHIECKUX
sarpsauTenieid (CO3), OTHOCSIIMXCS K KITACCY XJIOPOPTaHNUYECKUX COCAMHEHUI M 00JIaatoiX PSIOM crierdrde-
CKHX CBOWCTB: 1) BBICOKOIH CTOHKOCTBIO K (DM3UYECKUM, XUMHUYECKAM 1 OHUOJIOTMYECKUM (pakTopaM; 2) CIIOCOOHOCTHEO
JIOJITO IUPKYJIUPOBATH B OKPY)KAIOIIeH cpefie; 3) roOalbHON paclpOCTPaHEHHOCTHIO; 4) TIOBBIIICHHOW CTETICHBEO
OMOAKKyMYJIAILMH 33 CYET HUCKIIFOYUTESIHO BBICOKOW TMIPOPOOHOCTH W JMMOQPUIBHOCTH, OCOOCHHO Ha BBICILIHX
YPOBHSX TPOMHUECKUX CETCeH; 5) HU3KON CKOPOCTBEO META0OIMUECKOH Jerpanaiy; 6) CriocCOOHOCTBIO OKa3bIBaTh
TOKCHUYECKOE JICHCTBHEC Ha OPTaHIM3MBI B KpaiiHe ManbIx 103ax. Bee ato nemaer CO3 0co00 OmacHBIMU SKOTOKCHKAH-
Tamu. YuureiBas 310, B 2001 1. B CTokronsMe Obuta npuHsATa [o0anbHas MeXTyHapoIHasT KOHBEHIIUS O 3arpeliie-
HWH TIPOU3BOJICTBA ¥ rictionb3oBaHust CO3, koTopyro Poccus nommucana B 2002 1. u patudummposaia B 2011 1.

B cmty cBoeit Bbicokoit runpodoorocTn CO3 mpakThieckd OTCYTCTBYIOT B PacTBOPEHHOH (hopMe B BOJIE.
INomanast B BoJIHBIC OOBEKTHI, OHU OBICTPO COPOUPYFOTCS HA B3BEIICHHBIX MUHEPATIHHBIX U OPTaHIYECKUX YaCTUIIAX.
C HMMU OHH PA3HOCATCS TIO TCUCHUIO HA 3HAYUTEIBHBIC PACCTOSIHUS M OCEAIOT HA JTHO, aKKyMYJIHPYSICH B JIOHHBIX
omnoxenwnsix ([10) B 30HaX MOBBIIICHHOW CEAMMEHTAIIMH, IPUYPOUCHHBIX K MECTaM 3aMeIUICHHS TeUeHUsL. SIBIsisich
HanOoJiee KOHCEPBATUBHBIM KOMITOHEHTOM dKocucTeMsl, IO cirykar neperaHbM Hakormurertem CO3. Mx mpoctpan-
CTBEHHOE pachpe/ielicHie HanOoIee TOYHO OTpayKaeT XapaKTep 3arps3sHCHIUS MU IPECHOBOTHBIX OOBEKTOB.

B epornetickoit vactu Poccuu cpenn CO3 Hambosiee 4acTo U B HAMOOJIBIINX KOJHMYECTBAX BCTpEYa-
10TCs1 osmxJiopupoBanHble Oudennnsl (I1Xb), muxnopaudenmntpuxnopstad (JAT) u ero MeTaboINUTEL, TeK-
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caxnoprukiorekcan (I'XII") u ero nzomepsl. CootHomenue 3tux rpynn CO3 B JIO pacnonaraercs B psmy
> TIXb > JI]T u ero Mmetabosmthl > n3omepsbl [ XTI

Monutopunr CO3 B /10O mOBEepXHOCTHBIX Bojgax Poccuu B HacTOsIee BpeMsl HOCUT HEPETYIIIPHBIH
XapakTep, a HOPMATHBBI COJep)KaHHsl BOOOIIe OTCYTCTBYIOT. st pa3paOOTKW HOPMAaTHBOB W OpraHHU3aIlU
HKOJIOTHIECKOTO MOHUTOPHHTA HE00X0 MO kinaccupunrpoBath CO3 1Mo HCTOYHUKAM MOCTYIUICHUSL.

B BogHbIe 006eKTHI CO3 TOMNAIAF0T: a) W3 OPraHU30BAHHBIX JIOKAIHHBIX HCTOYHHKOB CO CTOYHBIMH BOJIAMH;
0) 3a cuer quhy3HOrO PaCcCESIHHOTO TEPPUTSHHOTO CTOKA; B) ¢ aTMOC(HEpHBIMH OCaIKaMU B pe3yJibTate arMochep-
HOTO TiepeHoca. OMHAKO OMpeNeNUTh HCTOUHMKY TocTyrueHnss CO3 npu ux 00HapyKEHHH B BOJHOM O0OBEKTE JI0CTa-
TOYHO CJIOXKHO.

Llens paboTBI — TPEIUIOKUTH METOTUYCCKHIA TTOIXOM ISl BRISBICHUS YYaCTKOB BOJIHBIX OOBEKTOB,
MOIBEPKEHHBIX 3arps3HeHui0 CO3 13 pa3HBIX HCTOYHUKOB UX IMOCTYIUICHUSL.

CyTb mpeyiaraeMoro Toxo/ia B OIPEICIICHHIH He TOJBKO COZepyKaHws, HO M KaueCTBEHHOTO COCTaBa M XapaK-
Tepa npoctpancTeHHoro pactpeneneHus CO3 B JI0 Bomoro oonekta. Ilepeunciennbie Boime CO3 npeacTapisioT
€000l KOMMepUYecKre CMECH € Pa3HbIM COOTHOIIICHHEM TOMOJornueckux rpyrm konreHepoB (ITXB), ncxoaHoro mpo-
nykta 1 MetabosmtoB (JIT) wm momepor (I'XLI). Tlocne nonamanvist B BOIHBINA OOBEKT U3 JIOKAIBHOTO UCTOYHHKA
KauecTBeHHbI coctaB CO3, B CHTy UX BBICOKOM YCTOMYMBOCTH K JEIHCTBHIO BHEIIHUX (DAKTOPOB, OCTACTCS] HEU3MEH-
HBIM OTHOCHTEJIEHO HCXOJHOTO KOMMEPYECKOT0 Tperiaparta IpoIoJpKUTeNbHOE BpeMs. [1o Mepe yaaneHus oT HCTOUHU-
Ka 3arpsi3HCHUS WX KAUeCTBEHHBIH COCTAB OCTACTCS HEM3MEHHEBIM, a COZIEpKAaHHE TIOCTETICHHO CHIDKACTCs, T.€. IpO-
CTPaHCTBEHHOE pacTpesie]ieHie HOCHT TpaueHTHBIN Xapaktep. [lpu muddy3HOM HeopraHm30BaHHOM TEPPUTESHHOM
CTOKE WJIM BBINIAJICHUH C aTMOC(EpPHBIMU OCaJIKaMH KauecTBeHHBIH coctaB CO3 B CHIy JUTMTEIHLHOW IUPKYJSIMA B
OKpY’KaloIIeH cpezie TpaHC(OPMHUPOBAH OTHOCHUTEIFHO MCXOIHOTO TPOIYKTA B CTOPOHY MPeoOiafaHus MPOIYKTOB UX
JIeTpajialiiy, CofiepkaHue, Kak MpaBUiIo, CYILIECTBEHHO HIDKE, YeM TPH JIOKAIBHOM INOCTYIUIEHHH, POCTPAHCTBEHHOE
pactpenenerue B J10 uMeeT paBHOMEpPHBIH xapakTep. [JaHHbIH T0IX01 YCIENTHO anpoOrpoBaH Ha MpuMepe PriouHCcKo-
ro u I'oppkoBcKoro Bonoxpanwmia B EBponeiickoit yacti Poccuu 1 Ha psane pex JlaimbsHero Boctoka.

Pabora BpmmomHena B pamkax rocymapctBeHHoro 3amanusi ®AHO Poccum (Ne r/p AAAA-A18-
118012690123-4) mpu uwactruHOW (puHAHCOBOW moanepxke PODU (mpoextsr NeNe 10-05-10058, 10-05-
00593 u 12-05-00572) u npuoputetHOro npoekra [IpaButensctBa PO «O3n0posneHue Bonruy.

Chuparina E.V., Azovsky M.G.

ACCUMULATION OF METALS BY MACROPHYTES IN THE BRATSK WATER RESERVOIR
Vinogradov Institute of Geochemistry SB RAS, 1A Favorsky Str., Irkutsk 664033, Russia
Ichup@igc.irk.ru

The higher aquatic plants, macrophytes, are used as the bioindicators of ecosystem contamination. Sometimes
they are applied for phyto-remediation of polluted water reservoir due to their selective element intake and high sorp-
tion capacity. The work is aimed at determination of metals Ti, Cr, Mn, Fe, Ni, Cu, Zn, Sr and Pb in different macro-
phyte species of the Bratsk water reservoir and study of element accumulation depending on time and place of sam-
pling. The following macrophytes were examined: submersed (Elodea canadensis Michx., Potamogeton pectinatus L.,
Potamogeton perfoliatus L. and Myriophyllum spicatum L.) and aquatic plants with the leaves floating over water sur-
face (Polygonum amphibium (L.) S.F. Grey). They differ in the mode of nutrient intake. The macrophytes were sam-
pled in time span 2009 to 2015 in different places of the Bratsk reservoir, distinguished by the rate of anthropogenic
load. The element contents were determined by the X-ray fluorescence method. The comparison between species
showed that P. amphibium species has the lowest element concentrations. The submersed plants appreciably accumu-
late metals. The element contents are much higher than in elodea Canadensis species collected from Lake Baikal
(background territory). It found out that P. perfoliatus abundantly accumulated Ti, Cr, Ni, Cu and Pb in years 2011,
2012, 2015, and Pb in 2013. The sites with low and high metal contamination were revealed in the Bratsk reservoir.
The anthropogenic impact and contamination of plants with suspended matter are proved to be the effluence factors.

Yynapuna E.B., A3ockuiit M.T'.

HAKOIIVIEHUE METAJIJIOB MAKPO®UTAMMU BPATCKOI'O BOAOXPAHUJINIIIA
OI'BYH Uuctutyt reoxumun um. A.I1. Bunorpagosa CO PAH, 664033, Upkyrck, yin. @aBopckoro, 1A
Ichup@igc.irk.ru

Briciie BoIHBIE pacTeHWs, I MakKpO(UTEHI, UTPalOT BAKHYIO PO B OMOTCOXMMUYECKOM KPYrOBOPOTE
XMMUYECKHX 3JIEMEHTOB B BOJOEMAX, KOHIICHTPUPYS AJIEMCHTHI B KOJMYECTBAX MPEBBIMAIOMINX UX COIACPKAHHE B
OKpYXaroIIei cpenie. AKKyMyIHpyroliasi ClloCOOHOCTh BOHBIX PacTeHUI 3aBUCHUT OT pszia (PaKTOpOB: YCIIOBUH cpe-
JIbI OOUTaHWsL, BUIIOBOY MPHHAIIICKHOCTH, 00YCIIOBICHHOH (DH3HUOIOTHYECKAMI OCOOCHHOCTSIMU PACTEHHUS, OT (DH3H-
KO-XMMHYECKUX CBOMCTB MOIVIOIIAEMBIX JIEMEHTOB, aHTPOIIOTEHHOIO BJIMSHUS U APYruX. BoaHble pacteHus yacTo
paccMaTpHUBAIOTCSI KaK OMOMHIMKATOPHI COCTOSHIS BOTHOM 3KOCHCTEMBI. Taroke MX UCTIONB3YIOT IS OYHUCTKH BOJIO-
eMa OT 3arpsI3HEHHS, OMPAsCh Ha M30MPATETFHOCTD MOTIIOICHHUS W BBICOKHE COPOIIIOHHBIC CBOICTBA.

MHoroneTHrif MOHUTOPUHT Ka4ecTBa BOJbI M IOHHBIX OCAJKOB BpaTckoro BomoXpaHuImia oKasail u3Me-
HEHHE COCTaBOB BO BPEMEHH I10J] JICWCTBUEM MPUPOJHBIX W TEXHOTeHHBIX (hakTopoB. VccnenoBanne MakpodhuToB
MIPOBOJIMJIOCH TOJIBKO C MO3UIIMM PTYTHOTO 3arpSA3HEHUS SKOCUCTEMBI. AKTYaJIbHBIM SIBIISIETCS U3YUEHUE aKKyMYJIs-
LM BOJJHBIMH PaCTEHUSIMU JPYTUX METAILIOB B YCIIOBUSIX BBICOKOIM IPOMBILILIEHHON HATPY3KH HA PETHOH.

Ilens paGoThI coCTOsIA B OMpeaenenns coaepxanus metawioB Ti, Cr, Mn, Fe, Ni, Cu, Zn, Sr u Pb B makpodu-
Tax bpaTcKoro BOMOXpaHWIHINA [UTS H3YdeHMs] HAKOIUICHHS 3THX SJIEMEHTOB BOAHBIMH PAaCTEHHSMHU BO BPEMEHH U B
3aBHICHMOCTH OT YCJIOBWIA TIpom3pacTanust. [ uccienoBanuii OTOMpAINCh PACTEHHS, OTIIMYAIOIINECS KaHAIAMH T10-
CTYIUICHHSI IMTATeIBHBIX BeliecTB. [lorpykeHHbIE C1a00 YKOPEHSIOIIHECS PACTEHHUS, PECTABUTEND 0SS KaHAJICKas
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(Elodea canadensis Michx.), moromaroT muraTesbHbIe 3IEMEHTI, B OCHOBHOM, M3 BOIHOW MAacchl. B morpy)keHHbIe
YKOPEHSIFOLIIHECS pacTeHust — precT rpedenuarsiii (Potamogeton pectinatus L.), paect nporsennHommcTHbI (Potamo-
geton perfoliatus L.) u ypyts xomocuctast (Myriophyllum spicatum L.) HyTpreHTBI OCTYNAOT, Kak U3 BOMBI, TaK U 3
JOHHBIX oTioxenuit. [lepcukapust 3emuoBomHas Polygonum amphibium (L.) S.F. Grey — ykopeHstroriieecst pacTeHue ¢
TIIABAIOIIMMH Ha TIOBEPXHOCTH BOJIBI JICTHSIMH MMEET TPH MCTOYHHKA TIOCTYIUICHHS] KOMIIOHEHTOB: BOZIa, TPYHT H BO3-
nyx. [Ipo600oTO0p MpoBOIMIH BOJIM3H 1 B OTJAICHAN OT POMBIILICHHBIX HCTOYHHUKORB ¢ 2009 110 2015 IT.

ConeprxaHue METaJJIOB OTIPENeIISIIA METOZIOM peHTreHoduryopectieHTHoro ananisa (PDA) u3 HaBeckn 0,5 T,
CIPECCOBAHHOM B BHjIe TaOIeTKHU. sl BBIMOTHEHMS H3MEPEHHH HCTIONB30BAIM PEHTTEHOBCKHIA criekTpomeTp S4 Pio-
neer, Bruker, T'epmarust. Anamus pe3ynbratoB POA mokasai, uto cofiepykaHus SJEMEHTOB 3HAYUTENBHO BAPBHUPYIOT
He TOJIBKO MEXTy BUJIaMH, HO U BHYTpH ofHOTO BHza. [Ipn MexBHIOBOM cpaBHEHHH OBUIO YCTAHOBIIEHO, YTO MAaKpO-
(UTHI C IUIABAIONMMHI Ha TTOBEPXHOCTH JIMCTHSIMHA MMEIOT B CBOMX TKAaHAX HAMMEHBIINE KOHIIEHTPAIMN 3JIEMEHTOB.
HanpoTus, morpy>keHHbIEe pacTeHNs 3HAUYUTEHHO HAKAIUIMBAIOT MUKPOAIeMeHThI. COIOCTaBIIeHIe COCTAaBOB MaKpO-
(uToB Bparckoro BomoXpaHMIIMINA U 3JI0JICH KaHAJICKOM, COOpaHHOW B akBaTOpWH o3epa batikan (ponoBast TeppHTo-
pust), OKAa3aJjIo0, YTO HE3aBMCHMO OT OMOJIOTHYECKOM Ipymibl cpenrune conepskarus Ti, Ni, Cu, Zn u Pb B HeckoJBKO
pa3 npeBbaoT GoHOBBIE 3HaueHHs. M3yuenue unteHcuBHOCTH noromenus Ti, Cr, Ni, Cu u Pb paecrom rpebenya-
TBIM B 3aBUCHMOCTH OT rofia 0TOOpa MO3BOIMIIO 3a(hHMKCUPOBATh YCHICHHE aHTpOIoreHHOro BiausiHuA B 2011, 2012 u
2015 rr. Koadduupent nakormenus Pb 6601 Taroke BeicokuM B 2013 1. Tpu u3ydeHnH pacnpeesieH it SIeMEHTOB B
precte rpeOSHYAaTOM 1 3MI0/iee KaHa/ICKOH, COOpaHHBIX B pa3HBIX MECTaX BOAOXPAHFIIHINA, ObIIN OTIPE/IeIIeHBl MecTa
C HEBBICOKUM YPOBHEM HAKOIUICHHUS METAJUIOB MaKpO(HUTAMHU U 3arps3HCHHBIC TEPPUTOPUH. PaccMOTpEHBI BIHSIO-
e (aKkTopbl, CPEIN KOTOPBIX aHTPOIIOTEHHOE BO3ICIHCTBIE M CEANMEHTAIIMOHHOE OCaXKICHHE B3BEIIICHHOTO BeIlle-
CTBa Ha MMOBEPXHOCTH PACTCHUI.

Churilova T.!, Moiseeva N.! Latushkln A Usoltseva M.2, Titova L.%,
Gnatovsky R , Blinov V.2, ‘Suslin V.2
DEVELOPMENT OF OPERATIVE ECOLOGICAL MONITORING BASED ON REMOTE
SENSING DATA: PRELIMINARY RESULTS OF INVESTIGATION OF BIOOPTICAL
PROPERTIES OF LAKE BAIKAL IN JULY 2018
lKovalevsky Institute of Marine Biological Research RAS, 2 Nakhimov Ave., Sevastopol, 299011, RF
’Marine Hydrophy3|cal Institute RAS, 2 Kapitanskay str., Sevastopol 299011, RF,
Limnological Institute SB RAS, Irkutsk Russia
tanya.churilova@gmail.com

Operative ecological monitoring of Lake Baikal using remote sensing data requires development of regional
algorithms taking into account biooptical properties to transfer satellite data to water productivity indicators. The most
significant for solving this problem are the light absorption by phytoplankton (ax(1)), by non-algal particles (anap(1))
and by colored dissolved organic matter (acpom(A)). To adapt three-band algorithm for assessment of chlorophyll a
concentration in the upper layer of Lake of Baikal it is required to investigate spatial-temporal variability in ag(2),
anap(A) and acpom()), to parameterize light absorption by all in-water optically active components, to assess relative
contribution of each components to total light absorption. For the first time in the Lake of Baikal complex biooptical
investigations were carried out from July 24 to July 31 2018. Preliminary results showed a pronounced vertical hetero-
geneity of the upper ~ 70 m in species composition of phytoplankton community and bio-optical properties. In the lay-
er above the thermocline (at ~5 — 10 m) the a,(A) spectra were characterized by the two main peaks: in the blue (~ 438
nm) and red (~ 675 nm) parts of the spectrum. The values of the chlorophyll a specific absorption coefficient decreased
with depth. The decreasing was most si anlflcant in the blue maximum of the spectrum (from 0.060 to 0.033 m* mg™)
than in the red (from 0.020 to 0.017 m” mg™). In the layer below the thermocline a local maximum at ~ 560 nm ap-
peared on the ayn(A) spectra which was most noticeable at ~ 30 m depth. The changes noted in the agy(l ) spectra were
likely to reflect depth-dependent variability in phytoplankton species composition, in particular - the relative abundance
of phycoerythrin containing microalgae increased with depth. Spectral dlstrlbutlon of the anap(A)was described by the
exponential function with the slope coefficient (Snap) equal to ~ 0,009 nm™. The contribution of NAP to total particu-
late absorption at ~ 438 nm increased with a depth from ~ 10-15% to ~ 30-40%. The acpom(A) spectral distribution was
described by an exponential functlon with the slope coefficient (Scoom) equal to 0.012-0.016 nm™. The acpom(}) val-
ues at ~ 438 nm were 0.090-0.26 m™. The analysis of the light absorption by all optically active components will allow
to retrieve the regularities required for development of the regional algorithm for remote assessment of quality and
productivity indicators of the Lake Baikal.

Yypuiosa T. S, Monceea H.A. .JIaTymmm AA’? Yco.ﬂbueBa M B.%, Turoea JI.A.°, T'natosckuii P.
IO , biannos BB , Cycnn B. B’

PA3BUTHUE CUCTEMbI OHEPATI/IBHOFO BKO.JIOFI/FIECKOFO MOHHUTOPUHTI A ITIO
CITYTHUKOBOM WH®OPMAIIUN: NPEJBAPUTEJIbHBIE PE3YJIbTATBI UCCJIEJOBAHUSA
W3BEHUYMBOCTU BUOONITUYECKHNX IMTOKA3ATEJIEN O3EPA BAMKAJI B MIOJIE 2018
WNuctutyt Mopckux Ouosnoruueckux uccnepoBanuii umeHu A.O. KoBaneckoro PAH, 2 mn. Haxumoga,
Cesacromoib 299011, PO
MOpCKOI/I ruapoduzmdeckuiit nacTuTyT PAH, KaHI/ITaHCKaSI 2, CeBacrononb 299011, PO
Jlumuonornveckuii uHcTUTYyT CO PAH, I/IpKyTCK Poccus
tanya.churiIova@gmail.com

Jnst pa3BUTHSL ONEPaTUBHOTO HKOJOTMYECKOT0 MOHMTOpPHMHTa o3epa bailikan ¢ ucnoib3oBaHHEM
JAHHBIX TUCTAaHIMOHHOTO 30HAMPOBaHUA 3eMiH u3 kocMoca ([33) TpebyeTcst co3gaHue perdOHaIbHBIX
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aNropuTMOB IemnpoBKH JaHHBIX J[33 B mokazaTenw MpOLyKTHBHOCTH BOJA, OCHOBAaHHBIX Ha OCOOCHHO-
CTAX OMOONTHUYECKHX MOKa3zaTeneil Boj. Hanbosee 3HAUMMBIMK [IJIS1 PEIICHUS 3TOM 3aJa4uu SBISIOTCS TO-
TJI0LIeHHEe CBeTa (DUTOIIAHKTOHOM (&8pn(A)), HEXKHMBBIM B3BEIICHHBIM BemlecTBOM (anap(A)) M OKpameH-
HBIM PACTBOPEHHBIM OPraHHYECKUM BelieCTBOM (Acpom(M)). Juis amantanuu TpexKaHAILHOTO aifOpPUTMa
OIICHKW KOHIIEHTPAIlMH XJopodmmia a ausi o3epa baiikam TpeOyeTcs HMcClieoBaTh MPOCTPAHCTBEHHO -
BPEMEHHYIO M3MEHUYHMBOCTE aph(A), anap(A) M acpom(A), IpOBECTH MapaMeTpHU3aIMIO TOTJIONIEHHS CBETa
BCEMH ONTHYECKH AKTUBHBIMH KOMIIOHCHTAMH CPEAbI, OICHUTH OTHOCHUTENBHBIN BKJIaA KaKIOTO KOMIIO-
HEHTa B ofmiee morjomenue ceeta. C ATOHU Ienbl0 BIEpBbIe B 03epe baiikan ObUIM BBINOJTHEHBI KO M-
MJIeKCcHbIe OnMoonTudyeckue uccienaoanus ¢ 24 no 31urons 2018. IIpeaBaputeabHbie pe3yabTaThl TOKa3a-
JU SIPKO BBHIPAKECHHYIO BEPTHKAIBHYIO HECOTHOPOIHOCTH BepXHETO ~ 70 M 1O BUAOBON CTPYKTYpe (HUTO-
MIAHKTOHA U OMOONTHYECKUM XapaKTepucTukam. B cioe Beime tepmoknuna (5 — 10 M) cnekTpsl ap(A)
XapaKTepU3YIOTCS IBYMsI IIUKAMU: B cuHEH (~ 438 HM) U KpacHOH (~ 675 HM) gacTsax crekTpa. Bemnauner
YACNBHBIX TOKa3aTelield (HOPMUPOBAHHBIX Ha XJIOPO(GHUIUT a) CHUKAIKMCH C TIIyOHHOH, 4TO OBLIO Hanboee
3HAYUTEJIPHO B CUHEM MakcumyMme criektpa (ot 0,060 no 0,033 M2 mr'h), gem B kpacHoMm (ot 0,020 g0
0,017 m? Mr"l). B cnoe moj TepMOKIMHOM Ha CIIEKTPax aph(A) MOSBISAETCA JOKAIbHBI MAaKCUMYM Ha ~560
HM. MakcumyM Hauboiee 3aMeTeH Ha riayouHax ~30 M. OTMedeHHbIe U3MeHeHus B Gopme aph(A) crek-
TPOB OTPAXKAIOT U3MEHEHUE C TIIYOMHOH CTPYKTYPHI (UTOILIAHKTOHHOTO COOOINECTBA, B YACTHOCTH - OT-
HOCUTEIFHOC YBEIUICHHE (PUKOIPUTPUH COMEPKAIINX MUKPOBOIOpociei. CIeKTpalbHOE pacipeIeIcHue
anap(A) ommchIBaeTCS DKCIOHEHIHAIBLHOHW 3aBHCHMOCTBIO C ITOKa3aTeleM JKCIOHEHTHI (Syap) PaBHBIM
~0,009 HM . Josnst NAP B moronieHny cBeTa B3BEIICHHBIM BEIIECTBOM Ha ~438 HM yBeIWYHMBAjiach C
riyounoit ot ~ 10-15 1o ~ 30—40%. CrnektpanbHoe pacnpeneieHue acpom(A) OMHUCHIBACTCS IKCITOHEHITH-
aJbHOM 3aBHCHMOCTBIO C TIOKa3zaTelieM 3KCIMOHEHTHI (Scpom) paBHbIM 0,012-0,016 uM . Benmuunna ac.
pom(A) Ha mmHE BoHBI ~438 HM cocrasisia 0,090 — 0,26 M. AHanu3 JaHHBIX 110 IOIJIOIIEHNIO CBETA
BCEMH ONTHYCCKU aKTUBHBIMH KOMIIOHCHTAMHU CPEIbI MO3BOJIUT HMOIYIUTHh 3aKOHOMEPHOCTH HEOOXOIU-
MBIC TSI Pa3BUTHUS PETrHOHATBHBIX AJTOPUTMOB OIEHKU ITOKa3aTellell KauecTBa U MPOAYKTUBHOCTH BOJ
o3epa baiikan nmo manasiM J[33.

Darkazanli M., Kiseleva I.
DETECTION OF PATHOGENIC E. COLI AND E. COLI 0157:H7 FROM ALEPPO RIVER WATER
USING RAPD METHOD
Department of Experimental Biology and Biotechnologies, Institute of Natural Sciences and Mathematics,
Ural Federal University, Yekaterinburg, Russia, 620002.
mdarkazanli@urfu.ru

Escherichia coli O157:H7 is a very important serotype, it causes diseases through consumption of contami-
nated and raw food, and one of the Shiga toxin—producing (classified as a bioterrorism agent) (Gleick, 2008).

In Syria, there is not a lot of research that study E. coli, and its serotypes by PCR technology. Aleppo
River is highly polluted by the sewage water that transferred directly without processing. The farmers use the
river water for irrigating vegetables and leafy greens directly. So, we detected E. coli and especially serotype
E. coli O157:H7 in water samples that were taken from villages passed by river. Sites of village: Handarat (A),
Industrial Zone (B), Souq Al-hal (C), Bustan Palace area (D), a huge area of vegetables. Al-sheikh Saeed (E),
Al-wodaihi (F), Zietan (G), and Jezraya (H).

Bacterial Media. Nutrient Agar, MacCONKEY Agar, Violet Red Bile Agar, EMB agar, Sorbitol-
MacCONKEY Agar (Association ..., 2000; MERCK ..., 2000).

DNA Extraction. Protocol for Preparation of Genomic DNA from Bacteria (Jones, Bartlet, 1990).

Primers. We used Primers (COL-1, OPA-03, OPA-13, OPC-12, OPE-20).

RAPD-PCR Amplification. The samples that used COL-1 for E. coli were amplified through 40 cy-
cles at 60 s, 94°C120 s, 36°C, and 120s, 72°C. The second samples used (OPA-03, OPA-13, OPC-12, OPE-20)
were amplified through 45 cycles at 30 s, 94°C, 15 s, 36°C, and 30s, 72°C.

Results. In this study, we have fulfilled a total count of bacteria, the census total coliform, and
Escherichia coli, as well as the serotype E. coli O157: H7 in water samples. The molecular characteriza-
tion was done for eight strains of E. coli isolated from collected samples from the sites of all villages. The
samples were inoculated on blood agar and suspicious colonies, then transferred to EMB and MacConkey
agar using a primer (COL-1) in RAPD technic. Molecular characterization also performed eight strains of
serotype E. coli O157:H7 isolated in medium (Sorbitol-MacCONKEY Agar) from the following sites (Al-
sheikh Saeed, Al-wodaihi, Zietan, and Jezraya), then by primers (OPA-03, OPA-13 OPC-12, OPE-20) in
RAPD.

Table. Number of bands and polymorphism revealed by RAPD

- Nucleotide No. of poly- . e
TSN sequence min- Lot Seorable oy - pobymerpyie - Diserivinatory
max bands
COL-1 10-750 25 8 32 1
OPA-03 200-3000 26 7 26.9 1
OPA-13 500-5500 45 13 28.88 1
OPC-12 1500- " 33 9 27.27 1
OPE-20 3500- ° 9 3 33.3 1
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RAPD-PCR test of Escherichia coli 0157:H7 with primers OPA-13, OPE-20. M: lambda EcoRI-Hind Il di-
gested DNA marker. (E1-H2) E. coli O157:H7 isolated from water samples.

The results showed significant differences between collected samples. The total count of bacteria and
total coliforms in the first site (Handarat) for water samples were the lowest, but in the last site (Jezraya) were
the highest among all samples, at the beginning of village Jezraya the waste water from sewage treatment plant
and all villages flows to the main river, and it increased the bacteria. The results showed also the existence of
E. coli in all sites, and E. coli 0157:H7 in Al-sheikh Saeed, Al-wodaihi, Zietan, and Jezraya.

Extracted DNA from samples was amplified by RAPD. after electrophoresis, eight different bands were de-
tected from isolated strains of E. coli. These results refer to the great genetic diversity of Escherichia coli. For serotype
E. coli O157:H7 thirty-two different bands were detected, and primer OPA-13was the best primers used, RAPD analy-
sis had the high discriminatory capacity for typing E. coli isolates. Because of its simplicity and rapidity.

Datsenko Y.S., Puklakov V.V., Edelstein K.K.
LONG-TERM ASSESSMENT OF THE SYNOPTIC CONDITIONS INFLUENCE ON THE
PHYTOPLANKTON GROWTH INTENSITY IN THE MOZHAISK RESERVOIR
Lomonosov Moscow State University
yuri0548@mail.ru

A long-term series of blue-greens and diatoms biomass in the Mozhaisk reservoir obtained by calculations via
hydroecological models are analyzed. Significant statistical relationships were established for the intensity of phyto-
plankton development with separate characteristics of hydrometeorological conditions during the growing season.

Hauenko 10.C., Ilykiakos B.B., nenbmreiin K.K. .
MHOT'OJIETHAA OHEHKA BJIUAHUA CAHOIITUYECKHUX YCJIOBUU HA
HMHTEHCUBHOCTD PABBUTHUA ®PUTOIVIAHKTOHA B MOXKAUCKOM BOAOXPAHUJIMNIIE
MockoBckuii rocyaapcTBeHHbIN yHuBepcuTeT umenu M.B. Jlomonocosa
yuri0548@mail.ru

W3yuenne mporieccoB pa3BUTHS (PUTOILTAHKTOHA BHYTPESHHHUX BOJIOEMOB HAXOJSTCS B IICHTPE OOJBITHHCTBA
KOMIDICKCHBIX JIMMHOJIOTHIECKUX MCCIICOBAHUH, T.K. (PUTOIDIAHKTOH OTHOCHTCS K TeM OHOTHYECKAM KOMITOHCHTAM
HKOCHCTEMBI BOZIOEMA, KOTOPHIC ONPEACIBIOT OOIIYI0 SHEPIreTHIECKYI0 OCHOBY KPYTOBOPOTA BEIIIECTBA M SHEPIUH,
OKa3bIBasi OOJIBIIIOE BIIVSTHIE Ha KAYECTBO BOJIBI ¥ MHTEHCHBHOCTD TPO(HUUECKIX B3aUMOACHCTBHIA KOMITOHEHTOB 9KO-
cucteMbl. B paboTe anHanmm3upyercs BiusHAe abMOTHYECKUX (haKTOPOB Ha pa3BHUTHE (PUTOINIAHKTOHA B OJTHOM U3 0a-
30BBIX HCTOYHHKOB IIUTHEBOTO BOIOCHAOKEHHS T. MockBbl — MoskaiickoM Bojoxpanunuie. s aHamisa MHOTOJET-
HEll MBMEHYHMBOCTH (PUTOIUIAHKTOHA 33 S55-METHWI MepHoj CYIIECTBOBAHMS BOIOXPAHIUIHINA HCTIOIB30BAIUCH Pe-
3yJBTATHl pacuera OMOMAacc AMATOMOBBIX M CHHE3ENEHBIX BOIOPOCICH MO MaTeMaTHIECKON TBYMEPHON OOKCOBOI
THAPOIKOJIOTHYEeCKON Mojien Bofoxpanumuiia [ MB-MI'Y. Pacueramy o Mozien BOCTIPOM3BOJUTCS €KECYTOTHOE
(PHM3UKO-XMMHKO-OHOJIOTHYECKOE COCTOSIHIIE BOIHBIX MAacC B OTIACNBHBIX YJaCTKaX BOIOXPAHIUIMINA B 3aBUCHMOCTH
OT MMOYTH XKETHEBHO MEHSFOIIMXCS TTOTOJIHBIX YCIIOBHA, MPUTOKA BOJIBI C BOIocOOpa 1 ee cOpoca 1/Witi BoJ03a0opa.
Bepuduxkartis MoenbHBIX pacueToB OHOMAacChl 00EMX TPYIII HanboJiee MacCOBBIX BHUIOB BOAOPOCIEH BBIMOJHSIACH
TI0 JJaHHBIM MOHUTOpHHTa Jlaboparopun kadecTBa Boibl MoykaiicKoro rupoysiia 1 HallliM HaOJIFOISHUSIM 32 Jecsi-
TOK JIeT C HAHOOJBIIAM YHCIIOM CTAHIMH OTOOpAa albroJIOrHdeckux Npo0.B MHOrosierHel M3MEHUYMBOCTH OOWMIIHS
¢uToruankToHa B MOYKaiiCKOM BOJIOXPAHIITHIIE BBISBIICH YCTOWYMBBIA TPSH/T YBEJIMUCHHS CPEITHEH 32 BEreTAIMOH-
HBII ce30H OromMacchl puToruiaHkToHa 10 2016 T. o Mepe ero crapeHus Ha (JOHe KIIMMATHYECKOTO YBEJIMYCHYS T1a-
BOZKOBOT'O CTOKA. PasBuTHE CHHE3ENEHBIX BOIOPOCICH, KaK M (PHTOIIAHKTOHA B LIETIOM, B 3HAYUTEIIHHOM Mepe oIipe-
JIeTIETCs BETIMYMHOWM OMOTEHHOTO TIPUTOKA, TIPU 3TOM 3/1ECh IOMUHUPYET JIETHISI TABOI0YHAS HATPYy3Ka U OTMEYAeTCsI
TECHAsI 3HAYMMASI CBSI3b C BEJMYUHON BOJIHOTO TIPUTOKA B MABOAKY. JIeHicTBHE 3TOTO (hakTopa XapaKkTepr3yeTcs po-
CTPAHCTBEHHOH OJJTHOPOIHOCTEHIO — BRICOKHE KOA(D(MHIMEHTHI KOPPEISIIHI XapaKTePHBI U BCEX YYaCTKOB BOJIOXpa-
HImIA. [ cHHe3eNneHbIX BOIOPOCIeH OTMEUEHBI 3HAYMMBIC CBSI3H C TAKHMMH METCOPOJIOTHYECKAMH (haKTOpaMH,
KaK KOJIMYECTBO IITHICH B BETE€TAIIMOHHBIN ITEPHOJT M BEJIMIHMHA aTMOC(HEPHBIX 0caikoB. KommuecTBo niTuiei B Jiet-
HUH TISPUOJT CBSI3aHO C TMpeoOalaHueM aHTHUIMKIIOHAJIBHOM TOTO/IbI, TPU KOTOPOH YCHIIMBACTCST BHYTPHUCYTOUYHAS
KOHBCKIIUA 1 CBSI3aHHBIN C HEW BBIHOC 6I/IOFCHHI>IX DJICMCHTOB U3 FJTY6I/1'HHBIX CJIOEB BOJbI K TIOBEPXHOCTH, B PE3YJIb-
TaTe 4ero BO3pacTaeT BEPOATHOCTH BCIBIIIEK Pa3BUTHS TOM TPYMIBI BOJIOPOCHEH. JTa CBA3b HAMHOTO OoJiee SIPKO
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BBIpa)KCHA B LICHTPATILHON W IPUIDIOTHHHOM 9acTAX BOJOXPAHIINIIA, YEM B €70 BEPXHEM YUaCTKe, Te BETPOBOE I1e-
PEMEIIIMBAHIE UTPAET CYIIECCTBCHHO MEHBIITYIO POJIb B TUHAMHUKE BOIHBIX Macc. B To jke BpeMst cyMmmapHas OnoMacca
CHHE3EJICHBIX BOJIOPOCTICH B BOJOXPAHIJIMILIE OKa3allach BBIIIE HE B INTHUIIEBHIC JHH, a B MIEPHOJBI MpeobdiaiaHus
[MKJIOHATBHOM MOTO/IBI U3-3a 00JIee YacTOrO ¥ MHTEHCHBHOTO BEPTUKAIHHOTO MEPEMEIIMBAHNS BOJBI B 3TH JTHHU, KO-
TOpBIE BRIIEISUTUCH TI0 BENMMYHHE aTMOC(EPHOTO MaBieHus1. [t OnoMacchl CHHE3eNeHBIX BOAOPOCIeH He 00HapyKe-
HO 3HAYMMOM KOPPEISIIIMOHHON CBS3H C TEMITEpaTypor BOJBI M TIPUXO/ISINEH COMHEYHOU panuanmei. OmHako, TeM-
nepaTypa BOABI M TEMIIEpaTypa BO3AyXa MOT'YT OBITh XOPOIIMMH IPEIHNKTOPOM POJOIDKUTEIIHHOCTH IIBETEHHS BOJO-
€Ma, TIOCKOJIbKY I OOJBIITMHCTBA YYaCTKOB BOJIOXPAHMITHIIA OTMEUCHA 3HAYMMAas TIOJIOKUTENbHAS CBS3b TeMIIepa-
TYPBI BOJIBI C JUTUTEIILHOCTHEO COXPAHEHHS CPe/HEN OMOMACCh B TOBEPXHOCTHOM cJioe Bhinie 1 mr/n. Havaro 1sere-
HES CHHE3EIICHBIX BOJIOPOCIIel B BOIOEME Hanbolee TECHBIM 00pa3oM CBSI3aHO CO CPEIHEH TeMIlepaTypoi Bo3ayXa B
Mae: YeM OHa BIIIIE, TEM PaHbIIe HAYMHACTCS IBETCHUE BOJIOPOCICH. 3aMETHYIO POJIh UTPAET B TOM U COOTHOIICHHE
00BEMOB 3UMHIX BOJI BOJOXPAHIUIHINA U BOTHBIX MacC MOCTYIHMBIIETO TIOJOBOABS, OOJIBIIIE 3HAYCHHUS KOTOPOTO
TaKXKe CHOCOOCTBYIOT OoJiee paHHEMy Hadally IBeTeHWs. [T MHaTOMOBBIX BOAOPOCIHEH XapaKTepHa 3HAYUTEIbHAS
MPOCTPAHCTBEHHAS! HEOHOPOAHOCTD, TIPH 3TOM 3HAUCHHE CpeHel OMOMAacChl AMATOMOBBIX BOJOPOCTCH IO BCEMY
BOZIOEMY TIOJIOKUTEIILHO KOPPENMPYeT Ha 3HAYMMOM YPOBHE TOJIBKO C XapaKTePUCTHKAMH BECEHHETO TOJIOBOJBS:
YeM MeJJICHHee MPOUCXOIUT HATIOHEHHE BOJOXPAHIIIMILA, TeM BeposiTHee OoJiee BRICOKOE 3HAYEHHE CPeIHEeH Oro-
MAacchl B MEPUOJT IBETCHUS AUATOMOBBIX. [loKa3aTem pesxiMa 3aroIHeHHS BOJOXPAHIUIUINA B TIEPUOIT TTOJIOBO/IBSI
3aMETHO BITISTFOT HA PA3BUTHE TMATOMOBEIX BOAOPOCIEH TOJBKO B BEPXHEM YJAaCTKE BOJOXPAHIIHIIE, T/IE TIPH BBICO-
KoM Ko3(hHIHeHTe BOJOOOMEHA BIMSHYE TIPUTOKA Hanbosiee omryTuMo. B cpelHeM M NPUITIOTHHHOM Y4acTKe BO-
JIOXPaHIIHIIE OCOOEHHOCTH TPOITYCKa TIOJIOBOBSI BOIOXPAHIUIMIIIEM YXKE HE UIPAIOT CYLIECTBEHHOH PONM IO CpaB-
HEHHIO C CHHOIITUYECKAMH YCIIOBHSIMHL

Denisov D.B., Terentev P.M., Valkova S.A.
BIODIVERSITY DYNAMIC OF THE LARGE ARCTIC LAKES (ON THE EXAMPLE OF
IMANDRA LAKE)
Institute of Industrial Ecology Problems of the North — subdivision of the KSC RAS

Imandra Lake (Murmansk region) is one of the biggest Arctic lakes. The modern dynamics of the plankton,
benthos and ichthyofauna diversity was studied (2011-2016). Compared to the, 90-th, the abundance of green algae
increased in the phytoplankton community, and Cyanoprokaryota blooming become regular. The current trends of the
fish community transformation processes of the Imandra Lake basin (Murmansk province) were studied. It was estab-
lished that the amount of European smelt seriously increased in the fish species composition during the last decade. The
growth of the smelt population is accompanied by increasing of size and weight parameters of individuals and intense
of self-dispersion processes within the subordinate lake and river systems. New species of macrozoobenthos are rec-
orded, the quantitative indices and the structure of benthic communities vary considerably of the part of water area,
depending on the hydrological features of individual reaches and the level of their anthropogenic pollution. The current
scale of the cardinal changes in the biological diversity of the Imandra Lake is forced to consider as a new environmen-
tal challenges that require special integrated research.

Henucos J.b., Tepentnen I1.M., BaabkoBa C.A.
JUHAMUKA BUOPA3HOOBPA3US KPYITHBIX IPECHOBO/JHBIX BOAOEMOB APKTUKHA
(HA IPUMEPE O3. UMAH/JIPA)
WHuctuTyT npobieM npoMelieHHOH 3kosoruu Cesepa — o6ocobnerHoe noapasaeienne @PI'bYH
OUII «Konbckuil Hayunslii ieHTp PAH»

Kpymmsie o3epa ApKTHUECKOH 30HBI SBISEOTCS BKHEHIIIMU IEHTPAMH, OTIPEACIIIIONIAME OOIIIie TIoKa3a-
Tenr OMopazHOO0pa3us MPECHOBOIHBIX OPraHM3MOB BBICOKHX IIMPOT, KOTOPHIC OTPaXKAalOT POUCXOKICHHE, BOIIO-
IIMOHHBIM CTAaTyC 3KOCHUCTEM W O0ECIeUMBAIOT MX CTaOMIbHOCTh. Co0OIecTBa THAPOOHMOHTOB BBICOKUX IIAPOT
KpaiiHe 4yBCTBUTENIBHBI KO BCEM M3MEHEHUAM (DakToOpoB Cpelipl, BKIIIOUAs JUHAMHUKY KIMMaTHYECKON CHCTEMBI U
AHTPOTIOTEHHYIO Harpy3Ky. YUuThIBast (pyHKIMOHAIEHOE 3HaYeHNE OMOTHI QpKTHYECKHX MPECHBIX BOJI, NCCIISIOBAHHS
Oropa3Hoo0pasysl Kak (paKTopa TpO(HUIECKOH OpraHHU3aIMK U YCTOHYNBOCTH 3KOCHCTEM IIPHOOPETAIOT BCE OOJIBIIIYIO
akTyabHOCTh. Ha mpumepe o3epa Mmannpa (Mypmanckas o0nacts) Obuta m3ydeHa (2011-2016 rr.) coBpeMeHHas
JIMHAMHKa pa3HOOOpas3usi OCHOBHBIX OMOTHUYECKUX 3JIEMEHTOB SKOCHCTEMBI: IUIAHKTOHA, OCHTOCA U MXTHO(AYHBI
Bonoewm sBisieTcst caMbIM KpYITHBIM 03epoM Ha KOIIBCKOM TOITyOCTpOBE, NMEET CTaTyC BOJOXPAHIIININA U TIOABEP-
YKEH MHOTO(DaKTOpPHOMY aHTPOIIOTCHHOMY 3arps3HEHUIO. Bricokast cTeneHp pa3BUTHS OEperoBoi JTMHUK 00yCIIaBIIu-
BAeT BBIPAXKEHHYIO THPOJIOTUYECKYIO N30JIMPOBAHHOCTh MHOTHX Y4acTKOB aKBaTOPHH U OTPEIENSiCT 3HAUMMBIE Pa3-
JIMYMS B THAPOXUMIYECKHX U THAPOOHOJIONMYECKNX XapaKTePUCTHKaX MX BOJI.

CooOrmmiecTBa (DUTOIIAHKTOHA OTIMYAIOTCA 3HAYUTEIIHHOW IPOCTPAHCTBEHHOH BapHaOeIbHOCTHIO.
MaccossiMH BUIaMH Bojopocieii miankTona seismuck: Aulacoseira islandica (Miill.) Simons.; Asterionella
formosa Hass.; Pantocsekiella rossii (Hak.) Kiss & Acs; Dinobryon divergens Imh.; Anabaena subcylindrica
Borge. Jlomunupyroieil TaKCOHOMHUYECKOH TPYIIIOi Mo Ouomacce sSBISIOTCS TUATOMOBBIE BOJAOPOCIH, JOJIS
KOTOPBIX B cocTaBe cooOmecTB BapbupyeT oT 56 no 100 %. Muaekc BupoBoro pasHooOpasus IllenHoHa-
VYusepa BapbupyetT B npenenax 0,21-3,2 6ut/sx3. Hanbosree BBICOKO BHIOBOE pa3zHOOOpasue B 3aIMBax U T'y-
0ax, SBJISIONINXCS NIPUYCTHEBBIMU YIaCTKAMU PEK.

[To cpaBHeHuro ¢ nanabME uccienoBanmii 90-x romos (Illapos, 2004), B coolmiecTBax yBeTHINIACH
noJst 3eeHsix Bomopocieii: Pseudosphaerocystis lacustris (Lemm.) Nov., Acutodesmus acuminatus (Lag.)
Tsar., Scenedesmus quadricauda (Turpin) Bréb., Pandorina morum (Miill.) Bory de Saint-Vincent, Kirchneri-
ella obesa (G.S.West) West & G.S.West u ap. B neTHuii mepro1 peryIsipHO HaOII0AAI0TCS KPATKOBPEMEHHBIC
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SIBJICHHSI «LBETCHHS» BOJIbI B OTJEJBHBIX yYacTKax aKBaTOPHH 3a cyeT MaccoBoro passutus Dolichospermum
lemmermannii (Ricter) Wack., Hoff. & Komarec.

B HacTtosiiee BpeMsi FOro-3anajiHple YIacTKH aKBATOPHUH COXPAHSIOT CTATYC OJMTOTPO(GHOTO apKTHISCKOTO
BoZI0eMa. IBTPOGHpPYEMBbIE IICHTPAIBHAS ¥ CEBEPHAS YaCTh XapaKTepu3yeTcss Me30TpodHbIM cratycoM. Cremyer oT-
METHTB, YTO YPOBECHb OMOTCHHON HArpy3KH aHTPOIIOTEHHOTO IPOUCXOXICHUS B MOCICIHHE TOIBI IEMOHCTPUPYET
TPEH/] Ha YMEHBIIICHHE, B TO BpeMs KaK 3HAUCHHS OMOMACCHI (C Y4ETOM SKCTPEMAITbHBIX) BHIPOCIH B HECKOJIBKO Pa3.
O4eBHTHO, TIPOIIECCHI IBTPO(PUPOBAHNSI CTATIM YCHIMBATHCS APYTHMH (HaKTOpaMH, M3 KOTOPBIX HarOOJiee MOITHBIM
MPEZICTABIIACTCS ITI00aTbHOE M3MEHEHHE KITMMATa B CTOPOHY MOTETIICHHS.

BentocHas dayna o3. IManapa B HacTosiiiee BpeMs IpencTaBieHa 89 BumamMu u hopMaMu Oecro3Bo-
HOYHBIX, MMPUHAICKANNX K 15 CHCTeMaTHYECKUM TpyIIaM Pa3IMgHOrO paHra, Mo KOJIHYECTBY BHIOB U Ya-
CTOTE BCTPEYAEMOCTH JOMHHHUPYIOT B COOOMIECTBAX JTMYUHKA XUPOHOMU. B cocTaBe ManmakogayHbl BEISBIIE-
HBI BHJIbI, HE XapaKTEePHbIC Ul BOJOEMOB PErrMOHa — JABYyCTBOpYaThie MoJuTFOCKU ceM. Unionidae (Anodonta
sp.) (Baibkosa, 2017) u 6proxonorue moumocku Physella acuta Draparnaud, 1805 (Hexaes, ITanatos, 2016) B
BogooTBosimeM kaHane Konbckoit ADC. Cpenu pakoobpasubix B 2016-17 rT. B cocTaBe dayHbl 03. IMaHgpa
BIIEPBBIC OTMEUEH BoasHOM ocuk Asellus aquaticus L., 1758.

UurcneHHOCTh U OHoMacca 3000€HTOCA 3HAYUTEIBHO BapbUPYIOT MO akBaTopuu Bojoema. CTpyKTypa
OEHTOCHBIX COOOIIECTB OMpPEAEISIETCS THAPOIOTHICCKUMH OCOOCHHOCTSIMH OTACTBHBIX TUIECOB U YPOBHEM MX
aHTPOIIOre€HHOTO 3arps3HeHus. 110 ypoBHIO pa3BUTHS 3000eHTOCA TPOQUUECKHH cTaTyc BOJ Iuieca bombias
Nmanapa xapaktepusyercs Kak 3BTpo¢HbIH, uieca Mokoctposckas Mmanapa — me3otpodHsIi, mieca baduH-
ckast Umanpa - oaurotopoHbIi.

OnHOM U3 OCHOBHBIX TEHACHIINK (DYHKIIMOHMPOBAHUS SKOCUCTEMBI BOJIOEMA B TIOCIICTHEE JIECATHNICTHE SIB-
JISETCS. CTPEMHUTEITPHO TMPOTEKAOIINE TpaHC(HOPMAIMU PHIOHOM YacTh COooOIecTBa. B M3MEHSIOMINXCS YCIIOBHSAX
OKpYKaroIeit cpeipl (MI3MEHEHHs KITMMAaTa U THIPOJIOTMYECKOr0 PEKUMA, SBTPOQUKAIS, 3arps3HEHIE BOJT) OTMEYa-
€TCsI CHIDKCHIIC POJIM [UTHHHOIMKIIOBBIX OCCHHEHEPECTYIOIIHX JIOCOCEBBIX M CHTOBBIX BHIOB PHIO M YBEIIMUCHUC YHC-
JICHHOCTH 3BPUOHOTHBIX BECCHHEHEPECTYIOIINX BHIOB C MAJIOH MPOMBICIIOBON IICHHOCTHIO (KOPIOIIKA, OKYHb, €pII).
Ycunenne MeKBAIOBOI KOHKYPEHITH 38 KOPMOBBIE PECYpPChI, HAPYIICHHUSI €CTECTBEHHBIX YCIIOBHIA BOCIIPOU3BOICTBA
abOpHUTeHHBIX BUIIOB PHIO, B TOM YKCJIE XHUITHBIX (apKTHYECKUI TOJIel, KyM)Ka), IPUBEIIO K TOMY, YTO eBpOIeicKast
KOPIOIIIKA CTAHOBUTCS JOMUHHPYIOIIMM BUIIOM, YCIICIITHO KOHKYPHUPYIOIMM Ha BCEX TPOPHUUSCKHX YPOBHSX (IUTAHK-
ToHO(ar, OeHTO(dAr, XUIIHKK), pacIIHpsisl apeal CBOSro PaclpOCTPAaHCHUS 3a CYET IPOLIECCOB CaMOPACCEICHUS,
BKITFOYAs THITUYHBIC TOPHEBIC BOJOEMBL

CoBpeMeHHbIE MacIITaObl KapIMHABHBIX M3MEHEHHH OMOJIOTHYECKOTO pasHoo0Opasst 03. ViMaHmpa 3acTaBiisi-
FOT PacCCMATPHBATH FX KAK HOBBIE SKOJIOTHYCCKHE BBI30BBI, TPEOYIOIIIHE CTICITAAFHBIX KOMITIEKCHBIX HCCIIEIOBAHIN.

Diaz-de-Quijano D.%, Ivanova E.A.}, Anischenko O.V.?
ATMOSPHERIC NITROGEN DEPOSITION AND ITS EFFECTS ON ERGAKI MOUNTAIN LAKES
(WEST SAYAN MOUNTAINS)
'Siberian Federal University, Svobodnyi Prospekt 79, Krasnoyarsk, 660041 Russia
?Institute of Biophysics SB RAS, Akademgorodok 50/50, Krasnoyarsk 660036, Russia
daniquijano@gmail.com

Atmospheric nitrogen deposition is considered to be one of the three main global ecology concerns,
along with global warming and biodiversity loss. Firstly, fossil fuel combustion, since the very beginning of
industrial revolution, caused a significative increase of reactive nitrogen chemical species in the atmosphere.
This triggered a wide-spread atmosphere-born transport, deposition and fertilization of global ecosystems.
Green revolution, after the Second World War, boosted this impact on global nitrogen cycle basically by
massive synthesis of fertilizers using chemical fixation of atmospheric dinitrogen and the extension of
leguminous crops. Other important anthropogenic modifications of global nitrogen cycle include intensive
livestock farming or changes in the frequency and magnitude of forest fires.

As a result, atmospheric nitrogen deposition has been proved to cause changes in ecosystems
N:P stoichiometry, environmental enzyme activities and to turn phytoplankton growth from natural N
limitation into anthropogenic P limitation in low productive lakes. This latter effect was found to be
more evident when phytoplankton growth is not temperature-limited. Therefore, the casuistry will vary
around the world depending on the combination of both factors.

According to the models, the West Sayan mountains correspond to a cold but highly warmed up area
and relatively low atmospheric deposition. Therefore, it would be an ideal site to study the effects of global
warming with a minimal interference of atmospheric nitrogen deposition, predominantly with N-limited lakes.
In this study we measured nutrients in the late season snow pack of Ergaki mountain ridge (West Sayan
mountains) to verify model-based expected values of atmospheric nitrogen deposition. We also assessed
phytoplankton limitation in a handful of Ergaki mountain lakes.

Half-year atmospheric deposmon of nutrients and sulfate in Ergaki snowpack was determined to be on
average 38 + 14 mg NO5-N-m?, 0.43 +0.19mg PO,-P-m?, 0.58 + 0.2 mg TP-P-m?, and 187 + 89 mg SO4 m™.
Assuming homogeneous deposmon rates along the year, estimated yearly NO3 deposition in Ergaki would be
slightly lower than expected by models, whereas estimated SO, deposition would be notably higher than mod-
eled. In the same vein, Snow nitrate and phosphate average concentrations (14.2+4.6 pmol NOg 1" and
0.107+0.091 pmol PO,-1™") were very similar or lower than those in other mountaln systems like the Pyrenees
or Alps, whereas more sulfate was found in Ergaki snow pack (28+9 pmol SO4-17).

Nitrate to phosphate molar ratios in Ergaki snow (191 + 228 , range 22-860) was comparable to that in
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Pyrenean snow (240 + 293, range 24 to 839), where high Saharan dust inputs are turning lake phytoplankton
back to the original N limitation. Snow nitrate to total phosphorus (TP) atomic molar ratios were also not sig-
nificantly different from those on the Bothnian Bay (north Baltic sea), although absolute values were signifi-
cantly less concentrated in Ergaki snow. Overall, similar or lower nutrient loads and comparable N:P stoichi-
ometry falls on Ergaki mountains in comparison to the mentioned areas, where atmaospheric nitrogen deposi-
tion is not strong enough to clearly induce phytoplankton phosphorus limitation. Indeed, the handful of ana-
lysed Ergaki mountain lakes show diverse phytoplankton limitation situations: N, P and N-P co-limitation.

In conclusion, Ergaki mountain lakes are an ideal location to observe the effects of global warming in
a highly continental climate with a low interference of atmospheric nitrogen deposition, including lakes under
pre-industrial N-limitation conditions.

Dmitrieva D.A.
GROWTH AND DIET OF ASP (ASPIUS ASPIUS L.) IN THE RYBINSK RESERVOIR
Petrozavodsk State University, Petrozavodsk
Northern Water Problems Institute (NWPI KarRC RAS), Petrozavodsk

Asp (Aspius aspius) is a rheophile, benthopelagic, predatory species in the family Cyprinidae. Information on
the biology of asp in the Rybinsk Reservoir is scarce. The present study provides some basic information on biological
parameters of asp, including growth and diet which are helpful for conservation of the species.

Samples were collected in 6-year period (2012-2018). The samples were taken with nets of various mesh siz-
es. Total length were measured to the nearest mm, and wet weight (digestive tract included) to the nearest g. Having
dissectied of the ventral cavity the stomach and gut contents were analysed. The age was determined from annual rings
on the vertebrae. All statistical calculations were carried out using mathematical formulas.

The sample consisted predominantly of sub-adult fish. Total length of fish ranged from 270 to 630
mm. Wet weight (digestive tract included) ranged from 310 to 4000 g. Age ranged from 2+ to 9+ years. Most
numerous were fish aged 3+.

According to the only previous analysis of asp growth in the Rybinsk Reservior, it was considerably slower in
the period 1949-1967. The reason for these differences could be due to low water temperature and lack of food supply.

The diet consisted of several different categories of prey. From the whole range of food the most
common were traces of predation in stomach. The most important food item was perch (Perca fluviatilis).

At present, it is not known whether the growth rate asp reaches its maximum values or will continue to
grow. It is necessary to continue this research and accumulate knowledge about asp in the Rybinsk Reservoir.

JAmurtpuena JI.A.
POCT U IIUTAHUE KEPEXA (ASPIUS ASPIUS L.) B PLIBUHCKOM BOAOXPAHUJINILE
[NeTpo3aBonckuii rocyaapCTBEHHBIH YHUBEPCHUTET, I'. [leTpo3aBojck
HuctutyT Boanblx npodiem Cesepa KapHL] PAH, r. Ilerpo3aBoack
ddaryaa95@mail.ru

HecmoTpst Ha TO, 9TO B MOCTETHIE TOABI OTMEYACTCS MOBBIMICHNE YHCICHHOCTH XHUIITHHUKA, OIS KO-
TOpPOTO B YJIOBAaX CTAOMIIBHO pacTeT, M JaHHBIN BHI MOCTETICHHO MEPEXOAUT U3 paHra «pPeaKuil» B OOBITHBIHN
BUJI JTFOOMTEILCKOTO ITPOMBICIIA, OUOJIOTHS Kepexa 0OBIKHOBEHHOT0, OOUTAIOIIEero B PEIOHHCKOM BOJOXpaHH-
JIMIIE, HETOCTATOYHO M3YydeHa.

Llenpro naHHOMN paboTHI ABJIAETCS MOMBITKA [IPOAHAIM3UPOBATh OJHU M3 BAKHEWIINX OMOJIOTHYECKUX
nokasareJieil, a IMEHHO POCT M MHUTaHHKE, xKepexa 0ObIKHOBEHHOTo (ASPius aspius L.) — o1HOro U3 KOMIIOHEH-
TOB PHIOHOTO HaceeHH PRIOMHCKOTO BOIOXPAHIIINIIA HA COBPEMEHHOM 3Talle €ro pa3BUTHSL.

HccnenoBanu pazMepHO-BO3pACTHBIE MOKA3aTENN M MUTAHUE MOMYILIIIN jKepeXxa B HEKOTOPHIX 3ald-
Bax PrIOMHCKOTO BOJOXpaHmmiia. Beibopku B3aThl B iepuoa 2012-2018 rr. Ha TEppUTOPHUH JABYX MOCTOSH-
HBIX UXTHOJIOTMUYECKUX MOHUTOPHUHTOBBIX CTAaHITUH «J[apBUHCKOTO rocy1apcTBEHHOro OnocdepHoro 3amnose -
HHUKa»: MITUYUHCKUH 3a711B PRIOMHCKOTO BOZOXpaHWININA U 3aTOIUIEHHOE pycio peku Jloma. OTiioB mpoBo-
JIUIICSI IPEUMYIIIECTBEHHO HA0OPOM ceTeil ¢ pa3HbIM pazmepoM stueit (36-80 mm). [linHa Tenla UCCIIETOBAHHBIX
pBi6 cocraBmia ot 270 mo 63 cm, macca ot 0,31 xr 10 4 KT, Bo3pacT ot 2 10 9 yieT. Bo3pact peid onpenensim
10 TOJIOBBIM KOJIBIIAM Ha TeJIaX MO3BOHKOB, a (DaKTUUECKHE TOJOBBIC IPHPOCTHI IO OOIIETPHHATOMY METOILY
Lea. Cogepxxumoe sxenynkoB ((puUKCHpoBaHHBIX B 4% (opmannHe) B3BENINBAIN Ha TOPCHOHHBIX Becax. Kop-
MOBBIE OOBEKTHI, 0 BO3MOXKHOCTH, OTIPEIEIISUTH 1O BUJA.

Ipu cpaBHeHMM 3HaueHMI pocTa kepexa PHIOMHCKOTO BOJOXPAHWIMIIA 33 pa3lIM4HbIE MEPHOABI, OBLIO
YCTaHOBJICHO, YTO B HACTOSIIIEE BpeMsi JKepexX OTIMYaeTcs Oonee BBICOKUMM TeMIOM pocta. Ha yBemmueHue Temma
pocTa, 6e3yCIIOBHO, TTOBIHSIIN H3MEHEHHE TEPMUYECKOT0 PeXXMMa U pacilipeHne KOpMOBOI 0asbl, B CBA3H C H3MEHE-
HHEeM TPO(HMIECKUX YCIOBUI M YCIIOBHI Ul HEPECTa MHOTHX JIPYIHX BHAOB PHIO. B jkemyakax HCCIIeIOBaHHBIX PHIO
TIMIIEBBIE OOBEKTHI HAXOMITICH IIPEUMYIIIECTBEHHO B KOHEYHOM CTaNH TIePEBAPHBAHIIS, T.C. Pa3/IeICHHC TIHIIICBOTO
KOMKa Ha (hpakimy ObLIO HEBO3MOXKHO. Y BCEX 0COOEH, MOWMAaHHBIX B 3UMHUIA TIEPUOI, KETyKH ObUIM IMyCcThL. B
COCTaBe IMHILEBBIX KOMKOB NPe00IaIatolyto JIOJF0 UMENH CJIE/Ibl XHUIITHIYECTBA, TO €CTh OCTATKU HE NMepeBapeHHBIX
Kocteit 1 yerryu pei0. [Ipu nanbHelieM n3ydeHnn JaHHOH (DpakIyy, ObUIO YCTAHOBIJIEHO, YTO KOPMOBBIMH OOBEKTa-
MU Kepexa sBIsoTes: Maibku okyHst (Perca fluviatilis L.), apyrue Bumpl-xepTBbl Hamu He ObLTH OOHapy»xeHbl. Ha
CETO/IHAIIHHMIA JIEHb TPYHO CKa3aTh JOCTHT JI POCT M3y94aeMOro HaMH 00BEKTa MAKCHMATbHBIX 3HAYCHHH C MOMEHTa
€ro OCBOCHHUS B BOJIOEME, MOATOMY TPEOYIOTCS JAaIbHEHIIHE UCCIIe/IOBaHMS B 3TOM o0iactu. HeoOxomimMo mposios-
JKUTh M3y9YCHUE U CIIEKTpa TUTAHUS JKePEXa, IPOCMOTPETh €r0 B CE30HHOM M BO3PACTHOM acIEKTe, IOCKONIBKY B Te-
YEHUEC BPEMCHU MOITYJIAIIMOHHBIC TTOKA3aTCIIU BU/Ia MOTI'YT UBMEHATHCA.
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Domysheva V.M., Sakirko M.V., Usoltseva M.V., Khodzher T.V.
DYNAMICS OF MINERAL FORMS OF NITROGEN IN THE WATER OF LAKE BAIKAL
Limnological Institute SB RAS, Russia
hydrochem@lin.irk.ru, sakira@lin.irk.ru
Studies of spatial and temporal changes in the content of mineral forms of nitrogen in Baikal water are
performed in pelagial at 20 standard stations and at a permanent station in the littoral of the southern part of the
lake. Mineral nitrogen is mainly in the form of nitrate. Ammonium and nitrite nitrogen is found only in the
upper 200-meter layer in small amounts. The vertical distribution of nitrates is characterized by a constant in-
crease in concentration with depth. The existence of a well-defined relationship between the concentration of
nitrate and the biomass of algae has been established. Seasonal changes in the content of nitrates with a mini-
mum in August-September are noted only in the upper 100-meter layer of water. According to observations,
there is a well-defined tendency to reduce the content of nitrates in littoral water. In the pelagial, on the contra-
ry, in recent years there has been a slight increase in its concentration both in the upper 200-meter layer and in
the entire water column.

Hombimesa B.M., Cakupko M.B., Ycoanuesa M.B., Xoxxep T.B. _
JUHAMUKA MUHEPAJIBHBIX ®OPM A30TA B BOJE O3EPA BAUKAJI
JImmuonoruuecknit uactutyt CO PAH, Upkyrck, Poccus
hydrochem@lin.irk.ru, sakira@lin.irk.ru

B nocneanee Bpemst B mpuOpekHOi 30He 03epa balikan HaOmomaeTcs HBETCHUE paHee HE CBOMCTBEH-
HBIX balikairy 3eJeHBIX HUTYATBIX BOJIOPOCICH. UTO CO3MACT CEPhE3HYIO YIPO3y YHHUKAILHOU YKOCHCTEME 03¢-
pa. Takue U3MEHEHUS! MOTJIM POU30UTH TOJIBKO B Pe3ybTaTe YBEIUYCHUS MPUTOKA OMOTCHHBIX HJIEMEHTOB B
03€p0 U HECOMHEHHO JOJDKHBI OTPA3UTHCS HAa IMHAMHUKE COSAMHEHHUH a30Ta, KaK OJJHOTO M3 BaXKHEHIIUX KOM-
MOHEHTOB HEOOXOIUMOTO JIJIsl 00pa30BaHMs IEPBUYHON MIPOAYKIIHH.

Ienpto pabOTHI SBISACTCS HCCIEAOBAHUE MPOCTPAHCTBEHHBIX M3MEHCHHWH COICP)KaHHUS COCIMHCHHMA
a30Ta B BOJIHOH TOJIIIE U MX CE30HHOW M MEXKTOIOBOW JMHAMHUKH B YCIIOBUSX COBPEMEHHOTO COCTOSTHHS 03€pa.

Marepuarnom Jyisi aHaJIM3a TOCTY KN PE3YJIbTaThl THAPOXUMHUUYECKUX HCCIIEIOBAHUM, BBITIOJITHCHHBIE B TIc-
narvany batikana Ha 20 CTaHIapTHRIX CTAHIMIX B Mae-MIOHE U aBrycre-ceHTsope 2007-2017 IT. v Ce30HHBIX M3Mepe-
HHUI Ha TIOCTOSTHHOM CTAHIIUM B JIMTOPAJIH F0XHOM yacTr 03epa (2003-2017 rr.). 1j1st OIIeHKH MEXTO0BON M3MEHYH-
BOCTH PacCUHTAHBI CPEIHVC KOHIICHTPAIMH BCeX (HOpM MEHEPATFHOTO a30Ta Ha Pa3HbIX ITyOHHAX B KKIOU KOTIIO-
BHHE U CPE/THIE WX 3HAUCHI B OTICTHHBIX CJIOSIX BOJHBIX Maccax 03epa ¢ yaeToM MOPHOMETPUUESCKHX TAHHBIX.

B npupoaHbIX BoAax MUHEpaNBHBIA a30T COJCPKHUTCA B Tpex (opMax: aMMOHHWHHOW, HUTPUTHON U
HUTPATHOMU, M KOJIMYECTBO €TO ONPEICIICTCS BO3ICUCTBUEM KOMIUIEKCa (haKTOPOB, TAKUX KaK OMOIOTHYECKHE,
XUMHUYECKUE, TeoMOp(hOIOTHYSCKHEe, KIMMaTHYeCKUe M JIp. MUHEpabHBIN a30T B balikane npeactaBicH B
OCHOBHOM B (hopMe HHUTpaTa. AMMOHMUAHBIA W HUTPHUTHBIA a30T O6Hapy>KI/IBaeTC$I TOJILKO B_BepxHeM 200-
METPOBOM CJIO€ B HE3HAUMTEIbHBIX KoJmdecTBax — 110 0,02 mr NH,"/mm® 1 0,003 mr NOZ'/I[Ms. Coneprkanue
HUTPATOB B BOTHOH TOJIIIE 03€pa M3MEHACTCS B OoJee mupokoM nuanasone - 10 0,70 mr NOz /oM™

BeprukanbHoe pacnpeieicHie HUTPATOB XapaKTePU3yeTCs TIOCTOSHHBIM POCTOM €T0 KOHIICHTPAIINH C
[IyOWHOM, B OTHIEJIBHBIC TO/BI HAOIOJACTCS CHUKCHHE COICPIKaHUsl B TIPHOHHONW O0JIACTH 0 CPABHEHHIO C
BBIIIIETIC)KAIIUMH CIIOSIMH BOJIBI, YTO OOYCJIOBJICHO TWHAMHMKOW BOJHBIX Macc. MakCUMalbHBIA TPaAHEHT PO-
CTa KOHIIEHTpAaIMK oTMeueH B BepxHeM 200-MeTpOBOM CJI0€ BOJIbI, TIy0Ke BeTMUMHA TPAIUCHTa CHUKACTCS U
0CTaeTCsl MOYTH MOCTOSHHOW JI0 MPUIOHHOM obnactu. [IpocTpaHCcTBEHHOE pacnpeeNeHle COAepKaHusd HUT-
paroB B BepxHeM cioe (0-200 M) BOJBI 3aBUCHT OT HHTCHCUBHOCTU Pa3BUTHS (PUTOIUIAHKTOHA. Y CTAHOBIICHO
CYIIECTBOBAHNE XOPOIIO BBIPAKCHHON B3aMMOCBSI3M MEXKIY KOHIICHTpaNnueil HUTpaTa 1 OnoMaccoil Bogopoc-
JIeH 10 TaHHBIM HaOJFOJICHUH B NeJIarvalid 03epa B BECCHHHN TIEPHO/I.

Ce30HHBIE U3MEHEHHUS COJICPKAHUS HUTPATOB C MUHUMYMOM B aBTyCTE-CEHTSIOpE 0TMEYAIOTCS TOIBKO
B BepxHeM 100-MeTpOBOM CJIO€ BOJIbI, MHOT/IA PACIIPOCTPAHSISICH HAa OOJIbIINE TIyOMHBI. KOHIICHTpalUs HUAT-
paToOB TOJBEpXKEHA M CYTOUYHBIM M3MEHEHUSM C POCTOM B TEMHOE BpeMsl U CHWIKEHHEM B JTHEBHOE BpEMSI.
Haubonpias aMImuTy1a CyTOYHBIX H3MEHEHUH MPUXOAUTCSA HA BECCHHHUI MEepHO], HAUMEHBINAS - HA aBryCT-
CEHTSOPH BCIICJACTBHE HU3KOTO €r0 COACPIKAHUS B 3TO BPEMsl.

B nocrieaue Tojpl B aBrycTe-CeHTIOpe B MOBEPXHOCTHOM BOJIE HA OTACIBHBIX CTAHIMSX B TCJIaruajIn
03epa U, 0COOCHHO, B JINTOPAIA HAOIOIACTCS 3HAYMTEIBHOE CHW)KEHHE KOHIIGHTPAIIMH HUTPATOB BILIOTH JIO
MOJTHOTO UX MCYE3HOBEHHS. ITO HAIIUIO OTPa’KCHUE B MHOTOJICTHEH TUHAMHKE HUTPATOB B TuTopayn balikana:
M0 JTAHHBIM €)KETOJIHBIX CE30HHBIX HAOIOJIEHUI MPOCICKUBACTCS YCTOMYMBAS TEHACHIIUS CHIKEHUS COep-
YKaHUsI HUTPATOB B BOJIE JIMTOpad. B menaruany, HampoTHUB, HECMOTPSI HA YMEHbILIEHHE KOHIIEHTPALlUU HUT-
paToB B IOBEPXHOCTHOM CJIO€ BObI, OTMEYAETCS HE3HAUUTEJBHBIA POCT €ro KOHLUEHTpAlMHU. KaKk BEpXHEM
200-MeTpoBOM CJIO€ BOJBI, TAK U BO BCEH BOJAHOM TOJIIIIE.

[TpownzonreiinM U3MEHEHUSIM B COJICPKAHUM HUTPATOB, YK€ MOBJICKIINM U3MEHCHHS B DKOCHCTEME
03epa, crocoOCTBOBANIO BO3pOCIIee MOCTYIUICHHE COSTUHEHHUI a30Ta M3 aTMOC(Ephl, ¢ BOJAaMH MPUTOKOB U
CTOYHBIMH BOJIaMH OT MHOTOYMCIIEHHBIX TYPUCTUYECKIX KOMITJIEKCOB.

Pabota BeINONIHEHA B pamMKax rocynapcTBeHHoro 3amanusi Jlumuonorndeckoro uncruryra CO PAH
Ne 0345-2014-0008 mpu uwactwunoi mojnepkke Poccuiickoro doHma (yHIaMEHTATBHBIX HCCIIEIOBAHUIMA
(rpant Ne 18-45-030007).
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Drozdova P., Bedulina D., Saranchina A., Timofeyev M.
SEARCH FOR MOLECULAR MECHANISMS OF THE BODY COLORATION BEHIND OF
EULIMNOGAMMARUS CYANEUS (DYBOWSKY, 1874)
Institute of Biology at Irkutsk State University, Irkutsk, Lenina str. 3
drozdovapb@gmail.com

Lake Baikal amphipods are an order of higher crustaceans, which represent the most important component of
macrozoobenthic communities and are characterized by high species diversity and adaptive radiation in the lake. The
mechanism underlying this diversity cannot be explain solely by adaption to habitat. An example may be the overall
intensity of body color, which varies in different species from almost transparent, white or pink to blood red, dark
green, violet blue, blue or orange. These differences cannot be easily connected to specific features of their habitat.

Contrasting intraspecific color morphs of a massive littoral species — Eulimnogammarus cyaneus
(Dybowsky, 1874) — such as varying shades of blue and cyan, orange, violet and weakly pigmented, are of
special interest. We suggested that this diversity might be determined genetically and checked this hypothesis
by obtaining progeny of several females from a natural population. We found different color morphs among
progeny of one female grown in the same flask. This result supports our hypothesis.

Coloration of many crustacean species is produced by carotenoids, orange or red pigments, and crus-
tacyanins, proteins binding to carotenoids and forming complexes of different colors (from yellow to dark vio-
let). We suggested that E. cyaneus individual with orange coloration lack some crustacyanin(s). A search for
crustacyanin genes in a E. cyaneus transcriptome assembly retrieved four isoforms contaning full-length open
reading frames. As many individuals of different color morphs were mixed for RNA isolation, we analyzed the
diversity of crustacyanin sequences and found a number of positions with substitutions leading to premature
stop codons in some of the sequences. If the presence of these stop codons indeed correlates with the color of
the animal, coloration of this species depends on the crustacyanin proteins.

The work was supported by RScF (grant #17-14-01063) and Grant of the President of the Russian
Federation (grant #MK-6804.2018.4).

Apoznosa IL.B., bexyimna JI.C., Capanunna A.E., Tumodeen M.A.
MNOUCK MOJIEKYJISIPHBIX MEXAHU3MOB @OPMUPOBAHNS OKPACKHU TEJIA
EULIMNOGAMMARUS CYANEUS (DYBOWSKY, 1874)
HUU 6unonorun «UI'Y», Upkyrck, yi. Jleanna, 3
drozdovapb@gmail.com

Awmdwurioziet 03. Baiikai — oTpsi BEICIIMX paKOOOPa3HBIX, SBJISFOIIHICS BAKHEHUIIIM KOMITOHEHTOM COOOITICCTB
MaKpO3000€HTOCA 1 OTIIMYAOIINIACS B 03epe OOJIBIIMM BHIOBBIM pa3HOOOpa3HeM 1 aJIaNTHBHOM pauarmeit. MexaHmm
(hopMHpPOBAHHS 3TOTO Pa3HOOOpa3Hsl He BCETIa OUEBHIHO CBSI3aH C MPHUCTIOCOONICHHEM K YCIIOBUsIM obutanws. [Iprme-
POM MOXKET CITY)KHUTh BapHaOeTIbHOCTh OKPACcKH: OKpacka Tesla aM(HIIO T pa3HbIX BHIOB MEHSIETCS B IUaNa3oHe OT MOYTH
TPO3PAYHOM, OETION HIT PO30BOH JI0 KPOBABO-KPACHOM, TEMHO-3ENIEHOM, CHHE-(DHONICTOBOM, TOTyOOH HITH OPAHKEBOM.
OTH pasmidus He BCETia MOXHO COOTHECTH C OCOOCHHOCTSIMH Cpeibl OOMTaHHS COOTBETCTBYIOIIHMX BHJIOB.

Oco0OeHHBIH HHTEpEC TPEACTABISICT BHYTPUBUIOBOE [IBETOBOE pa3HOO0Opas3ne TaAKOTO MacCOBOTO BHAA,
kak Eulimnogammarus cyaneus (Dybowsky, 1874), y KOTOPOro M3BECTHBI KOHTPACTHO Pa3IMYArOLIHECs LIBE-
TOBBIE MOP(QBI: Tpajaly roxydoro U OUPIO30BOTO, OpamkeBas, (GuoieToBas U ciabookparieHHas. MoXHO
IPENOJIOKHUTE, YTO 3TO PasHOOOpa3ue ACTCPMHUHUPOBAHO FeHETHUCCKH. J[JIsi MPOBEPKU 3TOTO MPEAIOJIONKE-
HUSI B 1a0OPATOPHBIX YCIOBUSIX OBUIO MOJYYEHO MOTOMCTBO CAMOK Pa3HBIX MOP(] M3 IPUPOTHON HMOMYIISIHH.
MBI BBISICHIITH, YTO IIOTOMCTBO OJTHOH CaMKH, BEIPAIIEHHOE B OJTHOM COCYZE, MOXKET COCTOSTh U3 0co0ei pas-
HBIX IBETOBBIX MOP({. DTH Pe3yIbTaThl CBUICTEIECTBYIOT B MOJB3Y MPEATI0KEHHOMN THITOTE3BI.

Oxpacka MHOTHX pakoOOpa3HBIX 00ECICYUBACTCS KAapOTHHOMIAMI, NUMEIOIINMU OPAHKEBO-KPaCHBIE
OTTCHKH, B OETIKaMU KpyCTallHaHHHaMH, 00pa3yIOIIIMHU C KapOTHHOHUIAMHU KOMIUIEKCHI, OKPAIICHHBIE B CAMBIE
pasnuuHble 1BeTa (0T XKENTOro A0 TEMHO-(pHOIETOBOT0). MOXKHO MPENIoNIoKUTh, 4T0 0codu E. cyaneus c
OpAHXKEBON OKpPAcKOH OTIMYAIOTCSA HEIOCTATOYHBIM HAOOPOM (DYHKIIMOHATIBHBIX KPYCTAIllMAaHWHOB. [lowck
MOCTIeIOBATEIHbHOCTEH TeHOB KPYCTAIlMAaHHHOB B COOpKE TPAHCKPHUIITOMA HM3y4acMOTO BHIA MO3BOJII BBI-
SIBUTH YETBIpEe U30(OPMBI KPYCTAIMAHWHOB, BKIFOUAIOIINE MOJHBIC OTKPBITHIE PAMKH CUUTHIBaHHA. [loCcKOIh-
Ky JJIsl CEKBEHUPOBaHUS TPAHCKPUIITOMA OBUIM HCIIOJB30BaHBI OCOOM Pa3HBIX IIBETOBBIX MOP(], 00beAMHEH-
Hble Juig BeiAencHus PHK, Mb1 npoaHanusupoBamm pazHooOpasne MOCiIeI0BaTeIbHOCTEH KPYCTAIIMAaHWHOB H
OOHAPYXWIM DS MO3UIMH, B KOTOPHIX HEKOTOPBIC IIOCIEIOBATEIFHOCTH COAEPKAIU IPEkKACBPEMEHHBIN
CTOM-KOOH. Eciy Hanmi4me CTOM-KOTOHOB JICHCTBUTEIBHO KOPPEIHUPYET C IIBETOM OCOOH, TO MOYKHO TOBOPHUTH
0 TOM, YTO OKpacka H3y4aeMoro BH/a OTpeessieTcss HAOOpOM KpyCTallHaHWHOB.

Pabora mognepxkana rpantom PH® Ne 17-14-01063 u rpanTom [Ipesunenta PO Ne MK-6804.2018.4.

Dulmaa A., Urgamal M.
BIODIVERSITY OF WATER VASCULAR PLANTS OF MONGOLIA
AND CONSERVATION STATUS
Institute of General and Experimental Biology, Mongolian Academy of Sciences
dulmaa@biology.mas.ac.mn; urgamal@botany.mas.ac.mn

The findings of checklist of water (aquatic) vascular plant species to the flora of Mongolia, which was
on the species level have been made by last conspectus of the “Conspectus of the vascular plants of Mongolia
(Urgamal et al., 2014)”. At a present, a total of 186 species (included 18 subspecies, varietes) are water plants
(5.88%) belonging to 83 genera and 40 families to the vascular flora of Mongolia updated.
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The most of families and genera richnest in water species are Cyperaceae (24 species), Ranunculaceae
(20), Potamogetonaceae (17) families and Potamogeton (13), Ranunculus (19) and Juncus (8) genera.

The article reports on the new records of 3 species (Typha joannis Mavrodiev, T. tzvelevii Mavrodiev,
Mentha aquatica L., Oenanthe javanica (Blume) DC.) in the Mongolia since publication (Dulmaa, Urgamal,
2014) and last conspectus.

The water plants includes to 2 species (Batrachium mongolicum, Knorringia sibirica subsp. ubsunurica) as
“sub-endemic (SE)”, 6 species (Nuphar pumila, Nymphaea candida, Acorus calamus, Sagittaria natans, Scheuchzeria
palustris, Typha minima) as “very rare (VR)”, 17 species (Nymphaea tetragona, Butomus junceus, Najas marina, Po-
tamogeton lucens, P. natans, P. obtusifolius, P. praelongus, Sparganium glomeratum, Juncus articulatus, Juncellus
pannonicus, Scirpus radicans, Phragmites australis, Batrachium kauffmannii, B. mongolicum, Crassula aquatica,
Callitriche hermaphroditica, Oenanthe javanica) as “rare (R)”, and 3 species (Nuphar pumila, Nymphaea candida, N.
tetragona) as “relict (RL)” to the vascular flora of Mongolia.

The a total 7 species (EN-3, VU-1, NT-1, LC-2) in the Mongolian Red List Book (Nyambayar et al.,
2011) to the vascular flora of Mongolia by criteria of IUCN (2001 and 2003). The includes to 3 species (Nu-
phar pumila, Nymphaea candida, N. tetragona) as “endangered (EN)”, one species (Acorus calamus) as “vul-
nerable (VU)”, one species (Typha minima) as “near threatened (NT)”, and 2 species (Sagittaria natans,
Scheuchzeria palustris) as “least concern (LC)”.

The areas in north phytogeographical regions (Khentii, Khangai, Mongol Daurian, and Depression of
Great lakes) of Mongolia show the highest richness of known water plant species with 105 to up species per
region and lowest species numbers are found in south (East Gobi, Trans Altai Gobi, and Alashan Gobi re-
gions). The most of water species spreaded Depression of Great lakes regions (121 species), Khangai mountain
(116), and Mongol Daurian mountain regions (112).

Dyomin V.V., Davydova A.Yu., Morgalev Yu. N., Olshukov A.S., Polovtsev I.G.
MONITORING OF PLANKTON MOTOR ACTIVITY WITH THE USE OF DIGITAL HOLOGRAPHY
AS A TECHIQUE FOR BIOINDICATION OF WATER ECOSYSTEMS POLLUTION
National Research Tomsk State University
dyomin@mail.tsu.ru

The degree of anthropogenic pollution of water areas and anthropogenic pressure on ecosystems should
be determined taking into account its influence on the biota. Attempts to assess the degree of environmental haz-
ards of technogenic and anthropogenic pollutants by their concentration relative to MPCs encounter a number of
fundamental obstacles. Firstly, not all substances have MPCs. Secondly, not all substances are known for such
properties as the change in toxicity when interacting with hundreds of other newly created chemicals. In the third,
most often MPC is established in laboratory conditions on laboratory test organisms, the sensitivity of which may
differ from the sensitivity of "wild" species. In addition, the emergence of new classes of substances, for exam-
ple, nanomaterials, which are increasingly entering the environment, call in question this possibility because of
the non-monotonic “dose-effect” relationship. From these positions it seems expedient to develop methods for
detecting unfavorable changes in the habitat by changing the behavioral responses of autochthonous lower crus-
taceans. It is known that behavioral reactions to the alterative effect are the most sensitive in the series of re-
sponses "behavior - physiological changes - death". Changes in behavioral reactions can occur at concentrations
of toxicant tens of times smaller than its LDsy. The use of the toxicity control method by behavioral reactions is
realized in a number of existing devices. However, these devices are, firstly, stationary flow devices. Secondly,
one type of laboratory daphnia, specially selected for sensitivity to model toxicants, is used.

The possibility of using a submersible digital holographic camera that allows recording images of hydrobionts
and opening up the possibility of determining the change in their behavioral responses directly in their habitat is con-
sidered in this paper. A submersible digital holographic camera was created in the Tomsk State University that allows
recording digital holograms of plankton with a resolution of 200 um at depths of up to 500 m in monitoring mode, ex-
tracting from holographic images, processing and transmitting digital data characterizing plankton organisms (size,
shape, concentration, position in space, speed of movement), and also create video of the motion of planktonic species
on the basis of these holographic data (Dyomin et al., 2011, 2017).

Simultaneously controlled water volume, usually, contains dozens of planktonic individuals (most often lower
crustaceans), that allows, in addition, using the behavior parameters of ensembles of test organisms for early toxicity
assessment. This methodology, in conjunction with hydrophysical measurements at stationary stations, can be used to
bioindicate water pollution and predict ecological disasters at an early stage of their formation. For this purpose, the
experimental sample of hardware-software complex APK-E has been created and is being tested. The results of testing
the complex in field conditions are presented and discussed.

Jdémun B.B., lasbinosa A.10., Mopraaes 10. H., Onbmykos A.C., Ionosues W.T'.
MOHMTOPHUHI" AIBUT'ATEJIbHOU AKTUBHOCTH INIAHKTOHA C UCITIOJIb3OBAHUEM
MUPPOBOU I'OJIOTPA®UN, KAK CITOCOb BUONH/IUKAIINU 3ATPSI3HEHUU BOJHBIX
9KOCUCTEM
HannonaneHslil ucciienoBaTenbCKuii TOMCKUN TOCYTapCTBEHHBIA YHUBEPCUTET
dyomin@mail.tsu.ru

CrerneHb aHTPOTIOTEHHOTO 3arpPsI3HEHUSI BOJIOEMOB M aHTPOIIOTEHHOT'O TIPECCHHTa HAa SKOCHCTEMBI JIOJDKHA
OTIPENIENISATHCS C YISTOM €TO BIMSIHVHUS Ha OHOTY. [1OMBITKH OIEHKH CTENCHH SKOJIOTHYECKOW OMACHOCTH TEXHOTCH-
HBIX ¥ aHTPOIIOTEHHBIX 3arps3HUTENIEN 0 MX KOHIEHTpauuK oTHocuTenbHO [1/IK HaTankuBaroTcst Ha psif MPUHLIIIH-
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AIBHBIX MpErsITCTBUI. Bo-TiepBhIX, qaneko He yist Beex BeriecTB yeraHoBnena [1/1K. Bo-Bropeix, qanexo He aiist Bcex
BCIIIECTB U3BCCTHBI TaAKHWE UX CBOf/iCTBﬁ, KaK M3MCHCHHE TOKCHUYHOCTHU IIPpU BSaHMOﬂeﬁCTBHPI C COTHAMU PYT'UXx, HE-
JIABHO CO3/IaHHBIX, XMMUUYECKHX BellecTB. B-TpeThux, varie Becero I1/IK ycTaHapmmBaeTcs B TaOOPATOPHBIX YCIOBHSX
Ha JIAO0PATOPHBIX TECT-OPTraHU3MAaxX, UyBCTBUTEIIBHOCTb KOTOPBIX MOXKET OTINYATHCS OT UyBCTBUTEIIBHOCTH «IIUKUX)
BHIOB. Kpome Toro, mosiBiIeHIe HOBBIX KJIACCOB BEIIIECTB, HATIPUMEP HAHOMATEPHAJIOB, BO BCE OONBIINX MacIITabax
TIOCTYTIAFOIINX B OKPY)KAFOIIYIO CPEIy, CTABAT I10J] COMHEHHE JaHHYIO BO3MOKHOCTH M3-32 HEMOHOTOHHOH 3aBHCH-
MOCTH «103a-3QdexT». C 3TUX TO3MIMNA MPEICTABISCTCS 1eTIecO00pa3HBIM Pa3paboTaTh METOMKH OOHAPYKEHUS
HeONaronpusTHOrO M3MEHEHHUs Cpelibl OOWTaHHS 1O M3MEHEHHIO NMOBEACHUYECKUX PEaKIMi aBTOXTOHHBIX HU3ILIHX
pakooOpa3HeIX. MI3BeCTHO, UTO MOBEACHUYECKUE PEAKIMHI Ha albTepUpYIOLiee BO3/CICTBIE SBIAIOTCS Hauboee 4yB-
CTBUTEJILHBIMH B PS/ly OTBETOB «TI0BeJIeHNE — (PU3HOJIOrnyecKkre N3MeHEHNsI — THOeNb. V3MeHeHne TIoBeIeHIeCKHX
peaKLHii MOXKET MPOUCXOAUTH IPU KOHLEHTPALMAX TOKCUKAHTA B AECATKU pa3 MeHbIUX ero LDsj. Mcnons3oBanue
METO/Ia KOHTPOJISI TOKCHYHOCTH TI0 TTOBEIEHYECKIM PEaKIsM PEeaI30BaHo B Psfie CYIIECTBYIONMX MproopoB. On-
HAKO ATH TPUOOPHI SBISEOTCS, BO-TIEPBBIX, CTAMOHAPHBIMU MPOTOYHBIMU INPHOOpamMu. Bo-BTOPEIX, HCTIONB3YIOT
OIIMH BUJ TA0OPaTOPHBIX JahHUH, CHIEIMATEHO HOJ0OPaHHBIX 110 TyBCTBHTEIHFHOCTH K MOJICTTEHBIM TOKCHKAHTAM.

B Hacrosimieii paboTe paccMaTpuBaeTCs BO3MOXKHOCTb HCTIONB30BaHHUS TIOTPYKHOU IU(POBOI rosiorpaduue-
CKOM KaMepbl, MO3BOJISIOLIEH PErucTpupoBaTh M300paXkeHUsI TMAPOOHUOHTOB M OTKPHIBAIOLIEH BO3MOXKHOCTU IIO
OTIpeJIeNeHHIO M3MEHEeHHS X TIOBEACHIECKHX PEaKIii HeMOCPEICTBEHHO B cpefie ooutanws. B ToMckom rocyHmBep-
CHTeTe CO3MaHa MOrpyKHas mudpoBas ronorpadudaeckas kKamepa, MO3BOJSFOIAsS PErHCTPUPOBATH U(POBBIC TOJNO-
rpaMMBbI TUIaHKTOHA ¢ pasperreHneM 200 MkM Ha rimyounax 10 500 M B pekuMe MOHHTOPHHTA, U3BJICKATh M3 TOJIO-
rpaduyeckix M300pakeHHi, 00padaThiBaTh U IepeaBarh MUQPPOBBIC JTaHHBIE, XapaKTEPH3YIOIME IUIAHKTOHHBIC
OpraHm3MBl (pazMepsl, (POPMBI, KOHIICHTPAIIMIO, TIOJIOJKEHHE B TIPOCTPAHCTBE, CKOPOCTD ABIDKECHMS), a TAKKE CO3a-
BATh BHJICO IBIKEHIS INIAHKTOHHBIX 0CO0EH Ha OCHOBE STHX rojiorpaduyeckux manubix (Dyomin et al., 2011, 2017).

EnvHOBpEeMEHHO KOHTPOIUPYEMBI 00BEM BOABL, KaK MPABUIIO, COAEPKUT JECATKH IUIAHKTOHHBIX 0CcOOei
(4ame Bcero HU3LIMX PaKOOOPa3sHbIX), YTO MO3BOJISET, JOMOIHUTENIBHO, UCTIONIB30BATh I PaHHEH OLIEHKU TOKCHY-
HOCTH TIapaMeTPhI TIOBEICHIST aHCAMOJICH TECT-OPraHIm3MOB. DTa METOJOJIOTHS, B COBOKYITHOCTHU C THAPO(U3UIECKI-
MH I3MEPEHISIMA Ha CTAaIMOHAPHBIX CTAHISX, MOYKET OBITh IPUMEHEHA I OMOMHANKAIMN 3arps3HEHNIA BOIHOM
CpeIbl ¥ TIPOrHO3UPOBAHHS SKOJIOTMIECKUX KaTacTpod Ha paHHEH cTamuu ux GopmupoBanust. [yt 3Toit menu co3nan
Y IIPOXOAUT HMCTIBITAHUS armapaTHo- mporpaMmHsiil kommieke 90 AITK- . [IpusoasTes u o0CcyxaatoTcst pe3yabTa-
ThI TECTUPOBAHMS KOMILIEKCA B HATYPHBIX YCIIOBUSIX.

Dyomin V.V., Davydova A.Yu., Olshukov A.S., Polovtsev I.G.
PLANKTON BIODIVERSITY MONITORING WITH THE USE OF DIGITAL HOLOGRAPHIC
CAMERA
National Research Tomsk State University
dyomin@mail.tsu.ru

Hydrobiological studies (sampling of phytoplankton, zooplankton, zoobenthos and periphyton) and
field ichthyological survey are an important component of the ecological monitoring of aquatic environments,
which are mandatory for examination of the territory to be used for construction and for monitoring of danger-
ous objects. Moreover, field and laboratory investigations include:

- studies of species and spatial-time structure of phytoplankton, higher aquatic plants, zooplankton,
benthos and periphyton;

- studies of seasonal dynamics of species composition and abundance (number and biomass) of hydrobionts;

- identification of the trophic status of the ecosystem using hydrobiological parameters;

- processing of field data on the fauna;

- preparation of samples and their chemical and radiological analyses in the accredited laboratories;

- processing and estimation of the data and development of cartographic material.

Procedures of freshwater ecosystem investigations are well regulated from the point of view of legisla-
tion, in particular by the Water Code of the Russian Federation. On the territory of Russia, there are over two
million lakes with a total area of over 350,000 km?. According to the State Standard “Water. General Re-
quirements of Sampling”, the minimal number of planktonic samples collected in the Russian lakes within the
annual monitoring should be 30 million samples at 1.75 million stations.

In fact, regular monitoring of lakes in Russia is performed at 350 stations (Review ..., 2014), that is in
5,000 times lower than it is stipulated in the Regulations. It follows that this branch is characterized by poor
development but high potential growth. This growth, to a considerable extent, can be provided by stationary
automatic plankton measuring instruments, including monitoring.

This work presents the results of measurements of plankton biodiversity using a submersible digital
holographic camera of the hardware-software complex HSC-N. The camera provides underwater registration
digital holograms of water volume containing plankton followed by automatic reconstruction of holographic
images of planktonic species, determination of their size, shape, concentrations and their identification and
classification. Particles of 200 um and larger are analyzed. The water volume registered for one exposition is
about 1 L. An example of the use of such camera is described in (Dyomin et al., 2017).

Automatic acquisition of information allows the researchers to perform monitoring field or stationary investi-
gations. This work discusses prospects of the use of this complex within the system of ecological monitoring.

This work was supported by the Federal Target Program “Priority Research and Development of the
Russian Scientific and Technological Complex for 2014-2020” under Agreement 14.578.21.0205.
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Jdémun B.B., laBbinoBa A.1O., OnbmykoB A.C., IlosoBues U.T'. ~
MOHUTOPHUHI' BUOPA3ZHOOBPA3US INIAHKTOHA C ITOMOIIBIO IOI'PYKAEMOU
HUDPPOBOU I'OJIOT'PAOHUYECKOU KAMEPBI

HannonaneHblil ucciieqoBaTeNbCKU TOMCKIN TOCY1apCTBEHHBIA YHUBEPCUTET
dyomin@mail.tsu.ru

I'uapobrionoruyeckrie uecienoBanus (0T00p Mpod PUTOINIAHKTOHA, 300IUIAHKTOHA, 3000eHTOCa, TIEPUPUTO-
Ha, MOJIeBass MXTHOJIOTMYECKAs ChEeMKa) SIBIISIFOTCS BAXKHEUIIIMM KOMIIOHEHTOM SKOJIOTMYECKOTO MOHUTOPHHIA BOJI-
HBIX Cpejl, 00s3aTeNIbHBIMU MPY MapIIPyTHOM 00CIIeI0BaHUH TEPPUTOPHUH CTPOUTEIIBCTBA, @ TAKKE MPH MOHUTOPHHTE
aKBATOPUHU OMACHBIX 00BEKTOB. [IpH 3TOM MoJeBbIe 1 TabOpaTOpHBIE PAOOTHI MPE/IIOIATArOT:

- M3YYCHUE BHJOBOHW M MPOCTPAHCTBEHHO-BPEMEHHOW CTPYKTYpPHI (DPHTOILIAHKTOHA, BBICIICH BOIHOM
PacTUTETHHOCTH, 300IUIAHKTOHA, OEHTOCA, TEPUPUTOHA;

- I3YYCHHE CE30HHOM JMHAMHUKH BHIOBOTO COCTaBa U IMOKa3aTelield 00N (YUCICHHOCTH, OMOMAacChl)
TUIPOOUOHTOB;

- onpeJiesieHue TPO(HUIESCKOTO CTaTyca 3KOCUCTEMBI IO MTOKA3aTeIIsIM THAPOOHOJIOTHH;

- 00pabOTKy HOJIEBBIX MCCIICAOBAHUI dKHUBOTHOTO MHUPA;

- TIOATOTOBKY MPO0 M MX XUMUYECKUIA 1 PAIHOTIOTHIECKUI aHATIN3 P00 B aTTECTOBAHHBIX JIAOOPATOPUSIX;

- 00pabOTKy U OICHKY MOJTYIEHHBIX MaTEPHAIIOB UCCIICIOBAHIH, pa3paboTKy KapTorpapuaeckux Ma-
TEPUAJIOB.

Ipouieypsl 00CIIeIOBAHHS TIPECHBIX BOJIOEMOB JIOCTATOYHO XOPOIIO PErVIAMEHTUPOBAHBI C TOYKH 3PCHHS
3aKOHOJIATEIIhCTBA, B YaCTHOCTH BojHbIM Kojekcom Poccuiickoit @eneparmu ot 3 monst 2006 r. No74-D3, «Jlono-
JKEHHEM 00 OCYITICCTBIICHUH TOCYIAPCTBEHHOTO KOHTPOJISI 32 WICTIONF30BAaHUEM M OXpPaHOW BOJHBIX 0OBeKTOBY». Ha
TeppuTopuH Poccri pacrioNioyKeHO CBBIIIE BYX MIJUTHOHOB 03Ep CyMMapHO# rwiomiaanto 6omee 350 Thic. kM2 B co-
otBercTBHM ¢ 1. 2.1 nefictByromiero [OCT P 51592-2000 «Boxa. Oomrue TpeboBaHus kK 0TO0pY Mpo0» MHHUMAIBEHOES
KOJIMYECTBO IUTAHKTOHHBIX MPOO, KOTOPhIE HYXKHO B3STh Ha TEPPUTOpUE 03ep Poccuu B paMKax rogoBOro MOHHTO-
pyHra, JOJDKHO cocTaBUTh 30 MITH. TUTAHKTOHHBIX MPo0 Ha 1, 75 MITH. CTaHIIWA.

dakTHYecKHu Ke peryJspHble HCCIeA0BaHus Ha o3epax Poccuu ocymectBisitoTes B 350 Toukax (O6-
30D ..., 2014), uro B 5 000 pa3 MeHbIIE STUX HOPMATUBHBIX TpeOoBauuii. OTCIOIa MOKHO CAEIaTh BEIBOJ, YTO
JIaHHAsI OTPAC/Ib XapaKTEPU3YIOTCS CIA0bIM Pa3BUTHEM, HO BBICOKMM IOTEHIIMAIOM POCTa. DTOT POCT B 3HAYU-
TEJIBHON Mepe MOKET ObITh 00eCIeueH MPUMEHEHHEM CTaIl[HOHAPHBIX aBTOMATHUYECKHUX CPEACTB M3MEpPCHHMA
IUIAHKTOHA, B TOM YHCJIC MOHHUTOPHHTOBBIX.

B Hacrosimelt paboTe MpeaCcTaBICHBI Pe3ybTaThl U3MEPEHUN OMOpPa3HOOOpPa3us MJIAHKTOHA C HC-
MOJIb30BAaHUEM TIOTPYXKHOW IH(PPOBOU Tonorpaduyueckoil kaMepbl B COCTaBe allllapaTHO- MPOTPAMMHOIO
komiuiekca D0 AIIK- H. Kamepa oOecrnieunBaeT MoABOAHYIO PErUCTpalnio HU(POBLIX rojgorpaMm od0beMa
BOJIHOM Cpefibl, CoJiep Kallei MIaHKTOH, ¢ MOCICAYIONMM aBTOMaTHYSCKUM BOCCTaHOBJICHUEM rojiorpad u-
YECKUX M300paKCHUM IUIAHKTOHHBIX 0COOEH, ONpENeJICHHEM MX pa3MepoB, (GOpM, KOHIICHTPAIIMH, UX pac-
MO3HABaHUEM W Kiaccudukanuei. O0ecmeunBaeTcs UCCIeIOBAHNE YacTUIl ¢ pa3Mepamu oT 200 MKM, 00beM
Cpelbl, PETHCTPUPYEMBIN 3a OJTHY DKCITO3HUITHIO, COCTABACT 0Koyo 1 JI. IIpuMep HCIob30BaHUS TaKOW Ka-
Mmepsl onucan B (Dyomin et al., 2017).

ABTOMaTH3AIWs TIPOIIecca MoTydeHusT HH(POPMAIMK MTO3BOJISIET 00ECIIeYHTh MOHUTOPHUHIOBBIC SKCIICTHITH-
OHHBIEC WM CTAllMOHAPHBIC HcclieoBaHus. OOCYKIArOTCS MEPCIICKTUBBI PUMEHEHHSI YCTPOMCTBA B CUCTEMAX JKOJI0-
TMYECKOTO MOHUTOPHHT, JISHCTBYFOIIHX B YCJIOBHUSIX IIIO0ATEHOIO HH()OPMAITMOHHOTO TIPOCTPAHCTRA.

Ipoekt mognepxan I «MccnenoBanus u pa3pabOTKH MO IPUOPUTETHHIM HAMIPABICHUSM Pa3BHTHSI
HAYYHO-TEXHOJOTHIecKoro komruiekca Poccun Ha 2014-2020 romsr». CornameHue o mpeaoCTaBICHAN CYyOCH-
Jau Nel4.578.21.0205.

Dyomin V.V, Suslayev V.1., Polovtsev I.G., Olshukov A.S., Davydova A.Yu., Zhuravlev V.A., Korovin
E.Yu., Tretiakov A.S., Dotsenko O.A., Kochetkova T.D., Pavlova A.A.

SET OF HARDWARE-SOFWARE COMPLEXES FOR INVESTIGATION OF AQUATIC
ENVIRONMENT IN EVALUATION OF BIORESOURCES AND ECOLOGICAL SITUATION
National Research Tomsk State University
dyomin@mail.tsu.ru, susl@mail.tsu.ru

At present, to assess bioresources and forecast consequences of anthropogenic activity, especially in
aquatic environment monitoring, contactless measurement methods based on the use of electromagnetic radia-
tion within wide frequency range (optical, microwave and terahertz) are of great importance. To obtain reliable
information and calibrate different measuring devices, it is necessary to apply direct contactless methods for
accurate quick analysis of hydrophysical and hydrobiological water features, including studies of plankton and
other particles without their extraction from the habitats.

The use of submersible digital holographic cameras in such investigations allows the researchers to
register a digital hologram of water volume containing plankton and to extract information on size, shape, spa-
tial position, concentration and motion speed of each particle (Dyomin, Kamenev, 2016; Dyomin et al., 2017).
Moreover, the results obtained can be supported by a video for observation and reconstruction of three-
dimensional trajectories of particles and measurement of their behavioral responses.

For reliable description of the results, it is necessary to collect data on physical and chemical proper-
ties of the aquatic environment under study obtained from the same habitat and performed simultaneously with
holographic investigations. Therefore, such characteristics as conductivity, temperature, salinity and depths at
which the investigations have been carried out are measured.
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The authors of this work presented a set of four hardware-software complexes (HSC) for studies of the
aquatic environment, which include measurement devices and devices for information transfer to the research
vessel or coast station, as well as software. These complexes can be used in:

- studies of hydrological and hydrobiological processes under laboratory conditions (HSC-L);

- assessment of bioresources, in particular food reserves in fishery (HSC-R);

- field studies of freshwater ecosystem biodiversity, limnology and plankton research (HSC-N);

- field or monitoring ecological survey of the water area for early bioindication of pollution level taking
into consideration changes of plankton biodiversity and its behavioral activity (HSC-E).

The set of complexes is supplied with uniform hardware and design solution. These complexes mainly
differ from each other in software. One of the complex versions (HSC-N) has been tested in the Kara Sea dur-
ing the expedition of Institute of Oceanology RAS.

Some HSC modules were designed as mobile devices and used in studies of water conductivity in the
Vasyugan Swamp, Ob River and in a number of rivers of the Ob basin.

This work was supported by the Federal Target Program “Priority Research and Development of the Russian
Scientific and Technological Complex for 2014-2020” under Agreement 14.578.21.0205.

HJémuu B.B., CycasieB B.U., Ilonosues U.I'., OasmykoB A.C., laBbinoBa A 1O., ’KypasiieB B.A., Kopo-
_Bun EXO., TperbsikoB A.C., /louenko O.A., Kouerkosa T./I., [1aB;ioBa A.A.

JIMHEUKA AINIITAPATHO-ITIPOI'PAMMHBIX KOMILJIEKCOB JJIsI UCCJIEAOBAHUA
BOJHOMU CPE/Ibl C HEJbIO OHEHKU BUOPECYPCOB U OKOJIOI'HYECKOU CUTYAIIMN
HannonanbHblit uccnenoBaTenbCckuii TOMCKUN TOCY1apCTBEHHBI YHUBEPCUTET
dyomin@mail.tsu.ru, susl@mail.tsu.ru

B HacTosimiee Bpemst [T OTICHKH OMOPECYPCOB M MPOTHO3UPOBAHHS MMOCIECACTBUI aHTPOMOTCHHOMN
JEeSTeTFHOCTH, 0COOEHHO TP MOHUTOPHUHTOBEIX OOCIICJOBAHUAX aKBATOPHI, OONBIIOE 3HAYCHUE TIPHOOP e-
TalOT HEKOHTAKTHBIE CPEICTBA M3MEPECHHI, OCHOBAaHHEIC Ha MPUMEHEHHUHN AJIEKTPOMATHUTHOTO H3JIYYCHHS B
ITMPOKOM YaCTOTHOM JHAaIa3oHe — ONTUYECKOM, MHKPOBOJHOBOM, TepareproBoM. [l moidydeHus DOCTo-
BEpHOI nHpOpMAINH, a TaKXKe IS KAaTHOPOBKH Pa3IUUHBIX H3MEPUTEIBHBIX CPEACTB HEOOXOANMO HCIIOJ b-
30BaTh NPAMBIC HCKOHTAKTHBIC MCETObI, IMO3BOJIAIOMINE OCYHICCTBJIATH TOYHBIN OHepaTHBHbIﬁ aHaJIu3 T'ua-
podH3HYECKUX B TUAPOOUOIOTHUECKUX CBOWCTB BOJBI, B TOM YHUCIIE HCCIICIAOBAHUS IUIAHKTOHA W JPYTHX
B3BCIICHHBIX YaCTHUII, 0€3 UX U3BATHS U3 CPEIBI OOUTAHUS.

Hcnonp3oBanne B TaKUX HCCIENOBAHUSIX TOTPYKAEMBIX MUAPPOBBIX TOJOTpadHUECKIX KaMep 03BO-
JSET 3aPErHCTPUPOBATH MU(PPOBYIO TOJOTPaMMy O0BEMa BOJBI, CONEPIKAIIETO IUIAHKTOH, M3BIEYh M3 ITOU
roJIOTpaMMBl HHPOPMAIIHIO O pa3Mepax, opme, MOJIOKESHUH B MIPOCTPAHCTBE, KOHIICHTPAIINH, CKOPOCTH IBH-
xeHust ko vactuiel (Dyomin, Kamenev, 2016; Dyomin et al., 2017). Kpome 3toro, pe3yiabTaThl MOTYT
OBITh TPEICTABICHBI BUACOMIIEMOM ISl HAOMIOCHUS U PEKOHCTPYKIIMU TPEXMEPHBIX TPACKTOPUIN YaCTHIL U
M3MEPEHHS UX TIOBEICHUCCKIX PEaKIIUH.

JJI1 ZOCTOBEPHOTO OMHICAHUS PE3yIbTaTOB HEOOXOAMMO UMETh MaHHBIE O (PU3UKO-XUMHUIECKUX CBOM-
CTBax MCCIeTyeMOH BOJHOU Cpelpl, HOTYUYECHHBIE B TOM e 00beMe Cpelbl M OJHOBPEMEHHO ¢ rojorpadude-
cKuM uccnenoBanreM. C 3TOH LENbI0 U3MEPSIOTCS TaKUE XapaKTePUCTHKH, KaK 3JIEKTPOIPOBOIHOCTh, TEMIIE-
patypa, COJICHOCTh U TTyOnHa, Ha KOTOPOH MPOBOIMIIOCH HCCIICIOBAHNE.

B nannoit pabote npeacTaBiieHa JHHEHKa U3 YETHIPEX alapaTHO-IIPOrpaMMHBIX KoMIiekcoB (AITK)
JUIA MCCTIeIOBaHM BOJHOM Cpelibl, BKIIOYAIOIINX M3MEpPUTENbHBIE CPEJCTBa, CPEACTBA Mepeaaun nHpopma-
WY Ha CYJHO WM Ha OSpPEeroBYIO CTAHIMIO, a TaKKe MporpaMMHOe obecrieueHue. KoMImeKkcsl MOryT OBITh
HCTIOJTb30BAHBI:

- [IPY 3YYCHNH THIPOJIOTMYSCKIX M THAPOOHOJIOTMIECKUX TIPOLIECCOB B JTa00paTopHBIX yeioBusix (AITK-JT);

- TIpH OIICHKE OMOPECYpPCOB, B YaCTHOCTH, KOPMOBOIA 0a3bl B phibosoBHON oTpaciu (ATTK-P);

- IPH HAaTYPHBIX UCCIICAOBAHUAX 61/10pa3H006pa31/1$1 MPpECHOBOAHBIX BOAOEMOB, JIMMHOJIOTUH, HAYYHOM
uccienoanny miaHktoHa (AITK-H);

- IPY HATYPHOM SKCICTUIIMOHHOM WIIH MOHHUTOPHHTOBOM JKOJIOTHYECKOM O0CIICIOBAHIH aKBaTOPHH,
B KOTOPOM JIJIsl paHHEH OMOMHAMKAIINH 3arPsA3HEHNN UCTIONB3YeTCs H3MEHEHHEe OHOpa3zHooOpasus U IOBEICH-
YEeCKOM aKTUBHOCTH IiaHkToHa (AITK-3).

JluHelika KOMIUIEKCOB BBINOJHEHA B YHHU(DUIIMPOBAHHOM IPHOOPHOM OOECTICYCHUH W KOHCTPYKTOPCKOM
PCIIECHIH, OCHOBHOE OTJIYHE KOMIUIEKCOB JPYT OT JApYyra COCTOUT B IPOrpaMMHOM oOectiedeHur. OHa 13 BepcHid
xomruiekca AITK-P anpoGupoBana B Kapckom Mope, Bo Bpems sxcnieuiiny MHcTuTyTa okeanonornd PAH.

OrtaensHble Moy pazpaboTaHHbIx AITK BBIMONHEHBI B BUJIE MOOWIIBHBIX MPHOOPOB M MCTIOJIB30BAIHCH
TIPH HCCIIEOBAHNH AIIEKTPOIIPOBOTHOCTH BOABI B Bacroranckux 6omnotax, B O6u u pszie pek O0ckoro Oacceiina.

IMpoext noanepxan GLIT «MccirenoBanus u pa3pabOTKH IO MPHOPHUTETHBIM HANIPABIICHHUSIM Pa3BUTHS
Hay4YHO-TeXHoJIoruueckoro komruiekca Poccuu Ha 2014-2020 romer». CornanieHue o nMpeIocTaBlIeHHH CyOCcH-
nvm Ne 14.578.21.0205.

Efimova L., Sharapova E. Efimov V., Chalov S.
BIOGENIC ELEMENTS IN THE WATER OF MONGOLIAN PART OF SELENGA RIVER BASIN
Lomonosov Moscow State University, Faculty of Geography, Moscow
ef_river@mail.ru
Throughout the research concentration of biogenic elements (nitrogen and phosphorus) in the water of
Mongolian part of Selenga river basin were studied. In this article were considered the stock data for years
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1995-2015 and the results of field observations for 2015-2016. Annual average concentrations of N and P min-
eral forms in the Tuul, Khara and Orkhon river closure sites were analyzed and didn’t reveal significant trends
between 1995™ and 2016™ data. Natural content of biogenic elements varies under the influence of hydro-
climatic conditions and technogenic impact level.

Edumona JLE., lllapanosa E.O. E¢umos B.A., Yasnos C.P. .
BUOI'EHHBIE 3JIEMEHTbBI B PEYHbBIX BOJAX MOHI'OJIbCKOU YACTU BACCEUHA
CEJIEHT'
MI'Y umenu M.B. JlomonocoBa, reorpadudeckuii ¢pakynsteT, MockBa
ef _river@mail.ru

CoBpeMeHHBIE KIIMMATHIECKUe H3MEHEeHHs B Oacceiine p. CeNeHrd MPUBEIH K TPaHC(HOPMAITHH €€ BOI-
Horo u xumudeckoro croka (I'apmaes, Xpuctodopos, 2010). B ceBepHbIx paitonax MOHIOIHMK Ha TPUPOIHBIC
MPOIIECCH HAKJIAIBIBACT OTICYATOK aKTHBU3AIMS XO3SHCTBEHHOW AEATEIBHOCTH — POCT BOJOIIOTPEONICHHS,
3arpsi3HEHHE PEKU U €€ MIPUTOKOB CTOYHBIMH BOJAMH. DTO NMPHUBOIUT K M3MEHEHHUIO KauyecTBa BOJI, IIOCTYTIAIO-
IIMX Ha POCCUICKYI0 4yacTh Oacceitna (CopoxoBukoBa u Jip., 2013, 2015). [TnanupyemMoe CTpOUTENBLCTBO BO-
JIOXPaHUJIMIL B MOHT'OJILCKOM 4acTH OacceiiHa peKu Takke MPUBEIET K M3SMEHEHUIO XUMHUYECKOT0 COCTaBa BO-
11 (I'peuyniankoBa, Daenpiteiin, 2016).

Lenpb wccemoBanms — OLCHUTH COJIEpKaHIe OMOTeHHBIX 3JIeMEHTOB B Bojie CENeHTH U €€ TPUTOKOB B
MOHTOJILCKOH yacTH OacceliHa. AHAJIM3 BBITIOJHEH 110 JIMTEPaTypHBIM JaHHBIM (1995-2015 rT.) M pe3yibTaTam
CcOOCTBEHHBIX TOJIEBBIX HccinenoBannii (2015-2016 rr.).

Momrosnbckas 9acTh Oacceiina CeeHrn XapakTepu3yeTcsi Hanbosiee HU3KOW BOJHOCTBIO. Ha 3acynimBbIX Bo-
JI0cO0pax MPUTOKOB PEKU KITMMaTHIECKUE M3MEHEHHS! IPUBOIAT K BO3PACTAHHIO IE(PUIINTA BIAXKHOCTH U3-32 YBEIHU-
YHBAIOIMXCS TIOTEPh BJIACU Ha UcrapeHue. Moayib BOJHOro ctoka nputokoB Cenenru — pek Tyyn u Xapaa cocTas-
et ot 0,4 110 0,1 1w/e-kM”. AHTPOTIOreHHBIN (haKTOP 3HAYUTETLHO H3MEHSICT MPUPOIHBINA (OH coep KaHis OUOreH-
HBIX AIIeMEeHTOB. BomocOophI paccMaTpiBaeMbIX PeK XapaKTepU3YIOTCSI TOCTATOYHO BHICOKOH CTETICHBIO XO3SHCTBEH-
HOHM OCBOGHHOCTH, KOTOpasi, OJIHAKO, KOHIICHTPUPYETCs B paidoHe T. YnaH-batop u Mectopoxnenns 3aamap (p. Tyyn),
B paifone T. JlapxaH (p.Xapaa) u psine Apyrux HACEIEHHBIX MyHKTOB. CHcTeMa 3eMIICTIONb30BaHMs Ha JJAHHBIA MO-
MEHT Pa3BUTa HEIOCTATOYHO, YTO MPUBOUT K 3HAUUTEILHON 3PO3UH BOJOCOOPA B PE3YNIbTATE CEILCKOXO3SHCTBEH-
HBIX PaboT, 0OCOOEHHO B TIEPUOJ JIETHE-OCEHHMX MABOJKOB, MOCTYIJICHHIO B PEKH B3BEILICHHBIX (POPM OMOTEHHBIX
JJIEMEHTOB.

AHAIM3 CPEIHErOOBBIX KOHICHTPAIMH MHHEPATbHOTO a30Ta W Gocdopa B 3aMBIKAIOIINX CTBOPAX PEK
Tyyn, Xapaa, OpxoH He BBISBHII 3aMETHBIX TpeHIoB B mieprox 1995-2015 rr. OcpenHeHHbIe KOHIIEHTPAIMHA HUT-
patHOro a3oTa B paccMaTpuBaeMbiX cTBopax coctaBiim 0,3-0,4 MrN/i npu 3HaUMTENLHON BHYTPUTOJIOBON M3MEH-
yuBocTH (0,21-1,98 MrN/m). AMMoHmiHBIH a30T m3MeHsiics B cpenHeM ot 0,1 1o 0,3 mrN/n. MunnMansHbIe cpen-
HEroJIOBblE KOHIIEHTpaIlui OTMEUYEHBI B Bozie p. CelieHra, a MakCUMallbHbIe — IPH CIUSIHUM pp.OpXoH U XaHTol
(1,43 mrN/m). MakcuMaltbHBIN TUana3oH KojeOaHuid Habmromancs B Boje p. OpXoH, MPUHUMAIOIEH BOJIBI 3arpsi3-
HECHHBIX MIPOMBIIUICHHRIMA W KOMMYHAJIbHO-OBITOBEIME CTOKaMH TIPUTOKOB Xapaa, Xonrou, Iaperaron, bopoo.
CoracHo KCTIeIUIIMOHHBIM JaHHBIM, HIDKE KapBEPOB B BoJIe peK XOHTol M Xapaa IOCIIe TIOCTYIUICHNS CTOYHBIX
BO/JI IIPOKCXOJTUT YBEIIMUYCHUE B BOJIC MUHEPAIILHBIX (hOpM a30Ta u ocdopa.

Coneprkanye OHOTEHHBIX JIEMEHTOB XapaKTepH3yeTCsl CE30HHOW M3MEHUMBOCTHIO. Pacuer cpeHIX KOHIIeH-
Tpalii COeMHEHNH MUHEPATIbHOTO a30Ta CBUACTENILCTBYET 00 MX ABYKPATHOM YBEIMUYECHUM TPY TTOBBIICHHON BOI-
HocTH. [Ipr 5TOM BOTHOCTB NMPaKTUYECKHU HE OTpa3uiiach Ha CPEIIHUX BeJIMUMHAX cofepkaHnst (ocdaros.

[o pe3ynpraTaM MOJICBBIX HAOIFOJCHUM, ISl PEK MOHTOJILCKOW YacTH OacceiiHa CeNeHTH BBISIBIICHO,
9TO B JICTHE-OCCHHUH IEpUO]] O OpraHmdeckoil Gopmsel coctaBsieT 50-70% obmero ¢ocdopa, 3umoii xe
MuHepanbHEI hocdop mpeobmamaer, gocturas 90% (B Bomax p. Tyymn). 3umoii p. Tyyn B paiione r. Yman-
Batop mepemep3aet, a B He3aMEP3IINX JTMH3aX BOJABI HA IUIECOBBIX YYACTKAX, MEKIY CIOEB JIbJA, CKAIUTHBA-
FOTCSI 3arpsA3HEHHBIC BOJBI C TOBBIIIEHHBIMU KOHIICHTPALIMSIMU COeTUHEHUH (ocdopa u azoTta. [locTyruieHue
9THX BOJ] B peKy TMocje 0CBOOOXKIEHHS OTO JIbJIa MPUBOAUT K PE3KOMY MOBBIIICHUIO COAEPXKaHU OMOTEHHBIX
BEILECTB aHTPOIMOTEHHOTO NpoHuCXoxkAeHUs. OHO CHIKAeTCA K YCThIO peKu Tyyll, He oKa3blBas 3aMETHOTO
BIHMSIHUS HA XUMHIECKUH cocTaB Boabl pek OpxoH u CeneHra.

3arps3HEHNE PEYHBIX BOJ OHOTEHHBIMH JJIEMEHTAaMH, IOCTYIAIOMIMMHU C KOMMYHAJIHHO-OBITOBBIMH,
MIPOMBIIIICHHBIMH U CENECKOX03IHCTBEHHBIMH CTOKAMH, IMEET JOKAIBHBIHN XapaKkTep.

Pabora BbimosHEHa IpH (puHAHCOBOM moaepskke PODU (mpoekt Ne 17-29-05027)

Eropova 1.0., Takhteev V.V.
MACROZOOBENTHOS OF THE SOME THERMAL SPRINGS OF NORTHERN BAIKAL AND
BARGUZIN VALLEY IN EARLY SPRING

The macrozoobenthos communities were investigated in the thermal springs of Northern Baikal
(Verkhnyaya Zaimka, Hakusy) and in the Barguzin valley (Umkhey, Kuchiger, Seya). In thermal springs of
the North Baikal coast and the Verkhnyaya Angara basin the gastropods are dominated (communities with two
or three dominants), in the spring Verkhnyaya Zaimka in the area of cooling water — also the amphipods Gme-
linoides fasciatus. Due to the lack of hard substrates in the studied springs of the Barguzin valley the larvae of
dragonflies (Odonata) and other insects are dominated. The biomass indices of zoobenthos are high and corre-
spond to those in eutrophic and even hypertrophic lakes.
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MAKPO30QOOBEHTOC HEKOTOPBIX TEPMA.JII)HI)IX HUCTOYHUKOB CEBEPHOI'O
HPI/IBAI/[KAJII)H U BAPT'Y3UHCKOM I[O.JII/IHI)I B PAHHEBECEHHMI ITEPUO/],
"Ypkyrckuit rocyz[apCTBeHHLm yHuBepcutet, Upkyrck, Poccust
’BaiikalbCKHil my3eit MTHLICO PAH, moc. JIuctesinka Upkytckoit 00:1., Poccus
eropova.lrlna@yandex.ru

Baiikaibckast prudoBasi 30Ha SBIISETCS OMHUM W3 PETHOHOB TUIAHETHI, JIJIsi KOTOPOTO CBOMCTBEHHO HAJIMYHE
3HAYUTEIIHHOIO KOJIMYECTBA TePMATIBHBIX HCTOYHUKOB, TIPUAAOIINX eMy 0c000¢ JaHamadTHO-IKOIOTHIECKOE CBOC-
obpazue. K ux unciy otHocsTes TepMasbHble HeTouHUKN CeepHoro [Ipubaiikanbs u bapry3iHCKO TOMHHBL, SBIIS-
FOIIMECS PeyrHsIMU JUTA psizia TEIUTOMOOMBBIX JIEMEHTOB (hayHBI U (pIIOPHI, KaK BOITHOM, TAK M HA3EMHOM.

Lenb paGoTHI 3aKIIFOYATIACH B CPABHUTEIIFHOM aHAIIM3E COOOIIECTB 3000€HTOCA TEPMAITbHBIX HCTOYHHKOB
Ceseproro [Ipubaiikamss (Bepxmsis 3anmka, Xakychr) u baprysunckoit qomms! (Ymxoi, Kyaurep, Cest).

B mapte 2016 1 2017 rr. HaMu TIPOBEICHBI ABE KOMITIEKCHBIE SKCIIEAUINA TI0 3TUM parioHam. Komu-
YECTBEHHBIC MPOOBI MAaKp03000EHTOCA OTOMpAIH ¢ MOMOIIBIO Kpyrioro 6entometpa (S=0,017 m?). Jlns uc-
ClIeJIoBaHUs cocTaBa (hayHbl OTOMpaNK TaKkKe KaueCTBEHHbBIE POObI ¢ IOMOIIBIO cadka. Beero 0b110 cobpano
u o6pabotano 23 npoods! (12 xommuecTBeHHBIX U 11 kauecTBeHHBbIX). KamepanbHyto 006paboTKy npob mpoBo-
JIVTHL TT0 OOIICTIPUHATON METOAHUKE C PACUCTOM YHCICHHOCTH U OMOMACCHI KaXI0W TAKCOHOMUYECKOW TPYIIIThI
Ha 1 M2 Tum coobmiecTBa 3000€HTOCA OIPEISISUIN 110 TPYIINE, KOTOpask TOMUHIPOBAA 110 OHoMacce.

Bce uCTOYHMKH OTIIMYAIOTCS MISIOYHOM peakuueit Boubl (pH 8,2-9,6) u ee He3HAYUTEIHLHONW MUHEpa-
muzarueit — ot 0,12 mo 0,17 r/m. XuMudeckuil cocTaB BOJABI — THAPOKapOOHATHO-CYNIb(ATHBIM HATPUEBBIN
(Bepxusas 3aumka, Xakycel) ¥ TUIPOKapOOHATHBIN HATPUEBBIH (MCTOYHUKHN baprysunckoi nommssr). ITokasza-
Tenu HackleHus: O, u3MeHsmcs ot 5,0 mr/n 1o 6,9 mr/a. TemnepaTypa BoJisl Bapbuposaia ot 28,8°C (Bepx-
Hss 3aumka) 10 55,2°C (Cerolickuit) Ha BbIXO€ UCTOYHMKA U OT 8,8 10 25,5°C B MecTe oTOopa npoo.

BOnm3u Mecta OCHOBHOTO H3IHSIHUS HUCTOYHMKA BepxHsas 3amMmka Makpo3000€HTOC IpecTaBICH
TOJIBKO OPFOXOHOTMMH MOJUTFOCKaMH K3 TpeX ceMercTB: Bithyniidae, Valvatidae u Planorbidae. B 30He oxia-
JKIEHWS BOJ 1Mo Omomacce nomuuHupoBanu amdumoast Gmelinoides fasciatus (26,8%), cyoqoMuHaHTaMu siB-
nsr0TCs racTpornost (20,8%).

B cocraBe (ayHpl BCcero TepMalbHOTO IMOJIST MCTOYHHKA XAaKyChl MPEUMYIIECTBEHHO JOMHHHPYIOT
OpIOXOHOTHE MOJUTIOCKH, Kak 1o uncieHHoctH (53,0%), tak u mo 6uomacce (51,2%). Cy6aoMuUHaHTHI 110 O610-
macce — mmumHkd ctpeko3 Orthetrum albistylum (35,3%), Ha TpeTheM MecCTe JIMUMHKHA MYX-JTbBUHOK
Stratiomyidae, otHocsmecs k Bugam Odontomyia argentata (F.) u O. angulata (Panzer) (8,5%). T'actpormost
MpeACTaBIeHBl THAPOTEPMATbHBIMU SHAeMHKaMu Lymnaea gr. thermobaicalica u HeomucaHHBIM BHIOM
Gyraulus sp., obHapyxen Takxke Oaiikaapckuii Bua ambumoa Micruropus wohlii platycercus.

Bopl ncTouHMKOB YMXAHCKOH Tpymibl iprHEMaeT Terioe o3epo (29-30 °C), rae y 6epera ObUi HaCHBI
JKUBBIMH JTUIIE JTAIUHKHE cTpeko3 Orthetrum albistylum. B HuokHeli 9acTi TepMATBHOTO MO B MPOXJIAIHOMN JTYKE 110
YHCJIEHHOCTU JOMHHUPYIOT XUPOHOMUBI (45,4%), B poiu cyOJOMHUHAHTOB — JIMYMHKHU MOKpeLoB (36,3%); no 6uo-
Macce Takke IpeodagarT XUpoHoMus! (37,4%), B KauecTBe CyOIOMHHAHTOB — JIMIMHKH JTGBHHOK U CTPEKO3 (25,2
u 21,7%). B mpruCcyTCTBAM KAMEHHCTOTO TPYHTA 316Ch TOSBILTIOTCSI TACTPOIIONB! (OOHAPYKEHEI ITyCThIe paKOBHHEI). B
COCTaBE MaKpO3000EHTOCA JIEBOOEPEKHOTO UCTOUHHIKA Y MXAHUCKOH TPYIIIIBI APKO BBHIPAYKEHHBIM JJOMHHAHTOM, KaK 10
yncnensoct (81,8%), Tak u o 6uomacce (87,4%), okazaich Takke JIMYUHKA XUPOHOMMUJI.

B ucrounuke Kyunrep n3-3a MaonpHUrofHOro Jiyis 3000eHToca cyocTpara (O4eHb BA3KUNA MITUCTBIN TPYHT CO
3HAYUTETIBHBIM 3allaxOM CEPOBOIOPO/IA) B MACCOBOM KOJIMYECTBE IPUCYTCTBYIOT TOJBKO JIMYMHKA MOKPEIIOB
(Ceratopogonidae).

Bopa Ceroiickoro UCTOYHHKA M3ITUBACTCS C JEOUTOM 2 JI/C U cpa3y ke GOpMHpPYET ropsaee 03epo, B
KOTOPOM MaKpoOeCTI03BOHOUYHBIE OTCYTCTBYIOT. M3 03epa BhITEkaeT pydeil, KOoTopblii BrnagaeT B p. Ces; ero
JTHO TIOKPBITO OOWJIBHBIM JeTputoM. B pyube mpu 22-25°C chopMHpOBaHO OJOHATOUIAHOE COOOIIECTBO C
OYeHb BBICOKUMH 3HAUEHUSAMH OMOMAcCChl TMUMHOK cTpeko3 (21,47-30,29 r/m?, uwm 91,2-99,6% Bcero 3000eH-
TOCA); TI0 YUCJIEHHOCTH Ha MEPBOE MECTO MOTYT BBIXOJIUTh JTUUUHKUA XUpOHOMUT (110 61,5%).

Takum 00pazoM, B TepMaJbHBIX HCTOYHHKAX CEBEPHOTO moOepexbs baiikama m BepxHeanrapckoin
BIIQJMHBI PACTIPOCTPAHEHBI TaCTPOIOIHEIE COOOIIECTBa 3000eHTOCa, B XaKycax B OTACIBHBIX YIacTKaX Tep-
MaJBHOTO TOJSI — OJOHATOMIHBIE. B paccMaTpmBaeMBIX TepMaJbHBIX HCTOYHHKAX bBapry3mHCKOHM TOTHHBI
BCJIECTBUE MOYTH IIOJHOTO OTCYTCTBHS TBEPABIX CyOCTpaTOB MpeoOiagaroT JIMYUHKH CTPEKO3 M JAPYTUX
HacekoMbIX. [TokazaTenn OnoMacchl Makpo3000EHTOCA TEPMAIILHBIX HCTOYHUKOB (B IMPUTOIHON JIIsi OOMTaHUS
JKUBOTHBIX 30HE) HaXOMATCS Ha BHICOKOM YPOBHE, U COOTBETCTBYIOT TAKOBBIM B 3BTPO(HBIX MU JaXKe THUIEP-
TpodHbIX 03epax (Bepxusas 3ammka — 10 43,06 r/m?, Cerotickuit — 1o 30,41 1/m?).

HUccrnenosanus mognepkansl POOU (rpant Ne 17-29-05067-0dwm).

Fedorov Yu.A.', Dmitrik L.Yu.!, Nazarenko O.V.}, Predeina L.M.?, Dotsenko I.V.*
IRON: FORMS OF MIGRATION AND STAY IN THE WATER FOR MEGAPROFIL “MINE
WATER - THE RIVER DON AND AZOV SEA”
lSouthern Federal University, Rostov on Don, Bolshaya Sadovaya str. 105/42
Hydrochemical Institute, Rostov on Don, Stachki str., 198
fedorov@sfedu.ru, ldmitrik@sfedu.ru
Iron is one of the most widespread elements on our planet. This metal is present in most natural mineral for-
mations, water, organic matter, and in the air. The important physiological and biochemical role is beyond doubt. Iron,
located in the aquatic environment, can take part in the processes of self-purification, redox reactions, be a regulator of
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biomass phytoplankton. It should be noted that high metal content in the water significantly impairs water quality, mak-
ing it unsuitable for technical purposes, and dangerous for living organisms. The mine waters of the Eastern Donbass,
which are toxic due to extremely high iron concentrations, are a vivid example of the harmful effects. On the contrary,
in mud lakes (oz. Palentino, Big Tambukan), iron which in the interaction with reduced sulfur forms in the sediments
gidrotroillit, which have is the therapeutic characteristic. Therefore, it is important to study the changes in the forms of
finding and migration of dissolved iron overall (Fey) in water bodies of different origin, characterized by different
physical and chemical conditions. The graphs of the distribution of iron overall, pH, Eh and mineralization (M) of wa-
ter bodies of the Azov sea catchment were constructed according to the megaprofile "Mine waters of the coal mining
area, ponds, sedimentation tanks, small rivers (Eastern Donbass) — Don river - Taganrog Bay - Azov Sea". The content
of total dissolved iron decreased when moving from the area of mine waters to the Azov Sea, and the values of the hy-
drogen index, in the same direction, increased. For M and Fey,, there was a parallel decrease in both indicators when
moving through the system from the Eastern Donbass region to the Don River, then mineralization began to increase,
and the concentration of dissolved iron continued to decrease. The values of the oxidation-reduction potential changed
unevenly in some areas of the megaprofile, but in general, there was a tendency to reduce the values of Eh in the direc-
tion from the mine waters to the Azov Sea, which was accompanied by a decrease in the total dissolved iron. The re-
sults of full-scale experimental studies on the rivers of the Rostov region are given, which describe seasonal and daily
changes in the dynamics of dissolved and suspended iron. The factors affecting the iron content in the Don River are
established. The processes of Fe oxidation in various conditions are considered in detail, at the same time analyzed the
change of forms of elements in different conditions. The high content of dissolved iron in the mine waters of Eastern
Donbass is explained by chemical and bacterial oxidation of pyrite (FeS,). The low values of the hydrogen index char-
acteristic of these waters contribute to the finding of iron in the dissolved state with a high proportion in the form of
finding Fe®*. When the mine water enters the earths surface and interact with rocks and surface waters, there is an in-
crease in the pH values and the transition of Fe?* to Fe**, accompanied by the deposition of the latter in the bottom sed-
|ments Therefore, in surface waters, in particular in the Don River, dissolved iron mainly has an oxidation state form of

*. The prevailing form of iron migration is suspended matter. The Azov Sea is characterized by a high content of
organlc matter, including humic and fulvic acids. Fe** easily forms complex compounds with silicon ions and acids,
which provides high stability of Fe(OH); colloids in sea waters.

The financial support provided by the project RSF Ne 17-17-01229 are gratefully acknowledged.

®enonos F0.A.", imurpuk JLIO.", Hazapenxo O.B.", lpexenna JI.M.%, Touenxo U.B."
KEJIE30: ®OPMbI MUT'PAIIMN 1 HAXOXKJIEHUA B BOJE IO METAITPO®NUJIIO
«IHAXTHBIE BOJbI — PEKA IOH — A3OBCKOE MOPE»

YOsxubiit henepanbubiil vEuBepcHTeT, T. PocTos-Ha-Jlomy, yi1. Bonsimas Caosas 105/42

OI'BY «'uapoxumudeckuit THCTUTYT», T. PocToB-Ha-/ony, yi. mp. Crauku, 198
fedorov@sfedu.ru, Idmitrik@sfedu.ru

JKene3o — onvH M3 HanboJIee PaCcIIPOCTPAHEHHBIX HJIEMEHTOB Ha Halllel IaHeTe, TOT MeTaJlT PUCYTCTBYET
B OOJIBIIIMHCTBE NMPHUPOIHBIX MHHEPATHHBIX 00pa30BaHMiA, BOJIE, OPraHUKe M JaKe B BO3AYXE, OHO WIPACT BAXKHYIO
(VBHOTOTHYECKYI0 M OMOXUMHUYECKYIO pojib. BoJbINoi HHTEpeC MpencTaBisieT kKeye30, HaXOoAsIIeecs B BOIHOM cpe-
e, TTIe OHO MOYKET MPHHUMATh yIacTHe B IPOLIECCaX €€ CAMOOYMIIICHHS, OKUCIHTEIFHO-BOCCTAHOBUTEIFHBIX Peak-
IUSIX, OBITH PEryysITopoM OHoMacchl (PUTOMNAHKTOHA, M MHOTOE Jipyroe. Ho BBICOKOE coziepskaHue 3TOro MeTama B
BOJIC 3HAYUTEIIFHO YXYAIIAET €¢ KAueCTBO, JeNias He IPUTOIHON /IS HCTIONB30BaHMS B TEXHUUECKHX LETSIX, U Ofac-
HOMW IS JKMBBIX OpraHu3MoB. Tak, SpKUM IPUMEPOM BPEJHOTO BO3JIEHCTBHS MOIYT CIIYXKHTh LIAXTHBIE BoIb! Bo-
crouroro Jlonbacca, KOTOpBIE SBISIOTCS TOKCHYHBIMH M3-332 3KCTPEMAJGHO BBICOKHMX KOHIIGHTpamwii xenesa. U
HANpOTUB, B TPs3eBBIX 03epax (03. [lemenkuno, bompmoit TamOykan), sxene30, KOTOpOE MPH B3aUMOICHCTBIH C BOC-
CTAHOBJICHHBIMU COCIMHEHISIMH CEPBI, 00pa3yeT B JOHHBIX OTIIOKEHUSIX THAPOTPOMIUIAT, KOTOPEIA 00lafmaeT Tepa-
MEBTUYECKUMH CBOMCTBaMH. [103TOMY Ba)KHO HM3YYHTh M3MEHEHHE (JOPM HAXOXKICHHS U MHTPAIMH PaCTBOPEHHOTO
xerne3a o0mero (Feys,y,) B BOJHBIX 00BEKTax Pa3IMIHOIO MPOUCXOKICHIS, XapaKTePU3YIOINXCS PA3TMIHBIMU (PU3H-
KO-XMMUUYECKUMHU YCIOBUSAMU. /1711 3TOr0 ObUIM MOCTPOEHBI IPa(UKU PacIIpe/ieNIeHHs COIEpKaHUI Jkere3a o0LIero,
3navenuit pH, Eh n Munepammsaniu (M) B BOIHBIX 00beKTax OacceiiHa A30BCKOTO MOPSI [0 MEranpoGUiIiO «IaxT-
HbIC BOJIbI paiioHa Yriiemo0bIuM, IPYIbl OTCTOMHUKH, Maibie peku (Boctounsiii Jlonbacc) — peka Jlon — Taranpor-
CKHi1 3a7MB — A30BcKOe Mopey. ConepkaHne pacTBOPEHHOT'O JKejie3a OOIIEro YMEHBIIATIOCh TIPU POIBIDKEHIN OT
paiioHa pacIoNOXKEeHIs IIaXTHBIX BOI K A30BCKOMY MOPIO, a 3HAYEHISI BOZOPOJHOTO TIOKA3aTeNs, B TOM K€ HalpaB-
nenvu, Bospactam. st M u Fe g, 0TMEdeHO napauieNIbHOe CHIDKEHHE 000MX TIOKasaTelNeld P MPOIBIKEHUH TI0
cucreMe oT paiioHa Bocrounoro /lonbacca k pexe JloH, fajee MUHEpaI3alysl HaulHaa MOBBIIIATCS, a KOHIIEHTpa-
IS PACTBOPEHHOTO Kefie3a OOLIEro MpoJoIbKaia CHIDKAThCS. 3HAYEHHUs] OKUCIUTEIbHO-BOCCTAHOBUTEIEHOTO TTOTEH-
11aJ1a M3MEHSIIICh HEPaBHOMEPHO Ha OTHEIBHBIX Y4acTKax MeranpoQuis, HO B 00IIeM OTMeueHa TEHACHIUS K CHHU-
*eHHo 3HaueHnit Eh B HampaBneHun oT palioHa IIAXTHBIX BOI K A30BCKOMY MOPIO, KOTOpasi COMPOBOXKIAIACH
cyOmapajuIe/IbHBIM CHIDKEHHEM COZCPKaHFs PACTBOPEHHOTO JKelesa oomiero. [IpencrarieHs! pe3yabTaTbl HaTypHBIX
SKCIEPHMEHTAJILHBIX UCCIIEIOBAHMI Ha pekax POCTOBCKO# 00/1aCTH, B KOTOPBIX OIMCAHBI CE30HHBIC M CYTOUHbIC M3~
MEHEHHS B TMHAMUKE PACTBOPEHHOTO U B3BEIICHHOTO JKele3a. A TaK K€ YCTAHOBJIEHBI (DAKTOPBI, BIUSIOLIME HA CO-
JiepaaHue sxene3a B peke JIoH. [1oapoOHO paccMOTpeHBI POLIECCH] €T0 OKUCIICHUS B PA3IMYHBIX YCJIOBUSX, @ TAKXKE
m3MeHeHne (GopM HaxXOXKASHHsS HTOro sneMeHTta. B maxTHbIX Bojax Bocrounoro Jlonbacca BeIcokoe conepikaHue
PacTBOPEHHOTO Kee3a OOBICHITCS XUMUYSCKAM 1 OaKTepHaNTbHBIM OKUCIeHHeM rputa (FeS,). Hiskie 3HaueHws
BOZOPOIHOTO TIOKA3aTeIsl, XapaKTePHBIE I 3THX BOI, CIIOCOOCTBYIOT HaXOKICHHUIO JKelie3a B PACTBOPEHHOM COCTO-
SIHHHM C BBICOKOM sionieii B (hopMe HaxoxkaeHnst Fe®*. TIpr TOCTYIUICHHN AXTHBIX BOJI, BCJIGACTBHC BOJOOTIINBA, HA
3€MHYIO MIOBECPXHOCTDb, U UX B3aI/l'MO):[eI/ICTBI/IH C MopoAgaMu U MOBEPXHOCTHBIMU BOAAMHU, IMPOHUCXOAUT ITOBLIIICHHE
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3HaueHHi pH ¥ mepexon IByXBaJICHTHOTO JKelie3a B TPEXBAICHTHOE COCTOSHHUE, COMPOBOXKIAIONIEEC OCAKICHAEM
THIOCTIEJTHETO B JIOHHBIE OTJI0XKEHH. [103TOMY B MOBEpPXHOCTHBIX BOZAX, B YACTHOCTHU B peke [loH, pacTBOpEeHHOE *e-
JIe30 B OCHOBHOM MMEeET CTENeHb OKHcieHus 3+. JlomuHupyrorieit (hopMoi MUrparmu xernesa sBIsIeTCs B3BEILICHHOe
BEIECTBO. A30BCKOE MOPE XapaKTepPU3yeTCsl BBICOKMM COACPIKaHUEM OPraHUYECKOro BEILECTBA, B TOM YHCIIE IyMU-
HOBBIX U (DYJIBBO-KUCTIOT. TpeXBasIeHTHOE JKeNe30 JIETKO 00pa3yeT KOMIUICKCHBIE COSIMHEHMS ¢ HOHAMU KPEMHIS 1
ATUMH KHCJIOTaMH, YTO 0OSCTICUMBACT BRICOKYFO YCTOMYMBOCTh KoJutonioB Fe(OH)s B Mopckoii Bofie.

Pabora BrITIONTHEHA TipH PUHAHCOBOW ToIepkke rpanTa PH® Ne 17-17-01229.

Fedorova G.A."2, Glyzina O.Yu.! , Avezova T. N , Belikova A.S., !
Medvezhonkova O. V! , Timoshkin O Al
PIGMENT COMPOSITION OF BAIKAL SPONGE ALGOSYMBIONTS AS IDENTIFICATION OF
SPONGE SYMBIOTIC COMMUNITY STATE
!Limnological Institute SB RAS, Irkutsk, Russia
2 Russian State University of Justice, Irkutsk, Russia
fgalina@mail.ru

The researchers presented data on magnesium-porphyrin components of the pigment apparatus of in-
tracellular symbiotic algae of the Baikal sponge Lubomirskia baicalensis (Pallas, 1771). Nine chlorophylls and
their derivatives were identified by MALDI-TOF/TOF. The content of chlorophylls a and b of intracellular
algosymbionts of the Baikal sponge was estimated by microcolumn HPLC.

Samples of L. baicalensis sponges (10 visually healthy and 15 visually diseased) were collected from
a depth of 5-10 m in the southern basin of Lake Baikal in 2015-2016 (Cape Beryozovy and village Bolshiye
Koty). Sponge samples were frozen in liquid nitrogen and stored at -70°C until analysis.

Chlorophylls a and b were determined by HPLC on a Milichrom A-02 (ZAO EkoNova, Russia) on a RP Nu-
cleosil 100-5 C18 (Machery-Nagel, Germany); the column temperature was 35°C and detector was 330 and 360 nm.

The elevated content of chlorophylls a and b was recorded in 70% of visually healthy and 85% of vis-
ually diseased sponges in comparison with the data of the pre-crisis period.

The ratio of chlorophyll a/b in visually healthy sponges was 8:1 (70%) and from 3.5:1 to 5:1 (30%).
The ratio of chlorophyll a/b in the visually diseased sponges was from 6.5:1 to 14:1. This exceeds significantly
the ratio of chlorophylls a/b in the pre-crisis period.

The qualitative composition of sample pigments was analyzed by MALDI-TOF/TOF equipped with a smart-
beam-II™ |aser with A = 355 nm and a reflectron (UltrafleXtreme, Bruker Daltonics GmbH, Germany) in the positive
ion detection mode. For registration of mass-spectra, we used 2,5-dihydroxyacetophenone (10 mg/ml in acetone) as
matrix. Mass spectra showed the presence of chlorophylls a, b, ¢; and c,, chlorophyllide a, pheophytin a, pheophorbide
a, pyropheophorbide a, and protoporphyrin IX. Pigments were identified from molecular ions and |sotop|c pattern.

The mass spectrum contained a radical cation M* and protonated molecule [M+H]" corresponding to
the products of cleavage of chlorophylls (pheophytins, pheophorbides, and pyrophheophorbids). It means that
there is the destruction of the pyrrole ring of the molecule.

The data obtained indicate deep physiological disturbances in the photosynthetic apparatus of the
Baikal sponge Lubomirskia baicalensis.

®egopoBa I.A.2, Caszana 0.10.", ABesosa T.H.!, Bemkosa A.C.'
. Mensexonkoa O.B.", TuMomkuH Q.A.

MNUI'MEHTHBIU COCTAB AJIbI'OCUMBHUOHTOB BAUKAJIBCKUX I'YBOK KAK
JAUATHOCTUKA COCTOSAHUSI CAMBUOTUYECKOI'O COOBHIECTBA
Jlumuonormaeckuit mactutyt CO PAH, Upkytck, Poccus
’BCO ®I'BOYBO «Poccuiickuii TrOCYAapCTBEHHBIN YHUBEPCUTET npaBocyaus», Upkyrck, Poccust
fgalina@mail.ru

[Mony4eHs!l naHHBIC IO MAarHUH-MOP(QUPHHOBBEIM KOMITOHEHTAM MUTMEHTHOTO alapara BHYTPHKIIE-
TOYHBIX CUMOHOTHYECKHX BOAOpOCIei Oalikanbckoii ryoku Lubomirskia baicalensis (Pallas, 1771). Merogom
MAJIJIU-TOD/TOD nnentuduimpoano 9 XmopouiUIoB U UX MPOU3BOTHBIX. MeTOIOM MUKPOKOJIOHOTHOM
BDXKX BhImoHeHA OLIEHKa COAEPKAaHMS XJI0pO(GUILIOB @ 1 b BHYTPHUKIETOYHBIX ATbIOCHMOHOHTOB OaiiKaib-
CKOH TryOKH.

O6pasup ry6oku L. baicalensis (10 Bu3yanbHO-310pOBBIX M 15 BH3yaabHO- OOJIBHBIX) COOpPAHBI C TIIy-
O6uHbl 5 - 10 M B 105kHO# KoTIOBUHE 03epa baiikan B 2015-2016 rr. (Mbic bep€zossiii, 1. Bonbmue Koter). O6-
pasipl TYOOK, MpeAHA3HAYCHHBIC I XUMHUYECKOTO M MaCcC-CIIEKTPOMETPHUYECKOTO HCCIICTOBAHUI 3aMOpadic-
641U B JHCUOKOM a30me, MPAHCROPpMUpPOBAy B 1abopamopuio 1 Xxpauuiu 00 anaiuza pu temieparype -70°C.

Omnpenerenne KOHIEHTPAINMH XJIOpOoGWIIoB ¢ n 6 BHMOMHUM MeTogoM BOXXX Ha xpomartorpade
«Mummxpom A-02» (3AO «OkxoHoBay, Poccust) Ha kKoJioHKe ¢ oOparnieHo-¢ha3HeiM copoerToM Nucleosil 100-5
C18 («Machery-Nagel», 'epmanus) ¢ 21r0eHTaMH METAHOII-BOJIA, TIPH TeMIlepaType KooHkU 35°C u jymHax
BoJH onpeeneHus 330 u 360 HM.

OTMeueHO TOBbIIIEHNE abCOMIOTHBIX 3HAYEHUH cojep)kaHus xJopopuuioB a U 6 'y 70% ycinoBHO-
3IIOPOBBIX H 85% YCIOBHO-OOBHBIX TI0 CPABHEHHIO C TAHHBIMU TOKPU3UCHOTO TIEPHOJIA.

CootHortreHre X10poduul a/6 B MCCISOBAHHBIX BU3YalbHO-3[J0POBBIX 00pa3nax I'yOKH COCTAaBUIIO
8:1 (70%) a B 30% o0Opas31oB OJIU3KO K JOKPU3UCHBIM 3Ha4deHusM: oT 3.5 1 1 g0 5 : 1. CooTHOIIEHHE XIOPO-
Gt a/6 B MCCIIeN0BaHHBIX BU3YalbHO-00JIBHBIX 00pas3nax Iryokd u3MeHsieres ot 6.5:1 mo 14 : 1, uyTo 3Hauu-
TEJILHO MPEBBIIIAET COOTHOIIEHHE XJIOPOPUILIOB a/6 B JOKPU3UCHBIH IEPHO/.
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HccrnemoBanns KadyeCTBEHHOTO COCTaBa IMIMEHTOB Mpo0O BBIIOJHEHB C IIOMOIIBIO Macc-
criektpomerpa MAJIJIU-TOD/TOD, ocHameHHOTO TBepAOTENbHBIM Y D-mazepoM ¢ A=355 HM u peduekTpo-
HoM (UltrafleXtreme, «Bruker Daltonics GmbH», I'epmanus). B kauecTBe opraHnuecKoil MaTpHUIlbl I PEru-
CTpaluK Macc-CHEeKTPOB HCIIOIb30BaAIH 2,5-auruapokcuaneTopeHon (10 Mr/Mia B anieToHe) B peXXHMe peru-
CTpanny TMOJIOKHUTETBHBIX HOHOB. Macc-CrieKTphl MOKa3all HaJMIHue XJIOPOPHITIOB a, O, €1 U Cp, XIOPODHII-
mana a, GeodpurnHa a, peodopouna a, mupodeodopdbuna a, nporomopduprna IX. [TurMeHTH MIACHTUDHUIIH-
POBaHBI IO MacCe MOJIEKYJISIPHBIX HOHOB U H30TOITHOMY PacIpeIeICHUIO.

Hapsiny ¢ Maccamy MOJEKyJISIDHBIX HOHOB, OTBEUAIOIIMMH XJIOPO(DHILIaM, Ha Macc-CIIeKTpe MPHCYTCTBYFOT
HOHBI, COOTBETCTBYIOIIIME TIPOIyKTaM pacHiervieHus xjaopoduuios (heodurunbl, peodopoupl, mupoheodopOump),
T.€. IBMEHEHHE XJIOPO(HUILIa MOXKET COMPOBOXKIATHCS pPa3pyIIEHHEM ITMPPOIBLHOTO KOJIbLA MOJIEKYJIIBL.

[NonyueHHble TaHHBIE CBUIETENBCTBYIOT O TIyOOKHX (DM3MOJIOTHYECKUX HApYIIEHHIX B paboTe GoTo-
CHHTETHYECKOTO amnmnapara Oaiikanbckoii ryoku L. baicalensis.

Fefilova E.B.}, Evstigneeva T.D.2, Mayor T.Yu.?
BAIKAL HARPACTICOIDS (CRUSTACEA: COPEPODA: HARPACTICOIDA): RESEARCH
PROMISES
YInstitute of Biology of Komi Scientific Centre of the Ural Branch RAS, Kommunisticheskaya 28, 167982
Syktyvkar
“Limnological Institute SB RAS, Irkutsk, Russia
fefilova@ib.komisc.ru

Harpacticoids are one of the most abundant and diversified groups of invertebrates in the Baikal meiobenthos
ranking third after amphipods and ostracods by the humber of taxons. 78 species of harpacticoids have been described
in Baikal, 77 of them belong to the family Canthocamptidae and to 9 genera of this family, 88% of them are endemic
(Okuneva, 1989; Okuneva, Evstigneeva, 2001). The structure of these crustaceans has been studied since 1908, the first
species described was a representative of the family Harpacticidae — Harpacticella inopinata Sars. The structure of
Baikal Canthocamptidae was determined later. It was found that 70% of species in this family belong to the genera
Bryocamptus and Moraria (Okuneva, 1989; Oxyresa, Evstigneeva, 2001). A long separate evolution of the Baikal
Canthocamptidae can be seen in development of convergent features whose adaptive role is hypothetical (Boxshall,
Evstigneeva, 1994; Monchenko, 2003). We expect that it would be promising to study the Baikal Harpacticoida mor-
phology in more detail, to develop the genera systematics and to perform a molecular-genetic analysis of phylogenesis
of these crustaceans. The first priority problems to be solved include a new description of the most Harpacticoida spe-
cies (first of all, the subgenera Baicalocamptus and Baicalomoraria), description of new taxa, definition of the structure
of deep water fauna, molecular-genetic analysis of the species, development of mitochondrial and nuclear genes nucle-
otide sequences databases. Such investigations could improve our understanding of evolutionary history of aquatic
fauna not only in the most ancient Baikal ecosystem, but also in other areas of Palearctic (Boxshall, Jaume, 2000;
Kaufman, 2005).

®eduiosa E.B.!, EBcrurneesa T.JI.°, Maiiop T.}O.?
NEPCHEKTHUBbBI HCCJIIEJOBAHUS I'APITAKTHLMJ (CRUSTACEA: COPEPODA:
. HARPACTICOIDA) BAUKAJIA
OI'BYH UuctutyT 6nonorun Komu HII YpO PAH, 167982, r. CrIKTBIBKAD,
) yi. Kommynuctuueckasi, 28
Jlumuonorugeckuii uactutryt CO PAH, Upkyrck, Poccus
fefilova@ib.komisc.ru

lapmakTumuIel — olHA U3 TOMHUHUPYIOMKX B balikane 1o pa3HooOpa3uio M YHCICHHOCTH B MeHOOEH-
TOCE TPyIII O0eCr03BOHOYHBIX. 110 UnCITy H3BECTHBIX HAyKE TAKCOHOB 3aHMMACT B HEM TPEThe Tociie aM(UIIox
U ocTpakox Mecto. M3 omumcanubix s badikama 78 Bumos Harpacticoida 77 mnpuHAIICKHT K CEM.
Canthocamptidae u 9 pogam atoro cemericTpa, 88% u3 Hux sHAeMuyHbl (OkyHeBa, 1989; OkyHnea, EBcTurHe-
eBa, 2001). MccnenoBanus coctaBa 3THX pakooOpasHBIX B 03epe Hadasnochk B 1908 romy ¢ ommcaHus mpeacTa-
Butens ceM. Harpacticidae — Harpacticella inopinata Sars. ITosxe GbIJI0 ycTaHOBJIEH COCTaB OaMKaabCKHX
Canthocamptidae, rae 70% BuAOBOro OorarcTBa CeMmelcTBa NPUXOJMTCS HA JOJIO poma Bryocamptus um
Moraria (Oxynesa, 1989; OxyneBa, Escturueesa, 2001). IIpogomkurenbHas 000co0IeHHAs SBOJIOLHS POIOB
Oaiikansckux Canthocamptidae mpocnexuBaeTcsi B pa3BUTHH KOHBEPIeHTHBIX MPU3HAKOB, aJalTallHOHHOE
3HAUCHUE HEKOTOPBIX M3 HUX MOxHO npennonoxuth (Boxshall, Evstigneeva, 1994; Mounuenko, 2003). Tlep-
criekTUBbI u3ydenust Harpacticoida B ozepe Baiikay Mbl CBsA3bIBAEM ¢ JeTaTH3aI[el MOP(OIOTHIECKUX UCCIIC-
JIOBaHUM, pa3pabOTKON CHCTEMATHKH POIOB M MOJEKYISIPHO-TCHETHYECKUM aHaN30M (hUIIOTeHe3a STOi
Tpymmsl pakooOpasHbIX. [lepBoodepemHpie 3aiadn, KOTOphIE HEOOXOIUMO PEIINTH HCCIICAOBATEISAM 03epa
BKJIFOYAIOT Tepeonucanre OONBIIMHCTBA BUIOB rapnakTuiiy (B MepBy0 odepels, moapooB Baicalocamptus
u Baicalomoraria), onvcanne HOBBIX TAKCOHOB, ONIPEAEICHHE COCTaBa TITyOOKOBOIHOMN (DayHbI, MOJIEKYIIIPHO-
TCHETHYCCKUI aHAIIU3 BUIIOB, CO3JaHUe 0a3 JaHHBIX HYKJICOTHIHBIX MOCICIOBATEILHOCTEH MUTOXOHIPUAITb-
HBIX U SJCPHBIX TeHOB. Takue W3bICKaHus OyIyT COCOOCTBOBATH JIYYIIEMY TTOHHMMAHHUIO 3BOJIIOIMOHHOM UC-
TOpUH BOJHOH (hayHBI HE TOJBKO B JIpeBHelIel skocucTeMe balikana, HO U APYrux peruonax llameapkTuku
(Boxshall, Jaume, 2000; Kaydman, 2005).
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Flerova E.A.M2
FEATURES OF THE CELL MESONEPHROS ANADROMOUS SALMONID SPECIES
YYaroslavl Scientific Research Institute of livestock breeding and forage production — Federal State Budget
Scientific Institution «Federal Williams Research Center of Forage Production and Agroecology»
?p.G. Demidov Yaroslavl State University

Despite the abundance of works devoted to the migration of salmonids, the prevailing number is lim-
ited to the study of functional rearrangements of the osmoregulatory system, to a lesser extent structural
changes in the kidneys and gill epithelium of fish, and the ultrastructure of the chloride cells of the gills.

Most of the works are devoted to a narrow segment of their life cycle - the process of smoltification.
The aim of the work is to describe the fine structure of the cells that form interstitial and kidney nephrons in
the wild population of baltic salmon and trout that are at different stages of the life cycle.

Catching smolt and parr Salmo salar and Salmo trutta were in the river Luga and the river Salk Lenin-
grad region. Catching smolt and parr S. salar and S. trutta were in the river meadows and the river Salk Lenin-
grad region. Salmon producers were caught at the confluence of the Luga Bay of the Gulf of Finland. The av-
erage salinity in this area is 5.2%o. Producers of trout were caught in the spawning grounds of the Solka River
(the lower tributary of the meadow). The trunk kidneys were excised, fixed and examined according to a
standard technique for electron microscopy.

The ultrastructure of lymphocytes, plasma cells, macrophages, neutrophils, eosinophils, cells with ra-
dially located vesicles of chloride cells, as well as structures forming nephrons (renal corpuscle, proximal and
distal tubules) are described. More than a twofold increase in the number of mitochondria in lymphocytes,
plasma cells, an increase in the cavity of the Bowman capsule, and the size of the cells studied in the trout and
salmon trotters, in comparison with the cells of the producers and parr.

An increase in the number of mitochondria in chloride cells and epithelial cells of the proximal tubule
has been revealed. The intensive development of folds of membranes of tubule epitheliocytes and smooth en-
doplasmic reticulum in smolt S. trutta and S. salar, as well as S. salar producers in comparison with other
stages of the life cycle, both salmon and trout. Likely, this fact is related both to the place of catch of salmon
producers and to the structural rearrangements of the organ of smolts of salmon.

Unlike slices trout kidney cells, where they were found only electron-transparent vesicles characteris-
tic Salmoniformes in salmon kidneys, are at smoltification stage first described by cells with radial vesicles
with an electron-dense fibril stretching along the vesicles.

It was concluded that the cell sizes, the size of the Bowman capsule cavity, the number of mitochondria in
agranulocytes, interstitial chloride cells and nephron epitheliocytes, the development of cell membranes and the smooth
endoplasmic reticulum in different types of nephron epitheliocytes, the different ultrastructure of vesicles of cells with
radially located vesicles are cytological markers processes of salmon migration.

The work was carried out with the financial support of the RFBR grant 16-04-00650 A "Morphofunctional
organization of the salmon-like mesonephros™. The author expresses deep gratitude to the head of the laboratory for
monitoring salmonid fish populations of FSBSI "GosNIORH"for their assistance in collecting the material.

5 ®néposa E.A."?
OCOBEHHOCTHU KJIETOYHOU OPTAHU3ALIUN ME3OHE®POCA AHA/IPOMHbBIX BU1OB
JJOCOCEBBIX
LSIpocnaBckuii HayuHO-HCCIIEIOBATEIBCKII HHCTHTYT KHBOTHOBOCTBA H KOPMOIIPOH3BOCTBA — (HiHa
®I'GHY «®HII BUK um. B.P. Bunbsamcay, 1. Muxaiinoeckuid, Poccust
2}IpocnaBCKI/Iﬁ rocyaapcTseHHbIN yHuBepcureT uM. IL.I'. JlemunoBa, SApocnasis, Poccust
katarinum@mail.ru

Hecmotpst Ha oOmime padoT, MOCBSIICHHBIX BOIPOCAM MHTPAILIUH JIOCOCEBBIX, MPEoOIaaroIiee uX YUcio
OTPaHWYMBACTCS M3yueHHEM (DYHKIMOHAIBHBIX MEPECTPOCK OCMOPETYJISTOPHON CHCTEMbI, B MEHBIIICH CTENEeHH
CTPYKTYPHBIMH U3MEHEHUSIMH B TIOUKaX U >ka0EpHOM MUTEIHUH PBIO, YIBTPACTPYKTYPOIl XJIOPHUAHBIX KIETOK XKa0p.
[pu 5TOM GOMBITMHCTBO PAdOT MOCBSIIEHO JIUIIH Y3KOMY OTPE3KY HX KH3HEHHOTO IUKJIA — IIPOIIECCY CMOTH(H-
kanud. Llenms paGoTsl — OmvicaTh TOHKOE CTPOSHME KIIETOK, 00pa3yroNIMX WHTEPCTUIIMH W HE(PPOHBI MOYEK JTUKON
TOMYJBIINN OaITHHCKOTO JIOCOCS M KYMKH, HaXOJAIINXCSI Ha Pa3HBIX CTAAUSIX )KU3HEHHOT'O IIHKIIA.

OtoB cmounToB 1 mectparok Salmo salar u Salmo trutta Beam B p. JIyra u p. Conka JIeHUHIpaacKo
obnactu. IIpousBoauTenu jococs ObUIM TIOMMaHBI B MecTe BrajeHus B JIykckoi ry0y d@HHCKOro 3aimBa.
CpenHuit mokaszaTenb COJICHOCTH B ATOM YYaCTKE COCTABISET 5,2%o. IIponsBoanTeny KyMKH ObUTH MOHMAaHBI
Ha HepecTmwmmax peku Conka (HwKHUA TpUTOK JIyrn). TyIOBHUITHBIE TTOYKH HCCEKANU, (PUKCHPOBAIU U HC-
CJICIOBAIH 10 CTAHAAPTHOU JJISI DJICKTPOHHOU MUKPOCKOITUH METOIUKE.

OnmcaHa yABTPACTPYKTYpa JUMQOIMTOB, IUTA3MATHIECKUX KIETOK, MakpodaroB, HEHTPOQIIIOB,
903MHO(]IIOB, KIETOK C paJlallbHO PACIOIOKEHHBIMH BE3HWKYJIAMH XJOPUIHBIX KJIETOK, a TaKXKe CTPYKTYP
obOpazyromux HedpoH (MOYEHHOE Tejblle, MPOKCUMAIbHBIN U TUCTANbHBIN KaHabIbl). [lokazaHo Oonee uem
JIBYKpaTHOE yBEIMUYEHHE KOJMYECTBA MUTOXOHAPUU B JTUMQOLUTAX, MIA3MATHUYECKUX KJIETOK, YBEIUYCHHE
MOJIOCTH OOYMEHOBOH KarCylibl U pa3MepOB M3yYaeMbIX KIETOK y MOKATHUKOB KyM)KH U JIOCOCS, TIO CpaBHE-
HUIO C KJIETKAMU POHU3BOIUTEIICH U IECTPSITOK.

BrisBiieHO yBeNMUeHHE KOJMMYECTBA MUTOXOHIPUH B XJIOPHIHBIX KIETKAaX M SMUTEIHOIMTAX MPOKCHU-
MaJIBHOTO OT/IeNa KaHaJbIIEeB, 00Jice MHTEHCHBHOE PAa3BUTHE CKIATOK MEMOPaHbI SITUTEINONUTOB KAaHAJBIEB U
[IAJIKOTO SHAOIIA3MAaTHIECKOT0 PETHKYITyMa CMOJITOB KYMIKH M JIOCOCS, & TAK)KE IPOU3BOIUTENEH JI0OCOCS IO
CPaBHEHUIO C JAPYTMMH CTaJMSIMHU KU3HCHHOTO IMKJIA, KaK JOcocs, Tak U KyMxku. Ckopee Bcero, STOT (akT
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CBsI3aH KaK C MECTOM BbLJIOBa IIPOM3BOAUTENEH JIOCOCHA, TaK M CO CTPYKTYPHBIMHU IEPECTpOMKaMHu OpraHa
CMOJITOB JIOCOCEBBIX.

B oTnmuue ot cpe3oB KIETOK MOUEK KyMKH, IJie ObLIM 0OHAPY>KEHBI TOJIBKO 3JEKTPOHHO -IIPO3PayHbIE
BE3UKYJIBI, XapaKTepHBIE IS JIOCOCE00pasHbIX, B TI0YKaX JIOCOCEH, HAXOAIIMXCS Ha CTaIUH CMOJITH(HKALHH,
BriepBeIe omucansl KPB ¢ aekTpoHHO-TITOTHOH (GUOPHILIOH, TSHYIIEH s BIOIh BE3UKYIIHL.

Crena BBIBOI O TOM, YTO Pa3Mephbl KIETOK, pa3MephI MOJOCTH OOYMEHOBOH KarCyJbl, KOJIMIECTBO MUTO-
XOHZIPUH B arpaHyJIOLHUTAX, XJIOPUIHBIX KJIETKaX WHTEPCTULI M SIUTEIHOIMTAX He(pOHA, Pa3BUTHE KICTOUHBIX
MeMOpaH M TJIaJIKOTO SHIOIUIA3MAaTHIEKOTO PETHKYITyMa y Pa3HBIX TUIIOB SIUTEIHOLMTOB He(pOHa, pasiiniHasi yib-
TpacTpykTypa Be3ukyil KPB sBisercs IUToI0ruuecKuMi MapKkepaMu IPOLECCOB MUTPALIUH JIOCOCEBBIX.

Pabora BeimonHeHa npu puHaHCOBOH noanepxkke rpanta POOU 16-04-00650 A "MopdodyHkuno-
HaJIbHAsl OpraHu3anys Me3oHe(poca JococeoOpasHbIX". ABTOp BEIpaXaeT TITyOOKyI0 OlarogapHoCTh COTPYI-
HUKaM JIabopaTopuu MOHHUTOpHHTA Tomyisiuii JococeBbix ppid ®I'BHY «"ocHUOPX» um. JI.C. Bepra 3a
MTOMOIIIb B cOOpe MaTepHraia.

Fokina N.N., Nemova N.N.
CHANGES IN PHOSPHOLIPID FATTY ACID COMPOSITION OF ANODONTA SPP. GILLS UN-
DER CADMIUM AND NICKEL EFFECTS
Institute of Biology of the Karelian Research Centre RAS, Petrozavodsk, Russia
fokinann@gmail.com

The effect of various cadmium and nickel concentrations on phospholipid fatty acid composition of
freshwater bivalve mollusks of the genus Anodonta was studied. It was shown phospholipid fatty acid compo-
sition of the mollusk gills undergoes significant changes under the effect of cadmium and nickel already on the
first experiment day. However, fatty acid composition response was determined not only by the metals dose
and the duration of their action, but also by the type of metal. The impact of a highly toxic metal-cadmium
negatively reflected on the unsaturation of membrane phospholipids already on the first experiment day. At the
same time, the effect of nickel, which is a trace metal (biological role has been poorly studied), during the first
experiment day caused an increase in the unsaturation of membrane phospholipids.

®oxkuna H.H., Hemosa H.H.
MU3MEHEHUSA )KUPHOKHUCJIIOTHOI'O CIIEKTPA ®OC®OJIHUIINA0B ) KABP ANODONTA SPP.
noa AEMCTBUEM KAJIMUS U HUKEJISA
HucTutyt 6nonorun — o6ocodsieHHoe noapasaencane GI'BYH
®denepanbHOTO HCcaeA0BaTeNbCKOTO HeHTpa «Kapenbckuil Hayunbli IeHTp Poccuiickoil akagemMun
Hayk», Poccus, 185910, r. IletpozaBonack, yi. [Tymkunckas, a.11
fokinann@gmail.com

JIBycTBOpYATHIC MOJUTFOCKH HCTIOB3YIOTCS B KAYECTBE MHAUKATOPOB B OMOMOHUTOPHHIOBBIX UCCIICIOBAHH-
SIX COCTOSTHHSI aKBATOPHH, & TAKKE B SKOTOKCHUKOJIOTIIECKIX UCCIICIOBAHILIX OHOJIOTMUECKHX 3(D(PEKTOB HAKOILICHHS
METAJUIOB B OpraHm3Me. MeTauibl HHIYIHPYIOT HPOIYKIHIO aKTUBHBIX (h)OPM KHCIOPOIa W CBOOOIHBIX PaJIFKaJIOB,
BBI3BIBAIONIMX PA3BUTUE OKHUCIUTENIBHOTO cTpecca. OCHOBHON MHILICHBIO OKHCIHTEIBHBIX MPOIIECCOB CITy)KaT HEHA-
CBHIIICHHBIC YKUPHBIC KUCJIOTHI B cocTaBe (hochomumuaoB MeMOpaH. [Ipy UX OKHCICHUH HApyIIAeTCsl CTPYKTYPHAsI
LETIOCTHOCTh ¥ TPOHMIIAEMOCTh JIUIHAIHOTO OWCIIOS, YTO TPUBOJIUT K PA3BUTHIO MATOJOTHYECKHUX MporieccoB. B
HacTosiIeil paboTe OLEHUBAIN XKUPHOKUCIOTHBIN cHeKTp (hochoIMImMaoB sxadp y MPEeCHOBOJHBIX JABYCTBOPUATHIX
MOJLTIOCKOB pojia Anodonta B yCIoBHSX SKCIIEPUMEHTATBHOTO BO3ICUCTBHUS KaIMHUSI M HUKEITSI B PA3IMYHBIX KOHIICH-
Tpamsix. Ha 6a3e axBapuamsHoro komiwiekca b KapHI[ PAH Opumi mpoBeneHbI SKCTIEpAMEHTEL, B XO/IE KOTOPBIX
MOJITIOCKH TIOJIBEPraJICh BO3CHCTBUIO KaaMUs U HUKE B KOHIeHTparmsax 10, 50 u 100 Mkr/i Ha npoTsbkeHnn 1 1
3 cyrok. [TockombKy >ka0psl y ABYCTBOpPUATHIX MOJUTIOCKOB HauOoOJee YsI3BUMBI K ACHCTBHIO METAJLIOB, U TIPE/ICTaB-
JISTIOT CO0OM MEPBUYHOE MECTO MX HAKOIUIEHHS, TI0 HCTEYEHNUH SKCTIEPUMEHTA OHU ObUTH 3a(hMKCHPOBAHBI IS TIPOBE-
JIeHUs OMOXMMITYECKOro aHanm3a. VccienoBaHue coctaBa KHUPHBIX KHCIOT (oCQONUIHIOB POBOAMIA METOaMH
TOHKOCIIOMHOW ¥ Ta30XKHIKOCTHOW Xpomarorpaduu mpu ucrnoms3oBanmy KT mayarsmm o6opymoBanneM Deme-
PATTHHOTO UCCIEA0BATENLCKOTO MeHTpa «Kapenbckuii HaydHbIi IeHTp Poccriickoi akaieMruu HayK».

[loxa3zaHo, 4TO Ha TEPBHIC CYTKW BO3ACHCTBHS KaaMHS MPOUCXOMAT M3MEHEHUS HAa YPOBHE JKHPHBIX
KUCIOT (pochonumuaoB xabp CBHUACTEIBCTBYIOIIME 00 aKTHBAIMU OKHCIHUTEIBHBIX IPOIIECCOB: CHIKCHHE
YPOBHSI MOHOHECHACHIIIICHHBIX KUPHBIX KUCJIOT (TJIaBHBIM 00pa3oM, 20:1) 1 n-6 MOJTUHEHACBIIICHHBIX KUPHBIX
KHCIIOT (B YaCTHOCTH, JIMHOJIEBOH 18:2n-6 u apaxuaoHoBo# 20:4n-6 kucioT). [Ipu 3TOM 0TMEUanock NMoBkIIIe-
HUE YPOBHS HACBIIICHHBIX JKUPHBIX KUCIOT, MPEUMYIIECTBCHHO MadbMUTHHOBOH 16:0 kuciotel. Ha TpeThu
CYTKH JKCIIEPUMEHTa, HAIIPOTUB, OTMEYANIOCh CHIDKEHHIE YPOBHS HACBHIIICHHBIX YKUPHBIX KUCIOT ¥ IOBHIIIE-
HHUE YPOBHS IMOJIMHEHACHIIIEHHBIX JKUPHBIX KHCIOT N-6 psiaa B cOCTaBe (HOCHOIUITUIOB xKaOp MOJLIFOCKOB, 9TO,
MO-BUINMOMY, yKa3bIBaeT Ha KOMIIEHCATOPHBIC M3MEHEHUSI Ha YPOBHE >KHPHOKHUCIOTHOTO CIEKTpa, HAIpaB-
JICHHBIC Ha BOCCTAHOBIICHNE HEHACBHIIICHHOCTH (hOCHOIUINAOB.

B omnmmume ot IeHCTBHS BRICOKOTOKCHYHOTO KaJIMES, HA TIEPBbIC CYTKH BIMSHUS HUKETSE OBUIO OTMEUYEHO MO~
BBIIICHUE YPOBHS MOHOHEHAChIIeHHbIX (20:1) u monmHeHachleHHbIX (apaxumoHoBor 20:4n-6, Siiko3areHTaeHOBON
20:5n-3 u noko3arekcaeHOBOH 22:61n-3) KHCIIOT, a TAKKe CHWKEHHE YPOBHS HACHIIIEHHBIX YKUPHBIX KHCIOT. [Ipn aToM
MOTH(DHKAIN JKUPHOKUCIIOTHOTO CIIeKTpa (hOCOIMITHIOB, YKA3bIBAIOIINE HA Pa3BUTHC OKUCITUTEIHHBIX MPOIIECCOB,
ObUTH OOHAPYKEHBI Ha TPETHU CYTKU SKCTIEPAMEHTAIIEHOTO BO3NIEHCTBIS HUKEIIL: CHIDKEHIIE YPOBHS ITOJIMHEHACHIIICH-
HBIX JKHPHBIX KUCIOT N-3 ¥ N-6 PSIOB M MOBBIIICHHE JOJIM HACHIIICHHBIX KUPHBIX KHCIOT.

Takum 06pa3oM, TIOKa3aHO, YTO KUPHOKHUCIOTHBIA CTIEKTP (POCHOIUNHIOB Kadp y MOJUTFOCKOB pojia
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Anodonta moasepraercs 3HaYUTENLHBIM M3MEHEHHUAM O[] IEHCTBUEM KaIMHUS M HHUKEJS B Pa3IMYHBIX KOH-
IICHTPAIMAX Y)KE Ha MePBbIE CYTKH IKCIIEPUMEHTATBHOTO Bo3aeicTBrs. OHAKO OTBETHASI PEaKIlis Ha ypOBHE
JKUPHBIX KHUCJIOT OMpENessiiach HE TOJMbKO KOHIEHTPALMEH METaIOB M IMPOJODKUTEIBHOCTRIO MX BO3JCH-
CTBUS, HO M THIIOM MeTama. J[elicTBIE BHICOKOTOKCHYHOTO METaiia — KaJMHs Y)Ke Ha MepBble CYTKH Hera-
THBHO OTPaKaJIOCh Ha YPOBHE HEHACBHILICHHOCTH MeMOpaHHBIX (ochomnmuaos. [Ipy 3ToM BIUsSHUE HUKEIS,
KOTODBIN SBIISIETCS MUKPODJIEMEHTOM, OMOJIOrHYEeCKasi pOJb KOTOPOTO MaJl0 M3y4YeHa, B TEUCHHE IEPBBIX CY-
TOK TPHUBOJINJIO K TIOBBIIIEHUIO HEHACBIIIICHHOCTH (ochoMumIoB MeMOpaH.

duHaHCOBOE OOECIIeYeHHEe MCCIIEIOBAHMS OCYIIECTRISUIOCh U3 CPEACTB (enepansHoro OrmKeTa Ha
BBINOJIHEHHE TocyaapcTBeHHOTo 3ananus Ne0221-2017-0050 (Ne r.p. AAAA-A17-117031710039-3), a Takxe
npoekta POOU Nel17-04-01431 a.

Frolova L.A., Nigamatzyanova G.R.
ZOOPLANKTON COMMUNITIES OF ARCTIC TUNDRA WATER BODIES IN THE LENA RIVER
DELTA
Kazan (Volga region) Federal University, 420008, Kazan, Russia
Larissa.frolova@mail.ru

Zooplankton structure and composition of different types of arctic tundra water bodies (thermokarst lakes, po-
lygonal pond) in Samoylov Island, the Lena River Delta (Republic of Sakha (Yakutia) were investigated. Differences
in species composition, quantity and trophic structure of zooplankton in water bodies under consideration, related to
diversity of bioenvironmental conditions, were discovered. Water quality assessment was defined.

®pososa JLA., Huramar3sinosa I'.P.
300IJTAHKTOHHBIE COOBHIECTBA APKTUYECKHUX TYHAPOBBIX BOJOEMOB B
JAEJBbTE PEKU JIEHbI
Kazanckwii (ITpuBomkckuii) dpenepansubiii yauBepeutet, 420008, Kazanb, Poccust
larissa.frolova@mail.ru

ODnmuuTeNbHAS YepTa aPKTHUSCKHX TYHIP — BBICOKAS BIKHOCTh, MHOTOJICTHSISI MEP3JI0Ta, 3200JI0UCHHBIC
HU3MEHHOCTH M 0OJIBIIIOE KOJMYECTBO 03ep. APKTHUICCKUE TYHIPOBBIC BOJIOEMEI CITY>KAT MECTOM OOHMTAHUS Pa3HO00-
pasHBIM OpraHM3MaM, MPHUCIOCOONEHHBIX K JKI3HH B YacTO BECbMa HM3MEHYMBBIX U OKCTPEMAIBHBIX YCIOBUSIX
(Wrona, Reist, 2013). B mocseiHee Bpemst apKTHUECKHI PETHOH MPETEPIEBACT 3HAYUTETbHBIE U OBICTPHIE SKOIOTHIe-
CKH¢ M3MEHEHMS, YTO B CBOIO OUepEeIh OKA3BIBACT CYIICCTBEHHOE BIIISTHME HA PacIpeleNicHIe, OOIe 1 KadecTBO
MPECHOBOIHBIX YKOCHCTEM M HACEIISIIOIIIE MX 300IUTaHKTOHHBIe oprarm3mel (Vincent, Layborn-Parry, 2008). Hccre-
JIOBaHHSI 300TJIAHKTOHHBIX COOOIIECTB apKTUUECKUX TYHIPOBBIX BOJOSMOB aKTyaJIbHBI IS TIOHMMAHUST OCOOCHHO-
cTell (DYHKIIMOHUPOBAHKS BOJHBIX SKOCHUCTEM B YCJIOBHSIX KPHUOJMTO30HBI, KOMILICKCHOMN OIICHKH MX COBPEMEHHOTO
AKOJIOTHYECKOTO COCTOSIHHISL M BO3MOXKHBIX M3MEHEHHUH. B paboTe mpencTaBieHs! pe3yIbTaThl MOHUTOPHHIOBBIX HC-
CIICIOBAHMH 300IUIAHKTOHHBIX COOOIIECTB TPEX TEPMOKAPCTOBBIX 03€P M OJJHOTO MOJMIOHATFHOTO Bomoema. Mare-
pHAJIOM TIOCTYXKWIH 37 00pasiioB 300IUIAHKTOHA, OTOOPAHHBIX B XoJie akcreuiin «Jlena Jlensra — 2016» B wrose
2016 1. Ha ocTpoBe CaMOMIIOBCKHUI B FOXKHOM YacTH IeNbThI peku JIers (peciryoinika Caxa (Skytus)). [IpoOsr oTOH-
pai TmyTeM TIPOIISKUBAaHUS BOIIBI Uepe3 ceTh AmmreiiHa ¢ quameTpoM saer 100 Mxm. Dukcarms U KamepaibHas
00paboTka MPOBOAMIIACH TI0 OOIIENPUHATEIM MeToauKaM. [ImaHkToHHAs (ayHa HCCIeIOBAHHBIX BOJOEMOB IMPE-
CTaBJICHA BUJIAMH, TUITMYHBIMHU JJIS CEBEPHBIX 03ep. Bcero B 300MIIAHKTOHE TYHIPOBBIX BOIOSMOB OTMEUEH 58 BHJI
300IUTAHKTOHHBIX OPraHI3MOB. BrioBoe pazHooOpaszue 00yCaBIMBaIK KOJOBPATKU, BETBHCTOYCHIC M BECIIOHOTHC
pakoobpa3Hbie ObLTH Mpe/ICTaBIeHBI MEHbIIMM KonmuyecTBoM BUoB (Rotifera — 30 Bunos, Cladocera — 12, Copepoda
— 16). BoNMBIIMHCTBO BUIOB, 0OYCIIABIIMBABIINX KOMITIECTBEHHBIE TTOKA3aTEH 300IUIAHKTOHA, OTHOCIIIUCH K XOJIOI-
HOBOJHOMY (payHHCTHUECKOMY KOMIDIEKCY. Tak, HauOoJiee 4acTo BCTPEUAIOIIMMUCS U JIOMHUHUPYIOIIIMH TI0 YHC-
nieHHOCTH U GroMacce 6buti Brpr Conochilus unicornis (Rousselet, 1892) u Kellicotia longispina (Kellikot, 1879)
(Rotifera), Daphnia pulex (Leydig, 1860) (Cladocera) ¢ romapkrideckum apeanoM pacmpoctparenust u Heterocope
borealis (Fischer, 1851), Eudiaptomus graciloides (Lilljeborg 1888) u3 Copepoda, umeroriye naieapKTHIeCKuil apea
pacnpoctpanenns. Hanbomnpliee BIIoBoe pa3HOOOpasre OTMEUCHO B TEPMOKapPCTOBO-TIONIMTOHATIEHOM 03epe (44 BU-
1a). MUHUMAITbHOE KOJIMYECTBO BHIOB 3a(DMKCHPOBAHO B MOJIMIOHATEHOM BoioeMe (18 BHIOB), B KOTOPOM BBICOKOTO
o0WIMs TOCTHTaN TIPEACTaBUTEN b skabpororux pakoB (Anostraca) Polyartemia forcipata (Fischer, 1851). Kosmae-
CTBEHHBIE MOKA3ATE/HN 300IUIAHKTOHA 3HAHTENLHO BAPLAPOBAITH: OT 2,8 TBIC.3K3. M o 341 ,9 TBIC.7K3. /M 110 umcIeH-
HOCTH, OT 52,6 MI/M 1o 16629 MI/M° o GHOMacce. Cpennue HOKa3aTenH o ‘{I/ICJ'IGHHOCTI/I # OuoMacce 300IUIaHK-
TOHHBIX COOOILIECTB U3YUEHHBIX BOJIOEMOB COCTABHIIM 7623 THIC.9K3 M 1 3184159 mr/v® cootsercTBeHHO. C LIETIBIO
OIICHKU BHIOBOTO Pa3HOOOpa3nsl 300IIaHKTOHHBIX COOOIIECTB 03¢ HAa OCHOBE KOJIYECTBEHHBIX TIOKA3aTeNel THa-
poOroHTOB OBLT paccuntan wHIeKe IlleHHOHA-YUBepa, cpellHHe 3HAYEHUS KOTOPOTro cocTaBwiM 1,55 OMT/3K3. 1O
yrcneHHocTd U 2,03 6ut/3k3. o Oromacce. OTHOCHUTEILHO HEBBICOKOE BHIIOBOE Pa3HOOOpa3He U HU3Kas BHIPaBHEH-
HOCTb YHICJICHHOCTH BHZIOB TTO3BOJISIET OLICHUTH IKOJIOTHYECKOE COCTOSIHUE BOJOEMOB KaK YMEPEHHO-3arpsi3HEHHOE.
JpyruM MHIEKCOM, OIICHUBAIONIMM BHIOBOE PA3HOOOpasue COOOIIECTB, sBIsieTcst HHaeke CHMIICOHA, KOTOPBIH Ooree
YYBCTBHUTENICH K M3MEHEHUIO OOWIHS MAaccOBBIX BHIOB. COIIaCHO TOMYYECHHBIM pE3yibTaTaM, CpeIHee 3HAYCHHE
JaHHOro mHjekca coctaBiio 0,4440,09, 9to yka3pIBacT HA HAJIMYUE TOMUHUPYIOMIMX TPYIII BHIOB B COOOIIECTRE.
J1s1 OTIeHKY 00IIIero ypOBHS 3arpsi3HEHHS FICCIICIOBAHHBIX BOIOEMOB OBLT paccumTaH UHIEKC canpobroctw [TanTie-
Bykk B Mogudukarmu Cnanedeka. Benmuanaa vHekca u3MeHsuIach B npenenax 1,32-1,46, 94ro cOOTBETCTBYIOT KaTe-
TOpHH OJIMTOcanpoOHO 30HBI. JJI yTOUHEHHS pe3yJbTATOB aHAIM3a ObUT PacCUUTaH MHJICKC carpoOHOCTH 1o 3e-
JuHKe ¥ MapBaHy, COTJIACHO KOTOPOMY BOJOEMBI OTHOCSTCS K OJIMTOCAIPOOHOW 30HE C OTKIOHEHHEM B [-
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Me3ocanpoOHyto 30HyY. [To OHOTOIMUECKOH XapaKTepUCTHKE B COCTABE 300IUIAHKTOHHBIX COOOIIECTB MPeoOaIaiin
MPUOPEKHBIC U 3apociieBble BUABI (55%), TaHkToHHBIE (36%) W 3BpHUTONHBIE (9%) 300MIAHKTOHHBIE OPTaHU3MBI
BCTPEUYCHBI B MCHBIIIEM KOJIMYECTBE.

Frolova L.A.}, Andreev A.A.2, Palagushkina O.V., Zinnatova E.A.*, Nurgaliev D.K.!
A MULTIPROXY RECORD OF HOLOCENE ENVIRONMENTAL CHANGES FROM THE LAKE
PLESHCHEYEVO SEDIMENTS (CENTRAL RUSSIA)
'Kazan (Volga region) Federal University, 420008, Kazan, Russia
2University of Cologne, Cologne, Germany
larissa.frolova@mail.ru

Lake sediments provide a continuous record of environmental change, integrating information about
multiple biogeochemical processes occurring within the lake and catchment. Much of this is recorded by the
biological indicators, which can be used as a proxy for past conditions. Geophysical data together with pollen,
diatoms and subfossil Cladocera were used to reconstruct Holocene environments at Lake Pleshcheyevo, Cen-
tral Russia. Lake Pleshcheyevo provides a continuous high- resolutlon multi-proxy paleoenvironmental record
spanning more than 5 ka. Core chronology is based on AMS **C measurement of terrestrial wood.

®poJiosa JI. Al AHjpeesB A. A2 , lanarymkuna O.B., 3unnaroBa J. Al , Hypraames 1. |
HAJIEOJII/IMHOJIOFI/I‘IECKI/IE HUCCJIEJOBAHUSA JOHHbIX OTJIO}KEHI/II/I O3EPA
IVIEHIEEBO (IPOCJIABCKAS OBJIACTD)
"Kasanckuii (ITpuBosmkckuit) denepanbHbiii yausepeuter, 420008, Kasanp, Poccust
Kenpuckuil yausepcurer, Kenbn, ['epmanus
larissa.frolova@mail.ru

JIoHHBIE OTIOXKEHHST KOHTHHEHTAIIBHBIX JIMMHIYECKUX YKOCHCTEM TPENICTABILIOT OOJBIION HHTEPEC IS UC-
cliefioBaTesieil B Ka4ecTBe MAJICOaPXUBOB, COACPIKAINX CBUIICTENBCTBA, MOCIIECAOBATENHHO MPOUCXOAMBIINX B OKPY-
JKarolIel cperie M3MeHeHui. 1{ebio POBOAMMBIX HAMH HCCIICIOBAHUY OBIIIO H3y4YCHHE MaJICOOHOIOTMISCKIX WHIH-
KaToOpoB (IBUTBLIBI M HETBUIBIEBBIX MaJIMHOMOP(], AUATOMOBBIX BOJOPOCIICH, OCTATKOB PaKOOOpa3HBIX) KOJIOHKH
JIOHHBIX OTJIOKEHHUM 03. [lnereeBo it peKOHCTPYKIIMKM N3MEHEHHH B OKpyXarolen cpene B nepuoa ['omouena. Hc-
crefoBaHHOe 03epo IlnemieeBo - MOpeHHOE MPECHOBOJHOE 03€po Ha oro-3amaze Spocnasckoil obmactu Poccrm.
O3epo mMeeT OKpyrTylo (OpMy ¢ POBHBIMH, HI3MEHHBIMH, 3a00M04eHHBIME Oeperamu. [Lnommans 3epkama o3epa
okono 51 kM®, wontams Bogocbopa — 436 kM, MaKCHMaIbHas TITyOrHa — 25 M. O3epo SBISeTCs 0c000 OXpaHsIeMbIM
TIPAPOIHBIM OOBEKTOM H BXOJUT B COCTaB HAIMOHATLHOTO TapKa «[ LiemeeBo 03epoy.

B xone sxcriemviin 2014 ., oprannzoBaHHON MHCTUTYTOM reoioriu U HeTera3oBbIX TexHOJIorHl KazaH-
ckoro ¢eaepanpHoro yHuBepcureta (UI'HI'T KO®Y) Oputa otoOpaHa HempepbIBHAS KOJOHKA JOHHBIX OTIOKCHHUIMA
o3epa ¢ nryounsl 25 M (56°46'08,5"N; 38°46'36,7"E). OnpeneneHue Bo3pacta KOJIOHKH JOHHBIX OTJIOKEHHUI MPOBO-
JIAJIOCh Ha OCHOBE COTOCTABJICHUS MarHUTHOM BOCIIPUMMYMBOCTH M €CTECTBEHHOW OCTATOYHOM HAMarHMYEHHOCTH
H3y4aeMOl KepPHOBOI KOJIOHKH ¢ noxydeHHbIMH B 2001 roxy JaHHBIME 10 KepHOBOM KosoHke 3-2001 (56°46'42" N
38°45'34" E) (Nourgaliev et al., 2017). Kpome Toro, G510 BBIITOIHEHO a0COIIOTHOE TATHPOBAHKE OCAJIKOB KOJIOHKH C
HCIOJIB30BAHKE PAHUOYIIIEPOJHOTO MeToaa B MIHCTHTYTE (DI3MKY 3eMeHTapHbIX JacTull DenepaabHOro TeXHOJIOTH-
yeckoro yHuBepcureta I1Iseiiapuu (ETH) Ha yckopuTensHOM Macc-crieKTpomeTpe. M30TonHbIM Bo3pacT opraHnye-
CKOTO BEIECTBA 00pa3IoB OBLT PacCUMTaH C HCIHONb30BaHMEM KanmuOpoBouHoit kpusod IntCal 13 u mporpammsl
OxCal 4.2 (Ramsey, 1995). MakcumanbHbIii BO3pacT KOJIOHKH Ha riryoune 561 cm cocrasun 5070+150 ner. Auaro-
MOBBII aHaIN3 OBLT poBeZIeH JULst 73 1po0 KOJIOHKHM 10 NryOrHEI 580 ¢M 1o oOmenpuHIThIM MeTonKaM (Battarbee,
1986). B BumoBoM coctaBe ObUTO OnpeienieHo 127 TaKCOHOB TMATOMOBBIX ABYX KilaccoB. [To MectooOuTaHmro mpeod-
nafgam OeHTocHble BHABI (55,1%), 3aTeM ClIemoBaM IUTAHKTOHHO-OeHTOCHBIE (21,3%), MIIAHKTOHHBIC BUIBI ObLIH
MarounciieHHbl (11%). B auaTtomMoBoit parpaMMe TOJIONICHOBBIX OTIIOXEHHH 03. ILierneeBo ObUIO BBIIETICHO J1Ba
HHTEpPBAJIA C OTINYAIOIIMMECS KOMIUIEKCAMHU AUATOMEH.

[NanuHOIOTUYECKUI aHANTN3 MO3BOIMI BBIACIUTH 4 OCHOBHBIC MTAJIMHO30HBI U PSIJT MOJA30H. B HIDKHEH
9aCTU KOJOHKH JOHHBIX OTJIOKEHHH OTMEYAeTCs] MAKCUMYM TMPHUCYTCTBHS MBUTBIIBI ITHPOKOIUCTBEHHBIX IO-
pox (my0Oa, JIEIIHMHEI, Bs3a W JIUIEI), CBUACTEIBCTBYS, YTO 3Ta MOA30HA SBIAETCS CaMOM TEIUION 3a HUCCIeIye-
MBIl HHTEpBaj. B paiioHe o3epa npeobiiagany Jieca ¢ elbio, COCHOH, 0ep&30, 0JIbXOH U ¢ OOJIBIIIMM yJacTHEM
IIMPOKOJIUCTBEHHBIX Topo. [IputerieBas 30Ha Il xapakrepnsyeTcsi CHIKEHHEM COACpKaHMS MBUIBIBI IIIHPO-
KOJINCTBEHHBIX MOPOJ, OCOOCHHO JIMITBI U JICHIIHHBI M MOKET OTpaXkaTh YXyHAIICHHE KinMmaTta B Hadaine Cybat-
JIAHTUYECKOTO mepuona. OMHAKO TOSBJICHHUE MBUIBIBI KYJIBTYPHBIX 3JIaKOB M YCHJICHHE POJIU TPaBSHHCTHIX
pacTeHUil B CIIEKTpe MOXKET OBITh CBA3aHO U C HAYaBIIEHCS CEIbCKOXO3SMCTBEHHON aKTHBHOCTHIO YEJIOBEKA.
[TempueBas 3oHa 1 xapakrepusyercs: [paMaTHIeCKAM CHIDKCHUEM COJICPIKAHUS TBLTBIIEI SITH U ITHPOKOJIHC T-
BEHHBIX TIOPOJI, YTO BEPOSTHEE BCETO CBI3AHO C CEBLCKOXO03SHCTBEHHOW aKTHBHOCTRIO UEIIOBEKA U BEIpYOKaMu
[EHHBIX TIOPOJ JCPEBBEB, B TO BpeMs Kak Oepéza CTAHOBHUTCSI OCHOBHOH JIec000pa3yromei mopoaoi Ha MecTe
BbIpYyOOK. IIIMpOKOTMCTBEHHBIC MOPOIbI MOYTH OTCYTCTBYIOT B MBUIBIIEBOK 30HE IV, B T 0 BpeMs Kak COCHa
CTaHOBUTCS JoMUHUpYoIei. [1o Bceil BeposATHOCTH, 3TO OTpakaeT TOT (hakT, 4YTO COCHA SABISIIACH OCHOBHOM
niecooOpa3yroIeit Mopo ol B OKPECTHOCTSX 03€pa B MOCJIETHEE THICSUEIIETHE.

PaboTa BBITIOJIHEHA 32 CUET CPEACTB CyOCH MM, BhIIeNeHHOH Kazanckomy (dhenepanbHOMY YHUBEPCH-
TETY U BBITOTHEHUS TOCYAAPCTBEHHOTO 33aJaHus B cepe HaydHOU mesTenpHocTH. OmpenerneHne Bo3pacra
KOJIOHKH JOHHBIX OTJIOXKEHHH MPOBOAMIIOCH 3a cueT cpeacts rpanta PH® (mpoext Nel8-17-00251).
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Gaevski N.A.}, Belykh O.1.%, Gorbaneva T.B.}, Andronov K.Yu.!

VERTICAL DISTRIBUTION OF PHYTOPLANKTON'S fLUORESCENCE AND EFFICIENCY OF
THE PHOTOSYSTEM Il IN THE SOUTHERN AND CENTRAL PARTS OF BAIKAL LAKE
'Sibirian Federal University, 79 Svobodny pr., Krasnoyarsk, 660041, Russia
?Limnological Institute SB RAS, Irkutsk, Russia
nikgna@gmail.com

The study of phytoplankton’s fluorescence was conducted within the framework of the Summer School Pro-
gram "Methods of Limnological and Ecological-Biophysical studies of Lake Baikal", organized by Siberian Federal
University (Krasnoyarsk) and Limnological Institute of RAS (Irkutsk) for SFU students with full-time form of educa-
tion. The Summer School was held at NIS "Academician V.A. Koptjug" (Port of Listvyanka) from 9 to 18 August
2011. One of the scientific and educational problems was the study of phytoplankton’s fluorescence, as an indicator of
chlorophyll and biomass, and the potential photochemical activity of the photosystem Il as the indicator of Gross Pri-
mary Production.

Samplings were carried out by cassette of “Rozetta” barometers from the surface to the depths of 300
meters at the stations of the southern and central part of the Lake: Listvyanka-Tankhoi section (St. 1), the mouth
of the river Hara-Murin (St. 3), the delta of the River Selenga (St. 4), Harauz-Red Yar section (St. 5), near the
settlement Turk (St. 6), the mouth of the River Barguzin (St. 7), Chivyrkuiskiy Bay (St. 8), the Academic Ridge
(St. 9), the Strait of the Small Sea: near the Khuzhir village (St. 10) and the Gulf of Muhor (St. 11).

Phytoplankton's fluorescence was registered with the help of PHYTO- PAM Analyzer (Walz, Germa-
ny) with Photoelectronlc multiplier as a detector (sensitivity in situ 0.1 p g/dm®). Registration of fluorescence
in the "light curve" mode allows to distribute a fluorescence signal between three photosynthetic groups of
plankton: diatoms and green algae, cyanobacteria, and also an integral potential photosynthetic Activity on the
maximum quantum efficiency of the Photosystem 11 —Y (I1).

Representatives of diatoms algae dominated all the horizons in St. 1, St. 3, St. 9 and St. 10. Green algae ap-
peared in St. 4 — St. 8, St. 11 in the horizon of 0-5 meters. The fluorescence signal from the green algae was from 10 to
40% (St. 8). Cyanobacteria dominated in St. 11, the share of the fluorescence signal is 80%.

Vertical distribution of fluorescence and photosynthetic activity of Photosystem I1-Y (ii) on a number
of Stations are shown in the figure.
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Vertical profiles of the fluorescence signal (F R.U.) and quantum efficiency of the photosystem 11 —Y (II) of

phytoplankton in the southern and central parts of Baikal Lake. St. 1 — Section Listvyanka — Tankhoi, St. 3 —

The mouth of the river Hara-Murin, St. 5 — section Harauz-Red Yar, St. 6 — Near the settlement Turk, St. 8 —
Chivyrkuiskiy Bay, St. 9 — Academic Ridge.

At all stations the maximum fluorescence was registered in the surface layer (0-5 meters). An
additional maximum at a depth of 50 and 100 meters was observed at St. 6 and St. 5, respectively. The
guantum efficiency of the Photosystem Il — Y (1), unlike F R.U., had relatively high values at depths of 10-15
meters and kept these values up to depths of 100-150 meters at a number of stations (figure). The
phytoplankton on St. 1 and St. 9 had relatively low activity of the photosystem II.

According to the totality of the studied characteristics of phytoplankton, allocated areas of Lake Baikal, which
in August 2011 were characterized as relatively low (St. 1 — section Listvyanka-Tankhoi, St. 9-traverse Ridge
Academic) and as relatively high (St. 3 — the mouth of the river Hara-Murin, St. 8 — Chivyrkuiskiy Bay) Gross Primary
Production. The mass development of cyanobacteria was also registered in the Gulf of Muhor.

Iaesckuii H.A.", Beapix O.1.2 , l'op6aneBa T. B.! , Auaponos K. 10.!
BEPTUKAJIBHOE PACHPEI[E.JIEHI/IE (I)JIYOPECI_[EHHI/II/I OUTOIJIAHKTOHA U
IOOEKTUBHOCTDb ®OTOCUCTEMBI 11 B IO)KHOI/I U LIEHTPAJIBHOM YACTSIX O3EPA
BAMKAJ
1C1/161/1p01<m71 (dhenepanbHbIii yHUBEpCHUTET, 79, CBoOOAHBIN TIp., KpacHospck, 660041, Poccust
2 JIAMHOOT HYECKHi uHcetutyT CO PAH, Upkytck, Poccust
nikgna@gmail.com

HccnenoBanue ¢iryopectieHImH (PUTOTIAHKTOHA ITPOBEACHO B paMKax mporpaMMs! Jletrer mikoms! «Meto-
JIb1 JIAMHOJIOTHYECKHX W AKOJIOT0-OMO(H3NYECKIX UCCIe/IoBaHui 03. baiikany, oprann3oBanHoi CHOMpCKUM dee-
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panbHBIM yHUBepcuTeToM (T. KpacHosipck) n Jlumuonornueckum nactutytom CO PAH (1. UpkyTck) mist cTyneHToB
COY ouHoit popmer 00yuenust. Jlerrsis mxona npoxoamna Ha HAC «Axkanemux B.A. Komnrior» (TopT NpHIicKu
1. Jluctesnka) ¢ 9 mo 18 asrycra 2011 r. OnHoii U3 HaydHO-00pa30BaTeNbHBIX 33]1a4 ObUIO UCCIe0BaHuE (ITyopec-
UeHIMY (DUTOIUIAHKTOHA, KaK MOKa3aTess COASpKaHMsl XJIopoduiLia 1 OHOMACCHI, U TIOTCHIMAIBLHON (HOTOXUMIYE-
CKOM akTUBHOCTH (hoTochcTeMblI I1, Kak mokazaTesisi BATIOBOM MEPBUYHOMN TPOTYKIIHH.

OTt60p Mpob ocymiecTBISUIH KacceTol 6atomeTpoB Rozetta oT moBepxHOCTH J10 rayouH 300 MeTpoB
Ha CTAaHIMAX FOKHOW M IEHTpaNbHOHN yacTu o3epa: paspe3 Jluctesuka — Tanxoit (Ct. 1), ycthe pexu Xapa-
Mypun (Cr. 3), B nenste peku Cenenra (Ct. 4), pa3pe3 Xapay3-Kpacueiii fp (Cr. 5), okono moc. Typka
(Cr.6), yctbe pexu baprysun (Ct. 7), YuBbipkyiickuii 3amuB (CT. 8), xpebet Akanemudeckuii (CT. 9), mponus
Manoe Mope: okoio noc. Xyxup (Ct. 10) u B 3anuse Myxop (Cr.11).

dryopecleHIH0 (DUTOINIAHKTOHA PETUCTPUPOBAIH ¢ moMolneio ananuzatopa PHYTO-PAM (Walz,
I'epmanus) ¢ (HOTOINEKTPOHHBIM YMHOXHTEIEM B KadeCTBE JETEKTOpa (YYBCTBHTENHHOCTH IN  Situ
0,1 Mxr/mv®). PerncTpanms (bIyopeCUEHIMH B DEKUME «CBETOBasi KPHBAS» TO3BONSCT DACIPESICIUTh CHIHAI
(bryopecteHIy MexX Iy TpeMs (hOTOCHHTE3UPYIOIKUMHE TPYIIIaMH TIAaHKTOHA: JTHATOMOBEIC M 3€JICHBIE BOJO-
POCIIH, [IMAaHOOAKTEPUH, a TAKKE UHTEIPAIBLHYIO MOTCHIIMATBHYIO (DOTOCUHTETHUYCCKYIO aKTHBHOCTh IO MaK-
CHManbHO# KBaHTOBO# 3¢ dexTrBHOCTH PoTocucTems |1 — Y(II).

[IpencraBuTeny TUaTOMOBBIX BOJOPOCIIEH JOMHHUPOBAIH Ha Beex ropm3oHtax Ha Cr. 1, Cr. 3, C1. 9
u Cr. 10. 3emensie Bogopocmu Berpedanuch Ha Ct. 4-Ct. 8, Cr. 11 B ropmsonte 0-5 m. Curaan ¢iryopecreH-
UM OT 3eJIeHBIX Bogopociel coctaisut oT 10 mo 40% (Cr. 8). Lnanobakrepun OaxTepru JOMHUHAPOBAIN Ha
Cr. 11, nons curnana dayopecternun — 80%.

BeprukansHoe pacnpeneicHue GIIyopecleHIIME U ToKa3aTens GOTOCHHTETHYSCKOW aKTHBHOCTH (ho-
tocuctemsl 11 — Y(II) Ha psine cranuii mokazaHbl HAa PUCYHKE.

Cr.1 Cr. 3 Cr. 5
Fr.u Y([I) Fr.u Y Fr u.
500 02 04 0 1000 2000 500 1000
g 0 o
= s0 50
5 100
100 el
150 5 200
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0 500 1000 O 1000 2000 03 035 04
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Bepruxansnsie npodwmm curnana ¢ayopecuenun (F r.u.) n kBanToBoit addexrnHOCTH hoTocucTemsl 11 —
Y(II) purommaHKTOHA B F0XKHOH U IIEHTpaNBHOH YacTsx o3epa baiikan. Cr. 1 — paspes Jluctsaka—TaHx o,
Cr. 3 — ycrbe pexu Xapa-Mypun, Ct. 5 — paspes Xapayz-Kpacusrit Sp, Ct. 6 — oxono noc. Typka, Cr. 8 — Un-
BBIpKyHCKHU# 3asmB, CT. 9 —xpebeT AkageMUYeCKHH.

Ha Bcex cTaHIUSIX pPEerHCTPUPOBAM MaKCHMyM (IIyOpecleHIMUB B ToBepXHOCTHOM cioe (0-5 m).
JomnonauTenslii MakcumyMm Ha riyomHe 50 m 100 M Habmopmamu Ha Ct. 6 m Cr. 5, COOTBETCTBEHHO.
INokazarens kBaHTOBOW 3(dexTrBHOCTH (hoTocucTemsl 1l — Y(II) B ommmume ot F r.u. mmen oTHocuTenbHO
BBICOKHE 3HaueHMs Ha riayOuHax 10-15 M u coxpaHsut 3Ty 3HaueHus a0 riryous 100-150 m Ha psine craHuuii
(pucyHOK). OTHOCHUTENBFHO HU3KYIO aKTUBHOCTH (hotocucteMsl 1l mmen ¢puromnankron Ha Ct. 1 11 Ct. 9.

[lo COBOKYIHOCTH HCCIICIOBAHHBIX XapaKTEPHCTUK (DUTOIUIAHKTOHA OBLTH BBIICNICHBI YJYACTKH O03€pa
Baiikain, kotopeie B aBrycte 2011 roga xapakrepu3oBainuch oTHOcuTeNbHO HI3kmME (Ct. 1 — paspes JIucTBsiHKa—
Tanxoit, Ct. 9 — TpaBepc xpebdTa AkaneMudeckuii) u oTHocuTebHO BbicokuMH (CT. 3 — yethe peku Xapa-Mypus, Cr.
8 — UnBBIpKyHCKHI 3aIMB) BETMYMHAMY BAJIOBOH IIEPBUYHON MPOAYKIWH. Taroke ObLIO 3apEruCTpUPOBAHO MaCCOBOE
pa3BUTHE IMaHOOAKTEpHIA B 3amBe Myxop.

Gagarinova O.V.}, Orlova I.1.2
WATER PROTECTION ZONE OF THE LAKE BAIKAL - SCIENTIFIC, LEGAL AND
ENVIRONMENTAL ASPECTS
v.B. Sochava Institute of Geography SB RAS, Irkutsk, Russia
?Irkutsk scientific center SB RAS, Irkutsk, Russia
maksimova.irina.il@gmail.com, whydro@irigs.irk.ru

The Water Code of the Russian Federation, the Federal Law “On the Protection of Lake Baikal”, the
scheme of ecological zoning of the Baikal Natural Territory determine the legal grounds for the allocation of
the Water Protection Zone of Lake Baikal.

Establishment of the water protection zone along the boundary of the central ecological zone of Lake
Baikal in 2015 combined strict restrictions on the nature use of the two zones on the territory of more than 50
thousand km?. The current situation led to the need to revise this decision and develop a scientifically-based
project for the water protection zone of Lake Baikal.

Such a project was prepared by the V.B. Sochava Institute of Geography SB RAS (IG SB RAS). A
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landscape-hydrological theory of the territorial organization was taken as a scientific basis for the development
of the water protection zone.

The appropriateness of the landscape-hydrological justification for the size of the water protection zone rests
on the idea of hydrologic stock-forming and flow regulating functions of landscapes that determine the formation and
transformation of local runoff as it moves from the watershed to the draining water body. The implementation of the
project of water protection zoning on landscape-hydrological principles provides for maximum protection of Lake
Baikal from the receipt of pollutants with surface and ground runoff from adjacent coastal areas due to natural process-
es of self-purification in landscapes and soil-soil layers.

The main principle of the landscape-hydrological approach is as follows: the water protection zone width should
not be less than the distance to the point at which the complete infiltration of water, arriving at its outer contour, will occur.

On the territories of settlements located on the coast of Lake Baikal, it is planned to develop individual
projects of the sections of the lake's water protection zone in accordance with existing and prospective plans of
construction and engineering and technical development of the territory.

I'arapunosa O. B.! , OpJioBa . nu.?
BOJIOOXPAHHASI 30HA O3EPA BAUKAJI - HAY‘IHI)IE IMPABOBBIE U OKOJOI'MYECKHUE
ACIHEKTHBI
lI/IHCTI/ITYT reorpadun nm. B.b. Couaer CO PAH, Upkytck, Poccus
ZI/IpKYTCKI/Iﬁ nayunbii neaTp CO PAH, Upkyrck, Poccus
maksimova.irina.il@gmail.com, whydro@irigs.irk.ru

Bonansiit koneke Poccuiickoit @eaepamnuun, denepanbhbiii 3akoH «O0 oxpaHe o3epa baiikany», cxema
9KOJIOTUYECKOTO 30HUPOBaHUs balikaabCKOW MPUPOTHOM TEPPUTOPHUH OIIPENENSIOT IPAaBOBbIE OCHOBAHUS BbI-
JIeJIEHUs] BOJJOOXPAaHHOM 30HHI 03. baiikai.

YcraHOBIEHNE BOJOOXPAHHOW 30HBI MO TPAHUIE LEHTPATBHOM JKOJIOTMYECKOW 30HBI 03. balikam B
2015 r. COBMECTHIIO KECTKHE OTPAHWYCHHUS K MPHUPOJIOTIONH30BAHMIO ABYX 30H Ha Tepputopuu 6oiiee 50 ThiC.
kM2, CIOKMBIIASICS CUTyalus MpHBeJa K HeOOXOIUMOCTH TIEPECMOTPa JAHHOTO PEIICHUs U pa3paboTke Hayd-
HO-000CHOBaHHOT'O MIPOCKTA BOJAOOXPaHHOU 30HKI 03epa baiikair.

ITpoekT BogOOXpaHHOI 30HKI 03epa paspadoran MuctutyTrom reorpadpuu CO PAH. JlanmmadtHo-
THUAPOJIOTUYECKAsE OpTaHU3allisl TEPPUTOPUHU ObLIa MPUHATA B KaUueCTBE HAYYHOW OCHOBBI BBIJIEICHUS BO-
0JT0OOXPaHHOM 30HBI 03epa baiikan. [IpaBoMepHOCTh TaHIMIA(QTHO-TUAPOIOTHYECKOTO 0OOCHOBAHHSI pa3Me-
POB BOJJOOXPAHHOW 30HBI OIHPACTCS Ha MPEICTABICHIE O THAPOIIOTHIESCKAX CTOKO(POPMHUPYIOIIHNX U CTOK O-
perymupyronmx (QyHKIUAX JaHAmadToB, ONPEASISIOMNAX (GOPMUPOBAHUE M TPaHCHOPMAIHIO MECTHOTO
CTOKa [0 Mepe MPOABIKCHHSI OT BOAOpA3leia K JPEeHUPYIOMEMy BOIHOMY 00BeKTy. Peanm3anus mpoexra
BOJIOOXPAaHHOI'O 30HUPOBAHUA Ha .]'IaHIU_Ha(l)THO -TUAPOJIOTHYCCKUX NPHUHIUIIAX MPEAYCMATPUBACT MAKCHU-
MaJbHYIO0 3aIUTy 03. baifkall OT MOCTYIJIeHUs 3arps3HAIIINX BEIIeCTB C MOBEPXHOCTHBIM U TPYHTOBBIM
CTOKOM C MPHJICTAIONIMX MPHOPEKHBIX TEPPUTOPUN 32 CUET €CTECTBEHHBIX MPOLECCOB CAMOOYUINCHUS B
nmaHamadTax ¥ TOYBEHHO-TPYHTOBBIX CIIOSIX.

['maBHBI pUHIE JIAHAIA(THO-THIPOIOTMYECKOTO TTOIXO0/1a — IIMPHUHA BOJOOXPAHHOM 30HBI JIOJDKHA OBITh
HE MEHBIIIC PACCTOSIHMSI, HA KOTOPOM IPOW30MIET MONTHAS HH(DUIIBTPAIHst BOJIBI, TOCTYITUBIIICH HA ¢¢ BHEIITHUIA KOHTYD.

Ha Tepputopusix HaceIeHHBIX ITyHKTOB, PAaCTONIOKEHHBIX Ha Tobepexbe 03. balika, npenmnonaraercst paspa-
00TKa WHMBUTYalIbHBIX IPOEKTOB YYACTKOB BOJIOOXPAHHOM 30HBI 03¢pa B COOTBETCTBHH C CYIIECTBYIOLIMMU U TIep-
CIIEKTUBHBIMH TIJIAHAMH 3aCTPOUKH 1 MEDKEHEPHO-TEXHUYECKOTO 00YCTPOHUCTBA TEPPUTOPHUH.

Galach’yants A.D., Sukhanova E.V., Galach’yants Yu.P., Suslova M.Yu.,
Shtykova Yu.R., Zimens E.A., Belykh O.1.
DIVERSITY AND ABUNDANCE OF THE LAKE BAIKAL BACTERIONEUSTON IN SUMMER
PERIOD
Limnological Institute SB RAS, Irkutsk, Russia
agniagal@lin.irk.ru

The surface microlayer of water (SML) is located on the boundary of atmosphere and hydrosphere and sharp-
ly differs from the underlying waters (UW) in its physicochemical characteristics (Zhang et al., 2003). A lot of publica-
tions are dedicated to investigation of SML bacterial communities, or bacterioneuston (Cunliffe et al., 2013). At Baikal,
the spring period differs much from summer in water temperature and hydrological regime. For spring (late May-early
June), a period of homothermy is characteristic, when due to wind mixing and movement of water masses, the temper-
ature throughout the water column is the same and is about 4°C. In summer — from the end of June to the second half
of August - the stratification period is observed when the surface water warms up and its temperature reaches a maxi-
mum of 12-24°C (Shimaraev et al., 1994). Thus, it is of interest to compare Lake Baikal bacterioneuston communities
in different seasons of the year. Previously, SML microbiome forming in May-June was investigated (Galach’yants et
al., 2017). This work continues the research begun. Here we provide data on the abundance and diversity of bacteri-
oneuston communities in summer season.

Sampling of SML and UW to study abundance and taxonomic composition of bacterioneuston com-
munities was performed in August 2013 Total bacterial number in Lake Balkal SML in August varied at dif-
ferent stations in the range 1.3-3.5 x 10° cells / ml, in UW — 0.8-2.0 x 10° cells / ml. Total bacterial number
was significantly higher in SML compared to UW (Mann-Whltney-Wllcoxon test, p <0.05).

After metagenomic sequencing of the 16S rRNA gene amplicons and primary data analysis 23639 se-
quences were obtained with average length 249 nucleotides. Number of reads varied in the range of 2153—
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7388 in different samples. Five phyla dominated in bacterioneuston communities of all stations by the number
of sequences and phylotypes: Bacteroidetes (17-38%), Actinobacteria (17-42%), Proteobacteria (14-32%),
Verrucomicrobia (8-16%) and Planctomycetes (0.03-3%). Minor phyla accounted for not more than 1% of
sequences in each microbial community. Comparing of SML microbioms in May-June and August showed
higher species richness in spring communities (indices ACE, CHAO, number of OTUs), which can be ex-
plained by intense water mass exchange during spring homothermy period. At the same time Shannon and in-
verse Simpson indices that give insight into species diversity were higher in summer communities. This fact
gives evidence of formation of more stable bacterial community in summer. Dominant phyla composition
stayed the same in both seasons.

Comparison of obtained sequences with those deposited in the databases made it possible to reveal the pres-
ence of closely related bacteria belonging to photoheterotrophs. Among them dominated representatives of phyla Ac-
tinobacteria (51.9-73.4% of the total photoheterotrophic bacteria number), representatives of class Alphaproteobacte-
ria constituted 8.4-21.2%, of class Betaproteobacteria — 3.9-6%, of phyla Bacteroidetes — 4.6-30.2%. In August, share
of photoheterotrophic bacteria was 27.4-47.5% on different stations, while in May-June this rate varied between 17.6
and 29.7% (Galach’yants et al., 2017). Significantly less number of photoheterotrophs in spring compared to summer is
likely accounted for by active mixing of surface waters in spring when transitioning from inverse temperature stratifica-
tion to straight.

The work was performed as part of a RFBR grant (project no. 18-34-00309 (AAAA-A18-118032190039-1)
Characteristics of surface microlayer bacterial community... ), and of a government task (project no. 0345-2014-0004
(AAAA-A16-116122110061-6) (Structure, Formation, and Metabolic Potential. . .).

TIanaussany A./l., Cyxanosa E.B., 'anaussnn FO.I1., Cyciaosa M.IO.,
IlTeikoBa FO.P., 3umenc E.A., beanix O.H.
PA3HOOBPA3HUE U YUCJIEHHOCTDb BAKTEPUU IIOBEPXHOCTHOI'O MUKPOCJIOA BO/IbI
O3EPA BAUKAJI B JIETHUU TIEPUOJ
JInmuonoruuecknit unctutyt CO PAH, Upkyrck, Poccust
agniagal@lin.irk.ru

IToBepXHOCTHBI MUKPOCIION BOJBI pacriojiaraeTcsi Ha rpaHuile atMochepsl U THAPOchEpbl U PE3KO
OTJIMYACTCS OT BOAHOU TOJIIU 1O (HH3MKO-XUMHUUECKHM XapakTepuctukam (Zhang et al., 2003). Nsyuenuio
cocTaBa GakTepuanbHbix coobiiecTB [IMC — bakTeproHeHCTOHA — MOCBsAIEHO MHOKeCTBO pabot (Cunliffe et
al., 2013). Ha Baiikane BeceHHUI MEPUO PE3KO OTIAMIACTCS OT JICTHErO IO TEMIIEPATYPHOMY U THIPOJIOT Uue-
cKOMY pekuMmy. [l BecHBI (KOHEI] Mas-Hayallo MIOHS) XapaKTepeH IMEepho]] TOMOTEPMUH, Koraa Omaromapst
MEPEMEIINBAHUIO BETPAMH U IBIDKCHUIO BOIAHBIX Macc TEMIIEpaTypa BOJABI IO BCEH aKBaTOPHHU 03€pa OIAMHA-
KOBa M cOCTaBIIsieT 0koJio 4° C. JIeToM — ¢ KOHIIa MIOHSI JI0 BTOPOI MOJIOBUHBI aBTyCcTa — HAOMIOAAI0T TIEPHO.
cTpaTuduUKaIyy, KOrjaa Bojia Ha MOBEPXHOCTH MPOrPEBACTCS U €€ TeMIeparypa JOCTHraeT MakcuMmyma — 12-
24°C (Shimaraev et al., 1994). B cBsi3u ¢ 3THM OPEACTABISIET HHTEPEC CPaBHEHHE OAKTEPUOHEHCTOHHBIX CO-
o0mIecTB 03epa B pa3HbIe Ce30HBI roga. Panee mposeneno uccnenosanune mukpoomoma [IMC, dpopmupyromre-
rocs B Mae-utoHe (["amaubsai] u ap., 2017). Jannas paboTa npooipkaeT HayaThie HCCIIeIOBAHUSA. 311ECh MPU-
BEJICHBI CBEJICHHS O YUCIICHHOCTH B Pa3HO0Opa3n 0aKTepHOHEHCTOHHBIX COOOIECTB B JICTHHH IIEPHO.

IIpo6sr mosepxHocTHOTrO MUKpocios (IIMC) u moamosepxHocTHOTO ciost Boxs! (IIC) mmst nzydenus
YHCICHHOCTH OaKTepUil M TAKCOHOMHUYECKOTO cocTaBa ObUTH 0TOOpaHsl B aBrycre 2013 r. B pasiuyHBIX TOY-
Kax oszepa baiixan. O6mas yucienHocTs 6axrepuit B IIMC o3epa baiikan B aBrycre kojiebanach Ha pasHbIX
crannusax B mpenenax 1,3-3,5 x 106 xi/mu, B [1C — 0,8-2,0 x 106 ki/mi. Iokazatenu B [IMC Obimu 3HAYMMO
Beime, 9eM B [1C (tect Manna-Yutau-Bmikokcona, p<0,05).

B pesynbrate nupocekBeHUpOBaHs aMILTMKOHOB reHa 16S pPHK u nepBrdHOr0 aHasm3a JaHHBIX MTOITYYEHO
23639 nocnenoBaTebHOCTEH cO cpeHel mHON 249 HykiieoTnnoB. KonmmiuecTBo uTeHuid B MpoOax BaphbUpOBaJio OT
2153 no 7388. B 6aKkTepHOHEHCTOHHBIX COOOIIECTBAX BCEX CTAHIMIA TI0 KOJIMUYECTBY TMOCIE0BATEILHOCTEH 1 (PHITO-
roB npeobranam msath (et Bacteroidetes (17-38%), Actinobacteria (17-42%), Proteobacteria (14-32%), Verru-
comicrobia (8-16%) u Planctomycetes (0,03-3%). Ha om0 MHHOpHBIX (DHI B K&XKIOM MHKPOOHOM COOOIIIECTBE
nprxoauIiock He Oonee 1% nocnenoparenpHOcTell. CpaBHeHne MukpoornomoB [IMC B Mae-HrOHE U B aBIyCTe MOKa-
3aJ10, YTO BECHOM COOOIIIECTBA OTIIMYAOTCS OOJBIIMM BUIIOBBIM OoraTcTBoM (MHIEKCH! pasnoodpazus ACE, CHAO,
kommaectBo OTE), 4To MOKHO OOBSICHUTH MHHTEHCHBHBIM OOMEHOM BOJTHBIX MacC BO BpeMsl BECEHHEH roMoTepMun. B
TO e BpeMs uHekchl [1leHHoHa 1 00paTHbIi CHMIICOHA, JIAIOIIME TIOHATHE O PABHOIPE/ICTABICHHOCTH (DUJIOTHTIOB,
OBLTH BBIILIE JIETOM, YTO CBUCTEILCTBYET O (DOPMHUPOBAHKH B 3TOT TepHoj] 60jiee YCTOHUMBOTrO OaKTepHaIbHOIO CO-
o6mrecta. CocTaB JOMHHUPYIOIHX (DUIT OCTABAJICS HEH3MECHHBIM.

CpaBHeHUeE MOIYICHHBIX MTOCIEI0BATEIBHOCTEH ¢ N3BECTHHIMU B 0a3€ MaHHBIX MO3BOJIMIIO BEISBHUTH B
IIMC o3epa baiikan Gakrepun, OMU3KOpOICTBEHHBIE (hoTOTreTepoTpOoPHEIM MHKpoopraHmMaM. Cpenn HHX
JIoMHHUpoBaM npeactaBurend duisl Actinobacteria (51,9-73,4% ot o6miero konuuectBa GoToreTepoTpod-
HBIX OakTepwii), npencrasurenu kimacca Alphaproteobacteria cocrasmsumm 8,4-21,2%, knacca Betaproteobacte-
ria — 3,9-6%, ¢usr Bacteroidetes — 4,6-30,2%. Conepskanne hoToretepoTpodHbIX GaKTEpHii B aBrycTe CO-
CTaBIISUIO HA Pa3HBIX cTaHIUAX 27,4-47,5%, B TO BpeMs Kak B Mac-HMIOHE STOT IOKA3aTelb KOJieOacs B TIpele-
nax 17,6-29,7% (l'anaubsHn u xp., 2017). 3HaunTEIHHO MEHBIIEE KOJINYECTBO (pOoTOreTepoTpohoB BECHOH 110
CPaBHCHHIO C JICTHHUM CE30HOM OOBSCHSIETCS, CKOpPEee BCErO, aKTUBHBIM IEPEMEIINBAHHEM IOBEPXHOCTHBIX
BOJI BECHOU BO BpeMs TIepexojia OT 00paTHOW TeMITepaTypHOU cTpaTH(GHUKAIIMN K TP IMOH.

Pabora BeImonHeHa B paMkax npoekta PODU Ne 18-34-00309 (AAAA-A18-118032190039-1) «Xa-
paKTepUCTHKa OaKTEPHAIbHOI'O COOOIIECTBA TOBEPXHOCTHOIO MUKPOCIOS. .. » (ydeT oOIIeif YNCICHHOCTH OaK-
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TepHii), ToCyAapcTBEHHOTO 3anaHus 1o teme Ne 0345-2016-0003 (AAAA-A16-116122110061-6) «Mukpo6-
HBIC ¥ BUPYCHBIC COOOIIECTBA B OHOIUICHKAX MPECHOBOIHBIX SKOCHUCTEM. ..» (METArCHOMHBIN aHaINu3 OaKTep u-
OHEWMCTOHHBIX COOOIIECTB).

Galakhina N.E., |[Lozovik P.A.
POLLUTION OF WATER BODIES AND RATIONING THE PERMISSIBLE ANTHROPOGENIC

LOAD ON THEM TAKING INTO ACCOUNT REGIONAL PECULIARITIES OF SURFACE
WATER
Northern Water Problems Institute of the Karelian Research Centre RAS, Petrozavodsk, Karelia, Russia
kulakovanata@mail.ru

The method of water bodies pollution assessment, taking into account both toxicity of elements ac-
cording to the MPC criterion and their geochemical background, and allowing to identify the consequences of
anthropogenic influence on water bodies and watercourses, was proposed. The contaminated waters quality
(CWQ) criterion taking into account the volume and the emission status was introduced for regulation of an-
thropogenic impact on the aquatic environment.

The assessment of contamination of water bodies of the Kenti lake-river system (Republic of Karelia) exposed
to technogenic influence of Kostomuksha mining and processing plant, and Lake Imandra (Murmansk region), which
is under the influence of a number of industrial enterprises, was completed. The degree of pollution of these reservoirs
was estimated by calculating indices of water pollution (IWP) and the regional indexes of water pollution (RIWP) us-
ing the priority pollutants for each test object. In addition, the regulation of permissible anthropogenic load of toxic
substances on water bodies of the Kenti lake-river system and Lake Imandra was realized.

T'anaxuna H.E.,
3ATPAA3BHEHHOCTDB BO/IHBIX OFbEKTOB 1 HOPMUPOBAHUE AHTPOIIOI'EHHOI'O

BO3JEMCTBUS HA HUX C YYETOM PETMOHAJILHBIX OCOBEHHOCTEM
HNOBEPXHOCTHBIX BO/I
Wuctutyt Boaubpix npobiem Cepepa — obocobnernoe nmoapazaeneHue @I'BYH denepanshoro
HCCIIEN0BaTeNbCKOro LeHTpa «Kapenbckuil HaydHbli HeHTp Pocculiickoil akaieMuu Hayk»,
r. [letpo3aBosck, Pecybnuka Kapenus, Poccust
kulakovanata@mail.ru

I[MpemmoxeHa METOMKA OIEHKU 3arpsI3HEHHOCTH BOTHBIX OOBEKTOB, YUHUTHIBAFOIIAS KaK TOKCUIHOCTB dJie-
MeHTOB 110 kputeprro [1/1K, Tak 1 Mx reoxumirdeckuii (JOH, ¥ IMO3BOJISIONIAs BRISBIISTE MOCIICJCTBAS aHTPOIIOTHHO-
TO BJIMSHIS Ha BOJOEMBI U BOIOTOKU. J[JIs1 HOPMHPOBAHMSI aHTPOIIOTEHHOTO BO3/ICHCTBYS HA BOJHYIO CpEIy BBEICH
KpUTEPHIA KOJIIYECTBA 3arpsi3HeHHBIX BoJ (K3B), yuuthiBaromumii ux 00beM U CTENIEHb 3arPsI3BHEHUS.

BrinonHeHa orieHKa 3arpsA3HEHHOCTH BOJIHBIX 00beKTOB cucteMbl p. Kentu (Pecry6nuka Kapenwus),
MOJIBEPKEHHBIX TEXHOTCHHOMY BIUSHHUIO KOCTOMYKIICKOTO TOpHO-00OTaTUTENILHOTO KOMOWHATA, W 03.
Nmangpa (MypMmaHcKast 0071acTh), HAXOAAIIETOCS O BO3ACHCTBUEM psa MPOMBIIUICHHBIX MPEIIPHUSTHI.
CrenieHb 3arpsA3HEHUS 3THX BOJOEMOB OICHUBAIACH 0 MHJEKCY 3arpsa3HeHus Boubl (M3B) u pernoHaibHOMY
WHZCKCY 3arpsi3sHeHHOCTH Bojbl (PU3B) ¢ ucnonb30BaHneM MPUOPHUTETHBIX 3arpsS3HUTENCH JIJISI KOKJOTO HC-
cremgyeMoro o0bekTa. PacueT HHIIEKCOB OCYIIECTBIISUICS 10 COOTBETCTBYIOIIUM (hOpMyJIam:

3B = =¥ G

n“ IJK;

rae Cj — koHueHTpaius i-ro kommonenta, [TJIK; — npenensHO A0MycTHMAsT KOHIICHTPAIUS i-T0 KOM-
MOHEHTa, N — KOJIMYECTBO TOKa3aTeel (Kak mpaBuiio, N = 6, Cpeau KOTOPBIX 00S3aTEeIbHBIMH SIBIISIFOTCS CO-
nepxxanne O, u BexmunHa BIIKs, a ocTansHbIe BEIOHPAIOTCS 10 MPU3HAKY HAUOOIBIIEH TOKCHIHOCTH);

1 G
PU3B = ;Z PR

rae PIIJIK; — pernonansnas mpenensho nomyctumas konuentpamus (PIIAK = /Cyoy - K, ecm
IJIK >> Cyou; B crydasx, xoraa ¢ponosas konuentpanus (Cyor) 1 [IJIK onnoro mopsnka — PIIJK = Cyo, +
[AK.).

CornacHo U3B, Bce Bogoemsbl cuctemsl p. Kenrty, 3a uckiouenueM o03. OKyHeBOe, OTHOCSTCS K KaTe-
ropun <«auctbix». Ilpu pacuere PM3B BolsiBIeHAa BBICOKAs CTENEHb 3arps3HEHUS] BEPXHUX O3€pP CHCTEMBI U
crnadast — HIDKHEX, YTO COTJIACYETCS C TAaHHBIMHU THAPOOHOIOTHIECKUX HalOmroneHuii cuctemsl p. Kenrtu. 3Ha-
yenusi U3B u PU3B, paccunrannbix nmst 03. UManapa, 3aKkoHOMEPHO YMEHBINAIOTCS OT CAMOTO 3aTrPsI3HEHHOTO
Iieca K cCaMOMYy YHCTOMY, HO OHHM Maji0 OTJIMYAIOTCS MEXIy CO00H, 4TOo, MO-BHIUMOMY, CBS3aHO C TE€M, UTO
Bennuunbl [1JIK u PITJIK o Meau, yunTeIBaeMoO B pacueTax, HIMEIOT ONM3KHUE U HU3KUE 3HAUCHMUS.

OcymiecTBIEHO HOPMUPOBAHUE AOMYCTUMON aHTPOIIOI€HHOW HAarpy3KU TOKCUYHBIMH BEILIECTBAMH Ha
BoaHbIe 00BeKTHI cucteMbl p. Kentu u 03. Umanapa ¢ ucnosns3oBanueM kputepus KII3, onpenensemoro xak
npousBenenre PU3B Ha cpenHeromnoBoii cTok U3 BOIHOTO 00BbeKTa (Virox): K3B = PU3B Vo

Pacyets1 K3B, BbINOHEHHBIE TS BOJIOEMOB CHCTEMBI p. KeHTH, TIoKazami ONM3KUe UX 3HAYCHHS He3aBHUCH-
MO OT MECTOPACTIONIOXKEHHS 03ep (BOJIM3U BHIITYCKOB TEXHOTCHHBIX BOJ WK Blain). 3Haduenre K3B, nomydenHoe st
TEXHOTEHHBIX BOJI KOMOMHATa, 61m3koe k K3B myst 03ep cuctemsl. [peBbiienrne K3B HabmomaeTcss BO Bcex BOJHBIX
obbekTax cucteMsl p. Kenru. Uto kacaercst 03. imanzpa, To 3HaueHue K3B Bbliie JOMycTUMOro OTMEUYEHO B Han0o-
JIee 3arpsi3HEHHBIX ero miecax — bombimoit n Mokoctposckoit Mimanpax, Torna kak B babnuckoii Mmanape Bemanaa
K3B HaxomuTcs B mpeesnax JOIMyCTHMOTo OJaroaapsi 0oibIioMy pasdapisronieMy 3QQEKTy B 3TOH YacTH 03epa.
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Taxum 00pa3oM, METOAMKA, YIUTHIBAIOIIAs, TIOMAMO TOKCHYHOCTH, FT€OXHUMUYECKUH (DOH 3JIEMEHTOB, 03-
BOJIsIeT O0see 0OBEKTHBHO OLICHUBATH 3arpsI3HEHHOCTH BOHOU cperibl. HopMmupoBaHue cOpoca TOKCHYHBIX BEIIECTB B
BOJIHBIE OOBEKTHI MPEVIOKEHO OCYIECTBIISITH C YUETOM CTENEHH HX 3arPSI3HEHHOCTU 1 00beMa CTOKA U3 HUX.

Gasarov P.V.}?, Tyagun M.L.%, Makarov M.M.}, Vornholt M.A.*3, Kulikov V.A.*, Glyzina O.Yu.},
Yakhnenko V.M.%, Belkova N.L.!, Wanzenbick Jo.’, Sukhanova L.V.*, Sapozhnikova Yu.P.!
EFFECTS OF INTENSIVE TECHNOGENIC SOUND ON ACOUSTIC BEHAVIOR AND SENSORY
EPITHELIUM OF OF PELED (COREGONUS PELED)

!Limnological Institute SB RAS, Irkutsk, Russia
%Irkutsk State University, Irkutsk, Russia
$Grinnell College, Grinnell, lowa, USA
“Skolkovo Institute of Science and Technology, Moscow, Russia
*Research Institute for Limnology Mondsee, University of Innsbruck, Mondsee, Austria
jsap@mail.ru

The study of effects of long-term noise-exposure on otolith organs of fish is very important due to the increas-
ing levels of noise pollution in recent years in their natural habitat, as well as in the course of their rearing in closed
aquaculture tanks. Intensive production in aquaculture often involves the use of equipment, such as aerators, air and
water pumps, combines, blowers, and filtration systems, which increase the noise level in fish storage tanks (Wysocki
et al., 2007). Possible consequences include: impairment of hearing sensibility, increased stress, and reduced growth
rates. As a result, the acoustic conditions of larvae maintaining during artificial reproduction of fish populations deter-
mine their further survival and population replenishment. Since after their release into the wild, they must use their sen-
sory organs in order to locate direction, select suitable habitat, settle at locations with sufficient shelter, and avoid the
immediate attention of many voracious predators (Montgomery et al., 2006; Caiger et al., 2012). We carried out a
comparative analysis of the morphological characteristics of auditory epithelium and otoliths of peled (Coregonus
peled Gmelin, 1788), which are the most commonly used fish in Russia for artificial cultivation and made a few sug-
gestions on the possible adaptive significance of ultrastructural specializations to acoustic sensitivity. Peled were culti-
vated in the experimentunder different noise conditions. We have shown that the effect of different frequency tones of
sound (500 Hz and 1 kHz) at sound pressure levels (SPLs) ranging from 126 to 161 dB re 1 pPa damages various parts
of the sensory epithelia of the inner ear and its otoliths. Acoustic impact included not only mechanical damage causing
temporary (and possibly permanent) hearing loss, but also a change in normal fish behavior. This study shows that
peled is sensitive to environmental changes, which contributes to the formation of adaptations at all structural levels,
the cellular and organismal ones.

Morphological screening of peled was performed at the Baikal Joint Instrumentation Centre in LIN SB
RAS (http://lwww.lin.irk.ru/copp/eng/) supported by RFBR and the Government of the Irkutsk region, projects
No 17-44-388081 r_a and No 17-44-388106 r_a, aquaculture of peled was obtained within the framework of
the project of the Government of the Irkutsk region "Obtaining high-tech aquaculture of whitefish ..." (Forum
Baikal-2020), otoliths crystallization was studied within the framework of the state task No. 0345-2016-0002
Molecular ecology and evolution of living systems ...

Hambaryan L.R." %, Mamyan A.S.*, Khachikyan T.G.!, Stepanyan L.G.*
STUDIES OF THE HORIZONTAL DISTRIBUTION OF PHYTOPLANKTON
IN LAKE SEVAN (ARMENIA)
YInstitute of Hydroecology and Ichthyology of the Scientific Center of Zoology and Hydroecology of NAS of
Republic of Armenia
2Yerevan State University, Department of Ecology and Nature protection
lus-ham@yandex.ru, lusine.hambaryan@ysu.am

The Lake Sevan (1900.28 m above Baltic sea) as a large freshwater reservoir in South Caucasus and plays im-
portant role in the social-economic development of Armenia and have a strategic importances. According to research-
ers the main causes of lake eutrophycations was a decrease in its level above 20 m. As a result of deterioration in water
indicators, there was a loss of biological resources and the lake bloomed with cyan bacterial taxa.Since 2002, changes
in the littoral zone (raising the water level by more than 3m) created the conditions for studying the horizontal distribu-
tion, quantitative development, succession and "blooming" of phytoplankton species and the mutual influence of these
processes on the entire ecosystem of the lake. The phytoplankton of Lake Sevan at various stages of its trophicity was a
good indicator of changing environmental conditions. The diatomic algae dominated in community by species diversi-
ty. Average community biomass in 2017 was 3.7 g/m® (MS) and 1.2 g/m’in (BS), which is inherent in meso-eutrophic
lakes and shows an increase in indicators since 2016.

F'am6apsin Jpt 2, Mamsau A.C.l, XayuKsaH T.F.l, Crenansn JLT.!
HNCCIIEAOBAHUSA I'OPU30OHTAJIBHOI'O PACIIPEAEJIEHUS ®UTOIIVIAHKTOHA O3EPA
CEBAH (APMEHMUS)
1HayLIHLII7I HeHTp 3o0s0run u ruaposkoiornd HAH PA UHctuTtyT ['Mapo3konoruu u UXTHOJIOTUU
yi. Iapyiipa CeBaka 7, 0014 EpeBan, Apmenus
2EpeBaHCI<1/II7I Tl'ocynapcreennsiit YHuBepcureT, I. EpeBan, Apmenus, yi. Hapenua 8, 0025
lus-ham@yandex.ru, lusine.hambaryan@ysu.am

O3epo CeBan (00beM BOfBI OKOJIO 33 anz[.M3), SIBJIICTCSL KPYITHBIM TIPECHOBOIHBIM BOJIoeMOM FOkHOTO
KaBkaza 1 urpaer orpoMHyIO poJib B COLIMAIIbHO-3KOHOMUYECKOM pa3BUTUM ApMEHUH, HaxoquTcs Ha Bbicote 1900.28
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M. AHTPOTIOT€HHOE IBTPOPHUPOBAaHHE BOJOEMA TIPHUBEJIO K YXYIIIICHHIO TIOKa3aTeNIe BOJIbI, BCICIACTBAC N3MEHEHHUS
(1)I/ISI/IKO-XI/IMI/F{€CKI/IX 1 OMOJIOTMYECKUX noxasaTenef/'I, 9TO B LECJIOM, CBA3aHO C MOHMKEHUEM €I0 YPOBH:A 0osee yeM
Ha 20 M. Haunnas ¢ 2002 rozma ypoBeHs 03. CeBaH nocterneHHo nosbimaics k 2018r. Ha 345 cm. 3atomnmnenue 6epero-
BOM 30HBI U 06pa3013aHI/Ie HOBBIX 6I/IOTOB, CACJIAIN aKTyaJIbHbIMU U3YYCHUSA J'IPITOpaJ'[I)HOI\/'I 4acTu o3epa. duroraHk-
TOH 03€pa CeBaH Ha Pa3IMYHBIX JTaIax €ro "[pO(bHOCTI/I SBJIAJICA XOPOIIMM MHAWKATOPOM MCHSIOIIUXCA SKOJIOTrHIe-
CKHUX yCJIOBHH. VI3MEHEHUS B JIMTOPATIFHON 30HE CO3AH MPEATIOCHUIKA [T W3y4YeHUs] TOPH30HTAIIFHOTO pacrpesie-
JICHUS, KOJIMYECTBEHHOT'O PAa3BUTHSA, CYKIIECHUU U «BETCHUA BUI0B (bI/lTOH.IIaHKI"OHa 1 B3aMMOBJIWAHUS OTHX ITPOLIEC-
COB Ha BCHO DKOCUCTEMY 03€pa. I/ISBGCTHO, YTO CYKICCCUU (I)I/ITOHJIaHKTOHa SABJIAFOTCS ONPEACIICHHBIM l'lpI/ICHOCOGIIe—
HHMEM K M3MEHEHUSIM PA3iIMYHbIX (haKTOpoB cpefpl. V3ydeHne (UTOINTAHKTOHA JUTOPAIH BBIIBWIO YBEIMYCHHE KO-
JIMYECTBEHHBIX MOKazarenel ¢urormankToHa k 2017 romy, MakcUMaibHbIe TTOKa3aTend ObUTH B oKTsI0pe 2017 1. O1o-
Macca Bopopocieil B MC (Manbiii CeBaH) cocTaBisuia 55 r/M’, 910 GBUTO 00YCTIOBIIEHO Pa3BUTHEM B IUIAHKTOHE
KpPYIHOKJIETOUHBIX 3eenHbix BuioB Oocystis solitaria, Sphaerocystis schroeterii, Dictyosphaerium pulchellum. Tlo
yepenHeHHbM TiokazaresisiM B BC (Bombiioit CeBaH) TOMHHHPOBATH JTHATOMOBBIE BOJOPOCIH, CyOIOMHHAHTAMU
ObLM CHHE3eJICHBIE BOIOPOCTH, KOTOphle JOMUHMpoBaH Taroke B miepuon 2015-2016 rr. Muas kaptrHa Habmona-
nack B MC, rie 1o rmoka3aTessM YHUCIIEHHOCTH Mpeo0iiaialii IMaTOMOBBIE BOJIOPOCIIH, a 1o Ouomacce 3elieHble, Tora
Kak B IpeJIbIIyIINE IOl JOMUHHATHON TPYMION ObUIH TaKKe AUAaTOMOBBbIE Bopopociy. [1o pasHooOpasuio BUIOB B
coo0miecTse NpeodIIanaay MMaToMOBBIE BOIOPOCIH. B (HUTOIIIAaHKTOHE IMTOpANH YBEITMYMBAIOTCS KOJIIMYECTBEHHBIE
MOKA3aTeNX U PacpoCcTpaHeHue B Ooiee TiTyOOKOBOIHBIC YIAaCTKHU 3BIVICHOBBIX BHIIOB poaa Trachelomonas. Hernpen-
CKazyeMasi CYKIIeCCHs BUJIOB B (DUTOIIAHKTOHE, HAOJTFOTAFOIIAsCS TEHICHITMS YBEIMUCHHUS KOJIMYECTBEHHBIX TIOKa3a-
Terner 1 ObICTpasi CMeHa JOMUHHUPYFOIIMX POJIOB ¥ TPYIIT B COCTaBE COOOINECTBA CBHACTEIHLCTBYET O MPOIIECCaxX JB-
TpO(bﬂ]gOBaHHﬂ B o3epe Cesan. [lokazarernu cpeneii Onomacchl coodmectsa 3a 2017 T. cocrapmsiu 3.7 v’ MC)n
1.2 r/m” B (BC), 4o mpucyie Me30-3BTpo(HBIM 03epaM 1 CBUIETENLCTBYET 00 YBeIMUeHNH rokazateneii ¢ 2016 T.
Gerasimov Yu.V.}, Krylov A.V.leirapetyan A.O.2é Kosolapov D.B.},
Ovsepyan A.A.°, Gabrielyan B.K.
TRANSFORMATION OF THE ECOSYSTEM OF A LARGE MOUNTAINOUS LAKE (SEVAN,
ARMENIA) UNDER DIFFERENT ANTHROPOGENIC LOAD
Ypapanin Institute for Biology of Inland Waters RAS, 152742 Borok, Nekouzskii raion,
Yaroslavl oblast, 152742 Russia
?Institute of Hydroecology and Ichthyology, National Academy of Sciences of the Republic of Armenia, ul.
Paruira Sevaka 7, Yerevan, 0014 Armenia
Lake Sevan is a large (~ 1262 km?) high-altitude (1900 m above sea level) body of water in the South
Caucasus, being a specially protected water object. However, despite this, the lake is already experiencing a
significant anthropogenic load, capable of leading to its degradation. The aim of the work was to study the di-
rections of transformation in the ecosystem of the large alpine lake Sevan exposed to the current complex of
anthropogenic impacts. The studies have shown that a massive development of Daphnia magna in the lake led
to significant changes in the quantitative and qualitative characteristics of phytoplankton, heterotrophic nano-
flagellates, and bacteria. The phytoplankton and flagellates are most susceptible to direct eating by Cladocera.
Reduction of control by heterotrophic nanoflagellates and other bacteriotrophic protists caused an increase in
the number and biomass of bacterioplankton. The same was promoted by the increasing amount of phosphorus
released as a result of the vital activity of Cladocera, and by the decrease in the abundance of phytoplankton
competing with heterotrophic bacteria for nutrients. Changes in the size and morphological structure of bacte-
rioplankton, in the ratio of biomass of phyto- and bacterioplankton, as well as in the amount of phosphorus
excreted by cladocerans in different seasons and years, are associated with the dominance of different species
of Cladocera, as well as with their general quantitative characteristics and the proportions of different species
being governed by fish populations.

I'epacumon IO.B.l, KpsLioB A.B.l, AilipanersiH A.O.2, Kocoaanos )1.]3.1,
Oscemsin A A% T a0puesin B.K?
TPAHC®OPMAILIUA SKOCUCTEMbBI KPYIIHOI'O 'OPHOI'O O3EPA (CEBAH, APMEHUMSI)
INIPU PASHOU CTEIIEHU AHTPOIIOI'EHHOU HATPY3KHU
lI/IHCTI/ITyT ounonorun BHyTpeHHuX Boa uM. U.J1. [lamannna PAH, 152742, SIpocnasckas 0611., moc. bopok
Hucturyt ruaposkonoruu u uxtuonorun HAH PA, Apmenus, 0014, r. Epesan, yn. ITapyiipa CeBaxa, 7
gu@ibiw.yaroslavl.ru
[MpakTryecKu B KXW CTpaHEe UMEIOTCS BOIHBIC OOBEKTHI, CTAHOBSAIIMECS e¢ CUMBOJIOM. J[iist ApmeHun —
310 03. CeBaH — BhIcOKOropHslid (1900 M H.y.M.), KpynHbIi (~ 1262 KMZ) BojoeM IOxnoro Kaskasza, sBistoriumiics
0c000 OXpaHsIeMbIM BOIHBIM 00beKTOM. OIHAKO, HECMOTPS Ha ATO, YiKe TPOIOIDKATEIIFHOE BPEMSI 03O HCIIHITHIBA-
€T 3HAYMTEIFHYIO aHTPOIIOTEHHYIO HATrPy3Ky, CIIOCOOHYIO MPHBECTH K €ro Jerpagamvi. B mepByro ouepenp, 310
MKECTKHII PEeKUM SKCIUTyaTallid BOJHBIX PECYpPCOB YEIOBEKOM, B PE3yJbTaTe KOTOPOrO B IPOILIOM BEKE YPOBEHB
o3epa ObLT 3HAUUTENBHO CHIDKEH. OJHAKO Pe3ybTaThl MHOTOYMCIICHHBIX HCCIIEIOBAHMH TOKA3aId, 4TO UL JE3B-
TPO(UKAIMHI 03epa HEOOXOTUMO BOCCTAHOBUTH THITOJIMMHHOH ITyTEM TOBBIIICHUS YPOBHS BOJIbI MHHMMYM Ha 6 M. K
Ha4aJly BOCCTAaHOBUTENIBHBIX MepompusaTuii (aexkadps 2001 r.) ypoBeHb 03epa okazaiicst CHibkeH Ha 19.88 M ot ecte-
crBeHHoro. C 2002 r. ypoBeHb 03epa cTal NOJHUMATHCS U B TEUEHHUE JECATH JIeT TOBbILIaCs B cpeqHeM Ha 0.38 M B
ron k 1 sBapst 2015 1. okazasics Ha 3.82 M BbIIIe aOCOFOTHOrO MUHUMYMA.

[ToBbIlIeHHE YPOBHS BOJBI CIIOCOOCTBOBAIO 00pPa30BaHMIO “HOBBIX” OMOTONOB B 30HE 3aTOIICHHOM
cymu. B pesyibTare B IIaHKTOHE 3apETHCTPHPOBAHO 3HAYUTEIBHOE YBEJIHMUYCHHE BUIOBOTO Oorarcta — 1o 64
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BUJIOB OECTIO3BOHOYHBIX, B TO Bpemst kak B 2005-2009 rr. Opwio otMeueHo 35 BuaoB, B 1947-1961 1r. — 11, B
1972-1985 rr. — 15. Kpome TOro, BCEJICHIIBI.

OnHako ocoboe 3HaYeHUe AJISl CTPYKTYPHI U (DYHKIIMOHUPOBAHUS COOOIECTB U BCEH SKOCUCTEMBI B I1e-
JIOM UMEIOT HE SAMHWYIHO BCTPEYAIOIIMECS BHUIBI, @ BUBI, 3aHUMAIOIIUE JOMUHUPYIOIIEE ToJoXeHue. Tak, 3a
BpeMs BOCCTAaHOBHUTEIHHBIX MEPONPISTHI B 03epe OTMeUeH | HOBBIM BHI PBIO (aMypcKuid uebavoK) U 2 BHIa
BETBUCTOYCHIX pakooOpasubix — nuadanocoma (¢ 2005 r.) u Daphnia magna Straus (¢ 2011 r.).

Bropoit BaykHEHIIMiA acriekT, OMPEAesIOIi KOJIOTHIECKOEe COCTOSIHUE BOJIOEMa — COCTOSIHHE BBICIIIETO
Tpouueckoro 3BeHa — PHIOHOTO HAcCeJIeHMs, HEKOHTPOIMPYEMOe M3BITHE KoToporo (B ocHoBHOM Coregonus
lavaretus L.) Ha (hoHe MOBBIIIICHHS YPOBHSI BOIBL, PUBETIO K 3HAYUTENBHOM IEPECTPOIKE BCEH IKOCHCTEMBI.

Lenp paboTHI: WCCIEIOBATh HAINPABICHUS TPaHC(HOPMAIUH SKOCHCTEMBI KPYITHOTO TOPHOTO 03epa
CeBan, Ipu CyIIeCTBYIOMIEM KOMIUIEKCE aHTPOIIOTCHHBIX BO3ICHCTBUIA.

Hawunbonee 3naunTtensHble m3MeHeHns HaOmonamich B 2011-2014 rr. 3a cuer D. magna, xoropas mpu
KaTacTpo(MIECKOM CHIDKCHUN KOJIMIECTBA PHIO-IDIAHKTO(AroB MOSIBIIIACH U JOMHHUPOBaja B o3epe. bmaro-
Jlapsi ee JKU3HeIeATEeIHHOCTH B /IBA pa3a BO3POCIIa MPo3pavyHOCTh BoAbl B CeBaHe. DTO CIOCOOCTBOBAJIO YBEIIH-
YEHHUIO TNIyOMHBI pAacIpOCTpaHEeHUsI Makpo@uToB ¢ 7 10 13 M, 4TO MOIJIO CBHITPATh BEAYIIYIO POJIb B TOPU30H-
TaJIbHOM PACHPEICICHUH 300IUIAHKTOHA: HAUOOJIBILEE €ro KOJIMYSCTBO OTMEYAIoCch Ha yuacTtkax 4-7 u 10-15 m,
B TO BpeMs Kak 1o noseieHust D. magna — 20 u 30 M. B nutopasHo#i 30He Takke B 1Ba pa3a YBEIMUMWIACH OHO-
Macca Makpo3000eHToca B OCHOBHOM 3a cueT (urodaroB. 3HAUNTEIEHEIC U3MEHEHHUS 110 CPABHEHUIO C TIEPUO-
JIOM JIO BCeJleHHs TaHUU MPOM3OIIIIH 1 B Melarnaid Bojoema. JIeToM U 0ceHbI0 COOTBETCTBEHHO B 4.3 1 4.1
pasa COKpPaTHIACh YHCICHHOCTh (pUTOMIaHKTOHA, 6ioMacca — B 5.1 u 4.6, yBenmmumnachk nois Bacillariophyta,
cokparuiaack Cyanophyta. Belenanre BETBHCTOYCHIME PaKOOOPa3HBIMH OCHOBHBIX HOTpEOUTENCH MHKPOOPra-
HH3MOB — T€TepOTPOGHBIX HAHODIATEIUIAT — OKa3bIBAJIO OMOCPEIOBAHHOE BIIMSHIE HA KOJTMYCCTBEHHBIC XapaK-
TEPUCTHKH OAKTEPUOILIAHKTOHA, YHCIICHHOCTh M OHoMacca KOTOporo Bo3pocia. B mpodyHaamu B Tpu pasa co-
KpaTmwiack OroMacca Makpo3000€HTOCa, YTO OMPEAEIUIOCH, M0 BCel BUIUMOCTH, CHIDKCHHUEM TTOCTYIUICHHS
Ha JTHO OPTaHUYECKOTO BEIIECTBA U3-3a akTUBHOM (unbTparmu Cladocera, kotopsie, kak n3zBectHO (Kofinek et
al., 1987; Nummi, 1989), a¢dhpexkTHBHO TepeMeNIaoT YacTUIBl B BOJHOW TOJIIIE U CHWKAIOT WHTCHCUBHOCTh
ocenanus numu. Kpome Toro, 60mbIIy0 poiib UTpajio 3HaunTeNbHOE (B 18 pa3) yBenuueHne mpecca XHUIIHU-
KOB, CBSI3aHHOTO ¢ IPOHMKHOBCHHEM Ha OOJbIINE TyOHHBI XHUIHBIX JTHYMHOK XHpoHOMHUA poaa Procladius,
YeMy paHee MPEensITCTBOBAIH HEOIArONPHTHBIE KHCIOPOIHBIC YCIOBHS.

Taxim o6pazom, mosieieHue B 03. Cean D. magna mpuBeno K CyImeCTBCHHBIM W3MEHEHHSIM KOJIMYCCTBCH-
HBIX ¥ KaYeCTBCHHBIX XapaKTePUCTUK (PUTOIUIAHKTOHA, TeTepOTPO(HBIX HaHO(IAreIutIT u 6akTepuid. [IpsmMomy BbI-
€TAHNI0 BETBUCTOYCHIMH PAKOOOPa3HBIMH B HAaWOOJBINCH CTEICHHW TOIBEPIKEHBI (DUTOTUIAHKTOH W ()IaresuIsIThl.
'YMeHbIIIeHHEe KOHTPOJISI CO CTOPOHBI TeTepOTPOQHBIX HAHOMIATESIUIAT U JPYTHUX OaKTepPUOTPOPHBIX TPOTUCTOB BbI-
3BaJI0 YBEIIMYCHHUE YHCIICHHOCTH M OMOMACChl OaKTEePHOIIAaHKTOHA. DTOMY e CIIOCOOCTBOBAJIO BO3POCIIIeE KOJIMUe-
ctBO (hocopa, BeIesieMoe B pe3ylibTare xusHeAesTensHocTr Cladocera, M yMeHbIIIeHHE YUCTIEHHOCTH (PUTOTUIAHK-
TOHA, KOHKYPHPYIOIIETO C TeTepOTPO(QHBIMU OakTepusMy 3a OHMOTCHHBIC BelecTBa. VI3MEHEHWS pa3MepHO-
MOP(OJIOTHIECKOH CTPYKTYPBI OaKTEPHOILUIAHKTOHA, COOTHOIICHIS Oromace (hHTo- U OAKTCPHOIUTAHKTOHA, & TAKKE
KOJIMYECTBA SKCKPETHPYEMOTO BETBUCTOYCHIMH PakooOpasHbME (pocdopa B pasHbIEe CE30HBI M TOMBI CBS3AHEI C JI0-
MHUHHUpOBaHKEM pazHbIX BUAOB Cladocera, a Taroke uX OOIMMU KOJIMYESCTBCHHBIMU XapaKTePUCTUKAMK U COOTHOIIIE-
HHEM Pa3HOPa3MEPHBIX BUIOB, OMPEICIIIEMbIM KOHTPOJIEM CO CTOPOHBI PhIO.

Glyzina O.Yu.}, Sapozhnikova Yu.P.}, Yakhnenko V.M.}, Glyzin LAY,
Tyagun M.L.}, Belkova N.L.}, Fedorova G.A.}, Adamovich S.N.2,
Itskovich V.B.%, Sullip Kumar Majhi®, Avezova T.N.*, Sukhanova L.V.!
USE OF COLD WATER RECIRCULATING AQUACULTURE SYSTEM IN MULTIDISCIPLINARY
RESEARCH OF FRESHWATER ORGANISMS
'Limnological Institute SB RAS, Irkutsk, Russia
2A.E. Favorsky Irkutsk Institute of Chemistry SB RAS, Irkutsk, Russia
3|CAR-National Bureau of Fish Genetic Resources, Telibagh, Lucknow, India
glyzina@lin.irk.ru

The modular concept of aquaculture systems with control of environment parameters allows perform-
ing long-term and short-term experiments, and cultivating various taxonomic groups of freshwater organisms,
including endemic Baikal species.

For the last 15 years, the ecosystem of Lake Baikal has been undergoing a balance disorder. The ex-
periment can be one of the methods to identify key factors of this change. The experimental approach to study
ecosystems gives a possibility to control a greater number of factors, except those, which are beyond control. It
allows changing parameters of a closed ecological system and tracking its response. The work done at the ag-
uaculture facilities could significantly optimize many scientific developments in the study of aquatic ecosys-
tems and could favor conserving their biodiversity.

Limnological Institute, Siberian Branch of the Russian Academy of Sciences, has aquaculture fa-
cilities listed in the register of the “Advanced Research Infrastructure of the Russian Federation” as “EX-
perimental Freshwater Facilities for Cultivation of Baikal Organisms”. An important advantage of these
facilities is their proximity to a high-tech equipment. This allows performing novel and challenging studies
in the field of molecular and cell biology, genomics, sensor physiology, ethology and biochemical ecology
through control of the system parameters in a proper time, cost effectively and with a high degree of re-
sponse. The modular concept of the Experimental Freshwater Facilities for Cultivation of Baikal Organisms
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with control and adjustability of environment parameters facilitates long-term and short-term experiments
in cultivating different taxonomic groups of freshwater organisms, including endemic Baikal species.

For the moment, the facilities possess a living collection of all Baikal whitefish species and their hy-
brids, including the specimens reproduced of cryopreserved sperm. The collection enables to perform multi-
disciplinary fundamental and applied studies of ichthyology, biochemistry and aquaculture of freshwater game
fish. The facilities provide identical conditions for brooding and breeding during experiments.

The Baikal whitefish hybrids demonstrate a fast growth, an intermediate value of the main morphometric fea-
tures as compared to the parent species, a high content of polyunsaturated fatty acids, and a dependence of fatty acid
profile of the muscle tissue on temperature. The composition of intestinal microorganism community of the hybrids has
been identified. Morphofunctional features of whitefish erythrocytes with mitochondrial anomalies and morphological
features of peripheral division of fish auditory analyzer have been studied too.

In recent years, the anthropogenic stress has drastically depleted the fish stock worldwide. This re-
quires developing techniques of reproductive stimulation in aquaculture for a quick return of commercial fish
output. Hence, cryobanks of reproductive products, surrogate maternity, diverse methods of fish growth and
development stimulation, including growth promoters are actually more and more in demand. Such a compre-
hensive study of impact of synthetic growth promoters “protatrans” developed in A.E. Favorsky Irkutsk Insti-
tute of Chemistry, Siberian Branch of the Russian Academy, by Adamovich S.N., Mirskova A.N., Mirskov
R.G, Voronkov M.G. (2016) on whitefish hybrid growth and development is now being done in the Experi-
mental Freshwater Facilities for Cultivation of Baikal Organisms. The study also includes reproduction of
fish from cryopreserved reproductive products.

Cultivation of endemic Baikal sponges provided new data on their ecology, variability of lipid and
pigment composition of their intracellular symbionts, stress tolerance of Lubomirskiidae species, and interspe-
cies differences driven by quantitative and qualitative accumulation of heat shock proteins in the sponge cells.

It is very important to monitor temperature and turnover regime, to perform an express-control of the
environment in studying Baikal fish and symbiotic community of endemic Baikal sponges. This requires an
updating in order to empower the facilities for a better basic and applied research and successful certification
of the fish cultures. Such an updating should be targeted to improve the main technical parameters that could
drastically affect the accuracy of the experiments and extend topics of the studies converting the facilities into
a state-of-the-art “tool” for addressing complex basic and applied challenges and creating high technologies.

The work is done within the Basic Research VI1.50.1.4. (0345-2016-0002) “Molecular ecology and
evolution of living systems of the Central Asia under the global climate change”; 0345-2016-0005
“Experimental research of genomes and proteomes of freshwater ecosystems biota”; # VI.51.10, Integration
Program of Irkutsk Scinetific Center, Siberian Branch of the Russian Academy of Sciences “Basic research
and innovative technologies as a basis for a rapid development of the Baikal Region”, as well as under a finan-
cial support of the RFBR and the government of the Irkutsk Region in the fram of the projects # 17-04-01598,
17-43-380006 p_a, 17-44-388081p_a, 17-44-388103 p_a.
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NCIIOJIb3OBAHUE XOJIOI[HOBOI[HI)IX YCTAHOBOK 3AMKHYTOFO ) BOJOCHABXXEHUS
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B nmocnennue 15 netr HaOmogaroTCs HapyIIEHUsS PABHOBECUS] SKOCUCTEMBI o3epa baiikan. OnHuM u3
METOJIOB IIPU BBISABJIEHUH MPUYUH U3MEHEHUM BOJHBIX 3KOCUCTEM SIBIIAIOTCA dKCIEPUMEHTHI. OCOOEHHOCTHIO
METO/IOB HCCIICIOBAHMS IKOCHUCTEM Ha OCHOBE JKCIIEPUMEHTOB SIBISIETCS BO3MOXKHOCTH OOecIeueHHs KOH-
TpoJIst Hal OOJBIITUM YHCIOM (PaKTOPOB, HCKITIOYAs BO3ACHCTBHE HEKOHTPOIUPYEMBIX, UTO MO3BOJISIET BHOCHTh
OTIpEJICTICHHBIC M3MECHEHHUS B 3aMKHYTYIO SKOCHCTEMY U CJICIHTH 32 €€ OTBETHOW peakuueil. BrrmomHeHHBIE
9KCIEPUMEHTAIBHBIX paboT Ha 6a3e aKBAPHYyMHBIX KOMIUIEKCOB, IMTO3BOJIIIOT CYIIECTBEHHO ONTHMH3UPOBAThH
MHOT'M€ Hay4YHbIE Pa3pabOTKU 0 U3YUYEHHIO BOJHBIX 3KOCUCTEM U COXPAHEHMIO UX OHOpa3sHOOOpas3usl.

Ha 6a3ze JIMH CO PAH ¢yHKIMOHMpYeT aKBaKOMILIEKC, BXOUIINN B peecTp «COBpEeMEHHOH HCCIeIoBa-
TeNbCKOU MHQpacTpyKTyphl Poccuiickoit deneparmim» Kak «OKCIEPIMEHTANBHBIA TPECHOBOMHBINA aKBAPUYMHBIH
KOMIDTEKC OalKanbckux runpoornonToBy ([TAK). BaxHbIM mperMyIiecTBOM KOMITIEKCa SIBJIIETCS €ro pa3MelicHre B
HETIOCPENICTBEHHOM OM30CTH K BRICOKOTEXHOJIOTMIHOMY 00OPYIOBAHHIO, YTO TTO3BOJISIET KOHTPOJIMPOBATE TapaMeT-
DBl CUCTEMBI BO BPEMsI DKCIIEPUMEHTOB CBOEBPEMEHHO, SKOHOMUYHO U C BBICOKOM CTENEHBIO UYBCTBUTEIBHOCTU U
NPOBOJIUTH UCCJICAOBAHMS MO COBPEMEHHBIM M aKTYaJIbHBIM HAIPaBJICHUSIM: MOJEKYISIDHas OUOJIOTHs, TeHOMUKA,
CeHCOpHas! (hM3HOJIOTHS, STOJIOTHS, OMOXMMUYECKast SKOJIOTHS, KJIETOUHAs OMosIorvst. MOIYIIBHBIA IIDUHIIAIT OPraHu-
3ammu ITAK, KOHTPOJIb M BO3MOXKHOCTb M3MEHEHUs MapaMeTpoB Cpelibl MO3BOJLIIOT MPOBOAUTH JOITOCPOYHBbIE U
KPaTKOCPOUHbIE KCIIEPUMEHTBI, KYJIbTUBUPOBATh PA3JIMYHbIE TAKCOHOMHYECKHE IPYIIIBI IPECHOBOAHBIX, B TOM YHC-
JIe SHJIEMUYHBIX OAKAILCKHAX THAPOOHOHTOB.

Ha ceromusmanii feHb B ®UBOM KoywieKuu [TAK mpucyTCTBYIOT BCe TpEACTaBUTENN OalKallbCKUX
CUT'OBBIX PBIO U MHOTHE (POPMBI UX THOPUIOB, BKIIOUAst 0COOH, MOy4EeHHBIE U3 KPHOCOXPAHEHHON CIIEPMBI.
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OTa KOJUIEKIHS MO3BOJISIET MIPOBOAUTE MYJIBTHANCIUIUTHHAPHYIO padoTy 1o (yHAaMEHTANEHBIM U TPHUKIIAI-
HBIM aCHEKTaM HXTHOJIOTUH, T€HETHUKH, MOJEKYSIPHONW OHONOTHH, CEHCOPHOW (U3HMOJOTHH, OMOXUMHHU U
AKBaKyJIbTYpBl TPECHOBOAHBIX TPOMBICIOBBIX pbi0. B xonme skcriepumentoB B [TAK oGecrieuena maeHTHY-
HOCTH YCIIOBUH MHKYOAIIMU UKPBI M TIOCICAYIONIETO BBIPALTUBAHUS PEIO.

VY monydeHHBIX THOPHAOB 0alKaTbCKUX CHUTOBBIX PBHIO BBISBICHBI: OBICTPEHIN POCT; MPOMEKYTOTHOE
3HAYeHHE OCHOBHBIX MOP(HOMETPHUECKIX IPU3HAKOB 10 CPABHEHHUIO C POTUTEIHCKUMH BHIAMH; BEICOKOE CO-
JIepKaHUE TOJIMHEHACHIIICHHBIX )KUPHBIX KHCIIOT; 3aBUCHMOCTh XKHUPHOKUCIOTHOTO COCTaBa MBIIIEYHBIX TKa-
HEHl CHUTOBBIX PBIO OT TEMIEpaTypHOTo (hakTopa; OIPENesIeH COCTaB KUIIEYHOW MUKpPOOHOTHI, Tak e uccie-
JIoBaHbl MOP(}O-(DyHKIIMOHAIBHBIX OCOOCHHOCTEH 3PUTPOIMTOB PHIO ¢ HAPYIIEHUSAMHU B CTPYKTYPE MHUTOXOH-
Jpuit; MOp(HOIOTHYECKUX OCOOSHHOCTH Mepr(epHIecKOro OTAeNa CIyXOBOTO aHAIN3aTOPa CHTOBBIX PHIO.

B nocnenHne rogpl aHTPOIIOTEHHOE BO3JEHCTBHE 3HAYMTENHHO TOIO0PBAJIO PHIOHBIE 3aIachkl BO BCEM
MHpE, YTO TOBJIEKIO 33 COO0H HEOOXOIMMOCTE B pa3paboTKe METOIHK CIIOCOOCTBYIOIIMX CTUMYIIIINH PHIO K
Pa3MHOXKEHHIO B MCKYCCTBEHHBIX YCIOBHSX PHIOHBIX 3aBOJOB M OBICTPOMY IOJYYSHHIO TOBAPHOW PBIOHOM
npoxyknuu. IIpy 3TOM Ha MpaKTHUKE BCE Yallle MUCIIONB3YIOT KPUOOAHKU IOJIOBBIX IPOIYKTOB, CyppOTaTHOE
MaTEPHHCTBO, PA3IHYHBIC METO/BI YCKOPEHUS POCTa U pa3BUTHA PBIO, B TOM YHCIE C IOMOIIBIO CTUMYIIATO-
poB pocta (CP). Ha 6a3e IIAK ceituac npoBoauTcs KOMIUIEKC TaKUX pabOT: UCCIEAYeTCsl BAMSHUE, TOTy4YeH-
HbIX B Mpkyrckom uHctuTyTe Xxumun CO PAH C.H. ApamoBuu, A.H. Mupckosoii, P.I". MupckoBeiM, M.T.
BoponkoBsmm cuaTeTrmaeckux CP — «ipoTtarpanos» (2016) Ha poCT U pa3BUTHE aKBaKyJIbTYp THOPUIOB CHTO-
BBIX PBIO; MOJYYIEHBI aKBAKYIBTYPHI U3 KPHOCOXPAHEHHBIX ITOJIOBBIX MPOAYKTOB H T.II.

ConeprkaHre SHIEMHUYHBIX BUIOB OaliKaIbCKUX ry0oK B ycnoBusax [TAK mo3BoMIIO TOTYYHTh HOBBIS
JTaHHBIE 00 WX 3KOJIOTHH; IPOAHATHU3UPOBATh U3MEHIMBOCTH JIMITUIHOTO M MIUTMEHTHOTO COCTaBa BHYTPHUKIIE-
TOYHBIX CHMOMOHTOB; MOJNYYUTh TaHHBIE O CTPECC-PE3UCTEHTHOCTH YeThipeX BUIOB Lubomirskiidae; BEIIBUTH
MEKBHUJIOBBIE OTIIMYMS 110 KOJIMYECTBY M XapaKTepy HAKOIUICHHUS B KIIETKAaX I'yOOK O€JKOB TEIUIOBOTO IIOKA.

CrnetyeT OTMETHUTb, YTO TP TIPOBEICHHH BBIIEYKa3aHHBIX MCCIEIOBAHNI OalKaIbCKIX PBIO, COIepKaHII
CUMOHOTHYECKOTO COOOIIIECTBA DHIEMUYHBIX OAKAILCKUX T'YOOK M €ro UCCIICIOBAHHN BaXKHBIM SIBJISICTCSI COOIIOIC-
HHE TEeMIIEpaTypHOTO B BOZOOOMEHHOTO PEKHUMOB, SKCIIPECC-KOHTPOII cpeabl. [loaToMy it pacumpeHus: BO3MOXK-
Hocreli [TAK, npoBeneHnst hyHIaMEHTANBHBIX M IIPUKIIAHBIX KOMIUIEKCHBIX paOoT, YCIEIHON MacropTH3allkH M0~
JIy4aeMbIX aKBAKYJIBTYP BaKHO MPOBECTH TEXHOJOTHYECKYI0 MOJIEPHH3ALIMIO 000PYI0BaHUS akBakoMIUIeKca. [ aB-
HOM I1eJIbI0 MOJIGPHU3AIMH SBJISICTCSI TIOBBIIICHNE OCHOBHBIX MHKEHEPHBIX NAPAMETPOB, YTO CYIIECCTBEHHO MOBIHSET
Ha TOYHOCTH TIPOBE/ICHUS JKCIICPUMEHTOB U PACIIMPUT TEMATHKY MPOBOIMMBIX HCCIICIOBAHKM, YTO JACT BO3MOXK-
HOCTh caenath [IAK coBpeMeHHBIM «MHCTPYMEHTOM IUIS PEIICHUS MYJIBTHKOMIUICKCa (PYHIAMEHTABHBIX U TPH-
KJIAJIHBIX 33/1a4, CO3IaHIs HAyKOEMKIX TEXHOJIOT U

Pabora BeImosHsETCS B paMKax (yHIaMEHTAIBHBIX Hay4HBIX uccienaoBanuii VI.50.1.4. (0345-2016-
0002) «MonekymnsipHasi 9KOJIOTHS W 3BOJOIHA ...»; 0345-2016-0005 «DkcrepuMeHTaIbHbIE HCCIeI0BAHUS
reHOMOB ...»; Ne VI.51.10 Muterparuonsoii nporpammsl Mpkytckoro Hayunoro neHrpa CO PAH «®ynza-
MEHTAJIBHBIC HCCIICOBAHUS U MPOPHIBHBIC TEXHOJOTHY ...», & TAKKE IpH (HHUHAHCOBOU monaepkke PODU u
[paBuTenscTBa MpKyTCcKOit o0macT B paMkax HaydHBIX TpoekToB Ne 17-04-01598, Nel7-43-380006 p_a, Ne
17-44-388081p _a, 17-44-388103 p_a.

Golobokova L.P., Khuriganova O.l., Onischuk N.A., Khodzher T.V.
LONG-TERM RESEARCHES OF NEAR-WATER AEROSOL OVER BAIKAL AQUATORIES (2010-
2017)
Limnological Institute SB RAS, Irkutsk, Russia

During a long-term period in spring (May/June) and summer (July/August) seasons the chemical composition
of atmospheric aerosol over the water area of lake Baikal is being considered. The intake of substances on the water
surface of the lake with an aerosol substance depends not only on the meteorological but also on the environmental
conditions of the year. During the period of intensive forest fires in 2015-2016 concentrations of dissolved substances
in the composition of the aerosol increased 1.6 times over the Southern Baikal and almost 2 times over the Middle and
Northern Baikal in comparison with 2014. Despite of forest fires influence there are mostly elements of terrigenous
origin in the aerosol: Fe, Al, Zn, Ba, whose concentration increases in summer season.

I'ono6okosa JLIIL., Xypuranosa O.U., Onnmyk H.A., Xox:kep T.B. _
MHOTI'OJIETHUE UCCJIEJOBAHUA INIPUBOJHOI'O A9PO30.JISA HAJI AKBATOPUEU
BAUKAJIA (2010-2017 rr.)

JInmuonoruyeckuit uacturyt CO PAH, Upkyrck, Poccus
lg@lin.irk.ru, khuriganowa@lin.irk.ru, onischuk@lin.irk.ru, khodzher@lin.irk.ru

PaccmatpuBaercst xummaecknii coctaB aTMOC(EpHOTO adpo30iis HaJ akBaTopuel 03. baiikanm B BeceH-
HUH (Mali/WuioHb) U JeTHUH (MioJb/aBryct) nepuopl 2010-2017 rr. Ot6op npod a’po3071s TPOBOAMICS ¢ OOpTa
Hay4yHO-UcclienoBaTenbcKuX cynoB «I.10. Bepemarun» u «Axagemuk KonTiory B MPUBOJHOM CJIO€ aTMOCHe-
pal. IIpo6sl Bo3Tyxa 0TOMpasu 0 YHUBEPCAILHON METOIUKE, UCTIONB3YEMON B CETIX MOHUTOPHUHTA aTMOCde-
pet EMEII u EAHET. Aspo3oibHOE BELIECTBO VI UCCIEJOBAHUS MOHHOTO U 3JIEMEHTHOIO COOMpaoch Ha
BHemHeM TedionoBoM ¢punbTpe PTFE.

['maBHBIMI MCTOYHHKAMU 3arPA3HAOIINX BEIECTB BO3AYIITHOTO OacceiiHa SIBISTIOTCS CTAallIOHAPHBIE HCTOYHH-
KU 3HAYUTEINBHYIO JIOJIO B 3arps3HCHIE aTMOC(epbl BHOCHUT TpaHCTIOPT. [IprMeHeHne CTaTUCTHYIECKIX METOMIOB 1
aHAJIM3 CHHOIITHYECKHX IPOLIECCOB B aTMoc(epe TI03BOIMIIO Pa3IeliTh BKIIA]] €CTCCTBCHHBIX U aHTPOIIOTCHHBIX HC-
TOYHHKOB B (DOPMHUPOBAHKE XUMHYIECKOTO cocTaBa adpo3ods (I'onmobokosa u nip., 2006). HemanoBaxkaas posib B 3a-
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IpsBHEHUH aTMocdepbl Hall baifkaloM OTBOIMTCS JIECHBIM W TOP(SHBIM TT0XKapaM, MOCTAaBJISIONIUM B atMochepy
COCIIMHEHHS aMMOHWS, Kajusl, XJIOPHIbI, OpraHMvYeckue KOMIIOHEHTHI W MHorue npyrue (Pexomenmamum, 2015).
HauGonee MHTEHCUBHBIE JeCHBIE HOXaphl B pervoHe mpoucxomwmd B 2006, 2010-2011 u 2015-2016 rr. (State
Reports, 2008-2016). Otbop npob a’spo301st NPOBOAWICS KaK B MEPUOBI OTCYTCTBHS JIECHBIX MOYKApOB, TAK U TPH
3apIMIIeHIH atMocdeps! Hax baiikanom. CTaTHCTHYECKHe XapaKTepUCTHUKH ONPEIEeIUTH M3 CPEHIX Pe3ysIbTaToB,
PACCUMTAHHBIX JUT KAXKIIOTO TO/Ia ¥ OTICIBHO T KKIOTO TIeprioia oToopa mpod. PesynbraTe! necnenoBanus moka-
3aJIH, YTO, HECMOTPS Ha BIIMSTHUE JICCHBIX TTOKAPOB, COXPAHSCTCS BBISBICHHAS paHee TeHACHIMS: CYMMapHOE Cozep-
YKaHHME MOHOB B COCTABE a3p030Jis U KOHIIEHTPAIIMK Ta3000pa3HBIX TipuMecel Hanbosiee BhICOKKE B aTMochepe FOxk-
Horo baifkana, Hanbonee Hi3kne — B atmocepe CeBeproro baiikana (I'omob6okosa u zp., 2011). Cymmaproe conep-
YKaHHe MOHOB HaJl K)X/IOH U3 KOTJIOBHH BBIIIE B BECEHHMI neprosi. CpaBHEHHE CyMMBI HOHOB B a3p030J1e, 0TOOpaH-
HOM B 2014 r. Ipu OTCYTCTBHU JIECHBIX T0XAapPOB, C AHATOTUYHBIMU JAHHBIMH, NOTy4eHHbIMU B 2015-2016 rT. B ne-
prox 3apIMIIEHHs aTMOC(epBI, TTOKa3asIo Ha MX yBenmdeHre B 1.6 pa3 B coctase aspo3ons Hax FOxuemM baiikanom u
mouty B aBa paza Hag Cpeanum u CeBepHbIM. PaccMOTpeHO TocTyTuieHrs a30Ta ¢ a3p030JIbHBIM BEIIIECTBOM Ha T10-
BEpXHOCTb 03. baiikan. CyMmapHOe NOCTyIUIEHHE a30Ta cocTaBiuuio 2.4-12.9% 3a Bech McciemyeMblil epros oT
CYMMBI HEOpraHUYECKUX KOMITIOHEHTOB. HanOoubiiiee KOMM4ecTBO a30Ta MOCTyNaeT ¢ MOHaMH aMMOHHMSL. [IpoayKThI
TOPEHHs JIECHBIX TI0KapOB Ha MOPSIIOK YCHIIMBAIOT MOTOKH OCAXKAAIOIIET0Cs BEIIECTBA.

[Ipoananu3upoBaH 3JIEMEHTHBIN COCTaB BOJOpacTBOpHMOIl (pakium aspos3osisi. B coctaBe aspozons
Mpeo0IagaloT MEeMEHTH PENMYIIECTBEHHO TeppureHHoro npoucxoxaenus: Fe, Al, Zn, Ba. Ormewatotcs
0oJtee BEICOKHE KOHIIEHTPALIUH IIEMEHTOB B JIETHUH MIEPHO/.

PaGoTa BBINOJIHEHA B PAMKAX MEKIUCIUILIMHAPHON TeMbl npoekta PODU odhu M 17-29-05044 (ananms u
uHTepnperanys naHHpX) 1 TeMbl ['oczamanus JIMH CO PAH 0345-2016-0008 (moneBbie paboThl). AHAMTIYCCKHE
paboTs! BeimoHeHs! B [Ipuboprom LIKIT prsnko-xumudeckoro yasTpamukpoananimza JIMH CO PAH.

Golova V.G.}, Mikhailova L.V." 2, Bondar’ M.S.!

DEPENDENCE OF TAXONOMIC COMPOSITION AND QUANTITATIVE INDICATORS OF
MACROZOOBENTOS ON TYPE AND POLLUTION OF BOTTOM SEDIMENTS IN INTRA-BOG
LAKES IN MIDDLE OB REGION
'FSBI State Scientific & Production Center of Fishery, Odesskaya St. 33, 625023, Tuymen,

’FSBI of HE State Agricultural University of the Northern Trans-Urals, Respubliki St. 7, Tuymen
ecotoxic@gosrc.ru
The 27 lakes in the Middle Ob region have been characterized by different types of bottom sediments, mor-
phometric features, chemical composition and degree of contamination of water and bottom sediments. The back-
ground values of the concentrations of oil-products and chlorides, the dependence of the taxonomic composition and
quantitative indicators of macrozoobenthos on the range of characteristics of the investigated lakes are established. Of
all biological life forms, bottom biocenosis gives the most adequate assessment of the state of water bodies.

TI'osnoBa B.l".l, Muxaiizosa J.B." 2, Bbounaaps M.C.!
3ABUCUMOCTb TAKCOHOMMYECKOI'O COCTABA U KOJIMYECTBEHHBIX
MMOKA3ATEJIEA MAKPO30OBEHTOCA OT THUIIA U 3ATPASHEHUSA JOHHBIX

OT.JIO)KEHI/II/I BHYTPUBOJIOTHBIX O3EP CPEJIHEI“O MPUOBDBA
'OIBHY l'ocynapcTBeHHBIH HAyYHO-TIPOU3BOICTBEHHBIH LIEHTP PHIOHOTO X03sHCTBA
625023 r. TromMeHb, yiL. Opecckas 33
2OI'BOY BO I'ocynapcTBeHHbIi arpapHslii yHUBepcUTET CeBEpHOTrO 3aypaibst
625003 r. TroMensb, yi1. PecryOmuxu 7
ecotoxic@gosrc.ru

Uccnenorannbie 27 o3ep B Cpennem [IprnoObe XapakTepu30BalCh Pa3HbIM THTIOM JIOHHBIX OTJIOKCHHI,
MOp(bOMCTpI/I‘I@CKI/IMI/I OCO6CHHOCT$IMI/I, XUMHUYCCKUM COCTABOM U CTCIICHBIO 3arpA3HCHUA BOIbI XU JIOHHBIX OTJIOXKE-
HUH. Y CcTaHOBIEHB! (DOHOBBIE BEJIMYNHBI KOHIIGHTPAIIHi He()TEPOIYKTOB U XJIOPHIOB, 3aBUCHMOCTh TAKCOHOMUYE-
CKOTO COCTaBa U KOIMYECTBEHHBIX MOKa3aTelelt MAKPO3000EHTOCA OT JUANa30Ha XapaKTePUCTHK UCCIEAYEMBIX O3€p.
W3 Bcex sxu3HEHHBIX (DOPM JIOHHBIN OHMOIICHO3 JaeT HanOoJiee aICKBaTHYIO OIICHKY COCTOSIHHSI BOJIOEMOB.

Ocennto 2016 roga B Cypryrckom n HkreBapToBckoM parionax XaHTsl-Mancuiickoro AQO ucciIea0BaHbI
AKOCHCTEMBI 27 03ep, OTIIMYAIOIINXCS COJIEP)KaHUEM OPTaHIMIECKHUX BEIIECTB B JOHHBIX oTIokeHMsX (J10) — mo mo-
Tepsm nipu nipokameaauu (I, %): 15 o3ep ¢ opranorenssmvu 1O (IIIIT > 60%), 4 o3epa ¢ munepanbsHbME 1O
(TITIT < 10%), 8 ozep co cmemannbivu 1O (I ot 10 g0 60%). Cpeau 3arpsiHstoiux BemiecTs (3B) ocHOBHbIMU
sistotest Hegrenpoayktel (HIT), comyTcTBYroImmMI — XI0puapl, Cyab(arsl, aMMoHHii. [lnana3oH koHueHTparmii 3B
B JIO Bemk: ms HIT ot doroBex (0,06 r/kT) N0 kputrdeckux (258 r/kr), mst ximopunos — ot 0,005 o 2,65 r/kr, mist
cymbaroB — ot 0,010 o 0,62 1/xr. HamGonpmvu koHIeHTpamsaMu HIT xapakTepr3oBajvich OpraHOTeHHBIE (B OC-
HOBHOM, Top(siabie) /IO, BBHIY 3HAUUTEIBHOTO TPUCYTCTBUS SHIOTCHHBIX (He He(TAHBIX) yrieBomaopoaos (YB) Tak
xKe, Kak u apyrux 3B. Kpome Toro, o3epa oTimyaniics no pamepam, riiyonHe, M 3pq)onomlxl XHUMHUYECKOMY COCTaBY
BOJIBL KOHueHIpaum[ HIT B Bozie n3menstnach B y3kux npenenax (0,05-0,20 mr/mM°) 1 He 3aBUceNa OT UX COZACPKaHUS
B J10 BBHIY HI3KO# pacTBOpUMOCTH He(PTAHBIX Y B.

Makpo3oo0eHToc 03ep BIOYaT 50 BUIOB M BBICHIMX TAKCOHOB, OTHOCSINUXCS K 12 CHCTEMaTHYeCKHM
rpymmam. OCHOBY BUIOBOTO PasHOOOPA3Hsi COCTABIISUIO CEMEHCTBO KOMApOB-3BOHIIOB (29 BHIOB) M3 OTPSIA JTBYKPHI-
161X, OOHAPYKEHO TAKOKe TI0 4 BHJIa KOMapOB-MOKPEIIOB U PYy4YCHHUKOB, a Takke 2 Bujia CTpeko3. OCTalbHbIC TPYIIITHI
HACEKOMBIX — JKyKH-TUIABYHUHKH, BHUCJIOKPBUIKH, THITYJIHABL, Xa000pHIBl U BOISHBIC KIOMBL, a TAKXKE OMTOXETH,
MUABKH, OCTPAaKO/Ibl, BOHBIC KJIICIITUKH 1 MOJIOAb ABYCTBOPYATHIX MOJUTFOCKOB OBLITH NpCACTaBJICHbI OTHUM BHUJIOM.
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CpaBHUTEITBHAS XapaKTEPHCTUKA 3000€HTOCA B 03epax ¢ pasdHbM THIIoM 10 1 coneprkanueM Hedrerpo-
JTyKTOB TIOKa3aJia, YTO MX TAKCOHOMHUYECKHUI COCTaB KOJICONeTCs B IIIMPOKUX MpeJieiax — C uana3oHoM 8,5 u 3,5 paza
B OPraHOT€HHBIX U MUHEpabHBIX IO, COOTBETCTBEHHO. YNCIEHHOCTh 3000eHTOCa B MUHEpaNIbHBIX JIO B (JOHOBBIX
03epax ObUIa BBIIIIE, YeM B 3arpsi3HEHHBIX, B 19,2 pa3a, B OpraHoreHHsIX — B 2,4 pasa. Y CTaHOBIICHHBIC (JOHOBBIC KOH-
nertparriy HIT B JIO cocraBim B cpemrem 0,05 T/kr B MuHepanbHBIX 1 0,95 /KT B opranoreHasix J1O (MeTox KoH-
Tpons - payopumerpusi). [Ipu congepxannu HIT Boimre 5,0 /kr (opranorennsie JIO) u 0,2 r/kr (MunepaibHbie JI0)
YHCIIO TAKCOHOB CHIDKAIOCH ¢ 36 10 9 1 ¢ 23 1o 4, cootBeTcTBeHHO. OCTaBaIMCh, B OCHOBHOM, HanOoJee yCTONIH-
BbIE, TTOJIH- M 0-M€30CanpOOHBIC OPraHU3MbI — OJIATOXEThI K XUPOHOMMUJIBL.

Jl1l TAKCOHOMHUYECKOTO COCTaBa M, B MEHbIIIEH Mepe, A YHUCIEHHOCTH 3000€HTOCa HaOmoaamach
CTAaTHCTHYECKH JOCTOBepHasi 0OpaTHas KOppesilus ¢ copepkaHueM HedrenpoaykToB (r = -0,48 u -0,32, co-
OTBETCTBEHHO). TaKCOHOMHUYECKOE pa3HOOOpa3he U KOJMYECTBEHHBIC MOKA3aTeNN 0aKTepho-, GUTO- U 300-
IUTAaHKTOHA He Koppenwposaio ¢ comepxkanueM HII B JIO, a 3aBuceno ot comep:kaHus OHOTEHOB (a30T, doc-
¢op) u oprannveckoro Bemectsa B Bozae u J10.

Taxum obpazom, Hanbonee 0OBEKTUBHBIMA KPUTEPHSAMH SKOJOTHIECKOTO COCTOSIHHS BOJIOEMOB, 3a-
TPA3HEHHBIX HC(bTbl-O 1 CONYTCTBYIOUIMMHU BCUIECTBAMU, ABJIAKOTCA KaUCCTBECHHBIC U KOJIMYCCTBCHHBIC ITOKa3a-
Tenu (YUCIEHHOCTh) Makpo3oobeHToca. B o3epax ¢ HandonoBoit kounenrpanuein HI1 B 1O kadyecTBeHHbIC U
KOJINYECTBEHHBIE MMOKa3aTeNn 3000€HTOCa Pe3KO CHIKAIOTCA. B o3epax ¢ doHoBbIM comepxanuem HIT B IO
MOKa3aTeNy 3000€HT0Ca BAPHUPYIOT B 3aBUCHMOCTH OT ILIOIIAIN 03ep, KauecTBa cpesl i CTPYKTYpsl J1O.

Gomboev B.O., Batomunkuev V.S., Ulzetueva I.D., Zhamyanov D.Ts.-D.
CRITICAL PARAMETERS OF NEGATIVE NATURAL AND ANTHROPOGENIC IMPACT ON
LAKE BAIKAL ECOSYSTEM
Baikal Institute of nature Management SB RAS, 8, Sakhyanova str., Ulan-Ude, Republic of Buryatia, Russia

A study is made of the negative influence of discharges of harmful (polluting) substances on the unique eco-
logical system of Lake Baikal. The scientific substantiation has been developed for the normative of maximum permis-
sible impacts on the lake’s ecological system and the methods of determining them. On the basis of a statistical pro-
cessing of hydrobiological and hydro chemical data for Lake Baikal, collection and analysis of initial information on
the main components of the chemical balance in Lake Baikal, assessments of the anthropogenic load on the lake, and
calculations of the balances of pollutants, we determined the natural and anthropogenic impacts on the ecosystems of
Baikal and its hollows regarding inputs of chemical substances and suspended solids as well as microorganisms.

I'om6o0eB b.0., batomynkyeB B.C., Yiab3zeryesa U. /1., Kambsanos JI.I1-1.
KPUTUYECKHUE TIAPAMETPBI ®PAKTOPOB HET'ATUBHOI'O NIPUPOJHOI'O U
AHTPOIIOI'EHHOI'O BO3JAEUCTBHUS HA DKOCUCTEMY 0O3. BAUKAJI
®OI'BYH baiikanbckuii uHCTUTYT TpupoaononszoBanus CO PAH, r. Ynan-Y 3, yn. CaxssHOBO#, 8
bgom@binm.ru

OCHOBOW TIPHUPOTOOXPAHHOTO HOPMHUPOBAHUS SIBILTIOTCSI CAaHUTAPHO-TUTUCHHICCKAE HOPMATHUBHI H
0ojiee XeCTKUe TpeaesbHO nomyctumbie KoHmeHTparwn (I1JIK) 3arpssHsiommx BEmecTB Uil PhIO0OX03si-
CTBEHHBIX BOJI0OEMOB. Pa3paboranHble U ycTaHOBIEHHBIE as Poccuiickoit deaepanuu priOOX035iCTBEHHBIE
HopmatuBsl [IIK (ITI1Kp/x) B 1enom, He yUYUTHIBaIOT 0COOEHHOCTH (pr3nKO-reorpaduyeckux 30H, OHOreoXH-
MHUYCCKUX HpOBI/IH].lI/IfI 1 TUAPOJIOTMICCKOTO PEKMMa, YTO HE IMO3BOJIACT IPU HOPMUPOBAHUU B ITOJIHOM MEpe
OCYILECTBISTh YUET MPUPOJHBIX 0OCOOCHHOCTEH KOHKPETHBIX TEPPUTOPHUI U aKBATOPUH, a TAKKE Ha3HAYCHHUEC
MIPUPOJHBIX U MPUPOIHO-aHTPOIIOTCHHBIX 00BEKTOB.

Pe3ynbTaTel rHAPOXMMUYECKHX TTOKa3aTeNne Ha (POHOBOM IMPOJOIBFHOM paspese MoKa3am, 4to 03. baiikan
COXpaHSIeT CTAOMIIBHOCTE COZIEPIKAHMS TIABHBIX MOHOB, PACTBOPEHHOTO KHCIIOPO/Ia, B3BEIIICHHBIX BEIECTB, BEMUNH
ugetHocTH, XI1K, BIIK u o0meit Mmunepamsaiym. 1o Bcemy hoHOBOMY paspesy o3epa B paccMaTprBaeMbIi PO
3Ha4YeHMs BeJIMYMH PH, B3BEIICHHBIX BEIIECTB, PACTBOPEHHOIO KHUCJIOPOJA, CYMMbl MUHEPAIbHBIX COCAMHEHUN U
XJIOpUI-MOHOB HAXOAMIIKICh B OJIMHAKOBBIX Mpenenax it FOxkHoro, Cpennero u CeepHoro baiikana. U3 zarps3us-
IOIMX BEUIECTB B 00pa3Iax BOJIbI AIM30JMYECKH OOHAPYKHBAIICH JieTy4re (heHOIbI, COpackiBaeMble TOBEPXHOCTHO-
axtuBHEIe BemectBa (CIIAB), HedrenpomykThl. [10BBIIIEHHRIE KOHIIEHTPANHN CYIIBL(QATHBIX HOHOB, (ocdopa poc-
(baTtHOTO M HE(PTENMPOTYKTOB HAOJFOIAIMCH B palioHaX, MOABEP)KEHHBIX HAMOOJIBIIEMY aHTPOIIOTCHHOMY BIIHSTHHIO,
TaKKMX Kak baikambckuii 1ieutrono3Ho-oymaxasiid koMOuHaT (BIIBK), T. CeBepobaiikaibek, UCTOK p. AHrapbl, aBaH-
nenbta p. CeneHru U mopTel. B Mccaea0BaHHBIX BOJAX COACPIKATCS CIOXKHBIE XUMHYECKUE COEIUHEHUS: CTOMKHE
oprannyeckue 3arpssautes (CO3), onpenenseMble M0 WHTErPaJIbHOMY TIOKazaTelo abCcopOMpPOBAHHOTO OpraHuye-
ckoro xjopa (AOX), nmonuuMKIMIeckue apoMarndeckue yriieBonopoapl (ITAY), obnagaromme KaHIEPOr€HHBIMU
cBoiictBamu. [loydeHHbIe TaHHBIE HAYYHO-TIPAKTUYECKIX MCCIeIOBaHMH Ha 03. baiikan mo-npexxHeMy MOKa3bIBaIOT,
YTO CaMbIM KPYITHBIM U (haKTHICCKH TIOCTOSIHHO JISHCTBOBABIIMM JI0 14 ceHTSOpst 2013 T. HCTOYHHKOM 3arps3HEeHUI
o3epa Obu1 batikansckuit LIBK, Bo3elicTBrAe OT KOTOPOTo Ha €T0 MPUPOIHYIO cpexy OOHapyKUBAETCs TIOBCEMECTHO
Ha IOxxHom Baiikane. OjHako mociie mpekpanieHus copoca CTOUHbIX BoJ B 03. baiikair oTMeuaeTcsl yaydileHue Kade-
CTBa BOJIBI B paiioHe KOHTpoJbHOTo 100-MeTpoBOro cTBOpa y KOMOMHATA.

[To maHHBIM MOHUTOPUHIOBBIX HCCIICIOBAHMI B OCHOBHBIX TIPUTOKAX 03. baiikan exeroqHo HaOmo1a-
€TCs TIOCTENICHHOE YBEIIUUCHIE COJICPKAHUSI HUTPUTHOTO U aMMOHHUITHOTO a30Ta B Bozae pek Cenenrn, Bepx-
Helt Anrapsl, baprysuna, Tein, 9T0 00YCIIOBIICHO BIMSIHUEM aHTPOTIOTEHHBIX (pakTopoB. [IpumuamHoit yxyame-
HUSI KA4eCTBA BOABI SBIICTCS HHTCHCU(DHUKALINS X03SHCTBEHHOM NEATETHHOCTH Ha BOJOCOOPHON TEPPHUTOPHH,
YBEJTHMUEHHUE BOIONOTPEOICHUS HACETICHHEM M PAa3BHBAIOIICHCS IPOMBIIIUICHHOCTHIO, TOCTYIUICHHE B BOJIHEIC
06’LCKTLI 3arpsA3HAIOIINX BCUIECTB B COCTABEC CTOYHBLIX BOJ, TYPHU3M U pPCKpCalu. VYMeHblieHue caMoo4yuiia-
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IOIIeH CIIOCOOHOCTH BOJIHBIX OOBEKTOB CBS3aHO KaK C YKa3aHHBIMH BUAAaMHU BO3ICHCTBUS, TaK U HeOIarompu-
ATHBIMH KIIMMATHYECKUMHU YCIIOBUSIMH M MaJIOW BOJAHOCTBIO PEK, YTO, B CBOIO OYepe/ib, OMPEICisieT U yCyryo-
JISIET HETATUBHOE BO3/ICHCTBHE HAa KaueCTBO BOJI.

AHanmmu3 JaHHBIX MO Ka4eCTBY COPACHIBAEMBIX CTOYHBIX BOJ KOMMYHAJIbHBIX CTOKOB ITO3BOJIHI OTMeE-
TUTH WX HEI(D(PEKTHBHYIO OYHCTKY IO OCHOBHEBIM 3arps3HSIONIAM BEIICCTBAM, CPESAM KOTOPHIX MPEOOIaaroT
OMOTEHHBIE AIIEMEHTHI a30THOH 1 (POCHOPHON TPYIIL, HEOPTAHUIESCKUE COIIH, B3BEIICHHEIC BEIIECTBA, JIETKO- I
TpyaHookucisembie BemecTBa 1o BITKS u XTIK. B nocneanue roapl HeykiioHHO pacteT u o0beM CIIAB wc-
KYCCTBEHHOTO MPOUCXOXKJICHHS.

B pesynbraTe aHanmm3a coctaBa M CBOWCTB CTOYHBIX BOJ OOBEKTOB 3arpsi3HEHUs XO3IUCTBEHHOM Jiesi-
TEJLHOCTH BBISBJICH MEPEUEHb 3arpsI3HAIONIMX BEIIECTB, K KOTOPHIM OTHOCSATCSI XMMUYECKHE BEIIeCTBA U MU K-
pOOpPraHu3MBbl, OJIEKAIINE YIETY B COCTaBE HOPMATHBOB JIOMYCTUMOTO BO31eUCTBUS Ha 03. baiikan. IIpuka-
30M MIIP P® ot 5 mapta 2010 roga Ne63 BpenHbie (3arpsA3HAIOLIME) BEIIECTBA [0 CTENEHH ONACHOCTU U 3Ha-
YIMOCTH I BOIHBIX OOBEKTOB pa3elieHbl Ha YEThIPE KaTerOpUH: 0co00 OMacHBIC, BEICOKOOMACHBIE, OTac-
HBIC ¥ YMEPEHHO OMAaCHBIC. DTOT IEePEeUeHb MPEIIOKEHO JIOTOJHUTH BEIIECTBAMH, KOTOPBIE COMCP)KATCS B
COCTaBe CTOYHBIX BOJ M B MPUPOJHOM (OHE 03epa, B COOTBETCTBHHU C OTpeJielicHNeM, yKazaHHbIM B Pacrop si-
xenuu [IpaButensctBa PO 1316-p oT 8 urona 2015 r., B OTHOIIEHUH KOTOPBIX MPUMEHSIOTCS MEPBI rocyaap-
CTBEHHOT'O PETYJIMPOBAHUS B 00JIACTH OXPaHbI OKPYXKAFOIIECH CPEJIBI.

Ilepedens BemecTB KaTeropuu «0COOO OIACHEBIE» JIOTOJNHEH CICTYIONIMMH COSIWHCHUSMHU: IOIHU-
XJIOpUPOBaHHbIE OW(eHMITBI, OeH3(a)IMpeH, KAaTHOHHBIC CHHTETUYCCKHE TIOBEPXHOCTHO-aKTHBHBIC BEIECTBA
(KCITAB). B mepeueHp BEIIECTB KaTETOPUH «BBICOKOOTIACHBICY BKIIFOUCHBI CTPOHIMN W MoymOaeH. Criucok
KaTeTOPUH «OIAaCHBIE» OcTacTcs 0e3 M3MEHeHMi. B mepedeHb BEIIeCTB «yMEPEHHO OMAacHBIC» BOIUIH: (To-
pua-aHUOH, MapraHel], B3BenieHHbIe BenlecTBa, bIIKS, BIIK monnoe, cyxoii octatok, XIIK.

OcHOBHasi HAY9HO-METOIOJIOTHYECKast pobiieMa Uil pa3pabOTKU ¥ 00OCHOBAHUS MPEICTBHO JIOIY-
CTUMBIX TEXHOTE€HHBIX Harpy3ok juia teppuropuit bIIT 3akitouaeTrcs B onpeaeneHNH KOJIMYECTBEHHON U Kade-
CTBEHHOU OIICHOK aCCHMIUISIIMOHHOTO IOTEHIHANa, HeOOXOAUMOCTH TONYICHUS WH(POPMAINH 32 UTATEIh-
HBI TIepHOoJT HAOIOJCHUA M W3MEPCHHH, HAIWYHMH TI0Ka3aTeled 1O 3KOJOTHMYSCKOW €MKOCTH pPa3JIMIHBIX
JTaHAMAaPTHBIX PECYPCOB TeppHUTOpUH. [103TOMY JOCTATOYHO CIIOKHO OyzaeT B OirpkaiiimeM OyaylieM yCTaHo-
BUTH 663prC‘lHO O6OCHOBaHHbIe HOPMATHUBHBIC 3HAUCHUA MPCACIIbHO AOIMYCTUMBIX TCXHOI'CHHBIX HArpy30K
JUI KOHKPETHON TEPPUTOPUH, OJTHAKO YK€ CETOJHS HEOOX0IMMO UMETh pa3paboTaHHbIE YTBEP)KICHHbIE KpH-
TEPUN OTPAHWICHUH U1 TeX MPUPOTHBIX KOMIIOHEHTOB, KOTOPHIC MOJBEPIKEHBI HANOOJBIIEMY aHTPOIOTCH-
HOMY BO3JIeiicTBuIO. [Ipy 3TOM HY)XHO YYHTHIBATh, YTO HOPMATHUBEI OYAyT paboTaTh, KOTAa OHHA OyIyT M3Me-
pSIeMBI ¥ KOHTPOIHPYEMEI, TIPH 3TOM MX TOKAa3aTeH AOJDKHBI OBITh BKIIOUCHHI B €AMHYIO CHCTEMY MOHHTO-
puHra okpysxarotei cpeant bIIT.

Goncharov A.V., Marynskiy V.V., Chalov S.R.

BIOLOGICAL INDICATION OF POLLUTION OF SELENGA RIVER IN THE AREA OF
ULAN-UDE AND MODONKUL RIVER IN ZAKAMENSK FROM THE STATE OF BOTTOM
BIOCENOSES.

Moscow state University named after M.V. Lomonosov, Moscow
mamal5333@mail.ru

Selenga is the largest tributary of Lake Baikal, influencing the lake. In the summer of 2016, assessed the con-
dition of the river biocenosis with the use of indicators such as biomass, abundance, species richness and diversity of
zoobenthos, index of Vudivis and EPT (sum of types Ephemeroptera, Plecoptera, Trihoptera). The results show some
decrease in the quality of river water in Ulan-Ude, which is manifested below the release of urban wastewater. Howev-
er, this effect is not very great — already 2.5 km below the buildings, bottom biocenoses of the Selenga river are re-
stored. The greatest pollution to the river Modonkul is in the city of Zakamensk below the confluence of the brook In-
cur it becomes almost lifeless. The reason for this is not only the hand Incur, but also waste rock dumps, from which
pollution is washed into the river- especially during high water periods observed during the study.

The article was prepared with the financial support of the Russian science Foundation (project Nel4-
17-00155).

I'onuapos A.B., Mapbunckuii B.B. .
BUOJIOTUYECKASI UHAUKALUS 3ATPASHEHUSA P. CEJIEHI' B PAUOHE I'. YJIAH-Y/ID U
P. MOJAOHKYJIb B I'. 3BAKAMEHCKE - 10 COCTOSAHUIO JOHHbIX BUOLHEHO30B.
MI'Y um. M.B. JlomoHOCOBa, T. MOCKBa
mamal5333@mail.ru

Cenenra — kpynHenmii nputok balikana, okaspiBaromuid BiausiHUE Ha 03epo. OLEHKY COCTOSIHMS PEUYHBIX
OHOIICHO30B MPOM3BOIMIIH JieToM 2016 T. ¢ UCIIOJIb30BAHUEM TaKHX TIOKa3aTeNel, Kak OnoMacca, YUCIICHHOCTb, BUIIO-
BOe 0OrarcTBo W pasHooOpaszue 3000eHTOca, nHiekchl Bymusruca u EPT (cymma BumoB Ephemeroptera, Plecoptera,
Trihoptera). TIpoOs! 0TOHMpAH ¢ TOMOIIIBIO THAPOOHOIOrHYECKOTO Cadyka, KOTOPHIM OOJIABIMBAITA [ITMPOKO PACIIPO-
CTpaHEHHbIE 3/IECh TAIEUHbIE TPYHTHI MOCJIE MX B3MYUYHBAHUsI; OCMAaTPUBAJIM KPYITHbIE KAMHHU W BaJTyHBbI.

Bbentoc p. Cenenru B paiioHe I. YaH-Y A3 U3y4eH Ha y4acTKaX BbIIIE FOPOJa, B TOPOAE, a TAKXKE B HE-
CKOJIBKUX MECTaxX HIDKe cOpoca ropoickux ogucTHBIX coopyxkeruit (OC). Pe3ymbTaTsl OKA3BIBAIOT, YTO CO-
CTOSIHHE JTOHHBIX OHMOIIEHO30B CYIICCTBEHHO W3MCHSETCS BOJIM3H BHITycKa cTOYHBIX BoZ (CB), cBumerens-
CTBYS 00 yXYHAIICHUH KauecTBa BOJBL; 3aTeM, B 2,5 KM HIKE 3TOTO BO3JICHCTBUS, Ka4ECTBO BOABI IIOCTEIICHHO
yiyunraercs. Uucno BUIOB JTOHHBIX OESCIIO3BOHOYHBIX B MPO0ax BBIMIE T. YJaH-YI3 cocTaBmio 12-13, Beime
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BBIITYCKa CTOYHBIX BOJ — 9, a HMKe — Beero 5. B 2,5 kM Huke Boimycka CB BHIOBOE OOraTCTBO BOCCTaHABIIH-
BaeTcs U nocturaet 12. AHanmoruuHsIM 006pa3oM W3MEHsETCS MHICKC ByauBuca — OMONOrHuecKuil mokas3aresb
KauecTBa BOJIbI, OMPEIEIIIEMBIN 110 MPUCYTCTBUIO MHAWKATOPHBIX TPYII JOHHBIX OECIIO3BOHOYHBIX U HUX pa3-
HOOOpa3mto. Beimie Yian-Y» u Beime OC umHAeke coctaBisier 7-9 6ammoB (4ucTo), Hibke Boimycka CB on
CHIDKaeTcs 10 6 (yMEpeHHO 3arpsi3HEHO), M 3aTeM CHOBA BoccTaHaBimBaeTcs o 7 6amioB. Manexc EPT Toxe
MpUHIMAaEeT HanboJee HU3KOe 3HaUeHUE HIDKE cOpOca ¢ OYMCTHRIX COOPYKEHHH.

Ha p. MonoHkyis B paiioHe T. 3akaMeHCKa Ha TIPOTSHKEHHU MHOTHX JISCATHICTHH paboTain ropHOI00bIBAIO-
it (Bonb(ppamMo-MoIMOIeHOBBIH) KOMOMHAT; OTPOMHOE KOJIMYECTBO OTPaOOTaHHBIX TOPOI, CIOKEHO BIIOJIb PEKU U
COZiepKaIMecs B HUX 3arpsBHSIONME BEIIECTBA IOCTYHAKOT B BOAy. lccienoBaHWe IOKas3ano, YTO BBIIIE
r.3akamMeHcka Bozia B p.MOJIOHKYJIb OLIEHUBACTCS KAaK OYEHb YHUCTasl - [0 OMOTHYecKOMy uHzekcy Bynusuca. 3nech
HaliieHo 9 BUIOB MOJEHOK, pydelHNKOB U BecHSHOK (uHaekc EPT pasen 9); BepxHroto NoBepXHOCTh KaMHEN 371€Ch
HACEISIIOT MPHUKPEIUBIONIMECs MacCUBHbIE (DUbTparopbl (Muuutky moriek Simuliidae), durodaru-cockpebarenmu
(murmakm mon€Hok Rhitrogena sp.), oburaromipe B TOJNIIE BOAOPOCIEBBIX HAPOCTOB JIMUMHKKA KOMAapOB-3BOHIIOB
(Chironomidae). HrokHssi TOBEpXHOCTh KaMHEH HaceJeHa MPEHMYIIECTBEHHO JETPUTOSTHBIMU JIMIUHKAMH pydei-
unkoB (Erotesis sp., Rhyacophila sp.) u xwmmeiMe oprammmamu (BecHsakamu Skwala pusilla, crpexozamu
Ophiogomphus serpentinus). Hibke py«ssi, BRITEKAIOMIETO 13 3a0pOIICHHON MIAXThI, COCTOSIHHE P. MOIOHKYITb Pe3KO
MEHSIETCSI: 371eCh OOHapY)KEeHO BCEro 3 BHJIAa IOHHBIX OpraHM3MOB, MHJIEKC BymBrca cHipkaeTcst 10 5, Xapakrepusys
BOAY KaK 3arps3HEHHYI0. B camMoM pydse mpencraBuTeseil MakpoOeHToca, 0OHApYKEHO HE OBLIO, YTO CBHICTEIH-
CTBYET O CHJTLHOM 3arpsi3HEHHOCTH Bojpl. Jlanee, yke B T. 3akaMeHCKe, HIDKE BIafeHus py4abst HKyp, Tiepecekarore-
IO paifoH KPYITHBIX TeOJIOTHYECKUX pa3padOTOK, p. MOJOHKY/Ib CTAHOBUTCS TIOUTH OE3KU3HEHHOH PEKOM — 31eCh
MO>KHO BCTPETUTH TOJIBKO OJIMH BU XMUPOHOMHUZ. [IpuumHOI 3TOTO0 SIBIISIETCSI, TO-BUANMOMY, HE TOJIBKO pyd. UHKyp,
HO ¥ OTBaJIbl OTPAOOTAHHBIX TOPHBIX MOPOII, U3 KOTOPBIX 3arpS3HEHHS] BHIMBIBAIOTCS B PEKY — OCOOEHHO B TIEPUO/IBI
TIPOXOYKICHHS TIABO/IKOB, HAOJTIO/IABIIIMXCS BO BPEMSI MCCIIE/JOBAHMSI.

Takum oOpa3om, mpoBeeHHOE HccliejoBaHNe 3000eHToca p. CeleHrn CBUICTENBCTBYET O HEKOTOPOM
CHIDKCHHHU Ka4eCTBa PEYHOHN BOJBI B T. YJaH-Y D, UTO MPOSBISIETCS HIKE BBITYCKa TOPOICKUX CTOYHBIX BOJ.
Bwmecte ¢ Tem, Takoe BIHMSHHE HE OYEHb BEJIHMKO — yXKe B 2,5 KM HMXKE COOpPYKEHHM, TOHHbIC OUOIIEHO3BI BOC-
cTaHaBiIMBaroTcsL. HanbompieMy 3arpsa3HeHuIo moaBepraercst peka MoIoHKyNIb — B T. 3aKaMEHCKE HIXKE BIIa-
JeHus pyubsi IHKyp, OHa CTAHOBUTCS HOUTH O€3>KU3HEHHOM.

Crartbst moaroToBiieHa npu (pHHAHCOBOH mopepke Poccuiickoro Hay4Horo donza (mpoekt Nel4-17-00155).

Goncharov A.V., Marynskiy V.V., Chalov S.R.
FEATURES OF ZOOBENTHOS DISTRIBUTION IN THE DELTA
OF THE SELENGA RIVER

Moscow state University named after M.V. Lomonosov, Moscow
mamal5333@mail.ru

Transitional areas between the lake and the river attract researchers because they are usually zones of
increased biological productivity and high species diversity. At a short distance, there are quick changes in the
composition of water, bottom sediments and the organisms that inhabit them.

The upper part of the Selenga delta is characterized by high flow velocity and predominance of gravel-
pebble sediments. Downstream, the speed slows down and sand deposits prevail, then — silted sand, and in the
channels of the lower part of the delta - silt.

The results of studies of 2015-2016 showed close association of zoobenthos organisms with a certain
type of bottom sediment; in the delta of the Selenga, four types of biocoenosis are distinguished: peloreophilic
on silted sand, psammoreophilic on clean sand and lithoreophilic on gravel-pebble areas.

Silt areas located in the lower part of the delta are characterlzed by the greatest quantltatlve development of bot-
tom organisms — the average biomass here is about 92 g/m?, the number is about 1000 ind/m?. Here dominates are oli-
gochaetes (Tubificidae), mosquito larvae (Chironomidae), molluscs (Pisidiidae) and amphlpods

Significantly fewer organisms were found on silted sand (about 30 ind/m? with a biomass of 3 g/m?).

Here, in addition to mosquito larvae and amphipods, there are larvae of mayflies (Caenidae, Oligoneu-
ridae) and dragonflles (Stylurus flavipes).

Areas of the delta with the lowest abundance and biomass (3 ind/m?; 0.3 g/m?) are composed of pure
sands. Species diversity in these areas is also low, dominants are represented by burrowing detritophagous in-
sects larvae and oligochaetes (Chironomidae, Tubificidae) and sestonophagous molluscs (Pisidiidae).

The greatest species diversity was found on the pebble-sand areas located in the upper part of the delta.
Here, in addition to oligochaetes, chironomids, and bivalves, among the dominants were found floatlng may-
flies larvae Cloeon sp. and amphlpods Gmelioides fasciatus. The biomass in these areas is 3.6 g/m?, and the
abundance is about 55 ind/m?.

Based on the results of the study, the map of distribution of bottom biocenoses in the Selenga delta was
made for the first time. It can be used for biological indication of the condition (pollution) of the river Selenga
and Lake Baikal, and for characterizing the nutrition of the fishes.

The map can be used to predict the state of the aquatic ecosystem. With a change in the runoff of the
Selenga River (natural or anthropogenic), changes will occur in the distribution of sediments and the corre-
sponding changes in bottom biocenoses.

The article was prepared with the financial support of the Russian Science Foundation (project No. 14-
17-00155).
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I'onuapos A.B., Mapbunckuii B.B., Yanos C.P.
OCOBEHHOCTHU PACIIPEJEJEHUSA 300BEHTOCA B JIEJBTE P. CEJIEHT'H
MI'Y um. M.B. JlomoHOCOBa, T. MOCKBa
mamal5333@mail.ru

[MepexomHpIe YIACTKU MEXITY 03€pOM M PEKOH MPUBIIEKAIOT MCCIeoBaTeNe U MPaKTHIECKUX paboT-
HHUKOB T€M, YTO 3TO, KaK MPABUIIO, 30HBI OBBIIICHHON OHOJIOTMYECKOH MPOAYKTHBHOCTH, XapaKTepU3yIOIIHe-
Csl BEICOKMM BHJIOBBEIM Pa3HOOOpa3meM. 31ech Ha HEOONBIIOM PACCTOSHHU MPOUCXOIHUT PE3K0e M3MEHCHHE
cocTaBa BOJbl, JOHHBIX OTJIOKEHHH U HaCCJIAIOIUX UX OPTraHU3MOB.

Js BepxHeidt vacTu aenbThl p. CeJeHTH XapaKTepHa BBICOKAs CKOPOCTh TEUCHHS WM IpeoOIiajaHue
TPaBUIHO-TAJICYHBIX OTIIOKEHUN. Hrke CKopoCTh 3aMeisieTcs: mpeo0Ia aroT MecYaHbie OTIIOKEHHS, 3aTeM —
3arIeHHBIH MecoK. [IpOTOKM HIKHEH YacTH AT 3aHATHI HIIOM.

Pesymprater uccnenosanuit 2015-2016 TT. MOKa3adM TECHYIO IPUYPOUYCHHOCTH OPTAHM3MOB 3000€H-
TOCa K OIIPECIICHHOMY THITY JOHHBIX OTJIOKEHHI; B AeibTe p. CeNeHTH BRIIENCHEI 4 THIa OMOIIEHO30B: TeJ0-
peoduIIbHBIE Ha 3aWJIEHHOM TECKe, TIcaMMOpeo(HITbHBIE Ha YUCTOM TIeCKe U JINTOPeo(UITbHbIC (Ha TPaBUITHO -
TaJICYHBIX C IIECKOM OTHO)KCHI/IHX).

WnoBble y4acTKH, Pacloaratoniiecs: B HIDKHEH YacTH JIENbTHI, BBIICIIIFOTCS HAUOOMBIIINM KOJIHYE-
CTBEHHBIM PA3BUTHEM JIOHHBIX OPTaHH3MOB — CpEJIHA GroMacca 3/1ech COCTABISET OKOJIO 92 T/M°, dHCIeH-
HOCTH OKONO | Thic. 9K3/M% mpeobiamaroT MamomernHkoBbie uepsn (Tubificidae), mmumpkm Komapos-
3BOHIIOB, MOJUTFOCKH (PlSIdIldae), OOKOIIIaBbI.

3HAaYNTETFHO MCHBIIIE OPTAaHI3MOB BCTPEUCHO HA MECYAHO-WINCTHIX TPYHTAX: YUCICHHOCTH OKoo 30
3K3/M2 6uomacca 3 /M. 31ech MOMUMO JTMYMHOK KOMAapOB-3BOHIIOB W OOKOILIABOB BCTPEUAIOTCS JIMYMHKH
noxénok (Caenidae, Oligoneuridae), xumubie muuunaku ctpekos Stylurus flavipes.

CaMmble GeHBIC YUACTKH JCIIBThI CIOKEHbI YHCTHIMH IECKaMH: OHoMacca okoio 0,3 /M2, uncieH-
HOCTB OKOJIO 3 3K3/M°. BHI0BOE pa3HOOGpasHe Majo; JOMHHAHTAMH SIBJISIOTCS 3aKaIbIBAIOIINECS TPYHTOCBI
u cectoHo(aru (Chironomidae, Tubificidae, Pisidiidae).

HanGonpumiM BHIOBEIM OOTaTCTBOM XapaKTEPU3YIOTCS TaJeIHO-TIECUAHbIC YIACTKH, PacIIOararomiu-
ecsl B BEpXHEH 9acTH JEeNBTHL. 31eCh IOMUMO OJIMIOXET, XUPOHOMHU/I, M IBYCTBOPUYATHIY MOJUIIOCKOB BCTpEda-
I0TCsl AKTHBHO TIABAIONIIE noxéuku Cloeon sp. u Gokorutaser Gmelinoides fasciatus. Buomacca cocraBisieT
3,6 I/M°, YHCICHHOCTD OKOJIO 55 3K3/M°.

Tlo pe3yibTaTaM TPOBEICHHOTO HCCICIOBaHHSA ObLIa BIIEPBBIC COCTABJICHA KapTa PacIpeaeiIeHIs
JOHHBIX OMOIEeH030B B AenbTe p. Cenenru. OHa MOKET OBITH HCIONB30BaHA T OUOJIOTMISCKOW MHIMKAIIUH
cocrostaus (3arpszHeHus) p. CeneHru u 03. balikan, s xapakTepHCTHKH YCJIOBUH nmuTanus peid. Kapra mo-
KeT OBITh MCIONB30BaHA B MIPOTHO3MPOBAHUH COCTOSHHS BOAHOW DKOCHCTEMBI: TIPH W3MEHEHUH cToka p. Ce-
JieHTH (TIPUPOTHOTO WITH AHTPOTIOTEHHOTO XapakTepa) OyayT HaOIr0AaThCsl N3MEHEHHS B paclpeie]ICHUN 0 H-
HBIX OTJIOXKEHHUI U — COOTBETCTBYIOIINE MM U3MEHEHHS JJOHHBIX OHOIICHO30B.

Cratps noAroToBieHa npu GpuUHaAHCOBOW noaaepxkke Poceuiickoro Hayanoro ¢oHna (npoext Nel4-17-

00155).

Goncharov A.V.}, Grechushnikova M. G.* %, Kremenetskaya E. R.
EVALUATION OF THE PRODUCTIVE AND DESTRUCTIVE CHARACTERISTICS OF THE
WATER RESERVOIR BY OXYGEN METHOD USING
AN AUTOMATED DEVICE.

'Moscow state University named after M.V. Lomonosov, Moscow, Leninskie Gory, GSP,
?IVP RAN, Moscow, Gubkina 3
mama15333@mall.ru

Primary production and destruction of organic matter are important characteristics of ecosystem func-
tioning. Their determination in mesotrophic-eutrophic water objects is usually made by oxygen bottle method.
The method is simple and convenient, but the organization of short-term exposures becomes quite laborious.
Therefore, we have developed a device, allowing the measurement of production and destruction during small
intervals (1-3 hours) and requires maintenance no more than once a week. The device is quite simple — it con-
sists of transparent and dark vessels with optical oxygen recorders (Onset) and a pump that replaces the water
in the vessels at a given time interval using a timer.

The device was used on Mozhaisk reservoir on August 11-21, 2017 (in warm sunny weather) and on
August 22-31, 2017 (it was cool and cloudy). The average value of gross primary production in the first period
was 4.7 mgO2 / | * day, in the second — 4.1 mgO2/I*day; destruction — 3.0 mgO2/I*day and 2.3 mgO2/I*day,
respectively. The amplitude of daily production in the first period was almost 1.5 times higher than in the se-
cond.

Some features of intra-day changes of production parameters are important. The highest value of pri-
mary production was usually observed for about 12 hours and corresponded to the maximum of solar radiation
(PAR). The highest values of destruction were observed much later and corresponded to the maximum of wa-
ter temperature (about 17 hours). Thus, the delay in heating the water (due to its high heat capacity) leads to a
significant discrepancy in the time of maximum production and destruction. This can be essential for the for-
mation of oxygen and generally hydrochemical regime of the reservoir. The noted features were more pro-
nounced during warm weather (August 12-21) than during cooling (August 22-31).

The work is executed at support of RFBR (grant No. 18-05-01066).
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I'onuapos A. B.! , [peuyminnkoBa M. r.t erMeHeuKaﬂ E.P.?

OLIEHKA HPO}IYKHI/IOHHO )IECTPYKI_[I/IOHHI)IX XAPAKTEPUCTHUK BOJOEMA
KI/ICJIOPOI[HI)IM METO/IOM C IIOMOIIbIO ABTOMATHU3UPOBAHHOI'O YCTPOMCTBA
'MI'Y nmenn M B. JlomonocoBa, Mockga, Jlennnckue ropsi, I'CII-1
’UBII PAH, Mocksa, yi. I'y6kuna 3
mama15333@mall ru

[lepBudHas TpOIyKIMA M OECTPYKIMSI OPraHMYECKOTO BEIIECTBA SIBILIOTCS BOKHBIMH XapaKTCPHCTHKAMU
(YHKIIMOHMPOBAHUS AKOCUCTEMBIL. VX ompezeneHre B BojoeMax Me30TpO(hHO-3BTPOGHOTO THIIA OOBIYHO MPOU3BO-
JIUTCST KUCTIOPOJHBIM CKJITHOYHBIM METOJIOM. MeTox MpocT U yA0OeH, OHAKO MPU OpTraHu3alliy KPaTKOCPOUHBIX
9KCTIO3HIMI CTAaHOBUTCS JOCTATOYHO TPYIOeMKUM. [loaToMy Hamu pa3paboTaHO yCTPOHCTBO (IIPOAYKIMOMETP), 1103~
BOJISTFOIIICE TIPOM3BOANTE U3MEPEHUE MPOYKIIMU U JECTPYKIIMH ¢ HeOOIMBIIM HHTepBaioM (1-3 gaca) 1 HeoOXOIH-
MOCTBIO OOCITY>KHMBaHHS HE Hallle OJIHOTO pa3a B HEZEN0. Y CTPOHCTBO JOCTATOYHO MPOCTOE — COCTOUT U3 CBETIIOTO H
TEMHOTO COCYZIOB C OIITHYECKAMH PETUCTPATOPaMH KHCIopoa (pom3BoacTBa ONset) i Hacoca, CMEHSIOIIETO BOY B
COCyZax 4epes3 331aHHbIH IPOMEKYTOK BPEMEHH C TIOMOIIBIO TaiiMepa.

[Ipubop ncnonp3oBaincs Ha Moxaiickom Bojgoxpanwiuiie 11-21 asrycta 2017 1. (B TEIUIyI0 CONHEY-
Hyto morony) u 22-31 aprycta 2017 r. (mpoxianHo u macMypHo). CpenHee 3HadeHHE BaJIOBOW MEPBUYHOM
MPOIYKIMU B IIEpBBIi mepron coctaswio 4,7 mrO2/m*cyr, Bo Bropoit — 4,1 mrO2/m*cyr; necrpykiun — 3,0
MrO2/mr*cyt u 2,3 MmrO2/a*cyT, COOTBETCTBCHHO. AMIUTUTYa CYTOYHBIX M3MEHCHUH NPOIYKIIMU B TIEPBEII
nepuoa Obli1a ouTH B 1,5 pa3a Gosibliie, 4eM BO BTOPOW.

Ob6pamraroT Ha ce0s1 BHUIMaHHE 0OCOOCHHOCTH BHYTPHUCYTOUHBIX W3MEHEHUH MPOIYKIMOHHBIX TapaMeT-
poB. Hanbomnpmas nepBudHasi NpoAyKIUs HaOIr01aIach OOBIYHO OKOJIO 12 9acoB M COOTBETCTBOBAJA MAKCH-
MyMmy coHeuHoi paguarmu (PAP). Haubonpive 3HaYeHHS JECTPYKIIMK HAOIIOAAINCh 3HAYUTEIIHHO TI03KE U
COOTBETCTBOBAJIM MAKCUMAJILHOM TemmepaType Boabl (0kouso 17 gacos). Takum o6pa3om, 3ajiepKKa B HarpeBe
BOJIBI (M3-3a €€ BBICOKOM TEIIOEMKOCTU) MPUBOJUT K CYLIECTBEHHOMY PACXOXKJEHUIO BO BPEMEHH MaKCUMY-
MOB MPOAYKIHHU U JECTPYKIMU. DTO MOKET HMETh CYIIECTBEHHOE 3HAUCHHUE U (POPMHUPOBAHUS KUCIOPOTHO-
r0 W BOOOIIE THAPOXMMHUYECKOTO peKuMa BomoeMa. OTMedeHHbIEe 0COOCHHOCTH Oojiee SIPKO MPOSBIIINCH B
MepUO]] TETUION TOTO/IBI, YEM BO BPEMSI IOXOJIOAAHUSL.

Pa6oTa BeimosHeHa npu noaepxkke PODU (rpaut Nel8-05-01066).

Gorin S.L.Y, Koval M.V.2, Popryadukhin A.A.*, Stepanenko V.M.*

COASTAL LAKES OF THE KAMCHATKA PENINSULA: VARIETY OF THE HYDROLOGICAL
CONDITIONS CREATED BY RIVERS, TIDES, LOCAL CLIMATE AND COASTAL PROCESSES
'Russian Research Institute of Fisheries and Oceanography, Moscow, Russia
Kamchatka Research Institute of Fisheries and Oceanography, Petropaviovsk-Kamchatsky, Russia
L omonosov Moscow State University, Moscow, Russia
*Research Computing Center of Lomonosov Moscow State University. Moscow, Russia
gorinser@mail.ru

The paper presents the pattern of hydrological conditions development in coastal lakes of the Kamchatka Pen-
insula using the example of three lake systems. Their distinguishing features are following: 1) ice-covered period lasts
more than half a year; in summer the water surface is warmer than the air; 2) the hydrological conditions depend on
coastal processes; 3) there’s river and marine water masses mixing zone; 4) fresh water pervades in the warm season
and salt water inflows in the cold one; 5) the hydrological conditions diurnal, half-monthly and seasonal variations are
induced by river water runoff and marine tides. The hydrological differences between the coastal lakes are determined
by 1) river water runoff and marine tides proportions; 2) size and depth of the lake beds as well as position of the lake
in the river mouth area and its distance from the sea; 3) morphological processes in the mouth cross-section.

TI'opun C.J1.!, Kosaas M.B.2, IHonpsixyxun A.A., Crenanenko B.M.*

JIA'YHHBIE O3EPA HA BEPEI'AX KAMYATKMU: PASHOOBPA3ZUE U UBSMEHYUBOCTD
I'MAPOJIOI'MYECKOI'O PEXKMMA IO BO3JIEUCTBUEM PEYHHOI'O CTOKA, MOPCKHUX
MPUJINBOB, XOJOIHOI'O KIUMATA U AKTUBHOM MOP®»OINHAMUKA
BCCpOCCI/II/ICKI/II/I HAy4YHO-UCCIIEIOBATEILCKAH HHCTUTYT PHIOHOTO XO03sHCTBA U okeaHorpaduu, 107140, Poc-
cus, T. MockBa, yi. Bepxusis KpaCHOCGHBCKa}I o 17
KamyaTcKuil Hay4YHO-UCCIIEA0BATEILCKUI HHCTUTYT PHIOHOTO X03sHCcTBa U okeaHorpaduu, 683000, Poccus,
Kamuatckwuii kpaii, r. Ilerponasnosck-Kamuarckuii, yn. HaGepexxnas, 1. 18
MockoBckHli TOCYAapCTBEHHBIN yHUBepcuTeT uMeHu M.B. JIomoHOCOBa,

1 19991 Poccus, r. Mocksa, I'CII-1, Jlenunckue ropsr, MI'Y, ['eorpaduueckuii pakyinpTeT
HaqHO -FCCIIEIOBATENLCKUNA BRIYUCIUTENBHBIN IIeHTp MI'Y umenu M.B. JlomonocoBa,

119234, Poccus, r. Mockga, Jlennnckue ropsr, HUBI] MT'Y, 1c4

gorinser@ mail.ru

ABTOpHI T0KIaza Oonee 15-TH JIeT 3aHNMAroTCs THAPOJIOTO-MOP(OIOrHYECKUMH M OUOJIOTMYECKUMH HUCCIIe-
JIOBaHUSIMU B OeperoBoii 30He n-oBa Kamuartka. B pamkax 310t paboThl ObLIO H3y4€HO HECKOIBKO THUITMYHBIX JIAryH-
HBIX 03€p, 0 CBEJIEHUSIM O KOTOPBIX YKe MOYKHO CY[IUTB O Pa3HOOOpa3HH 3THX 0OBEKTOB B HCCIIEyeMOM PETHOHE.

Bce marynnsie ozepa Kamuatki BXoZaT B cocTaB yCTheBBIX obOiacTedd pek. [loatomy mx rumposoride-
CKO€ COCTOSIHUE OIPENENSEeTCs PE3yJIbTATOM B3aUMOJAEHCTBUSA PEYHOTO CTOKAa M MOPCKHUX IIPUIMBOB B HMEIO-
HIMXCS KITMMATHYECKUX U MOP(OIIOTHIECKUX YCIOBHSX. | HAPOIOTHIECKOMY PEKIMY 3THX 03€p HPHCYIIN Cle-
JIYIOIIHE YepThI: 1) IPOJOIKUTENBHBIN — 60Jiee MOTyroa — JieAocTaB (MU 3TOM TOJIIMHA Jibaa gocTturaet 1,5-2
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M); OoJiee BBICOKas TeMIlepaTypa MOBEPXHOCTHOTO CIIOSl BOABI B JIETHUH MEPHOJ IO CPABHEHHUIO C TEMIIEPaTypOit
BO3/yXa; 2) 3aBHCUMOCTb THAPOJIOTHIECKUX YCIOBUI B 03epax OT MOP(HOIMHAMUKH KOC U MEPECHINEeH, OTIes-
IOIIMX UX (WK JIAaTYHBI B 1I€JI0M) OT MOpsi; 3) HaJmure (WM epHOANIECKOe MOSBIICHUE) B 03€pax 30HBI CMeIlle-
HUSI PSYHBIX U MOPCKHUX BOJ; 4) TOMOJIHEHHE 03¢p MPECHON BOIOH BO BpPeMs BECCHHE-JIETHETO MOJIOBOIBS U
JIETHE-OCEHHNX MaBOAKOB Ha PEKaXx; ITOTIOJTHEHUE 03€P OCOJIOHSHHBIMH (FITH JaXKe COJICHBIMHI MOPCKHMH) BOZA-
MU B XOJIOJHBIA TIEPHOI, KOTIa Ha PEeKaX YCTAHABIMBACTCS MEKEHbB, @ B MOPE YCHIMBAIOTCS IITOPMA; 5) HaJIMIHE
CYTOYHOM, MOIYMECSIHON M CE30HHOW M3MEHUYUBOCTH TUAPOJIOTUIECKUX XapaKTEPUCTUK, CBA3AHHOMN C BIUSHU-
€M PEYHOTO CTOKA M MOPCKUX MPUIHBOB. [ MAPOJIOrHIESCKUE PA3IMUMSA MEXKITY JarYHHBIMH 03epaMu 00YCIIOBIIe-
HBI Pa3IMYMsIMH B: 1) COOTHOIICHHU BIHSIHUS PEYHOIO CTOKA U MOPCKUX TPIJIMBOB; 2) pa3Mepax M TiTyOHMHaX
03EPHBIX KOTJIOBUH; IMOJIOKEHUU 03€P BHYTPH YCTHEBBIX O0JIACTEH OTHOCUTEIIFHO OCH PEeKa-Mope M MX yIajeH-
HOCTH OT MOpst; 3) xapakrepe MOp(OIMHAMUYECKHX MPOIIECCOB B YCTHEBOM CTBOpE. B KadecTBe MPUMEpPOB, WII-
JOCTPHPYIONINX BEIIECKA3AHHOE, B JIOKIA]IE PACCMOTPEHBI TPH 03EPHBIE CHCTEMBI.

B yctee p. Kamuatka (Q,~1000 m7/c) chopmuposanace camas Gombmast (Fosu~550 kM ) U camas
CJIO’KHAsI Ha BCEM TIOJyOCTPOBE CUCTeMa, BKIroUaromas aa ozepa (Heprmmune u Kynryunoe) u 10 BRITIHYTBIX
(pycioBBIX) JaryH. B mocieqHue CTONETHS 3TH BOJOEMBI TIEPSIKUITN HECKOJIBKO IIUKJIOB OCOJIOHSHHUS U OTIPEC-
HEHMS, CBA3aHHBIX C YIUIMHCHUEM U MOCJCAYIOIINM MPOPHIBOM YCThEBBIX Koc. B HacTosIee BpeMsi BOIOEMBI
HaXOJATCA, HA COJIOHOBATOBOJHOM CTaauy CBOEro pa3BuTHsA. OTHOCHTEIBHO TIyOOKOE O03. KynquHoe
(F~100 kMm%, h ~1.7 M, Npay~13 M) — 3TO THUIHMYHBIH MepOMI/IKTI/I‘IeCKI/II/I Bogoem. 03. Heprmuse (F~430 km?,
he~3.5 M, hmax~12 M), Omaromapst 60JIBIION IJIOIIATH U MAJIOH TIIyOMHE, XOPOIIO IMepeMEeNINBacTCsS BETPOM B
TEIUTBINA TIepHOJT TOa, HO BO BpeMsl JISAOCTaBa Tak ke cTpaTuduimpyetcsa. B obonx ozepax mpeobmamaer ce-
30HHAsI M3MEHYHBOCTH T'HPOJIOTHYECKUX XapPAKTEPUCTHK, OOYCIIOBJICHHAS! COBMECTHBIM BIISIHUEM DPEYHOTO
CTOKa, MOPCKUX TPIJIHNBOB U MECTHBIX KIMMATHYECKUX (pakTopoB. brmkaiiiine K MOPIO PYCIIOBBIC JIAT'yHBI
OCOJIOHEHBI U CTPATU(UIIMPOBAHBI, B HUX XOPOIIO BBIPAXKCHO BIMSHIEC MOPCKUX MPWIUBOB. JlambHuE TaryHb
OKOHYATEJIbHO BBIIUTA H3-TI0]] BIMSIHUS MOPS ¥ 3aIIOJTHECHBI npecnoﬁ Bonoi. Bo BCcex BojoeMax (hOpMHPYIOTCS
COOCTBEHHBIE BOTHBIC MACCHI, KOTOPHIE OOHOBISFOTCS C pa3J11/111H01/1 HHTEHCHBHOCTBIO.

B cucremy o3ep BOHBH_IOI/I u Masrit Bummoit (F gy ~6.4 kM ) BITQJIAI0T MaJIbIC PEKH, COBOKYITHBIA CTOK KOTO-
PbIX (Qgp o6u~3.5 MS/C) 3HAYMTEIIFHO MEHBIIIE 00heMa MOPCKUX BOJI, 3aTEKAIOIIMX B 03epa B MPWIMBHYIO (azy. B 03.
Bonpimoii Brtoit rimybuna nocturaer 6-7 M, a B 03. Maibiii Bunroii — tonpko 1.5-2.0 m. [Toatomy B iepBoM Boioeme
€CTh YCTOMYMBAs CTpaTH(HKAIWS BOJ, (GOpMUPYIOTCS COOCTBEHHBIE BOIHBIE MacChl M TIpeoliiaiaeT Ce30HHAs U3MEH-
YUBOCTh XapaKTePUCTHK. BTopoe 03epo 3amonmHeHo cnabo TpaHC(OPMUPOBAHHON CMECHIO PEYHBIX U MOPCKUX BOZ,
XapaKTEPUCTHAK KOTOPOH M3MEHSIOTCS C TIEPHOANIHOCTBIO OT CYTOK JI0 CE30HA. B Tepro] 0CeHHNX IITOPMOB BBIXOI
U3 03ep B MOPE MOXKET OJIIOKMPOBATHCS MOPCKAMHI HAHOCAMH U UX CBSI3b C MOPEM MOKET IIPEPHIBATECS Ha HECKOIIBKO
HEZIeITh WU T%KE MECSILIEB.

03. bonbmioe 3yiHKoBCKOE (3 ~45 KM2, Nmax~4 M) HaxoAWTCSA B COBMECTHOM YCThEBOM 00JacTH pek
bonpmas n Yaouka (Qgp osm~350 M7/c). OHO HaXoAUTCA TOJ MPeoOafalolM CIMIHAEM PEYHOTO CTOKA —
OCOJIOHEHHAs BOJa MMPOHHUKACT B HErO B HEOOJBIIIOM KOJTMYESCTBE U JIUIITH BO BPEMs BBICOKHX MPIHBOB. M3-3a
CHIIBHOHM MPOTOYHOCTH U TIOCTOSIHHOTO BETPOBOTO IIEPEMEIINBAHUS COOCTBEHHBIC BOJHBIC MACCHl B 03epe HE
(dhopmupyrotcs. Tpucra jiet Hazax o3epo ObuTo TpecHbIM. K cepeamae XX B. n3-3a nepeopMupoBaHus ycThe-
BOI1 KOCBI OHO OCOJIOHWJIOCH, & TETIEPh IOCTEIICHHO OTPECHSETCSI.

Grechushnikova M.G."?, Repina I.A.* 35 Stepanenko V. M.!, Kazantsev V.S,
Artamonov A.YU. , Lomov V.A!
METHANE EMISSION FROM THE SURFACE OF VALLEY TYPE RESERVOIR
M. V Lomonosov Moscow State University, Moscow, Russia
?Institute of Water Problems RAS, Moscow, Russia
*A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia

A crucial task is to evaluate emissions of greenhouse gases | from diverse anthropogenic sources, including res-
ervoirs. According to various data, their area is 205000-250000 km? (exclusive of regulated lakes) (Varis et al., 2012).
Intensity of such emissions depends on morphometric parameters of reservoirs, their geoecological conditions, hydrol-
ogy, age and so on. A procedure of evaluation of global methane emission from the surface of reservoirs are given in
(Varis et al., 2012), the Global Lakes and Wetlands Database (GLWD) was used as the basis (Lehner, Doll, 2004).
Conspicuous is the wide scatter of values of specific flow (SF) of methane from reservoirs of the boreal and especially
tropical zone. This can be related to a lack of in situ data (Greenhouse Gas ..., 2005). The SF measurements are rec-
ommended to be done each month in order to obtain an adequate assessment of emission of greenhouse gases from the
surface of reservoirs (UNESCO/IHA Research Project, 2010).

The work objective was to assess a time-space variation of SF of methane from the surface of a valley
reservoir. The Mozhaysk reservoir was chosen as a research object. This reservoir located in the upper reaches
of the Moskva River is well studied from the point of view of hydrology and water chemistry. This small val-
ley reservoir has a simple morphometry and is characterized by lack of intensive dynamic stirring. A thermal
stratification occurs in winter and summer (Puklakov et al., 2015). The volume and lifetime of anoxic zone
depend on meteorological conditions and level regime of the reservoir.

Buoyancy chambers installed in the central part of the reservoir revealed a significant growth of SF of me-
thane at the end of the summer stratification (up to 18 mgC/m?h) when the anoxic zone was the largest and the water
temperature gradient was low. In the beginning of autumn stirring the SF of methane decreased by an order of magni-
tude. Interpolatlon of the values obtained and calculation of SF of methane during navigation season gave 90
mgC/m?/d. This corresponded to the upper boundary of SF values for the waters of the boreal zone (Varis et al., 2012).
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Methane diffusion to the air was calculated by TBL approach using parametrization of exchange coefficient according
to (Cole, Caraco, 1998). The central part of the reservoir in which the measurements were the most frequent showed a
growth of common and specific flow difference during the summertime. It revealed itself by increase of bubble specific
flow, which attained 90% of the common specific flow by the moment of disruption of the stratification.

Calculation of diffusion specific flow for various sites of the reservoir based on the data of five hydro-
logical surveys revealed a growth of the specific flow of methane in all the sites of the reservoir with a differ-
ent mean depth during the summer, while the values of diffusion specific flow reduced going from the upper
reaches to the dam. This is related to methane oxidation in the water column due to a deeper stirred and more
aerated epilimnion. The diffusion specific flow of methane was by an order of magnitude less in the reach lo-
cated near the dam (2 mgC/m%/d) than in the upper reaches (11 mgC/m%d) in the earlg summer when the direct
stratification set in. In the end of August, the difference decreased (0.4 and 4 mgC/m</d respectively). Howev-
er, the values of the specific flow in the central part of the reservoir, which differ from the sites located near
the dam in depth and thermal structure, attained to 10 mgC/m?/d in the late summer. A space-time heterogenei-
ty of methane specific flow distribution characteristic of valley reservoirs (the main type of artificial waterbod-
ies) has to be obligatory taken into account when calculating the annual emission from the surface of reser-
voirs. A more accurate assessment of such methane emission, especially in the case of uninvestigated reser-
voirs or random field data, mathematical simulation has to be applied (Stepanenko et al., 2016).

The work is supported by the RGO _a 17-05-41095 Project.

I'peuyminukoBa m.r.b 2, Penuna ML.A." 3, CTenaHeHKko B.M.l, Kazanunen B.C.3,
ApTaMoHOB A.IO.3, Jlomos B.A.
IMUCCHUA METAHA C NOBEPXHOCTHU JOJUHHOI'O BOAOXPAHUJINIIA
MI'Y umenu M.B. JlomonocoBa, Mockgsa, I'CII-1, Jlennnckue ropsl, MI'Y, a. 1, 'naBHOe 31aH1e,
I'eorpaduueckuii GakyapTeT
“UBII PAH, Mocksa, ynuna ['yokuHa, 3
SUDA um. AM. Oo6yxoBa PAH, Mockga, [TepkéBcKuit miep., 3
allavis@mail.ru

AXTyanpHOW 3a7aduell SBISICTCS OLCHKAa BHIOPOCOB IMAPHHUKOBBIX TA30B PA3IHUYHBIX aHTPOMOTEHHBIX
HUCTOYHUKOB, K KOTOPHIM OTHOCATCSI M BOIOXpaHmIHIIA. [0 pa3IuIHbIM OLEHKaM WX IUIOMIA]h COCTABISCT
205000-250000 kM (6e3 yueTa 3aperymupoBanHEIX o3ep) (Varis et al., 2012). MHTEHCHBHOCTS BEIGPOCOB map-
HHUKOBBIX T'a30B 3aBUCUT OT MOP(OMETPHUIECKUX MapaMEeTPOB BOJOXPAHMIUII, T€OIKOIOTHUECKUX YCIOBHN X
pa3MenieHus, THAPOJIOTHIECKOTO PEXIMA, HX BO3pacTa U Ip. MeToanKa OIeHKH TI00aIbHOM IMUCCHH MEeTaHa
¢ MOBEPXHOCTH BojoxpaHmwuin npuseaeHa B (Varis et al., 2012) ¢ ucrnons3oBaHneM B KaueCTBE OCHOBbI B[
Global Lakes and Wetlands Database (GLWD) (Lehner, Doll, 2004). O6pamiaet Ha ce6st BHUMaHHE 0OJIBIION
pasbpoc B 3HaueHHsX yaensHoro notoka (YII) MeraHa ¢ BomoxpaHwWiHil O0peanbHON U 0COOEHHO TpomHUve-
CKOM 30HBI, 4TO MOXKET ObITh CBS32HO C HEOCTATOYHOCTHIO HATYPHBIX SKCIEAUIMOHHBIX 1aHHbIX (Greenhouse
Gas ..., 2005). B cootBercTBHHU ¢ pexomenmarmsamu mo m3mepenuto YII (UNESCO/IHA Research Project,
2010) mis ageKBaTHOM OLIEHKH SMHCCUH TAPHUKOBBIX Ta30B C MOBEPXHOCTH BOJOXPAHUIIHII PEKOMEHIOBAHbI
exemecsiuHble n3MeHeHus YII.

Lens paboTel — OIEHKA MPOCTPAHCTBEHHO-BPEMEHHON M3MEHYHBOCTH YICIHFHOTO MOTOKA METaHa C
MOBEPXHOCTH JOJIMHHOTO BoAOXpaHmtHIia. OOBEKT HCCIIETOBAHUS — XOPOIIO U3YICHHOE B THAPOIOTHUECCKOM
U TUAPOXUMUYCCKOM OTHOLICHUH Moskaiickoe BOJOXPAaHUJIMIIC, PACIIOJIOKCHHOC B BEPXOBBAX P. MOCKBEI.
310 HEOOINBIIOE MOP(HOMETPHYECKH MIPOCTOE JOIMHHOE BOJAOXPAHWININE C OTCYTCTBUEM HWHTEHCHBHOTO TH-
HaMIYECKOTO MepeMernBanus. JleToM u 3uMoii B HeM HaOmogaeTcst Tepmideckas crpatudukanus ([lykmakos
u ap., 2015). O0beM aHOKCHITHOM 30HBI U MPOIOJDKUATEIHHOCTD €€ CYIIECTBOBAHMS CBS3aHA C CHHONITHYCCK H-
MU YCJIOBUAMU U C YPOBEHHBIM PCI)KUMOM BOJOEMA.

[o mMaTepranaM MOCTAHOBKHM IIABYYMX KaMmep B IICHTPAIHLHOM paiioHE BOJOXPAHWIIMINA BBIIBICHO 3HAUH-
TeJbHOE yBeMdeHre 3HaueHni Y11 MeTaHa kK MOMEHTY OKOHYAHUS Tieprosa JeTHei crparuduxarmu (1o 18 MrC/m
gac), Koraa OecKHUCIOpOIHas 30Ha JJOCTHTAeT HAUOOIBIIIEro 00bhEMa, a TAKKE YMEHBIIACTCS TPAIUCHT TEMITCPATypPhI
BOJZIbI B BOJIHO# Tomne. B Havase meproma oceHHero nepeMeliBanms 3HaucHrst Y11 MeTana, onpeeieHHbIe METO-
JIOM TUTABYYHX KaMmep, YMEHBIIAIOTCsl Ha IopsAoK. [Ipy HHTepnoNnsimy momydeHHbIX 3HadeHuid 1 pacuere YII 3a me-
PHOJI OTKPBITOi BOJIBI CPEJIHEE €ro 3HaueHue coctaisieT 90 MrC/M® CyT, YTO COOTBETCTBYET BEpXHEil IPAHNIIE 3HAYC-
uuit YII 115 BomoemoB GopeanbHoii 30ub! (Varis et al., 2012). Pacuer audydysnontoro moroka Metana B arMmochepy
npousBeaeH MetogoM TBL ¢ ucnonessoBanneM mapaMerpusaimu koddoummenta oomena mo (Cole, Caraco, 1998).
JInst neHTpanbHOTO paiioHa BogoeMa ¢ HauboJiee YacThIMH W3MEPEHISIME XapaKTEPHOH 3aKOHOMEPHOCTEIO SIBIISICTCS
VBEIIMYCHUE B TEUCHHUE JIeTa Pa3HOCTU 3HAYCHUI 00Iero 1 mudpdy3HOHHOIO YICIBHOTO IIOTOKA, KOTOPast XapaKTepH-
3yeT MHTEHCHUBHOCTH My3bIpbKoBOro YII, BozpacTaroiiero K MOMEHTY Hayajla paspylieHus crparudukamin 10 90%
00IIIeTO YAETLHOTO MOTOKA.

Pacuer nuddy3rmoHHOTO YyAETFHOTO MOTOKA A PA3MUIHBIX pAaliOHOB BOJOEMA IO MaTepHalIaM IISITH
THIPOJIOTHYECKUX ChEMOK IMOKa3aj, 4To 3HaueHws Y1l meTaHa B TE€UEHHUE JICTHETO MEPHOIA YBEINIUBACTCS
JUTS BCEX PalilOHOB BOJOXPaHWIIUINA, OTIMYAIONINXCS CpeaHer TiayOuHoM; 3HaueHus auddysuonnoro YII or
BEPXOBBEB K INIOTHHE YMEHBIIAIOTCS. DTO CBA3aHO OKHCICHHUEM METaHa B TOJIIIE BOJBI H3-3a OoJiee TTyOoKOro
MIEPEMEIIIAHHOTO W a3pPUPOBAHHOTO JMMMIMMHHUOHA. B IPUIIIOTHHHOM IIiece B HauasIe JIeTa Tpu o0OpazoBaHHU
TPSIMOIA CT})aTI/Iq)I/IKaIII/II/I muddysronnsrit Y11 MeTana Ha mOPSIOK MeHbIe (2 NZIFC/M CyT), YeM B BEPXOBBSX
(11 mrC/m” cyt). B konue aBrycra atu pasznmuuust ymenpmatores (0,4 u 4 mrC/mM” cyt cooTBeTcTBeHHO). OnHa-
KO B ICHTPAJIILHOM paifoHe, OTIMYAIOIIEMCs OT_ TPUIUIOTHHHOTO TIIyOWHOW W TEPMHUYECKON CTPYKTYpOH, B
KoHIe Jera 3Hauenus Y11 gocturaror 10 MrC/m? cyt. [Ipu pacdeTe rofoBO¥ SMUCCHUU C TIOBEPXHOCTH BOJIO-
XPaHWIHI] HEOOXOMMO HETPEMEHHO YYUTHIBATEH IPOCTPAHCTBEHHO-BPEMEHHYIO HEOJHOPOIHOCTh pacmpere-
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nenust YII MetaHa, KOTOPO OTIMYAIOTCS BOJOXPAHIIMIIA JTOJUHHOIO TUNA (K KOTOPOMY OTHOCHUTCSI GOJIb-
HIMHCTBO MCKYCCTBEHHBIX BOJOEMOB). JIyisi Gosice TOUHOM OIEHKU 3MHUCCHHM METaHa C MOBEPXHOCTH BOJIOXPa-
HUJIMI, OCOOCHHO B CIIy4ae HEUCCIICJTOBAHHBIX BOJOSMOB M IIPH HAJMYUU HEPETYISPHBIX IKCIIETUIIMOHHBIX
JAHHBIX, HEOOXOIMMO UCIIOIB30BaTh MaTeMaTHIECKKe Moienu, Harpumep (Stepanenko et al., 2016).

Pabora BrITIoNHEHA TipH PUHAHCOBOW Tojepkke poekta PI'O_a 17-05-41095.

Grigoriev A.G.}, Kolka V.V.?
USING OF BROMINE AS AN INDICATOR OF PALEOSALINITY BASED ON RESEARCH OF
ONE OF THE LAKES OF KARELIAN COAST OF THE WHITE SEA
'AP. Karplnsky Russian Geological Research Institute (VSEGEI), St. Petersburg, Sredny pr. 74
*Geological Institute of the Kola Science Centre RAS, Apatity, Fersmana st. 14
Andrey_Grigiryev@vsegei.ru, kolka@geoksc.apatity.ru

Due to changing of relative level of the White Sea during lateglacial time and in Holocene, bottom
sediments of some coastal lakes were accumulated in different paleogeographical environment — glacial-
lacustrine, marine and lacustrine. The pore water salinity and, consequently, bottom sediments are governed
mainly by concentration of Chlorum compounds concentration. We developed the empiric formula allowing to
calculate Chlorum concentration into salinity. Equation CI/Br in bottom sediments is practically equal to its
equation in marine water (CI/Br = 293). Therefore the study of Br concentration along the bottom sediment
cores permits to calculate the paleosalinity of the bottom sediments.

I'puropnes A. r.t , Konbka B. B.’

HCIIOJIb30BAHUE BR KAK UHIUKATOPA U3MEHEHUA MAJEOCOJIEHOCTH
BOJ0OEMOB HA IIPUMEPE OJTHOI'O U3 O3EP KAPEJILCKOI'O BEPET'A
BEJIOI'O MOPsI.
chepoccnﬁCKm?I Hay4HO-HMCCIIEOBaTeNbCKUM reonorndeckuit THCTUTYT uM. A.I1. Kapnunckoro», CaHkT-
[etepOypr, Cpeanuii mp., 74.

’I'M KombCKoro HII] PAH Anaruts! ynuua ®@epcmana 14
Andrey_Grigiryev@vsegei.ru, kolka@geoksc.apatity.ru

OOBEKTOM H3YUEHUS CIIYKWJIHM JOHHBIE OCAJKU OJHOTO W3 MpHOpexHBIX o3ep Kapenbckoro Gepera
Benoro Mops. 3a cyeT OTHOCUTENHHOTO M3MEHEHHs YpOBHS benoro Mopsi B Mo3IHeNeTHUKOBbE U ['onorieHe
KOTJIOBHHBI Psifia MaJIbIX 03€p paHee SBILUTICH HEPOBHOCTSAMH IHA MPUICTHUKOBOTO MPECHOTO WM MOPCKOTO
Bom0&éMOB. CTpaTH(UIIMPOBAaHHAS TOJIIA TOHHBIX OTIOKEHUH U3 TaKUX O3EPHBIX KOTIOBHH COOTBETCTBECHHO
(hopMupoBanack B pa3UYHBIX Majieoreorpaduueckux yCIOBUSIX — B NMPUICTHUKOBOM MPECHOBOJIHOM U MOP-
CKOM DacceliHax, Mo3xe B MPECHOBOJIHOM KOHTHHEHTaIbHOM Oacceiine (JTaBposa u map., 2014).

Kak mokazano B psie padot, B ToM uncie (I'puropses u ap., 2009; Grigoriev et al., 2011) aieMeHT TpyIiib!
TJOTeHOB — OpOM CITY)KUT JOCTATOYHO HAICKHBIM HHIMKATOPOM CTETICHH TAJICOCOTICHOCTH JTOHHBIX OTIIOMKCHHUH.
Bxpariie cymHocTh MpeyiokeHHOr0 METO/1a 3aKIIt0YaeTcs B ciemytomeM: CoJIeHOCTb TIOPOBBIX BOJT K COOTBETCTBEH-
HO MaTepralia JIOHHBIX OCaJIKOB B OCHOBHOM OIPENENSETCs KOHIICHTpAIlUeH B HUX COSIMHEHHUIN XJIOpa, COCTaBIIIO-
tmx npubmsurensHo (NaCHMQCI,) 88.7% ot obriero cocrasa copeprxanxcs B Hux coneid. Cootrorenue Cl/Br
JUTSL WIOBBIX BOJ] TMOBEPXHOCTHBIX CIIOEB OCAIKOB MHUPOBOIO OK€aHa MPAKTHMYECKHU OJWHAKOBO M HE OTJIMYAeTCs OT
HOpMasbHOTO B Mopckoii Boge CI/Br = 293 (IlIumkuna, 1969). B paborax Kuyncena n CHeskurckoro (Knudsen,
1901; CHeXuHCKHH, 1951) TPHBOIUTECS SMIIMPHHUECKast (hopMya, TIO3BOJISIFOIIAS TIEPECUUTATh COIEpKaHUE XJIopa
Ha 061yIo coneroctsb S Yoo =0.03+1.805 Cl */go. MeTommka paGor 3akiouaetes B ciieytomeM. OToOpaHHbIe 00pas-
bl U3y4aeMOr0 KEpPHA BBICYILIMBAOTCS 10 BO3AYIIHO-CYXOTrO0 COCTOSIHMSL. Takum 00pa3oM, CUMTAeTCs, YTo Bech Br
CoJlepyKaIlMiicsl B TOPOBBIX BOJIAX TOJHOCTBIO COXPAHMIICS B HCCIeayeMoM matepuaie. [t ompenenenus 6poma
ucnionp3oBatic aHammTuaeckuil komruieke «CITEKTPOCKAH MAKC-Gy». CriemyeT OTMETHTH, YTO METOIUKON
TpeIyCMATPUBACTCST YACTHYHAS KOMIICHCAITNS BIMSHIS BBICOKOTO (Oonee 40%) comepskaHui OpraHimIecKoro Bele-
CTBa B IPOOE, BHI3BIBAIOIIEE 3aBBIIICHIC 3HAUYCHHS MTAJICOCOICHOCTH.

B paspese u3ydaeMbIX OTIOKEHHH BBIACISIOTCS CIISAYIOIIME JIMTosormdeckue pasHoctu: 900-850 cMm — neH-
TouHbIe TIMHBL, 850-690 cM — yepeyromuecs: MECKU, AJIEBPUTUCTBIE TIECKU U aJIeBPUTHI ¢ OpraHukoi. 695-710 cm.
mpociolt aneBpuTHCTOM ruTTin. 1 nanee no otmerku 420 cMm — ruttrst 6accetine (JIaBposa u nip., 2014).

Hwxusist yacTh uccnenyeMoro paspesa npecTaBieHa JEHTOUHbIMU IIIMHAMU. X pacdyeTHas majneoco-
JICHOCTD OJM3Ka K HYJIO, 9YTO COOTBETCTBYET MPEACTABICHUIO 00 MX HAKOIUICHUH B MPUICTHUKOBOM IIPECHO-
BOJHOM OacceiiHe. Briire mo pa3pe3y, HaunHag ¢ OTMETKH 850 CM, IPOMCXOANT PE3KOE YBEIMUCHHUE 3HAUCHHSI
PacUeTHOI MANeOCQIEHOCTH OTIOKCHHIT 10 8 /oo, 3aTeM TOCIE HEKOTOPOTO MANCHHS 0 5 /gy BHOB YBEJIUYU-
BaroIIeics 10 11,70/00 Ha uHTepBayie onpoboBanus 817-819 cm. [lodyueHHBIE JaHHBIE MOTYT TOBOPHTE O TOM,
YTO OCOJIOHCHHUE MPHJICIHIUKOBOI'O IPECHOBOIHOTO 03€pa MPOUCXOIMIO JOCTATOYHO HHTCHCUBHO U BKITIOYAJIO
B ce0s JiBa 3Tama, ¢ HEKOTOPHIM TEPUOJIOM CTaOWIM3anuu Mexy HuMu. Hauwnas ¢ otmetkn 811 cM. U 10
otMeTkH 680 cM. rpaduik M3MEHEHHUS 3HAYCHUI pacyeTHOW MaJicOCONEHOCTH MPUHUMACT IMHJIO00pa3HEBIi Xa-
pakrep, Kojebisicb B UHTEpBaje oT 1 1o 9,5%go. Tocneanee TOBOPUT O TOM, YTO COJIEHOCTH MPHUOPEIKHOTO
MOPCKOTO OacceifHa Oblila HETIOCTOSIHHA, MO0 paccMaTpUBAaEMblid HHTEPBAI OCOOCHHO Ha 3aBEPINArOIIEM dTa-
TIe IPIYPOYCH K CTAIHH JIATYH, TA€ CYIIECTBOBAJ SITU30IUICCKIIA OOMEH C MOPEM.

Janee HaOmoaeTcs pe3Koe CHMYKCHNE PacueTHOHN Mae0COICHOCTH JI0 MUHUMAJILHBIX 3HAYCHUH Me-
Hee 10/00 oTMedYeHHBIX Ha MHTEpBalie onpoboBaHus 670-661 cm. BeposTHO, naHHBIH MUHUMYM (UKCUPYET
ITOJIHOE OTYJICHCHHUEC 03eprlx KOTJIOBUH OT MODA. Haunnaercsa ¢ oTMeTKH 661 CM ITAJICOCOJICHOCTh HAYMUHAECT
HapacTtaTh JI0 3HaueHus 4,3 %0 moce uero an06peTaeT JIOCTATOYHO MOHOTOHHBIN BOJIHOOOpA3HBIiA XapakTep
C HEe3HAYUTEIbHON aMIUIUTYI0N M3MEHEHUs MaJeOoCOIEHOCTH U JOCTATOYHO BBIPAKEHHBIM 00OIIEM TpeHe e€
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noHmwxkeHust. CreayeT OTMETUTh, YTO 3aMETHOE TMOBBIIIICHUE MAJe0COJIEHOCTH Ha OTMETKe 661 cooTBEeTCTBYET
PE3KOMY M3MEHEHHIO JINTOJIOTHUYECKOTO cocTaBa 0cajakoB. CyIIeCTBEHHO aJeBPUTHCTHIC OTIIOKCHHS 3aMEH si-
IOTCS HAa O3€pHbIE Wbl (TUTTHIO), MPAKTUYECKH TMOJHOCTBHIO Cllarawiryto ocaaku. [loBbiieHHbIe (POHOBBIC
3HAaYEHHsI AJIEOCOJIEHOCTH BbIlIE OTMETKH 661 cM BeposaTHO 00YyCIOBIEHB HHTEHCUBHOM copOuueit Br opra-
HUYECKUM BEIIECTBOM OCAJIKOB, YTO MPUBOAUT K 3aBBIIICHUIO MCTUHHBIX 3HAYCHWH mayneoconeHoctr. [1mas-
HOE YMEHBIICHHS COJICHOCTH BEPOSATHO CBSA3aHO C OCTATOYHBIM ITOCTEIIEHHBIM OIIPECHEHHEM 03epa.

HHTEepecHBI pe3yabTaThl COTIOCTABIICHHUS PACYSTHOM MAJICOCOIGHOCTH OacceliHa ¢ pe3yabTaTaMu Jua-
TOMOBOTI'O aHaJIN3a.

ITnkn MakcUMabHBIX 3HAYEHWI PAcUEeTHOM MaJjieOCONEHOCTH KaK IMPaBHUJIO COOTBETCTBYIOT MaKCHMyMaM
PacIpOCTpaHEeHHsT ME30TalI00 U TONHTasiod OOMTAIOIINX B COJIOHOBATHIX BOOEMAaX. [IpuueM MaKCHMyMBI pacueTHON
TIAJIEOCOJICHOCTH, KaK NPABUIIO, HECKOJIBKO ONEPEKAIOT MAKCUMYMBI PACIIPOCTPAHEHHOCTH ATUX BUIOB TUATOMOBBIX
BOJIOPOCIIEH, YTO BITOJIHE OOBSICHUMO-CHaYAsIa TIPOMCXOIUT HEKOTOPOE OCOJIOHEHVE BOIOEMA, M ¢ HEKOTOPBIM 3ari03-
JTAHVIEM Pa3BHUTHE JUATOMOBBIX OOHMTAIOIINX B COJICHBIX BOJIAX.

YuuThiBas BCE BBIICH3IOKEHHOE MOYKHO KOHCTATHPOBATh, UTO HUCTIONB30BAHUE OpoMa Kak MHIMKATOpa Tia-
JIEOCOJICHOCTH CYIIECTBEHHO TIOMOTAET YTOUHEHHIO TMajleoreorpadMIeckux YCJIOBHi 00pa30BaHusl JOHHBIX OCAJIKOB U
OTJIOKEHUH ¥ COOTBETCTBEHHO OTHOCUTENIHHOTO M3MEHEHHs1 YpoBHsI benoro Mops.

Grigorieva I.L.*, Komissarov A.B.*, Kuzovlev V.V.?, Chekmariova E.A.!
THE CHANGING OF HYDROECOLOGICAL CONDITION OF WATER OBJECTS UNDER THE
THERMAL POLLUTION
!lvankovo Research Station the Department of Water Problems Institute RAS, Tver Region, Konakovo,
Belavinskaya street, 61a
Tver State Technical University, Tver, Afanasiy Nikitin Embankment, 22
Irina_Grigorieva@list.ru

Thermal pollution of water objects is associated with using of water for cooling turbine condensers at
thermal and nuclear power plants. When the temperature of water increases as a result of the discharge of heat-
ed water, its quality deteriorates, primarily due to the decrease in oxygen solubility, which decreases by one
third at a temperature of 30°C. Increasing temperature causes eutrophication, changing of species composition
of hydrobionts and higher aquatic vegetation.

In 2017 in the framework of the regional grant RFFI - Tver oblast No. 17-45-690600 the authors car-
ried out studies of lakes Pesvo and Udomlya which are cooler-ponds of Kalinin NPP and Moshkovicheskiy
Bay of Ivankovskoye reservoir, where the discharged heated water from the Konakovo State District Power
Station. The temperature regime, macro- and micro-components composition of water and bottom sediments,
species composition of phytoplankton and higher aquatic vegetation of water coolers were studied.

It was found that since the starting work of the Kalinin NPP in lakes increased concentrations of hy-
drocarbonates, sulphates, calcium, magnesium and pH. Studies have shown that the macro-component compo-
sition of the water withdrawn from Konakovo GRES is close to the values in the background. In August 2017,
copper and chromium concentrations were twice as high in the discharge channel as in the background.

In 2017 in lakes Pesvo and Udomlya were identified 147 taxa of phytoplankton with a rank below genus,
which is 12% lower than the diversity in the results of our research 2014 and 16% lower than that in 2010. The core
flora is still shaped green and diatom algae, which accounted for 74% of the total composition of phytoplankton. In the
Moshkovicheskiy Bay in 2017 was identified 63 taxa of phytoplankton, herewith in other water territory of
Ivankovskoye reservoir was observed from 51 to 87 taxa. The basis of the algal flora in the bay was formed by green
and diatoms, which accounted for 75% of the total composition of phytoplankton that is identical to the same period in
Pesvo and Udomlya. In the composition of the plankton algae were absent streptophyta and dinophyta. The total bio-
mass in the bay was much lower than in other sections of Ivankovo reservoir.

For cooling objects is characterized by the emergence and settlement of adventive species of higher
aquatic vegetation and increased overgrowth of the reservoir. In the lakes Udomlya and Pesvo marked with the
following adventive species: calamus ordinary Acorus calamus L. Sitnik thin Juncus tenuis Willd., reed south-
ern Phragmites australis (Cav.) Trin. ex Steud, canadian Elodea canadensis; Moshkovicheskiy Bay of
Ivankovskoye reservoir - water chestnut (Chilim) Trapan atans L. the Naiad marine Nayas marina L.

The study was carried out with the financial support of RFBR and administration of Tver region with-
in the framework of the scientific project Ne 17-45-690600

I'puropneBa 1 W) Komuccapos ABl, KysosiieB B.B”, Yexmapésa E.Al
N3MEHEHHUE 9KOJIOTHNYECKOI'O COCTOAHUA BOJOEMOB 11O BJIUSAHUEM
TEIIVIOBOTI'O 3ATPA3ZHEHUA
"Yanbrosckas HUC — dumman ®TBYH HucturyT Bomubex mpo6nem PAH, Teepckast 061acts, r. KoHakoso,
yi. benaBunckas, 61-A
2TBepc1<0171 rOCYapCTBECHHBIM TEXHUYECKUI YHUBEPCUTET, I'. TBeph, HabepexHas Adanacus Hukurtuna, 22
Irina Grigorieva@list.ru

TennoBoe 3arpsi3HEHNE BOJOEMOB CBS3aHO € UCIOJIb30BAHUEM IIPUPOIHBIX BOJI AJISI OXJIAXKIEHHS KOH-
JIEHCATOPOB TYPOMH Ha TEIJIOBBIX M aTOMHBIX CTaHLUAX. [Ipyu yBeIMueHU TemMreparypbl BOJAbI B PE3YJIbTaTe
cOpoca MoIOTPETHIX BOJA MPOUCXOIUT VXVAIICHHE € KadecTBa, MPEKIE BCETO, 3a CUET CHIDKCHUS PacTBOPHU-
MOCTH KHCIIOPOJa, KOTOpas YMEHbLIAETCsl HAa OHY TpeTh Ipu TemnepaType 30°C. YBenuueHue teMnepaTypsl
BOJIBI BBI3BIBACT IBTPO(PUKAIINIO BOJIOEMOB, M3MEHEHNE BHUOBOTO COCTABA TMIPOOMOHTOB M BBICIICH BOJHOMN
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PaCTUTEIbHOCTH.

B 2017 r. B pamkax perumoHaigbHoro rpanrta PO®UN — Trepckas obmacte Nel7-45-690600 aBTopamu
ObUIM TIPOBENEHbl HATYypHBIE HcchenoBaHus o3ep IlecbkBo W YoM, SBJSIOIMIMMHUCS BOJOEMaMM-
oxnanutensmu Kanuaunackoit ADC u MoikoBrucKoro 3aiuBa MIBaHbKOBCKOIO BOJOXPaHWIIMIIA, KyJa OTBO-
natest nogorpetsie Boabl oT Konakosckoit [ POC. M3yuancs teMnepaTypHbId peXuM, Makpo- 1 MUKPOKOMIIO-
HEHTHBIH COCTaB BOJBI M JIOHHBIX OTJIOKEHHWH, BUIOBOM COCTaB (PUTOIJIAHKTOHA W BBHICIICH BOJHOW pacTH-
TEJIbHOCTH BOAOEMOB-0OXJIaJUTEIEH.

YcTaHoBICHO, 4TO ¢ MOMeHTa mmycka Kamuaunckoid ADC B 03epax-0oXJIQAUTENX YBEIUIUINCh KOH-
LEHTpallui THIPOKapOOHAaTOB, cynb(haToB, Kajblua u Maraus u pH. MccnenoBanus mokasanu, 4TO Makpo-
KOMIIOHEHTHEBIH COCTaB BOJIBI, 0TBOAMMOM 0T Konakosckoit POC, 6am30k k 3HaueHHsM B POHOBOM cTBOpE. B
asrycte 2017 T. B OTBOJIAIIEM KaHaIe OTMEUCHEI B /1Ba pa3a 0oJiee BEICOKHE, YeM B (POHOBOM CTBOPE, KOHIICH-
Tpaluyu MEIU U XpoMma.

B 2017 r. B anmbroduope mianktona o3. IlecbBo u Y aomiis Obuto HaeHTHGHUIIMPOBAaHO 147 TaKCOHOB
BOJIOpOCJIEH paHroM HIDKE poja, uTo Ha 12% Hmke pa3sHOo0Opasus MO pe3ynbTaTaM HaIIMX HCCICIOBaHHMA
2014 1. u Ha 16% HIKe TakoBoro B 2010 1. SAnpo ¢diopsl no-npexxHeMy GOPMHUPOBATH 3€NIEHBIE W TUATOMO-
BbIE BOJIOPOCIIH, Ha JIOJIIO KOTOPBIX MPUXOIUIOCH 74% oT ob1ero cocraBa (uroruaHkTona. B yctbe Momko-
BHUCKOTO 3anmBa B 2017 T. OBUIO HICHTU(PHUIUPOBAHO 63 TAKCOHA PAHTOM HIDKE POJa, IPU STOM IO aKBaTO-
pun VIBaHEKOBCKOT'O BOJOXPAHWINIIA HAa JPYTHX CTAHIMAX ObUTO oTMedeHO OT 51 mo 87 TakcoHOB. OCHOBY
abro¢Iopsl (OPMHUPOBATIH 3EJIEHBIE W IUATOMOBBIE BOJOPOCIH, HA JOJIO KOTOPHIX MPHUXOAWIOCH 75% OT
o01ero cocraBa (PUTOIUIAHKTOHA, YTO HICHTUYHO aHAJIOTHYHOMY ITOKa3aTeno B 03¢épax IleckBo u Y gomiis, HO
IIPYU 3TOM B COCTaBE IUIAaHKTOHA BOJOPOCIECH OTCYTCTBOBAJIM NMPEACTABUTEIH CTPENTO(GUTOBBIX U AUHODUTO-
BeIX. OOmas 6uoMacca B ycTbe MOIIKOBHUCKOTO 3ajIBa Obla 3HAUUTEIBHO HIDKE, YeM B APYTHUX CTBOpax
M BaHBKOBCKOr0 BOAOXPaHIIIHUILA.

g BomoeMoB-OXJIaAUTENEH XapaKTEPHO MOSIBIEHUE M PACCEJICHUE aJBEHTUBHBIX BHIOB BBICLICH
BOJIHOM PACTUTEIBHOCTH M YBEJIMUYEHHUE 3apacTaHus Bonoema. B o3epax Y momus m IlecbBo oTMEUEHE!I cieny-
OIIME aIBCHTUBHbIC BUIBL: aup OOBIKHOBeHHBIH AcOrus calamus L., cutauk Tomkumit Juncus tenuis Willd.,
TpocTHHK I0:kHBEIH Phragmites australis (Cav.) Trin. Ex Steud, snonxes kananckas Elodea canadensis; B Moi-
KOBHYCKOM 3ajMBe IBaHBKOBCKOTO BOJOXpaHWIMINA - BOJASHOW opex (umimM) Trapan atans L., Hasima mop-
ckas Nayas marina L.

HccnenoBanue BHIMOIHEHO NpH (rHaHCOBOW noanepxke PODU n Anmunnctparmm TBepckoit ooia-
CTH B paMKax HaygHoro mnpoekTa Ne 17-45-690600

Gorbatov E.S.!, Rasskazov A.A.2
PROBLEMS AND PERSPECTIVES OF LIMNOGEOLOGY
Schmidt Institute of Physics of the Earth of the RAS, Bolshaya Gruzinskaya str., 10/1, Moscow, Russia,
123242
2Ecological Faculty, Peoples’ Friendship University of Russia, Podolskoe shosse, 8/5, Moscow, Russia,
113093
e.s.gor@mail.ru; rasskazo@yandex.ru

Limnogeology is a new scientific field, actively developing at the intersection of sector related sub-
jects. Although historically the base for limnogeology are numerous studies of lakes in the sphere of its inter-
ests also included the study of the geological features of different age lacustrine structures. This includes how
the problems of the geological structure and history of the formation of lake basins, formation of sedimentary
rocks lacustrine complexes, and also to study the of formation lacustrine minerals and their forecasting. In re-
cent years, a have been actively developed of such areas as the study of lacustrine systems as archives of cata-
strophic events (earthquakes, tsunamis, floods).

Late establishment limnogeology as independent scientific areas largely due to the fact that for a long
time, the role and volumes of sedimentary material in the lacustrine origin underestimated. However, it has
now been established that mineral deposits associated with lacustrine strata are important natural resources;
they contain, in addition to deposits of building materials, evaporites, shale oil, iron ore and bauxite, are the
source rocks.

Much smaller volumes and isolation of lakes in comparison with sea basins making them dynamic
systems that are sensitive to changes in the external environment, so lacustrine sediments is very informative
in paleogeographic studies. However, this feature of the lakes requires special caution in the interpretation of
their deposits and emphasizes the importance of a multidisciplinary approach to the study of these sedimentary
systems.

A special group of problems is related to a study on the analysis of the influence of anthropogenic fac-
tors on the composition of the water and sediments of modern lakes. This, in turn, makes it possible to identify
and resolve environmental problems, in which lake water and sediments are highly sensitive indicators of envi-
ronmental pollution. The authors believe that the existing problems can be solved in the short term, if they are
to be brought to the attention the scientific community.
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Poccus, 113093
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JluMHOTEO0JIOTHSI — HOBOE HaydHOE HAIPaBJICHUE, aKTHBHO Pa3BUBAIOIICECS HA MEPECEUCHUH LIEIOTO
CCKTOpa CMEKHBIX JUCIHUIIINH. HeCMOTpH Ha TO, YTO UCTOPHUYICCKHU 0a30BEIMHU JJIL JIMMHOT'€OJIOTHH SABJISIFOTCA
MHOTOYHCIICHHBIE HCCIICIOBAHUS COBPEMEHHBIX 03ep, cepa ee MHTEPECOB CMeINaeTcs B CTOPOHY M3y4YECHUs
Te0JIOTMYECKHX OCOOEHHOCTEH Pa3HOBO3PACTHBIX O3EPHBIX CTPYKTYp. CIoIa K€ OTHOCATCS, KaK BOIIPOCHI
(opMHUpOBaHNS 03epHBIX KOTIOBHH M MOPOJI OCAIOYHBIX IMMHOTEHHBIX KOMIUIEKCOB, TaK M N3y4YeHHE CBS3aH-
HBIX C HUMH TOJIE3HBIX MCKOIIAeMBIX M MX MPOTHO3MPOBaHKE. B Tociennne rofpl Takke MOTy4daroT akTHBHOE
pa3BUTHE TaKWe HAIPaBJICHUS, KaK MCCICIOBAHMI O3CPHBIX OTIOKEHHH B KaUeCTBE apXHBOB KaTacTpodude-
CKHX COOBITHH (3eMIICTpsICeHHs, IyHAMH, HaBOJHEHUs). HeoOXoauMoCcTh B KOMIUIEKCHBIX HCCIIEIOBAHHUSAX
3THX BOIPOCOB chopMupoBasiach K cepeante 90-x ronoB XX Beka, pe3ybTaToM uero Obu1o nposeaeHue Ilep-
Boro Mexaynapoaoro JlumHoreomnoruyeckoro Konrpecca (ILIC).

JloBOJIBHO MO3/IHEE CTAHOBJIEHHE JIMMHOTEOJIOTHH B KaUeCTBE CaMOCTOSTENIbHOW HAYYHOM JTUCIIUITIN-
HBI BO MHOTOM CBSI3aHO C TE€M, UTO JI0JITO€ BPeMsI 00BhEMbI 0CaIOYHOTO BEIIECTBA 03EPHOI0 TPOMCXOKACHHS U
€T0 TeOJIOTHYECKAasl POJIb HEOOIICHNBAJICE, HO CETOJHS HMEHHO C HUM CBSI3BIBAIOT 00pazoBaHme 0a3abHBIX
0CaJJOYHBIX KOMIUIEKCOB TUIaTopM. Benuko ero 3HaueHue TakKe B MOJIACCOBBIX (pOPMAIMAX OPOTEHHBIX 00-
nacteil. CBs3aHHBIE C JMMHOTCHHBIMH TOJIIAMH 3aJE€XKH IOJIC3HBIX HCKOMAEMBIX MMEIOT Ba)KHOE PECYypPCHOE
3HAYeHHE; OHH COJIEPIKAT, KPOME MECTOPOIKICHUH CTPOUTEIHHOTO ChIPBS, SBATIOPHUTHI, TOPIOYHE CIIAHIIBI, XKe-
JIe3HBIE PY/ABI U OOKCHTHI, CIy)KaT HeTeMaTepuHCKUMH TopoJaMu. Tak, B IMOCJIeHee BpeMs MOSBIIINCH OC-
HOBaHHA I10JIaraTh, YTO OOJBIIMHCTBO KPYITHBIX KOHTHHEHTAJIBHBIX MECTOPOXK/ICHHI YTIIEBOAOPOIOB BEICOKO-
T'0 KaueCTBa T€HETUIECKH CBS3aHBI C IPCBHUMU 03€PHBIME 0acCeHAMH TEKTOHIIECKOTO POUCX OKICHUS.

Bwmecte ¢ Tem, o Mepe OBICTPOrO pa3BHUTHSI IMMHOTCOJIOTHYECKIX UCCIICIOBAHUN BOSHUKACT PSI TIPOOIIEM,
peIIeHre KOTOPBIX OyZeT ONpenesisTh XapakTep pa3BUTHS 3TOr0 HanpaBleHus B Ompkaiimee Bpems. OHa U3 T7aB-
HBIX TpOOJIeM CBs3aHA C JJABUHHBIM POCTOM TIOTOKOB MH(OPMAIMK U CKOPOCTEH ee 00pabOTKH, 4TO CIOCOOCTBYET
cHIIbHOW T depeHIMaliy HalpaBIeHnH BHYTPU JIMMHOTEOJIOTHH. Bee 310 TpeOyer BBIpaOOTKM COTIacCOBaHHOM
TEPMHHOJIOTHYECKOH M METOJIOJIOTNYECKOH 6a3bl IMMHOTEOJIOTHH W TIOAYEPKUBAET BAYKHOCTh MYJIBTHIMCIUITIHHAD-
HOTO ITO/IXO/1a K M3YYEeHHIO KaK COBPEMEHHBIX, TaK M HCKOTIAEMBIX JINMHOTEHHBIX CTPYKTYP.

Bropas rpymma npobiieM cBsi3aHa ¢ MPUHIMITHAIHHEIMA 0COOCHHOCTSIMH 03€p KaK TUHAMUIECKHUX Ce-
JTUMEHTAIMOHHBIX CHCTeM. Tak, ropas3io MEHbBIIHE 00BEMBI H U30JIMPOBAHHOCTE 03€p 0 CPABHEHHIO C MOP-
CKUMH 6aCCCﬁHaMH, JACIar0T UX YyYBCTBHUTCIIbHBIMU K U3MCHCHHIO BHCUIHUX yc.]'[OBHfI, IMMO3TOMY O3€pPHBIC OT-
JIOKEHHs Ype3BbIYaiiHO MH(OOPMATHBHBI NIPH Majieoreorpauueckux M MajeoKIMMaTHIECKHX HCCIIeI0BaHUSX.
OpHaKo MO ATOH ke NMPHYMHE MHTEPIpEeTalns O3€PHBIX OTJIOKEHHH 3aTpynHseTcs, BCIeICTBHE: 1) KpaTko-
CPOYHOCTH W OTHOCHTENIFHO MaJOW Penpe3eHTaTHBHOCTH TAJICOIMMHOJIOTHYECKHUX JTaHHBIX; 2) BBICOKOH da-
[[MAJbHONH M3MEHYMBOCTH O3CPHBIX OTJIOKCHUI; 3) CIOKHOCTH AATUPOBKH U KOPPEJAILHHA O3EPHBIX OTIOXKE-
HHUI TPaJMIMOHHBIMU OUOCTpaTUrpaduIeCKUMKU MeToIaMu. 4) HEIMHEHHOTO XapaKTepa BIMSHUS KIMMaTH4e-
CKMX BapHalliii Ha 03ePHOE OCA/IKOHAKOIUICHUE; 5) HAIOKESHUs KIMMATHYECKH M TEKTOHUYECKH 00YCIIOBIICH-
HBIX TIPOIIECCOB, 3aTPyHsIONIee pacuiu(POBKY 03EPHBIX OTJIOKEHHH; 6) HAINYMSA B 03EPHBIX CHCTEMax Mpo-
LIECCOB CaMOPAa3BUTHSL, TAKUX KaK IBTpOodHUKaIys, 3a00Ia4MBaHNe U SBOJIOLHS PACCOJIOB.

Ocobast rpymma npodiieM CBs3aHa ¢ WCCIIETIOBAHMSMHI BIMSHHS TEXHOTCHHBIX (haKTOPOB Ha COCTAaB BOX U
0CaIKOB COBPEMEHHBIX 03€p. JTO, B CBOIO OYePeb, 1aeT BO3MOXKHOCTD BBIBICHHS M PEIICHHS SKOJOTUIECKUX TIPO-
O11eM, B KOTOPBIX 03€PHBIC BOIIBI M OCAIKU CIIV)KAT BBICOKOUYBCTBUTEIHHBIMI MHANKATOPAMI COCTOSHIS OKDYKalo-
Iei cpempl. ABTOPBI CUMTAIOT, YTO CYILIECTBYIONIHE IPOOIEMBI MOTYT OBITh YCIEIIHO PElIeHH! B OMmmKalen mep-
CIIEKTHBE, €CITI K HUM OyZIeT IPUBIEYEHO OOMbIIee BHUMAHKE CO CTOPOHBI HAYYHOTO COOOIIECTBA.

Gurkov A.N."?, Borvinskaya E.V." 3, Shchapova E.P.}, Rzhechitskiy Y.A,
Meglisnki 1.V.} T|mofeyev M.A!
IN VIVO PH MONITORING IN THE CIRCULATORY SYSTEM OF FISHES AND CRUSTACEANS
USING A MICROENCAPSULATED FLUORESCENT PROBE
YIrkutsk State University, 664025, Lenin st. 3, Irkutsk, Russia
“Baikal Research Centre, 664003, Lenin st. 21, Irkutsk, Russia
3Institute of Biology at Karellan Research Centre RAS, 185910, Pushkmskaya st. 11, Petrozavodsk, Russia
*University of Oulu, 8000, FI-90014, Oulu, Finland
a.n.gurkov@gmall.com
Dynamical tracking of physiological parameters of different animals is an important task for many ar-
eas of research. The task is particularly urgent in such fields as ecophysiology, biotesting and environmental
monitoring, since the small size of objects in these fields does not allow repeated sampling of internal fluids of
the organism for multiple measurements. It leads to use of high number of individuals during all experiments.
A perspective solution for this problem is application of implantable optical microsensors for meas-
urements of physiological parameters directly in circulatory system of animals in real time. In this study opti-
cal microsensors were for the first time applied for tracking of pH alterations in circulatory system of animals
on example of fishes Danio rerio and crustaceans Eulimnogammarus verrucosus.
pH-sensitive microsensors were prepared by encapsulation of a fluorescent probe SNARF-1 using lay-
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er-by-layer approach. Fluorescence spectrum of SNARF-1 is sensitive to pH of the media, which allows pH
assessments using combination of a fluorescent microscope (necessary for visualization of the microsensors)
and a connected spectrometer.

Implanted microsensors demonstrated sensitivity to pH changes in circulatory system of the aquatic
animals under hypercapnia and hypoxia.

The study was supported by grants from Russian Science Foundation (Ne 17-14-01063) and Ministry
of Education and Science of Russia (“Goszadanie”, Ne 6.1387.2017/4.6).

I'ypkos AHY 2, BopBuHckas EB. 3, lanmoBa E.l'[.l, Paxxeunuxuia H.A.l,
_ Mernunckui u.B. 4, Tumodeen M.A." ZU
NPUKU3HEHHBIM MOHUTOPUHI' PH B KPOBEHOCHOU CUCTEME PbIb U
PAKOOBPA3HBIX C UCIIOJIb30BAHUEM MUKPOUHKATIICYJIUPOBAHHOT'O
®JIYOPECHEHTHOI'O CEHCOPA
'orpOY BO «UpkyTCcKuii rocynapcTBEHHBIN yHUBEpcUTET», 664025, yn. Jlenuna 3, r. Upkyrck, Poccus
2AHO «BailKalbCK1il HCCIIe10BATEIbCKHI HeHTp», 664003, yn. Jlenuna 21, r. Upkytck, Poccus
3I/IHCTI/ITyT 6uonornu Kapensckoro HayuHoro neHtpa PAH, 185910, yi. Ilymkunckas 11, r. Ilerpo3aBosck,
Poccus
4yHI/IBepCI/ITeT Oyny, 8000, FI-90014, r. Oyny, ®unnssaus
a.n.gurkov@gmail.com

3amada AUHAMAYECKOTO OTCIIECKHBAHUS (H3HOIOTHUECKUX MapaMeTPOB CaMBIX Pa3HBIX >KUBOTHBIX
SIBJIICTCS] aKTYaIBHOM JIJI1 MHOTHX HAIIPaBIICHUH COBpeMeHHON Hayku. OCOOCHHO OCTpO 3Ta 3aJlaya CTOUT ISt
Takux oOnacTel Kak 3KO(PHU3HOJIOT s, OMOTECTUPOBAHNE U 3KOJIOTHYECKUI MOHUTOPUHT BOJOEMOB, TIOCKOJIBKY
HEOOJIbIIINE Pa3Mepbl OCHOBHBIX OOBEKTOB HCCIIECAOBAHUI B TaHHBIX 00J7ACTSIX HE MO3BOJIAIOT MPOBOJUTH MO-
BTOPHBIH 0TOOP BHYTPEHHHX CpeJl OpraHn3Ma JUIsi MHOTOKPAaTHOTO M3MEPEHHs BHIOPAaHHBIX MapamMeTpoB. JTO
MIPUBOIUT K UCTIOJIF30BAHUIO OOJIBIIOTO KOIUIECTBAa 0CO0EH B paMKax KaKIOTO SKCIIEPUMEHTA.

[lepCneKTHBHBIM ITOIX0I0M K PELICHHUIO TAHHON IMPOOIIEMBI SBISICTCS TPUMEHEHNE HMIUIAHTAPYEMBIX
ONITHYECKUX MHUKPOCCHCOPOB AJISI M3MEpPEHHs (DPU3UOIOTHIECKUX MMapaMeTPOB HEMOCPEACTBEHHO B KPOBEHOC-
HOH cHCTEME JKMBOTHBIX B peaJlbkHOM BpeMeHH. B maHHON pabore BHepBble Obla MOKa3aHa BO3MOXHOCTH
MPUMEHEHHUs] ONTUYECKUX MUKPOCEHCOPOB JJISl OTCIICKUBaHUS M3MEeHEeHUH pH B KpOBEHOCHOM cUCTEMe KH-
BOTHBIX Ha mpumMepe peid Danio rerio u pakoodpasusix Eulimnogammarus verrucosus.

pH-4yBcTBUTEIEHBIE MUKPOCEHCOPHI OBLIN TIOJy4EHBI C TIOMOIIBI0 HHKATICYIAIIMN (IIyOPECHIEHTHOTO
kpacuteniss SNARF-1 MeTo10M TocoiHOM aacopOIMK MTPOTHBOIIOJIOKHO 3apsHKEHHBIX ToarMepoB. SNARF-1
o0nazaeT CeKTpoM (IyopecleHINH, TyBCTBUTENBHBIM K pH cpenpl, uTo mo3BoisieT onennBaTh pH ¢ momo-
IIbI0 KOMOMHAIIMU (PITYOPECIICHTHOTO MHUKPOCKOTA, HEOOXOIUMOTo JIJIsl BU3YaJIM3allii MMIUIAHTHPOBAHHBIX
MHUKPOCEHCOPOB (B KaIIWILIAPAX >kadp B cilydae pbI0 U B IIEHTPAIIbHOM KPOBEHOCHOM COCYZE B CIIydae pakoo0-
Pa3HbIX), U MOAKIIOUEHHOTO K HEMY CIIEKTPOMETPA.

BixuBnéHHbIe MUKPOCEHCOPBI IOKA3aIK YyBCTBUTEILHOCTD K M3MEHEHHsIM PH B KpoBEHOCHOH cucTe-
Me TUIPOONOHTOB B YCIIOBHSIX THITCPKAITHUN W TUTIOKCHHL.

Pabora momnmepkana rpantamu PH® (Ne 17-14-01063) m MunobOpHayku P® (I'oczamanume, Ne
6.1387.2017/4.6).

Ibragimova A.G., Frolova L.A., Kosareva L.R., Nurgaliev D.K.
RECONSTRUCTION OF THE PAST CONDITIONS OF IVANOVO REGION USING SUBFOSSIL
CLADOCERA ANALYSIS OF LAKE RUBSKOYE
Kazan (Volga region) Federal University, Kazan
Ais5_ibragimova@mail.ru, Larissa.frolova@mail.ru, Lina.Kosareva@kpfu.ru, Danis.Nourgaliev@kpfu.ru

Due to a continuous increase of technogenic, industrial, agricultural, transport, recreational anthropo-
genic impact, revealing of natural and cultural landscapes needed especial protection and rational use becomes
to be extremely urgent.

Such vulnerable natural ecosystems require particular attention and comprehensive studies. Thus, the
study of bottom sediments of lakes, which are the natural archives of long-term environmental and climatic
changes, allows to obtain adequate information about the geological past, and provides us the opportunity to
build some climate models allowing to reveal trends in the development of climate in the future and to deter-
mine the direction of succession in the particular lakes.

It is widely known that Cladocera is an important group of organisms of modern aquatic ecosystems that inhabit
all types of recent continental water bodies. Standard hydrobiological analysis can assess the current state of the lake,
while the study of subfossils can explain changes in taxocenoses at all stages of the lake sedimentogenesis.

Chitin structures of the Cladocera exoskeleton preserve well in the bottom sediments (carapax, postabdomen,
postabdomenal claws, mandibles, head shields, etc.) that allows to identify the remains up to species or generic ranks.

Rubskoe Lake (N 56°43'33", E 40°36'51") being a relict lake of glacial origin, is located in lvanovo Ar-
ea and belongs to the territories of special natural importance of the pan-European level.

In 2015 seismic-acoustic surveys were conducted with the further taking of five cores of 3-5 m length
from lake bottom sediments by a hydraulic bottom core collector. Radiocarbon dating based on the accelerator
mass spectrometery (AMS), conducted at the Institute of particle physics of the Federal University of technol-
ogy of Switzerland (ETN), determined that the maximum sample age in the core as 13065 cal. 23 subsamples
of sediments (with the step of 10 cm) were selected for a cluster analysis. Key-books for subfossil and recent
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Cladocera were used to identify remains from the sediments.

The absence of the clear dominants is characteristic of of the subfossil Cladocera communities. Sub-
dominants are Chydorus cf. sphaericus and Bosmina (Eubosmina) longispina. Initial stages of lake formation
(13065 — 12037 cal. BP) is characterized by a low taxonomic diversity with the presence of species living on
the open littoral (i.e. silted sands without thickets) — Pleuroxus uncinatus, Disparalona rostrate and dominance
of Chydorus cf. sphaericus. The dominance of Chydorus cf. sphaericus is followed by the dominance of Bos-
mina (Eubosmina) longispina, dating from the age of 8489 cal. BP and continues to present. At the same time
Alona affinis becomes to be a subdominant taxonis. The Shannon-Weaver index values are ranged from 1.66
to 3.37, average is 2.56+0,08. Index Pielou values are ranged from 0.29 to 0.6, with an average of 0.46+0,01.
Such values characterises the community structure as not sufficiently aligned.

The attempts to explain the faunal succession and detailed analysis of incremental changes will be pre-
sented in our communication.

This work was funded by the subsidy allocated to Kazan Federal University for the state assignment in
the sphere of scientific activities, by grants RFBR (projects Nel17-34-50129 and No. 18-35-00328).

leshko E.P.}, Murzina S.A.%, Shchurov I.L.2, Shirokov V.A.2, Zotin A.A2
FRESHWATER PEARL MUSSEL MARGARITIFERA MARGARITIFERA L. IN THE MUTKAJOKI
RIVER (PAANAJARVI NATIONAL PARK)
1Instltute of Biology of the Karelian Research Centre RAS, 185910 Petrozavodsk, Pushkinskaya st., 11
Northern Research Institute of fisheries (SevNIIRKH), 185001 Petrozavodsk, Varkausa emb., 3
*Koltzov Institute of Developmental Biology RAS, 119334 Moscow, Vavilova st., 26
murzina.svetlana@gmail.com

The conditions of cohabitation of the freshwater trout (Salmo truttae L.) juveniles and the freshwater
pearl Margaritifera margaritifera L. in the Mutkajoki River (the tributary of Lake Paanoyarvi) were studied.
Data that characterize the number, spatial distribution and age structure of juvenile trout and pearl mussel are
presented. It was shown that the infection of the freshwater trout with glochidia, a parasite form of the fresh-
water pearl mussel larvae, in the Mutkajoki River has significant differences from the invasion rate of juve-
niles of trout and salmon in more southern areas. The results of comparative histological analysis of develop-
mental rates of glochidia encysted on the gills of trout and salmon juveniles in different rivers are presented.
The results of the research will be a scientific justification of arrangement development to conserve the Fresh-
water pearl mussel population in Paanoyarvi National Park.

The research was funded by the state budgetary themes KarRC RAS Ne 0221-2017-0042 and Ne 0221-
2017-0050, and under the support of WWF Russia.

Hemko E.IL , Myp3una C. Al Ilypos H. JI.2 , lInpoxos B. A2 3ornn A.A°
NPECHOBOJHAS )KEM‘IY)KHI/II_IA MARGARITI FERA MARGARITI FERA L. B PEKE
MYTKAWOKH (HAITUOHAJIbHBIN ITAPK TIAAHOSIPBH)

I/IHCTI/ITyT ouonoruu - o6ocodsieHHoe noApasaencHre @I'BYH denepansHOTo Bccae10BaTeaIbCKOro ICHTPa
<<KapeHI:CKI/II/I Hay4dHbIN 1IeHTp Poccwuiickoii akagemun Hayk», 185910 IletpozaBonck, yiu. [Tymkunckas, 11
CeBeprm Hay4YHO-HCCIIE0BATEIbCKUI HHCTUTYT pBIOHOTO X03s1iicTBa, 185001 IetposaBoack, Hab. Bapkay-
ca,3
$deepabHOE rOCYIAPCTBEHHOE OIOUKETHOE yUpexkIeH e Haykin MHCTUTYT Gromoruu passutist uvern H.K.
Konsuosa PAH, 119334 Mocksa, yin. BaBusosa, 26
murzina.svetlana@gmail.com

HccrnenoBansl yCIIOBHsSI COBMECTHOIO OOMTaHMS MOJIOAW MPEeCcHOBOAHON Kymyku (Salmo truttae L.) u
NPECHOBOTHOM )eMuyxkHuIbI Margaritifera margaritifera L. 8 pexe Myrkaiioku (mputok o3epa ITaaHospen).
[MpuBeneHbl AaHHBIC XapaKTCPHU3YIOIIUE YHUCICHHOCTh, MPOCTPAHCTBCHHOE PACIPEIC/ICHHE M BO3PACTHYIO
CTPYKTYPY MOJOAN KyM)KH M )KeMUY>KHHIIBL. [loka3zaHo, 9TO 3apa)KCHHOCTh KYMXH TJIOXHIIMSIMH, apa3uTap-
Has (opMa JIMIMHKY KEMIY)KHHIBI, B peke MyTKaHOKH UMeeT BBEIPAKECHHBIC OTIIMYUS OT IOKa3aTeinell HHBa-
3UH MOJIONHU (POPENH U JIococs Oolee I0KHBIX paiioHax. [IpeacTaBieHbI pe3ynbTaThl CPABHUTEIBHOTO THCTOJI0-
THYECCKOTO aHaJHM3a TEMIIOB Pa3BUTHS IIIOXUANEB, HHIICTUPOBAHHBIX HA Ka0OpaX Moo (OPEIH U JOCOCs B
pa3nuuHBIX pekax. [lomydeHHsIe pe3yIbTaThl HCCIeIOBaHUM TOCITYXAaT HAyIHBIM 000CHOBAaHHEM pa3paboTKu
Mep IO COXPAaHCHMIO NOMYJIIIH IPECHOBOIHOM KEMUYKHHUIIBI B HAIIMOHANBHOM mapke «IlaanosipBuy.

duHaHCOBOE OOecrieueHHe MCCIIeOBaHMs OCYIIECTBISUIOCh M3 CPEACTB (eaepanbHOro OrojpkeTa Ha
BBITIOJTHEHNE TocyaapcTBeHHoro 3amanust KapHLL PAH Ne 0221-2017-0042 u Ne 0221-2017-0050, a Takxe
ripu nojepxke WWF Poccust.

Itskovich V.B., Yakhnenko A.S., Sokolova A.M., Erpenbeck D.
SPECIES IDENTIFICATION OF FRESHWATER SPONGES (PORIFERA) BASED ON
MULTILOCUS ANALYSIS
Limnological Institute SB RAS, Irkutsk, Russia
itskovich@mail.ru

Sponges (Porifera) are the most primitive multicellular animals and dominate the benthic biomass of
many waterbodies, including Lake Baikal. Freshwater sponges (Porifera; Demospongiae; Spongillida) include
more then 200 species. The endemic sponge family Lubomirskiidae is an example of species radiation in an-
cient Lake Baikal. It is a true species flock with 13 described species and two subspecies which are dominant
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component of the benthos community in the lake. We performed for the first time multi-gene analyses of mo-
lecular phylogeny of Spondillidae and Lubomirskiidae using several molecular markers: Folmer’s COl frag-
ment, ITS1-5.8S-ITS2 region, D3 28S rDNA region and CO2-ATP6 intergenic mtDNA region. Our analyses
support monophyly of monophyly of Ephydatia fluviatilis, Ephydatia muellery, and Spongilla lacustris. Mo-
lecular analyses revealed that Lubomirskia and Baikalospongia genera are not monophyletic. At the same time
species L. baicalensis, B. intermedia, B. bacilifera and B. recta also do not form monophyletic clades. Dis-
crepancy between molecular and morphology data revealed the need integrative taxonomic approach for spe-
cies delimitation within Lubomirskiidae.

This study was done in the framework of the Basic project V1.50.1.4 (0345-2016-0002) by Federal
Agency for Scientific Organizations and partially supported by RFBR grants No 17-04-01598, 17-44-388103.

Ivacheva M.A., Tikhonova I.V., Kuzmin A.V., Nikonova A.A.,
Potapov S.A., Zimens E.A., Belykh O.I.
BIOLOGICALLY ACTIVE SUBSTANCES PRODUCED BY ABENTHIC BACTERIUM
SYNECHOCOCCUS SP. BF2
Limnological Institute SB RAS, Irkutsk, Russia

Cyanobacteria are able to synthesize a wide spectrum of secondary metabolites, including biologically
active substances that can be used in the medicine as inhibitors of various enzymes (Singh et al., 2017). The
aim of this study was to identify biologically active substances produced by a culture Synechococcus sp. BF2
using mass-spectrometry.

The monoculture Synechococcus sp. BF2 was cultivated on a medium Z-8. The cyanobacterial bio-
mass was dried at 60°C. Extracts were obtained with methanol and Folch reagent (extraction mixture for lipids
and their derivatives). Water-soluble metabolites were analyzed on a mass-spectrometer MALDI-TOF/TOF
“UltrafleXtreme” (“Bruker Daltonics GmbH”, Germany). For gas chromatography, we examined samples on a
chromate-mass-spectrometer “6890B GC System, 7000C GC/MS Triple Quad” (Agilent, USA) with a column
“Optima-17MS” 30x0.25 mm (MACHEREY-NAGEL Germany).

The analysis showed that Synechococcus sp. BF2 produces several types and variants of metabolites
of peptide origin. Aeruginosine is one the most promising metabolites in pharmacology: it is able to inhibit
serine proteases (thrombin), proteases of cancer cells of some lineages (Wang, Goyal, 2009). Synechococcus
sp. BF2 synthesizes 14 variants of aeruginosines. We also detected two variants of microginins, which had not
been described before. Microginin is an inhibitor of an angiotensin-converting enzyme with the proved phar-
macological activity (Wyvratt, Patchett, 1985). Toxic metabolites were also recorded: anabenopeptin 809 and
the most dangerous variant of hepatotoxic microcystins — MC-LR. These compounds are able to inhibit prote-
ases and elastase, as well as to provoke gastroenteritis and allergic reactions in a human. The production of
microcystins by Synechococcus is new information for the members of this species.

The following linear hydrocarbons and their derivatives (esters and alcohols) were detected in the bi-
omass of the strain under study: 1-heptadecane, 3-heptadecene, 1-octadecene, methyl-myristoleate, 13-
methyltetradecenoic acid, 3,7,11,15-tetramethyl-2-hexadecene-1-ol, 3,7,11,15-tetramethylhexadecene-2-ene-1-
yl acetate and 9-nonadecene, which can be used as biofuel. Moreover, methyl myristoleate in the membrane of
cyanobacteria is a biologically promising substance. Currently, it is used as a food additive for arthrosis treat-
ment (Lapina et al., 2016). Thus, Synechococcus sp. BF2 is a strain that is able to synthesize substances as a
base of pharmacological drugs, as well as substances that can be used as a biofuel.

The work was supported by State Grants Ne0345-2016-0003, Ne0345-2016-0008 and RFBR Grant 18-
34-00443.

HNBaueBa ML.A., TuxonoBa U.B., Ky3bmun A.B., HukoHoBa A.A.,
IMoranos C.A., 3umenc E. A., Beabix O.1. .
BUOJIOT'MYECKHUE AKTUBHBIE BEILECTBA, IPOAYHHUPYEMbBIE BEHTOCHOHU
HUAHOBAKTEPUEU SYNECHOCOCCUS SP. BF2
Jlumuonoruyeckuit uncturyr CO PAH, Upkyrck, Poccus

IlnanobakTepuu CIIOCOOHBI K CHHTE3Y LIMPOKOTO CIEKTPa BTOPHYHBIX METa0OIHTOB, B TOM UHCIE
OMOJIOTMYECKH aKTHBHBIX BEIIECTB, KOTOPBIE MOTYT OBITh HCIIOJIH30BaHbl B MEIUIIMHE B Ka4eCTBE HHTHOHTO-
poB pasnuuHbix depmeHToB (Singh et al., 2017). Llens paboTel — uaeHTU(UKAIUS OUOTOTUICSCKH AKTUBHBIX
BEILECTB, MPOAYIMPYEMBIX KyJabTypoit Synechococcus sp. BF2, ¢ wucrmoib3oBaHHEM METOIOB Macc-
CHEKTPOMETPHHU.

Momnokynetypy Synechococcus sp. BF2 monyuanu u KynbTuBUpOBanu Ha cpeie Z-8. Jlna ananusa
Oouomaccy mranobakTepuii BeicymuBaiy mpu 60 C, SKCTPaKTHI MOTyYaad IpH MOMOIIN METaHOJIA U PEaKTHBA
®omga (IKCTpaKIHMOHHAS CMECh U JIMMHAIOB M UX MPOU3BOAHBIX). COCTaB BOJOPACTBOPUMBIX METAO00IMUTOB
aHanmsupoBain Ha Macc-criektpomerpe MALDI-TOF/TOF «UltrafleXtreme» («Bruker Daltonics GmbH»,
I'epmanust). [ ra3oBoit xpomatorpaduu oOpa3isl aHATM3UPOBAIN HA XPOMaTO-Macc-crekTpomeTpe «6890B
GC System, 7000C GC/MS Triple Quad» (Agilent, CIHA) ¢ kononkoii «Optima-17MS» 30x0.25 mm
(MACHEREY-NAGEL, I'epmanus).

Awnanu3s mokasai, yto Synechococcus sp. BF2 npoayuupyeT HECKOJIBKO THIIOB M BAPHAHTOB METa00-
JUTOB TIENTHIHON MPUPOIBL. DPYTrHHO3UHEI — OXHU W3 Hambojee (hapMaKOIOTHIECKH MEPCIEKTHBHBIX METa-
OOJUTOB, OHU CIIOCOOHBI MHTHOUPOBATHL CEPUHOBBIC MPOTea3bl (TPOMOWH), MPOTea3bl PAKOBBIX KJIETOK HEKO-
topeix juaui (Wang, Goyal, 2009). Synechococcus sp. BF2 cuntesupyet 14 BapuaHTOB 5pyrHHO3UHOB. Tak-
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e oOHApY>KEHBI JIBa BApUAHTA HEONHUCAHHBIX paHEe MUKPOTHUHUHOB. MUKPOTHHHUHBI SBJISIOTCS HHTHOUTOpa-
MU aHTHOTCH3MH-TIPEBPAIAIONIEro PEepMEHTa ¢ Y)Ke MOATBEPIKICHHON (hapMaKoJOTHIeCKOW aKTHBHOCTHIO
(Wyvratt, Patchett, 1985). BoisiBnensl u TokcuuHble MeTabonMThl: aHaOeHonenTuH 809 1 Hambosiee onacHbIi
BapHaHT remaTOTOKCUYHBIX MUKPOIUCTUHOB — MC-LR. DTH coemuHenus crmocoOHbl MHTHOUPOBAThH MPOTEa3k
W 3J1acTa3y, a TAK)Ke BBI3BIBAThH Y UEIOBEKA TACTPOIHTEPUTHI M ajIepruueckue peakiuu. [IpoayKiust MUKpO-
IUCTHHOB BUIOM SYNechococcus siBisieTcst HOBO# nH(pOpMAaIei 11 IpeACTaBUTeICi 3TOTro poa.

B Ouomacce ucciiegyemMoro mramma OOHApy)KEHbI JIMHEHHBIE YTICBOJOPOJBI U MX IPOHU3BOHBIC
(croxHBIE AGUPHI, CIUPTHI): TeNTaJIeKaH, 3-TenTaaelieH, | -oKkTaaeneH, MeTUI-MUPHUCTOJIeaT, METUIIOBBIN (hup
13-meTunreTpaieKaHEHOBOH KHCJIOTHI, 3,7,11,15-terpameTri-2-rekcaaeneH-1-om, 3,7,11,15-
TeTpaMeTHITeKcaie-2-eH-1-1m1 anerar, 9-HOHaeleH, KOTOPble MOTYT OBITh MCIOJNB30BAHEI B KauecTBE OMO-
tormBa. Kpome Toro, OMOTEXHOIOTMIECKH MEPCHEKTUBHBIM BEIIECTBOM SIBJISCTCS METHIMHPHCTOJCAT, CO-
JIepIKaIuics B MeMOpaHax IuaHoOakTepuil. B HacTosIee BpeMs OH KCITOJIb3YeTCS B KaUeCTBE MUILEBOM 10-
0aBKH, IpeIHA3HAYCHHOM I jedeHus cyctaBoB (Lapina et al., 2016). Takum obpasom, Synechococcus sp.
BF2 — mramM, criocoOHBIN K OMOCHHTE3Y BEIIECTB, JISKAIIUX B OCHOBE (hapMaKOJIOTHICCKUX IMPETapaToB, a
TaKXKE BCIICCTB, KOTOpLIe MOFyT 6I)ITL UCITIOJIB30BAHbI B KAYCCTBEC 6I/IOTOHHI/IBa.

PaboTta BeImonmHEeHa B paMkax roc. 3amanuii Ne0345-2016-0003, Ne0345-2016-0008 u rpanta POOU
Nol18-34-00443.

Izimetova M.F.
HYDROCHEMICAL REGIME OF SOME BRACKISH AND SALINE LAKES OF THE
CHELYABINSK REGION
Ural Branch of Federal State Budgetary Scientific Institution «State Scientific-and-Production Center
of Fishery», Ekaterinburg
izimetova.marya.3105@yandex.ru
The report presents the results of the study lakes the Bolshie Irdjagi, Kurladi, Kurgi, Duvankul in
many years (1956-2017 y.). The objective is to assess changes in the dynamics of hydrochemical parameters of
some brackish and saline lakes of the Chelyabinsk region.
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