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VIIK 595.762

HOBBIE YKA3ZAHMSI HALIPLIDAE, DYTISCIDAE, HYDROPHILIDAE U SCIRTIDAE
(COLEOPTERA) 4J151 IUITEIIKOU OBJIACTU

A. C. Caxnes!, A. A. IIpokun?, 1. A. Ypoanyc?
YUncmumym 6uonozuu snympennux 600 um. M. J1. llananuna PAH,
152742 noc. Bopox, Apocnasckas obn., Hexoysckuii p-n, e-mail: sazh@list.ru, prokina@mail.ru
2Hesaeucumpiii ucciedosamens, 398042 2. Jluneyx, e-mail: yan-urbanus@yandex.ru
Ioctynuna B penakiuio 2.12.2021

B crarhe npuBeieHbI JaHHbIE O HAXO0JKaX HOBBIX Jiist JIumnenkoit obaactu BoaHbIX xkecTKOoKphutbix: Haliplus
flavicollis Sturm, 1834 (Haliplidae); Agabus paludosus (Fabricius, 1801), Ilybius neglectus (Erichson, 1837),
I. wasastjernae (C.R. Sahlberg, 1824), Hydroporus incognitus Sharp, 1869, Hygrotus versicolor (Schaller, 1783)
(Dytiscidae), Hydrobius rottenbergii Gerhardt, 1872 (Hydrophilidae). Jlns neyx sumos (llybius wasastjernae,
Hydroporus incognitus) oGHapy»XeHHBIE JIOKATUTETHI HAXOATCS Ha FOKHBIX TIPEIENiaX W3BECTHOTO PAcIpocTpa-
HEHUs B eBporeiickoit uactu Poccnn. Ykazanue Bumaa Contacyphon laevipennis (Tournier, 1868) Brepssie mo-
TBEpKAAeTCs IPUBEACHHBIM MaTepuaiioM. {71 TpeX BUIOB MPHUBEICHB OpUTHHANBHEBIE (poTorpadum raburyca u

TCHUTATHI camMna, st IByX — MECTOOOUTAHUS.

Kniouegvie cnosa: xyku, paclipocTpaHeHNE, HOBBIE HAXOIKH.

DOI: 10.47021/0320-3557-2021-7-14

BBEJIEHUE

Bce nmoctymHble cBeneHus o QayHe kect-
KOKPBUIBIX JInnenkoil 061acTy, BKIFOYasi BOJHBIX
u  aM(puOMOTHYECKUX NpeAcTaBUTENEH, ObUIH
00061mens! B MoHorpadhuu M.H. Llypukosa [Lly-
pukos, 2009 (Tsurikov, 2009)]. BmocnemcTeun
JIOTIOJTHUTEIIbHBIC CBEACHHS O BOJHBIX U amdu-
OMOTHYECKHX KyKax 00nacTu ObUIN OIyOJIMKOBA-
Hbl B psne crareit [[Ipoxun, 2010 (Prokin, 2010);
IMpokun u ap., 2015 (Prokin et al., 2015); Masy-
poB, 2017 (Mazurov, 2017); Masypos u np., 2020,
2021 (Mazurov et al., 2020, 2021); Masypos, Yp-
6anyc, 2021 (Mazurov, Urbanus, 2021)].

HoBble cO0pbl O3BONIMIIN AOTIONHUTG CITU-
COK PErMOHAJIbHOH (hayHBI, B TOM YHCIIC W HEKO-
TOPBIMH HEOXXKMJAHHBIMH TaKCOHAMHM, YTO IMOCTa-
BWIO 3ajavyell AaHHOW NyOJIMKaluu TPUBECTH
HE TOJIBKO MOAPOOHBIE CBEACHHS O COOpaHHOM
Marepuaie, HO U pacCMOTPETh OCOOEHHOCTH pac-
npocTpaHeHus BUA0B. J{ist Hauboiee HHTEPECHBIX
TAKCOHOB yKa3aHMs MPOULTIOCTPUPOBAHBI OPHUTH-
HAILHBIMU (poTOrpadusiMu TabuTyca, TEHUTAINN
camIa ¥ MECTOOOUTaHHS.

MATEPHAJIbI U METObI

Marepuan coOupanu HpH IOMOIIH OOIIe-
NPUHATBIX AHTOMOJIOTHYECKHX METOIHK: CcOOp
BOJHBIM CadKoOM, PYYHOH cOOp, MpHBIEUYCHHE
Ha cBet [[ony6 u mp., 2021 (Golub et al., 2021)].

ToranbHbele (oTOrpadum MUMaro KecTKo-
KPBUIBIX CZEJIaHbl C IPUMEHeHHeM Kamepbl Canon
EOS 4000D c makpooobexTriBoM Laowa 2.5 mm
F 2.8 Ultra-Macro 2.5-5.0X, ¢oto renurtanuii u
Jetaneld CTpOSHHs cIeNlaHbl C HCIOIb30BaHHEM
crepeomukpockomna Leica M165C na 1mdposyro
MHKpOCKONHyI0 kKamepy Leica MC170 HD
(12MIlc). O6pabotka u cTekuHr (oTorpaduit
npoBeieHbl B nporpammax Sketchbook m Helicon
Focus 7.7.4.

Matepuan XpaHUTCsI B KOJUICKLIUH BOIHBIX
0ecrio3BoOHOYHBIX MHCTHTYTa OMOJIOTUH BHYTPEH-
Hux Bog uM. M.JI. Ilanannna PAH (MBBB PAH)
¥ B YaCTHBIX KOJUIEKIHUsX cOopurukoB. Koopau-
HAThI T0I00PaHbI C MOMOIIBIO OTKPBITBIX CEpPBH-
coB Google Kaptel. Takconomus u o01ue cBee-
HHS O PpACIHpPOCTPAHCHHH BHIOB IPUBEICHBI
B COOTBETCTBUH C MOCIICTHAMU H3JaHHSAMH Taje-

APKTHYECKOTO KaTajora KECTKOKPBUIBIX
[Catalogue..., 2015, 2016, 2017]. JIns Tumu3anyun
apeajioB HCIIOJIb30BaHa KJ1accuuKanust

A.®. EmenbsHoBa [ Yemel’yanov, 1974].

PE3VJIBTATBI UCCJIEJOBAHUA U NX OBCYXXJIEHUE

Haliplidae

Haliplus (Liaphlus) flavicollis Sturm, 1834

Mamepuan: Ycmanckuii p-H, 3 kM C3
c. Huxonsckoe, p. Msnmeroma, 52°11'16.5"N
39°37'50.0"E, 3.05.2021 (24 3) S.A. Ypbanyc leg.

Pacnpocmpanenue: CyriepaTIaHTHISCKHANA
3BOOpeaTbHO-CYyOOOpETbHBIN BU, ITIHPOKO pac-

MPOCTPAHEHHBIM MO BCEH EBPOMEHCKONW YacTu
Poccun.

Dytiscidae

Agabus (Gaurodytes) paludosus (Fabricius,
1801) (puc. 1)
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Mamepuan: Kpacauackuii p-H, c¢. CoTHu-
koBo, p. Cemenek, 52°58'19.7"N 38°41'38.8"E,
11.05.2020 (13) S.A. Vp6anyc leg.

Ipumeuanue: CynepaTiaHTHUECKHH 3BOO-
peanbHO-cy000peabHbId BUJI, IIHPOKO pacIpo-
CTpaHEHHBIN 110 Bcel eBporeiickoil yactu Pocecun.

(b)

Puc. 1. Agabus paludosus (Fabricius, 1801): (a) ruburyc, Bug cBepxy; (b) menwuc, Bux c6oxy u cBepxy. Pazmepnas mnu-

Hetika — 1 MM (portorpadun A.C. Caxresa).

Fig. 1. Agabus paludosus (Fabricius, 1801): (a) habitus, dorsal view; (b) penis, lateral and dorsal views. Scale bar —

1 mm (photographs by A.S. Sazhnev).

llybius neglectus (Erichson, 1837)

Mamepuan: Kpacuunckuii p-H, noc. Jlecku,
oeper p. Hon, 52°52'57.3"N 39°00'32.8"E, na cser
JPJ110.07.2021 (1 3x3.) C.I'. Ma3ypog leg.

Pacnpocmpanenue: CynepaTiaHTUYECKUMA
3BOOpeaAbHO-CyO0OpeabHBIA BU, B E€BPOIICH-
ckoit yactu Poccum u3BecTHbI Ha ceBep 10 Moc-
koBckoi obOmactu [IlerpoB, Hukurckuii, 2016
(Petrov, Nikitsky, 2016)].

Ipumeyanue: DK3eMIUSIPBI W3 JIECOCTEI-
HOM, BKJIIOYas Halll, U CTEMHOW 30H €BpPONENCKOM
gacTd U TIOMEHCKON 00JacTH MMerT MOp(hoIo-

THUYECKUE NPU3HAKU NIPOMEKYTOUHBIE MEXKIY TH-
nnyaeiMea  |lybius  neglectus u  omumcanHbIM
u3 Typuuu llybius satunini (Zaitzev, 1913) [Tlet-
pos, Hukurckuii, 2016 (Petrov, Nikitsky, 2016)].
Jl71 TOYHOTO BBISICHEHUS BUAOBOM MPUHAAIIEKHO-
CTH IOXHBIX HOMYJISIUUHA HEOOXOAMMBI JOIOJIHH-
TeJIbHBIE COOPHI MaTepUalia U UCCIEIOBAHUS MO-
JICKYJIAPHO-TCHETUYCCKUMU METOJaMU.

llybius wasastjernae (C.R. Sahlberg, 1824)
(puc. 2, 3)

Mamepuan: Yamneiruackuit p-H, 3 kM C
c. IIpeoOpaxenoBka, 52°59'49.8"N 40°05'50.4"E,
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COCHOBBIH JieC, BPEMEHHBI BOJIOEM B MECTE BBbI-
BOPOUYEHHOM W3 3E€MJIM COCHBI (BBIBOPOTCHB),
16.04.2021 (13) S1LA. YpGanyc leg.
Pacnpocmpanenue: T omapkTUUecKuil 3B-
OopeanbHBIA BUA, C OTU3bIOHKIKMEH B BocTouHoi
ITaneapktuke. B eBpomeiickoit wactu Poccun
HauOoJee 10KHbIE HAXOJIKW BHUJIa paHee ObLTH H3-
BeCTHBI U3 MockoBckoil obnactu [Hukurckuit u
ap., 2013 (Nikitsky et al., 2013)].
Hydroporus incognitus Sharp, 1869 (puc. 4)
Mamepuan: Yanneiruackuid p-H, 3 kM C
c. [IpeoOpakenoBka, 52°59'49.8"N 40°05'50.4"E,
Ha cser, 12.06.2020 (13, 19) S.A. Ypbanyc

leg.; Tam ke, Ha cBer, 27.06.2020 (13) SA.A. Vp-
Oanyc leg.

Pacnpocmpanenue: 3ananHomaHmnaneapk-
TUYECKH 5BOOpeo-MOHTaHHbIM Bui. Ha pas-
HUHHOW TEPPUTOPHUU €BpoNeicKon yactu Poccun
HauboJiee 10XKHbIE HAXOJKH H3BECTHBI U3 JIECO-
CTEMHOMU 30HBI B mpeaenax YiabsHoBckol [Deno-
poB, 1999 (Fedorov, 1999)], Camapckoit [JTu-
toBkuH, 2018 (Litovkin, 2018)] u CapaTtoBckoii
[CaxneB, 2014 (Sazhnev, 2014)] o6nacreii.
Ha Ceseprom KaBkase o6HapysxeH B Kapauaeso-
Uepkecun [bensmesckmii, 1991 (Belyashevsky,
1991)] wu  KaGapauno-bankapum  [Prokin,
Sazhnev, 2019].

Puc. 2. llybius wasastjernae (C.R. Sahlberg, 1824): (a) ruburyc, Bux cBepxy; (b) ckympnrypa npHImmTKOBOM 061acTH
NPaBOTO HAAKPLLILS; (C) TeHuc, BUI COOKY M cBepXy. PasmepHas nuneiika — 1 MM (portorpaduu A.C. Caxuesa).

Fig. 2. llybius wasastjernae (C.R. Sahlberg, 1824): (a) habitus, dorsal view; (b) sculpture of prescutellar region of the
right elytron; (c) penis, lateral and dorsal views. Scale bar — 1 mm (photographs by A.S. Sazhnev).
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Puc. 3. BpeMeHHBIH Bo0eM B BRIBOPOTHE cocHBI — MectoobuTanue llybius wasastjernae u Hydrobius rottenbergii (¢o-

torpadus SI.A. Ypbanyca).

Fig. 3. Temporary pool in the hollow under the fallen pine — habitat of llybius wasastjernae and Hydrobius rottenbergii

(photo by Ya.A. Urbanus).

Hygrotus (Hygrotus) versicolor (Schaller,
1783)

Mamepuan: Ycmanckuit p-H, 3 kM C3 ¢. Hu-
KOJIbCKOE, p. Hsneromia, 52°11'16.5"N
39°37'50.0"E, 3.05.2021 (1 ak3.) S1.A. Ypbanyc leg.

Pacnpocmpanenue: CyriepaTIaHTHUSCKHNA
3BOOpeaibHO-CyO0OpaeabHbId BHI, B €BPOICH-
ckoii yactu Poccum wu3BeCTHBIM Ha ceBep 10
[lckoBckoit obmactu [dsammuxko u  ap., 2009
(Dyadichko et al., 2009)].

Hydrophilidae

Hydrobius rottenbergii
(puc. 3)

Mamepuan: Yamneiruackuit p-H, 3 kM C
c. [IpeoOpaxenoBka, 52°59'49.8"N 40°05'50.4"E,
COCHOBBIN JieC, BPEMEHHBIA BOJIOEM B MECTE BbI-
BOPOYEHHOM M3 3eMJIH COCHBI (BBIBOPOTEHB),
16.04.2021 (13) S.A. Ypobanyc leg.

Pacnpocmpanenue: T'onapktuyeckuil apk-
TobopeanbHO-cy00opeanbHbiii Takcon Hydrobius
fuscipes (Linnaeus, 1758) sensu lato mpencras-
JIeH KOMIUIEKCOM KPUNTHYECKMX BUIOB (BKIFO-
gast Hydrobius rottenbergii), wactuuno mepe-
CMOTpeHHBIX HemaBHO [Fossen et al., 2016;
Ryndevich, Angus, 2020].

Gerhardt, 1872

10

Ilpumeuanue: JIns ycTaHOBIEHUS] CaMOCTO-
SITETFHOCTH W PACIPOCTPAHEHUS! BUIOB IIOMYJIs-
min  mopdosuma  Hydrobius  fuscipes  s. I
Ha Tepputopun Poccum TpeOyroTcs neTanbHbIC
WCCIIEIOBAHUA C TPUMEHEHHEM MOJEKYJISIPHO-
T€HETHUYECKUX METOJIOB.

Scirtidae

Contacyphon laevipennis (Tournier, 1868)

Mamepuan: J1o6posckuii p-u, CB c. Ilpe-
oOpakeHOBKa, carHoBoe ©Ooin.  CoCHOBKa,
52°57'12.9"N 40°04'48.4"E, na Eriophorum sp.,
18.05.2004 (13x3.) A.A. Ilpokun leg.; Tam xe,
B Sphagnum sp., 18.05.2004 (1 sk3.) A.A. TIpo-

kuH leg.
Pacnpocmpanenue:  3anagHomaHnaneapk-
THYECKUil  3BOOpeanbHO-CyO0OpeanbHBId  BUA,

IIUPOKO PACIpPOCTPAHEHHBIM B €BPONEHCKON 4a-
ctu Poccun.

Ipumeuanue: Bup yxazan mia Jlunemnkoit
obmactu M.H. lypukosem [Llypukos, 2009 (Tsu-
rikov, 2009)] mo JMYHOMY  COOOIICHUIO
A.A. Ilpokuna 0e3 yka3aHWs Marepuaia, IpUBe-
JEHHOTO 3/IECh.
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Puc. 4. Hydroporus incognitus Sharp, 1869: (a) ruburyc, Bua cBepxy; (b) menuc, Bun c60Ky u cBepxy. Pasmephast -

Hetika — 1 MM (portorpadun A.C. CaxneBa).

Fig. 4. Hydroporus incognitus Sharp, 1869: (a) habitus, dorsal view; (b) penis, lateral and dorsal views. Scale bar —

1 mm (photographs by A.S. Sazhnev).

W3 uncna 7 BUIOB, BIEpPBBIE 3apETHCTPHPO-
BaHHBIX Ha Teppurtopun Jlumernkoi obnacty, nBa
(llybius wasastjernae u Hydroporus incognitus)
oOHapy>KeHBI Ha FOXKHBIX Mpejeniax pacrnpocTpa-
HEHUs B paBHMHHOM 4acTH eBporelickol Poccuny,
KaKk W ykaszaHHble panee Hydroporus obscurus
Sturm, 1845 [Prokin, 2006] u llybius crassus
C.G. Thomson, 1856 [Masypos u ap., 2020 (Ma-
zurov et al., 2020)]. Dtu yeThipe BHIa HE U3BECT-
Hbl M3 PAacHoJIOKEHHOW oxkHee BopoHexckoil
obnactu. Buapl JaHHOTO KOMILIEKCa, OCHOBHAs

o0acTh pacrpocTpaHeHUs KOTOPHIX CBsI3aHa
c OopeaJbHBIM IIOSICOM, B JIECOCTEIH CIEIyeT
paccMaTpuBaTh Kak TISIHANBHBIC PETUKTHI, YTO
MOJTBEPKIACTCS MX OMOTONMUYECKON MPUypOUYCH-
HOCTBIO K OCTPOBHBIM JiecaM H C(arHOBBIM 00JIO-
TaM, XapaKTEPHbIM 30HANBHBIM pedyruymam 0o-
peanbHOl OWOTHL. Ykasanue Buzma Contacyphon
laevipennis mnst Jlumernkoit obmactu [L{ypukos,
2009 (Tsurikov, 2009)] moxTBepskmaeTCsi MpHBE-
JICHHBIM 37ICCh MaTePUAJIOM.

3AKJIIOYEHUE

B pesynbTaTe 00pabOTKH HOBOTO MaTepHa-
na u3 Jlumnenkoit 001acTH yaanoch 3aperucTpupo-
BaTh CeMb HOBBIX JUIs perrona Bunos: Haliplidae
— 1, Dytiscidae — 5, Hydrophilidae — 1. s omso-

ro Buaa Scirtidae BrepBble TpPHBEICH MaTepHal,
Ha OCHOBAHMH KOTOPOTO OH paHee YKa3bIBAICS
nis obnactu. Illecth M3 BOCBMH paccMaTpuBac-
MbBIX BHJOB MMCIOT IIMPOKOE 30HAIBHOE PaCIpo-
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CTpaHCHHUE B eBpOHeﬁCKOﬁ qacTu POCCI/II/I, aBa HaXO0JOK K JIECCHBIM MCCTOO6I/ITaHI/I$[M, IIO3BOJISIT
(llybius wasastjernae u Hydroporus incognitus) OTHECTH WX B paMKaX pPETHOHAIBHON (ayHBI
HaxXoOsATCA Ha HOXHBIX IpaHUIAX apeajioB, 4YTO K KOMIUJICKCY TIAIAAIBHBIX PCIUKTOB 6opeanLHo—
C y4€TOM OHMOTOIMMYECKON MMPpUYpPOUCHHOCTH T'O MPOUCXOKACHHA.
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NEW RECORDS OF HALIPLIDAE, DYTISCIDAE, HYDROPHILIDAE AND SCIRTIDAE
(COLEOPTERA) FROM LIPETSK OBLAST

A.S. SazhneVi, A. A. Prokin?, Ya. A. Urbanus?
!Papanin Institute for Biology of Inland Waters Russian Academy of Sciences,
152742 Borok, Russia, e-mail: sazh@list.ru, prokina@mail.ru
2Individual Researcher, 398042 Lipetsk, Russia, e-mail: yan-urbanus@yandex.ru

Six species of aquatic Coleoptera are recorded from the Lipetsk Oblast for the first time: Haliplus flavicollis
Sturm, 1834 (Haliplidae); Agabus paludosus (Fabricius, 1801), Ilybius neglectus (Erichson, 1837),
I. wasastjernae (C.R. Sahlberg, 1824), Hydroporus incognitus Sharp, 1869, Hygrotus versicolor (Schaller, 1783)
(Dytiscidae), Hydrobius rottenbergii Gerhardt, 1872 (Hydrophilidae). Two species (llybius wasastjernae, Hy-
droporus incognitus), are recorded at the southernmost limits of the known range in the European part of Russia.
The record of Contacyphon laevipennis (Tournier, 1868) is confirmed by provided material. For three species,
original photographs of the habitus and male genitalia are provided, and for two ones — of the habitat.

Keywords: beetles, distribution, new records
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MAGNETIC FLUCTUATIONS AFFECT CIRCADIAN PATTERNS OF LOCOMOTOR
ACTIVITY IN ZEBRAFISH (PRELIMINARY DATA)

V. V. Krylov, E. I. 1zvekov, V. V. Pavlova, N. A. Pankova, E. A. Osipova
Papanin Institute for Biology of Inland Waters Russian Academy of Sciences,
152742 Borok, Yaroslavl oblast, Russia, e-mail: kryloff@ibiw.ru
Revised 25.11.2021

The locomotor activity of zebrafish (Danio rerio) has a pronounced, well-studied circadian rhythm. Under
constant illumination, the period of free-running locomotor activity in this species usually becomes less than
24 hours. To evaluate the entraining capabilities of slow magnetic variations, zebrafish locomotor activity was
evaluated at constant illumination and fluctuating magnetic field with a period of 26.8 hours. Lomb-Scargle per-
iodogram revealed significant free-running rhythms of locomotor activity and related behavioral endpoints with
a period close to 27 hours. Obtained results reveal the potential of slow magnetic fluctuations for entrainment of
the circadian rhythms in zebrafish. The putative mechanisms responsible for the entrainment are discussed, in-

cluding the possible role of cryptochromes.

Keywords: magnetic field, Danio rerio, cryptochrome, circadian rhythm, swimming speed
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INTRODUCTION

Circadian rhythms play a significant role in
the physiology of the majority of living beings.
They provide effective use of energy and re-
sources in ever-changing natural and artificial en-
vironments [Finger et al., 2020]. Based on the en-
dogenous rhythms of intracellular circadian oscil-
lators, an organism adjusts its internal processes to
the anticipated conditions for a given time of day
[Patke et al., 2020]. Briefly, these circadian clocks
in cells are described as transcription-translation
feedback loops. In most vertebrates, positive
components of this loop are the transcription fac-
tors CLOCK and BMAL that modulate the ex-
pression of Period (Per) and Cryptochrome (Cry)
genes as negative components. These negative
components repress transcription and induce the
body's circadian clock to reset, thus starting a new
cycle of the feedback loop [Wager-Smith, Kay,
2000; Idda et al., 2012; Finger et al., 2020].
In birds and mammals, this endogenous circadian
oscillator (located in the brain's suprachiasmatic
nucleus) provides the main rhythm transferred
to peripheral tissues via pineal gland produced
melatonin [Dibner et al., 2010]. A decentralized
to varying degree circadian system can be found
throughout the evolutionary tree [Bell-Pedersen et
al., 2005; Frgland Steindal, Whitmore, 2019].

The endogenous circadian rhythms adjust
to external environmental cues (zeitgebers) with
the primary external pacemaker being light/dark
cycles. In general terms, the endogenous circadian
oscillator synchronizes to local daytime via photic
cues transmitted from the retina to neurons of the
suprachiasmatic nucleus [LeGates et al., 2014].
Some findings suggest the diurnal geomagnetic
variation may be a secondary external zeitgeber
affecting biological circadian rhythms [Brown,
1976; Krylov, 2017]. This variation results from
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the dynamo-current process within the ionospher-
ic E-region and represents a distinguishable daily
magnetic oscillation from approximately a few
tens of nanoTeslas (nT) at mid-latitudes to 200 nT
near the magnetic equator [Yamazaki, Maute,
2017]. Diurnal geomagnetic variation is suggested
to act as a potential circadian zeitgeber via cyto-
chromes possibly being able to perceive magnetic
fields through radical pair reactions [Solov'yov et
al., 2007; Hore, Mouritsen, 2016]. Though indi-
rect evidence supports this theory [Brown, Scow,
1978; Welker et al., 1983; Wan et al., 2015;
Krylov et al., 2017; Agliassa, Maffei, 2019;
Krylov et al., 2019; Krylov et al., 2020], no direct
experimentation has been carried out studying the
entrainment of circadian rhythms to slow magnet-
ic fluctuations. The issue of whether slow changes
in the magnetic field affect circadian oscillators
remains open.

In the present study, we used wild-type
zebrafish (Danio rerio) to answer this question.
The brain of this species contains the pineal gland
driving the rhythmic production of melatonin
[Cahill, 1996; Lima-Cabello et al., 2014]. Howev-
er, the circadian oscillators in different zebrafish
tissues can keep unrelated rhythms that are en-
trained directly by an external light-dark zeitgeber
[Whitmore et al., 1998; Cermakian et al., 2000;
Khan et al.,, 2016]. The lack of a centralized
pacemaker subjugating all other oscillators
in zebrafish could increase the chance to detect
changes in circadian rhythms caused by a magnet-
ic influence. The influence of different light
and magnetic exposures on zebrafish rhythms was
analyzed through locomotor activity and several
related endpoints known as precise indicators
of circadian rhythmicity in this species [Krylov et
al., 2021].
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METHODS

All animal experiments were carried out
in accordance with relevant guidelines and
regulations. The study was carried out in com-
pliance with the ARRIVE guidelines. All exper-
imental protocols have been approved by the
Institutional Animal Care and Use Committee at
Papanin Institute for Biology of Inland Waters
(https://ibiw.ru/index.php?p=downloads&id=46180).

Zebrafish maintenance. Wild-type zebrafish
(AB strain) were obtained from the commercial dis-
tributer and maintained in the Laboratory of physi-
ology and toxicology (Papanin Institute for Biology
of Inland Waters, Russian Academy of Sciences).
Prior to experimentation, zebrafish were kept to-
gether for two months in 70 L aquaria at 24°C under
a 16:8 h light/dark cycle. Zebrafish were fed daily at
different times between 12:00 and 16:30. Males
and females at the age of approximately four months
(mean body length 2.99 cm, SD = 0.17 cm, n = 24)
were used for experimentation.

Timed backlight. In order to provide backlit
illumination for the experiments, a lightbox was
constructed from a series of LEDs, aluminum
plates, and matte plexiglass. LED plates were cre-
ated by adhering 32 LEDs to an aluminum plate so
as each aquarium would be backlit by 4 infrared
LEDs (3W, 940nm) and 4 white-color LEDs (3W,
4500K). Each LED plate was mounted 10 cm un-
der a lightbox cover (constructed from matte plexi-
glass) which serves to diffuse light. Lighting modes
were controlled via time relays (DH-48S-S, Om-
ron, Japan) which used KMI-10910 (IEK, Russia)
contactors to supply power, by Qh-60LP18 power
suppliers (Shenzhen Chanzon Technology, China),
to the LEDs.

Magnetic fluctuations. Zebrafish were ex-
posed to the following magnetic fluctuations:

1. The natural diurnal geomagnetic variation.
It is represented by magnetic fluctuations of about
30 nT with a 24 h period. This variation was rec-
orded in X-, Y-, and Z-directions throughout the
experiment using an NV0302A magnetometer
(ENT, St Petersburg, Russia). Six geomagnetic dis-
turbances with a k-index of 4 that corresponds to
weak geomagnetic storms occurred during the ex-
periments under natural diurnal geomagnetic varia-
tion (08/02/2020 from 12:00 to 18:00; 08/31/2020
from 00:00 to 03:00, from 09:00 to 12:00, and from
15:00 to 21:00; 09/14/2020 from 00:00 to 03:00).
The natural diurnal geomagnetic variation was ac-
companied by a 16: 8 h light/dark photoperiod.

2. Experimental magnetic fluctuations simu-
lating increased diurnal geomagnetic variation with
an average period of 26.8 h. We used a sample rec-
ord of diurnal geomagnetic variation in X-, Y- and
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Z-directions made close to the laboratory to gener-
ate these magnetic oscillations. The sample record
intensity was enhanced to about 100-150 nT for
each X-, Y-, and Z-directions. This exposure al-
lows for more pronounced periodic changes in the
magnetic background but not exceeding the level of
natural geomagnetic storms. The period of sample
diurnal geomagnetic variation was also increased to
26.8 h by a signal prolongation. This value was
chosen for the experiments because the free-
running rhythm of locomotor activity in zebrafish
became shorter than 24 h under constant illumina-
tion. Hence the magnetic zeitgeber with a period
longer than 26 h can manifest itself under constant
illumination. At the same time, the period of 26.8 h
is quite close to the circadian 24 h period. That is,
the endogenous oscillator does not require drastic
changes in order to be entrained by this external
zeitgeber. The experimental magnetic fluctuations
were generated under constant light conditions.
Signals of the natural diurnal geomagnetic varia-
tion and experimental magnetic fluctuations in the
horizontal direction are shown in Fig. 1. In order to
compare these signals with behavioral endpoints,
they are also presented as actograms and periodo-
grams (Fig. 2 a, b).

A setup, described in detail by Krylov et al.
[2014], was used to generate experimental mag-
netic fluctuations. It was assembled on a PC
workstation and consisted of the following items:

1) A three-component fluxgate magnetome-
ter NVO302A (ENT, St Petersburg, Russia provid-
ing analogous signals proportional to the strength
of the geomagnetic field and its variations;

2) An LTR11 analog-to-digital and an
LTR34-4 digital-to-analog signal converter
(L-card, Moscow, Russia);

3) A coil system consisting of three pairs of
mutually orthogonal Helmholtz coils (0.5 m in
diameter, 700 turns of 0.2 mm copper wire in each
coil) made by the Schmidt Institute of Physics of
the Earth (www.ifz.ru).

The direction of each Helmholtz coils pair
was the same as the direction of the geomagnetic
field components. Natural fluctuations of the geo-
magnetic field, including diurnal variation, were
compensated within the Helmholtz coil systems in
the frequency range up to 5 Hz based on a signal
from NV0302A magnetometer (ENT). The indus-
trial alternating magnetic fields of 50 Hz were less
than 10 nT and did not appear in the harmonics.
Parameters of the generated signals in the Helm-
holtz coils system's working volume were checked
using a control magnetometer NV0599C (ENT).
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Fig. 1. Natural diurnal geomagnetic variation (line above) and experimental magnetic fluctuations (line below) in the

horizontal direction.

Experimental conditions and procedure.
All experimentation was conducted in a remote
laboratory free of working staff in order to elimi-
nate possible circadian rhythm influences caused
by daily human activities. Four fish were placed
in four custom glass aquaria (15x20 cm, height
23 cm) filled with 10 cm of water, with one fish
per aquarium. Water temperature during the ex-
periments was 21°C as adult zebrafish show the
most robust rhythm of locomotor activity at the
temperatures of 20-21°C [Hurd et al., 1998;
Lopez-Olmeda et al., 2006]. The aquaria were
installed above a lightbox. Screens made of
opaque white plastic were placed between the ad-
jacent aquaria so that fish could not see conspecif-
ics. The lightbox with the aquaria was located in a
system of Helmholtz coils. During the first
4.5days, a 16: 8 h light/dark cycle was main-
tained, and no voltage was supplied to Helmholtz
coils. Then from 13:00 of the 5th to 00:00 of the
10th day of the experiments, constant lighting
conditions were maintained, and experimental
magnetic fluctuations were generated within
Helmholtz coils.

The water was constantly renewed via two
4 mm openings in the wall of each aquarium at
3and 10 cm height from the bottom. Water
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flowed by gravity from a 200 L plastic barrel
placed one floor above through the silicone hoses
connected to the bottom openings of aquaria. Wa-
ter aeration and temperature control for all aquaria
were carried out in the barrel. Excess water was
drained to the sewer through the top opening to
ensure a constant level of 10 cm. Water from dif-
ferent aquaria has never been mixed or reused.

At the beginning of the experiment, a 1 cm?®
piece of slow-release gel food block “Tetra Holi-
day” (Tetra GmbH, Melle, Germany) was placed
on the bottom of each aquarium to prevent the
influence of the feeding schedule on circadian
behavior. Thereby zebrafish had free access to
food during the whole study.

Fish movements in the horizontal plane were
registered with IP-cameras (TR-D1140, Trassir,
Shenzhen, China) equipped with IR corrected vari-
focal lenses (TR-L4M2.7D2.7-13.5IR, Trassir,
Shenzhen, China) and mounted above the aquaria.
Night and day video was recorded in black and
white at 25 frames per second with a resolution of
2592x1520 pixels. The video signals were trans-
mitted through a switch (T1500-28PCT, TP-Link,
Shenzhen, China) to a video recorder server
(MiniNVR AF16, Trassir, Shenzhen, China).
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The experiment was performed in 3 inde-
pendent and time-separated replications between
July 31, 2020 and September 17, 2020. Each
zebrafish was used only for a single replication.
Thereby 216-h video records obtained from
12 zebrafish were then processed.

Data processing. An approach proposed by
Audira et al. [2019] was used for data processing.
One-minute video files were cut from the primary
video record for every half of an hour (from the
15th to the 16th and 45th to 46th min of each
hour). Such duration has proved to be sufficient
for statistical analysis of locomotor activity with
the data appropriately describing circadian
rhythms [Sarasamma et al., 2018; Audira et al.,
2019; Malhotra et al., 2019]. The open-source
software idTracker [Pérez-Escudero et al., 2014]
was used to process each one-minute video file.
The software provided X and Y coordinates re-
flecting the center of the fish body for each frame.
Before the processing, the trajectory data were
filtered using the “minimal distance moved”
method to eliminate slight “apparent” movements
of the fish [Noldus et al., 2001; Shenk et al.,
2020]. The minimal distance threshold was set at
2.6 mm. Then, based on this information, several
guantitative measures of fish behavior that reveal
pronounced circadian rhythms in zebrafish [Au-
dira et al., 2019] were calculated using the Mi-
crosoft Excel formulae. The parameters included:

1. Average swimming speed, cm/s (total
distance travelled divided by total observation time)

2. Meandering, °/cm, reflecting the trajec-
tories irregularity and calculated as the sum of all
turning angles (absolute values) divided by total
distance

3. Average angular velocity,
turning angle divided by total test time)

°/s (total

4. Freezing time, % (the total time when
speed is less than 1 cm/s)

5. Swimming time, % (the total time when
speed ranges from 1 to 10 cm/s)

6. Rapid movement time, % (the total
time when speed exceeds 10 cm/s)

7. Wall preference index (relative time
spent within a 3-cm-wide area close to the walls)

The latter index is calculated upon the formula:

),

where Tw and Tc denote time (s) spent
close to the walls and in the central zone, respec-
tively, while Sw and Sc denote the area (cm?) of
each zone. The index varies from 0 (if a fish never
approaches the walls) to 1 (if a fish keeps the
walls and never visits the central zone).

Differences between the average values of
studied parameters during the light and dark phas-
es were evaluated with a t-test as all data had a
normal  distribution  (Shapiro-Wilk  W-test,
p > 0.05). Time series were analyzed with Rhyth-
micAlly software [Abhilash, Sheeba, 2019]. The
linear trend was subtracted from the time series,
and the data were smoothed with a moving aver-
age window of 7 samples before analysis. Circa-
dian periods under 16: 8 h light/dark cycle and
free-running periods under constant illumination
were analyzed using the Lomb-Scargle periodo-
gram [Tackenberg, Hughey, 2021]. We also used
cosinor-analysis [Cornelissen, 2014] based on the
approximation of a time series by a cosine wave
to identify a mesor (or a rhythm-adjusted mean
that represents the average level of the cosine
wave) and an amplitude (a measure of half
the extent of predictable variation within a cycle)
of studied rhythms.

Tw Tw Tc
WP=30/Got s

RESULTS

Zebrafish displayed a robust circadian
rhythm of locomotor activity and related behav-
ioral endpoints at the first stage of the experiments
under 16:8 h light/dark cycle. Most of the end-
points (swimming speed, angular velocity, wall
preference index, swimming time, and rapid
movement time) were higher during the light
phase and lower in the dark, while meandering
and freezing time followed the reversed pattern
(Table 1). The circadian period in the dynamics of
studied endpoints was 24 h (Fig. 2 ¢, e, g, i). The
average angular velocity and wall preference in-
dex had an additional weaker rhythm with
a 15.84 h period (Fig. 2 g, i). Natural geomagnetic
disturbances with a k-index of 4 did not affect
circadian patterns of behavioral endpoints at the
first stage of the experiments.
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At the second stage of the experiments, the
zebrafish were held at constant lighting and magnet-
ic variation with a 26.8-h period (Fig. 2 b). Inthe
absence of the photic zeitgeber, the studied end-
points, except for meandering, showed significant
free-running rhythms with periods close to 27 h
(Fig. 2 d, f, h, j). These free-running rhythms were
dominant for angular velocity, wall preference in-
dex, and rapid movement time (Table 2). However,
in the case of swimming speed, freezing time, and
swimming time, these 27 h rhythms, while present,
were less pronounced than those with 20 h periodici-
ty (Table 2). Generally, the amplitudes of behavioral
rhythms found within the second stage of the exper-
iments were reduced compared to the first stage
through the emergence of additional rhythms mani-
fested in several peaks on periodograms.
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Table 1. Studied behavioral endpoints in zebrafish at the light (over the dash) and dark (under the dash) phases during
the first stage of experiments

Individual | Swimming | Meandering Average Wall Freezing Swimming Rapid n
speed (°/cm) angular preference time (%) time (%) movement
(cmis) velocity index time (%)
@D)
1 2.41+0.09 34.64+1.26 86.86+5.50 0.54+0.02 16.07+1.60 83.03+1.60 0.91+0.15 134
1.44+0.16 * | 76.60+7.09* | 70.28+6.83 | 0.38+0.04* | 62.78+4.22 | 36.35:4.12 | 0.870.15 | 76
* *
2 2.35+0.09 31.0741.40 70.63+4.01 0.43+0.02 26.54+2.01 72.91+1.98 0.55+0.09 135
1.04+0.12 * | 74.41+6.04 * 53.86+5.59 0.29+0.04 * 69.84+3.82 29.90+3.79 0.26+0.05 * 76
* * *
3 3.68+0.16 | 32.91#1.78 | 117.07+6.46 | 058+0.03 | 8.06+1.20 | 86.81+1.29 | 513+0.83 | 135
154+0.15* | 49.91+2.46* | 64.21+500 | 055:0.04 | 57.23t3.54 | 42.25:3.46 | 0.52+0.12* | 76
* * *
4 3.25+0.10 25.37+0.88 84.39+4.22 0.61+0.02 9.22+0.98 89.19+0.96 1.58+0.23 135
1.40+0.14 * | 57.89+4.96 * 62.63+6.43 0.41+0.05 * 59.20+4.04 40.49+4.00 0.30+0.06 * 76
* * *
5 1.36£0.05 | 38.97+2.43 | 46.32+2.35 | 0.42+0.02 | 43544232 | 56.40+2.32 | 0.0620.01 | 133
0.84+0.08 * | 108.66+11.37 | 52.07+4.09 | 0.64+0.04* | 69.80+3.30 | 30.13+3.29 | 0.07:0.02 | 76
* * *
6 2.3240.11 38.42+1.38 84.88+4.78 0.49+0.03 29.92+2.65 68.98+2.60 1.10+0.20 134
0.77+0.06 * | 49.64+2.84 * 31.22+1.40 0.29+0.03 * 76.00+2.28 23.88+2.26 0.12+0.02 * 76
* * *
7 1.3440.07 32.68+1.76 39.87+2.40 0.33+0.02 52.00+2.53 47.85+2.53 0.14+0.03 133
0.67+0.06 * | 66.67+7.82 * 25.49+2.10 0.57+0.04 * 79.26%2.35 20.63+2.34 0.11+0.02 76
* * *
8 2.09+0.09 | 3584+0.89 | 76.46+4.17 | 0.43:0.03 | 30.80+2.21 | 68.84+2.20 | 0.36+0.06 | 134
0.87+0.09 * | 76.6445.41 * 46.23+3.79 0.39+0.05 72.55+3.44 27.2243.43 0.23+0.06 76
* * *
9 3.6740.10 | 4551#1.00 | 162.39+4.78 | 0.83+0.01 | 10.87+0.76 | 86.13:0.67 | 3.00£0.35 | 135
0.91#0.04 * | 65.60+3.55* | 56.43+2.98 | 0.57+0.03* | 70.84+1.82 | 29.03+1.82 | 0.13+0.03* | 76
* * *
10 1.94+007 | 35.83+1.42 | 6558+3.08 | 053+0.02 | 26.13+1.94 | 73.50+1.93 | 0.37+#0.09 | 135
0.70£0.06 * | 68.71#552* | 3564:2.61 | 051+0.04 | 79.50+2.14 | 20.34+2.12 | 0.16:0.04 | 76
* * *
11 2.06£0.05 | 27.48+0.71 | 56.33+1.81 | 0.56+0.02 | 16.73+0.90 | 83.03:0.90 | 0.24+0.03 | 135
0.8740.11* | 52.63+5.38* | 36.60+3.53 | 0.36+0.03* | 75.10+3.12 | 24.76+3.10 | 0.13+0.04* | 76
* * *
12 1.45+0.08 45.06+2.93 52.40+2.53 0.48+0.02 46.99+2.39 52.64+2.36 0.37+0.15 135
0.50+0.04 * | 89.85+7.28 * 38.01+3.18 0.47+0.04 85.42+1.74 14.51+1.73 0.06+0.01 76
* * *
average 2.3310.03 | 35.31+0.49 | 78.68+142 | 0.52+0.01 | 26.35:+0.65 | 72.49+0.64 | 1.15:0.09 | 1613
(n=12) 0.96+0.03* | 69.77+1.88* | 47.56+1.31 | 0.45:0.01* | 7146+0.93 | 28.29+0.92 | 0.25:0.02* | 912
* * *

Note. Data are given as means * standard error. * Significant differences between values at the light and dark phases.

Table 2. Lomb-Scargle periods, mesors, and amplitudes for the rhythms of studied behavioral endpoints in zebrafish

Parameter First stage of experiments, Second stage of experiments, | Second stage of experiments,

circadian period primary free-running period secondary free-running period

period | mesor amplitude| period | mesor | amplitude | period | mesor | amplitude
Average swimming speed 24 1.852 0.635 20.211 | 1.998 0.103 26.947 | 2.020 0.100
Meandering 24 46.781 19.021 20.211 | 33.405 1.245 17.067 | 33.441 1.021
Average angular velocity 24 67.711 12.045 27.429 | 62.181 2417 20.211 | 61.794 3.309
Wall preference index 24 0.494 0.030 28.444 | 0.571 0.011 16.000 | 0.570 0.010
Freezing time 24 41.746 23.703 20.211 | 25.526 1.566 26.947 | 25.119 1.673
Swimming time 24 57.445 23.529 19.948 | 73.985 1.488 26.947 | 74.390 1.610
Rapid movement time 24 0.809 0.625 27.927 | 0.515 0.094 20.480 | 0.496 0.101

Note. All presented rhythms are significant (p <0.05, Lomb-Scargle periodogram analysis).
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Fig. 2. Diurnal geomagnetic variation (a), experimental magnetic fluctuations (b), and dynamics of zebrafish behavioral
endpoints (c—j) given as a set of double plotted actograms and periodograms. Both natural geomagnetic variation used
at the first stage of experiments under a 16:8 LD cycle (a) and experimental magnetic fluctuations with a 26.8 h period
under constant illumination at the second stage (b) were horizontally directed. Behavioral endpoints measured at these
two stages respectively included: average swimming speed (c, d), meandering (e, f), angular velocity (g, h), and wall
preference index (i, j). Significant periods on Lomb-Scargle periodograms (p < 0.05) are above the solid horizontal line.
The dotted line on the actograms denotes the trends that determine a significant free-running period of about 27 hours.
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Such a multiple-peaked pattern results from dif-
ferent individuals with a predominance of one or
another rhythm in the studied group. However,
even in individuals with a predominance of one of
the most pronounced periods (20+1 h or 2741 h),
a secondary, less prominent peak was often pre-
sent. In two individuals, these two peaks had al-
most equal amplitude. At the same time, several
individuals in the group retained a rhythm with a
period close to 24 h.

At the second stage of the experiments, the
zebrafish were held at constant lighting and mag-
netic variation with a 26.8-h period (Fig. 2 b).
In the absence of the photic zeitgeber, the studied
endpoints, except for meandering, showed signifi-
cant free-running rhythms with periods close
to27h (Fig. 2 d, f, h, j). These free-running
rhythms were dominant for angular velocity, wall
preference index, and rapid movement time (Ta-
ble 2). However, in the case of swimming speed,
freezing time, and swimming time, these 27 h

rhythms, while present, were less pronounced than
those with 20 h periodicity (Table 2). Generally,
the amplitudes of behavioral rhythms found within
the second stage of the experiments were reduced
compared to the first stage through the emergence
of additional rhythms manifested in several peaks
on periodograms. Such a multiple-peaked pattern
results from different individuals with a predomi-
nance of one or another rhythm in the studied
group. However, even in individuals with a pre-
dominance of one of the most pronounced periods
(201 h or 27+1h), a secondary, less prominent
peak was often present. Intwo individuals, these
two peaks had almost equal amplitude. At the same
time, several individuals in the group retained a
rhythm with a period close to 24 h.

The diurnal changes in studied behavioral
endpoints significantly correlated with the experi-
mentally generated magnetic fluctuations and were
not related to the natural geomagnetic variation
except for a couple of weak correlations (Table 3).

Table 3. Spearman rank-order correlations between the behavioral endpoints in zebrafish and magnetic fluctuations in
X, Y, and Z directions during the second stage of experiments (n = 3348 for each correlation)

Parameter Experimental magnetic fluctuations Natural diurnal geomagnetic variation
X Y z X Y Z

Average swimming speed -0.204* 0.116* -0.114* -0.064 -0.113* -0.047
Meandering 0.182* 0.333* -0.160* -0.027 0.028 0.033
Average angular velocity -0.031 -0.582* 0.386* -0.026 -0.043 -0.043
Wall preference index -0.235* 0.415* —0.355* -0.049 -0.040 -0.014
Freezing time 0.182* -0.207* 0.191* 0.033 0.046 0.000
Swimming time -0.178* 0.219* -0.195* -0.029 -0.046 -0.002
Rapid movement time -0.107* -0.049 0.050 —0.066 -0.111* -0.064

Note. The correlation coefficients between the behavioral endpoints and natural diurnal geomagnetic variation are also
given for comparison. This geomagnetic variation would have been if the magnetic field had not been modified in the
experiment. Significant correlations at p < 0.001 (after correction for multiple pairwise correlations) are marked with

asterisks.

DISCUSSION

The circadian rhythms in the dynamics of
the studied parameters at the first stage of the ex-
periment correspond to the known patterns of
zebrafish circadian behavior governed by daily
changes in illumination [Krylov et al., 2021]. Ad-
ditional peaks at 15.84 h on the periodograms for
the wall preference index and angular velocity are
associated with a well-documented phenomenon
of visual-motor response in zebrafish [Burton et
al., 2017]. In the present case, fish preferred walls
to the inner area of the aquarium and showed in-
creased angular velocity at the moments of abrupt
changes in illumination.

It is known that the period of free-running
rhythms in zebrafish locomotor activity under
constant illumination and not-modified geomag-
netic conditions usually becomes shorter than
24 h. Thus, Hurd et al. [1998] reported that such
free-running periods vary in the range of 23.5-
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24.5 h depending on the water temperature. An-
other study revealed the shortening of daily
rhythms in zebrafish locomotor activity to 22.9—
23.6 h under constant dim light [Lopez-Olmeda et
al., 2006]. The free-running rhythm of locomotor
activity in zebrafish also became shorter
(22.9£0.5 h) under ultradian 45:45 min light/dark
cycles [del Pozo et al., 2011]. We found no men-
tion of the zebrafish locomotor activity rhythms
with a period longer than 26 h maintained under
constant illumination without additional zeit-
gebers. Significant 27 h peaks found on the fish
periodograms in the present study coincide with
the period of experimental magnetic fluctuations.
These data strongly suggest that the slow changes
in the external magnetic field may entrain the
free-running behavioral rhythms in zebrafish. This
is also evidenced by significant correlations be-
tween the studied here behavioral endpoints and
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experimental magnetic fluctuations. Earlier, it was
reported that magnetic influence could affect cir-
cadian rhythms in different organisms [Bliss,
Heppner, 1976, Bartos et al., 2019]. However,
until the present study, there were no direct exper-
imental data in support of the entrainment of en-
dogenous circadian oscillators to slow magnetic
fluctuations.

At the same time, zebrafish showed pro-
nounced individuality of the entrainment. These
results are in accordance with previously reported
data on the variability of zebrafish behavioral re-
sponses in general [Hurd et al., 1998; Demin et
al., 2019] and marked individuality of their reac-
tions to magnetic fields in particular [Osipova et
al., 2016; Cresci et al., 2018].

Our results also indicate that under constant
illumination in the presence of a 26.8-hour mag-
netic zeitgeber, competition likely occurs between
the two free-running rhythms found in zebrafish.
One of these rhythms follows the magnetic zeit-
geber and has a visible period of about 27-h. Ap-
parently, cryptochromes could participate in the
entrainment of locomotor activity rhythms with
magnetic fluctuations. On the one hand, it was
suggested that cryptochromes are responsible for
the biological effects of geomagnetic storms
[Krylov, 2017] and magnetic-compass orientation
[Hore, Mouritsen, 2016]. On the other hand, cryp-
tochromes are involved in the transcription-
translation feedback loop as the main elements of
the molecular circadian oscillator [Chiou et al.,
2016; Finger et al., 2020]. Some investigations
revealed a direct link between the magnetic field
intensity and expression levels of cryptochromes
[Wan et al., 2015] and other clock genes [Aglias-
sa, Maffei, 2019]. A possible mechanism of mag-
netic influence on cryptochromes is based
on changes of the singlet-triplet state of electrons
in cryptochrome’s radical pairs, modulating the
functional state of these proteins [Solov’yov et al.,
2007]. These magnetic-field-induced changes
inthe functional state of cryptochromes may,
inturn, affect the repressor functions of the

CRY:PER dimers. At the same time, other ele-
ments of the complex molecular circadian oscilla-
tor network [Chiou et al., 2016; Mendoza-Viveros
et al., 2017] may continue to function in a usual
mode, which would shorten the free-running peri-
od under constant illumination. Due to these pro-
cesses, two or more free-running rhythms with
different periods can arise under the experimental
magnetic influence. In addition, zebrafish possess
various independent cellular oscillators with di-
verse rhythms in different tissues [Whitmore et
al., 1998; Lopez-Olmeda et al., 2010; Frgland
Steindal, Whitmore, 2019]. It can also be the rea-
son for several periodogram peaks found in the
present experiments.

Circadian patterns of behavioral endpoints
at the first stage of the experiments depended on
the light-dark cycle. They were not affected by
natural disruptions of diurnal geomagnetic varia-
tion with a k-index of 4. The magnetic zeitgeber
manifested itself only in the absence of a light-
dark cycle in the second stage of the experiment.
Hence changes in illumination have a greater im-
pact on circadian patterns of zebrafish locomotor
activity than magnetic fluctuations.

It needs to be emphasized that the present
results are significant for the time series obtained
in this experiment. Further research needs to be
performed considering the individuality in
zebrafish responses to magnetic influence under
constant illumination. The present results indicate
a high possibility of the entrainment of circadian
rhythms to slow magnetic fluctuations. More ex-
periments from different scientific groups are
needed to clarify this issue and expand our
knowledge of non-photic cues for periodic biolog-
ical processes. It can opens prospects for manipu-
lating circadian oscillators via magnetic fields.
Further research in the field can focus on studying
the effects of slow magnetic fluctuations on circa-
dian genes' rhythmic expression.

The datasets analyzed during the current
study are available in the “Open Science Frame-
work” repository, https://osf.io/4by9t/
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VIK 577.359

BJIMSIHUE MATHUTHBIX ®JIYKTYALUI HA IUPKATHYIO CTPYKTYPY
JBUTATEJIbHOM AKTUBHOCTH
Y DANIO RERIO (ITPEABAPUTEJIbHBIE JAHHBIE)

B. B. Kpbuios, E. . U3Bekos, B. B. I1aBsioBa, H. A. Ilankosa, E. A. Ocunosa
Hucmumym b6uonozuu eénympennux 600 um. U JI. Ilananuna PAH,
152742 Bopok, fApocrasckas obracms, Poccus, e-mail: kryloff@ibiw.ru

JlBurarenbHas akTHBHOCTE JaHuo (Danio rerio) mMeer spKo BeIPaXKEHHBIN HUPKaAHbIH puTM. [IpH HOCTOSIH-
HOM OCBEIIIEHHUH MTEPHOJI IBUTATEIIFHOW aKTHBHOCTH, KOHTPOJIMPYEMBII 3HIOT€HHBIMU OCHMJUIATOPAMH, Y 3TOTO
BHAa OOBIYHO CTaHOBHTCS MeHee 24 gacoB. UTOOBI OIIEHUTH BOSMOKHOCTD YBJICUCHHS IUPKATHBIX PUTMOB ME-
JICHHBIMH MaTrHUTHBIMH (IyKTyalusMH, OIICHUBAIN JBUTATEIbHYIO aKTHBHOCTh JTAaHHO IPHU TIOCTOSHHOM OCBe-
IICHWH B MarHUTHOM TI0JIe, MeJUIeHHO (QryKTyupyromeM ¢ nepuoaom 26.8 4. [lepuomorpamma Jlomba-Ckapria
BBISIBUJIA 3HAYMMBIC PUTMBI JIBUTATEIbHONW aKTUBHOCTH M CBS3aHHBIX C HEW IOBEJEHYECKUX ITOoKa3artelneil ¢ re-
puogoM okojio 27 4. IlomydeHHble pe3ynbTaThl yKa3bIBalOT HAa BO3MOXKHOCTH YBIICUEHHS LHPKAIHBIX PUTMOB
JaHUO MEIJICHHBIMU MarHuTHbBIMHU K0ﬂ€6aHl/l}1Ml/l. O6cy)1<,ua}oTc;1 npeanojiara€Mble MEXaHU3MbI, OTBETCTBECHHBIC
3a TaKO€ yBJIeU€HHE, BKII0Uasi BO3MOXKHYIO POJIb KPUITOXPOMOB.

Knrouesvie crosa: marautHoe mose, Danio rerio, Kpuntoxpom, HUPKaIHbIA PHTM, CKOPOCTD TITaBAHHSI.
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VIIK 582.259

HOBBIE ®JIOPUCTUYECKHUE HAXOJAKH BOHI!EPHﬁ (VAUCHERIA,
XANTHOPHYCEAE) B EBPOIIEMCKOHU POCCHUHU

B. C. BuminsakoB
Hnemumym é6uonocuu enympennux 600 um. 1.J]. Illananuna PAH,
152742 n. Bopox, SApocnasckas o6xn., Hexoysckuiil p-n, e-mail: aeonium25@mail.ru
Iocrynuina B pegakimro 10.11.2021

[y6aukyroTes Haxonku 17 BumoB pona Vaucheria us 12 anmuHrCTpaTHBHBIX perdioHoB EBpomneiickoii Poccuu:
Bnanumupckoii, Bonrorpaackoit, Boponesxckoii, Kocrpomckoi, JIuneuxoit, Mockosckoit, Huxeropoackoii, Po-
croBckol, TambOoBckoii, SIpocnaBckoii obnacreii, Kpacnonapckoro kpast u Pecriyonmuku Anpires. [IpuBeneHs
KOMMEHTapHUH OTHOCHTEIHLHO MOP(OIOTHH H3YUCHHBIX 00pa3lloB M pacnpocTpaHeHus BuaoB. V. birostris — Ho-

BbIM BuA 1yt EBponeiickoii Poccun.

Knrouesuie crosa: Vaucheria, nosbie Haxonxu, Esporneiickast Poccust.

DOI: 10.47021/0320-3557-2022-26-45

BBEJIEHUE

Bunst poga Vaucheria DC. (Xanthophyceae,
Ochrophyta), mnm Bomepuu, — 3TO OpraHU3MEI
KJjacca JKEJITO-3EJICHBIX BOJIOpOCIIEr
(Xanthophyceae). Bomrepun  pacrpoCTpaHEeHbI
B MOPSIX, IPECHBIX BOJOEMax U Ha BIAXKHBIX MOY-
Bax mo BceMy mupy. B Poccum HacuumrthBaercs
33 Buja u 1 pa3sHOBUAHOCTH, YyTh MEHBIIIE I10JIO-
BUHBI KOTOPBIX OBUIM OOHApYKEHBI B TEUEHHE T10-
cnennux 10 et [3ayep, 1977 (Zauer, 1977); Cu-
punenko u np., 2013 (Sviridenko et al., 2013);
Bummnskos, 2015, 2016, 2019, 2021 (Vishnyakov,
2015, 2016, 2019, 2021); Bumuskos u mp. 2020
(Vishnyakov et al., 2020); u ap.]. TIpuopureTHo
MyOJIMKOBAJIUCh HAXOJKH HOBBIX ISl CTPaHBL,
B TOM YHCJIC HOBBIX Ul HAYKH, BUAOB, B TO BpEeMs
Kak OoJIbIION TuacT QuioprcTudeckoi nHpopma-
UM 110 IPYTUM BHUJIaM OCTaBajcs MaJo BOCTpeOo-
BaHHBIM. [Toka TonbKO A4 baliKanbCcKoro peruoHa

oIyOJIMKOBaHBI MOIPOOHBIE CBECHNUS O MECTOHA-
XOXKJICHUSIX BCEX BCTPEUCHHBIX BOILEpHi [ BuriiHs-
koB, 2019 (Vishnyakov, 2019)]. B HenaBHem co00-
ey [Bumnaskos u ap. 2020 (Vishnyakov et al.,
2020)] mpeacTaBieHBI HOBBIE U JIETATN3APYIOLITHE
JTaHHBIE O HaXOJKaX BOILIEpUH B PErHOHAX €BpO-
nefickoit vactu, 3anagHodt Cubupu u JlaapHero
Boctoka, mpoBeieHa peBH3HMS BCEX COXPAaHHB-
mUXcsl KOJIeKuil. Mexny TeM, HEeMHOTOYHUCIICH-
HOCTb TOYHO OIMCAaHHBIX MECTOHAXOXACHUH orpe-
JIeNsieT aKTyallbHOCTh MyONHUKauy Jr000H HOBOM
(hraopucTrYecKoil HHPOPMAIIHH.

JTO caMoe KpyIHOE JAOMOJIHEHHE K (iope
Bouiepuii EBpomneiickoir Poccum, ocHOBaHHOE
Ha U3YYECHUH MaTepuajoB U3 12 aIiMHUHHCTPATUB-
HBIX PETHOHOB.

MATEPUAJI U METO/IbI

COop wMatepuana mpoBoauwnun B 2013-
2021 rr. Ha Tepputopun Brnagumupckoii, Bonro-
rpaackoi, Boponexckoi, Koctpomckoi, Jluner-
ko1, MockoBckol, Humxxeropoackoii, Pocrosckoi,
TamboBckoli, fpocmaBckoii obnacrer, Kpacho-
nmapckoro kpast u Pecryonmuku Anpires. OTnenb-
HbIE 00pa3ilbl OBUTH TOIYYEHBI OT APYTHUX HCCIIE-
noBarenieii. bosbime Bcero cOOpoB TPOBEACHO
Ha Tepputopun SApocnaBckoro IloBomkbs, rae B
TE€YCHHE HECKOJIBKUX JIET U HECKOJIBKUX CE30HOB
rojia HaOJIrOMaTUCh Pa3HOTHITHEIC BOJIHBIC, THIIPO-
Mop(dHEIE 1 Ha3eMHbIE OMOTONBI. OCTaJIBHBIC pe-
THOHBI U3YY€HbI B OCHOBHOM B XOJI€ JIETHUX JKC-
MEUIUH.

Metonuku cbopa, QuUKcalMid U MUKPOCKO-
MUY MaTepualia He OTIMYAIIUCh OT ONKUCAHHBIX pa-
Hee [Bumnskos, 2019, 2021 (Vishnyakov, 2019,
2021)]. OHu 0CHOBaHBI HA PEKOMEHIAIISX IPYTHX
asropoB [Blum, 1972; 3ayep, 1980 (Zauer, 1980);
Rieth, 1980; Xwunkuna, 2011 (Zhilkina, 2011)].
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N3 MesIKkuX BOI0EMOB U BOJIOTOKOB BOJIOPOCIIH CO-
Oupanu pykamu, U3 IJIyOOKHX — C ITIOMOIIIBIO 3apo-
cieuepratens “xomka”’. B HazeMHBIX OMOTOIAaX
BOJZIOPOC/IM, PacTylllie€ Ha TUIPOI€HHOM TIPYHTE
WIK TIOYBE, CPE3aId HOKOM BMECTE C BEPXHHUM
cioeM cybcrpara. OOpasIbl M0 BO3MOKHOCTH U3Y-
Yalli B )KMBOM COCTOSIHUHU B JIA0OPATOPHEIX YCIIO-
BHUAX, B OCTalbHBIX ClydasX (UKCHUPOBAIH
BO BJII&YXKHOM COCTOSIHUM WJIH TepOapu3upOBalIn.
Jnsa dukcanuu ncnons3oBanu 70%- wm 95%-Herit
stanon U 4%-ue1ii popmanun. [Ipu repbapuzanmu
BOJIOPOCIIH PACTIPaBISsLIN HA JIMCTAaX KApTOHA U CY-
MK Ha BO3AyXe 0e3 WCIOIbh30BaHHA TIpecca.
I'epGapHbie 00pasibl Nepes] UCCIIC0BAHUEM pa3-
Ma4Y1BaJIUCh.

Kax m3BecTHO, TOJIBKO HAJIMYWE Pa3BUTHIX
raMeTaHTHeB (a B ps/ie CIy4aeB — OOCIIOp) ITO3BO-
JISIT oTIpeienaTh BUabI pofa Vaucheria. J{ns obna-
pykeHus GpepTUIBLHBIX HUATEH erne npu cOope ma-
Teprana oOpamani BHUMaHHE Ha ITOCTapEBIIHE,



Transactions of Papanin Institute for Biology of Inland Waters RAS, issue 96(99), 2021

MOJICOXIIINE AEPHUHKH, B KOTOPHIX OHU YacTO IO-
nmagatorcs. [lomaBmstoniee OOJNBITMHCTBO 00pas-
LIOB HA MOMEHT cOopa oOHapyKeHO B (epTHIEHOM
coctossHUU. CTEpUIIbHBIE TaJUIOMBl OTMEUaJIUCh
TJIaBHBIM 00pa3oM B BOJHBIX YCIOBHUSX, U TOTJa
JUTSL OTIpEAeTIEHUS IPOIOIDKAIN UX KyJIbTHBHUPOBA-
HUE B €MKOCTSAX C HEOOJBIINM KOJIUYECTBOM He-
XJIOPUPOBAaHHOM BOAOIIPOBOIHOM BOABI 10 NOSIBIIE-
HUS TaMETaHTHEB. DIIEKTPOIPOBOIHOCTE BOBI CO-
craBisia ~0.5 MCm. EMkocTu pazmenianu Ha ce-
BEPHOM OKHE, IIPeIoXpaHsisi OT Heperpena u mnoma-
JIaHUsI TPSIMBIX COJIHEYHBIX Jy4ded. Bomopocnm
B HUX HaOIroganu Kaxkasle 2—3 nHs. B OoabIIMH-
CTBE CJIy4yaeB TraMETaHTUU MOSBISUINCH Ha 3—
7 neHb, MOCIIE Yero 00pasibl (PUKCHPOBAIIH.
BpeMennrpie WM MOYNOCTOSHHBIE IIperma-
paThl Ha TIUIEPUHE TOTOBUIIMCH ITOCIIE OYUCTKU U
pasnenenuss HUTe. OYUCTKY OT YaCTHIl TPYHTA U
JETPUTAa TPOBOAMIN MEXaHWYECKH B HaIIKax
[leTpu ¢ MOMOIIBIO UTITBI, CTAPASICh HE TIOBPEIUTH
HUTH. {751 OYMCTKM HUTEH, MOKPBITHIX TOJCTHIM
ClIoeM KaJlbIIUTa, OHM 3aMavyHMBajJHCh B CIa0OM
pacTBOpe yKCYCHOW KHCIOTBI. CBETOBask MHUKPO-
CKOTIHSI TPENapaToB MPOBOAMIACH HA MHKPOCKOTIIE

mapku Opto-Edu Co. Ltd (Kurait) B auamazone
yBenundenuii oT x40 go x1000. 'ameranruu Bogo-
pocneit pororpadupoBanich ¢ moMombko HoToKa-
Mephl. B cepusix uaMepeHuil CHUMaau JuamMmeTp HU-
TeH, JUIMHY ¥ ITUaMeTp OOTOHHEB, AUAMETP aHTe-
punueB. Jlns ompeneneHus] BUAOB HCHOIb30BAIH
BCIO JIOCTYITHYIO TaKCOHOMHYECKYIO JIUTEpaTypy,
B TOM YHCJIE€ OCHOBHEIE cBojku [Blum, 1972; Si-
mons, 1977; Rieth, 1980].

W3y4eHnbIe 00pa3nbl pa3MeIeHb! B KOJUICK-
IIMH, KOTOpasi XpaHUTCS B TaOOPaTOPHU aJIbroNIo-
rui  MHcTHTyTa OHONOTMM BHYTPEHHHX BOJ
nM. M. /1. [Tanmanuna PAH. B stukerke cOopa yxa-
3bIBACTCS TIPHHAUICKHOCTh aJIMHHUCTPATHBHO-
TEPPUTOPHAIILHON €AMHUIIE, KOOPAMHATHI (eciH
CHHMAJIKCE), OMOTOTI, AaTa, KOJJIEKTOp, CBEJCHUS
M0 3JEKTPOIPOBOIHOCTH, COJICHOCTH, TeMIepa-
Type ¥ pH Boxsl (ecniu umerotes) U VN, rae n 3To
YHUKaJbHBIH HOMep cOopa B KoJutekuuu. Jlomon-
HHUTEJIIFHO ObLTa M3ydeHa Kosuiekuus boranmue-
ckoro macruryta uM. B.JI. Komaposa PAH (LE),
B KOTOpO#l HaineHbl 5kcukatel V. orthocarpa
Reinsch, meobxomaumele mist MOPQOIOrHIECKOTO
CpaBHEHMS C HalJEHHBIMH 00pa3IaMH.

PE3VJIbTATBHI UCCJIIEHJOBAHUA U UX OBCYXIAEHUE

O6HnapysxeHo 17 BUIOB, KOTOpBIE TIEpeUnC-
JSIOTCS HIDKE B TOpsiike andaButa. Peruonsl,
BIIEPBBIE BKJIFOYAEMbIE B apeajibl BUIOB, OTMEUYECHBI
actepuckoM (*). Bo Bcex ciydasix, Koraa He yka-
3aHO UMS KOJUIEKTOpa, COOpPHI BBITOJTHEHBI aBTO-
powm. IIpu mojcueTe MeCTOHAX 0K IeHUH (001IIee uX
YUCJO Ui KQKIOr0 PErMOHa YKa3aHO B KBaJpat-
HBIX CKOOKax) MOBTOPHBIE COOPHI B TEX JK€ MECTax
HE YUUTHIBAIHCE.

1. V. alaskana Blum (puc. 1A, B)

Spocnasckas o6 [1] Hexoysckuii p-n. Okpect-
HoctH 1. Bopok, 6a3a “CyHora”, rpyHTOBast 1opora, Ha
TIIMHKUCTOM IOYBe, B BBICOXIIEH yxe, 4.1X 2017, V553,
TaMm xe, 12.1X 2017, V96, V415.

Hutn oboemnoneie, mnpsmeie. ['ameraHrun
o0benVHEHHBIE HA TeHEPATUBHBIX BETBAX. AHTe-
pUANHA KPIOYKOBHAHO COTHYTBIE, PAacKpPBIBAIOTCS
omHoit mopo#t (puc. 1A, crpenka). OoroHun
Ha OYCHb KOPOTKUX HOXKaX, KOCO-sIMIeBUAHBIC,
Buucie | Wwim 2, OpHEHTUPOBAHBI BEPXYIIKAMU
BBEPX U B CTOPOHY aHTECPUIMS, UX KITIOBBI OTKPHI-
BAIOTCSl MPOCTOM MOPOM M YaCTO 3arHyThl BHU3,
HE 3aMOJTHSIIOTCS OOCIOpaMH, B Pe3yJbTaTe Yero
B HUX OCTAIOTCS TOJIOCTH, T.H. OOTOHHUAJILHBIC TT0-
noctu (puc. 1B, crpenka).

V. alaskana — 10BOJIbHO pelKHil TONAPKTH-
yeckuii Bug, B Poccun n3zsecten uz Cubupu, Bepx-
Hero lloBomxkes m CesepHoro Kaskasza. Panee
B SIpocmaBckoii 00 oTMeYascss Ha THAPOTEHHBIX
rpyHTax PBIOMHCKOTO BOJOXpaHWIHINA, CHIHHO
oomenepmiero B 2014 1. [Bummaskos, 2015
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(Vishnyakov, 2015)]. Bux BcTpewaercst Ha OTMe-
JISIX ¥ BIIQXKHBIX TT0YBAX, UCIIBITABIINX MPOIOIIKHU-
TeIbHOE 3aToIIeHue. becnonoe pa3MHOXXeHHE He-
M3BECTHO, HAMHU TakKe HE HAOII01aI0Ch.

2. V. birostris Simons (puc. 1C, D)

*Hwuxeroposckas 06m.[1] e. Huowcnuii Hoszopoo,
npaBklil 6eper Bonru, Ha oTmMenu Ha necke, 26.1X 2021,
V918, V919. *spocnasckas 00i. [8] Moiuxunckuii p-H.
Jlessrit 6eper p. Bosra B 1. MBIIIKKH, 3apocITie mecya-
uere otmen, 10.VII 2019, V482, V483; Hexoysckuii p-
H. OkpectHOCTH 1. BOopok, 6a3a “CyHora”, Ha mmo4Be Ha
MecTe BeIcoxteit myxwu, 12.1X 2017, V96, V415; npu-
nopokHBIe BomoeMbl y A. Hos. Ypa, 28.V 2018, V110,
V377; notima p. Unpas B MecTeuke AHAPECBCKOE, Ha
HapyIIEHHOI TouBe oA cHeIThO, 4.V1 2019, V47, V48;
Puibouncrkuii p-n. Tlpaseiii Oeper p. Boara mexay .
I'ne6oBo u KabaroBo, B moHIKeHUsIX Oepera, Ha IIIHHHU-
CTOM TPYHTE IOJT BETOLIBIO TPOCTHUKA, HA OJICPHOBAH-
HOM tecke, 10.1X 2017, V85, V97, V98, V372; kapbepsl
y a. HazapoBo, otmens kapbepa nox JIOII, Ha riune,
26.VI1Il 2018, V140; Tam xe, OTMENb Kapbepa, Ha 3aM-
miesioM TpyHTe cpenu OomotHuUIEL, 26.VIII 2018, V140;
Yenuuckuii p-n. Jlewwiit Oeper p. Bomra B r. Yrimu,
BEpXHsA 4acTh OTMeNH, Ha mecke, 12.X 2019, V678.

Hwutn oboermosnsie, mpsiMbIE HITH BOJTHUCTEHIE.
lameranrnn OOBEIMHEHHBIE HA TEHEPATUBHBIX
BetBsx (puc. 1C). AHTEpUIUN KPIOYKOBUIHO CO-
THYTBIC, JCJIbTOBHIHBIC, PACKPHIBAIOTCS 2 IOPaMH
Ha COCOYKOBHJHBIX BhIpocTax (puc. 1D, uepHbie
ctpenku). OOTOHUU KOCO-SUIIeBHIHbBIE, 1 wim 2,
HAa KOPOTKUX HOXXKax, OPUECHTHUPOBAHBI BEPXYyII-
KaMH BBEPX U B CTOPOHY aHTEPUIMS.
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Puc. 1. Mopdosorus Bumos Vaucheria B n3yuenHbix Matepuanax (00bscHeHHE 0003HaYeHHH B TekcTe). MacuiraGHble THHEHKH: A,
B, D, H, M, N, P -30 mxm, C, E-G, K, L, O — 100 mkMm, |, J — 300 mMxMm.

Fig. 1. Morphology of Vaucheria species in the studied materials (indications are explained in the text). Scale bars: A, B, D, H, M, N,
P-30pum, C, E-G, K, L, O-100 pum, I, J— 300 pm.

A - V. alaskana V96; B — V. alaskana V96; C — V. birostris VV482; D — V. birostris V85; E — V. bursata VV59; F — V. canalicularis
V327; G - V. canalicularis V-369; H — V. cruciata V459; | — V. dichotoma V454; J — V. dichotoma V452; K - V. frigida VV849; L —
V. geminata V132; M, N — V. lii V52; O, P — V. orthocarpa V580.
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KirroBeI 0OTOHHMEB UMEIOT 2, peako | wim 3 mopsl,
HE 3aIlOJIHAIOTCS OOCIOpaMH, B PE3YyJIbTATE 4YEro
B HUX ocraioTcss mnonoctd (puc. 1D, Oemas
cTpenka). becromoe pa3MHOXEHHE HEHU3BECTHO,
HaMH TaKKe He HaOJIr01aJI0Ch.

Penxuii naneapkTUyecKuil BUJl, HOBBIWA NS
Hwxeropoackoii u Spocnasckoii obnacteii, a BMe-
cte ¢ TeM u s EBpometickoit Poccun. Panee 6pu1
m3BecTeH B UpkyTckoii, KemepoBckoit o0macTsax u
PecnyOonmuke ~ bypstus  [Bummskxos, 2016
(Vishnyakov, 2016, 2019; Bumsskos u ap., 2020
(Vishnyakov et al., 2020)]. Ormeuen Ha Geperax
Bonru u Ha MecTe BpeMEHHBIX BOJOEMOB.

3. V. bursata (O. Mull.) C. Agardh (puc. 1E)

=V. sessilis (Vauch.) DC.

=V. repens Hassall

Bnagumupckast 061. [1] I'yes-Xpycmanvuoiii p-u.
Iepecoxmas myxa mo gopore Ha mspk B I. ['ycs-Xpy-
CTaJIbHBIN, Ha NepeyBlaxHeHHoH nouse, 27.VII 2019,
V447, *Bonrorpazckas o6 [1] Ceemnospckuii p-u. 3a-
pocmImii poro3oM KaHajl y BOcTouHOro Oepera o3. Lara,
Ha  BIAXHBIX HCTONTAHHBIX CKOTOM  Oeperax,
25.VI1 2019, V455, V456. *Boponexckas o6u. [6]
2. Boponeorc. Uentpanbublil p-H, pogHUK Mokprlii Jlor
B 1. Pri0aunii, Ha HapymenHoi nouse, 14.VIII 2019,
V575; 6eper BopoHekcKOro BOOXpaHMININA Y CAHATO-
pus uMm. ['opbKoro, Ha OTMENH, Ha JIETPUTE C HECKOM.
18.V111 2020, V869; Jluckunckuii p-1. OKpECTHOCTH XY-
Topa /luBHoropbe, npaseiid Oeper p. Tuxas CocHa, Ha
OTMEITH B paclieNnHax MEX/y CKOIUICHHSIMHU MEJIOBOTO
mebHs, 16.VIII 2019, V581; Cemunyrcxuii p-n. [IpaBbiit
6eper p. lon B r. Cemmnyku, y mapka “Tpu camomnera”,
yCThe Pydbsl B OBpare, Ha IIOYBE BOJIM3H POIHHKOB,
13.VIIl 2019, V571; p. KamsimoBka B 1. Pasmonbe,
Ha mouBe 1o Oepery, 19 VIII 2020, V865; p. Benyra
B 1. 'ybapeBo, mpaBelii Oeper y MocTa, Ha IOYBE,
19.VIIl 2020, V867, V868. *Koctpomckas o6n. [4]
2. Kocmpoma. 3aBomxckuii p-H. Ctapblit kapbep Ha Oe-
pery Bonru, Ha 0OHOXKHUBITUMCS U3-3a MAJCHUS YPOBHS
BOJbI JHC, HAa TJIMHUCTO-IECUAHOM I'PYHTEC U OCCBIIUX
n3 Boabl HUTYATKax, 15. V1 2019, V61; Tam ke, HU3MHA
pAOOM C KapbepoM, B siMaX Ha IVIMHUCTOM IO4YBE,
15.VI1 2019, V62; Tam xe, YepHuruHCcKas HabepexHas,
BPEMEHHBIH BOJIOEM y KOJO/IA, MACCOBO Ha IIyOMHE
Boabl 1o 30 cm, 15.VI 2019, V59; Kocrpomckas cio-
0o/, HaChIMHAs TPYHTOBAs A0pOra K gambe, Ha yIuioT-
HEHHOU mecyanoi mouse, 15.VI 2019, V64. *KpacHo-
napckuit kpait [2] Topoo-kypopm [enenoocux. Pexa
Jxauxot y c. [IpackoBeeBka, HH)KHEE TEUEHHUE, OTMEIIH,
anexkrponposogHocTs 0.49 MCwm, pH 8.38, 23.VII 2019,
V460; p. Xoremait B XxyTope J[)KaHXOT, HIDKHEE Tede-
HHE, Ha BJIQXXHBIX KaMHAX M MEXIy KaMHAMH B MeH-
JIEHHO TeKyIme# Bome, Ha ckomreHusix Cladophora
glomerata, axexrpornposomrocts 0.69 MCwm, pH 8.3,
22.VIl 2019, V461, V462. Mockosckas 06 [1]
2. [ybna. Ilpassiii 6eper p. Bonra y ropoxackoro mapka,
Ha 3aMINEJBIX MECYaHbIX KOYKax, 3apociux AgQrostis
stolonifera, peaxo, 3.X 2019, V655, V656. Hmwxkeropo-
ckast o6 [2] Apsamaccxkuii p-n. c. Tlycteias, Geper
03. Bemukoe, 22.1X 2021, cobp. O.B. Aaucumosa,
V924, 2. Huowcnuti Hoszopood, npasblii Geper Bourn,
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Ha OTMeNH Ha mecke, 26.1X 2021, V918, V919; tam xe,
B 3apocisix Butomus umbellatus, 26.1X 2021, V920.
*Pecniyonuka Anpirest [6] Maiikonckuii p-n. 3a6oo-
YEHHOE O03epKO II0 J0pore K KaHbOHY MHUIIOKO,
Ha mouse, 1.IX 2020, V860; mpaserii Geper p. bemas
amwke TecHunsl, Ha mecua”oi mouse, 31.VIII 2020,
V870; pyueit bon. Pydabro, oTMens MeXIy BTOPBIM U
TpethbuM Bogonanamu, 31.VIII 2020, V871; Geper py-
4ypsi MHUIIOKO B palioHe IEpBOM IPYIIBI BOAONAIOB,
mecuanast otmens, 11X 2020, V872; p. Caxpaii
y 1. Yere-Caxpaid, Bogonan “Tpu bpara”, Ha kamHIX U
Ha mecke Ha otmenw, 3.1X 2020, V874; neBwlit Oeper
p. dax B cranuue JlaXxoBckas, HH3MHA C POTO30M,
Ha HapyIIeHHo# mouse, 3.1X 2020, V875. *TamboBcKas
06n. [2] Mopwanckuii p-n. Pexa Cepn mojx MOCTOM
Tpaccel A-143, mo mpaBomy Oepery, Ha OJepHOBaHHON
MECYAHOM MOYBE U B BOJE A0 TIIyOHHBI 5 CM, DIIEKTPO-
mpoBonHOocTh 0.48 MCwm, pH 8.4, 26.VII 2019, V457,
V458; p. Mau. Iluuaeska y ¢. Main. [luuaeso, moa Mo-
CTOM Ha OTMENH Ha pa3MbiTol mouse, 26.VII 2019,
V459. Spocnasckas o6ia. [108] Boavwecenvckuii p-H.
Jlessrit 6eper p. FOxots HIke nam6s1 B ¢. boin. Ceno, Ha
TpomuHKe B ocounuke, 16.VI 2019, V20; Bpetimosckuii
p-#. beper pyusst Boozabopa Ha ieBoM Gepery p. Cuthb
y . Bpeiiroso, 21.1X 2014, V115; nessrii 6eper p. Cutsb
y . BpeiitoBo, Ha necke u aerpure, 21.1X 2014, V94,
V355; pyueit y nn. JaBeinosckoe u Haszapuxa, Ha Oe-
TOHHOH IUINTE, Cy0a’pOdUILHO B MEJIEHHO CTEKaro-
meid Bome, 19.VI 2015, V353; ssma 0KOJO JIOJ0YHOM
npuctann Ha p. YecHama, Ha rpyHTe, 26.VIII 2013,
V213; mpyn y nomodHOW mpucTaHH Ha p. YecHaBa,
Ha rpyHTe y Oepera, 26.VIII 2013, V214, V215; nec
y a. bop-Zlopkn, HHM3MHA cO ciaegaMHM  JIOCEH,
14.1X 2018, V70, V441, okpectnoctu 1. bop-Hopkw,
HU3WHA 3a monsimu y JIOII, va mouse, 17.1X 2014, V95,
V218; nec y n. [lyOen, Ha 3aTeHEHHOW TPYHTOBOM JO-
pore K BOJOXpaHMJMILY, Ha 3aMIIENOH MO4YBe,
14.1X 2018, V68, V440; okpectHoctu 1. ['openoBo, Oe-
per p. YecnaBa, MmenkoBoabe, 14.IX 2018, coOp.
A.A. TuxoHno, V368. okpectHocTu 1. ['openoBo, men-
koBojbe p. YecHaBa, 58,237484N, 38,107407E, mpu-
OpexxHBI OCOYHHMK, Ha mouse, 13.VI 2019, cobp.
3.B. T'apun, V18. Mouukunckuil p-u. Pydeir CtyneHbid
BONM3M BnageHus B “Mruumunerickuii” npyx B T. MpI-
KHH, 1o ype3y Bousl, 14.VI1 2015, V351; peka B 1. 3apy-
OWHO, OTMeJb, Ha TIJIMHHCTOM 3aMILIENIOM TpPYHTE,
14.V1 2015, V242; p. MypaToBKa OKOJIO IOPOTH MEXIY
i. AutumnoBo u TpeTbskoBKa, B BOJAE Ha KaMHSX,
14.VI 2015, V375; nessrit O6eper p. Boara B r. M-
KHH, 3apociue necuaneie otmenu, 10.VIII 2019, V482,
V483; Hekoysckuu p-u. 3abonoyeHHOE 03epo B 1. bo-
POK, Ha IPOLLIOTOJHEM oraje Oepesbl, cpenu paspe-
KEHHBIX  3apociedl  NoAMapeHHWKa ¥ XBOIIA,
27.VI11 2013, V221; tponmaku B mapke y bapckoro
npyna B 1. bopok, Ha 3amuienoil moyse moja rpaBuia-
tom, 14.VII 2013, V201, V222; 6eper pyuss CyHOXKKa
B 1. bopok, Ha 3amepHOBaHHOW TOYBEe IO Oepery u
Ha rimHUCTOM TpyHTe, 21.VII 2013, V195, V199, V202,
V203; mpunoposxHast kKaHaBa B OepesHsike B 1. bopok,
Ha 3amiienoi mouse, 28.VII 2013, V418; tam xe, kones
IpyHTOBOM poporw, Ha mouse, 15.VIII 2017, V651; Ge-
per oOBaJIOBaHHOTO 03epa PAIOM C KaHaJIoOM PriOuH-
CKOro BAXp. B II. bOopok, Ha mouBe cpeau 3apocieu
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Zizania latifolia, 3.VIII 2013, V196; npuaopoxHas Ka-
HaBa B 1. bon. 3amomel, Ha TpyHTE TO ITHY BBICOXIIIETO
atemepHoro Bomoema, 7.VI 2015, V224, V247; npumo-
pPOXHasl KaHaBa TOpOTrH Ha c. Jlankoe, B Boge Ha MXax,
16.VI1 2015, V383, p. Jlatka y MmocTa moporu Ha c. Jlai-
koe, Ha mouse, 11.VIII 2013, V416; p. Jlatka y mocTa
y moBopoTa Ha 1. UypuioBo, mo Gepery u Ha OETOHHOU
obmumoBke, 29.VIII 2013, V404; tam xe, Ha OBICTpHHE,
7.V1 2015, V439; Gepera MXTHOJOTHYECKOTO KaHaja
PribuHcKOTO BIXp. ¥ 1. Bopok, Ha rpyHTe 1o Gepery,
18.VIII 2014, V362; tam xe, 2.V 2015, V243; npumo-
poxHbIN BomoeM B a. ['opku, Ha rpyHTe mo Oepery,
14.V1 2015, V378; nec y roctiHHAIH B 11. Bopok, Ha 3aM-
eI IMOYBe W Ha KpOTOBUHAX, 9.VIII 2013, V233; Tam
’Ke, Ha MOYBE W JIMCTOBOM OIAJe B BECCHHEH Iyxke,
10.VI 2015, V223; tam >Xe, Ha JIMCTOBOM OIIaJE,
12.VII1 2017, V228; Ttam e, TpyHTOBas [Opora,
Ha yrutotHeHHOH moue, 15.VIII 2017, V650; tam xe,
30.V 2018, V125; p. Unbab y A. 3apyube, Ha TPYHTE IO
BETOIIIBIO TPOCTHHKA, 3.V 2014, V206, V208, V359; oT1-
Mmens p. Unbae mon x/m moctom B c. Hos. Hekoys,
Ha KaMHSX ¥ Ha KOPHEBHINAX OMexHHKa, 28.V 2018,
V66, V411; okpanHa nansu Ha Gepery p. Uibab 3a xpa-
MoM B ¢. HoB. Hekoy3, Ha o1epHOBaHHOHN YIIIIOTHEHHOM
rmuHuCToM nouse, 1.VI 2018, V181, p. Curts y 1. Jloma-
THHO, B oiimMe Ha rpyHTe, 19.V12015, V225, V251; Tam
ke, Ha OTMEJH B ycThe pyubs, 18.VIII 2018, V135; tam
JKe, Ha BBICTYIIMBIIEM H3 BOJBI 3aMIIEIOM BalyHE,
18.VIII 2018, V139, V326; p. I'pemsimika okoio 1. To-
MOPUILEBO,, PBIXJBIMH  CKOIUICHHSIMH B BOJE,
19.VI1 2015, V360. rpyHT y CTCHBI 3MaHHs OOJIbHHUIIBI
B 1. bopok, 1.VII 2014, V220; npyn bapckwuii B 1. Bo-
POk, Ha 3amimenoM rpynte, 6.IX 2014, V207; kapsep
Ha okpaune 11. [[lectuxuno, 0 ype3y Bogsl, 14.VI 2015,
V381; 3abomouennsiii Bomoem B C. Crapeni Hekxoy3
okono xpama, 19.VI 2015, V345; crapas mnpotoka
p. lllymapoBka, eTUHUYIHBIC XJIOMbS HA MSTKOM PBIXJIOM
rpynre, t 7°C, anekrponpoBonHocth 375-400 MrCw,
pH 7.73, 7.V 2017; nyxa ¢ Tajoi BOJIOW Y AOPOTH Iepe]
1. [Toropenka, Ha THUIOIIUX JIUCTHAX, BeTKax, 7.V 2017,
V99; pyueii CyHoxka B 1. bopok, 26.VIII 2013, coGp.
J. Iecns, H. Hazapos, V204; 6eper pyubsi CyHOXKa
y A. bon. JIpIKOHOBO, Ha TpyHTE IOJ BETOLIbIO BEH-
Huka, 7.V 2017, V442; tam xe, 5.VI 2015, V253; tam
xe, 23.1X 2017, V417; rpyHTOBas 1Opora B CTOPOHY
6a3sl “CyHora”, Ha HapyIICHHOH IMOYBE MO KParuBOH,
3.VI1 2017, V421, tam ke, B Iy’Ke Ha TPYHTOBOM JJOpOTe,
5.VII12017, V193, V357; Tam ke, Ha TIMHUCTOM IIOYBE,
4.1X 2017, V553, Tam xe, 12.1X 2017, V96, V415; npa-
BbI mpuTOK p. CyTKa y JOPOTH, Ha MOYBE, 3apocIien
Riccia, 18.V1 2017, V424; xoneu ctapoii pyHTOBOH J10-
poru x bapckomy npyny B 1. bopok, Ha nouse, aKCTO-
BoM omazne Oepessl u mumsl, 14.VII 2017, V178, V232,
V426; tam ke, 29.VIII 2017, V367; Tam ke, 24.V 2018,
V336; tam xe, 13.VII 2019, V314; nuBHeBas KaHaBa
Bc. HoB. Hekoy3, B MeIJIEeHHO TeKylleld BOAE H
Ha mo4Be 1o oepery, 19.VI1 2015, V373; npenaxubie ka-
HaBbl B ¢. HoB. Hekoy3: oO6BonHeHnHast kaHaBa yi. Co-
BETCKasl, IIABAIOINIHE ICPHUHBI Ha MOBEPXHOCTH BOJBI
u Ha rpyHTe 1O ypesy, 3.IX 2013, V354; tam xe,
30.VI 2017, V189; tam e, BbICOXIIIas APCHAKHAS Ka-
HaBa y goma Ne 14, Ha aue Ha mouse, 7.VI 2019, V190;
TaM JKe, KaHaBKa PSAIOM C KOIAHBIO y aBTO3AIIPABKH,
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28.V 2018, V380, V413; Tam ke, KaHaBKa Ha DPBIHKE
28.V 2018, V89; Tam xe, KaHaBa y KOIAHOI'O Mpy1a
y nomurn, 28.V 2018, V348; tam xe, 00BOTHEHHAS
IpeHakHas KaHaBa yi. JIeHnHa, 0 JOpoTe K IOINKIH-
HUKe, Ha TIyomae Boas! 0—15 cM, maccoso, 1.VI 2018,
V128; tam e, Ha TPyHTE y BOABI IO IHY KaHABHI,
1.VI 2018, V129; tam ke, CTCHKA JPCHAXKHOW KaHABBI
no yi1. Coserckas B ¢. HoB. Hekoys, y mapka, Ha rojioi
rmHECTOM mouse, 21.V 2018, V341, V342; tam xe,
28.V 2018, V183, V185; tam xe, 1.VI 2018, V184,
V/186; tam xe, 18.VIII 2018, V136; okpectHOoCTH 1. BO-
POK, 2-€ caJloBOJICTBO, OTOPOJIbI, Ha TouBe, 22.V 2018,
cobp. B.B. ComoBreBa, V112; tam ke, Ha moOuBe,
12.VII1 2018, coop. B.B. Conosbesa, V141, mpuaopox-
HbIe BogoeMbl y 1. Hos. Ypa, 28.V 2018, V111, V377,
BBICOXIIIAs JTy’Ka Ha TPOIE HXTHOJIOTHYECKOTO KaHalla B
. bopok, 3.VII1 2018, VV133; rpynToBas gopora mo Oe-
pery mopToBOro KaHana B II. BOpOK, Ha MecTe BBICOX-
el ayxu, 25.VII 2018, V134; rpyHroBas nopora us3
Bon. B Mai. [IpsIKOHOBO, B TIIYOOKHX KOJIESIX Ha ITOYBE,
+ Botrydium granulatum, 18.V 2019, V40; nusHeBas
kaHaBa y foMa Ne 41 B i. bopok, Ha 3aMIesnoi riuHu-
croii mouse, 30.V 2019, V28; cBexeBbIphITas IPEHAK-
Has KaHaBa joporu Ha A. Ky3pma-JleMbsiH, Ha TIIUHH-
croii mouse, 4.VI 2019, V53; pyueit y moporm Ha
1. KyspMma-JleMbsiH, Ha OYBE, aJUTFOBUU, PACTUTEIBLHOM
BETOIIN, 3aMIICIBIX KOPHEBUINAX CHBITH M MaropoT-
HuKa, 4.VI 2019, V51, V52, V54; mecteuko AHIpees-
CKOe, TPy, Ha MIEPECHIIICHHON BIaroil BETOIH 1o Oe-
pery, 4.VI 2019, V27; mecteuko AHAPEEBCKOE, CIYCK
K Mnbay, Ha yTonTaHHOM 3aMIlIeNiof MOYBe MO/ JIOIMy-
xoM u cHbIThiO, 4.VI 2019, V26; otmens p. Unbas
B ¢. Mapb1HO, Ha IOYBE, NOKPHITON MIATKUM aJIITFOBUEM,
4.V1 2019, V45; noiima p. nbas B MecTeuke AHIpeeB-
CKOe, Ha HapyIIECHHOH MmouBe 1mox CHBITHIO, 4.VI 2019,
V47, V48, Geper xpynHo#l komanu B a. Mai. JIpsko-
HOBO, Ha HapylIeHHOH 3amuienoil mouse, 19.V 2018,
V113; kmymba B meHtpe mn. bopok, Ha TmOuYBe,
27.1X 2019, V649; p. lllymaposka, Henaneko ot 1. bo-
POK, OTMENb, B pa3pekKCHHBIX 3apOCIIX MaHHHKA,
Ha netpute, 28.1X 2019, V654; okpanHa manau B 1. J{a-
HUJIOBO, B MOHIKEHUH HA MECTE BPEMEHHOT'O BECEHHETO
BojgoeMa, Ha 3ammenoi mouse, 9.1V 2020, V851.
Hekpacoeckuii  p-n. urr  HekpacoBckoe, Tmpyn
Ha niep. [Iponerapckuii, B Boje, 3JIEKTPONPOBOTHOCTH
689 mxCwm, 7.VII 2019, V316; Ilepecrasckuii p-n. Ilpu-
JIOpOXKHAs KaHaBa y Jopord Ha 1. CaBenbeBo, Ha IIIMHE,
17.1X 2017, V91; OGeper mpyma B na. BamryruHo,
Ha yIUIOTHEHHOM nouse, 17.1X 2017, V443; Boct. Geper
03. [InemeeBo, Ha HAPYIICHHOW TIOYBE U HA CJIOC THUIO-
mmx mMakpoduroB Ha Oepery, 17.1X 2017, V118; npe-
HakHas kaHaBa B a. KpacHas [lepeBHs, Ha TJIMHUACTOM
TpyHTE Ha MecTe BhIcoxmien yxu, 17.1X 2017, V119;
ot™enb p. Hepnb, y noporu mexay na. Craposo u [Tie-
9eBO, HA PBIXJIOM aJUTIOBHM B 3apOCISIX  OCOK,
12.V1 2018, V156; ormens mputoka p. Hepis y moBo-
pota moporu Ha 1. [InmedeBo, HUXKE CTApOTO MENbHUY-
HOTO TIpyJa, Ha aJUTFOBHH U MOTPEOCHHBIX CKOIUICHISIX
psacku, 12.VI 2018, V157; Pocmosckuui p-u. Oxoio
. Jlerckoro canatopus HWrmaps, OOIIT “Jlecomapx
cranuuu Wtnape — lansnuHckue maun’, Ha Oepery
OC3BIMSHHOIO pydYelika y MecTa ero BIaiCHUS
B p. Hepsib, moa 3apocisiMe  KpamwBbl M TaBOJTH,



Transactions of Papanin Institute for Biology of Inland Waters RAS, issue 96(99), 2021

Ha moyBe, 56°50'49.82" c.m., 39°14'16.74" B.1.,
22 V111 2018, cobp. 2.B. I'apun, V319; r. Pocros, aHO
OeTOHMPOBAaHHOW ApeHaKHOW KaHABHI 1O yiI. JlyHaugap-
ckoro, 22.V12019, V1, V2; Puibunckuii p-n. O6coxmmii
mpaBkelii Oeper p. Bonra B r. PRIONHCK, Ha TpyHTE B Me-
CTe BHITyCKa JIMBHEBBIX cTOKOB, 13.IV 2015, V254,
mpuycTheBas 30Ha p. Uepemyxa B T. PRIOMHCK, OTMENB,
1-1.5 M oT ype3a BOJIbI, HAa IOYBE MO/ 3aPOCIIIMHU OCOK,
26.VIIl 2018, V132, V328; Geper p. Bosra mexmy
nn. ['neboo um KabatoBo, B mOHMWKEHUsX Oepera,
HA MJIMHUCTOM TPYHTE TOJ BETOIIBI TPOCTHHKA,
Ha ofiepHOBaHHOM mecke, 10.1X 2017, V85, V87, V97,
V98, V372; p. Kopmuna y a. KabaToBo, Ha mMoBepXHO-
ctu mara u3 Cladophora glomerata, 10.1X 2017, V86;
Tymaesckuii p-n. Ilolima p. Ypaoma, rpyHTOBast Aopora,
Ha MmouBe mox KameimoM, 24.V 2019, V43; p. Ypooma
HIDKe Hoporu PrionHck-11lamkoBo-TyTaes, Ha TedYeHUN
Ha cTeOle CXEHOIUIEKTyca, SJCKTPOIPOBOIHOCTH
520 MxCwm, 24.V 2019, V25; p. Its mox MOCTOM JA0pOTHU
Tyraes-Spocnasie, Ha OBICTPHHE HAa KaMHSAX B 3apoc-
JISIX IIIEJIKOBHUKA M CXCHOIUICKTYCA, DJICKTPOIPOBO/I-
Hocth 502 MkCwm, 24.V 2019, V24; pyueii-npurox
p. Utb y Mecra mepeceueHus noporoi Tyrtaes-fIpo-
cnaBib, psagoM c¢ 1. JymuHckoe, otMens, 24.V 2019,
V44, Venuuckuii p-u. . Yramd, poB Kpemist (ycTbe
p. lllenkoBka), Ha CKOIUICHHAX IETPUTa HA OTMEIH
o ieBomy Oepery, 25.1X 2017, V152, V347; r. Yriny,
KIym0a B Kpemile, Ha 3aminenoil mouse, 25.1X 2017,
V191, neserii 6eper p. Bonra B r. Yriany, BepXHsis 4acTh
orMenu, Ha mecke, 12.X 2019, V678; c. 3omoTopyuse,
Ta30H, Ha 33JIEPHOBAHHON MOYBE MO/ JTIOTUKOM U CHBI-
110, 29.1X 2017, V120; nyxa y noporu Yriaud-bBopu-
cornebck y orBopoTta Ha HoBo, B Bome, 17.IX 2017,
V117, V393; kanaBa y moporu Yriaud-bopucorieock,
1. OBuanmu [lonropHsie, TpyHT Ha MECTE JIETHETO dde-
MepHOro Bojoema, Ha mimHe, 17.IX 2017, V255;
p. Yaneiima, Opon mexay na. CaBUHO U AHTYXOBO, Mac-
COBO HAa MEJIKUX KaMYIIKax Ha TCYCHUH, JICKTPOIMPO-
BoaHOCTh 467 MkCwMm, 23.VI 2019, V10; crapuna p. Ko-
poxeuHa B 1. DoMuHCKOE, B BOJE, MACCOBO, DIICKTPO-
npoBoHOCTh 583 MxCwM, 12.X 2019, V675; mpaBsrit Oe-
per p. Kopoxeuna B 1. @omunckoe, ormens, 12.X 2019,
V676; Tam xe, Ha ype3e BOJABI Ha KOPHEBHUIIAX CXEHO-
IIeKTyca, 3nekTponpoBoaHocTs 520 MxCwm, 12.X 2019,
V677; 2. Apocrasns. KupoBckuii p-H, KaHaBa Ha IIPaBOM
oepery p. Kotopocis, Ha TpyHTE cpenu 3apocield po-
ro3a u uepensl, 5.1X 2013, V638; nessbrit 6eper p. Koto-
pocib, Ha TPYHTE, Ha HUCTONTAHHOW IMOYBE, HA ype3e
BoJLI M oA Bomoii, 9.X 2017, V153, V406; tam xe,
Ha JICTPUTE MEXKy KAMHSIMH CPEIU 3apOCIIeii OCOK, I0-
JICBHIIBI, OOJOTHHIBI, JACpPOCHHMKA W Ha IECKe,
20.VI1II 2018, V131, tam e, Mo MOCTOM B siME, Bpe-
MEHHO UMeroIeH cBs3b ¢ pekoit, 3.VIII 2019, V477, ne-
BEIiH Oeper p. KoTopocis, ycThe moa3eMHOTO pydeiika,
Ha TIOYBE ¥ BIAXKHBIX KaMHsIX, 3. VIII 2019, V480; [I3ep-
JKUHCKHUH p-H, BparmHo, HapymieHHas 1MoYBa y TPOIIBI
K PEYHOMY BOK3aITy, B KOJIESX U HA X CTEHKAaX MO Tpa-
BO#, MaccoBo, 11.V 2019, V39; Bparuno, kKapbepsl,
HaTnyd. Bomel A0 50 cM, 3JIEKTPOIPOBOIHOCTH
220 mxCwm, 24.V 2019, V11; KpacHomnepeKkonckuii p-H,
Oeper mpyna KpecroBckmii B mapke HedrsHukos,
Ha mouse, 16.VI 2019, V21; Apocrasckuii p-n. Oro-
ponbl B a. OOpasnoBo, Ha IOYBE TMOJN SOJOHIMH,
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27.1X 2016, V245; KiiumoBckuii Kapbep, Oeper, Ha 3a-
IIECYaHCHHON BETOIIM B MECTE moAacTyma K BOJIC,
16.VI 2019, V19; ormens p. Benukas y 1. Kinumosckoe,
Ha mecke, 16.VI1 2019, V22; Kapabuxa, HwkHuii mapk,
y BepxHero npyna, Ha nouse, 23.VI 2019, V3; npenax-
Has KaHaBa B ¢. TyHommHa y ComHeyHOT0 mapka, Ha Iie-
perHuBIIHX JHCThsIX Tomous, 3.VII 2019, V241; npa-
BbIi Oeper p. Bonra y n. Bosnra, Ha cunbHo-3aMienom
OACPHOBAHHOM IIE€CKE B 30HC BpEMCHHOI'O 3aTOIVICHUSA U
Ha otMensx, 7.VI 2019, V289, V312; tam ke, Ha 3aM-
nrenoi mouse moj ckiaonom, 7.VII 2019, V290; uckyc-
CTBEHHBIM BOJOEM IOJA MOCTOM Tpaccel M-8 B c¢. Ty-
HOITHAa Ha JieBoM Oepery p. TyHOIIOHKa, WMErOIIUit
CBA3b C PEKOH B MepHOJ MOABEMA YPOBHEH, MaccoBO,
anekrpomnpoBogHocTh 809 MxCwyM, 7.VII 2019, V386.

Hurtn o6oenomnsie, mpsiMble. ['ameTanruu cu-
JSTYHe, UX TPYIIY MOTYT COCTaBJISThH 1 00TOHUM U
1 anTepumuii WM 2 OOTOHMSI U 3aKITFOUCHHBIN
MEXKTy HUMH aHTepuanii (puc. 1E). Aurepuuii Ha
KOPOTKOM TIPSIMON HOXKE, KPIOUKOBUJIHBIN, pac-
KpbIBaeTcsd OAHOM mopoi. OoroHmu Koco-sile-
BHJIHBIC WU STAIICBUIHBIE, TTPMKATHIC K HUTH WA
OTTONIBIPEHHBIE, ¢ KOPOTKUMH KIIIOBaMH, 00pa-
LIEHHBIMU B CTOPOHY AHTEPUAMEB WIH PaCIOJIO-
JKEHHBIMHU BepTUKalIbHO. becnonoe pasMHokeHHe
MTOABMKHBIMH CHH300CTIOPaMH, KOTOPBIEC 9aCTO OT-
MEYalluCh HaMH B 00paslax, MPOUCXOJSIINX
13 BOJIOEMOB.

KocmormonmutHeIH, caMblii 4acTO BCTpEUaro-
muiics B Poccum Bua. OOuTaer B BOJOEMAX,
Ha TI0YBaX U B PA3IMYHBIX TUAPOMOPQHBIX YCIIO-
Busix. C 3THM CBsi3aHa CHJIbHAsI W3MEHYHMBOCTH
BHJIa B YaCTH pa3MEPOB HUTEH, OOTOHUEB H, COOT-
BETCTBEHHO, oocmop. W ecnu nuamerpa HUTEH He
NPEACTABISIET UHTEPECa AJIsl OUEHKH TaKCOHOMMU-
YECKOro CTaTyca TeX WJIM MHBIX TMOIYJISIHHA, T0-
CKOJIbKY TIOJBEPXKEH CHWIBHOM H3MEHYHUBOCTHU
[Entwisle, 1987], To pa3MepHbIe XapaKTEPUCTUKH
OOTOHHUEB BaKHBI JIJIS OTPaHUYCHUS BUIA OT OJIM3-
KUX ¥ JO CHX TOp UW3YYCHHBIX TaKCOHOB.
ITo Hape)kHON TaKCOHOMUYECKOH JTUTEPATYpE U3-
BECTHO, YTO MaKCHUMAaJIbHbIC 3HAYEHUS JIUHBI 00-
roHHEeB MOryT coctaBiath 130 mxm [Entwisle,
1987], HO 4are yKa3bIBalOTCS MEHBIITHE €TO BEIH-
qunel: 110 Mxm [3ayep, 1977 (Zauer, 1977), uc-
kmouas gandeie s V. sessilis f. orthocarpa
(Reinsch) Heer. u V. sessilis f. major (Smith) Zauer
comb. inval.], 115 mxm [Rieth, 1980], 116 mxm
[Simons, 1977]. Cawmpble IMHHBIE OOTOHHH
(152.5 mxM) oOHapyxeHbI B Marepualie U3 Bpe-
MeHHOTro Bomoema B Koctpome (oOpaser; V59),
YTO TAKUM 00pa3oM eImie OOJbIINe PacIIHpUiI0
MPEICTaBICHUs 00 U3MEHYMBOCTH BUa. B ocTaib-
HBIX MaTepHajax AJIMHA OOTOHUEB PEAKO IMPEBBI-
maa 110 MxMm.

4.V. canalicularis (L.) T.A. Chr. (puc. 1F, G)

= V. woroniniana Heer.

*Bnagumupckas o6 [1] I'veb-Xpyemanvnwlii p-
H. Hepecoxmas{ JIy’Ka 10 A0pore Ha IJIAXK BT. FYCL'
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XpycTanbHbIH, Ha  IepeyBIaXKHEHHOM MoYBe,
27.VI1 2019, V447. *Boponexckas obi. [4] Cemunyx-
ckuii p-u. Ilapx “Tpu camornera” B r. CEMUITYKH, HCKYC-
CTBEHHOE 03epO B OBpare, 3apOCIIMii poro3omM Oeper,
Ha mouBe c BeimBeTtamu couseii, 13.VIII 2019, V5609;
mpaBkrit 6eper p. oH B 1. Cemunyku, y nmapka “Tpu ca-
MoJjiera”, yCThe Py4bsl B OBpare, Ha I0YBe BOJIM3U POJI-
uukos, 13.VIII 2019, V571; Tam ke, yctbe p. [eBuna,
Ha MSITKOM ~ @JUTIOBUM B 3apOCISX  ©KETOJIOBHHKA,
13.VII 2019, V572; p. Kamsiuoska B a. Paznoinse,
Ha nouse 1o Oepery, 19 VIII 2020, V865. *Kpacunonap-
cKuil kpaii [6] Anweponckuii p-n. Pexa Kypmxumnc Ha
BbIxoie u3 ['yamckoro yiiesbs B xyrope ['yamka, ieBbiit
Oeper, Ha 3aMIIENbIX KAMHSAX U YaCTHYHO B BOJE POJI-
HUKa, OAJekrponpoBogHocTh 347 MxCm, pH 7.9,
2.1X 2020, V863; I'opoo-kypopm [enenoscuk. Pexa
Jxauxot y c. [IpackoBeeBka, HUKHEE TEUCHHUE, B BOJIC,
anekrponpoogHocTs 0.49 MCwum, pH 8.38, 23.VII 2019,
V460; p. Xoreuait B xytope /[)KaHXOT, HHXKHEe Tede-
HHE, Ha BJIQ)KHBIX KaMHSX M MEXIy KaMHSMH B Mel-
JIEHHO TeKyme Bome, Ha ckomrenusix Cladophora
glomerata, snexrponposoanocts 0.69 mMCwm, pH 8.3,
22.VIl 2019, V461; Cnassauckuii p-n. JleBbiii Oeper
p. Ky6ans y xyropa [IpukyOaHckwmii, Ha ype3e BOIBI U
B 0.5 M o1 Oepera, MeX/y BOJHBIMH KOPHSIMU MB Ha all-
moBun, t 26°C, pH 8.36, 3mexkTponpoBOAHOCTH
271 mxCwMm, 20.VII 2019, V470, V471, npassiii Geper
p. Kybanp y cranunsl Bapenukosckas, ormenn B 0.5-
1.5 M OT ype3a Bo/ibl, Ha MEIIKO3EPHUCTOM HECKE C JeT-
putHbiM aumroBueM, 21.VII 2019, V472, VAT73; Tyan-
cunckuul p-n. Pexa Hewencyxa B m. HoBomuxaiiaoB-
CKHii, BpeMeHHasl MPOTOKA, B KOTOPYIO Pa3rpyKaroTcs
poauukH, peako, 23.VII 2019, V469. *JTuneukas o01.
[1] 3aoonckuii p-n. Bogonan Ha PycaHOBOM pydbe y .
Kproxoso (TIIT “/Tonckue Oecenpl”), Ha MXax B 30HE
opomeHus Opsizramu, 18.VII 2019, V444, V445, \/446.
MockoBckas 0611. [2] e. /[yona. TpaBsiii 6eper p. Bonra
y TOPOJCKOTO TMapKa, Ha 3aMILEIbIX MeCUYaHbIX KOUKax,
3apocmux Agrostis stolonifera, penxo, 3.X 2019, V655,
V656; npaBeiii Oeper p. Bonra Hibke TOPOACKOTo Mapka,
3a yi. JIeHWHTpaJcKas, Ha 3aMIIEIOM Oepery BOJIU3M
ype3a Bogel, 3.X 2019, V657, V658. *Pecny0Onmka
Anpirest [5] Maiikonckuil p-1. 3a00I04€HHOE 03EPKO TI0
Jiopore K KaHbOHY Muoxko, 44°16'47.1"N
40°11'05.9"E, ma mouse, 1.1X 2020, VV860; ponank Ha
TEPPUTOPUH TOCTEBOTO JoMa “DrenbBeiic” B m. Kamen-
HOMOCTCKHM, Ha MEPECHIIIEHHOM BJIarol TpyHTE, 3JeK-
TpomnpoBoaHOCcTh 846 MxCwm, pH 7.9, 3.1X 2020, V861;
mpaBeiii  Oeper p. bemas B m. KamenHomocTckwmid,
44°17'53.6"N 40°10'34.1"E, coobmectBo Vaucheria u
Spirogyra B Mectax coveHHs BOJbI, HA MOYBE, Mecya-
nuke, 30.VIII 2020, V862; p. Caxpait y n. Ycrs-
Caxpaii, Bomomag “Tpu Bpara:, Ha kKaMHSX ¥ Ha ITecKe
Ha ot™enH, 3.1X 2020, V874, neserii 6eper p. JJax B cTa-
uune J[axoBckas, HU3WHA C POTrO30M, Ha HApPYUICHHOM
nouse, 3.1X 2020, V875. *Tambosckas o6ia. [1] Mop-
wanckuu p-n. Pexa Cepr mox moctoM Tpaccsl A-143,
0 TpaBoMy Oepery, Ha 0JIepHOBAHHOW MECYAHOM TOYBE
M B BOAE JO MIyOUHBI 5 CM, BJIEKTPONPOBOAHOCTD
0.48 MmCwm, pH 8.4, 26.V1I 2019, V457, V458. fpocnas-
ckast 00n. [37] Borvwecervckuii p-n. JleBblii Oeper
p. FOxots Hmxe mamo6b1 B ¢. bon. Ceno, Ha TpomHHKE
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B ocounuke, 16.VI 2019, V20; Bpetimosckuii p-u. Jle-
BbIH Oeper p. Cuthb y 1. bpeliToBo, Ha TIECKe U IETPHTE,
21.1X 2014, V94; Mbuukunckuii p-u. Pyaeit CtyneHslii
BOJIM3M BHageHNs B Musieickuii mpyx B T. MBIIKAH,
o ypesy Bogsl, 14.VI1 2015, V351; pexa B 1. 3apyOuHo,
OTMeJb, Ha TIIMHUACTOM 3aMIesioM rpyHte, 14.VI 2015,
V242; n. Kpusen, necuansiii 0eper p. Bonra, cpemu pea-
KOoro MBHsKa, 57°50'19.29" c. m., 38°28'56.44" B. &.,
Ha mecke, 10.1X 2018, cobp. 3.B. T'apun, V327; Heko-
y3ckuii p-n. beper pyusst CyHoxka y 1. bopok, Ha 3a-
JepHOBaHHOW mouBe mo Oepery, 21.VII 2013, V195,
V199, V202, V203; nyxa B Oepe3Hsike B 1. Bopok,
Ha TTOATOIICHHON MOYBE OKOJIO MPOTEKAroImel TpyOsl,
28.V1I1 2013, V423; xanaBa y goporu B 1. box. 3amomsl,
Ha TPYHTE CPEIU PEAKUX 3apOCIIeii CATHUKOB H POT03a,
7.VIIl 2013, V200; tam xe, Ha TpyHTe, 7.VI 2015,
V247; p. Jlatka mox MocToM opordu Ha c. Jlamkoe, Ha
ranbke W Ha mouse, 11.VIII 2013, V416; tam ke,
10.VII 2016, V93; tam e, Ha TIHMHE y ype3a BOJBI,
7.V1 2017, V429; Tam xe, 27.V 2018, V102; 6epera ux-
THOJIOTHYECKOTO KaHana PeiOmHCKOTO BIXp. ¥ 1. BOpok,
Ha TmoyBe moj Berombro Phragmites altissimus,
2.V 2015, V243; 6eper p. Cytka y m. lllectuxuno, Ha
rpyHTe mo Oepery moctom, 14.VI 2015, V350; npuno-
POXKHEII BOJIoeM B KaHaBe B 1. [ opku, Ha TpyHTE 110 Oc-
pery, 14.V1 2015, V378; xaprep Ha okpaune 11. [llecTu-
XHHO, Ha JeTpUTe N0 ype3y Bozsl, 14.VI 2015, V381,
JyXu1pl Ha Oepery ManeHbKoH KomaHu B 1. Man. [Ibs-
KoHOBO, 30.1V 2018, V370; cTeHKa ApeHa)KHOU KaHABBI
mo yi. Coserckas B ¢. HoB. Hekoys, y mapka, Ha roioi
ragaucTo  mouse, 21.V 2018, V342, Tam ke,
28.V 2018, V179, V185; Tam xe, 1.V1 2018, V186; npe-
HaxxHble KaHaBbl B c. HoB. Hekoy3: kaHaBa y npyzaa
HanpoTuB moiunud, 28.V 2018, V348; Tam ke, kaHaBKa
Ha peIHKe, 28.V 2018, V89; Tam ke, 00BOAHEHHAS pe-
Ha)kKHas KaHaBa 1o yi. JIeHWHa, 0 Topore K MOJUKIIH-
HUKe, Ha nryouHe Boabl 0-15 cm, 1.VI 2018, V128; tam
JKe, Ha TpyHTe y BOABI 110 AHY KaHaBbl, 1.VI 2018, V129;
TaM jKe, BBICOXINIAsl JpeHakHas kaHaBa yi. CoBeTckas
y moma Ne 14, na nue Ha mouse, 7.V1 2019, V190; okpa-
WHa manrHu Ha Oepery p. Mnpap 3a xpamom B ¢. Hos.
Hekoy3, Ha olepHOBaHHOHM YIJIOTHEHHOW IJIMHUCTOM
moue, 1.VI 2018, V181, 6eper pyuss y 1. Ky3sma-Jle-
MBSH, Ha TOYBE, 3aMIIEIBIX KOPHEBUINAX CHBITH U Ta-
nopotHuKa, 4.VI 2019, V51; otmens p. Uneap B ¢. Ma-
PBUHO, HA TIOYBE, NOKPHITOW MSITKHM aJUTFOBHEM,
4.V1 2019, V45; noiima p. Mnbas B MecTeuke AHIpeeB-
CKOe, Ha HapylIeHHOH MmouBe mox cHBIThIO, 4.VI 2019,
V47, V48; [lepecnasckuii p-n. Otmens p. Hepib, y 1o-
poru mexnay 1a. Ctaposo u I1edeBo, Ha peIXJIOM aJlTIo-
BUH B 3apociisix ocok, 12.V1 2018, V156; Peibunckuil p-
n. OOcoxmuii npaBelif 6eper p. Boara B r. Pribunck,
HaTPyHTE€ B MECTC BBIITyCKA JIMBHEBHIX CTOKOB,
13.1V 2015, V254; npaseiii Geper p. Boara mexmy
nn. I'meboo m KabatoBo, B mOHIKEHHUSIX Oepera,
Ha oxepHOBaHHOM mecke, 10.1X 2017, V85, V372; ka-
peepel 'y . HazapoBo, ormens kapeepa mox JIOII,
Ha MIMHE B cienax ot o0ysu, 26.VIII 2018, V140; tam
e, OTMEJIb Kapbepa ¢ TPOCTHHUKOM M Xapoii, Ha 3aMIlIe-
JIOM IpyHTe cpeau 6osotHuIsl, 26.VIII 2018, V140; Ty-
maesckuti p-n. JIpeHakHas kaHaBa Ha yi. CoOopHas
(r. Tyraes), Ha rps3u ¢ mycopom, 26.VIII 2018, V369;
moima p. Ypaoma, rpyHToBas gopora, 24.V 2019, V43,
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Yenuuckuii p-n. Ot™Mens npaBoro Oepera p. Kopoxedna
B T. YIUIMY, Ha aJUIIOBHM B 3apOCIISIX CXEHOIUIEKTYCA,
15.1X 2018, V67; nessiii 6eper p. Bonra B r. Yoy,
BEepXHsIsl 4acTh OTMeNH, Ha mecke, 12.X 2019, V678;
2. Apocnasns. KupoBckuit p-H, KaHaBa Ha TpaBoM Oe-
pery p. Koropocns, Ha rpyHTe cpenu 3apocieil porosa
u yepennl, 5.IX 2013, V638; nessiit 6eper p. Koro-
pociib, MOA MOCTOM Ha TpyHTe U B Boje, 9.X 2017,
V406; 44. Tam ke, TOJT MOCTOM BO sSIME, BPEMEHHO UME-
romiei cBsi3b ¢ pexoit, 3.VIII 2019, VA75, VA76, VATT,
Kpacnonepekonckuit p-H, 6eper npyaa KpectoBckuit
B nnapke Hedrsuukos, Ha nouse, 16.V12019, V21. fpo-
caasckuti p-1. KITmMoBcKHii kKapbep, Oeper, Ha 3amecya-
HEHHO BETOIIM B MeCTe MojAcTyma K Bozxe, 16.VI1 2019,
V19; ormens p. Bemukast y n. KnmmmoBckoe, Ha mecke,
16.VI 2019, V22; Kapabuxa, HmkHuii mapk, pomgHUK
y BEpXHETO IpyJa, Ha MXaxX M MEJKHX KaMelIKaX, H3-
HOA KOTOPBIX COYMTCS BOJA, BJICKTPOIPOBOIHOCTb
560 MxCwm, 23.VI 2019, V5, V6; Tam xe, y BepxHEro
npyna, Ha nouse, 23.VI 2019, V3; y3kuii 3aJuBYMK
Ha Gepery p. TyHomoHKa B ¢. TyHOIIHA, HEMHOTO HHKE
Mocta Tpaccel M-8, Ha mecke, 3.VII 2019, V235; mpa-
BbIif Oeper p. Bonra y n. Bosra, Ha nepuoanuecku 3a-
TalIMBaeMOil OTMENH, Ha TeCKe C TIHHOH, PEeKoO,
7.VII1 2019, V292.

Hutn oGoenomneie, poBHbIE. ['ameTanrun
o0BbenVHEHHBIE HAa TeHEPaTHBHBIX BETBAX. AHTe-
PUIMHA OOWHOYHBIE, HAXOAATCSA HA COTHYTOM KOH-
1laX TeHepaTuBHEIX BeTBel (puc. 1G), TpyOuarsie,
Ha KOHIIaX JeNbTOBHIHBIE WK T-00pa3Hble, pac-
KphIBatoTCs 2, peako 1 wim 4, narepalbHbIMHU 1O-
pamu. OOTOHUM KOCO-SIHIIEBUIHBIC, B YHCIIE 2, U3-
penka 1 wnu 3, HA KOPOTKUX OPHEHTHPOBAHHBIX
BBEPX HOXKAaX, MHOrJAa HAKJIOHEHHBIE TOPU30H-
TaJbHO WU N3TUOA0IUECS KHU3Y, PACKPBIBAIOTCS
OJIHOHM anuKaJbHOU nopoi. becrnonoe pa3smHoxke-
Hue araHocnopamu. [Ipoiudepaluu reHepaTus-
HBIX BETBEU HEPEIKHUE, UM MOABEP>KEHBI HE TOJIBKO
CaMM BETBH, HO U HEJIOPa3BUTHIE TAMETAHT U, OCO-
OenHo yacto ooronuu (puc. 1F, ctpernka).

MynpsTupernonansHeiii Bua. Ilo-sunumomy,
JIOBOJIBHO IIMPOKO pacrpocTpaHeH B Poccuun, ox-
HAKO OIMyOJUKOBAaHHBIX HAXOJOK OBLIO CpaBHH-
TeIbHO HEMHOro [BummnskoB u np., 2020
(Vishnyakov et al., 2020)]. Hossrit Bux aus Bia-
numupckoi, Boponexckoit, Jlunerkoii, TamOoB-
ckoiil oomacrelt, KpacHonapckoro kpas u AJIbIren.
B SIpocnaBckoit 0011, paHee OBLT M3BECTEH U3 OI-
HoOTO TyHKTa [3ayep, 1977 (Zauer, 1977)], omHako
HaMu ObLI BBISBJIICH CPEIU CaMBIX 4acTO BCTpeua-
FOLIIMXCS] BUJIOB.

5. V. cruciata (Vauch.) DC (puc. 1H).

= V. debaryana Woronin

*Bopounexckas 001. [1] Cemunyxcxuii p-u. Ipa-
BhIi Oeper p. Jlon B r. Cemuinyky, y napka “Tpu camo-
nera”, ycThe pydbsi B OBpare, Ha MO4BE BOJMU3U POIHU-
koB, 13.VII 2019, V571. *Pecnybnuka Anpires [1]
Maiixonckuu p-n. IlpaBeiii 6eper p. benas B n. Kamen-
HOMOCTCKHH, coobriectBo Vaucheria u Spirogyra B me-
CTaX COYeHHWs BOIbl, Ha IMO4YBEe, IECYAHHKE,
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30.VII1 2020, V862. *TambGoBckast 061, [1] Mopwan-
ckuil p-n. Pexa Man. [InyaeBka y c. Main. IInuaeBo nox
MOCTOM Ha OTMEJH Ha pa3MbIToil mouse, 26.VII 2019,
V459. *Spocnasckas obin. [15] Borvwecenvckuii p-H.
JleBsrit Geper p. FOxotp HIKE 1aMOwI B ¢. bom. Ceno, Ha
TpomuHKe B ocounuke, 16.VI 2019, V20. Meiuxunckuii
p-H. Pyueit Crynenslit BOu3u BnajgeHus B “Mununei-
ckuit” npyx B T. MbltikuH, o ypesy Boxsl, 14.V1 2015,
V351. Hexoysckuii p-n. OxpectHoctH 1. bopok, 6aza
“Cynora”, rpyHTOBasi opora, Ha HapyIIEHHOW MOYBe
ot kpanuBoi, 3.VI 2017, V421; tam ke, Ha TIIMHACTON
OYBE B BhICOXIIECH nyxe, 4.1X 2017, V553; crenka npe-
HaxxHOW KaHaBbl 10 yi. CoBerckast B ¢. Hos. Hekoys,
y Iapka, Ha TOJIOH MIHHUCTOH mouse, 21.V 2018, V180,
V342; tam xe, 1.VI 2018, V184, V186; npeHaxHbIc Ka-
HaBbl B ¢. HoB. Hekoy3: kaHaBa y npy/a HampOTHB IMO-
JIMLHHY, B HEOOJBLIOM CJIO€ BOIBI, B IEPHHHAX OPYTUX
Bomepuid, 28.V 2018, V348; tam ke, 00BoTHEHHAS JTpe-
Ha)KHas KaHaBa 110 yi1. JIeHWHa, 10 A0pore K HOJIUKIIU-
HUKE, Ha TPYHTE y BOABI 1Mo OHY KaHasbl, 1.VI 2018,
V129; tam xe, BbIcOXINasi ApeHakHas kaHaBa yi. Co-
BeTckas y gjoma Ne 14, Ha nmHe Ha moume, 7.VI 2019,
V190; amnes B mapke ¢. Hos. Hekoy3, Ha 0OHaKEHHUSIX
TJIMHACTOM 1ouBHl, 28.V 2018, V267; Kosren TpyHTOBBIX
nopor k bapckomy npyny B . bopok, Ha cHIIbHO rymy-
cupoBanHo#l nouse, 24.V 2018, V336; rpyHToBas Io-
pora u3 bon. B Man. JIpskoHoBo, B moiiMe pyu. Cy-
HOXKa, B IITyOOKMX Koiesix Ha mouBe, + Botrydium
granulatum, 18.V 2019, V40; cBexeBbIpbiTast IpeHAK-
Has KaHaBa jpoporu Ha 1. Ky3pma-/leMbsiH, Ha TriIuHU-
croit mouse, 4.VI 2019, V53; 6eper pyuss y a. Ky3sma-
JleMbsiH, Ha MOYBE, AJUIIOBUM, PACTUTEIBHOM BETOIIH,
4.V1 2019, V49; mecteuko AHIpeeBcKoe, Py, Ha Te-
PECHIIIEHHON BIaroi BETOIIH Mo Oepery, B IepHHUHAX
V. bursata, 4.VI 2019, V27; ormens p. Unbias B ¢. Ma-
pPBUHO, Ha II0YBE, IIOKPBITOM MSATKHM aJIIOBHEM,
4. V12019, V45; Puibouncxuii p-u. IlpaBberii Oeper
p. Bonra B 1. PRIOMHCK, Ha TpyHTE B MeCTe BBIITyCKa
JUBHEBHIX CTOKOB, 13.1V 2015, V254; Tymaesckuii p-H.
[oiima p. Ypmoma y noporu Peidmack-IlamkoBo-Ty-
TaeB, I'PYHTOBas IOpOra HA IOYBE II0J KaMBILIOM,
24V 2019, VA43; Venuuckuti p-n. Pyueii KameHnslit
B T. YTJIM4, OKOJIO aBTOBOK3aJja, Ha IMOYBE Y MOCTa I10]
nmoporoi, 26.1X 2017, V396.

Hutn oOoemosnble, CpaBHUTENHHO Y3KHE,
10 60 MKM B tuaM., ipsiMele. ['ameTanrun o0beau-
HEHHbIE Ha TEHEPATHBHBIX BETBAX. AHTEpUIUU
OJMHOYHBIE, PACIIONAaratoTCd Ha NPSIMBIX KOHLAX
TCHEPATHBHBIX BETBEH, pacKpbeIBalOTCsI 2—4 TI0-
pamu (puc. 1H). Ooronun OKpyrion QopMmsl,
00BIYHO B ymcie 2, nHorAa | wim 3, pacnoioKeHbl
Ha BBEpX HAIIPaBJICHHBIX KOPOTKHX HOXKAaX, pac-
KPBIBAIOTCS OJHOU allMKAJIbHOM MOPOM.

MyneTUperuoHansHbeli  BuA.  Brepseie
B Poccun o6Hapyxen B Cubupu B UpkyTckoii o0
u PecniyOnuke Bypsitusi [Buminsikos, 2015, 2019
(Vishnyakov, 2015, 2019)]. Ha eBpomeiickoii Tep-
puTOpHH OBLT U3BECTEH U3 OJHOTO MECTOHAXOXK/Ie-
Hus B Bomorozckoii o6, [Bummasikos u mp., 2020
(Vishnyakov et al., 2020)]. HoBsrii Bua s Bopo-
Hexckoit, TamOoBcKkol, SIpocimaBcko 00macTei u
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Anpiren. ObuTaeT Ha BIQKHBIX IMOYBaX, Oeperax
PEK U HEOOJIBIINX BOJOCMAX.

6. V. dichotoma (L.) Martius (puc. 11, J)

*Boarorpajackas oon. [1] Ceemnospckuii p-.
3apociinii poro3oM KaHal y BOCTOYHOro Oepera
03. [{ama, B Boge Ha riryonne 0.2—-0.6 M 1 Ha BIQYKHBIX
HCTONTAHHBIX CKOTOM Oeperax, 3JIEKTPONPOBOIHOCTh
2.45 MCwm, pH 8.2, 25.VII 2019, V454, V455, V456.
*Kpacuomapckuii kpait [1] Bproxoseykuii p-n. Kanan
03. Kypstauit nmuman, Ha rmyoune Bogel 0-0.8 M, mac-
coBo, t 23.7°C, anekrponpoBogHOcTh 3.8 MCMm, pH 8.34,
20.VII 2019, V452, VV453. Pocrosckast 06:1. [2] 4306-
ckuii p-#. TaTbIHUH TUMaH Ha p. B4, y3xuif 3anuB B ce-
BEpHOH YacTH, Ha JTHe y Oepera Ha riyoune Bojibl 0.5 M,
t 32°C, asnektponpoBoanocts 10.65 mMCwm, pH 8.71,
19.VII 2019, V448; ExatepuHOBCKUi JHMaH Ha p. Es
y ¢. EnuzaBeToBka, BOCTOYHAs 4acTh, HA JTHE Ha IIy-
o6une Bompl 0.6—1.2 M B cooOIIECTBaxX pPOTOJMCTHHUKA,
HasABl ¥ Xapbl, MECTaMH MaccoBo, t 23.5°C, anmekTpo-
mpoBonHOocTh 7 MCwm, pH 8.41, 19.VII 2019, V449,
V450, V451,

Hutn paspensHomonsie, poBHble. OOroHHH
omuHounsle (puc. 1l), pacmonaratoTcs 0OBIYHO
Ha OOJBIIOM PACCTOSIHAU APYT OT JIpyTa, CUATIHE,
IIMPOKOOBATBHBIE WIIH 00OpaTHOANIIEBUIHBIE, C TTa-
NWUIOW Ha BEpXyILIKe. AHTECPUAUM OJUHOYHBIC
WM B TPYINIAax IO ABa-TPU, CUASYME, LIUPOKO-
OBaJIBHBIC, CJIETKA MPOJIOJITOBATHIC, C HEOOIBITUM
KIIIOBUKOM Ha Bepxyuke (puc. 1J). Oocniopsl mos-
HOCTBIO BBINOJHAKOT OOTOHUH, 3€JIEHBIE, B 3pEJIOM
cocrosiHuK Oyperorue. becronoe pa3MHOKEHHE
HEU3BECTHO.

MynbTUpPEruoHaNbHBIN BUJ ¢ JU3BIOHKTUB-
HbIM apeanoM. B Poccun u3BecTeH U3 I0KHBIX paii-
OHOB €BpPONEICKON YacTH, I0KHOro Ypana u 3a-
nagaoit Cubupm [CBupumenko u jap., 2013
(Sviridenko et al., 2013); Beiicbepr, Hcakosa,
2018 (Veisberg, Isakova, 2018); Bursskos u p.,
2020 (Vishnyakov et al., 2020); kputndeckoe pac-
NpOCTpaHeHHe CM. B mocienHei pabore]. Hossrit
Buj st Bonrorpazckoii 0651, 1 KpacHomapckoro
Kpas. HalineH B BBICOKOMHHEpaAIM30BaHHBIX IIPEC-
HBIX ¥ OJIATOTAIMHHBIX BOJOEMAX.

7. V. frigida (Roth) C. Agardh (puc. 1K)

= V. terrestris (Vauch.) DC. sensu auct.

*Bnagumupckas o6 [1] I'yev-Xpyemanvnwlii p-
H. Tlepecoxmias Jyxa MO JOpore Ha MUK BT. ['ycb-
XpycTanpHblll, Ha  NEpeyBIaXXHEHHOH  MO4Be,
27.VI1 2019, V447. *Bopounexckas o6n. [1] Hoso-
yemanckuti p-#. O3. Uepenaiibe, OTMENb, Ha MOYBE
CO CKOIUICHUSIMHU BETOLIH IT0]] Ca0eIbHUKOM M Yepenoi,
MmaccoBo, 15.VIII 2019, V578. *Koctpomckas 06i1. [1]
2. Kocmpoma, 3aBOIDKCKUI p-H, HU3WHA PSIOM Kaphe-
poM, B siMax Ha TIMHUCTOW mouse, 15.VI 2019, V62.
MockoBckast 00i. [1] 2. /[y6ua. Tpassiii 6eper p. Bonra
y TOPOJICKOTO MapKa, Ha 3aMIIEJIBIX NECYaHbIX KOYKAX,
sapocmux Agrostis stolonifera, penxo, 3.X 2019, V655,
V656. Hmxeroponackas o6n. [2] Apzamacckuii p-,
c. [Tycteinp, Oeper o03. Benmkoe, 22.1X 2021, coGp.
O.B. Auucumosa, V924; tam e, B 3apocisix Zizania,
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22.1X 2021, V926; 2. Huowcnuit Hoseopoo, nipaBsiii Oe-
per Boury, Ha otMen, B 3apocisix Butomus umbellatus,
26.1X 2021, V920. *Pecniybnuka Aneires [1] Maiixon-
ckuii p-u. Pexa Caxpaif y m. Ycrp-Caxpaii, Bomoman
“Tpu bpata”, Ha KaMHSX W Ha TECKe Ha OTMEIH,
3.1X 2020, V874. *TamboBckast 00m. [2] Mopwanckuii
p-H. Pexa Cepn nox MocToM Tpaccsl A-143, o mpaBomy
Oepery, Ha  OJCPHOBAaHHOW  IECYAHOW  IOYBE,
26.VI11 2019, V458; p. Mai. IluyaeBka y ¢. Man. Ilu-
4aeBo, MO MOCTOM Ha OTMEJIM HAa Pa3MBITOH MOYBe,
26.VIl 2019, V459; fpocnasckast o6n. [51] Foavute-
cenvckuil p-H. Jlewiii Oeper p. KOxoTh HIKe namObI
B ¢. bon. Ceno, Ha Tponuuke B ocounuke, 16.VI 2019,
V20; bpetimosckuii p-u. Jlec y n. Jlyoen, Ha 3aTeHEHHOH
TPYHTOBOH JOpOTe K BOIOXPAHIUIUINY, HA 3aMIIEION
mouse, 14.1X 2018, V68, V440; okpectHoctu a. bop-
Hopku, HuM3uHa 3a nomsimu y JIOII, Ha mouse,
17.1X 2014, V95, V218; Mbuuxunckui p-H. Pexa
B 1. 3apyOMHO, OTME€Nb, Ha TJIWHUCTOM 3aMIIEJIOM
rpynte, 14.VI 2015, V242; pyueii CtyneHsiii BOIU3M
BHaaeHuss B Mununeickuii npyaq B T. MBIIIKUH,
no ypesy Boxsl, 14.VI 2015, V351; neBsiit Geper
p- Boara B r. MbIlkuH, 3apocuiie necyaHble OTMEIH,
10.VIII 2019, V482, V483; Hexoysckuii p-#. 3aboio-
YEHHOE 03€PO Y JOPOTH K HXTHOJIOTHIECKOMY KOPITyCY
B 1. Bopok, Ha omane Oepessl, Cpen pa3peKCHHBIX 3a-
pocneii moaMapeHHuKa u xBoia, 27.VII 2013, V221;
tam ke, 15.111 2014, V405; nec y roctununst B 1. bo-
POK, Ha 3aMILIeION MoYBe, JIucToBOoM omnaje, 10.VI 2015,
V223; tam xe, Ha KpoToBuHe, 29.VII 2017, V176; Tam
ke, 0OBOIHEHHAs1 KaHaBa, CBOOOTHO IIaBaIONIUE Jep-
HUHBI B TONIIE BOJABI M Ha moBepxHoctH, 9.V 2015,
V358; Tam ke, rpyHTOBasi JOpOTa, HA TIOYBE TOJ CHBI-
Tb10, 5.V 2018, V389; rpyHT y CTEHBI 31aHUS OOIHHHUIIBI
B 1. bopoxk, 1.VII 2014, V220; npyn bapckwuii B 1. bo-
POK, Ha 3amILesioM rpyHTe 1o Gepery, 6.1X 2014, V207,
Jy’)a Ha JIGCHOW TPYHTOBOH JOpOre B CTOPOHY 0a3bl
“Cynora”, 23.1IV 2016, V246, V390, Tam xe,
16.1V 2017, V428; tam xe, B ckomienusx Mougeotia
sp., 30.1V 2017, V428; tam xe, 21.1V 2019, V127; Ge-
pe3HsK B II. bOpOK, Ha MIMHUCTOM IIOYBE y MPOTEKALO-
meid TpyOs1, 11.VIII 2013, V198; 6eper pyuss CyHOXKKa
y 1. Bopok, Ha 3amepHOBaHHOI MouyBe 1Mo Oepery u
Ha rHUCTOM TpyHTe, 21.VII 2013, V195, V199, V202,
V203; 6eper pyu. CyHOXKa y MocTHKa B 1. boi. [Ipsiko-
HOBO, 5.VI 2015, V253; tam e, Ha nmouse, 23.1X 2017,
V417; Gepera UXTHOJIOTHUECKOTO KaHaa PhIOMHCKOTO
BIXP. Y 1. BOpOK, Ha 3aMIIIeIOM PaCTUTEIHHOM ACTPHUTE
u necke, 9.X1 2013, V108; tam ke, 15.111 2014, V420;
TaM e, Ha IIouYBe 1oJ Berombo Phragmites altissimus,
6.V 2014, V92, V382; tam xe, 2.V 2015, V243, V244;
MPUIOPOXKHEIN BogoeM B 1. ['opku, Ha TpyHTE 1O Oe-
pery, 14.V1 2015, V378; p. JlaTka 110y MOCTOM y HIOBO-
pota Ha ja. UypuiioBo, Ha rpyHTE 10 Oepery u Ha OCTOH-
Hoit o0mmoBke, 29.VIII 2013, V404; p. Unbns y 1. 3a-
pyube, mox Berombio Phragmites australis, 3.V 2014,
V206, V208, V359; necHas rpyHTOBast J1opora B moiMe
p. Cury y a. JlomatuHOo, Ha TIJIMHUCTOW TOYBE,
18.VII1 2018, V138; p. Cuts y a. JlomatuHO, Ha TPYHTE,
19.VI 2015, V251; pydeit B JHMBHEBOl KaHaBe
B c. HoB. Hekoy3, B MeyIeHHO Tekyled Boae H
Ha mouBe 1o Oepery, 19.VI 2015, V373; necHoe 03epo
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3a 00BE3THON TOPOTOH Y TOCTUHUIIEI B 1. BOpOoK, phIx-
JBIMH CKOIUICHUSIMH y ype3a BOIBI, HA MXaX, JIHCTBAX,
anexkrponpoBogHocTs 408 MxCwm, pH 7.63, 9.V 2017,
V356, V427, nyxa c Tamod BOIOH y AOPOTH Tepen
1. [Toropernka, Ha THUIONTNX JIMCTHSIX, BETKAX, 3JICKTPO-
npoBoHOCTL 526 MKCM, pH 8.67, 7.V 2017, V99; Geper
pyubst CyHoxkka y 1. bon. JIbSKOHOBO, Ha TPYHTE MO
Beromipto Calamagrostis, 7.V 2017, V442; rpyaroBas
Jopora B cTopony 6a3sl “CyHora” y . bopok, Ha Hapy-
IEHHOW mouBe moJ KpamuBoH, 3.VI 2017, V421; tam
K€, Ha TJIMHUCTOM MoyBe B BbIcoxIel iyxe, 4.1X 2017,
V553; Tam xe, 12.1X 2017, V96, cTeHka ApeHaKHOMU Ka-
HaBbl 110 yi. CoBerckas B c. Ho. Hekoy3, y nmapka, Ha
rojou rimHucToM mouse, 21.V 2018, V342; tam xe,
28.V 2018, V183, V185; komen TpyHTOBBIX IOpPOT
Kk bapckomy mpyny B n. Bopok, Ha rymycupoBaHHOU
mouse, 24.V 2018, V336; Tam xe, Ha HapyIICHHOU
moyBe Hemaneko ot yxu, 13.VII 2019, V314, npumo-
poknbeie Bojgoembl y A. HoB. Vpa, 28.V 2018, V111,
V377; rpyHToBast opora 1o 6epery nmopTroBoro KaHasjia
B . bopok, Ha MecTe Beicoxmeit yxu, 25.VIII 2018,
V134; xonaus B apke ¢. Hos. Hekoys, B Boze y Oepera,
Ha mporutoroanei nuctee, 1.V 2019, V38; Geper mo-
’)KapHOH komaHd B A. bon. JIpSIKOHOBO, Ha TJIMHUCTOM
mouBe B yrnyonennu, 18.V 2019, V41, Geper pyduss
y 1. Ky3pma-Jlembsn, Ha mouse, 4.VI 2019, V52; ort-
Menb p. Unpas B c. MappuHO, Ha IOYBE, TOKPBITON MST-
kuM ammroBueM, 4.VI 2019, V45, V46; noiima p. Unbap
B MECTEUYKEe AHJIPEEBCKOE, HA HAPYIIICHHOW TOYBE MO
cHbIThIO, 4.VI 2019, V47, V48; xitymba B nentpe 1. bo-
pok, Ha mouse, 27.I1X 2019, V649; p. lllymapoBka, He-
JaneKo oT 1. bopok, 0TMeNb, B pa3pekeHHBIX 3apOCIIIX
MaHHHMKa, Ha nerpute, 28.IX 2019, V654; crapuma
p. Unbap y 1. JlanunoBo, y oTBOpoTa goporu Ha ['Het-
HEBO, Ha PACTUTENHHON BETOIIM BOJHM3M ype3a BOJBI,
MaccoBo, 9.1V 2020, V849, V850; okpamna mnamrHu
y 1. laHMI0BO, B TOHM)KEHUH Ha MECTE BPEMEHHOI'O Be-
CEHHEr0 BOJIOEMa, Ha 3aMIIEION I0YBE, OOHMIIBHO,
9.1V 2020, V851, llepecrasckuii p-n. Otmens p. Hepis,
y noporu Mexay an. Craposo u [lneueBo, Ha pPBIXIOM
AIUTFOBUH B 3apocisix ocok, 12.VI 2018, V156; otmens
npuroka p. Hepnp y noBopora noporu Ha a. Ilnedeso,
HIDKE CTapOro METFHUYHOTO TPYya, Ha aJUTFOBHH U TO-
rpeOeHHBIX CKOIUIeHUAX psicku, 12.VI 2018, V157; Po-
cmoeckuti p-u. Okouno 1. Jlerckoro canaropust Utnaps,
Ha Tepputopun OOIIT “Jlecomapk cranmym Wtmaps —
[Hananuuckue mauu”, Ha Oepery O€3BIMAHHOTO py-
yelika y MecTa ero BmajaeHus B p. Hepis, mox 3apoc-
JIIMU KPaInuBbI ¥ TABOJITH, Ha MouBe, 56°50'49.82" c.u1.,
39°14'16.74" B.n., 22.VIII 2018, cobp. 2.B. TI'apus,
V319; npasslii 6eper p. Ycrbe B 1. JIeBkoBo, Ha mo4Be,
penko, 3.V1 2020, V854; Puibunckuii p-n. beper p. Kop-
muna y 1. KabatoBo, Ha mo4Be, ryie ObUTH YHUYTOKEHBI
3apociu 6opmesnka CocHoBekoro, 10.IX 2017, V104,
mpuycTheBas 30Ha p. Uepemyxa B T. PRIOHHCK, OTMENB,
1-1.5 M oT ype3a BoJIbI, HAa TIOYBE MOJT 3aPOCIIMHU OCOK,
26.VIIl 2018, V328; Tymaesckuii p-u. Pyde-npurox
p- Utb y mectra mepeceuenus noporoir Tyraes-Spo-
ciaBib, psaaoMm c¢ A. JymuHckoe, otmens, 24.V 2019,
V44; Venuyckuii p-n. Kanasa y goporu Yrimda-bBopuco-
rnebek, 1. Opuaumu [loaropHere, TPyHT Ha MECTE JIET-
HETO 3(peMepHOro BOIOEMa, Ha TJIMHE, CKOIUICHHIX
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Lemnatrisulca, 17.1X 2017, V255; npassiii 6eper p. Ko-
poxeuna B 1. @omuHCKOE, oT™MeNb, 12.X 2019, V676;
neBbIit Oeper p. Bonra B r. Yrimu, BepXHsS 4acTh OT-
Menu, Ha necke, 12.X 2019, V678; 2. Apocrasns. Ku-
pPOBCKHH p-H, JeBbIi Oeper p. KoTopocns, mox MocToM
Y HIDKE MOCTA 32 3apOCIISIMU OCOK H I€TPUTE MaKpPOBO-
nopocneit, 9.X 2017, V406, SApocrasckuii p-u. IlpaBbiid
Oeper p. Boara y n. Bonra, Ha 3aminenoll mouse moj
ckimonomM, 7.VII 2019, V290.

Hutn oGoemonbie, poBHble. ['ameraHrnm
o0benMHEHHBIE HAa TeHEepPaTUBHBIX BeTBsAX. Ooro-
HUM W AHTEPUAUM OIUHOYHBIE, DPACIIOJIOKEHBI
B OJIHOM IJIOCKOCTH (OOTOHWY HaBUCAET HAJ aHTe-
punuem, puc. 1K) wim 6ok o Ook. AHTepuamii
KPIOYKOBUIHBIN, HA U30THYTOM HOXKKE, pACKPhIBa-
eTcst oHOoU mopoii. QOorornn 00b9HO 10 150 MKM
JUIMHOU, OTKPBIBAIOTCSI OJAHON MOPOM, MOJTHOCTHIO
3alOJHATCS oocnopaMu. becrnonoe pa3MHOXe-
HUE HE HAOII0JaI0Ch.

MynpsTHpernonansseiii Bua. B Poccun ns-
BECTECH U3 psifa MeCT eBporeickoi gyactu u Cu-
Ooupu. Ckopee Bcero, MMEHHO 3TOT BHJ IMPHBO-
aWIIcs 1oJ] Ha3BaHueM V. terrestris 3a pasauyHbIM
aBTOpcTBOM [BumHskos u 1p., 2020 (Vishnyakov
et al., 2020)].

8. V. geminata (Vauch.) DC. (puc. 1L)

*SIpocnasckas o6i. [29] Bpetimosckuii p-n. Jlec
y &. bop-Jlopku, Hu3uHa co cneaamu noceit, 14.IX 2018,
V70; Meiwkunckui p-n. Pyuaeit Crynensiii BONIn3u Bria-
neHns B “Mwnneiickui” pya B T. MBIIIKAH, TIO Ype3y
Boxel, 14.VI1 2015, V351, razon psmom B mapke “Cur-
ckuif cax” B T. MBIIKMH, Ha YIDIOTHEHHOW IIOYBE,
18.VI1 2017, V192; Hexoysckuii p-1. beper kanana PrI-
OuHCKOTO BAXp. Y 1. Bopok, Ha moYBe MOA BETOIIBIO
Phragmites altissimus, 6.V 2014, V382; tam ke,
2.V 2015, V243; necnoe 03epo 3a 00be3HO# J0poroit
Yy TOCTHHHIBI B II. EOpOK, PBIXJIBIMU  CKOIIJICHUAMU
Y ype€3a BOJbI, Ha MXaX, JJUCThAX, SJICKTPOIIPOBOAHOCTH
408 mxCwm, pH 7.63, 9.V 2017, VV356; Geper pyusbs Cy-
HOXKa y 1. bon. J[pKOHOBO, Ha TPYHTE MO BETOILIbIO
Berinnka, 7.V 2017, V442; tam ke, HIKE 110 TEYEHHUIO,
Ha KpoTtoBuHe Ha Oepery, 30.IV 2018, V414, myxa
B Jiecy B noiimMe pyubsi CyHoxka y A. boi. JpSKoHOBO,
IUIABAIOIIAS PHIXJIAsl JCPHHHKA, SJIEKTPOIPOBOJHOCTH
445 mxCwm, pH 7.7, 7.V 2017, V148, nyxa c Tanoii Bo-
noit y noporu nepen 1. [loropenka, Ha THHIOIIUX JIU-
CTBSX, BETKax, DJIEKTPONpoBOmHOCTh 526 mxCwm, pH
8.67, 7.V 2017, V99; okpecrHoctu 1. bopok, myxa
Ha TPYHTOBOW J1opore B CTOpoHy Oas3sl “CyHora”,
23.1V 2016, V246, V390; TaM e, B CKOIUIEHHSX
Mougeotia sp., aaekrpomnpoBogHocts 208 MKCwM,
pH 8.6, 16.1V 2017, V428; tam xe, 21.1V 2019, V127,
npaeblid IpuTOK p. CyTKa y JOPOTH, HA MOYBE, 3apOC-
meii Riccia, 14.VI 2015, V344; tam ke, 18.VI 2017,
V424, xapbep Ha okpauHe 1. lllectuxuno, Ha nerpure
o ype3y Bogsl, 14.VI 2015, V381; crenka apeHakHOU
kaHaBel 1o yn. Cosetckast B ¢. HoB. Hekoy3, y nmapka,
Ha IIMHUCTOM mouse, 21.V 2018, V122, V341, V342,
Tam xe, 28.V 2018, V183, tam xe, 1.VI 2018, V182,
V186; okpectHoctn 1. Bopok, 2-¢ caJoBOACTBO, OTO-
ponsl, Ha mouBe, 22.V 2018, cobp. B.B. Comnosbesa,
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V112; npumopoxssie Bomoemsl y a. Hor. Vpa,
28.V 2018, V111, V377; Tam ke, TPyHTOBas J0pOTa,
30.V 2018, V123; okpectHOCTH 1. BOpOK, TPOITMHKA
B CTOPOHY Ca/IOBOJICTB, Ha 3aMILENBIX KPOTOBHHAX,
18.V 2019, V36; Geper nmoxkapHOi Komanu B 1. bour.
JbsIKOHOBO, Ha TIIMHUCTOH MTOYBE B YIITyOJICHHH Oepera,
18.V 2019, V41; pyueii y noporu Ha a. Ky3pma-/lembsiH,
Ha MOYBE, aJUTIOBUH, pacTUTENbHOM BeTomy, 4.VI 2019,
V52; ormens p. Uibap B . MapbuHO, Ha ITOYBE, TOKPHI-
To wmsarkum ammoBueM, 4.VI 2019, V45; mnoiima
p. Unpne B MecTeuke AHApeeBCKOE, Ha HapyIIEHHOU
mouBe moja cHbIThiO, 4.VI 2019, V47, VA8; xiymba
B IeHTpe 1. bopok, Ha mouse, 27.1X 2019, V649; cra-
puna p. Wneap y a. JlaHWIoBO, y OTBOpOTa IOPOTHU
Ha ['HETHEBO, HAa PACTUTEIBHOM BETOIIU BOJIM3U ypesa
Boabl, MaccoBo, 9.1V 2020, V849, V850; okpamna
namHu y 1. JJaHunoBo, B MOHW)KEHUU HA MECTE BPEMEH-
HOTO BECCHHEr0 BOJOEMa, Ha 3aMIIENOi IOuBe,
9.1V 2020, V851; nyxxu B 3a00I04CHHOM MOHHUKEHUU
y noporu B A. bon. JlyOmHWHO, Ha 3amiienold MouyBe
0 Kparo JIy>xu 1o Berombio, 9.1V 2020, V852; Ilepe-
cragexuti p-u. llpuaoposkHas kaHaBa y goporu Ha 1. Ca-
BeJIbeBO, Ha riuHe, 17.1X 2017, V91; Pocmosckuii p-H.
Oxono n. lerckoro canaropus Hrmaps, OOIIT “Jle-
comapk ctannuu Utnaps — llansmuackue qagun”, Ha Oe-
pery Oe3bIMSHHOTO pydeiika y MecTa ero BIaJeHHs
B p. Hepip, mon 3apocisiMu  KpamwBbl M TaBOJTH,
Ha noyBe, 56°50'49.82" c.m., 39°14'16.74" B.1.,
22.VI11 2018, cobp. 2.B. I'apun, V319; Puibunckuii p-
n. IlpuyctheBas 30Ha p. Uepemyxa B T. PBIOMHCK, OT-
Menb, 1—1.5 M oT ype3a BoJIbl, Ha TIOYBE MO 3aPOCIISIMH
ocok, 26.VIII 2018, V132, V328; Veamuuckui p-n. Ka-
HaBa y goporu Yriawd-bopucorneOck, n. OBUHUIIN
[MoaropHeie, FPYHT Ha MECTE JIeTHEro 3(eMepHOro Bo-
moemMa, Ha TIUIMHE, CKOIUIeHMsAX Lemna trisulca,
17.1X 2017, VV255; 2. Apocnasns. Kuposckuii p-H, Je-
BhIii Oeper p. Kotopocib, mom MocToM BO siMe, Bpe-
MEHHO MMEIONICH CBs3b ¢ pekoit, 3.VIII 2019, V477.

Hutn o6oemonbie, poBabIe. ['ameTanrnu 00b-
€AVHCHHBIC HA TCHEPATUBHBIX BETBSIX. AHTCPUIUU
Ha KOHIIaX T€HEPaTUBHBIX BETBEU, KPIOUKOBHUIHBIC,
PacKpBIBalOTCS OHOU TOpoii. OOroHMH B YHCE 2,
peaxo 1 3K3., pacnoio:KEeHbl Ha KOPOTKUX U BBEPX
HaNpaBJICHHBIX, JIN0O CJTa00 HAKIIOHEHHBIX HOXKKAX.
becmionoe pazMHokeHUE HE HAOTIOIAIOCH.

MynbTHperuoHaneHeIil B, B Poccuu pa-
Hee IOCTOBEPHO U3BECTHBIN ToJbKO U3 CaHkT-Ile-
TepOypra [Bummnskos u jap., 2020 (Vishnyakov et
al., 2020)]. MecronaxoxmeHus B SIpoCIaBCKOiM
0071, cBsI3aHBI TJIaBHBIM 00pa3oM C BPEMEHHBIMHU
CKOTUICHUSIMH TaJBIX BOJ (JTy>KY Ha TPYHTOBBIX J10-
porax, sIMbl, PUIOPOKHBIC KAHABKI), TICPEYBIAXK-
HEHHBIMU OTMENSAMU U No4yBoM. [IpumeuaTtensHo,
YTO BUJ Yallle BBIABISAETCS B IPOXJIAIHBIE CE30HBIL:
C BECHBI JJO PAHHETO JIETA, TOTOM C KOHIIA JIETa U
oceHplo. Hambonmee HacTo €ro CcompoBOXKIAeT
V. frigida.

9. V. lii Rieth (puc. 1M, N)

SApocnarckas o6n. [1] Hexoysckuii p-n. MecT-
Hocts “Kpecter”, Oeper pyuss y a. Kyspma-llembsH,
Ha aJUTIOBHH C PacTUTENILHOM BeTobio, 4.VI 2019, V52.
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Hutn oboenonsie, poBHBIC. AHTEpUINN Ha
KOHAX TeHEPAaTHBHBIX BETBEH, KPIOUKOBUIHO H30-
THyTble 10 1BYyX pa3. OoroHuu B yuciae 1 wumm
2 9K3., PacIOJIOKEHBI Ha BBEPX M K aHTEPUIUIO
HampaBJEHHBIX  HOXKaX, IJIOCKO-BBITYKIbIE,
C TIPO/TICHHBIMHU Bepxymikamu. Oocnopsl HE TOJI-
HOCTBIO 3aIOJHSIOT OOTOHHUH, OCTaBISIsl TEPMHU-
HaJbHYIO monocTh. [locne ommomoTBopeHns rexe-
paTHBHAas BETBb CENITUPYETCS, OTPAaHUIHMBASI YaCTh,
JIMIIEHHYI0 IuToIuasMsl. Ilocne co3peBanus ooc-
IIOp OOTOHUU ONAJAI0T C TEHEPATHBHOM BETBU BMe-
cTe c HOXKamMu. becronoe pa3MHOXEHHE HEW3-
BECTHO U HaMU He HaOJII0aJIOCh.

B HOBOM MeECTOHaxOXJEHUU BCTPEUECHBI
eIMHUYHBIE (PePTIITFHBIE HUTH C YaCTUYHO JIeTpa-
JTUPOBABIITIMH TeHEPATUBHBIMU BETBSIMHU.
Hapuc. IM  wmoxnHo Bugers centy (Oemas
CTpeJKa), OTPaHHYMBAIONIYIO MPO3PAYHYI0 YacTh
BETBH 0€3 IHUTOIUIA3MbI; YEPHON CTPEIKON OTME-
YeH ONOpPOKHEHHBIH aHTepuauil. OmnaBmuil
C BETBHM OOTOHMI BujeH Ha puc. 1N, cTpemnkoii mo-
Ka3aHa TepMHHaJIbHAs MMOJIOCTb.

V. lii — peakuii MyJIbTHPETHOHATIBHBIN BHUJI,
B Poccun w3BECTEH TOJBKO M3 psAla PETHOHOB €B-
pomneiickoit wactu 1 Ha KaBkase, B Bomoroackoii,
Mockogckoii, Hikeroposckoi obiactsix u Cesep-
Hoit Ocetrun. B SlpocmaBckoit ob6n. panee OBIT
HalJIeH TOJIBbKO B OJHOM MMyHKTE [ BULIHAKOB U 1p.,
2020 (Vishnyakov et al., 2020)].

10. V. orthocarpa Reinsch (puc. 10, P)

= V. sessilis . orthocarpa (Reinsch) Heer.

*Boponexckas obn. [1] Hosoycmanckuii p-.
Pexa Ycmanka B 1. BeHeBUTHHCKHIA, MAaCCOBO B BOJIE Y
6eperoB, B 00pacTaHUAX APEBECHHBI U y IOBEPXHOCTH
Bogsl, 15.VIII 2019, VV580. Spocnasckas o6i. [1] Heko-
y3ckutl p-1. Konanp Ha ieBoM Oepery p. Wibb Ha okpa-
uHe ¢. Hoa. He1<oy3, PBIXJIBIMU BaTOO6pa3HI)IMI/I CKOII-
nenusimu 'y Oepera u xmombsimu cpeau Cladophora
fracta u pscok, snextporpoBogHocTh 350 MKCwM,
pH 7.8, 28.V 2018, V101, V340, V407.

[lo opranuzanuu ramMeTaHTHANbHBIX TPYIIIL
ATOT BHUJ OYeHb MOXOk Ha V. bursata, ognako emy
XapakTepHBI: 1) MOCTOSIHCTBO COCTaBa IPYMIbI U3
1 anrepunus u 1 ooronus (puc. 10), 2) Gonee TecHOe
PAacIoNOKEHNE TaMETaHTHEB, 3) TOYTH PaHabHAas
CUMMeTpHUsI OOTOHHWEB, 4) OoJyiee TOJICTas U PaBHO-
MEpHO cIIoHcTasi 0005104Ka ooctop (puc. 1P).

JloBONBHO penkuil BUJ, U3BECTHBIA U3 HE-
CKOJIBKMX peruoHoB B ['onapkruke. B Poccuu ero
HaxoIWId B EJAMHUYHBIX MECTOHAXOXKICHUAX
B Spocnasckoii, Kamyxckoit u Bonoroxackoit 06-
nactsx [Bummskos, 2015 (Vishnyakov, 2015);
Bumnsikos u 1p., 2020 (Vishnyakov et al., 2020)].
OTOT BUJ MPHU3HABAJICS aJEKO HE BCEMU HCCIEN0-
BaTeJISIMH PO/a, KOTOPBIE CUYUTAIN BOIIEPUH C Ta-
Koii Mopdosnorueit koncnenupuaasiMu V. bursata
(Christensen, 1969; Entwisle, 1987). Takue BbI-
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BOJBI MOTHBHPOBAINCH OOJNBITUM MOP(dOIoTHIe-
CKHM CXOJICTBOM, a TaK)K€ HIUPOKON aMILTUTYA0U
W3MEHYUBOCTH NOCJIEIHETO BHUIA B YacCTH pa3Mme-
POB OOTOHHEB U UX (OPMBL. MEXIy TeM, 3TH aB-
TOPBI HENIOCPEACTBEHHO HE M3y4alud MaTepUalIOB,
TOYHO cooTBeTcTBYyIOmUX V. orthocarpa.

B LE namu Obuta ObITM MPOBEPEHBI IKCH-
katel Buga cepun “Algae aquae dulcis exsiccatae”
Ne 949 (1889 r.) u: Ne 15814, b (1903 r.). Tlepsorit
oOpa3zer] npejcrasisier co00i YacTh TUIIOBOTO Ma-
Tepuaga, NMPOUCXOAUT U3 CHUHTUIIHOIO MECTOHA-
xoxneHusa. Mopdosorusi u3y4eHHBIX 00pa3oB
HaXOIWIAach B XOPOIIEM COOTBETCTBUU C HUMH.

11. V. prona T.A. Chr. (puc. 2A, B)

= V. hamata (Vauch.) DC. sensu auct.

*Bnamumupckas o0 [1] I'yev-Xpycmanvmolii p-
n. Tlepecoxmas Jyka Mo jopore Ha IULDK B T. ['yck-
XpycTanpHblll, Ha  IepeyBIaXXHEHHOH  MO4YBe,
27.VI1 2019, V447. *Bopounexckas oo [10] 2. Bopo-
Hedxc. COBETCKUIT p-H, CTapHLa B JeBOOEPEKHOH moiime
p. JoH y n. ManbinieBo, Ha 1OYBE B 3apOCIISX OCOKH,
13.V11 2019, V574; Jluckunckuii p-1. OKpEeCTHOCTH XY-
Topa JluBHOrOphe, mpaBeiii Oeper p. Tuxas CocHa,
Ha OTMEJIM B pacIlelIMHaX MEXIy CKOIUICHHSMH MeJIo-
Boro mebus, 16.VIII 2019, V581; mectHOCTh JIMBHOTO-
pbe, mpasblid Oeper p. JloH, mecyaHas oTMelNb, Ha 3a-
nieHHoM necke B 0.3—1 M oT ype3a BoAbl U B TEHH
yKpas cooOLIecTBa  JypHHIUHMKA H  Yepemsl,
16.VII1 2019, V582; okpectHOCTH XyTOpa J{UBHOTOpPHE,
IIPUTCHEHHAsl TPYHTOBas Jopora B mokme p. Tuxas
CocHa, NpOJIOKEHHAsl /1, Ha MOYBE IO KpasM JIyK,
B CTaphIX KoJiesix, mo oboumnam, 16.VIII 2019, V583;
Hoeoycmanckuii p-u. O3. Uepenanibe, OTMEINb, Ha IOYBE
CO CKOIUICHUSIMU BETOLIH IOJ Ca0ENbHUKOM U YepeIon,
MaccoBo, 15.VIII 2019, V578; Cemunyxckuiu p-u. Ilpa-
BhIif Oeper p. Jon B r. Cemmnyky, y mapka “Tpu camo-
nera”, ycThe pydbs B OBpare, Ha MOYBE BOJIHU3U POIHU-
koB, 13.VIII 2019, V571; npassrii 6eper p. [lon B 1. Ce-
MIJIYKH B paiioHe ycThs p. JleBuua, Ha MATKOM aJlIio-
BHUHU B 3apoCisix exeronoBHuka, 13.VIII 2019, V572;
JIy’Ka Ha TPyHTOBO#1 topore B noiime p. o, p. [eBuna,
Ha YIUTOTHEHHOH mouse, 13.VIII 2019, V573; p. Benyra
B 1. ['ybapeBo, mpaBeiii Oeper B palioHE MOCTa,
na mouse, 19.VIII 2020, V868; Ocmpozoscckuii p-H.
[pagsrii 6eper p. [loH y ¢. CTopoxkeBoe, Ha TIECKE Ha y3-
kot ormenw, 24.VIII 2020, V864. *Koctpomckas o0u1.
[2] e. Kocmpoma. 3aBomxckuii p-H, KocTpomckas cio-
0oy1a, HacBIIHAs TPYHTOBAs Jlopora K gambe, Ha YIUIOT-
HEHHOU necyanoi mouse, 15.VI 2019, V64; tam xe, o1-
BOPOT JIOPOTH, Ha TUIOTHOHM MOYBE PSAJIOM C BBICOXIIEH
nyxeit, + Botrydium granulatum, 15.V1 2019, V65. Hu-
xeropockast 00i. [3] dpzamacckuii p-n. c. IlycThins,
Oeper 03. Benukoe, 22.1X 2021, cobp. O.B. Arucumosa,
V924, c. IlyctbiHb, B KapcTOBOIT BopoHke, 22.1X 2021,
cobp. O.B. Anucumona, V925; . Huorcnuii Hoezopoo,
npasblii 6eper Bonrn, Ha otmenu Ha mecke, 26.1X 2021,
V918, V919; tam xe, B 3apocisix Butomus umbellatus,
26.1X 2021, V920. *sdpocnasckast 06m. [67] Bpetimos-
ckuii p-n. JleBsrit 6eper p. Cuts y 1. BpefiToBo, Ha mecke
u netpure, 21.IX 2014, V217, Geper p. Yecnaa y no-
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poru Ha bpeiitoBo, 21.1X 2014, V216; 6eper pydss Bo-
nmo3abopa Ha meBoM Oepery p. Cuth y m. BpefitoBo,
21.1X 2014, V115, vebompuIoi npys y J0I0YHOMH TpH-
ctann Ha p. YecHaBa BOJOXpAHIIHWINA, Ha TpPYHTE,
26.VIIl 2013, V214, V215; Geper T0AOYHON MPUCTAHU
Ha p. YecHaBa BONOXpaHWIHINA, Ha TPYHTE,
26.VIIl 2013, V103; nmec y na. Bop-Hopku, Hu3MHA
co ciemamu joceit, 14.1X 2018, V70, V441; necy a. dy-
Oell, Ha 3aTCHCHHOW T'PYHTOBOW J0POre K BOIAOXPaHH-
Jiy, Ha 3amimenoi nmouse, 14.1X 2018, V68, V440;
Mouurunckui p-n. Pexa MypaToBKa OKOJO JOPOTH
MEXIy 1. AHTUIIOBO M TpPEThsIKOBKA, HA TIIMHHUCTOM
TpyHTE 10 HapymeHHomy Oepery, 14.VI 2015, V252;
ra3oH psaoM B mapke “Cutckwii can’ B T. MEBIIKHH,
Ha yrutotTHeHHO# mouse, 18.VI 2017, V192; r. Mpim-
KWH, y1. Mupa, Ha TOYBE O] CTCHOH CTaporo Ioma,
12.V 2018, V408; nesiii Oeper p. Bonra B r. MbimikuH,
3apocmme mecuanble otmenw, 10.VIII 2019, V482,
V483; Hexoysckuii p-u. TponuHku B napke y bapckoro
npyaa B 1. bopok, Ha mouse, 14.VII 2013, V201, V222;
Jiec 32 00BE3THON JOPOTOH y TOCTHHHMIEI B 1. BOpoK,
B obcoxieit myxke, 9.VIII 2013, V233; Tam xe, Ha 3aM-
IIeJI0i mouBe moj cMopoauHoi, 29.VII 2017, V177, Ge-
pe3HsK B 1. bopok, Ha IecHOM oYBe U y MpoTeKaroulei
BoJjronpoBoaHoi TpyOsl, 11.VIII 2013, V198; tponnnka
u3 bopka B boi. [IpsIKOHOBO, Ha KPOTOBUHE U HAPYLIEH-
Hoi mouse, 3.VI 2017, V83; kiym6Os! 1. Bopok, Ha 00-
Haxenusx mousel, 15.VIII 2013, V227, tam e,
30.VIII 2013, V197; Tam xe, 25.VIII 2014, V209; Tam
xke, 5.VI 2017, V194; tam xe, 6.VII 2017, V146; Tam
xe, 14.VI11 2017, V554; Tam xe, 7.V 2018, V388; 6eper
pyuns CyHOXKa y 1. Bopok, Ha 3aepHOBaHHOH MMOYBe
o Oepery u Ha rimHECTOM TpyHTe, 21.VI1 2013, V195,
V199, V202, V203; 6eper 00BaIoBaHHOTO 03€pa PIIOM
c kaHaimoM y 1. Bopok, Ha mouBe cpemm 3apocieit
Zizania latifolia, 3.VIIl 2013, V196; Gepera uxTtuoo-
TMYECKOr0 KaHajia PhIOMHCKOrO BAXp. y 1. Bopok,
Ha TIMHUCTOM IPYHTE, MECKE U PACTUTEIILHOM JICTPHTE,
B MOpUOPEKHBIX  3apOCIAX  OCOK, CTPEJIOJIUCTA,
18.VII1 2013, V210, V231; tam xe, 9.XI 2013, V108,
V211; tam xe, 15.11 2014, V420; tam xe, UK,
14.VI1 2014, V212; tam xe, 2.V 2015, V243; rpyHT
o obOcoxmeMy AHYy PriomHCKOTO BaXp. Yy 1. Bopok,
18.VIII 2014, V114, rpyntoBas mopora B 1. bopok,
B CTOPOHY OYMCTHBIX coopyxenui, 10.VI 2015, V250;
KoJIeu cTapoil rpyHTOBOH noporu k bapckomy mpyay
B 1. Bopok, Ha mouBe, MTUCTOBOM omajae Oepe3sl U JIHIIHI,
14.VI11 2017, V232, V422, V426; Tam ke, Ha HapyIIeH-
HOW moyBe Hemaieko ot syxu, 13.VII 2019, V315,
TPYHTOBasi JOpOTa 3a TOCTHHHUICH B 1. Bopok (k ko-
MaHu), Ha ymioTHeHHOH mouse, 15.VIII 2017, V650,
OKpeCTHOCTH M. BOpok, TpyHTOBas opora B CTOPOHY
6a3p1 “CyHora”, Ha TJIMHHUCTOH IOYBE, B BBICOXIICH
nyxe, 41X 2017, V553, tam xe, 12.IX 2017, V96,
V415; crenka apeHakHOM kaHaBel Mo yi. CoBerckas
Bc. Hos. Hekoy3, y mapka, Ha TJIMHUCTOM IOYBE,
21.V 2018, V121, V180, V341; tam xe, 28.V 2018,
V183, V185, tam xe, 1.VI 2018, V184, VV186; okpect-
HOCTH 1. BOopok, 2-e camoBOICTBO, OTOPOIBI, HA TIOYBE,
22.V/ 2018, cobp. B.B. ConoBeeBa, V112; Tam ke,
Ha mouse, 12.VIII 2018, codp. B.B. Conossera, V141,
TaM ke, rpyHToBas nopora, 30.V 2018, V124, rpyaTo
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L

Puc. 2. Mopdosorus Bumos Vaucheria B n3yuenubix Matepuanax (00bscHeHHE 0003HaYeHHH B TekcTe). MacuiraGHble THHEHKH: A,

B, E-J, L — 100 mxm, C, D — 30 Mxm, K — 300 MkM.

Fig. 2. Morphology of Vaucheria species in the studied materials (indications are explained in the text). Scale bars: A, B, E-J, L -

100 pm, C, D — 30 pm, K — 300 pm.

A - V.prona V68; B — V. prona V394; C - V. pseudogeminata V96; D — V. pseudogeminata V132; E — V. racemosa V461; F —
V. racemosa V90; G — V. schleicheri VV-11; H, | - V. taylorii V151; J - V. uncinata V133; K, L — V. undulata VV336.

Bas Topora y HIOPTOBOTO KaHaja B 1. bopok, Ha ofiepHO-
BaHHOU mo4YBe, B Kosesix, 16.VI 2018, V109; oxpanna
mamHA Ha Oepery p. Wmpme 3a xpamom B c¢. Hos.
Hekoy3, Ha 0lepHOBaHHOW YIJIOTHEHHOW TJIMHUCTOM
nouse, 1.VI 2018, V181, Bbicoxiast j1y>ka Ha TPOIIMHKE
OT pBhIHKA K apxuBy B 1. bopoxk, 7.VIII 2018, V143,
IPYHTOBas I0pOTra 3a rapa’kHbIM KOOTIEpaTHBOM B I1. bo-
POK, B kostee Ha mouse, 12.VIII 2018, V142; rpynroBas
Jiopora 1o Oepery IopToBoro kaxasa B 1. bopok, Ha Me-
cte BeIcoxIIeH myxw, 25.VIII 2018, V134, okpecTHOCTH
. Bopok, TponmHKa B CTOPOHY CaZOBOJICTB, HA 3aMIIIe-
JBIX KpoToBHHAX, 18.V 2019, V36; Geper moxapHOii Ko-
naHu Mexay an. bon. m Man. 3amomsl, Ha TiHHE,
19.V 2019, V32; Geper mokapHOW Komandu B 1. bod.
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JIbSIKOHOBO, Ha TIIMHHUCTOM TTOYBE B yriryOsieHnyn O6epera,
18.V 2019, V41, rpyHT co nHa TOXapHOW KOMaHH
B 1. bon. IpsxoHoBO, B konesx, 28.VII 2018, V147;
JpeHa)kHble KaHaBbl B ¢. HoB. Hekoy3: BeIcox11as npe-
HaxHas kaHaBa yi. CoBeTckast y noma Ne 14, Ha mHe
na mouse, 7.VI 2019, V190; Oeper uacTHOW KOMaHU
B 1. bon. JIpsikoHOBO, Ha rMHKCTOM nouBe, 30.1V 2018,
V371; annest B mapke ¢. Hos. Hekoy3, Ha 0OHaKEHHUSIX
TIIMHUCTOM nouBkl, 28.V 2018, V267, V379; rpyHToBas
nopora u3 bon. B Man. JIpsakoHoBO, B noiime pyd. Cy-
HOXKa, B TIyOOKHX Koyiesix Ha mouBe, + Botrydium
granulatum, 18.V 2019, V40; nuBHeBas KaHaBa y JoMa
Ne 41 B n. bopok, Ha 3aMmmIenoll INIMHUCTOHW MOYBE,
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30.V 2019, V28; cBexeBBIpBITas APCHAXKHAS KAHABA J10-
poru Ha 1. Ky3bpma-JleMbsiH, Ha TJIMHHCTOW IMOYBE,
4.V1 2019, V53; Geper pyubs y a. Kyspma-J/lembsH,
Ha TI0YBeE, aJUTFOBWH, pacTUTeNbHOM BeTomH, 4.VI 2019,
V49; mecteuko AHApeeBcKoe, ciyck K Vipau, Ha yTot-
TaHHOM 3aMIIENION MOYBE MOJ JIOIMYXOM U CHBITHIO,
4.V1 2019, V26; tam ke, 11.VIII 2019, V484; moiima
p. Unpne B MecTeuke AHAPECBCKOE, HA HApYIICHHOU
mouBe moj cHBIThIO, 4.VI 2019, V47, V48; p. 1llyma-
POBKa, HEAJICKO OT 1. BOpOK, OTMENb, B pa3pe:KCHHBIX
3apocCisiX MaHHUKA, Ha faetpure, 28.1X 2019, V654; [1e-
pecnaeckuil p-n. Boctounsiii Oeper o03. [Inemieeso,
Ha HapYIIEHHOW IT0YBE ¥ THHIOUINX Makpo(uToB Ha Oe-
pery, 17.1X 2017, V118; rox#s1it 6eper 03. CaBenbeso,
“KOBpHMKH’ Ha HapyIICHHOM TOP(SHUCTOM TPYHTE
¢ mosogbiMu  pactenusimu - Ranunculus  sceleratus,
17.1X 2017, V343; otmens p. Hepip, y moporu Mexmy
1. CrapoBo u [InedeBo, Ha PHIXJIOM aJUTIOBHUU B 3apOC-
nsix ocok, 12.V1 2018, V156; rpyHToBas topora B JIEBO-
OepexHoli morime p. Hepnb, y noporu mexay na. Cra-
poBo u IlneueBo, Ha yIIIOTHEHHO! IIMHUCTON 10YBE, +
Botrydium granulatum, 12.V1 2018, VV158; Pocmosckuii
p-u. I'pyHTOBast Jopora Ha BOCTOYHOM Oepery 03. Yari-
HULBL, HA IUIOTHOM TJIMHUCTOM 3aMIIENON MouBe,
12.V1 2018, V100; Pwuibunckuii p-u. IlpaBsrit Geper
p. Boara mexny na. I'meboso u KabaToBo, B moHM*Ke-
HUsX Oepera moxa Beromplo TpocTHHKa, 10.IX 2017,
V87, V98; 6eper p. Kopmuna y 1. KabatoBo, Ha mouse,
rae ObUIH YHUYTOXEHBI 3apociu OoprieBrka COCHOB-
ckoro, 10.I1X 2017, V104; npassiii 6eper p. Boara Hade-
pexHOH B T. PEIOMHCK, HA TIECKE C HAMIIKOM CPEIU KaM-
HE# U peakux 3apocieit bonoTauisl, 24.1X 2017, V149;
T. PEIOWHCK, THO CYyXOH ApEeHaKHON KaHABBI OKOJIO XK-I.
BOK3aj1a, Ha mouse, 12 V 2019, V35; r. PeiOuHCK, mapk
y Bomxkckoii Habepe)XxHOM, Ha Ta30HE, HA HapyIIEHHON
nouse, 27.V 2020, V853; Venuuckuii p-n. Kanapa y no-
poru Yrimma—bopucornedek, a. Opunuiu [loaropHeie,
ITPYHT Ha MeECTe JIeTHero 3(eMepHOro Bomoema,
Ha rauHe, ckoruteHuax Lemna trisulca, 17.1X 2017,
V255; r. Yrimy, kiaym0a B Kpemiie, Ha 3aMIIeNoi o4Be
cpemu OapxaTiieB ¥ KpecToBHUKA, 25.1X 2017, V191, r.
Yrmug, BeICOXIIIas Jy’a Ha BEICOKOM Oepery p. Bomrm,
y CIIyCKa K JIOJIOYHOM NpuUCTaHu, Ha rauHe, 29.1X 2017,
V/395; BrIcoX1Ias ayXa Ha TPYHTOBOW JOpore 3a c. 30-
JOTOpYyYhe, B KOJEAX JOPOTH, Ha TIIMHUCTOW pacTpec-
kaBmieiics mouse, 29.1X 2017, V394, c. 3omoTopyuse,
ra3oH, Ha TIOYBE IO/ JFOTHKOM U CHBITBHIO, 29.1X 2017,
V120; ormens mpaBoro 6epera p. Koposkeuna B T. Yr-
JIMY, Ha aJUTIOBUH B 3apocisix Schoenoplectus lacustris,
15.1X 2018, V67; npassiii 0eper p. Kopoxeuna B 1. ®o-
MHUHCKOE, oT™Menb, 12.X 2019, V676; 2. Apocrasns. Ku-
POBCKUH p-H, paBslii Oeper p. KoTopocis, moa MocToMm,
Ha TpyHTe Ha ypese Bogbl, 5.IX 2013, V639; tam xe,
9.X 2017, V406; tam ke, B 200 M HUXKE MOCTa IO Jie-
BOMY Oepery miaBeiis Ha TJIMHUCTOM TPYHTE U JCTPHUTE
MakpoBogopocieit, 9.X 2017, V153; Apocrasckuii p-H.
Oropoxsl B 1. O0pa3noBo, Ha MOYBE TOH SOJOHIMH,
27.1X 2016, V245; rpynaroBas mopora y a. Mopnasu-
HOBO, y JICCOIOJIOCHI, HAa IOYBE B KOJIEAX IOPOTH,
31.VIII 2018, V317; npassiii 6eper p. Bosara y m. Bosra,
Ha TMEPUOIUYECKU 3aTAIUIMBAEMOW OTMEJH, Ha IEeCKE

¢ TIMHOM, peaxo, 7.VII 2019, V292, V312,
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Hutu o6oenonsle. ['aMeTanrun o0beuHEH-
HbIC Ha T€HEPATUBHBIX BETBSIX PA3JIUYHOMN JJIMHBIL.
UYactele mponudepaliy BepXymku TeHSPaTUBHOMN
BETBU B MECTE HEIMOCPEICTBEHHO MO3aJu HOXKHU
AHTEepUIUA NIPUBOIAT K APYCHOMY PaCIIOI0KEHHUIO
rameranrues (puc. 2A, B, crpenku). AHTEpUIUH
Ha JOBOJBLHO PE3KO M30THYTOM KHHU3Y HOXKKE, OT-
XOJSIIEH OT KOHIIA TeHEPATUBHON BETBU, PACKPbI-
BaroTcs 1opoil. OOroHWU B Ymcie 2, TIOCKO-BhI-
IYKJbIE, HA KOPOTKUX HOXKKAX, HAKJIOHEHBI BHU3 U
B CTOPOHY AaHTEPUIUS, PACKPBIBAIOTCS MPOCTOMH
anMKaIbHOM 1Mopoil. OoCTIOpHI MTOIHOCTHIO BBITION-
HSXOT OOTOHUM.

MynpTHperuoHansHeii Bua, B Poccun ns3-
BecTHbIN U3 Cubupu u eBponeiickoit yactu. Oou-
TaeT Ha NOYBaX U Pa3HOOOPA3HBIX THIPOMOPGHBIX
ouoronax [Bummskos, 2019 (Vishnyakov, 2019);
Bumnsikos u zp., 2020 (Vishnyakov et al., 2020)].

12. V. pseudogeminata Dang. (puc. 2C, D)

*Boponexckas 0611. [1] r. Boponeorc. 1leHrpab-
HBIH p-H. Poqunk Moxkpstii Jlor B 1. Peibauunii, Ha Hapy-
meHHoit nouse, 14.VIII 2019, V575. *KpacHoxapckuit
kpait [2] Anwepownckuii p-n. TypucTudeckas Tpoma
k OpiIuHOH MONKe, HAa MOYBE B KOJEIX TPYHTOBOH 10-
poru, 2.1X 2020, V873; 2opoo-kypopm I enendorcux,
p- xanxot y c. [IpackoBeeBKka, HUXKHEE TEUEHHE, OT-
memn, 23.VII 2019, V460. *Pecrybnuka Anpirest [6]
Maiixonckuii p-n. OKpecTHOCTH cTaHHIBI JlaxoBckasd,
nopora k ckaiie Yeptos [lanen, B KojiesX NPUTEHEHHOM
rpyHToBoi poporu, 30.VIII 2020, V857; tam xe, B Me-
cte Ommxe k CaBpaHCKON KaHATHOW JOpOTe, B KOJedx
npuTeHeHHOU rpyHTOBOM nopory, 30.VIII 2020, VV858;
3a00JIOUEHHOE 03€PKO 110 JOpore K KaHbOHY MHUILIOKO,
Ha mouse, 1.IX 2020, V860; npaseiii 6eper p. benas
mmwke Tecuuwnel, Ha mecuanoi mouse, 31.VIII 2020,
V870; pyueit bon. Pypabro, orMens MexIy BTOPBIM U
tpetbuM Bomomagamu, 31. V111 2020, V871, p. Caxpaii y
. Yere-Caxpait, Bogonan “Tpu bpara”, Ha kKaMHsIX 1 Ha
necke Ha otMmend, 3.1X 2020, V874. SpocnaBckas o0
[20] Boavwecenvckuii p-u. JleBwiii Geper p. HOxoth
Hike 1aMObI B ¢. boi. Ceno, Ha TPONHMHKE B OCOYHHKE,
16.VI1 2019, V20; Bpeiimosckuii p-n. Kitymba niepes ma-
rasuHoM “Skops” B 1. BpeiitoBo, Ha mouse, 9.VIII 2017,
V391; Hexoysckuii p-n. Jlecy roctunuipl B 1. bopok,
Ha IT0YBE M JMCTOBOM OIajie MO OOCOXIIeH BeceHHEH
ayxe, 10.VI 2015, V223; KoJes jJecHON IPyHTOBOH 110-
poru k BomoxpaHwnuiny B 1. bopok (6mmwke x “PeI-
ounke”), Ha 3ammenoi moume, 29.VII 2017, V230;
IpYHTOBasi 7opora 3a rocTuHUIed B 1. bopox (k ko-
MaHu), Ha yIoTHeHHOHM mouse, 15.VIII 2017, V650;
IpyHTOBast fopora B cTopoHy 6a3sl “CyHora”, Ha IouBe
Ha MecTe Belcoxuien myxu, 12.1X 2017, V96, V415; Ge-
per py4. CyHoxka B 1. bon. J[pIKOHOBO, Ha TMOYBeE,
231X 2017, VA417; creHka JpeHAXHOW KaHAaBbI
mo yi. CoBerckas B c. Hos. Hekoys, y mapka, Ha TIIHHH-
croi mouse, 28.V 2018, V179; tam xe, 1.VI 2018,
V184, rpyHToBas mopora mo 6epery HopToBOro KaHamia
B 1. bopok, Ha mecte Brlcoxwel ayxwu, 25.VII 2018,
V134; nuBHeBas kaHaBa y moma Ne 41 B m. Bopok,
Ha 3aMIIeNnoi riauHucToi mouse, 30.V 2019, V28; me-
cTeuko AHApeeBcKoe, ciryck k Wby, Ha yTonTaHHON
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3aMIIesIon ToYBe T JIOMYXOM U CHBITBIO, 4.VI 2019,
V26; moiima p. Wapas B MecTeuke AHIpPeeBCKOe, Ha
HapYIICHHOM MOYBE MO/ CHBITHIO, 4. VI 2019, V47, V48;
otMmensb p. Unbap B ¢. MaperHO, Ha TOYBE, OKPBITON
msrkuM aimioBueM, 4.V 2019, V45; [lepecrascxkuti p-
n. Ot™mens p. Hepnp, y noporu mexmy ma. CtapoBo u
[TnedeBo, Ha pBHIXJIOM AIIOBHM B 3apOCIsIX OCOK,
12.V1 2018, V156; Pocmosckuii p-n. I'pyHTOBas mopora
Ha BOCTOYHOM Oepery 03. UanrHuIiibl, Ha TUIOTHOW TJIH-
HuCTOM 3amirenoi mouse, 12.VI 2018, V100; Pesibun-
ckuii p-n. [lpuyctbeBas 30Ha p. Uepemyxa B I. PBIOUHCK,
oTMenb, 1-1.5 M OT ype3a BoJBI, Ha TIOYBE MOJ 3apOC-
nsMu ocok, 26.VIIT 2018, V132, V328; Tymaesckuii p-
n. [Toiima p. Ypaooma y noporu Peidunck-1lamkoBo-Ty-
TaeB, IPYHTOBAas JOpOra HA IOYBE IIOJ KaMBILIOM,
24.V 2019, V43; Venuuckuii p-n. 1. Yrimd, KirymbOa
B KpemJie, Ha 3amienoi nouse, 25.1X 2017, V191, ot-
Menb ipaBoro Oepera p. Kopoxeuna B 1. Y4, Ha an-
moBur B 3apocisx  Schoenoplectus  lacustris,
15.1X 2018, V67; Apocrasckuii p-n. I'pyHTOBast 1opora
y I. MOpABHHOBO, Yy JIECOTIOJIOCHI, HA MTOYBE B KOJIESX,
31.VIII 2018, V317.

[To xoMIO3ULIMK FaMETAaHTUEB U CTPOCHUIO
aHTEepUIus OTOT BHJ  OYEHb  HAIIOMHUHAET
V. geminata, oT KOTOPOro OTIHYACTCS HATHYHEM
KpPYIHBIX TepMHHANBHBIX Tonocted (puc. 2C, D,
MOKa3aHbl CTpenkamMu). Kpome Toro, HUTH 3TOTO
BHJIa HEPEAKO OBIBAIOT BOJHUCTHIMH.

V. pseudogeminata OTHOCHTCS K PEIKUM
MyJIbTUPETrHOHANbHBIM BusiaM. B Poccuu usBecten
B Kemeposckoii, Mockosckoil, Huxeropoackoi u
SApocnaBckoit  obmactsx  [Bummskos, 2015
(Vishnyakov, 2015); Bummmsko u ap., 2020
(Vishnyakov et al., 2020)]. O6uraer Ha mouBax,
4acTo Mo0JIM30CTH BPEMEHHBIX BOJIOEMOB, HHOTIA
Ha otMmelsix. HoBerit Bun st Boponeskckoii 0011.,
Kpacuonapckoro kpast u Anpiren.

13. V. racemosa (Vauch.) DC. (puc. 2E, F)

= V. walzii Rothert

*Bnagumupckas o6 [1] I'yev-Xpyemanvnolii p-
H. Ilepecoxmias dyka Mo AOpPOTe Ha IUISHK B T. ['yCh-
XpycraiabHblli, Ha  NEPEYBIAKHEHHOM  IOYBE,
27.VI1 2019, V447; *Bonrorpaickas ooin. [1] Ceem.o-
Apckull p-H. 3apOoCIINil POro3oM KaHall Y BOCTOYHOTO
6epera 03. Llana, Ha BIa)XHBIX HCTONTAHHBIX CKOTOM Oe-
perax, 25.VII 2019, V455, V456. *Boponexckas 001.
[1] Cemunyxckuii p-n. Pexa Tpeiueka B 1. Pasmosse,
psmoM ¢ TypOa3oi, cyOa’poduibHOE COOOLIECTBO
Vaucheria, Ulva, Cladophora na HarpoMoxaeHHH KaM-
Hel B MecTe Cy)KeHUsI pyciia, MacCOBO, JJIEKTPOIIPOBO/I-
Hocth 618 mxCwMm, pH 8.4, 19.VIII 2020, V856. *Ko-
ctpomckast 00:1. [3] 2. Kocmpoma. 3aBomkckuii p-H, cTa-
PpBlii Kapbep Ha Oepery Bonry, Ha OOHaKHMBIINMCS U3-32
NajJeHUs YPOBHSA BOXBI JHE, HA TIIMHUCTO-IIECYAHOM
TPYHTE M OCEBIIMX M3 BOABI HUTYaTKax, 15.VI 2019,
V61; tam xe, UepHUTHHCKAs HabepexHast, BpEMEHHBIN
BOJIOEM Yy KOJIO/IIIa, MacCOBO Ha IityOrHe Boabl 10 30 cM,
15.VI 2019, V59, V60; BraxxHast HU3MHA PSIOM Kaphe-
poM, B siMax Ha TIAMHUACTOW mouse, 15.VI 2019, V62.
*KpacHomapckuit kpaii [2] Topoo-kypopm I'enenocux.
Peka Xorenail B xyrope [[KaHXOT, HUXKHEE TEUYCHUE,
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MEXAYy KaMHSIMH B MEJUIGHHO TEKyIleH BoJe, HA CKOII-
nenusix Cladophora glomerata, anexkrponpoBogHOCTE
0.69 MCwm, pH 8.3, 22.VII 2019, V461, V462, Tyancun-
ckuul p-H. Pexa Heuerncyxa B n. HoBomuxainoBckuit,
BpEMEHHasl NIPOTOKA, B KOTOPYIO PasrpyxkaroTcs poj-
HUKH, penko, 23.VII 2019, V469. *PeciyOnuka Anpires
[1] Maiikonckuii p-n. Tlutaemasi pOTHUKOM JpEHAXHAsI
KaHaBa JOpOrd Ha 1. KaMeHHOMOCTCKHUH, JIeBBIi Oeper
p. benas B paiioHe “JOMMHBI aMMOHHTOB”, B Macce
B TOHKOM CJIO€ BOJBI, JJIEKTPONPOBOAHOCTH 355 MKCM,
pH 8, 4.1X 2020, VV859. fpocnasckas o6 [38] bopu-
coenedockuti p-v. KanaBa y noporu Yrimu-bopuco-
riedck, paiion 1. [1aBioBo, Ty»a-ocTaToK JIETHETO 3¢de-
MEpPHOT0 BOJ0O€Ma, Ha TIIMHUCTOH 1Mo4YBe Moz OOJIOTHH-
KoM 1 cutHHKOM, 17.1X 2017, V116, bpetimosckuii p-H.
JIy>xu Ha cTapoil TpyHTOBOIM AOpOre Ha OKpauWHeE Jeca
y n. Bop-Hopku, 9.VIII 2017, V150; meswrii Oeper
p. Curs y . bpeiitoBo, Ha mecke u gerpure, 21.1X 2014,
V355; okpecrHoctu 1. ['openoso, Oeper p. UecHara,
MeNKoBobe, coop. A.A. Tuxonos, 14.1X 2018, V368;
Muvuuruncku p-n. Pexa B 1. 3apyOnHO, OTMEIb, Ha TN~
HHCTOM 3amiuenioM rpyHte, 14.VI 2015, V242; pyueii
CryneHslit BOMU3M BHajgeHus B “Mununeiickuit” npyn
B T. MpermikuH, mo ype3y Bogsl, 14.VI 2015, V351;p.
MypaToBKa 0K0JIO0 IOpOTH MEXY Al. AHTUIIOBO U Tpe-
TBIKOBKa, B BOJe Ha KaMmHsAX y Oepera, 14.VI 2015,
V375; Hekoysckuil p-n. JIpeHaxxabie kKaHaBBI B . HoB.
Hexoy3: oO6BoHeHHas kaHaBa yi. CoBeTcKas, IIaBaio-
IIYe IEPHUHBI Ha TTOBEPXHOCTH BOJBI M Ha TPYHTE II0
ypesy, 3.I1X 2013, V354; tam xe, 30.VIII 2016, V248,
TaMm ke, 30.VI 2017, V188, V189; tam ke, kaHaBKa Ha
peiake, 28.V 2018, V89; 12. Tam xe, kanaBa y 3AICa,
KPYIHBIMH KypTHHAMH Ha JIHE, JJIEKTPOIPOBOJHOCTD
874 mxCwm, pH 9, 28.V 2018, V107; tam ke, KaHaBa
y npyna Hanpotus mosuiuh, 28.V 2018, V348; tam xe,
KaHaBKa PAJIOM C KOTAHbIO y aBTO3anpaBky, 28.V 2018,
V380, V413; tam xe, 0OBOJHEHHAS IPCHAXKHAsI KaHABA
1o yi1. JlennHa, Mo 1opore K MOJMKJINHUKE, Ha TITyOnHe
Boael 0—15 cm, maccoBo, 1.VI 2018, V128; tam xe,
Ha I'pyHTE y BOJbI O qHY KaHassel, 1.VI 2018, V129; py-
yeil B TuBHEBOM kaHaBe B ¢. HoB. Hekoy3, B MenneHHO
TeKyIei BoJe U Ha rmouse 1o oepery, 19.VI12015, V373,
V384, bepera xanama PriOmHCKOTO BIXp. Yy 1. BOpok,
OKOJIO MXTHOKOPITyCa, Ha IEPEyBIa)KHEHHOM TPYHTE
o Gepery, 18.VIII 2014, V361, 3abom04eHHBIH BOJOEM
B ¢. Crapsrit Hexoys, okomo xpama, cBOOOIHO IIIaBaro-
1ye JepHUHBI B Boze y O0epera, 19.VI 2015, V345; npu-
JIOpO’KHasl KaHaBa B 1. boi. 3aioMbl, Ha rpyHTE 10 JTHY
BeIcOXIIero 3¢emepHoro Bomoema, 7.VI 2015, V224,
MIPUIOPOXKHBIA BOLOEM B A. ['OpKH, MacCOBBIMU CKOII-
JICHUSIMM B BOJIE U Ha rpyHTe 1o Oepery, 14.VI 2015,
V352, V378; p. Curb y n. Jlomatuno, B moiiMe
Ha rpyHTe, 19.V12015, V225, V251; Tam ke, Ha oT™MeNnn
B ycThe pyubs B 1. Jlomatmno, 18.VIII 2018, V135;
p. 'pembimika  okono xa. TomopumeBo, y moporw,
Ha rpyHTe 1o 6epery, 19.VI 2015, V360; iyxa Ha TpyH-
TOBOHU mopore B cropoHy 6a3sl “Cynora”, 5.VIII 2017,
V193, V357, xonen ctapoil TpyHTOBO# noporu K bap-
CKOMY mpyny B I. BOpOK, B NpPU3EMHOM CJIO€ BOJIbI,
14.VIIl 2017, V232; Tam e, Ha CHIILHO T'YMYCHPOBaH-
Ho¥ mouBe, 24.V 2018, V336; tam xe, Ha HapyIIEHHON
mouyBe Hemaneko ot yryxu, 13.VII 2019, V314; Beicox-
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11ast Iy’Ka Ha TPOIe NXTUOJIOTMIEeCKOro KaHana B . bo-
pok, Ha mouse, 20.VIII 2017, V90; Tam xe, B IBYX ITy-
xax, 3.VIII 2018, V133; rpynroBas gopora y mopro-
BOro KaHaja B 1. Bopok, Ha MecTe BBICOXIIEH JIyXH,
20.V 2018, V401, oeper pyu. CyHOXKa, Ha IOYBE,
23.1X 2017, V417; BeIcOXIIINE MPUIOPOKHBIE BOIOSMBI
y 1. Hos. ¥Ypa, 28.V 2018, V111, V377; xonaHs B mapke
c. Hos. Hekoys, MaccoBo B Bojzie y Oepera, Ha MpoOIILIO-
TOJHEH JIMCTBE, B TOJIIC BOJBI M Y TOBCPXHOCTH,
1.V 2019, V37; tam xe, 7.VI 2019, V130; rpynToBas
Jopora 1o 6epery mopToBoro kaHaina B 1. bopok, Ha me-
cre Beicoxuiei Jryxu, 25.VIII 2018, V134; Geper pyubs
y 1. Ky3bma-JleMbsiH, Ha [OYBE, aJUTIOBUH, PACTUTEIb-
Hoii Betomy, 4.VI 2019, V52; otmens p. Unsap B ¢. Ma-
PBMHO, HA T[OYBE, TMOKPHITOW MSITKHM aJUTIOBUEM,
4.V1 2019, V45, V46; notima p. Unpap B Mecteuke AH-
JPEeBCKOE, HA HApPYIICHHOW IOYBE MO CHBITHIO,
4.V12019, V47, VA48; p. llymapoBka, Hemaieko
ot 1. Bopok, oTMeNb, B pa3peKeHHBIX 3apOCISIX MaH-
HUKa, Ha aerpure, 28.1X 2019, V654; [lepecrasckuii p-
#. Otmens p. Hepnb, y goporu mexny an. CtapoBo u
[l1eyeBO, Ha PBIXJIOM a/UTIOBHH B 3apOCIIX OCOK,
12.V1 2018, V156; ormens nputoka p. Hepsb y moso-
pota moporu Ha J. [linedeBo, HIKEe CTAPOro METbHUY-
HOTO MpYy/a, Ha aJUTFOBUU U MOTPEOECHHBIX CKOTIICHHUSIX
pscku, 12.VI 2018, V157; Pocmosgckui p-n. Jlyxa Ha
TPYHTOBOM J0pOre y 03. PIOMHUKH, PBIXJIBIMU CKOILJIE-
HASAMHU B ToJie Boubl, 27.01X 2016, V249, V364; tam
Ke, Ha T0YBe MO JHY BBIcOXmIed syxu, 12.VI 2018,
V155; Peibunckuii p-u. [lpuyctbeBas 30Ha p. Yepemyxa
B T. PeIOMHCK, 0TMENB, 1—1.5 M OT ype3a BoJIbI, Ha TOYBE
o1 3apociisiMu ocok, 26.VI1I1 2018, V132; Tymaesckuii
p-n. Iloiima p. Ypaoma y noporu Priounnck-111amkoBo-
TyraeB, rpyHTOBasl TOpora Ha MOYBE MOJ KAMBIIIOM,
24.V 2019, VA3; Venuuckui p-u. Kanapa y goporu Yr-
nd-bopucoriedek, n. Osunuiiu Iloaropseie, rpyHT
HAa MecTe JIeTHEero 3(eMEepHOro BOJOEMa, Ha TIIHHE,
ckoruieHusx Lemna trisulca, 17.1X 2017, V255; r. Vr-
nid, poB kpemyist (yethbe p. 1llenkoBka), Ha ype3e BOJIbI
o eBoMy Oepery, 25.1X 2017, V82; tam xe, Oeperos,
15.1X 2018, V73; crapuna p. Kopoxeuyna B 1. ®oMun-
cKoe, B BoZie y Oepera, MaccoBO, 3JCKTPONPOBOIHOCTh
583 mxCwm, 12.X 2019, V675; Apocrasckuii p-u. Kapa-
Ouxa, HwkHuii mapk, y BepxHero mpynua, Ha IIOuBe,
23.VI 2019, V3; tam e, CIyLIEHHBIH BEpXHHUI NPy,
HA WJIKCTO-TIECYaHOM TPYHT€ M BOJU3U POJIHUKOB
Ha IHe mpyxaa, MaccoBo, 23.VI 2019, V4, npernaxHas
kaHaBa B ¢. TyHomrHa y COJHEYHOrO Mmapka, Ha Tepe-
THUBIIKX JTHCThAX Tomous, 3.VII 2019, V241.

Hutn oboenomnsie, pOBHBIC WIIH BOJHUCTHIE.
lameranrnn OOBEIMHEHHBIE HA TEHEPATUBHBIX
BeTBsIX. KoHel reHepaTUBHOW BETBU 3aMETHO U3-
rudaeTcs BHU3 W OKaHYMBACTCS HOKKOW aHTEPH-
IIAs, HO)KKM OOTOHHMEB, KaK IPaBUIO MHOI'OYMC-
JICHHBIX, BO3HHMKAIOT MO OOKaM BETBU JIPYT O]
apyrom (puc. 2E). AHTepuauu KpIOYKOBHIHBIE,
C OJIHOM anuKanbHOU nopoil. OOroHUU KOCO-si1e-
BHUJHBIC WJIH TUIOCKO-BBINYKIIbIe, B ymcie (1)2—
5(7). becnionoe pa3MHOXEHHUE arIaHOCTIOPaMHU.

Mopdonorus u3ydeHHBIX 00pa3loB B Iie-
JIOM COOTBETCTBOBAJIA paHee OIyOITMKOBAHHBIM
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JAaHHBIM, MEXIy T€M, HAaMH Oblja BCTpEeUYCHa pe/l-
kas Mopda ¢ MaJIOUUCIICHHBIMA OOTOHHMSMH, 2—
3 Ha TEHEPAaTUBHYIO BETBb, U KOPOTKOH TEepMHU-
HanbpHOU monocThio (V417). Bo3moxHO, 1107100-
HBIE HEJIOCTaTOYHO W3BECTHBIC MOp(BI
V. racemosa IpyruMH HCCIEeIOBATENSIMU OTOX-
nectBisuach ¢ V. erythrospora [Wolowski, 2002;
Kunkuna, 2011 (Zhilkina, 2011)]. Mexay Tem,
MaJiblii pa3Mep TEPMUHAIBHON MOJOCTH B U3yUYEH-
HOM MaTepuaje He TO3BOJIMI OTOXIECTBUThH €r0
¢ 3TUM BHI0M, a Taxke ¢ V. walzii f. rostrata Rieth
nom. inval. [Rieth, 1980], HecomHeHHO, POICTBEH-
HBIM V. racemosa TakCoHOM, UMEIONIUM KPYITHBIE
TepMHUHAIBHBIE TMONOCTH. B oOpasmax V3, V43,
V45, V46, V52, V90, V134, V135, V156, V336,
V654, npoucxoAsiiux U3 THAPOMOP(HBIX OHOTO-
OB, OTMEUYeHa MOp(a ¢ YaCTUYHO CIUPATHHBIMHU
HUTAMHU (puc. 2F), KOTOpble HEYACTO OTMEYaeTCs
HCCIIEIOBATEIISIMU.

MynbTHPErHOHANBHBIN BHJ, IIUPOKO pac-
MpocTpaHeHHbIN B Poccuy, Tie paHee mpuBOAMICS
noj HazanueM V. walzii [CBupuaenko u np., 2013
(Sviridenko et al.,, 2013); Bummnusaxos, 2019
(Vishnyakov, 2019); BummskoB u ap., 2020
(Vishnyakov et al., 2020)]. O6uTaeT riaBHbIM 00-
pa3oM B BOJOEMax, YacTO MPOTOYHBIX, & TaKKe
Ha UX CHJIBHO TlepeyBIaXKHeHHBIX Oeperax. OOHa-
py’KeHHe BI/Ia B HA36MHBIX YCIIOBUSX B OJTHUX CITy-
YasiX MOXHO OOBSICHHTh TE€M, YTO TaJZIOMbI BOJIO-
POCITH TTPOJOKAIN BET€TUPOBAThH HA TIOYBE MOCTIE
MaJeHus yYPOBHS BOJBI, B KOTOPOW H3HAYAIIEHO
pazBuBanuch (V225, V251), Ho OBIBAIOT Cllyyan U
HANlOYBEHHOI'O0 €ro TOSBJICHHS, KaK IPaBUIIO,
BONM3W ITy’)K Ha TPYHTOBBIX JOpOraXx M TPOIax
(V134, V155, V401). Ilo pe3ynpTatamMm COOCTBEH-
HBIX COOPOB U UCCIICAOBAHUS KOJUIEKIIUH OBLIO 1MO-
Ka3aHO MIMPOKOE pacIpOCTpaHEeHHE BHIa Ha Tep-
putopun Poccum [BummaskoB w  ap., 2020
(Vishnyakov et al., 2020)], oco6enno B [Ipubaiika-
JBE, TNI€ 3TO BTOPOIl IO YacTOTE BCTPEUAEMOCTH
MPEeACTaBUTENIL  poAa  [BUITHIKOB, 2019
(Vishnyakov, 2019)]. B SpocnaBckoii 00:x1., OT-
Kyza V.racemosa cooOuiancst paHee TOJIBKO W3
IBYX MyHKTOB Kak V. walzii [3ayep, 1977 (Zauer,
1977)], oH ToXe BBIABIEH cpeau Hanbosee OObIu-
HbIX BUJ0B. HoBbI# By 1i1st Bnagumupckoit, Boi-
rorpaackoii, Boponexckoir, Koctpomckoit o6ma-
creit, KpacHomapckoro kpast 1 AnpIren.

14. V. schleicheri De Wild. (puc. 2G)

= V. nicholsii H. Brown

= V. subschleicheri Jao

*SpocnaBckas o6u. [2] Vemuuckuit p-n. Peka
Vneiima, Opox mexnay na. CaBuHO U AHTYXOBO, Mac-
COBO, Ha MEJIKMX KaMylIKaxX Ha TCYCHUU y 6epera, JJICK-

TponpoBoaHOoCcTs 467 MKkCM, coBmecTHO ¢ Oedogonium
sp. ster., Cladophora glomerata, 23.VI 2019, V7, V8,
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V9; 2. Apocnasnes. J3epxunckuii p-H, bparuHo, xapb-
epbl, Ha TIy0. Bombl 10 50 CM, 3JIEKTPOIPOBOTHOCTH
220 mxCwm, 24.V 2019, V11.

Hurtn o6oenonbie, poBHBIC. ['aMeTaHTHU CH-
JTYMe B TpyINax, pachojOXKEHHBIX Ha OOJBIIIOM
pacCTOSTHUU APYT OT APyra, COCTOST u3 1 ooronus
u (1)2-5 anrepuaneB. AHTEPUINH B3TyTO-IHIIHH-
JpUYECKUE, NPWKAThIE K HUTH WU OTTOIBIPEH-
HBIE, BEPXYIIKaMHU OOpaIICHBI B CTOPOHY OOTOHUS,
OTKPBIBAIOTCS TPOCTON MOpoil. OOTOHWUU OKPYT-
JIble, CJIerkKa IpOAOJTOBaThie, ¢ TNIAJKOM, B MOJIO-
JIOM BO3pacTe JIeTKO ehopMupyemMoli 000JI09KO0it
Y NManuuiod Ha Bepxyuke. OOCmopbl MOJIHOCTBIO
3al0JHAIOT OOrOHMMH. becrnosioe pasMHOXKEHHE
HEU3BECTHO.

MynbsTHpErnoHaNBHbIN BU, O0bIIas YacTh
MECTOHAXOXJEHUW OTHOCUTCS K ['onapkTuke, u
TeM He MeHee BUJ coobmiaTcs HeuacTo. B Poccuu
n3BecTeH B Apxanrenbckod, HWpkyrckoi, Ko-
ctpomckoi, HoBocnbupckoii, TromeHnckoit 001.,
3abaiikansckoM kpae u Smano-Henerkom aBTo-
HOMHOM Okpyre [CBupunenko u map. 2013, 2015
(Sviridenko et al., 2013, 2015); Bumuskos, PoMa-
HOB, 2017 (Vishnyakov, Romanov, 2017); Bumiss-
KOB U 1p., 2020 (Vishnyakov et al., 2020)]. Hossrit
BUJ s SIpocnmaBCcKoi 0011, Te oOuTaeT B BOJOe-
MaxX U BOJIOTOKaxX C MEJJIEHHbIM TEYEHUEM.

15. V. taylorii Blum (puc. 2H, 1)

*SApocnasckast 06n. [5] Peibunckuii p-u. Ipu-
ycTheBas 30Ha p. Uepemyxa B r. PriOunck, otmens, 1-
1.5 M ot ype€3a BOAbI, Ha MOYBE MOA 3apOCIIMH OCOK,
26.VIIl 2018, V132, V328; Venuuckuii p-n. . Yriuy,
poB kpemis (yctee p. lllenkoBka), Ha ype3e BOIBL,
25.1X 2017, V82; Tam ke, Ha TPyHTE Ha OTMEJIH TIO JIe-
BoMy Oepery, 25.1X 2017, V151, V152, V347; 2. Apo-
cnasnw. KupoBckuit p-H, 1eBorii Oeper p. Kotopocns,
0T MOCTOM, Ha TPYHTE U B Boze, 9.X 2017, V406; mpu-
ycrbeBas 30Ha p. Kotopocins, roxxHBINH Oeper o-Ba [la-
MAaHCKUH, OTMEJIb, Ha JUIIOBUU 34 PEIKUMH 3apOCIIMU
OCOKH, B BOZIe Ha T1y0. BojsI 110 15 cm, 10.V 2019, V33,
V490; Tam xe, Ha Oepery Ha IepHHUHAX 0coK, 10.V 2019,
V34, JIzepxuHckuii p-H, bparuno, kapbepsl, Ha Tiy0.
Boabl a0 50 cM, amekTpornpoBoaHOCcTh 220 MKCM,
24.V 2019, V11.

Hutn o6oenomneie, poBHBIE. ['ameTanrun
Ha F€HEPAaTUBHBIX BETBSIX, THIIMYHO PACIIUPEHHBIX
B MECTE OTXOXJICHUS HOXEK ooroHues. [Ipomude-
panusaM OOBIYHO TOABEPTarOTCS HOXKKH aHTEPH-
IUeB U HeyHKIMOHUPYIOIIHe ooronuu (puc. 2H,
CTpenka). AHTEPUIUI pPAacHoOJOKEeH Ha HpAMON
niu [-00pa3HO COrHyTOW HOKKE Ha BEpPXYIIKE re-
HEpPAaTUBHOM BETBU, KaK MIPABUIIO HAXOUTCS BbIIIE
ooronueB. Ooronnnu B uuncie (1)2-5(6), pacmoma-
raroTCs MYTOBYATO WIIM CYMPOTHBHO (KOTJa 00TO-
HHUEB 2) Ha KOPOTKHX HOXKaX, KOCO-SHIICBUIHbIC
WM TUIOCKO-BBIMYKJIbIE, CBOMMM BEpPXYIIKAMHU
HAalpaBJICHHbIE BBEPX M B CTOPOHY AHTEPUAMS

42

(puc. 21). Oocnopbl HOJTHOCTHIO BBITIOIHIIOT 0OTO-
Huu. becrionoe pa3sMHOXKEHHE AaIUIaHOCIIOPaMU,
HaOII0JAIOCh HAMU YacTo.

MynbTuperuonansHeii Bu, B Poccuu n3Be-
cteH u3 Cubupw, rjie ero Haxoauiau B TIOMEHCKOM
u Owmckoit obnacTsax, XaHTeI-MaHCHICKOM U
SAmano-Henernxom aBTOHOMHBIX Okpyrax [CBupH-
nenko u ap. 2013 (Sviridenko et al., 2013)]. B eB-
pomelickoii dactu BcTpewancs B Caskt-Iletep-
oypre u KabapauHo-bankapckoit pecmyOnnke
[Bumrusikos u ap., 2020 (Vishnyakov et al., 2020)].
Hoggrit Bua mis SApocnasckoit 00i1., T/Ie BCTpeda-
€TCsI B BOJHBIX U TUAPOMOPQPHBIX OHOTOIAX, YaCTO
B YCThSIX MPUTOKOB Bounru.

16. V. uncinata Kutz. (puc. 2J)

= Vaucheria arrhyncha Heidinger =
Vaucheriopsis arrhyncha (Heidinger) Heer.

= Vaucheriopsis sinensis Ley

*Spocnasckas 001. [7] Bpeimosckuii p-n. Jlec
y . bop-Jlopku, HH3MHA CcoO ciexaMu  JIOCEH,
14.1X 2018, V70, V441; nec y n. Iy6en, Ha 3aTeHEHHOM
TPYHTOBOH JOpOTe K BOJOXPAHWIHILY, Ha 3aMIIENON
mouse, 14.IX 2018, V68, V440; rpyHroBas mopora
y rpanuibl ¢ Hekoy3ckum p-HOM (pSIoM C AOPOTOM HA
BpeiitoBo), B 1ecy, Ha CUIBHO 3aMIIEJION MOoYBE B KO-
nesix, 14.1X 2018, V69; okpectroctu 1. 'openoro, Oe-
per p.YecnaBa, menxoBoabe, cobp. A.A. TuxoHOB,
14.1X 2018, V368; Hexoyscxuii p-n. Komem crapoii
rpyHTOBOM noporu k bapckomy mpyay B m. bopok,
Ha IT04YBCE, JIMCTOBOM onajac 6€pCSLI u JIUIIBI,
14.VII1 2017, V232, rpyHTOBast AOPOTa B CTOPOHY Oa3bI
“Cynora”, Ha 3ammenoii mouse, 17.VIII 2017, V437,
JBE€ BBICOXIINX JIYKW Ha TPOIIC UXTUOJIOT'MYECKOro Ka-
Hana B 1. bopok,, maccoso, 3.VIII 2018, V133.

Hutn o6oemonbie, poBHble. ['ameraHrnm
Ha F€HEPATUBHBIX BETBSAX, UX HOXKU BO3HUKAIOT
00K 0 OOK, TOHHMKAIOT. AHTEPUANH Ha KPIOYKO-
BUJTHO M30THYTHIX HOXKKAX, CJIeTKa OyJIaBOBUIHEIC.
Ooronuu B uucne 1 wnu 2, He UMEIOT BBIPAXKEH-
HOTO OIUIOAOTBOPSIOLIErO OTBEPCTUS, C TOHKUMU
0005104KkaMu, OBICTPO AC3UHTETPUPYIONUMH I10-
cie omiogoTBopeHusi. Oocmopbl MOJHOCTBIO 3a-
MOJIHSAIOT OOTOHUH, IIMPOKO AJUIUIICOUAHBIE. bec-
10JIOE PA3MHOKEHHE HEU3BECTHO.

MynpeTHperuoHanbHbIN Bug, B Poccuu nsse-
CTEH U3 psiaa pernoHoB BocTtounoil u 3anmaaHoi
Cubupy U eBpONEHCKON YacTH, B YACTHOCTH, ITPH-
Boxuics mox HasBanueM V. hamata (Vauch.) DC.
[Ceupunenko u ap. 2013 (Sviridenko et al., 2013);
Bumnsikos, 2015 (Vishnyakov, 2015); Butssikos
u 1p., 2020 (Vishnyakov et al., 2020)]. HoBblit Brg
Iutst SIpocmaBckoit 0071., T/Ie OH BCTpeUYaeTcsl B BOJI-
HBIX, TUAPOMOPMHBIX U TOYBESHHBIE OMOTOIIAX.

17. V. undulata Jao (puc. 2K, L)

*Boponexckas 0011. [2] 2. Boponeorc. LeHtpaib-
HBIH p-H, poxHUK Mokpsliii Jlor B n. Pei6aunii, Ha Hapy-
meHHoit mouse, 14.VIII 2019, V575; poxgnuk Pridoaunit
B 1. PriOauwnii, Ha HapymeHHo# mouse, 14.VIII 2019,
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V576. Spocnasckas 00i. [20] Bpeiimosckuii p-n. 3Be-
puHas Tpoma B Jiecy y JlyOenkoil nmauwm, Ha modBe,
14.1X 2018, V400; nec y 1. bop-lopku, HU3HMHA CO Clie-
nmamu Joceit, 14.1X 2018, V70, V441; nec y n. dy6Ge,
Ha 3aT€HEHHOW I'PYHTOBOM AOPOTre K BOAOXPAaHWIMILY,
Ha 3ammrenoit mouse, 14.1X 2018, V68, V440; Hekoys-
ckuti p-u. Jlec 3a 00Be3AHON AOPOroH y TOCTHHUIIBI
WNBBB B 1. bopok, Ha NoYBe U JUCTOBOM OIAJIE€ B BbI-
coxielt Becennedt ayxe, 10.VI 2015, V223, V376; xo-
JIed CTapoi TPYHTOBOM jgoporu k bapckoMy mpyny
B 1. bopok, Ha o4Be, IMCTOBOM Orajie OGepesbl U JIHIIbI,
14V 2017, V232, V425, V426, V438; Tam xe,
Ha CHJIPHO TYMYyCHpOBaHHOH mouse, 24.V 2018, V336;
TaM K€, Ha HApYIICHHOW TMOYBe TIOA JIMIIOW,
13.VII 2019, V313; kones NecHOH TPYHTOBOH NOPOTH
K BOJOXpaHWmiy B 1. bopok (6nmxe k “Ppiounke”),
Ha 3ammenoit mouse, 29.VII 2017, V230; kones crapoit
IPYHTOBOM JIOPOTH B OEpe3HsIKEe OKOJIO Te0(MU3nUECKO
obcepBaropuw, Ha mouse, 15.VIII 2017, V651; rpynTo-
Bas Jopora B cTOpoHy 0a3wel “CyHora”, Ha 3aMiieiaon
mouse, 17.VIII 2017, V437; 6eper pyubs CyHOXKa
B /1. /IbSIKOHOBO, y JEPEBSHHOTO MOCTHKAa Ha IIOYBE,
23.1X 2017, V417; xonauu B a1. bomn. u Man. [psako-
HOBO, Ha rauHucToM mouse, 30.1V 2018, V371; tam xe,
Ha HapyIIeHHOHN 3ammmenoi mouse, 19.V 2018, V113,
TPONMHKA B JIEC 3a HMXTHOKOPIYCOM B M. BOpOK,
26.V 2018, V410; Beicoxiias y»a Ha TPOIe UXTHOIO-
THYECKOro KaHana B 1. bopok,, 3.VIII 2018, VV133; nec-
Hasi TpyHTOBas Jopora B noime p. Cuts y a. JlonatuHo,
Ha TIJIMHKUCTOM mouse, 18.VIII 2018, V138; okpecTHOCTH
1. Bopok, TponuHKa B CTOPOHY Ca/I0OBOJICTB, HA 3aMIlie-
JBIX KpoToBuHax, 18.V 2019, V36; 060unHa rpyHTOBOM
JIOPOTH Ha CITyCKe OT OOJIbHHIIBI K 00BE3IHOH mopore
B 11. Bopok, o cHeITEIO, 22.V 2019, V23, cBeXEBbIPHI-
Tasg JpeHa)kHas KaHaBa joporu Ha a. Ky3zpMma-JlembsiH,
Ha mmHHCTOH mnouse, 4.VI 2019, V53; Geper pyubs
y 1. Ky3bpma-/leMbsiH, Ha 1OYBe, alJIIOBUH, PAaCTUTEIb-
Howt Betouw, 4.VI 2019, V50, VV54; Ilepecrasckuii p-H.
beper npyza B A. Banryruso, Ha yIUIOTHEHHOH 110YBE, +
Botrydium granulatum, 17.1X 2017, V443; Puibunckuil
p-u. 'pyHTOBas nopora Ha 6epery p. Konokia, y mecra
nepecedeHust pexu noporor Preiomack-IlamkoBo-Ty-
TaeB, Ha TTOYBe B Kolesix, 24.V 2019, V42; Apocrasckuii
p-H. Ilpassrit 6eper p. Bonra y n. Boinra, Ha 3ammienoit
nouBe nox ckiaonom, 7.VII 2019, V291.

Hutu oGoemnonbie, BoiHUCTHIE (puc. 2K).
I'amMeTanruu Ha reHepaTUBHBIX BETBSIX, YACTO MO/I-
BepKeHHBIX nposmpepanusam. [Ipomudepupyror
00BIYHO HE(YHKIIMOHUPYIOIINE OOTOHHUM U WX
HOXKH (puc. 2K, Mecta mponudepariyii moka3aHsl
CTpeNKaMu). AHTEPUANHA KPIOYKOBHUIHBIC, HA KO-
POTKUX BHHU3 HAaNpaBJICHHBIX HOXKaX. OOroHuu
B ynciie | min 2, mIoCKO-BBITYKIIbIE, HA KOPOTKUX
HOXXKaX, KOTOPbIE€ BO3HUKAIOT COOPKY OT HOXKH
antepuaus. becrnoiaoe pa3MHOKEHHUE HE OTMENOCh.

MynpsTupervuonansHeiii Bua. B Poccun ns-
BecTeH B SfpocnaBckoii, MockoBckol, Hmukero-
ponckoit oonactsax u Cankr-llerepOypre [Bumns-
koB, 2015 (Vishnyakov, 2015); Bumuskos u ap.,
2020 (Vishnyakov et al., 2020)]. HoBble Haxoaku
CYILIECTBEHHO PACIIMPSIOT PACIIPOCTPAHECHHE BUIA
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B SIpociaBcKOM peruoHe W BICPBBIC CJICITAHBI
B Boponexckoii 0071. DTo BUI 00MTAET Ha MOYBaX
U B pa3IMYHBIX THAPOMOPQHBIX YCIOBHSIX, B BOJIO-
eMaxX HaMH HHUKOT'JIa He OTMEUaJICS.

[pencraBieHHble JAHHBIE CYIIECTBEHHO JIO-
TIOJTHSIFOT 3HAHUS O PACIIPOCTPAHEHUH H OMOTOITH-
YECKOU MPUYPOUYECHHOCTH BOLIEPU B €BPOIEHCKON
gactu Poccuu. bospliie Bcero BHIOB HalJIEHO
B SIpocnaBckoit 0071, — 16(7 HOBBIX IJIsl pETHOHA),
B OCTQJIbHBIX PETMOHAX HAIEHO MEHbINE BUJIOB:
Boponexckas 00m1. — 8(8), Pecrrybnuka Anpirest —
6(6), Bragumupckas 0611. — 5(4), Kpacnomapckuii
kpait — 5(5), Bonrorpanckas o6:1. — 3(3), Hmwkero-
poxckas o6s. — 4, Tambosckas o6 — 4(4), Ko-
ctpomckas 00:1. — 3(3), Mockosckas o6, — 3, JIu-
merkast 0011, — 1(1), Pocrosckast 06:1. — 1. Pasnuums
B UHCIE 3aperHMCTPUPOBAHHBIX BHUJOB CBS3aHBI
C HEPaBHOMEPHOU M3yYEHHOCTBIO dTHX PETHOHOB.
Mexay Tem, Oonblliee 4nucio BHAOB B Spocrnas-
CKOWM 00JI. MOXKET OBITh CBS3aHO C 3aXOJOM B 3TOT
peruoH oOuTaTeNell BIAXKHBIX TOYB, KOTOpBIC
HE BCTPEYAIOTCS B FOKHBIX PETHOHAX C apUIHBIM
kmumaToM. ObenHerne (GiIopsl Bomepwii B Oomee
apUIHBIX PETHOHAX yKe 00CYyXk1anach Ha MpUMeEpe
IOKHBIX palioHOB baiikanbckort Cubupu [Bumins-
koB, 2019 (Vishnyakov, 2019)].

B SflpocnaBckoii 00y. K HacTosIIeMy Bpe-
MEHHM HCCIeOBaH Haunbosee IMUPOKHIA CIEKTp
BOJIHBIX M HA3€MHBIX OMOTOIOB U MaKCHMAJILHO
MOJTHO BBISBJICH TAKCOHOMHYECKUI COCTaB BOIIE-
puit: 31meck u3BeCTHO 22 BUAa M | pasHOBUIHOCTH
[3ayep, 1977 (Zauer, 1977); boopor u ap., 2005
(Bobrov et al., 2005); Bummusikos, 2015, 2021
(Vishnyakov, 2015, 2021); Bummasixos u ap. 2020
(Vishnyakov et al., 2020); Hact. coo6m.]. 1o mo3-
BOJISIET paccMaTpUBaTh JAaHHBIE 1O Spocnas-
CKOI 00JI. KaK penpe3eHTATHBHBIC ISl PErHOHA
OompIiero Macmraba — cpeaHeit mosocskl Poccum.
K cambIM 4acTo BCTpe4aeMbIM OTHOCSTCS 6 BUJIOB:
V. bursata, V.prona, V.frigida, V.racemosa u
V. canalicularis, ma c60psl KOTOPBIX HPHUXOIUTCS
okosno 70% Bcex HaXOJOK BOIIEpUM B PETHOHE.
[leprox BereTanmuu B OTHCIBHBIC TOJBI MOMKET
JUTUTBCS. CO BTOPOU IMOJIOBHHBI MapTa 1Mo HOSIOPb,
MPEBBIIIAsl, TAaKUM O0pa3oM, CPOKH BETeTalluu
MHOTHX COCYIUCTBHIX pacTeHuid. I X0Tst ocHOBHOE
KOJINYECTBO HAXOJOK CIENIaHO B CaMble TEIUIbIC
MECSIIIBI TO/Ia, YK€ ¢ Hadyalsia BECHBI 3TH BOJIOPOCIIH
00UTAIOT B 0OBOJHEHHBIX KaHABAX, SIMAX M JIy»Kax
¢ Tanoit Bomoit (V. frigida, V.geminata,
V. bursata). Jlerom u OCEHBIO 3TH BOJOPOCIH
OOBIYHBI B MEJIKUX BOJOEMaX, BOJOTOKaX, HA OCY-
IIEHHBIX B MeskeHb Oeperax (V. bursata, V. frigida,
V. canalicularis, V. taylorii, V. birostris u mxp.),
Ha Bmaxusix mousax (V. prona, V.undulata,
V. pseudogeminata, V. cruciata u ap.). OcraiabHbie
BUJBI BCTPEUAIOTCS PEIKO W HE KAXKABIA TOJ.
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Cpoxu GpepTHIEHOCTH y OOJIBITMHCTBA HAWICHHBIX
BUJIOB TIOJTHOCTHIO OXBATHIBAIOT CPOKHU BETECTAIHH.
OO0Opa3zoBaHUIO TaMETAHTHEB CIIOCOOCTBYET KOH-
TaKT BETCTATUBHBIX HHUTEH C BO3JYyXOM, a TaKKe
MPOM3pacCTaHWE B OYCHb MEJKHUX BOJIOEMaX,
CTarHUPYIONIMX YYACTKaX BOJAOTOKOB.

OOpaiaeT BHUMaHHWE 4YacTash MPUYpPOUYCH-
HOCTbH BOHIepI/Iﬁ K HApYyUICHHBIM Y€JIOBEKOM HUJIN UC-

TPYHTOBBIE JIOPOTH, TPOMBI, KIIYyMOBI, OTOPOJIBL,
OpamKeper H T.N.). ITH BOJOPOCIH MOXHO pac-
cMaTpuBaTh ano(UTaMH — MECTHBIMH BHIAMH, KO-
TOpBIE B CHITy XOpOLIEH aIalTUPOBAaHHOCTH IEpe-
XOZST B @aHTPOIOTeHHBIE OMoTOIBL. Bomepun yacto
BCTPEYaIOTCS M B €CTECTBEHHO HAPYILIEHHBIX OHOTO-
nax (Ha 3poAMpOBaHHBIX Oeperax peK, OTMEeNsX, Bbl-
BaJIax TPyHTa OT 3€MJIEPOIOIINX KUBOTHBIX).

KYCCTBEHHBIM OHOTONaM (JpeHa)KHbIC KaHAaBEI,
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NEW FLORISTIC RECORDS OF VAUCHERIA (XANTHOPHYCEAE)
IN EUROPEAN RUSSIA

V. S. Vishnyakov
Papanin Institute for Biology of Inland Waters Russian Academy of Sciences
152742 Borok, Russia, e-mail: aeonium25@mail.ru

New records of 17 species Vaucheria, the genus of yellow-green algae, are reported from 12 administrative
regions of European Russia: Vladimir, Volgograd, Voronezh, Kostroma, Lipetsk, Moscow, Nizhny Novgorod,
Rostov, Tambov, Yaroslavl regions, Krasnodar Territory, and the Republic of Adygea. Comments are given on
morphology of the studied specimens and species distributions. V. birostris is reported as a new species to Euro-
pean Russia.

Keywords: Vaucheria, floristic records, European Russia
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BJIUAHUE AHOMAJIBHO BBICOKOH TEMIIEPATYPbBI BOJIbI
HA THAPOXUMHNYECKHUHU PEXKUM YCTBEBOU OBJIACTH MAJIOU PEKH
(HA TPUMEPE ITPUTOKA PBIBUHCKOI'O BOJOXPAHUJINIIA)

H.T'. OToxoBa
Hucmumym buonozuu enympennux 600 um. M./1. Ilananuna PAH,
152742 noc. Bopok, Apocnaeckas o6n., Hexoysckuil p-w, e-mail: ong70@mail.ru
IMoctymmia B pegaxmmro 15.10.2021

IMToBeimenune Temmneparypsl Boasl jJetoM 2010 r. cka3amoch Ha M3MEHEHHH HEKOTOPBIX TMAPOXMMHUYECKHX
XapaKTepUCTHK B BOJE YCTbeBO# oOmactw p. Wipn, mputoka PeiOmHCKOTO BomoxpaHminIa. MakcuMaabHas
TeMIepaTypa BOAbI Ha H3y4aeMOM aKBaTOPUH 3apeTHCTPHPOBaHA B Mae M BTOpoi nonoBuHe yeta 2010 r. Ot™e-
YeHa BBICOKAs 3HAYMMAsi KOPPEILILUS MEKAY TEMIIEpaTypoH M MOKa3aTeIAMH OPTaHHMYECKOTo BelecTBa. B me-
proa MakcuMansHoro nporpesa B 2010 1. o0Iee KOJIMYECTBO OPraHMYECKOro BEILIECTBA, €ro JIadMIbHON (pak-
LM 1 B3BELICHHBIX BEIIECTB OBLIM CYIIECTBEHHO BBIIIE OTHOCHTEIILHO MEPUOAA, OJIM3KOTO K CPETHEMHOTOJIET-
HUM. bosnbmoe konudyecTBo arMocdepHbIx ocanakoB B utoHe 2010 r. 00ycIoOBHIIO MaKCHMaNbHbIE KOHIIEHTPAIUU
nokazatesneid OB, »xene3a oOriero u pacTBopeHHoro. OpraHMYecKoe BELECTBO MMPECTABICHO NPEHUMYIIECTBEH-
HO CBE)KeOOpa30BaHHBIMH COCIMHEHHSIMH, peodiiaiaeT B3BelIeHHas (opMa jkene3a HaJl pacTBopeHHOH. O6 op-
raHUYeCKO PHUPOJE XKejle3a B BOJIE CBUAETENILCTBYET 3HAUMMasi KOPPEIISIHS MEXIY JKEJIe30M U MOKa3aTeIsIMU
OB B 00a nccnenoBanHbIX roaa, 1=0.89-1.0, p < 0.05. IIpu 3ToM TemrepaTypHble aHOMAJIHX HE OTPa3HUIINCh Ha
COJICpP’)KaHNHU PaCTBOPEHHOTO KHCJIOPOA M MOBBIIICHUH MUHEPAIN3AIIHU BOJIBL.

Kniouesvie cnosa: anomaabHas JKapa, FHZ[pOXPIMPI‘IeCKI/Iﬁ COCTaB, yCTbCBas o0nacTh PCEKH.

DOI: 10.47021/0320-3557-2022-46-59

BBEJIEHUE

B nocnennue pecsatuieTns TeMa W3MEHEHHS
KJIMMaTa U €ro MOCJEICTBUI AOCTaTOYHO aKTyallb-
Ha. Jlerom 2010 r. Ha EBpomneiickoii vactu Poccnu
ObL1 3aUKCUPOBaH a0COMIOTHBIA TEMIEPATyPHBIN
MakcUMyM 3a Tnepuon HaOmogenuin ¢ 1886
mo 2010 rr., macca pabor [Gruza, Ran'kova, 2011;
Dole et al., 2011; Mokhov, 2011; Rahmstorf,
Coumou, 2011] nocBsiieHa 3ToH TeMe.

IIpyunHOM aHOMaNIBHO BBICOKHX TEMIIEpa-
Typ MOCTYXHMJ yCTOWYMBBIN “‘ONOKMpYIOmuii” aH-
tunukion [Ginzburg, 2011; Gruza, Ran'kova,
2011; Trenberth, Fasullo, 2012], “skctpemanbHbii”
M0 CBOEW MHTCHCHBHOCTH, MPOIOJKUTEIBHOCTH, a
TaK e TOCICACTBUSIM. AHOMaJIbHbIE IOTOHBIC
ycnoBust seroM 2010 T. BBI3BaNM psit mpoOIiieM
B DKOHOMUYECKOH M KOJIOTMYecKor cdepax, mpu-
BEIM K CEPbE3HBIM YEIOBEYECKUM TOTEPSIM
[Mokhov, 2011]. Uromne 2010 1. cram pexopaHo
*apkuM B Poccum 3a Bech TiepHoji HaONIOAECHHHA
[Bynbiruna u mp., 2010 (Bulygina et al., 2010)].
Ha Oonpmreit wactu  EBporeiickoit  Tepputopuu
Poccuu Gonee mecsina ynepKUBIUCh €KEAHEBHBIC
TeMIieparypsl Bo3ayxa csbitre 30°C.

YcTaHOBNIEHO, YTO B YCJOBHUSIX IOBBIIICH-
HBIX TEMIepaTryp TEeMIIbl 3BTPO(UPOBAHMS Hpec-
HOBOJIHBIX BOJIOEMOB, TpaHc(opMalvyd BHYTPH-
BOJIOEMHBIX TPOILIECCOB U OMOTHYECKOH CTPYKTY-
pPBl BOJHBIX 3KOCHCTEM 3HAYUTEJIIBHO BO3POCIH
[The impact..., 2010]. Ilpu MOBBIMICHUU TEMITE-
paTypsl Bo3yXa U BOJBI 3HAYMTENHHO yBEIHYH-
BaeTCsl NOTpeOJeHne KHCIOpOoJa, BBI3BIBAIOLICE
CHIDKCHHE €TI0 KOHIIEHTPALlMX B BOJIE, CMELICHUIO
cpoxkoB Bereraruu BunoB [Blenckner, Chen, 2003;
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Gerten, Adrian, 2000], m3MeHeHUIO TPOYUIECKHX
B3aMMOJICHCTBUI, POCTY TPOPHUUECKOTO CTaryca
BOJIOEMOB U, KaK CIIC/ICTBHE, YBEIMUEHUIO YPOBHS
“nBeTeHHUS” BOJBI CHHE3EICHBIMU BOIOPOCIISIMH
[Mooij et al., 2005, Paerl, Huisman, 2009].

B PIOMHCKOM BOZOXPaHUIIHILIE [TOCIICACTBHS
TpaHchOpMaIlK KIMMaTa CKa3allich Ha TOBBIIIIE-
HHUU TEMIIEpaTypbl BOBI, MUHEPAIM3ALUH, LIBETHO-
CTH BOJIbl M CHIDKCHUH TIPO3PAYHOCTH, YXYJIICHUN
KHCJIOPOJIHOTO PEXUMA, M3MEHEHUH TaKCOHOMHYE-
CKOH M pa3sMepHOH CTPYKTYyphl (HUTOIIAHKTOHA
[KopueBa u map., 2019 (Korneva et al., 2019)].
Ha teppuropun o3epHO-pedHoi cuctembl balikana
MOTEIJICHHE KJIMMaTa CIIOCOOCTBOBAJIO YBEITHICHHIO
WCTIApEHUs, YCWICHHIO apHOM3alid  KJIMMara,
YMEHBIICHHIO CTOKa HaHOCOB p. CelleHrn U ypOBHS
MO/I3EMHBIX BOJ|, JETPaJIallid BEYHOH MEP3JIOTHI
[[Toremkuna u ap., 2016 (Potyomkina et al., 2016)].
Beicokast TemnepaTypa ¥ INIOTHOCTHOE PaccioeHHe
BOJIHOW Macchl Me3oTpodHoro o3epa Kapenn
B aHOMaTLHO Jkapkoe Jjero 2010 r. obOycnoBumu
pa3BUTHE aHOKCHHU B MPUIOHHBIX crosix [Efremova
etal., 2015].

Marnble peku B cuiy HeOOJBIIOrO BOIOCOO-
pa Oosiee ysS3BUMBI K BO3JICHCTBHIO Pa3INYHBIX
¢axropoB. Ha ¢opmupoBaHmne croka Malbix peK
B JICTHIOIO MEXEHb CYIICCTBEHHOE BIIMSHHE OKa-
3bIBAIOT KIIMMATUYECKUE YCJIOBHS, IIOATOMY aHO-
ManbHas kapa yietom 2010 1. B Gombieit crerneHu
OTpa3uWjiach Ha pekax ¢ HeOOJIBIIMMU BOaOCOOpa-
Mu. Tak, B 3TOT NE€pHOA YPOBHHU U PacXOAbl BOJbI
ManbIx pek benroponckoit obxacté ObUTH HIKE
HOPMBI, HaONIo#aoch OypHOE pa3BUTHE BOIHOU
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pacTUTENHHOCTH, TPHUBEIIEE K CHIKEHHUIO CKOPO-
CTH TCUYCHMS N0 MHUHUMAIBHBIX 3HaueHUi [JleOe-
nesa u ap., 2011 (Lebedeva et al., 2011)].
Bereranmonnsiit nepuox 2010 r. mo MHo-
UM THAPOJIOTUYECKUM TIOKa3aTessiM XapaKTepH-
30BajiCsl KaK aHOMAJIbHBIA 3a Ooyiee 4eM CToJeT-
HUil psn Habmonenuit [Knumatuueckue. .., 2010
(Klimaticheckie..., 2010)]. B artoii cBsi3u umeer
OoJbIIOE HAyYHOE W NPAKTUYECKOE 3HAYCHHE

V3y4eHHE BIMSHHAS W3MEHEHHS KIMMATHUYECKHUX
YCJIOBUM Ha TMAPOXUMHMYECKHI DPEKHUM BOJHBIX
00bekTOB. Llens paboOTBl — OLIGHUTH OCHOBHBIE
W3MEHEHUS THIPOXMMHUYECKHUX XapaKTEpUCTHK
yctheBori obmactu (YO) mputoka PriOMHCKOTO
BOJOXpAaHWINIIA B TEPHOJ] aHOMAJIBHO >KapKOTro
nera 2010 roga OTHOCHTENBHO Nepuoaa, OIU3KO-
r'o K CPeTHEMHOT OJIETHHM.

OBBEKTHI 1 METO/1bI

Mamnas peka WUnpn Bmamaer B PriOmHCKOE
BOJOXPAHWINIIE Ha TEPPUTOpPUH SpOCIaBCKOi
obnactu. bacceiiH peku pacnojioxeH B Ipenenax
30HBI I05KHOM Tairu. J{nuHa pexu 46 kM, miIomaab
BozmocOopa 240 kM2, cpeJHUI MHOTOJICTHHI 00b-
eM cToKa cocTasisieT 43 miuH. M5 Bonblnyro 9acThb
BOJOCOOPHOH IUIOIIAAN COCTABIAIOT CEIbCKOXO-
3IMCTBEHHBIE YroJlbsl Ha MECTE €JIOBBIX M CMe-
IIaHHBIX JecoB. [Ipeobnamaromuii T JaHamad-
Ta — omnonbs. [louBBl y HCTOKa — JEPHOBO-
CIJIBHOMIO30JIUCTBIE, B CPEAHEM M HIDKHEM Tede-
HUU — JIEPHOBO-CPETHETIOA30IUCTHIE. VICTOK peKu
CHJIBHO 3a00JI04€H, BOJOCOOp BBITSIHYT C IOrO-
3amaga Ha ceBepo-Boctok [Otyukova, 2009].
ITo BonHOMY pexumy p. Wb oTHOcHTCS K BO-
CTOYHO-EBPONEHCKOMY THIy M TPHUHAIJICKUT
K THIPOKapOOHAaTHOMY  KJIacCy  KaJbLHEBO-
MarHUeBOH I'PYIIIBI PEK CO CpeAHEN MUHEpalu3a-
mueit. [Anexun, 1970 (Alyokin, 1970)]. B nonHom
cocrase npeobnanaror HCO3,, Ca?', Mg?*. Buyr-
pUrozoBas MU3MEHYMBOCTH XMMHMUYECKOTO COCTaBa
BOJIbI UMEET XapakTep TUIUYHBIN JJIsi peK 3TOH
30HBI. Unpa Bmamaet B p. CyTka, 00pa3yromryio
OOIIMPHYIO YCTBhEBYIO 30HY. B pesynbrate Kom-
IUIEKCHBIX T'MJPOJIOTHYECKUX, TMIPOOHOJIOrHYe-
CKHX W THAPOXUMHYECKUX HCCIEeNOBaHMMA 1Mo (u-
3MKO-XMMHUYECKHM TapaMeTpaM BOJIHBIX Macc
ObUIO TIPOM3BEACHO pPAOHUPOBAHHE YCTHEBOU
00JIacTH, BKJIIOYAOIIEE 5 30H: 30HY CBOOOJHOTO
TEUYEHUs MPHUTOKA, NMEPEXOAHYI0 MPHUTOKa, (HPOH-
TaNbHYI0, TEPEXOAHYI0 NPHUEMHHUKA W TIyOOKO-
BOJHBIN yuacTOK Bomoxpanmiumia [Krylov et al.,
2010] (cMm. prcyHOK).

Ot60p npod nmns aHanM3a MPOBOIWICS Oa-
ToMeTpoM PyTHepa ¢ MOBEpXHOCTHOTO TOPU30HTA
30HBI CBOOOZHOTO TeueHus p. nbap, ee ycTheBoi
obnactu ((ppOHTANBHON U IEPEXOTHON 30HBI TIPH-
eMHHKa) 1 Boikckoro meca Peibunckoro Bomo-
XpaHWINIIA C MEPUOAMYHOCTHIO 2 pa3za B MECHI]
¢ mast o ceHTs0ps 2009 u 2010 rr. Ilo Mereopo-
morunyeckuM ycnoBusM 2009 r. He oTauyanca ot
cpenHemHoronetHux, 2010 r. xapakTepuzoBaics
KaK aHOMAJIBHBIM 1O IPOAOJIKUTENIBHON JIETHEH
xape, atMoc(hepHON W TTOYBEHHOU 3acyxe 3a 0o-
Jiee 9eM CTOJeTHUH psin HabmoneHwi [Knnmaru-
geckue..., 2010 (Klimaticheckie..., 2010)].
B ycrreBoit obnactu p. Wb oT4eTiivBO mpocie-
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KHUBAETCSl CE30HHAsl AWHAMUKA COACPIKAHMS >Ke-
Je3a, KOJIMYEeCTBO Jerkookucisromerocss OB BbI-
Ie, 4eM Ha MPOTOYHBIX YYacTKaxX PEeKH U BOJO-
XpaHuiume. 37ech oTiaraercsi Ooiblnasi 4acTb
HNPUHOCHMBIX PEKOH HAHOCOB, 3aJCpP)KUBAIOTCS U
HAKaIUTMBAIOTCSl PAaCTBOPEHHBIC B BOJE BEIIECTBA
[OtrokoBa, 2016 (Otyukova, 2016)].

B mpoGax BoJbI ONIpEAEISIINCH CIIeTyIOIIne
nokazaremn: Cl, SO.%, K*, Na', Mg?, Ca?,
HCOz3, pactBopennsiii kuciopox (0O2), Xxumude-
ckoe notpebnenue kuciopona (XIIK), nepmanra-
HatHas okwucisseMocts (I10), mBetHocTh (LIB),
yraepon opranudeckuil (Copr), huznonormyeckas
kanopuitHocTh (Q1), rymycnocts (Hum), 6uoxu-
MHYECKOe NOTpeOJIeHHe KHCIOopoaa 3a S5 CyT.
(BIIKs), xene3zo oobmee (Feoswm), pacTBOPEHHOE
(Fepacr) ¥ B3BemeHHOE (F€sss), B3BEIICHHBIE BEIIlE-
crBa (BB), nabunbnHas Qpaxnusi opraHHYECKOro
Bemectna (JIO OB).

Conepxanne Cl, NOs, SOs#, NH., K,
Na*, Mg?", Ca®" onpezensanoch METOIOM KarlHJl-
JSIPHOTO 3JEeKTpodopesa ¢ MCHONB30BAHUEM CH-
CTEMBI KalmUIIpHOTO AiekTpodope3a “Kamens”,
HCOs— pacuetHpiM MeTOIOM, F€osm M Fe€pacr —
(boToMeTpUIeCKIM METOZIOM c opTo-
¢denanTponuHoM. st onpenenenns Fepa.r Opancs
(GUIBTpaT, MONYyYCHHBIH (UIBTPOBAHUEM MPOOBI
yepe3 MeMOpaHHBIH (GUIBTp SYNPOr ¢ AuaMeTpoM
mop 0.45 mxm. [1o pazHOCTH MEXITY COAepKaHUEM
o01Iero sxene3a U PacTBOPEHHOTO OIPEIeNsIOCh
Fews. XIIK ompenensnoch ¢GOTOMETPUUESCKUM
METOJIOM C MPUMEHEHHEM aHAIN3aTOPa KHUIKOCTH
“®@moopar—02”. Conepxanne BB ormemsum mo
pasHuLe Macchl MeMOpanHoro ¢umbTpa Synpor
¢ nmameTpoMm 1op 0.45 MKM. 10 m mocine (QuITb-
tparuu Bogwl. 110, BIIKs, Oy, 1[B onpeaensich
oOmenpuHATEIME ~ MeToamu  [PykoBoacTso...,
1977 (Rukovodstvo, 1977)]. Konnenrparus pac-
TBOPEHHOTO YIJIepo/ia OPraHMYECKUX COSTNHEHUH
(Copr) paccumtana mo koHmeHTparuu XIIK
o popmyne: Copr= 0.375XIIK [PykoBoacTBo...,
1977 (Rukovodstvo, 1977)]. dusmomoruueckas
kanopuiiHocts (Q1) onpenensiack mo Gopmyse:
Q1 = OKxXIIK, rae OK — okcuKkanopuiHbIH KO-
s¢punuent = 3.4 [BukGynaros, 2009
(Bikbulatov, 2009)]. Tlokasareasr Hum - ecTsb
cpeanee reomerpuyeckoe LB u I1O [Jlo3oBHK,
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2006 (Lozovik, 2006)]. JI® OB mpexacraBiser
c000# COOTHOIIIEHHUE MEXIY KOJIHMYCCTBOM JIETKO
YTHIN3UPYEMOH MHKPOOPTaHU3MaMU U OBICTPO
BOBJICKAaEMbIH B OMOTHYECKUIT KPYrOoBOPOT (hpax-
o obmiero OB w  craOmMiabHOM €ro d9acTu

Ilc

IIb

BIIKs/XTIK. Crartuctuyeckas 00pabOTKa IOIy-
YCHHBIX JAHHBIX MPOBEJCHA C IOMOIIBIO MPO-
rpammbl “Statistica 10.0” ¢ ompeneneHueM cpe-
HUX BEJIMYMH U BBITIOJHEHHEM KOPPESIIMOHHOTO
aHamm3a.

[11

KM
I Macmira6: 1:45 050

Pucynok. Cxema uccieIoBaHHOW aKBaTOpUU M palOHHpOBaHHME yCTheBOW oOmactu p. Mnba. | — 30Ha cBOOOIHOTO Te-
gyeHust mpuToka; Il — ycTheBas obmacts: |la — mepexomuas 3oua nputoka; |lb — dponransHas 3o0ma; lIc — mepexomHas
30Ha npueMHnka; |1 — Bomoxpanmmmme. Kpyxodkamu 0603Ha4eHBI CTaHIIMK cOOpa MPOO IS ONpeesieH s CTPYKTYp-

HO-()YHKIIMOHAJIFHBIX MTOKa3aTeiel OakTepro- 1 300TUIaHKTOHA.

Figure. Schematic map of the investigated water area and zoning of the mouth area of the river. Ild. | — zone of free
flow of the inflow; Il — mouth area: lla — transition zone of the inflow; 1lb — frontal zone; llc — receiver transition zone;
Il — reservoir. The circles indicate the sampling stations for determining the structural and functional parameters of

bacterio- and zooplankton.

PE3VJIbTATBHI UCCJIIEHJOBAHUA U UX OBCYXIAEHUE

MaxkcuManbHasi TeMIepaTypa BoJsl Ha U3Y-
YaeMOW aKBaTOPHH 3aperUcTpHpOBaHa B Mae U
BTopoii mosnosuHe neta 2010 r. [Bolotov et al.,
2014]. B aT0 ke BpeMs OTMEYECHA JIOCTATOYHO
BBICOKAsl 3HAYMMAsl KOPPEJISIIIUs MEXIy TeMIepa-
typoii u nokazaressimu OB — T10, XTIK, Copr, Q1,
Hum, LB, r=0.94, 0.96, 0.96, 0.96, 0.98 u 1.0 co-
otBeTcTBeHHO, p < 0.05. B mae-mrone 2009 r.
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B Boge nicciienoBaHHOM aKBaTOPUH HAOIIOAAOTCS
makcumanbhble 3HadeHus XIIK, T10, Hum, Cgpr,
Q1, Fepacr 1 Feosw, LB, 00ycnoBICHHBIE HATHYHEM
OB mnpenMymecTBeHHO pPAaCTUTENBHOTO MPOHC-
XOXJIeHHs (TYMUHOBBIC, (DyIBBOKHCIOTHI). bomb-
o€ KOJIUYECTBO aTMOC(EPHBIX OCAJKOB B HIOHE
2010 r. o0ycnoBHIO MakCHUMaJbHbIE KOHLEHTpPA-
nuu mokazateneir OB, kene3a o0Iero U pacTBo-
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pennoro [Bolotov, 2014]. B 30Hax mepexomHOM
npuToka U (QpoHTaNBbHOHN 0obIee konuuecTBo OB
B 2010 crabunbHO mpeBbimano TakoBoe B 2009 .
C HIOHSA TO CEHTAOpb, MaKCHMalbHas pa3HHULA
OTMEYEHa B HIOJIE.

['pyHTOBBIE BOJBI IO CPABHEHHIO C MOBEPX-
HOCTHO-CKJIOHOBBIMH HMEIOT MEHBIIEE KOJIHYe-
CTBO pacTBOpeHHBIX OB, MX XMMHUYECKHUH COCTaB
o0ycioBiieH TpaHcopManued OpraHudecKux Cco-
eIMHEHHH B Mponecce QUIbTPalry BOABI B TOJIILE
noyBO-TpyHTOB. [loaToMy ¢ mepexonoM Ha Tmpe-
MMYIIECTBEHHO TPYHTOBOE TIMTaHWE, Ha BCeil
W3yyaeMoll aKBaTOpMM OTMEYEHa TEHICHUUS
K CHIDKEHHIO TIokazarteneit OB u xene3a. AHano-
TUYHBIE TPOIECCHl HAOIIOMAUCh B BEreTaIHOH-
He1i iepuox 2010 r. Ha maioi p. Tamenke (Moc-
KoBcKasi 0011.). V3-3a aHOManbHOM >kapbl U nedu-
UTa aTMOC(HEPHBIX 0CAJKOB MPOTOYHBIE YYACTKU
PEKY IPaKTUYECKH IIEPECOXITH, MUTaHNE BOAOTOKA
OCYIIECTBISUIOCH MCKITIOYUTENBHO 32 CYET IPYyH-
TOBBIX BOJ, B pe3yJibTare Jaxke B 3a00JI0UYCHHOM
BEPXOBBbE PEKH 3HAYCHHS BCEX IMOKa3aTesei opra-
HUYECKOTO BEIECTBa OBUIM ropa3io HUXKE TaKo-
BBIX TI0 CPaBHEHHUIO C aHAJOTHMYHBIM MEPUOJOM
2009 r [Otyukova, 2021].

B oba wuccnegoannpix mepuona (2009 wu
2010 rr.) Ha W3yYyaeMmoil aKBaTOPUU OTYETINBO
BbIpa)KEHA CE30HHAs AMHAMHKA MUHEpaU3alin
BOJBI C BECEHHHMM MHUHHUMYMOM M OCEHHHM MaK-
cuMmymoM (tabm. 1).

OT 30HBI CBOOOAHOTO TEYEHHSI MIPUTOKA 1O
30HBI  BOJOXPAHWIHIIA MaKPOKOMITOHEHTHBIH
THJIPOXUMHUECKHI COCTAB HEOJHOPOJICH: B Teue-
HHUE BCEro Nepruoja HaOJI0eHNH 3Ha4eHUsI MUHE-
panu3anyu MakcUMaibHble B 30HE | ¢ nmanbHei-
muM noHmxkenueM K 30He 1. Pasuuma B ee 3Ha-
yeHnssx Mexay 3oHamu |-l1l MoxeT cocraBisaTh
no 390 mr/nm®. B 2009 . B ycTheBOH obnacTu
peKr a0COIOTHBIE 3HAUEHHS] MUHEPATH3aIH MO-
ryT npesblmaTe TakoBble B 2010 r. B 4 pasa
(tabm. 1). B wmrone 2010 r. 0CaaKOB BBINANIO
B 2.5 pa3a 0oJIbllle OTHOCUTEIBHO TOIO K€ IIEPHO-
ma 2009 r. [Bolotov et al., 2014], uro HememIeHHO
CKa3aJOoCh Ha CYIIECTBEHHOM MOHMKEHUH CYMMBI
noHoB B 30He | (Tabi. 1). CpenHue 3HaYCHHUS MU-
Hepalnu3alliil B KCCIIEJOBaHHBIX 30Hax YO
p- Unbn 3a Becy mepuon Habmogenuit B 2010 r.
HKe TakoBbIX B 2009 r. B rumoreTnueckux co-
JSIX BHE 3aBUCHMOCTH OT CE30HAa MpEBAIUPYET
Ca(HCOs),. Ha BTOpOM MecTe MO KOIHYECTBY
Mg(HCO3),, cambie HH3KHE 3HAYCHUS TPUXOMAT-
cs Ha KCI (tabm. 2).

B MakpoKOMIOHEHTHOM XHMHYECKOM CO-
CTaBe BOABI HCCIECAOBAHHBIX yYacTKOB JOMHHH-
PYIOT THAPOKapOOHAT-UOHBI, HMOHBI KaJblUsi H
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Maraus, Ha ux nomo B 2009 r. mpuUXoauiIoch
10 93.5%-5kB., B 2010 1. — 10 92.1%-3kB. Tax,
B 2009 r. or yuacTka cBOOOJHOTO TE€YEHHS PEKU
K BOJIOXPaHWIHUILY OTHOCHUTEIILHOE COZAEp)KaHHe
HCOs; u Mg Goubiire, uem B 2010 r. B cpenHem
Ha 1.1-2.1%-9kB. u 1.2-1.8%-3KB. COOTBETCTBCH-
Ho. [Ipu 3TOM OTHOCHTENBHOE CONlepKaHue HOHOB
S04, Cl u Ca, HanpoTHB, MEHBIIIE.

B 3omax I-llc comeprkanrie HOHOB KaJIBITHS
Boiiie, yuem Maruus B 2009 r. B 1.5-2.0 paza,
B 2010 r. — B 1.7-2.4 paza (tabmn.1). Munumans-
HbIC BEIMYUHBI OTHOIICHHS KAIBIMS K MAarHHIO
OTMEUYEHBl Yy UCTOKA PEKH, [I€ OCHOBHYIO POJIb B
(OpMHPOBaHUH XMMHUYECKOTO COCTaBa BOJIBI UT-
paer  CKIOHOBBIH  IMOYBEHHO-IIOBEPXHOCTHBIN
CTOK, B KOTOPOM COJIep)KaHHe MarHusi MOBBIIIECHO
3a CUET HAKOIUIEHHUS €ro B JIECHOH MOJICTHIIKE U
TOJNIIE TIOYBO-TPYHTOB. Ha riybokoBomHOM
YyYacTKe BOJOXpaHWIHIIA B 00a MCCIEIOBaHHBIX
rofia KOHIEHTPALUsl MOHOB KalbLUS BBILIE, YeM
MarHusi B CpefiHeM B 2 pa3a. YBeJIHYCHHE OTHO-
IICHUS KaIBIUS K MarHUIO XapakTepHO ISl IepH-
OJIOB, KOIJIa TMUTAHHE PEKH OCYIIECTBISACTCS
3a cueT TpyHTOBBIX BOA. Tak, B utone 2010 r. kxo-
sppunment ortnomenuss Ca/Mg B cpemHem co-
crapmsier 2.16-2.47.

B 00a uccreioBaHHBIX TO/Ia HA M3y4aeMOn
AKBAaTOPHHU COJICPIKAHHE KaIusl HAXOJUTCS B Ipe-
nenax 0.6—1.2%-3kB., 4TO 3aMETHO HIKE COAEp-
xanus Hatpus (2.9-3.9%-3kB.) B mepuon Becen-
HETOo IOJIOBOJBS BemnunHa oTHomIeHus: K/Na (mr-
5KkB/mM%)  IOCTHraeT MaKCHMAJbHBIX 3HAYEHHH
(<0.58), 49ro 0O0YyCIIOBICHO BBIHOCOM B PEKY
C TIOYBEHHO-TIOBEPXHOCTHBIM CTOKOM HAaKOIIHMB-
IIETOCS TOCIIE PA3JIOKEHHS PACTUTEIBHBIX OCTAT-
KOB B ITOYBaX KaJHs.

Peka Unbn HaxonuTcst B 30HE H30BITOYHOTO
YBIIQXKHEHUSI U XapaKTepU3yeTcsl XOopoleil mpo-
MBITOCTBIO TOYB, OCOOEHHO OT JIETKOPacTBOPH-
MBIX coJieil (Cynb(]aToB U XJIOPUAOB), TPYHTOBBIE
BOIBl HMMEIOT KpailHe HHU3KHE KOHLEHTpaluu
cynbdartoB (Menee 2 mr/am’) u XJopuaoB (2—
4 mr/am®). TIpu CMEIIaHHOM XapakTepe MUTaHHs
PEKH  KOHLEHTpaLUusl XJOPUAOB BO3pPACTacT,
HE MPEBBIIIAas B BOJAC HCCICJOBAHHON aKBaTOPHU
B 2009 1. B cpeanem 8.0 mr/mme, B 2010 r. —
13.0 mr/nm®. Xotopuasl He 00pasyloT TPyAHOpAC-
TBOPUMBIX COJIEHl C OOBIYHO MPHUCYTCTBYIOIIUMH
B PEYHOH BOJie KaTHOHAMHU, HE HAKATUTUBAFOTCS
OMOTeHHBIM MyTeM, HE COPOHPYIOTCS, MOATOMY
MOYTH TIOJHOCTBIO OCTAlOTCSI B COCTaBE PEUHOU
BOJBI. B ycTheBOM 00JIacTH pPeKH, B MECTE CMe-
NICHUS. PEYHBIX W BOJOXPAHWIHUINHBIX  BOJ,
HaOJIoMaeTCcs CHIKEHUSI COJACPKaHHSA XJIOPHIOB
B BOJIE ITyTEM pa30aBIeHHUSI.



Ta6mua 1. KomnonenTs! coneBoro cocrasa (Mr/am®) B Hccliei0BaHHBIX 30HAX YCTheBOH o6macTu p. U B 2009 1 2010 rr. (* — 31€ch u B Tab. 2, 3 — HET JaHHbIX)

Table 1. Components of the salt composition (mg/dm?) in the studied zones of the mouth area of the river. Ild in 2009 and 2010 (* — here and in tables 2, 3 — no data)

Mecsig 30Ha HCOs SO+ Ca?* Mg? Na* K*

Month Zone | 2009 2010 2009 | 2010 | 2009 | 2010 | 2009 | 2010 | 2009 | 2010 | 2009 | 2010 | 2009 | 2010 | 2009 2010
Maii | 258.73 | 136.99 | 4.17 6.02 | 3.44 | 5.07 | 5245|2994 | 1760 | 951 | 6.42 | 443 | 254 | 4.43 | 345.35 | 196.39
May

Uronb 330.12 | 77.50 3.63 358 | 430 | 2.52 | 66.34 | 16.26 | 22.35 | 524 | 9.40 | 2.68 | 2.13 | 1.75 | 438.27 | 109.53
June

Uronb 313.84 | 200.76 | 4.41 3.24 | 576 | 3.34 | 62.54 | 43.90 | 21.96 | 12.49 | 955 | 4.45 | 191 | 1.63 | 419.77 | 269.81
July

Asrycr 390.53 | 380.76 | 6.60 789 | 7.98 | 7.42 | 77.61 | 7854 | 27.27 | 25.44 | 12.14 | 12.29 | 2.37 | 2.73 | 524.50 | 515.07
August

CeHts16pb 462.84 | 394.80 | 7.07 |22.88 | 7.48 | 13.58 | 91.28 | 85.55 | 32.53 | 26.82 | 13.83 | 16.69 | 4.20 | 4.85 | 619.23 | 565.17
September

Maii lla | 244.69 | 158.90 | 3.93 5.87 | 3.27 | 4.43 | 50.00 | 34.60 | 16.70 | 10.74 | 5.92 | 455 | 2.29 | 1.62 | 326.80 | 220.71
May

Uronb 298.39 | 156.59 | 3.00 342 | 3.79 | 2.83 | 60.63 | 36.16 | 20.14 | 1058 | 7.45 | 3.67 | 1.91 | 1.73 | 395.31 | 224.98
June

Uronb 288.63 | 253.76 | 4.19 450 | 483 | 429 | 57.70 | 53.52 | 20.01 | 16.47 | 8.45 | 6.77 | 2.13 | 1.77 | 385.94 | 341.08
July

Asrycr 359.90 | 320.78 | 6.64 6.23 | 7.24 | 6.34 | 71.11 | 65.40 | 25.63 | 21.79 | 11.46 | 10.22 | 3.24 | 2.54 | 485.22 | 433.30
August

Cenrsopn 396.80 | 41433 | 7.79 | 20.58 | 8.13 | 12.92 | 75.63 | 88.21 | 29.32 | 27.92 | 13.61 | 17.48 | 4.50 | 5.03 | 535.78 | 586.47
September

Maii b | 213.45 | 123.08 | 3.75 6.84 | 2.75 | 413 | 4354 | 27.40 | 1456 | 8.60 | 512 | 3.72 | 241 | 1.54 | 285.58 | 175.31
May

Uronb 216.40 | 145.22 | 3.38 325 | 400 | 2.66 | 44.69 | 31.69 | 14.47 | 9.20 | 5.42 | 3.21 | 224 | 1.74 | 289.60 | 196.97
June

Uronb 21252 | 161.34 | 3.85 394 | 401 | 3.32 | 41.84 | 35.79 | 14.25 | 10.04 | 5.73 | 3.82 | 2.04 | 1.60 | 284.24 | 219.85
July

Asrycr 225.29 | 185.87 | 6.17 485 | 5.03 | 496 | 45.94 | 40.14 | 1557 | 12.07 | 6.79 | 5.48 | 2.20 | 1.96 | 307.00 | 255.33
August

Cents6pb 278.62 | 27496 | 7.24 872 | 751 | 7.58 | 56.49 | 59.39 | 20.06 | 1798 | 8.86 | 895 | 2.87 | 3.56 | 381.65 | 381.14
September




Mecsitt 3oHa HCOs SO% Ca?* Mg?* Na* K*

Month Zone | 2009 | 2010 | 2009 | 2010 | 2009 | 2010 | 2009 | 2010 | 2009 | 2010 | 2009 | 2010 | 2009 | 2010 | 2009 2010
Maii llc | 160.69 | 88.02 | 4.76 751 | 238 | 3.54 | 3481 | 21.09 | 10.20 | 596 | 3.90 | 2.68 | 2.10 | 1.26 | 218.86 | 130.06
May

Uronb 158.85 | 146.81 | 4.70 | 4.76 | 297 | 3.23 | 34.76 | 32.68 | 10.05 | 9.07 | 4.10 | 3.79 | 1.92 | 1.75 | 217.35 | 202.09
June

Uronb 159.72 | 135.77 | 394 | 450 | 3.29 | 3.01 | 3345|3164 |10.72 | 7.73 | 441 | 3.35 | 1.76 | 1.53 | 217.29 | 187.53
July

Asrycr 194.05 | 149.13 | 6.30 | 4.76 | 428 | 3.77 | 39.63 | 33.62 | 13.95 | 895 | 596 | 4.31 | 1.91 | 1.70 | 266.08 | 206.24
August

CeHts6pb 208.69 | 200.35 | 8.47 744 | 563 | 495 | 47.92 | 45.64 | 15.03 | 1210 | 7.29 | 6.05 | 2.05 | 1.78 | 290.13 | 278.31

September

Maii I —* 80.85 - 1359 | - 5.61 - 22.74 - 5.14 - 2.54 - 1.39 - 131.86
May

Uronpb 123.26 | 13455 | 6.64 | 6.23 | 3.85 | 3.24 | 29.20| 3296 | 739 | 7.39 | 347 | 3.11 | 1.87 | 1.47 | 175.68 | 188.95
June

Uronb 12753 | 122.05 | 5.13 543 | 3.10 | 2.99 | 28.93 | 30.26 | 7.80 | 6.43 | 3.47 | 2.84 | 1.72 | 1.29 | 177.68 | 171.29
July

Asrycr 138.21 | 134.24 | 7.59 713 | 3.92 | 346 | 3233 |33.28| 857 | 743 | 3.75 | 3.23 | 1.78 | 1.63 | 196.15 | 190.40
August

Cenrsopn 153.77 | 120.21 | 13.32 | 893 | 5.67 | 550 | 37.11| 32.41 | 10.18 | 6.44 | 5.07 | 3.18 | 2.07 | 1.15 | 227.19 | 177.82

September
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Taéauna 2. CBa3bIBaHHE WOHOB B T'HIIOTETHYECKHE C
p. Mmeap B 2009 u 2010 rr.

onu (Mr-3kB/aM°) B MCCIIEIOBAaHHEIX 30HAX YCTHEBOH 00IacTH

Table 2. Binding of ions to hypothetical salts (mg-eq/dm?3) in the studied zones of the mouth area of the r. Ild in 2009

Mg(HCO3). MgSQO, KCI MgCl,

2009 | 2010 | 2009 | 2010 | 2009 | 2010 | 2009 | 2010

and 2010
Mecsi 3ona | Ca(HCOs), NaHCO3;
Month Zone | 2009 | 2010 | 2009 | 2010
Maii | 524 | 298 | 056 | 0.38
May
Uronpb 6.62 | 1.62 | 0.82 | 0.24
June
Uronb 6.24 | 438 | 0.84 | 0.38
July
Agryct 774 | 7.84 | 1.06 | 1.06
August
CeHT0pH 912 | 854 | 1.18 | 1.46
September
Maii lla 5.00 | 3.46 | 0.52 | 0.40
May
Uronpb 6.06 | 3.60 | 0.64 | 0.32
June
Uronb 576 | 534 | 0.74 | 0.58
July
Agryct 7.10 | 6.52 | 1.00 | 0.88
August
CeHT0pH 754 | 880 | 1.18 | 152
September
Maii Iib 434 | 274 | 044 | 0.32
May
Uronpb 446 | 3.16 | 0.48 | 0.28
June
Uronb 418 | 358 | 0.50 | 0.34
July
Agryct 458 | 4.00 | 0.60 | 0.48
August
CeHT0pH 564 | 592 | 0.78 | 0.78
September
Maii llc 348 | 210 | 0.34 | 0.24
May
Uronpb 348 | 3.26 | 0.36 | 0.34
June
Uronb 3.34 | 3.16 | 0.38 | 0.30
July
Asrycr 3.96 | 3.36 | 0.52 | 0.38
August
CeHT0pH 428 | 456 | 064 | 0.52
September
Maii Il - 2.28 - 0.22
May
UroHp 292 | 3.30 | 0.30 | 0.28
June
Uronb 2.88 | 3.02 | 0.30 | 0.24
July
Asrycr 3.22 | 332 | 0.32 | 0.28
August
Cents6pb 3.70 | 3.24 | 044 | 0.28
September

268 | 114 | 018 | 0.26 | 0.14 | 0.10 | 0.04 | 0.16

338 | 068 | 016 | 0.16 | 0.10 | 0.10 | 0.14 | 0.02

320 | 1.82 | 0.18 | 0.14 | 0.08 | 0.08 | 0.24 | 0.10

400 | 358 | 0.28 | 0.32 | 0.12 | 0.14 | 0.20 | 0.28

488 | 294 | 0.30 | 0.96 | 0.22 | 0.24 | 0.18 | 0.52

250 | 1.34 | 0.16 | 0.24 | 0.08 | 0.08 | 0.10 | 0.18

3.08 | 154 | 012 | 0.14 | 0.10 | 0.08 | 0.12 | 0.06

296 | 240 | 0.18 | 0.18 | 0.12 | 0.10 | 0.16 | 0.14

370 | 312 | 0.28 | 0.26 | 0.16 | 0.14 | 0.24 | 0.20

428 | 326 | 0.32 | 0.86 | 0.24 | 0.26 | 0.22 | 0.48

222 | 098 | 0.16 | 0.28 | 0.12 | 0.08 | 0.02 | 0.16

212 | 132 | 0.14 | 0.14 | 0.10 | 0.10 | 0.12 | 0.06

228 | 1.36 | 0.06 | 0.16 | 0.10 | 0.04 | 0.10 | 0.14

220 | 162 | 026 | 0.20 | 0.12 | 0.10 | 0.10 | 0.16

272 | 272 | 030 | 0.36 | 0.14 | 0.14 | 0.28 | 0.28

144 | 054 | 020 | 0.32 | 0.10 | 0.06 | 0.04 | 0.12

136 | 1.22 | 0.20 | 0.20 | 0.06 | 0.10 | 0.10 | 0.08

152 | 100 | 0.16 | 0.18 | 0.20 | 0.08 | 0.08 | 0.10

188 | 1.14 | 0.26 | 0.20 | 0.08 | 0.08 | 0.16 | 0.14

192 | 148 | 036 | 032 | 0.18 | 0.08 | 0.20 | 0.20

- 0.16 - 0.56 - 0.20 - 0.12

082 | 0.84 | 0.28 | 0.26 | 0.10 | 0.06 | 0.12 | 0.12

100 | 0.74 | 0.22 | 0.22 | 0.08 | 0.06 | 0.06 | 0.10

1.00 | 080 | 0.32 | 0.30 | 0.20 | 0.08 | 0.10 | 0.12

0.90 | 042 | 056 | 0.38 | 0.10 | 0.06 | 0.22 | 0.26

KonuenTpanus cynshaToB B Boae Mcciaeno-
BaHHOU akBaTopuu B 2009 r. cocraBisia B cpe-
HeM 3.6-13.3 mr/amS, B 2010 1. — 3.6-22.9 mr/om®
(tabm. 1). SBnsAACH JKWU3HEHHO HEOOXOAUMBIM
3JIEMEHTOM, BXOJS B COCTaB OCJIKOB, aMUHOKHC-

JIOT U APYTUX OPTaHWYECKHX COEIMHEHHH, cepa
aKTHBHO TIOTPEOJSAEeTCS KHUBBIMH OpPTaHM3MaMH.
ITosTOoMy 3a cueT akTHBHOIO OMOT€HHOIO IOIJIO-
LICHUS CyNb()aTOB MUHMMAJIbHBIE UX KOHLIEHTpa-
UM TPUCYIIM JIETHEH MEXeHH B 00a Hccleno-
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BaHHBIX roja. [lo comep aHWIO THIOTETHYIECKHUX
cojieii Tak ke BHAHO, 4TO KojudecTBo MQSO.
B MIOHE—HMIOJIE MEHBIIE OTHOCHUTENFHO JPYTHX
neproioB (Tabn. 2). YBenMuYeHHE COICpIKAHUS
cynb(aTOB B PEUYHON BOIIE MOXKET OBITH CBS3aHO
C TIOCTYIUICHHEM HX C aTMOC(EpPHBIMH OCaJIKaMU
U Pa3lIOKEHHEM pPACTUTEIbHBIX OCTATKOB Kak
Ha BojgocOope, Tak U B peke. B 2010 r. Ha Owmo-
TEHHOE TPOUCXOXKJIEHUE CYIb(aToB yKa3bIBacT
BBICOKMI KO3((GUIMEHT KOPPEIALUN MEXIy Ka-
mueM u cyibparamu, r=0.71, p <0.05. B 2009 r.
KOppeIsilius. ~ MEXIY OTUMH  KOMIIOHCHTaMH
He 3HaunMast, 1=0.24, p < 0.05.

OT BecHBI K OCEHH Ha BCEl M3y4aeMou ak-
BaTOPHU OTMEUCHA TCHJICHIUS K MMOHWKECHHUIO OT-
HocuteabHOro coxepxkanus HCO3z B 00a uccieno-
BaHHBIX roaa. CoaepikaHUe THIIOTETHYECKHX CO-
neit NaHCO3; u MgHCO;3; B 2009 1. mpeBbimano
takoBwie B 2010 . B 3.4 u 5.0 pa3 cOOTBETCTBEHHO
(Tadm. 2).

Conepxanue oOILIEro jkeneza Ha HMCCIeao-
BaHHOW akBaTtopun Haxomutcs B 2009 .
B npeaenax 0.16-1.03 mr/am3, B8 2010 1. — 0.16-
0.51 mr/am® (Tab6m.3). MakcuMalbHble 3HAYECHHS
XapaKTepHBl I Mas—HMIOHsS, Jajee OTMEYEHO
CHIDKEHHE JTOro Tokaszatens. KoHIeHTpanyn
pactBopenHoro xeneza B Mae 2009 r. BABOE BBI-
mre, veM B 2010 r. I[Ipu sToM conepkanue oo1iero
JKeye3a MPaKTHYECKH BO BCEX 30HAX YCThEBOI
obnactu peku Uipa B mae—urone 2009 r. npeBsI-
maet TakoBoe B 2010 r. B ocTanpHble nepuosl
KOHLEHTPAMU FEpacr U Feosw B 00a MccienoBaH-
HBIX TOAa COMOCTaBUMBI. OO0 OpraHWYECKON TpH-
poze keJe3a B BOJC CBUICTEILCTBYET 3HAUMMas
KOppeIsiiusa MeX Iy JKene3oM u nokaszareasimu OB
B 00a uccieoBaHHbIX roaa, 1=0.89-1.0, p < 0.05.
AHasioruuHasi 3aBUCHMOCTb PAacTBOPEHHOT'O JKe-
je3a OT TMOKas3aTelield CoIepKaHHs TYMYCOBBIX
BEIIECTB OINKCaHa JUIs BOJOXpaHuUuI J[HenpoB-
CKOTO Kackaza M pek Oacceitna p. [lpumstu [Lin-
nik et al., 2018].

O ¢dopmax cyriecTBOBaHUs *Kelie3a B BOJC
JaeT TPEACTABICHUE COOTHOIICHUE Fepacr/Fenss.
B mae—unioHe OHO MaKCHMallbHO€ M COCTaBIISIET
B20091.4.9,82010T. - 2.2, 9TO CBHIETEILCTBY-
€T 0 MpeodIagaHuy PaCTBOPCHHBIX (OPM XKeje3a
Haja B3BewIeHHBIMU (Tabm. 3). C urons mo ceH-
TAOPb BEJIMYMHA OTHOIICHHUS F€pact/FEy Ha HM3Y-
YaeMOl aKBaTOPWUHU 3HAYUTEIHHO CHIDKAETCS, JKe-
JIe30 B OCHOBHOM TMPEACTaBICHO B3BEIICHHOM
(dhopMmoii.

B QopmupoBaHHM XUMHYECKOTO COCTaBa
pPEeK JIECHOW 30HBI OINPENENSIONIYI0 POJb UTPaeT
MMOBEPXHOCTHO-CKJIOHOBBIH CTOK, Oorateiii OB,
COJIep)KAIllMMHU 3HAYNTENIbHBIE KOJINYECTBA TYMH-
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HOBBIX BEIIECTB M JKEIE300PTaHMYECKUX KOM-
miekcoB. Jms OB mpupomHBIX BOJ XapaKTepHa
BBICOKasi BapHaOENbHOCTh KOCBEHHBIX IOKa3ate-
JIeH, OTpakaloIKX ero coaepxkanue B Boge. Kom-
TUIeKCHYI0 xapaktepuctuky OB B Boje Moxker
naTh ToKasatens ee rymycHocta (Hum) [JIoszo-
BuK, 2006 (Lozovik, 2006)]. TTokaszarens ¢usno-
noruveckoit kanopuitHoctu (Q1) — sHepruu, BbI-
JIEIISTIONIeCSl Ha TIEpBOW CTafuu OaKTepUaIbHOTO
paznoxxenust OB ¢ obpazoBanuem CO., H,O, NH3
— BaXKEH I KOMIUIEKCHBIX SKOJOTHYECKHX HC-
crenoBanuii BogoemoB [bukGymaros, 2009 (Bik-
bulatov, 2009)].

B ycTheBble 06nacTu pek Kak HWKHHE 3Be-
Hbs JAHAMAPTHO-TEOXUMHUYECKIX CHCTEM ped-
HBIX 0acCeHOB C PEYHBIM CTOKOM TOCTyIaeT
OoNbIIOE  KONWYECTBO XHMHUYECKMX BEILECTB.
Yacth WX TPOXOJUT B MPUEMHBIE BOJOEMBI, a
YacTh aKKyMYJHPYETCS B YCTHEBBIX aKBaCUCTEMAaX
[[mazoBckas, 1988  (Glazovskaya, 1988)].
[o cTpyKkTypHO-(PYHKIMOHAIBEHBIM — MOKA3aTeNsIM
0aKkTepro- M 300TUIAHKTOHA U TPOSIBICHUIO Kpae-
Boro 3¢ dekra yctheBas obmacte p. Mnpn Obina
orpefesieHa KakK 3KOTOH C XapaKTepHBIMH JUIS
Hero OygepusiMu cBoiictBamu [Bolotov et al.,
2014]. B oba wucciaemoBaHHBIX Tofa OTMEYEHA
TEHJCHIUA K yBenuueHuto BB oT 30HBI cBOOOX-
HOTO TE€YEHUS K YCTbEBOMY yYacTKy U CHIDKCHHIO
B BomoxpaHwiumie (tadn. 3). Ilpaktuyecku
Ha MPOTSDKEHUH BCEro MepHOAa MCCICAOBAaHUN
xonmyectBo BB B 2010 r. Beime, yem B 2009 1.
Panee OBLTO yCTaHOBIICHO, YTO MaKCHUMAaTbHBIN
KpaeBoi 3(pdekT oTMedeH BO (DpOHTAIEHOH 30HE
YO p. Unpp 3a cueT akKyMyJaupOBaHHUsS 3HAYU-
tenpHOro konmyectsa OB [Bolotov et al., 2014].
B asrycre 2010 r. B 30ne |Ib HaGmomaeTcs mak-
cUMajbHOEe KoumuecTBO BB, BaBoe mpesbimiaro-
miee TakoBoe B 2009 T.

B ycnoBusix aHOMalbHOH »Kapbl JETOM
2010 r. 6ypHOE pa3BUTHE BOAHOW PAaCTUTEIHHO-
ctu [JlebeneBa u ap., 2011 (Lebedeva et al.,
2011)] B pesynbrate (POTOCHHTETHYECKOH Jiesi-
TEJBHOCTH O0ECIEeUMIIO BOJIOTOK PacTBOPEHHBIM
KHucaopoaoM Ha ypoBHe 2009 r. U He JONMyCTHIIO
ero aeduImTa, KOTOPHIA HAOIIOANICS B ATOT Iie-
puon B psae BomoemoB [Efremova et al., 2015;
Kopuesa u ap., 2019 (Korneva et al., 2019)]
(Tabn. 3). AGCONMIOTHOE U OTHOCUTEIHHOE COMep-
xaHue pactBopeHHoro Oz B 00a McCIeI0BaHHBIX
roga Obun comoctaBuMbl. CoxepxaHue OHOXH-
Muueckn HecTolkux BemectB (JIOB), moctyna-
IOIUX B PEKy B PE3YNbTATE KU3HEACITEIHHOCTH
(PUTOIITIAHKTOHA, OTMEPIIUX OPTaHM3MOB M TIPO-
MEXXYTOUHBIX MPOAYKTOB HMX Pa3l0oKEHUs, Ompe-
nemnsuiock o BIIKs.



Tadmuua 3. PU3HKO-XUMHYECKUE TTOKA3aTeM B HCCIEAO0BAHHBIX 30HAX yCTheBOH obmactu p. Wmba B 2009 u 2010 rr. (uuciutens — 2009 r., sHamenarens — 2010 1.; *— mr/am®)

Table 3. Physical and chemical indicators in the studied zones of the mouth area of the river. lld in 2009 and 2010 (numerator — 2009, denominator — 2010; * — mg/dm?®)

Mecsin 3oHa | T°C (o)} 0, BIIKs 1o XTIK Copr Q1, Hum Jo Lis Feosm | Fepacr | Feuss BB Fepact/

Month Zone * % BODs PO DO Corg Ka/m LF, Color, | Fewal Fediss | Fesusp SM Feuss

* * * * cal/l % rpaj. * * Fegiss/

degree * * Fesusp
Maii I 8.7 10.0 86 18 264 51.8 194 | 1761 | 784 3.5 233 089 | 074 | 015 15 4.9
May 18.3 9.1 97 1.7 19.1 38.2 143 | 130.0 | 56.6 4.5 168 0.76 0.36 0.40 17 0.9
Urons lla | 111 8.6 78 2.0 258 49.5 186 | 168.0 | 745 4.0 215 088 | 0.60 | 0.28 16 21
June 18.8 7.3 79 1.9 175 41.0 154 | 1394 | 55.2 4.6 174 0.62 0.35 0.27 17 1.3
Hronp b | 10.1 8.4 75 21 25.7 48.6 182 | 1652 | 719 4.3 201 072 | 054 | 018 14 3.0
July 18.8 7.3 79 2.6 16.5 37.9 142 | 1289 | 53.0 6.9 170 0.42 0.28 0.14 15 2.0
ABrycT lic 9.7 9.3 82 2.9 19.6 40.2 151 | 136.7 | 52.2 1.2 139 050 | 038 | 0.12 13 3.2
August 16.5 8.7 90 31 13.9 35.1 132 | 119.3 | 443 8.8 141 0.37 0.24 0.13 11 1.9
Cents6psb Il 125 8.2 1 2.0 - - - - - - - - - - - -
September 14.0 8.9 87 1.7 10.1 22.9 8.6 77.9 31.0 7.4 95 0.25 0.17 0.08 14 2.1
Maii I 171 8.8 92 0.6 203 411 154 | 139.7 | 489 15 118 103 | 033 | 070 18 0.5
May 16.9 8.8 91 1.7 24.4 51.2 19.2 | 1741 | 728 3.3 217 0.81 0.50 0.31 21 1.6
Urons lla | 18.0 7.0 74 12 195 50.9 191 | 1731 | 519 24 138 098 | 031 | 067 15 0.5
June 175 7.4 78 2.0 245 56.8 213 | 1931 | 741 35 224 0.76 0.51 0.25 19 2.0
Hronp b | 19.8 1.2 80 38 219 50.8 191 | 1727 | 59.2 15 160 074 | 049 | 025 16 2.0
July 18.0 7.1 76 31 22.8 56.2 211 | 1911 | 69.7 55 213 0.69 0.44 0.25 22 1.8
ABrycT llc | 191 6.4 70 18 18.6 44.1 16.5 | 1499 | 46.2 4.1 115 042 | 028 | 0.14 17 2.0
August 15.4 8.5 85 2.4 171 42.5 15.9 | 1445 | 501 5.6 147 0.53 0.38 0.15 14 25
Centsiops | 11 194 1.6 83 16 17.2 337 126 | 1146 | 451 4.7 118 034 | 027 | 007 12 3.9
September 15.2 8.5 85 1.3 10.8 34.4 129 | 1170 | 319 3.8 94 0.24 0.16 0.08 13 2.0
Maii I 171 73 76 0.7 10.7 282 106 | 959 | 31.2 25 91 028 | 015 | 013 9 12
may 211 7.2 82 0.7 - - - - - - - - - - - -
Urons lla | 17.7 6.2 66 0.8 125 28.8 108 | 979 | 35.0 2.8 98 035 | 012 | 023 13 0.5
June 23.1 6.0 71 2.2 14.8 44.3 16.6 | 150.9 | 38.1 3.0 98 0.37 0.06 0.31 34 0.2
Wionb b | 20.8 6.4 72 2.1 16.0 433 16.2 | 147.2 | 465 6.2 135 037 | 026 | 011 15 24
July 25.3 7.2 86 5.0 16.0 46.0 17.3 | 156.4 | 44.7 10.9 125 0.38 0.22 0.16 28 14
ABrycT llc | 204 4.9 55 16 143 42.7 16.0 | 1452 | 389 37 106 029 | 017 | 012 22 14
August 24.2 5.7 69 4.5 131 49.1 184 | 166.9 | 35.1 94 0.34 0.13 0.21 25 0.6
Cenrsibps | 11 209 - - 0.9 147 38.0 143 | 1292 | 37.8 24 97 016 | 0.08 | 0.08 10 1.0
September 23.1 6.9 81 2.4 114 33.9 12.7 | 1153 | 306 7.1 82 0.16 0.06 0.10 23 6.0
Maii I 119 8.8 82 0.8 94 174 6.5 59.2 | 196 4.6 41 019 | 0.07 | 012 9 0.6
May 8.2 7.6 65 2.9 4.0 14.8 5.6 50.3 10.0 19.6 25 0.18 0.05 0.13 14 0.4
Urons lla | 15.0 71 71 0.8 9.8 241 9.0 819 | 212 33 46 027 | 0.07 | 020 13 04
June 11.2 7.1 65 1.0 5.7 315 118 | 107.1 | 151 3.2 40 0.28 0.06 0.22 26 0.3



Mecsin 3oHa T°C 02 Oy, BIIKs 1o XIIK Copr Q1, Hum JId s Feosum Fepacr Feus BB Fepact!/
Month Zone * % BODs PO DO Corg Ka/m LF, Color, | Fewal Fediss | Fesusp SM Feuss

* * * * cal/l % rpaj. * * Fegiss/

degree * * Fesusp
Wionb b | 14.2 6.0 59 4.9 16.5 375 141 | 1275 | 363 | 131 80 029 | 0.09 | 0.20 17 0.5
July 16.5 7.5 77 7.6 13.6 48.6 182 | 165.2 | 32.6 15.6 78 0.40 0.08 0.32 39 0.3
ABryct llc | 14.9 5.6 56 11 156 304 114 | 1034 | 358 3.6 82 026 | 012 | 014 1 0.9
August 16.5 6.2 64 5.0 12.4 444 16.7 | 151.0 | 311 11.3 78 0.40 0.08 0.32 29 0.3
Centsiops | 11 136 - - 1.0 155 29.6 111 | 1006 | 39.0 34 98 018 | 0.0 | 0.08 12 13
September 145 6.5 64 2.2 9.1 18.1 6.8 61.5 24.5 12.2 66 0.16 0.06 0.10 15 0.6
Maii I 119 8.8 82 0.8 3.0 15 2.8 255 7.9 10.6 21 026 | 010 | 0.16 7 0.6
May 8.2 7.6 65 2.9 4.0 19.4 7.3 66.0 11.3 15.0 32 0.34 0.10 0.24 17 0.4
Urons lla | 15.0 71 71 1.0 5.0 175 6.6 595 | 105 5.7 22 029 | 0.09 | 0.20 6 0.5
June 11.2 7.1 65 2.6 38 20.7 7.8 78.7 12.0 12.6 38 0.43 0.08 0.35 5 0.2
Wronb b | 14.2 6.0 59 23 9.7 211 104 | 942 | 214 8.3 47 034 | 013 | 021 12 0.6
July 16.5 7.5 77 3.7 9.3 29.7 111 | 100.1 | 195 125 41 0.21 0.05 0.16 18 0.3
ABryct llc | 14.9 5.6 53 0.9 12.0 28.7 108 | 976 | 271 31 61 027 | 016 | 011 8 15
August 16.5 6.2 64 2.3 6.9 25.3 9.5 86.0 18.4 9.1 49 0.35 0.08 0.27 24 0.3
Cenrsabpe | I 136 - - 0.9 13.0 36.0 135 | 1224 | 295 25 67 021 | 011 | 010 4 11

September 145 6.5 64 1.3 - - - - - - - - - - - -




Tpyasr MacTuTyTa OGnonorun BHyTpeHHNUX Bog uM. M.J1. [Tanannna PAH, Beim. 96(99), 2021 r.

MaxkcuManbHbIe ero 3Ha4eHUsI OTMEUYEHBI B HIOJIE
u aBrycte 2010 r. Bo QpoHTaILHON 30HE U IEpe-
XonHOM 30He mpuemHuka. B 2009 r. 3naueHus
JIOB moryT ObiTh HHkE TakoBeIX B 2010 1. B 4
pasa (tabm. 3). MakcumManbHas Kourenrparus JID
OB (mo 19,6%) oTmeueHa B aBrycTe U CEHTAOpe
2010, xoraa OB 0buT0 NIpeAcTaBIEHO CBEXKEOOpa-

30BaHHBIMU COEIMHEHUSIMH — NPOJYKTaMH OHO-
XMMUYECKOr0 pachaza pacTUTENIbHBIX M KUBOT-
HBIX OCTAaTKOB, MPOJYKTaMH OOMEHa BEILECTB KH-
BBIX OPraHHW3MOB, TJIaBHBIM 00pa3oM IUIAHKTOHA.
Tak xe B 2010 r. Ha UCCIeAOBaHHOW aKBATOPHH
oTMedeHa nonoxutenbHas koppemsiuus  BIIKs
¢ Temmeparypoit Boasl (r=0.45).

BBIBO/IbI

[loBpiieHne TemmepaTrypsl BOIBI  JIETOM
2010 r. ckazanoch Ha U3MEHEHUH HEKOTOPBIX THJI-
POXVMUYECKUX XapaKTEPUCTHK B BOJE HCCIEIO-
BaHHBIX 30H YCTheBOW obOnactu peku Wmba. B me-
PHOJ MaKCHMAaJIbHOTO TPOTPEBa BOJBI B OTIENb-
HBIX HMCCIICIOBAaHHBIX 30HaX YO peku olimee Ko-
muaectBo OB B 2010 cTabuipHO TpeBHIMIAIO Ta-
koBoe B 2009 r., 3aperucTpupOBaHBl MaKCHMAaTb-
sele 3HaucHusg JIOB, JI® OB, BB. OrMmeueHa BEI-
COKas 3HaYMMas KOPPEIIUs MEXIY TeMIepary-
poii m mokazarersimu OB. Opranndeckoe Belre-
CTBO TPEICTABICHO NPEHMYLIECTBEHHO CBEXKE00-
pa30BaHHBIMH COCTUHCHUSIMH, MPEOOIaIacT B3Be-
meHHas ¢opMa jkeje3a Haj pacTBOpeHHOW. [lpu

3TOM TeMIIepaTypHbIe aHOMAJIMU HE OTPA3HUIINCh Ha
COJICp)KaHUM PACTBOPEHHOTO Kuciopoaa. B oba
WCCIIC/IOBAHHBIX T'0JIa BBISBICH TPEH] CHUDKCHUS
muHepamu3an ot 30H6 | k 111, Ha npoTsokennu
BCET0 Iepro/ia HAOIOACHUI 3HAYCHUS] MUHEpaIIU-
3aruu B 2010 r. ObL1M HIKe TakoBBIX B 2009 T.

[lomy4yeHnHsle JaHHBIE MOTYT OBITH TTOJIE3HBI
JUTSL TadbHEWITNX HAOMIOACHUN 3a THIAPOXUMUYIC-
CKUM PEXHMOM BOJHBIX SKOCHUCTEM apUIHON 30HBI
B aHOMaJIbHBIE KIIMMATHYECKUE TIEPHOBI, a TaK Ke
OBITh HCIOJNB30BaHBl TIPH MPOTHOZUPOBAHKUH THJI-
POXMMHYECKOTO COCTaBa  BOJHBIX  OOBEKTOB
B YCJIOBUSX TJ100aTBHOTO MOTEIUICHHS KIIMMAaTa.

Pabota BeImonHEHA B paMKax rocyaapcTBeHHOro 3aganus Ne 121051100104-6.
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INFLUENCE OF ABNORMALLY HIGH WATER TEMPERATURE
ON THE HYDROCHEMICAL REGIME OF THE MOUTH AREA OF A SMALL RIVER
(BY THE EXAMPLEOF THE RYBINSK RESERVOIR INFLUENCE)

N. G. Otyukova
Papanin Institute for Biology of Inland Waters Russian Academy of Sciences,
152742 Borok, Russia, e-mail: ong70@mail.ru

The increase in water temperature in the summer of 2010 affected the change in some hydrochemical charac-
teristics in the water of the mouth area of the river. 1ld, a tributary of the Rybinsk Reservoir. The maximum wa-
ter temperature in the studied area was recorded in May and the second half of summer 2010. A high significant
correlation between temperature and organic matter indicators was noted. During the period of maximum warm-
ing up in 2010, the total amount of organic matter, its labile fraction, and suspended solids were significantly
higher than the period close to the long-term average. A large amount of atmospheric precipitation in June 2010
determined the maximum concentrations of OM, total and dissolved iron. The organic matter is represented
mainly by freshly formed compounds, the suspended form of iron prevails over the dissolved one. The organic
nature of iron in water is evidenced by a significant correlation between iron and OM in both years studied,
r=0.89-1.0, p <0.05. At the same time, temperature anomalies did not affect the content of dissolved oxygen
and an increase in water salinity. The macrocomponent chemical composition of the water in the studied areas is
dominated by hydrocarbonate ions, calcium and magnesium ions. In 2009, the relative content of HCO3 and Mg
from the section of the free flow of the river to the reservoir is higher than in 2010. At the same time, the relative
content of SO, Cl, and Ca ions, on the contrary, is lower. From spring to autumn, a tendency towards a decrease
in the relative content of HCOs in both studied years was noted in the entire studied water area. The content of
hypothetical salts NaHCOs; and MgHCOs in 2009 exceeded those in 2010 by 3.4 and 5.0 times, respectively.
In zones | — llc, the content of calcium ions is 1.5-2.0 times higher than that of magnesium in 2009, and in 2010,
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1.7-2.4 times. In the deep-water section of the reservoir in both years under study, the concentration of calcium
ions is, on average, 2 times higher than that of magnesium. In both studied years, the potassium content in the
studied water area is noticeably lower than the sodium content. During the spring flood, the K/Na ratio reaches
its maximum values (up to 0.58). R. Ild is located in a zone of excessive moisture and is characterized by good
soil leaching, especially from readily soluble salts (sulfates and chlorides), groundwater has extremely low con-
centrations of sulfates (less than 2 mg/dm?) and chlorides (2—-4 mg/dm?). In 2009, the concentration of chlorides
in the water of the studied water area does not exceed 8.0 mg/dm?® on average, in 2010 — 13.0 mg/dm?. In the
place of mixing of river and reservoir waters, a decrease in the content of chlorides in water by dilution is ob-
served. The concentration of sulfates in the water of the studied water area in 2009 averaged 3.6-13.3 mg/dm?,
in 2010 — 3.6-22.9 mg/dm?3. Due to the active biogenic absorption of sulfates, their minimum concentrations are
inherent in the summer low-water period in both studied years. The content of hypothetical salts also shows that
the amount of MgSQO, in June—July is less than in other periods.

Keywords: heat wave, hydrochemical composition, river mouth area
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ITo pe3ynbTaTaM HXTHOJOTHMYECKOTO MOHHTOPHHIA COCTOSIHUSI TOMYJISILMNA CTEPJSIH B CPEAHEM TEUCHUH
p. CeBepnas [IsuHa B BeceHnnit nmepuoxa 2018-2020 rr. ycraHOBIeHA 0OJBIIAs 3aBHCHMOCTH BEITHYNHEI YIIOBOB
B CTAI[MOHAPHBIX JIOBYIIKAaX OT JWHAMHUKH YPOBHS BOJbI B PEKe, [0 CPABHEHHIO C TeMIiepaTypoil Boabl. IIpen-
CTaBJIeHa pa3MEepPHO-BO3PACTHAsI U MOJIOBAs CTPYKTYpa MOMYJISIIIMK CTEPIISIU B IEPUO]T MPETHEPECTOBBIX MUTPa-
Uil 1 Ha MecTaxX HepecTa. JlaeTcs OmUcaHue CTauil 3peIOCTH TOHA Y CTEPIISIN HEPECTOBOM YacTH MOy JISAIHH
Ha HepecTwiuile. [loka3aHa cpaBHUTENbHAS W3MCHUYMBOCTH POCTA CTEPIISAAM BO BPEMCHHOM AacleKTe U IpH
CpPaBHCHUM MEXK]y MoJIaMH. BBICOKas H3MEHYMBOCTh POCTa CEBEPOIBUHCKOMN CTEPIISAM MO BO3PACTHBIM TPYIIIaM
00BSICHIETCS BHYTPUBUIOBOW qudhepeHnalmeii y 3Toro Bujaa 0CETPOBBIX.

Kniouesuie cnosa: crepnsanp, p. CeBepHas [[BuHa, HepecT, pa3MepHO-BO3pacTHas CTPYKTYpa, POCT, CO3PEBAHUE.

DOI: 10.47021/0320-3557-2022-60-71

BBEJIEHUE

B HayuHO#l nuTepaType OMHCAaHMIO YCIIO-
BUH HepecTa crepisinu Acipenser ruthenus
(Linnaeus, 1758) u cTpykType ee HEpEeCTOBBIX
ckoruieHuit B pekax (Bonra, Kama, Bstka, O0p)
MOCBALICHO HEMHOTO PabOT B CBSI3H CO CJIOXKHO-
CThIO COOpa MXTHOJOTUYECKOTO MaTepuaia B yc-
TMOBUAX BeceHHero maBoaka [IlImumaros, 1939
(Shmidtov, 1939); Jlykun, 1946 (Lukin, 1946);
Jlykun, 1947 (Lukin, 1947); 3eipsHoBa, 1963
(Zyrjanova, 1963); Enpmmnua, 1978 (En’shina,
1978); Adanacber, 1980 (Afanas’ev, 1980)]. 3a-
pEeTyIHpOBaHME CTOKAa KPYIHBIX pek OacceliHa
p. Bonra npuBeno x CHIKEHHIO MacIITabOB ecTe-
CTBEHHOT'O BOCITPOM3BO/ICTBA CTEPJISIN U PE3KOMY
COKpAILIEHHIO TIJIONIAH HEPECTHIIHIL, Ha KOTOPBIX
JaHHBIE HAONIOZCHHS CTald BO3MOXXHBIME [bap-
toii, 2004 (Bartosh, 2004)].

WxTtuomoru, wm3yuaBmue crepiasas p. Ce-
BepHas /[BuHa B coBeTckuil nmepuon [OCTpoyMoB,
1955 (Ostroumov, 1955); Kyuwmna, 1963
(Kuchina, 1963); Tanymmnua, 1968 (Galushina,

1968); Conoskuna, 1971 (Solovkina, 1971)] npu-
BOAWIN AAHHBIE 1O €¢ OMOJIOTHM IO BBIOOPKaM,
coOpanHbIM B mepuof ee Haryma. H.A. Octpo-
ymoB [OctpoymoB, 1954 (Ostroumov, 1954)]
B cepeauHe XX BeKa MHCaJl, YTO MECTa HepecTa
crepisinu B p. CeBepHast J[BuHa ppiOakamM HEW3-
BecTHbI. Jlump B padore A.Il. HoBocenosa [Ho-
BoceoB, 2004 (Novoselov, 2004)] kpaTtko naercs
OIMCAHHE COOTHOLIEHUS B BBIOOPKE KOJIMYECTBA
peIO C pa3HBIMH CTaausIMM 3pPEJIOCTH TOHAA
y cTepisau 0e3 pa30OMBKH MO TOJNY B MEPUOJ ee
MIPEJHEPECTOBBIX MUTPALIH.

B HacTosimee BpeMsi MOHUTOPUHT B IIEPHOL
HEPECTOBBIX MHUTpAlUi CEBEPOJBUHCKOW CTEpIIs-
U ocymectBigerca corpynnukamu Otaena Ce-
Bepublii  (CeB[IMHPO) IlomspHoro dunmana
OI'BHY “BHUPO” B cpennem Teuenuu p. Ce-
BepHas /[BuHa B paiioHe noc. JIBuHCKON bepes-
HuK. O000IEeHne pe3ynbTaTOB UXTHOIOTHIECKUX
HCCIIEIOBAHUI  TIPEAHEPECTOBBIX  CKOIUICHUI
CTEPISAIN U SBIISIOTCS LEJbIO JaHHON paboThI.

MATEPUAJI 1 METOJJUKA

COop marepuana npoBoawiau B Mae 2018—
2020 rr. ma yyactke pycia B 307-310 kM OT yCThbs
CesepHoii /[BuHBI B rpanuiiax BuHOTpagoBcKoro
paiioHa ApxaHrenbckoi oomactu (puc. 1).

OT15I0B CTEpiAIM TPOBOAWIN Ha 3alHBae-
MO B MEPUOJ BECEHHETO MaBOJIKAa HU3KOH MoiimMe
pPEKH C TMOMOIIBIO CTal[MIOHAPHBIX CAMOMAEIBHBIX
noBymeK (“KyTkoB”, “BaHA’), YCTaHOBJIEHHBIX
BJIOJIb MPaBOTO Oepera Ha rpy3ax, BXOJHBIM OT-
BEPCTHEM BHM3 1O TedeHHUIo. JIOByIIKH mpoBeps-
JM ©KETHEBHO pa3 B CyTKU. [TyOMHBI B MecTax
MTOCTaHOBKH JIOBYIIIEK COCTaBIISUIN 2—4 M, CpeaHsIs
CKOpPOCTh TEYEHUS 3a BECh MEPHOJ HaOIro/IeHHH
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0.6 M/c. I'pyHTBI B MecTax MOCTAHOBKH JIOBYILEK
OBUIM TIPENICTABIICHBI M3BECTKOBHIMH MEPTeEIIsIMH,
YaCTUYHO OCYIIAEMbIMU B MEKCHHBIN TIEPHOI.

Homo crepnsan no Berpedaemoctu (N) u
Macce (B) B yyoBax JOByIIEK BBIYUCIISLTA KaK OT-
HOLICHUE KOJIMYECTBA IOMMAaHHOW CTepIsiiu
B DK3EMIUISIpax U KWIorpaMMax K oOlieMy yJoBy
BCEX PBIO 332 CbEMKY (B 3K3. U KI') BBIPOKEHHYIO
B %. CraHnapTU3MpOBAaHHBIM CpeaHUI  YJIOB
Ha yCHJIME MEPecUMTHIBAIM C IOKa3aTenel ¢ax-
TUYECKOT'O YJIOBA CTEPJISIAM B 9K3. U KT 32 CYTKU
9KCITO3UIINH JIOBYIIIEK.
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Puc. 1. Kapra-cxema yuactka p. CeBepHast J|BuHa co cTaHIMSIMU 0TOOpa UXTHOJIOTMYECKHX Mpod. 1 — MecTo nposeze-
HUSI JIOBa; 2 — HaCeJICHHBIE ITYHKTHI; 3 — rpaHuiia ApXaHreJIbCKoH 001acTH.

Fig. 1. The map of the Severnaya Dvina river with place of fishing. 1 — place of fishing; 2 — settlements; 3 — the border

of the Arkhangelsk region.

WM3mepennst mmuael Tenma crepisigu (SL)
TIPOBOJIMIIN HAa CBEKEH PBHIOE MEPHOH JIGHTOH OT
KOHIIAa pbljja O OCHOBAaHMS CPEIHUX JIydel XBO-
CTOBOTO IIJIaBHHUKA C TOYHOCTHIO A0 1 MM. Y moii-
MaHHOM CTepISay ONpeNnesisuin OOIIYyI Maccy
pBIOBI, Maccy Tena Oe3 BHYTPEHHOCTEH M Maccy
TOHAJ, C TOYHOCTBIO 10 TPaMMa.

[Ipu onpenenennu craguii 3peIOCTH TOHA
WCTIONB30BaNIN MecTHOAIbHYIO Kany A.B. Jly-
kuHa [Jlykun, 1941 (Lukin, 1941)]. K HenonoBos-
peaBIM OTHOCWIIM caMOK M camioB Bo II, II sxupo-
Bod u II-III cragusax 3pemoctu ronan. K cospe-
BAIOIIMM M IOJIOBO3PENbIM OTHOCHIM PbiO B 111,
I[II-IV u IV cragusam 3penoctu roHaa. B V cra-
UM OBUTM 3aperrcTPUPOBAHBI TOJIBKO CAMIIBI.
B VI craguu puKCHpoOBaNHCh U CAMIIbI U CAMKH.

IN'onagocomarnueckuii uaaekc (I'CH) y ca-
MOK U CaMIIOB PACUUCISUIM KakK MPOICHTHOE OT-
HOIIIEHHWE MAacChl TOHAJ K Macce Teyia PhIOBI 0e3
BHYTpeHHOCTEH 1 ymMHOXeHHOoe Ha 100.

Bospact crepmsinu onpenensin y 349 aks.
o nudoBaHHBIM 110 ToimuHEl 0.1-0.3 MM cru-
JaM MaprUHAIBHBIX JTydedl TPYIHBIX TIAaBHUKOB
COrJIaCHO METOJIMKE, pa3paboTaHHOH yisi cUOMp-
ckoro ocerpa [CokonoB, AkumoBa, 1976
(Sokolov, Akimova, 1976)]. Bozpact 852 3k3.
ompeneNieH IO Pa3MEpPHO-BO3PACTHOMY KIIOUY,
COCTaBJICHHOMY TIO JI0JIE BCTPEYaEMOCTH PBIO
pa3HOTO BO3pacTa B ONpEICNIEHHOM JHara3oHe
JUTHHBI PBIOBI C MHTEPBAJIOM B 1 CM.

CratucTHueckyto 00paOOTKy AaHHBIX BbI-
MOJTHSUTM C WCIIOJIb30BaHWEM IIaKeTa MPOTrpaMM
STATISTICA 10 u Microsoft Excel 10.

PE3VYJIbTATBI UCCIIEAOBAHUA

Jonst ctepnaay B yaoBax B PyclOBOM 30He
peku mo rojgaMm BapeupoBaia oT 90 mo 99%
10 YacTOTe BCTpedaeMocTH U oT 83 1o 97.6% mo
Mmacce. [loMumo cTepisiau B JOBYIIKAaXx OTMeYa-
muck Oenormaska (Ballerus sapa (Pallas, 1814)),

ronaeib (Squalius cephalus L.), rycrepa (Blicca
bjoerkna L.), nem (Abramis brama L.), Hammm
(Lota lota L.), okynsw (Perca fluviatilis L.), cynak
(Sander lucioperca L.) u s13b (Leuciscus idus L.).
MaxkcuMaibHbIe OCPEJIHEHHBIC YJIOBBI CTEPISIN
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HaOmomasm B 2018 1.,
B 2019 r. (Tabm. 1).
Temnepatypa Bomsl  3aduKCHpOBaHHAS
Ha HEPECTHIUILAX B MEPUOJ] HEpecTa CTepisian
10 TaHHBIM psiZla aBTOPOB cocTaBisuia ot 8°C 1o
20°C, a cpoku HepecTa B 3aBUCHMOCTH OT Teorpa-
(bUUeCKOro PacmoiIOKeHUs] PeK JOCTATOYHO pac-
TaHyTHl ¢ ampens (Hynait, Hmwxuss Bomra) mo

a MHHHUMAJBHBIC —

Hagana wuions (Hu30Bbs Enuces) [Jlykwmn, 1937
(Lukin, 1937); Xoxnosa, 1955 (Khohlova, 1955);
3eipsaHoBa, 1963, 1967 (Zyryanova, 1963, 1967);
Enpmmmaa, 1978 (En’shina, 1978); Adanaches,
1980 (Afanas’ev, 1980); Kamnkaea, 1978
(Kapkaeva, 1978); Ycwiaun, 1978 (Usynin, 1978);
Bemes, 1982 (Veschev, 1982); TperbsikoBa, 1998
(Tret’yakova, 1998)].

Ta6auua 1. Jlons B ynoBax, CpeHUN YJIOB Ha | JIOBYIIKY B 3K3./CYTKH M KI/CyTKH cTepisind B p. CeBepras J[BuHa

B 2018-2020 rT.

Table 1. The sterlet ratio in catches, the average catch per unit of effort (CPUE) in the river Severnaya Dvina in 2018—

2020
I'on Jons B ynosax, % VYI10B Ha JOBYIIKY/CYT
Year Part in catches, % Catch per unit of effort (CPUE)
KonmuectBo / Number | buomacca / Biomass 9K3. / ind. kr / kg
2018 99 97.6 2.48 1.06
2019 90.2 83.3 0.93 0.39
2020 93.9 93 1.8 0.66

IIpumeuanue. N — no Bcrpeuaemocty; B — mo macce.

Note. N — on frequency of occurrence; B — by weight.
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Puc. 2. CBS3b BeNM4YMHBI yJIOBOB CTEPISAN C TeMIeparypoit (a) u ypoBuem Bogwl (b) B p. CeBepras JIBuna B Mae

2018-2020 rr.

Fig. 2. The correlation of catches of sterlet with the temperature (a) and water level (b) in the Severnaya Dvina river in

May 2018-2020.

Hao6monenus B mae 2018-2020 rr. mokasa-
JIM OTCYTCTBHUE CBSI3M MEXIy YJIOBaMH M TeMIIepa-
Typoit Bogsl (r = — 0.22). Cpemausisi MOJIOXKUTEb-
Has koppersus (r = 0.61 mpu p <0.05) 6su1a yc-
TAQHOBJICHA MEXIY YJIOBaMH M YPOBHEM BOJBI
B MIEPHOJ TIPOXOXKACHHUA BECEHHETO TOJIOBOIbS
(puc. 2). Haubonpmve ynoBbl ObLIH 3a(UKCHPO-
BaHbl B Juamna3oHe temmepatyp oT 7.5°C mo
12.5°C u npu MakcuMaabHOM YpoBHE BoAbl (>850
cM mo mocty CYI'MC B moc. [IBunckoit bepes-
HUK) (puc. 2).

B 2018-2020 rr. mnuHa Tena cCTepisiau
B yJoBax BapbupoBana oT 23.1 go 57.5 cm, a
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cpedHss JUIMHA CHIDKajnack mo rojgam ¢ 39.2 no
37.9 cM. Macca mnoWMaHHBIX pBIO COCTaBIsIA
or 71 no 1594 r., cpennas macca TakXke IOCTe-
neHHo cHkanack ¢ 427 no 370 r. B BeiOopkax
BO3pacT phI0 HaXOAWJICS B Mpenmenax oT 1 o
13 net, B cpeanem 3a Tpu ronaa 4.5 ner (tabu. 2).
CHIDKEHHE  CpeIHMX  3HAYeHWH  pa3MEepHO-
BO3PaCTHBIX TIOKa3aTeNell CTepisan B YIOBax,
OOBSICHSIETC €€ TepelioBoM  OpaKOHbepaMu
Ha JAHHOM Y4YacTKE PEKH HE TOJIBKO B TEPHOI
HepecTa, HO U B MepHuo Haryna (Tadm. 2).
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Tabauna 2. Cpegare 3HaYSHUS TMHBI M MAacChI Tela, Bo3pacTa crepysiau p. CeBepHas J[suHa B 2018-2020 rr.

Table 2. The average values of length, mass and age and the limits of their values in samples of sterlet of the Severnaya
Dvina river in 2018-2020

Tonm JlimHa, cM Macca, T Bo3spacr, ner
Year Length, cm Weight, g Age, years
CpenHss MUH Makc | CpemHss MUH Makc CpeIHHA MUH Makc
average min max average min max average min max
2018 39.2 24.1 55.5 427 75 1560 4.7 1+ 13+
2019 38.9 23.1 57.2 419 74 1594 4.5 1+ 13+
2020 37.9 22.9 57.5 370 71 1570 4.4 1+ 10+

B 2018-2020 rr. peiObl anuHOM oT 35 10
45 cM coOCTaBIIsUIM B CpPEIHEM [BE TPETU BCETO
yioBa. M3-3a ceIeKTUBHOCTH JIOBYILEK A0JISA PHIO
nuHoi meHee 30 cm He mpesbimana 4%. Ot 75
10 80% Bcel MOMMAHHOM CTEpIsAu COCTABIIAIN
pe1661 Maccoit ot 200 mo 600 r. PeiO kpymHee
1.6 kr B ynoBax 3a nepuoj HaOMOJCHUH He 3a-
¢ukcupoBano. BreiOopku crepnsan Obun mpea-
CTaBJICHBI MTPEUMYIIECTBEHHO MIIQIIINMHU BO3pac-

THEIMH Tpynmamu (3—5+), a mons peid crapmmx
BO3pacTHEIX Tpynn (Oojee § yeT) B yIOBax KyT-
KoB cokpamanack B 2018 1. ¢ 11.1% mo 6.0%
B 2020 r. (tabm. 3). Jletom 1938-1940 r1r.
1951 r., a Taxxke BecHoU 1962—1966 1. HOMNS PHIO
crapiie 8+ konebanack ot 16 mo 32.1% [Octpo-
ymoB, OrypuoB, 1954 (Ostroumov, Ogurtsov,
1954); Kyumna, 1963 (Kuchina, 1963); ['amymm-
Ha, 1966 (Galushina, 1966)].

Ta6auna 3. Pa3MepHO-BO3pacTHON COCTaB CEBEPOABHUHCKON CTEPIISIIA M3 HEPECTOBBIX CKOIUICHWH Y 1Moc. JIBUHCKHI

Bepesnuk B 2018-2020 rr., %

Table 3. Dimensional-age composition of sterlet from spawning aggregation in the Severnaya Dvina river near the set-

tlement Dvinsky Bereznik in 2018-2020, %

Ton Jmuna, cm n
Year Length, cm
20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60
2018 0.1 2 16 44 24 11 2 0.1 500
2019 0.1 2 17 46 21 11 3 1 349
2020 0.1 4 20 49 20 5 2 1 352
Macca, kr
Weight, kg
0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0 1.0-1.2 1.2-1.4 1.4-1.6
2018 5 52 26 10 5 1 0.1 0.1 500
2019 7 52 23 12 3 1 0.1 1 349
2020 12 58 22 5 3 1 0.1 1 352
Bo3spacr, ner
Age, years
1+ 2+ 3+ 4+ 5+ 6+ 7+ 8+ o+ 10+ 11+ 12+ | 13+
2018 1 8 24 22 17 11 7 4 2 2 2 1 0.1 500
2019 1 9 26 22 19 7 8 3 1 2 1 0.1 1 349
2020 1 8 25 26 17 11 7 3 2 1 — — — 352
IIpumeyanue. “—” — HET JaHHBIX.
Note. “—” — not date.

KonndecTBO caMIoOB Ha HEpEeCTUIIMIIAX
OBLIO CYIECTBEHHO OOIBIIIE, YEM CAMOK, 4TO OT-
Medanu paHee u apyrue ucciemoratenu [(LLImuma-
ToB, 1939 (Shmidtov, 1937); 3eipsiHOBa, 1967
(Zyryanova, 1967); Adanacobes, 1980
(Afanas’ev, 1980)]. CooTHomeHHE CaMOK M CaM-
I[OB CEBEPOJIBUHCKON CTEPIISIM HA HEPECTHITHIAX
y noc. /Isunckuii bepe3nuk B cpennem 3a 2018—
2020 rr. cocraBisuio nopsinka 1:4 (20.2% — cam-
ku; 79.8% — camiper). B pekax Kama, Bonra u
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EHuceii nons camioB B NEpUOJ HEPECTa COCTaB-
asama ot 61.4% [Ilmuaros, 1939 (Shmidtov,
1937)] u 72% [Jlyxun, 1947 (Lukin, 1947)]
10 92.6% [3aneneHos, 2004 (Zadelyonov, 2004)].
B npenHepecToBBIX CKOIUICHHUSX CEBEPOIBHHCKON
crepisaau B mae 2018-2020 rr. g0 caMOK Bapb-
upoBajia B mpenenax ot 18.8 mo 23.5% (tabmu. 4).
Jlonsi caMIlOB B MEPUOJ] HEPECTOBBIX CKOTUICHHI
B CpelHEM [0 TOoAaM H3MeHsack oT 76.5 1o
81.2% (cm. Tabi. 4).
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Tabauna 4. CooTHOILIEHUE MOJIOB Y CEBEPOJABUHCKON CTEPISAN B HEPECTOBBIX CKOIUICHUSIX y moc. /[BuHckoi bepes-
HUK I10 BO3PaCTHBIM rpynnam, %

Table 4. Sex ratio in various age classes sterlet from spawning aggregation in the Severnaya Dvina river near the set-

tlement Dvinsky

Bereznik, %

Bospacr, net 2018 2019 2020
Age, years CaMKHU CaMIIbI CaMKHU CaMIIbI CaMKHU CaMIIbI
females males females males females males

1+ - 100 — 100 - 100
2+ 21.1 78.9 9.7 90.3 7.4 92.6
3+ 10.7 89.3 10.0 90.0 9.1 90.9
4+ 23.6 76.4 12.8 87.2 13.3 86.7
5+ 20.7 79.3 37.3 62.7 21.7 78.3
6+ 20.8 79.2 40.0 60.0 23.7 76.3
7+ 17.1 82.9 32.1 67.9 42.3 57.7
8+ 15.0 85.0 54.5 45.5 36.4 63.6
9+ 18.2 81.8 40 60 62.5 37.5
10+ 12.5 87.5 66.7 33.3 100 -
11+ 37.5 62.5 100 0 — -
12+ 75 25 - 100 - -
13+ - 100 50 50 — —

Bcero k3. 94 405 82 267 66 286
% 18.8 81.2 23.5 76.5 18.8 81.2

IIpumeyanue. “—” — HET JaHHBIX.
Note. “—” — not date.

B nmpenHepecToBBIX CKOTUIEHUSIX CTEPIISAN U
Ha ee HepeCTWIMIIAX B MEPHOJ HepecTa BCTpeya-
FOTCSI PBIOBI C Pa3HOM CTETIEHBIO 3PEIOCTH TOHA B
pazmuuHoM  cooTHomieHuun [IImuaros, 1939
(Shmidtov, 1939); Jlykun, 1941 (Lukin, 1941);
3bipsiHoBa, 1963 (Zyrjanova, 1963); EHblinHa,
1978 (En’shina, 1978); AdanaceeB, 1980
(Afanas’ev, 1980); Bapto, 2004 (Bartosh, 2004)].
VY caMI0B CEBEPOJBUHCKOM CTEPISAN B BECEHHUMN

niepros 2018-2020 rT. 101151 HEOJIOBO3PETBIX PHIO
(II, Ix, II-II cramum) cocraBmsiia B CpeIHEM
4.2%; cospeBaromux — 19.2% (Il crapwms); mono-
Bospensix (III-IV, IV cragum) — 69.6%; Hepects-
mmxcest — 4.8% (V cragust); otHepectuBInxcs (VI-
II cramust) — 1.6%. [Ipuuem mosist HOCIEAHUX PE3KO
YBEJIMYHUBACTCSI C POCTOM TEMIIEpaTyphbl BOIBI, KaK
3TO HaOoAaI0Ch B KoHIle Mast 2020 r. (Tadt. 5).

TaﬁJmua 5. CooTHoOIICHNE JA0JIM CaMIIOB CTEPJIAAU C pas3IMYHbIMU CTaAUSAMU 3pCJIOCTU T'OHAIA B P. CeBepHaﬂ I[BI/IHa

B Mae 2018-2020 rr.

Table 5. Ratio of the sterlet males with gonads of various maturity stages in the Severnaya Dvina river in May 2018-2020

Bospacr, ner 11, 11 x, TI-I11 11T M-1v, IV \Y VI-II
Ageyears | 0 | o | g | 2 | 2| g | 2 | o g |2 2)g| =g
S| & | & ] & 5 & & S ||| 8| &8 &
1+ 2 2 2 1 - - - - - - - - - -
2+ 3 5 5 17 1 4 10 20 16 - 2 - - -
3+ 5 4 4 44 16 10 56 55 60 3 4 1 - - 5
4+ 2 3 1 26 6 9 53 50 61 3 8 3 4 4
5+ — - 1 26 6 6 40 32 35 3 4 3 2
6+ — — — 8 — 4 33 14 22 1 1 2 — — 1
7+ - — — 5 3 4 23 14 10 1 2 1 - - -
8+ - - - - 2 - 17 3 5 — 1 — — 1
9+ — — - 1 — — 8 3 3 - - - - -
10+ — — - 2 - — 5 2 — - — — — — -
11+ - - — - - — 5 - — - — — — — -
12+ - - — - - - 1 1 - - - - -
13+ - - — - - — 1 1 — — - - — — —
Bcero 9k3.: 12 | 14.0 | 13 130 34 37 252 | 195 | 212 | 11 | 21 | 11 0 1 13
% 3.0 52 | 45 |32.0 | 127|129 | 62.1 | 73.0 | 739 | 27|79 |38 | 0 | 04 | 45
IIpumeyaHue. “— — HET JAHHBIX.
Note. “—” — not date.
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ITo cpaaenuto ¢ 50-mu romamu XX Beka
[ConoBkuna, 1971 (Solovkina, 1971)], B HacTos-
1iee BpeMsl CEBEPOJBHHCKASI CTEPIAAb CO3pPEBAET
panbiie. [lomoBo3penbie caMibl cTEpIsiId BCTpe-
YarTCcs yKe B Bo3pacte 2+, a UX MaccoBOe TOJIO0-
BOC CO3pEBaHUE TPOMCXOAWT B Bo3pacre 3—4+
(tabn. 5). IlepBbie co3peBaroIIMe CaMKH TaKkKe
BCTPEYAIOTCSl B BO3pacTe 2+, MaccoBOe UX CO3pe-
BaHHE HACTyIaeT C MIECTHUIIETHEIO BO3pacTta
(Tabn. 6). CMmeleHne CPOKOB CO3peBaHMsI Ha 0O-
Jiee paHHHUE CBA3aHO C OOIIMM MOTEIICHUEM KITU-
MaTa B PerrHoHe B MOCJETHUE TOJbl U IMTOBBIIICHU-
€M CpeHUX TeMIeparyp Boasl ieToM B CeBepHas
Juna, ¢ 1950 mo 2016 roxg na 1-3°C [/IBoerua-
30Ba, ¥ 1p., 2020 (Dvoeglazova et al., 2020)].

V camok crepisau 2018-2020 rr. xonude-
CTBO pbIO C TOHAJAMHU Ha Pa3HBIX CTAIHSIX 3PEJIO-
CTH XapaKTepH30BaJOCh CICAYIOLUIMM COOTHOIIE-
HueM: HemojoBo3pensie peiobl (I, II x, II-
III cranumn) — 4.6%; cospeatomue — 43.8%; mo-
nmoBo3penbie — 48%; HepecTsAuecs C TeKydeu
WKpPOH MOWMaHbl HE OBUIM; OTHEPECTHBILUECS —
3.5%. B 2018-2019 rr. camok ¢ BBIOUTON WMKpOU
(VI-II cragust) He ObUI0 3aMKCHPOBAHO, TOTOMY
9TO MX OTJIOB IMPOUCXOAMI Ha MEpPBOHAYAIEHOM
sTamne Hepecrta, a B KoHue Mag 2020 r., ux gomns
cocraBmia 10.6%, Tak Kak HEpECT CTEPIIAIN 3/1€Ch
yke 3aBeprancs (Tadi. 6).

Tabauma 6. CooTHOIIEHUE O CaMOK CTEPJISIIN C PAa3IMYHBIMH CTaJUSIMH 3pesiocTu ToHaa B p. CesepHas J[BuHa

B Mae 2018-2020 rr.

Table 6. Ratio of the sterlet females with gonads of various maturity stages in the Severnaya Dvina river in May 2018—

2020

Bospacr, ner 1L, 1T x, TT-11 111

m-1v, 1Iv VI-I

Age, years

2020
2018
2019
2020

2019
8| 2020

2+
3+
4+
5+ -
6+ - - -
7+ 1 - -
8+ - - -
9+ - - -
10+ - - -
11+ - - -
12+ - - - -
13+ - - - -

— )
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— o | 2019

—— = 95| 2018
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NN WAoo~ 2020
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Bceero ax3.: 6 5.0 1 45 31

31

49 27 0 0 7

% 6.4 5.9 47.9 36.5

47.0

45.7 57.6 | 40.9 0 0

[TRL

HpnMeqal-me. — HCT JaHHBbIX.

Note. “~” — not date.

Cootrnomenue cospeBaromux (III cramus)
M 3peNbIX CaMOK B TIEPHOJ HEpecTa MO3BOJISET
MPEANOIOKUTE NBYXJETHUNH ITMKI CO3PEBAaHUA
crepisind B p. CeepHast JIBHHA, YTO SIBISETCS
XapaKTepHOH OCOOCHHOCTBIO PENPOAYKTUBHOU
OHMOJIOTHH 3TOTO BHJIA OCETPOBBIX, YCTAHOBIJICH-
HO panee B pekax Cubupu u Bomxcko-
Kamckoro 6acceiina [Xoxiosa, 1955 (Khohlova,
1955); Onpmanckas, 1955 (Ol’shanskaya, 1955);
wumos, 1971 (Shilov, 1971); lunos, Kpacuu-
koBa, 1977 (Shilov, Krasichkova, 1977); Ada-
HacbeB, 1987 (Afanas’ev. 1987); baprom, 2004
(Bartosh. 2004)].

Anamn3 nuHamuku I'CU crepnsgu, otpa-
KAIOLEr0 YpOBEHb €€ T'eHEPaTHBHOTO OOMeHa,
MoKazall, YTO y CTEPJISAM U3 Pa3HbIX peK HalIro-
JAFOTCSl 3HAYUTENILHBIE MEXKIOMYJISIIIMOHHBIC Pa3-
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JMUYAS B BEJIMYMHE 3TOTO TOKA3aTensi, CBsI3aHHbBIS
BEpOSTHEE BCEro ¢ TEMIIOM pocTta phId (Tadi. 7).

B rpanumax Bcero apeana y cTepisiiu OT-
MEYaeTcs BBICOKAs BHYTPHUIIOMYJISIIMOHHAS W3-
MEH4YMBOCTh pocTa [OctpoymoB, Orypros, 1954
(Ostroumov, Ogurtsov, 1954); IImuaros, 1939
(Shmidtov, 1939); AdanaceeB, 1981 (Afanas’ev,
1981)].

PasmepHO-BecoBble TOKa3aTenu pocTa ce-
BEPOJBUHCKOM cTepysiau 1o BeIOOpke 2019 T.
MpEACTABICHBI Ha puc. 3.

3HAYNTENbHBI WHTEPBAT MEIMAaHHBIX 3HA-
YeHWH NJIMHBI PBIO, a TaKXKe ero yBeJIHueHHE
o Macce sl OOJNBITMHCTBA BO3PACTHBIX TPYIII
C BO3PaCTOM XapaKTepeH M ISl CEBEPOJBUHCKON
crepisiau (puc. 3).
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Taéauua 7. M3menenns I'CU (B %) B mporecce pa3BUTHS MOJOBBIX XKelle3 CTEPIISAN B Ipeenax apeana (Hag 4epToi

cpeiHee, 0] YepTOi TpeIeibl KOJIeOaH i)

Table 7. Changes of gonadosomatic index during the gonad development of sterlet within the distribution area (above

the line average, below the line fluctuation limits), %

Camxku / Females Cawmupl / Males
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Puc. 3. Jluneitnsiii (a) u BecoBoii (b) poct crepnsau cpeanero tedenus p. CeBepHas J[Buna; 1 — MenuaHa, 2 — TpaHHUIIBI

nHTepBana 25-75%, 3 — pa3mMax 3Ha4CHHUH.

Fig. 3. Linear (a) and weight (b) growth of sterlet of the middle reaches of the Severnaya Dvina river; 1 — median, 2 —

range of boundaries 25-75%, 3 — range of values.

BuMonaneHoe pacripeneneHne 3HAYCHUH JUTHHBI | BHYTPHUBHIIOBBIX (HOPM, PA3TUYAIONIMXCS MEXKIY
MacChl PBIO BHYTPH OJIHOW BO3PACTHOM TPYIIIHI, co00if TIO CpOKaM CO3PEeBaHHUSA W TEMITy pPOCTa
HaOJII01aeMOe paHee y CPEAHEBOIKCKON CTEpIIsIn, [Adanackes, 1981 (Afanas’ev, 1981)].

0. AdanacbeB 00BSICHST HATTMYUEM Y CTEPIIAN
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BuyTpuBuaoBas auddepeHanus ceBepo-
JBUHCKOM CTEpJSiAM BU3YAJIBHO IPOSBISETCS
B Pa3IMYMUsAX MPOMOPIUNA POCTPATHLHOW YaCTH TO-
JIOBBI y PBIO CXOJIHBIX pa3MepoB. B yioBax Bcerna
MIPUCYTCTBYIOT ~ OCTPOPBUIBIE  (TpeobiamgaroT
B MJIQJIIIINX BO3PACTHBIX KJIAcCaX) W TYIOPBUIbIE
pBIOHI (pHC. 4a).

K ocTpopbuibiM OTHOCSATCSI PBIOBI C MHICK-
COM JITMHBI phUIA, cocTaBisommmM 6osee 40% ot
JUIMHBI TOJOBBI, @ K TymnopbulbiM — MeHee 40%
COOTBETCTBEHHO. OCTPOpBUIbIE CTEPISAON YHC-
JICHHO TPeodNalaloT B MIAMIIIMX BO3PACTHBIX
kinaccax kKak B 50-¢ ronel XX Beka [OcTpoyMoB,
Orypuos, 1954 (Ostroumov, Ogurtsov, 1954);],
Tak ¥ B HACTOsAIIEE BpeMs (CM. puc. 4a).
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CpaBHeHue 2 TpyIn CEBEPOABHHCKON CTEp-
JIAI4, C PAa3IMYHON JUIMHOM phlIa 110 TEMITY BECO-
BOTO POCTa MOATBEPAWIO BBIBOABI MPEABIAYIINX
uccnenoBareneid [OctpoymoB, 1954 (Ostroumov.
1954); llImunros, 1939 (Shmidtov, 1939)] o Tom,
YTO TYHOPBUIbIE PHIOBI, OCOOEHHO B CTapIINX BO3-
pacTHBIX Tpymnnax pactyTt Osictpee (puc. 4b). On-
HaKO M TPU Pa3/eJeHUU CTEPNIAIU Ha 2 TPYIIIEI
Y OCTPOPBUIBIX PBIO ¢ BO3pacTa 7+ HAOIIOJAOTCS
3HAUMUTENIbHBIE KOJICOAHUs] CpEAHUX 3HAYCHHUH
MAacchbl, YTO CBHIETEIBCTBYET O TOM, YTO IJIMHA
pBlIa HE SBISIETCS OIPENENSIOMNM TPU3HAKOM
IUIl pas3feieHus] CTEPNsAM HA BHYTPHUBHUIOBBIC
(hopMBI 1O TEMITy pocTa.

2+ 3+ 4+ 5+ A+ T+ B+ B+ 10+ 114 124 13+ years

b

Puc. 4. Bo3pactHoii cocTas (a) u cpaBHeHHE BecoBoro pocta (b) Tynmopsuroii (/) 1 octpopswioii (2) crepisamu p. Ceep-

Has JIBuHa.

Fig. 4. Age composition (a) and comparison of weight growth (b) of blunt-nosed (/) and sharp-nosed (2) sterlet of the

Severnaya Dvina river.

BecoBoii pocT caMok M caMIIOB CEBEPOIBUH-
CKOW CTEepNsiiM CXOJEH B MIAIIIMX U CPEIHUX
BO3PACTHBIX Ipymmnax (puc. Sb), 4To MOATBEPKIAACT
BBIBOJIbI IIPEABLIYIINX HCClenoBaTened 00 oTcyT-
CTBUM CYILIECTBEHHBIX DPa3IMYUi MEXKIy MOJaMU
y atoro Buzaa ocetpoBbixX [LlImuaror, 1939 (Shmid-
tov, 1939); Xoxmora, 1955 (Khohlova, 1955);
Ycbaun, 1978 (Usynin, 1978)].

AHanu3 BecOBOTO pPOCTa CEBEPOIBHHCKOI
CTEpJISIA TIO JIAHHBIM Pa3HbIX aBTOPOB, ITOKa3all
Ooree BBICOKHME €ro mokaszatenu y crepisian B 30-
er. XX Beka B p. CeepHas [IsuHa [Kyunna, 1963
(Kuchina. 1963); Conoskuna, 1971 (Solovkina,
1971)]. CxonHble mokazaTeldd pocTa B HACTOSIIEE
BpeMs 1 B 50-70 rr. XX Beka [OctpoymoB, 1955
(Ostroumov. 1954)] xapakTepHbl IS CPSIHUX BO3-
pactHbix rpynn. B p. Beluerma mno JgaHHbIM
A.b. 3axaposa (1998) ceifuac crepmsinp pacteT Obl-
crpee, yeM B p. CeBepHast J[BuHa (puc. 5b).

B03MOXHBIMH TIpUYMHAMU CHUKEHHS POC-
Ta CEBEPOJBMHCKON CTEpJsiIK B COBPEMEHHBIX
YCIIOBUSIX SIBJISIETCS MHIIEBAs KOHKYPEHLIUS MEX-
Iy CTEpIISIIBIO | JICIOM C OeJIOria3Koi 13-3a poc-
Ta YHCJICHHOCTH TOCIEAHUX B CTPYKTYpPE HXTHO-
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LIEHO30B pycioBoi yactu peku [HoBocenos, Cty-
neHos, 2007 (Novoselov, Studenov, 2007); My-
CHHOB, U Jip., 2007 (Musinov et al., 2007)].

B nmepuon HepecTa ctepusnb p. CeBepHas
JBuHa MHTEHCHUBHO NuUTaeTcsa. B cpenneM Teue-
HUHU PEKU OCHOBY BECCHHETO IMHUTAHHUS COCTaB-
AT JIMYUHKY XHPOHOMMJ U PYYEHHUKOB.
BropocreneHHbIME 00BEKTAMM TUTAHUS SIBISI-
I0TCS JIBYCTBOPYATHIC MOJUTIOCKH W JIMIHMHKH
Moriek. K cinydaitHpIM 00BEKTaM, XapaKTepH-
3YIONUM CIICKTP MUTAaHUS UMEHHO B BECCHHUH
Meproa, OTHOCSTCS JIMYNHKU MyX, 0abodex, 1mo-
JIY)KECTKOKPBUIBIX U UKpa pbI0. CyIIeCTBEHHBIX
pas3inuuii B COCTABE NMUTAHUS CEBEPOIABUHCKOM
CTEPIISAIU C YBEITUYCHHEM €€ pa3MepoB HE ycTa-
HOBJICHO. AHaJIN3 MaTepPHAIOB M0 IMMHTAHUIO
crepnsau B p. CeBepHas J[BUHA BO BPEMEHHOM
acreKkTe MoKa3all CTa0WIBHOCTh COCTaBa ITHIIU
MO0 OCHOBHBIM TPYIIIaM KOPMOBBIX OpPraHU3MOB.
B mepuoabl BBICOKOIW BOAHOCTH B COCTaBE ITH-
TaHUS CEBEPOJBUHCKOW CTEPISAU YBEIMYHMBA-
eTcs J0JsA MNPHUKPEIUICHHBIX (opM OeHToca
(npeumymectBenno Trichoptera) [beikoB u ap.,
2020 (Bykov et al, 2020)].
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Puc. 5. CpaBHeHHE BECOBOTO pOCTa CaMOK ¥ caMmIioB crepisiau p. CeBepHas J[BuHa (a) U B pa3HbIe TIeprUOabl HabII0e-
uuii (b): 1 — JIsuna, 1938; 2 — JIsunHa, 1951; 3 — Beruerna, 1998; 4 — JIsuna, 2019.

Fig. 5. Comparison of weight growth of females and males of sterlet of the Severnaya Dvina river (a) and at different
observation periods (b): / — Dvina, 1938; 2 — Dvina, 1951; 3 — Vychegda, 1998; 4 — Dvina, 2019.

3AKJIIOYEHUE

Ha pycnoBblx HepecTwIuinax, pacrolio- HacTosmlee Bpems ObicTpee, yem 70 neT Hazam —
KEHHBIX B cpenHeM TeueHuu p. CeepHas JlBuHa BEPOSITHO, M3-32 TOBBIIICHUS! CPEIHUX 3HAYCHHH
B YJIOBaX CTalIOHAPHBIX JIOBYLICK CTEPISAb JO- TeMIIepaTyphl BOAbI B peke. B mpeaHepecToBbIX U
MHUHHPYET KaK 10 BCTPEYaeMOCTH, TaK M IO Mac- HEPECTOBBIX CKOIUICHHMAX IOJSI CO3PEBAIOIIMX U
ce, 9TO TO3BOJIIET KIACCHU(UIIUPOBATH ITH JIO- TIOJIOBO3PENBIX CAMOK U caMIloB cocTaBisieT 90%.
BYHIKHU, KaK CICOHUAIIM3UPOBAHHBIC OpYyIUsa JIOBaA KomnuectBo OTHCPCCTHUBIINXCA pBI6 yBEJIN4YHUBa-
crepnaai. CpeaHue yaoBbl CTEPISAN HA SIUHULLY eTcd NpU TOBBIIICHUH TEMIEPaTyphl BOJBL
MPOMBICIIOBOTO YCHIIUSI B OOJIBIIEH CTETIeH! 3aBU- B Hacrosiiee Bpems CTepIsiab pacTeT MEAJICHHEE,
CSAT OT AMHAMMKHU YPOBHS BOJIbI, YEM OT €€ TeMIIe- yeM B 50—60-e roast XX Beka.
parypel. Pa3mepHO-BO3pacTHOW COCTaB YJIOBOB B pamkax MXTHOIOTM4YE€CKOTO MOHHTOPHWH-
CTEpJIIAM MPEACTABICH Ha IBE TPETH phlOaMu ra CEBEPOJIBHMHCKOM CTEPSIIM PEKOMEHAYETCs
MJIaAIINX BO3pacTHBIX KiaccoB (3—5+) u He- PaCUIMPUTh UCCIENOBAaHUS €€ MOIYJSIUU B Ha-
Oonpmmmu pasmepamu (3045 cm u 0.2-0.6 kr). MIPABJICHUN U3yYEHUs] MUTPALi, CE30HHOTO pac-
[lonoBasi cTpykTypa HEpPECTOBBIX CKOIUICHHI IpeneneHns 0 peKe, OCOOCHHOCTSM CKaTa paH-
CTEpISAAN TpecTaBieHa nmpuMepHo Ha 80 % cam- Hel MOJIOJU U BHYTPUBUI0BOU CTPYKTYpHI.
namu. Co3peBaeT CEeBEpOJBHHCKAs CTEPISIb B
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BIOLOGICAL CHARACTERISTIC OF THE REPRODUCTIVE GUILD OF ACIPENSER
RUTHENUS (LINNAEUS, 1758) IN THE SEVERNAYA DVINA RIVER

I. I. Studenov', A. D. Bykov?, D. V. Chupov'
! Northern Department (SevPINRO) of the Polar Branch of FSBNU VNIRO
163002, Arkhangelsk, 17 Uritsky street, e-mail: severniro@vniro.ru
? FSBNU VNIRO

According to results of ichthyological monitoring of the sterlet population in the middle part of the Severnaya
Dvina river in the spring period 2018-2020 established a greater dependence of the value of catches in stationary
traps on the dynamics of the water level in the river, compared with water temperature. On the spawn places lo-
cated in the middle part of the Severnaya Dvina river in the catches of stationary traps, sterlet dominates both in
quantity and in mass. Average catch per unit of fishing effort (CPUE) is more dependent on water level dynam-
ics than on water temperature. Age and length composition of sterlet catches is represented by two-thirds by fish
of the younger age classes (3—5+) and small sizes (30—45 cm and 0.2-0.6 kg). The sexual structure of spawning
sterlet represented by about 80% of males. The sterlet in the Severnaya Dvina river is currently grow faster than
70 years ago — probably due to an increase in the average water temperature in the river. In pre-spawning and
spawning parts of sterlet population proportion of maturing and sexually mature females and males is 90%. The
number of past-spawners increases with increasing water temperature. Currently, sterlet grows more slowly than
in the 50-60s of the 20th century. Sterlet is intensively fed in the Severnaya Dvina river during the spawning pe-
riod. In the middle part of the river, the basis of spring nutrition is chironomids and caddis fly larvae. Secondary
fed objects are bivalve mollusks and blackfly. Random objects characterizing the nutritional spectrum in the
spring include larvae of flies, butterflies, hemipterous and fish eggs. There are no significant differences in fed of
sterlet with an increase in its size in the Severnaya Dvina river.

Keywords: sterlet, Severnaya Dvina river, spawning, Age and length structure, growth, maturation
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