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This paper presents the results of electron-microscopic studies of algae, carried out
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Project «Climatogenic Transformation of the Alpine Landscapes in M
Mongolian and Russian Altai» (CRRP2017-05MY-Dembere) e

WNHCTUTYT BOOHBIX M DKOJIOTUYECKUX TpobiaeM CUOMPCKOTO OTaerne- IW P
Hus Poccuiickoit Akanemun Hayxk

Mutpodanosa E.FO. COM uccnenoBanus BOAOPOCIEH B pa3HOTUITHBIX BOAHBIX 00b-
ektax Pycckoro u Monronbckoro Anras. — bapnayn: ...., 2019. — 36 c.

B Hacrosimem u3naHuy TPUBEACHBI PE3YIIBTATHI AIIEKTPOHHO-MHUKPOCKOTTHYECKUX
WCCIICIOBAaHH BOJOPOCIKH, MPOBEACHHBIX C TIOMOIIHI0 CKAHUPYIOIIETO 3JIEKTPOHHOTO
mukpockora Hitachi S-3400N 8 UBOIT CO PAH. M3nanue paccuntaHo Ha OHOIOTOB
(OoTaHMKOB, AJILIOJIOTOB), CIIEIIHAIUCTOB 10 IEKTPOHHOW MUKPOCKOIINH, MTPETIoaBare-
neit u ctynentoB BY3os.
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One of the first light
(above) and transmission
electron (below)
microscopes

OO0Hu u3 nepgvix onmu-
yeckutl (66epxy) u TOM
(6HU3Y) MUKPOCKONDBI

Introduction

Electron microscopy allows to investigate biological objects
such as cells, cellular organelles, bacteria, viruses, biogenic
macromolecules, etc., under the highest magnification possible
in the biological research. There are two main fields in the
electron microscopy: scanning (raster) electron microscopy
(SEM) being applied for rather thick sections of the biological
samples, and transmission electron microscopy (TEM) being
applied for the thin sections. SEM and TEM are highly versatile
methodologies for 2D and 3D materials characterization.
The high spatial resolution of SEM and TEM, from nano- to
microscale in both imaging and chemical characterization
modes, is highly complementary to other nondestructive
materials characterization techniques. The TEM creates images
due to the dispersion of the electrons after passing through the
thin sample. The official date of TEM construction goes back
to 1931, when the “Siemens Schukkerwerke” company got the
first patent on its use. The SEM appeared in the USA in 1942
scans a focused electron beam over a surface to create an image.
The electrons in the beam interact with the sample, producing
various signals that can be used to obtain information about the
surface topography and composition. Since the 1960s, electron
microscopes have a wide use due to their technical excellence
(http://biomed.spbu.ru/en/equipment/electron_microscopy/;

Inkson, 2016; Kamzolkina, Bogdanov, 2017)r0
In IWEP SB RAS, a Hitachi SEM' S-3400N (Japan) for
ylng RF: mples at high resolution (zoom range: 5-300.000)

and other b1010glcal objects from various
' eria and beyond began Aﬂong w1th
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Beeoenue
DeKTpOHHAasi MUKPOCKOIIUS TI03BOJISIET UCCIIE0BaTh OMo-
JOTMYECKUE OOBEKTHI, TAKHE KaK KJIETKH, KJIETOYHBIE Opra-
HEJJIbl, OaKTepuH, BUPYCHI, OMOT€HHBIE MAaKPOMOJIEKYIbI U
T. JI. C MAKCUMaJIbHO BO3MOXKHBIM yBennueHueM. CyIecTBy-
€T JIBa OCHOBHBIX THIIA JJIEKTPOHHOH MHUKPOCKOIIMHU: CKaHH-
pytomasi (pactpoBas) 3eKTpoHHass Mukpockonusi (COM),
pUMeHsieMast U TOBOJIBHO TOJICTBIX OOpAa3IOB MM LIEJIBIX
00BEKTOB, M TMPOCBEUMBAIOLIAS AIEKTPOHHAS] MHUKPOCKOIHUS
(TO9M), npumensemas i ToHKUX cpe3oB. SEM u TEM - sto
YHHUBEpCaJIbHbIE METONOJOTHH JUIst BbIsiBiIeHus 2D u 3D xa-
PaKTEPUCTUK pa3IMYHBIX OOBEKTOB M MaTepuasioB. Bricokoe
npocTtpaHcTBeHHOE pazpemieHue COM u TOM, ot HaHO- 10
MUKpoMacmTaba Kak B peKMME BHU3yalU3alllH, TaK U B pe-
KUMax XUMHUYECKON XapaKTEepPUCTUKH, B 3HAYUTEIILHOM CTeIIe-
HU JIOTIOJIHSET JPYTrUe METOABI ONPEACICHHUS XapaKTePHUCTUK
MatepuanoB. TOM co3maer u300pakeHUs 3a CUET pacCesHus
3JIEKTPOHOB TOCTIE MPOXOXKICHHS UX Yepe3 TOHKUI oOpaserl.
OdunmanpHoi garoi coznanust TOM cuuraercst 1931 r., kor-
na ¢upmoii «Cumenc LlykkepTBepke» ObUI MOTyUYESH MEPBBINA
MAaTeHT Ha NPUMEHEHHUE IPOCBEYMBAIOUIETO 3JIEKTPOHHOTO
Mukpockomna. COM nosisuiicsa B CHIA B 1942 1, a maccoBo Ta-
KM€ MUKPOCKOIIBI CTai MpuMeHsAThes B 1960-x ronax (http://
biomed.spbu.ru/en/equipment/electron microscopy/; Inkson,
2016; Kam3onkuna, bornanos, 2017).
B Y£B3H CO PAH CBM Hitachi S-3400N (Japan), uccne-
1 00pasiibl B AuanazoHe yBenudenuii ot 5 1o 300000,
HoBIIeH B (hepane 2009 . C sroro BpeMeIﬂ,HaanIOCL
MMKPOCKOTTHYECKHX BOL[OpOCJICI/I ¥ JIPyTHX 61/10061,-
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SEM Hitachi S-3400N

(Japan)
COM Hitachi S-3400N

(Japan)

Batometer
bamomemp
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silicon frustules and dense organic shells), algae with soft
~ shells were also investigated despite some difficulties in their

shape and volume preservation. A large set of specimens and
photographs of microscopic algae was collected. Some of
them are presented in this album.

Sample preparation
Before considering the different aspects of specimen
preparation, it is first necessary to sample algae in waterbodies.
They can live in the water column (plankton), on the bottom
(benthos) or varios underwater objects (periphyton). Algae
from these habitats could be taken using a bathometer, a net, a
dredge or a scraper. The selected plankton samples have to be
concentrated either by filtration through membrane filters with
a pore diameter of about 1 pm or by a 7-10 day sample settling
and removing the upper water layer by means of decantation.
Further, algae with silicon frustules or other hard elements
on the surface or inside the cells should be cleaned from the
organic matter and dried. For SEM, a biological specimen is
normally required to be completely dry, since the specimen
chamber is at high vacuum. Worth noting that water is an
essential component of living biological samples, together
with complex organic macromolecules such as proteins, lipids,

and carbohydrates.
To study the frustules of diatoms and dinophytes, cysts,
lorlca and scales of golden algae, it is necessary to clean them
ics Wthh is achieved by usmg hydrogen perox1de or
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NAHIUPSAMH U IJIOTHBIMU 000JI0YKaMH OBUIH MCCIIEIOBAHBI U
BOJIOPOCITH C MATKUMH 000JIOYKAMHU, YTO COMPSIKEHO C HEKO-
TOPBIMH TPYAHOCTAMH JUI COXpaHEHHs UX (GOpMBI U 00beMa.
CoOpana Gosblast KOJIEKIUS MpenaparoB U ¢ortorpaduii Bo-
J0pOcCyel, HEKOTOpbIEe PEACTABICHBI B ’TOM U3JaHUU.

Ilpobonoozomosxa
[Ipexxne yem paccMarpuBaTh pazIUYHbIE ACHEKTHI MOATO-
TOBKH 00paslia, cHayasia HeoOX0AUMO O0TOOpaTh BOAOPOCIH B
BogoeMax. OHM MOTYT JKUTh B TOJILE BOJBI (IUIAHKTOH), Ha
nHe (OeHTOC) WM B Pa3HOOOPA3HBIX MOABOAHBIX OOBEKTAX
(nepucduron). Bomopocnum u3 STUX MECT OOMUTAHUS MOTYT
OBITH MOJYYEHBI C MOMOILBIO OaTOMeTpa, CETKH, Aparu WiH ‘
ckpeOka. OtoOpaHHbIC 00pasibl IUIAHKTOHA JOIKHBI OBITH  Oyorum Technologies
CKOHLIEHTPUPOBAHbI JTHOO (HIbTpanUed Yepe3 MeMOPaHHbIE SC7620 Mini Sputter
(GUIBTPBI ¢ TMaMeTpoM HOp OKoJo 1 MKM, 6o mytem ocax- Coater
neHus B TedeHue 7-10 1HeH U yaaleHus BEpXHETO CJI0sl BOIbI Ycmarnoeka 0iis Hanbvlie-
MOCPENCTBOM JieKaHTanuu. KpoMe Toro, BOIOpOC/In ¢ KpeM- Hus 00pasyos Quorum
HUCTBIMU MMAHLUPAMHU WU JPYTMMU TBEPABIMU DIIEMEHTAMHU Technologies SC7620
Ha TMOBEPXHOCTU WM BHYTPH KIETOK JOJKHBI OBITH OUMILIE-
HBI OT opranuku. s COM Ouonoruyeckuii o0Opaserr T10KeH
OBITH MOJHOCTBIO CYXMM, MOCKOJBbKY Kamepa Jajsi 00pa3loB
HaXOJUTCs B BHICOKOM Bakyyme. CTOUT OoTMeTUTh, uto Boma Concentrated samples
SIBIISIETCSI BAYKHBIM KOMITOHEHTOM YKUBBIX OH000pa3IIoB. Cronyenmpuposanivle
IMaHMpy JUaTOMOBBIX M JTUHO(DUTOBBIX, IIUCTHI, JOMUKH npoosl
u ‘Iegljll(l/l 30JIOTHCTBIX Bégopocmﬁ OYMILAIOT OT OPTaHUKH

@HI/ISKOM BaKY}y

Coater.
i..
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Fixation of cells with soft shells
Hard silicon frustules of diatoms, dinoflagellates, cysts of
chrysophycean algae or dense organic shells can be examined
with little treatment, but living cells and tissues and whole, soft-
bodied organisms require special chemical fixation to preserve
and stabilize their structure. Fixation is usually performed
by incubation in a solution of a buffered chemical fixative,
such as glutaraldehyde, sometimes in combination with
formaldehyde and other fixatives. We used glutaraldehyde with
a phosphate buffer as a fixative (note: a buffer maintains pH at
a physiological level). The method described by Felgenhauer
| B.E. (1987). In opinion of (Kamzolkina, Bogdanov, 2017),
. the authors of Microscopy Manual, such fixation forms cross-
- links among molecules of cellular substances thus providing a
strong cell carcass and preventing substance loss that allows to
\ preserve a cell volume.

iltration plant
Yemanosxa onsa unempa-
yuu

Centrifuge
Lenmpudgpyea Results and discussion

In electron microscopy studies, diatoms are the most
frequent and beneficial objects because of their siliceous
frustules. Many identification signs of species, especially
in small-cell forms, can be recognized solely using SEM or
kol TEM. It is not surprising that most new species are discovered

Cyclotella delicatula

just among small forms. For instance, phytoplankton of Lake
Teletskoye is a vivid example. Interestingly, light microscopy
could not identify the representatives of the genera Cyclotella

il tep@anadzscus mlnutulus (Kutzmg) Cleve
S1LS hanthaicus Genkal a{uzmlna
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QDuKcayusa K1emokK ¢ MACKUMU 000104KamMu

TBepapie KPEMHUCTBIE MTAHIIUPU AUATOMOBBIX BOJAOPOCIIEH,
TUHO(IIATEIIAT, KPEeMHUBBIE OOOJOYKH IMCT 30JIOTHCTBIX
BOJIOPOCIICH WM BOJOPOCTH C TUIOTHBIMH OpraHHYECKUMHU
000JI0YKaMi MOTYT OBITh HCCIIEOBAaHBI ¢ HEOOJBIION MOM-
TOTOBKOHM, HO KJIETKH C MSTKMMHU OOOJIOYKAMHU HYXIAIOTCS B
CHeMATbHON XUMHUYECKOW (pUKCaluu, 4TOOBI COXPAaHUTh UX
00beM u CcTpyKTypy. Ee 00bIYHO MPOBOAST B pacTBOpe 3a0y-
(epeHHOro XUMHUYECKOTro (pUKcaTopa, TAKOTO KaK IIyTapalib-
JIeTU/I, UHOTJIa B COYETaHUHU C (OPMATBACTHIOM H JIPYTUMHU
(ukcaTtopamu. Mbl HCTIOIB30BAIM TITyTapanbaeruy ¢ hocdar-
HBIM Oydepom (oH momaepkuBaeT pH Ha ¢usnoIOrHUecKoM
ypoBHe) o metony B.E. Felgenhauer (1987). I1o MueHuIO aB-
TopoB «PykoBoacTBa 1o Mukpockonum» (Kamzonkuna, borna-
HOB, 2017), Takas ¢uxcanus oOpa3yeT MmepeKpecTHhIE CBI3U
MEX]y KICTOUHBIMHU BEIIECTBAMHU, 00pazys MPOYHBII KapKac.

Pe3ynomamul u 0ocysrycoenue

JlnaToMOBBIC BOJOPOCIIM BBHIY HAJIUYUS KPEMHUCTOTO
MAHIMPS SABISIOTCA HambOosiee OmarogatHbIM OOBEKTOM IIPH
COM wuccrnenoBanusix. MHOTHE HACHTH(PHUKALNOHHBIE TPH-
3HAKU BUJIOB, OCOOCHHO y MEIKUX (HOPM, MOXKHO PacIo3HATh
TOJBKO € Hcnosnb3oBanueM COM mmm TOM. [lostomy npu
W3YYCHUN JMaTOMeil OOHApy)KEHHUE HOBBIX BHJOB B BOJOC-
Max 3a4acTyl0 MPOHMCXOAUT MMEHHO CPEIH MEJKOKICTOYHBIX
(dopmM, KaKk 510 ObLIO, HAPUMEp, NPH H3yYeHUH (puTOILIAH-
K'I‘IQI‘I}\TCJICLIKOFO o3epa B 1989 . — Cyclotella delicatula

enk Stephanodzscus minutulus (Kiitzing) Cle\g et Moller
wanocostis chanthaicus Genkal et Kuzmlnag TICPBEIi 13
Tonncar, KaK HOBBIH 1 HayKu (B Mex;t{yHapou—

Fixation of samples
Qukcayus npod

Drying cabinet
CyuwunvHwlil wkag

Stephanodiscus makarovae
Genkal
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The first species was described as new to science (according
to the international nomenclature as Cyclotella sp. because
such a name (C. delicatula Hust) already existed.) (Genkal,
1994; Genkal, Mitrofanova, 1995). Electron microscopy of
diatom specimens helped to supplement a list of species from
a size group of 47 pum in diameter by the fourth newly found
Stephanodiscus makarovae Genkal.

Using SEM and TEM, Genkal S.I. (Genkal, Mitrofanova,
1995) discovered one more diatom with a small frustule size

Stephanodiscus minutulus . ) )
(Kiizing) Cleve ot Moller (-©- Thalassiosira pseudonana (Hust.) Hasle & Heimdal). This

species did not occur in plankton of Lake Teletskoye for long.
Only recently, the SEM study of samples made it possible
to re-discover this diatom, which is quite rare for this lake.
Being a world widespread marine species (Rad-Menéndez et
al., 2015), T pseudonana with its 34 mega pairs of nucleotide
bases was chosen as the first eukaryotic representative of
| marine phytoplankton for genome sequencing (Armbrust et al.,
Thalassiosira pseudonana ~ 2004). Moreover, 7. pseudonana was lately referred to invasive
(Hust.) Hasle & Heimdal  species; it appeared in other habitats because of ballast waters
Cyclotella bodanica discharged from ships. 7 pseudonana presence in the ultra-
FEuleinst oligotrophic Lake Teletskoye located in the upper reaches
: of R. Ob is evidence of its high tolerance to environmental
conditions, namely, to temperature and salinity.

Alongwith small-cell representatives of plankton, the images
of medium- and large-sized centric diatoms, i.e. Cyclotella
antiqua W. Smith, Melosira varians 'Agardh, C. bodanica
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KO€ Ha3zBaHUe BHJA yxe cymecTBoBaio — C. delicatula Hust.)
(Genkal, 1994; Genkal, Mitrofanova, 1995). B nHacrtosiee
BpEMS YHMCIIO BUJIOB Pa3MEPHOM IpyIIibl 4-7 MKM B AMAMETPE
ObUIO YBEIMUYEHO 0 YeThIpeX, 100aBuics eue Stephanodiscus
makarovae Genkal (Mitrofanova, 2011).

B mpo6ax 1989 r. C.1. I'enkanom (Genkal, Mitrofanova,
1995) Obuta obHapyxeHa W MenkokieTouHas 1halassiosira
pseudonana (Hust.) Hasle & Heimdal. [lonroe Bpems 3toT
BUJ B IUIAHKTOHE Tenenkoro o3epa He Berpevanics. Jlumep uc-
CJIEZIOBaHMS TIOCIIETHUX JIET O3BOJIMIM BHOBb OOHAPYXKHUTH 1.
pseudonana, KOTOpayl0 OTHOCST K IIMPOKO PAaCHpPOCTPaHEH-
HbIM, HO MopckuM BuaaM (Rad-Menéndez et al., 2015). Oror
BUJ ¢ 34 Mera mapaMu HYKJICOTHIHBIX OCHOBaHHWM OBLT BBI-
OpaH B KayeCcTBE MEPBOr0 SyKAPUOTUUECKOTO MPEICTABUTENS |
(uTOIUIAaHKTOHA /ISl CEKBEeHUPOBaHMs reHoMa (Armbrust et al.,
2004). Kpome Toro, B mocneanee Bpemsi 1. pseudonana cranu
OTHOCHTH €IlIe U K WHBAa3UHHBIM, KOTOPbI MOXET TONaaTh
B JIpyrue MECTOOOUTaHHUs ¢ OaTACTHBIMU BOJaMU KOpaOiIei.
Ob6uranue 7. pseudonana B ynsrpaonurorpopsom Tenerkom
03epe MOKET CBHIETEIhCTBOBATH O OOMBIIOH CTereHn Tome- L 1alassiosira Pse”‘flona”a
PAHTHOCTH BUJA K YCIOBHUSAM OKPY’KaroIlel Cpe/ibl. sasic & Heimdal

Kpome MenKoKIeTOUHBIX MPeICTaBUTE ! IITAaHKTOHA ObUTH
MOJTYYEeHbI M300paKeHUsI CpeIHe- U KPYMHOPA3MEPHBIX IICH-
TpUdecKux nuaromeit, a umeHHo Cyclotella antiqua W.Smith,
Melosira varians Agardh, C. bodanica Euleinst, Aulacoseira
subaretica (O. Miller) Haworth. TIpu usydennn mopgorno-
rnn'gpez[CTaBHTeneH nonynsinuit C. bodanica w3 o3ep pa3Ho-
€ aqmquKoro MOJIOKEHUSI U TPOPHOCTH @Hemcxoe
popHO-Me3oTpodHoe; banan-Tamyp (Hp]‘IGaHKaJIBC)
(yaTka), OAUroTpopHO-Me30TpodhHOe; XaHTaii-

Stephanocostis chanthaicus
Genkal et Kuzmina

Cyclotella bodanica
Euleinst
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Aulacoseira subarctica (O.
Miiller) Haworth

Elrbckia arenaria (les
ex Moore) Crawf

Stephanodiscus hantzschii
Grun.

mesotrophic; the Khantai hydrosystem and Holocene
sediments from Lake Hoton-Nur (Mongolia), oligotrophic)
shows considerable variability in valve diameter of studied
populations of the species, i.e. 18.2 (Lake Dal’nee) - 72.2 um
(Lake Hoton-Nur). Its minimum falls on the Khantai hydraulic
system, lakes Balan-Tamur and Dal’nee, while the maximum -
on lakes Teletskoye and Hoton-Nur (Genkal et al., 2013).

In phytoperiphyton specimens from Lake Teletskoye,
Ellerbeckia arenaria (Ralfs ex Moore) Crawf, a rare for its
alga flora representative of large-cell centric diatoms, was
identified. It belongs to the ancient taxa. Previously (Poretsky,
Sheshukova, 1953), this planktic-benthic species was noted
mainly in benthos of the north-western shallow water of the

% lake at depths from 3-5 up to 18 m. In 2010, E. arenaria valves

were found in the mouth of a tributary in the latitudinal part of

Lake Teletskoye at 11-13.8 m depth.

When identifying diatoms, valve details and any formations
or outgrowths on the frustule surface are important. For

& example, Stephanodiscus hantzschii Grun. cells with several

long spines lengthwise its mantle were defined when we
studied phytoplankton from the R. Inya mouth. Preparation
of specimens for light microscopy and their placement in a
balm often destroy such thin and fragile formations and, on
the contrary, they are well preserved and clearly visible on
the valve under drying and sputtering with a gold-palladium
mixture.

'vaen more diverse in composition pennate diatoms, both
iphid and raphld mainly dwell in benthos and fouhng
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a TaK)Ke TOJIOLEHOBbIE ocaaku u3 o3epa XotoH-Hyp (Monro-
JMs), OJIUTOTPO(PHOE) OBUIO YCTAHOBJIEHO, YTO JHAINA30H W3-
MEHYHBOCTH JUAMETPa CTBOPKU B HCCIICIOBAHHBIX MOIYIIS- |
UsAX BUAa BapbupoBai ot 18,2 (03. HansHee) 1o 72,2 um (03.
Xoton-Hyp). MuHHMaNbHBIH pa3Max 3TOro Mpu3HaKka HaOIo-
Jany B XaHTalCKoN ruapocucreMme, osepax banan-Tamyp u

JlanpHem, MmakcuManbHbIN — B 03epax Tenenkoe u XoroH-Hyp s 1
(I'enkan u np., 2013). Ellerbeckia arenaria (Ralfs

B npo6ax duronepudurona Terewnkoro ozepa Obuia Haii- ¢X Moore) Crawf
JIeHa peaKas KpyMHOKJIETOYHas LEHTpUYecKasIuaroMes
Ellerbeckia arenaria (Ralfs ex Moore) Crawf. - npeBHMiIi 110
npoucxokaeHnto TakcoH. Panee (Ilopeuxwii, [llemnrykosa,
1953) 3TOT MIaHKTO-OEHTOCHBIN BUJI HAXOAMIN B OCHOBHOM
B OEHTOCE CeBepO-3aIaJHOr0 MEJIKOBO/Ibs 03epa Ha NTyOMHax
ot 3-5 no 18 m. B 2010 1. cTBOpKHM E. arenaria Oblan 0OHApY-
KEHbI B YCThE OIHOTO M3 MPUTOKOB IUPOTHOH yactu Tenen-
KOro o3epa Ha niryOuHe ot 11 1o 13,8 m.

[Ipu uneHTH(UKALUU AUATOMOBBIX BOAOPOCIEH Ba)XKHOE
3HauYE€HUE MMEIOT JAeTalld CTBOPKH, 0Opa30BaHMs MJIM BBIPO-
CTBI Ha TOBEPXHOCTH MaHuups. Tak, B puronnankrone p. Unu g
ObL1T BcTpeueH Stephanodiscus hantzschii Grun. ¢ HECKONTbKU- |
MU JJTMHHBIMU [IMIIAMU 110 3arudy cTBOpKH. [Ipu moaroroske
MIPEnapaToB JJIsi CBETOBOM MHKPOCKOIUM U 3aKIFOUEHUH 00-
pa3ioB B Oanb3aM TakMe TOHKHE U XpyIKHEe 00pa3oBaHMs Yya-
CTO Pa3pyLIAOTCSL.

Eme 6o7ee pasHooOpa3HbIe 110 COCTaBY — TO IEHHATHBIE
;[nargp;iOBHe BOJIOPOCIIH, HIOBHBIE U OeCLIOBHBIE, B OCHOB-
CTaBHUTEIH O6eHToca U obpacTaHuil. .HI/HH; €IMHNY-

IIEHHATHBIX JIMATOMEN SBJIAKOTCS TIAHKTOHHBIMH
Kak, HampHUMep, Asge(lonella formosa Hass.,

~ 3Be3/uAThIC
' BOZBL.
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to specific cells connection increasing buoyancy and resisting
their rapid sedimentation to the bottom.

A special attention was paid to SEM analysis of diatoms
with a very delicate frustule like Rhizosolenia cf. eriensis W.
et G. S. West, almost invisible under light microscopy. We
Rhizosolenia cf. eriensis marked its thin and fragile frustules with perforated semi-
W. et G. S. West ring-shaped or valve-like intercalary bands in recent studies

of phytoplankton samples from Lake Teletskoye.

AN Among the pennate diatoms, raphid representatives with
m raphe on the one or two valves passed through the entire
frustule dominate in diversity. Many of them inhabit the
reservoir bottom, and can move slowly on the substrate due
to cytoplasm movement in the raphe. Diatoms of the genera
Navicula, Brachysira and Geissleria are a good example.
Pennate forms can attach themselves to the substrate by mucous
strands (e.g. representatives of the genera Gomphonema and
Didymosphenia) or dwell in mucous tubes being attached to
rocks or other underwater objects (e.g. the genus Cymbella).
Immobile forms (e.g. species from the genus Cocconeis)
also exist; similar to crustose lichens, they «stick» to the
substrate.

The representatives of pennate diatoms can be of different
size: from the smallest up to very large ones (300-400 pm).
Algae may have oval, rectangular, diamond- dumbbell-,
mace-shaped, guitar-like and other forms of valves. At a girdle
side, a frustule can have a rectangular, trapezoidal, straight
and curv ed form. The length/w1dth ratlo of valves is usually

ves of the algal flora include
(Lyngb.) M. Sc\hmidt,‘a‘ pennat
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OTtnenbHOE BHUMaHUE ObLIO YJIEJIEHO MCCIIEOBAHUIO AHa- WW" “““WW :;‘ N
TOMOBBIX BOZOPOCIEH C OYeHb HEXHBIM MaHIHPEM, KoTo- il 3 ! MR
pBIii B CBETOBOM MUKPOCKOII TIOYTH HE PA3IUYUM, HApUMeEp '{;dl{m“( ]m j)“lj“
Rhizosolenia cf. eriensis W. et G.S. West. Ee ToHkue u Xpyn- Rhizosolenia cf. eriensis
KHe MaHIUpU ¢ mepHoprpoOBaHHBIMU MONyKOIbleBuaHbIME W. et G. S. West (by S.I.
WJIM Y€UTyeBUIHBIMHA BCTAaBOYHBIMU 00OAKAMH OBUTH OTMEue- Genkal photo)

HBI HAaMH TP Mccie0BaHuu po0 ¢puToruiankToHa Tenerko-
r'0 03epa B MOCIEIHUE TOJIbI.

Cpenu mneHHaTHBIX auaroMedl HauOOJBIIUM pPa3HOOOpa-
3Me€M OTIMYAIOTCS MPEACTABUTENN IIOBHBIX, TO €CTh T€, Y
KOTOPBIX Ha CTBOpPKE, OIHOM WIJIM Cpa3y JIBYX, UMeeTcs IIOB,
MIPOCTUPAIOIIMIACS 10 BCEH UIMHE MaHuups. MHOTHe U3 HUX
OOHUTAIOT Ha JTHE BOJOEMA, U MOTYT MEJIEHHO Mepe/IBUraTh-
csl 1Mo cyOcTpary 3a CueT TOKa IMTOIIa3Mbl B KaHale INBA,
Kak, Hampumep, auatomMen ponoB Navicula, Brachysira n
Geissleria. MHOTHE IEHHATHBIE (DOPMBI MOT'Y T IPUKPETLIATHCS
K cyOcTpary MOCpeACTBOM CIM3MCTHIX Tshkel (Gomphonema
u Didymosphenia) unu o0UTaTh BHYTPU CIU3UCTBIX TPYOOK,
MPUKPEIUICHHBIX K KAMHSAM WU IPYTUM HOABOIHBIM IpeaMe-
taM (Cymbella). EcTb 1 mpoCTO HEMOABUKHbBIE (POPMBI, KOTO-
pBIe «IpuIumarT» kK cyoctpary (Cocconeis).

Cpenu meHHATHBIX JUATOMEH BCTPEUYAIOTCS KaK OIHU M3
CaMbIX MEJKHX MpPEACTaBUTENIeH KPEeMHE3EMOK, TaK U OYCHb
KpymHble sk3eMIuisapsl — 300-400 pMm ¢ oBanmbHBIMH, pOMOO-
BUIHBIMH, IPSIMOYTOJIBHBIMH, TaHTEIEBUAHBIMH, OyIaBOBHUI-
HBIMHU, THUTapOMNOAOOHBIMA W APYrUMH (OpMaMU CTBOPOK.
CooTHOIIeHNE ATUHBI U MHUPUHBIL Y CBOPOK ObIBAET HE3HAUH-

~ TeJILHOE, HO €CTh BH/IbI, y KOTOPBIX [JIMHA NIPEBOCXOMT LK~
. pUHY B JICCATKH pa3. :

K KpyIHBIM IIpe/ICTaBUTENSIM ANbro(Iophl MOKHO OTHE- N
' ) I}.{I.Schmid‘f, ipuKpe- | "
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diatom attached to the substrate by long mucous strands.
Beside this species widespread in many reservoirs of the

5y temperate zone, three more species of this genus were defined

Didymosenia geinata
(Lyngb.) M. Schmidt

ldymosphenia siberica
(Grun.) M. Schmidt

Hannaea arcus (Ehr.)
Patrick

— D. grunowi Lange-Bertalot & Metzeltin, D. siberica (Grun.)
M. Schmidt and D. laticollis Metzeltin & Lange-Bertalot in
Lake Teletskoye. A total of 22 species of Didymosphenia
(Kulikovskiy et al., 2016) have been identified nowadays.

If in Lake Teletskoye and its watercourses D. geminata
is still rare, in some regions (e.g. New England rivers in the
north-east of the USA (http://itsnow.ru/-137699.html)) it has

become a real disaster. In former times, the habitat of this rare
Y species was upper reaches of rocky rivers. In recent decades, it

suddenly invaded other, more suitable for existence, reservoirs
and spread out there. Figuratively, it is called the «stone snot»

' (a greenish slimy bundle of stalks on river boulders really

brings to such an association).

With the help of SEM, some morphological features of
valves of pennate araphid diatom Hannaea arcus (Ehr.) Patrick
(Fig. 5) were revealed. In the south of Lake Teletskoye, along
with typical valves with one rimoportula (a labiate process
with a pore on the outer and inner sides of a valve) on one end,
we could see valves with two rimoportulas — by one at both
ends of a valve. Species with such a morphological feature
are found in Baikal (H. baicalensis Genkal, Popovskaya
& Kulikovskiy (Genkal et al., 2008) and Hubsugule (H.
hovsgc lensis Vishnjakov Kulikovskiy & Genkal), where

ake Teletskoye on the contrary, H. arcus Valves
2 " vere not defined at all. Anisimova O V.
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IUISIIONIYIOCS. K CyOCTpary UIMHHBIMU CIIU3UCTBIMU TSDKAMH.
B TenenxoM o3epe KpoMe 3TOT0 LIHUPOKO PACIPOCTPAHEHHOIO
BO MHOTHX BOJOE€Max YMEPECHHOW 30HBI BUJIa ObLIM BBISBIIC-
HBI emie Tpu Buna — D. grunowi Lange-Bertalot & Metzeltin,
D. siberica (Grun.) M. Schmidt u D. laticollis Metzeltin &
Lange-Bertalot, a Bcero B Mupe B HacTosiIiee BpeMsi H3BECTHO
22 Buna p. Didymosphenia (Kulikovskiy et al., 2016). Ecnu B
TenenkoM 1 BoAOTOKax ero 6acceitna D. geminata BcTpedaeT-
Csl HE YacTo, TO B HEKOTOPBIX PETHOHAX 3eMJIM OHA CTaja Ha-
CTOSIIIUM Oe/CTBHEM, HampuMmep, B pekax HoBoil AHruu Ha
ceBepo-BocToke CIHIA (http://itsnow.ru/-137699.html). He-
KOTJa peKasl BOAOPOCib, OOUTABIIAsi B BEPXOBbAX KaMEHHU-
CTBIX PEK, B MOCICIHHUE JACCATHICTUS BAPYT Hayaya SKCIaH-
CHIO B JIpyrue, Oosnee ONaronpusiTHbIC JUIS KU3HU BOJOEMBI.
Ee 006pa3HO UMEHYIOT «KaMEHHbIE COTLIN.

C nomompto COM BBISBICHBI HEKOTOpbIe Mopdosornyue-
CKHE€ 0COOEHHOCTH CTBOPOK IMEHHATHOM OECIIOBHOM TUATOMEH
Hannaea arcus (Ehr.) Patrick. Ha rore Tenerkoro o3epa mo-
MHUMO OOBIYHBIX CTBOPOK C OJHOW PUMOMNOPTYJIOH (ABYTyOBId
BBIPOCT C OTBEPCTUEM Ha HAPY)KHOW U BHYTPEHHEH CTOpOHAX
CTBOPKH) Ha KaKOM-HHOY/[b U3 KOHILIOB CTBOPKH BCTPEUAIOTCS
CTBOPKHM M C JBYMS PUMOIOPTYJIaMU — IO OAHOH Ha 00OMX
KOHIIaX CTBOPKHU. Buibl ¢ Takoit 0COOEHHOCTBIO BCTPEUAIOTCS
B baiikane (H. baicalensis Genkal, Popovskaya & Kulikovskiy
(Genkal etal., 2008) u Xy6eyryne (H. hovsgolensis Vishnjakov,
Kuhk skiy & Genkal), Te. . B MECTOOOUTAHUSAX CO CXOKUMH
¢ Ten IKUM TIPUPOIHBIMH ycnoBmIMH. WuTepecHo, uTo Ha

Bepe Teserkoro o3epa CTBOPKE /. arcus ¢ ABYMsL PUMOLIOP-
TYI HE 00HapyxkeHbl. Ha Takyio MOp(bOJIOl“I/I‘e%KyIO 0co-
GeHHOCTS CTBOpOK . arcus 06paTW BHUMAaHUE Oﬁ; Anu-

o a e

Dldymosphema grunowi
Lange-Bertalot &
Metzeltin

Didymosphenia laticollis
Metzeltin & Lange-
Bertalot

Hannaea arcus (Ehr.)
Patrick
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NupelaneogracillimaKulikovskiy & Lange-Bertalot, which
develops in periphyton of Lake Teletskoye, is a rare pennate
species. In July 2010, it was found in the rock fouling at 13.8 m
depth in the northern latitudinal part of the lake (Mitrofanova,
Genkal, 2013). This species prefers oligotrophic water bodies
(like Lake Teletskoye) of the Arctic and boreal regions.

One more a rare species for the algal flora of Lake
Teletskoye is Cyclostephanos dubius (Fricke) Round,
which was met in the pelagic zone of a shallow latitudinal
part. Previously, it was registered neither in plankton nor
in benthos, including the surface layer of the lake bottom
sediments (Poretsky, Sheshukova, 1953; Mitrofanova et al.,
2000). Only Skabichevskaya N.A. was lucky to define it
in the bottom sediments at a depth of more than 30 cm that
corresponds to the year 1800. Indeed, this species is a common
representative of the Upper Ob plankton. Diatom composition
of the Ob plankton is generally very diverse; one can meet
centric forms as single cells (e.g. C. dubius), colonial forms
(e.g. Aulacoseira granulata (Ehr.) Sim. and abundant pennate
forms (e.g. Diatoma).

Centric diatoms as well as pennate forms are diverse in
the river plankton. For example, from the middle part of R.
Discostella cf: stelligera  TIrtysh (the Omsk-Irtysh mouth distance: 1800 km) 21 taxa
(Cl. et Grun.) Houk et Klee of the Centrophyceae class only, including 14 new species,
were identified recently: Aulacoseira islandica (O. Miill.)
Sim., Chaetoceros miielleri Lemm., C. wighamii Brightwell,
Conttcrzbrawezsg‘logu(Grun )Stachura- Suchoples etWilliams,

Nupela neogracillima
Kulikovskiy & Lange-
Bertalot
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ManopacipoCTpaHeHHBIM BHIOM SIBISIETCS ICHHATHAS TU-
aromest Nupela neogracillima Kulikovskiy & Lange-Bertalot,
KoTOpasi pasBuBaeTcsi B mepudurone Teneukoro osepa. B G
urone 2010 r. ona Obuta OOHapyXeHa B 0OpacTaHMAX KaM- Nupela neogracillima
Hel Ha mryoune 13,8 M B ceBepHOIl mupoTHOM yacTu o3epa Kulikovskiy & Lange-
(Mitrofanova, Genkal, 2013). DToT Bu npeAmnounTaet onuro- Bertalot
Tpo(HBIE BOJOEMBI B apKTUYECKON U OOpeaibHOM 00IacTsIX.

K peaxum mis ansroduopsr Tenerkoro o3epa BHIaM MOX-
Ho otHectu Cyclostephanos dubius (Fricke) Round. On 0b11
BCTpPEUEH B TeJlarialid MEIKOBOTHOW MIMPOTHON dactu Te-
JenKoro o3epa. Panee ero He oTMeuanu HU B TUIAHKTOHE, HU
OCHTOCE W MOBEPXHOCTHOM CJIO€ JOHHBIX OTIOKEHUH 03epa
(ITopeuxkuit, lemrykoBa, 1953; Mutpodanosa u ap., 2000).
Tonpko H.A. CxabuueBckast HaXOIMIa €ro B JOHHBIX OTJIOXKE-
HusAx Ha rmyOune 6omnee 30 cm (mpumepHo 1800 r.). B Toxke
BpeMsi JaHHBIM BUJ SBJISETCS OOBIYHBIM TPEIACTABUTEIIEM
iaHkToHa Bepxneit O0u, B KOTOPOM CTpeUaroTcs Kak ILIEeH-
TpUYECKHE OAHOKIETOYHBIE (DOPMBI, TaK U KOJOHHUATHHBIE —
Aulacoseira granulata (Ehr.) Sim. 1 MHOTOUHCJICHHBIE TICH-
HaTHBIE (OPMBI, HATIPUMED, BUIBI p. Diatoma.

HccnenoBanbl [EHTPUUECKHE JAMATOMOBBIC BOAOPOCIH
B IJIAHKTOHE CPEIHEro ydacTtka p. MpTeimn (paccTosHuE OT
. Omcka 1o yctbst 1800 kM), oOHapyxkeH 21 TakcoH kiacca
Centrophyceae, BbIsiBI€HO 14 HOBBIX BUAOB: Aulacoseira
islandica (O. Miill.) Sim., Chaetoceros miielleri Lemm., C.
wighamii Brightwell, Conticribra weissflogii (Grun.) Stachura-
Suchoples et Williams, Cyclotella atomus Hust., C. ocellata

~ Pant., Discostella cf. pseudostelligera (Hust.) Houk et Klee,
" Stephanodiscus alpinus, S. invisitatus Hohn et Hellermann,
S. makarov. S. minutulus, S. neoastraea Hakan. et Hickel

‘I“
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et Hickel emend. Casper, Thalassiosira lacustris (Grun.) Hasle
and T pseudonana Hasle et Heimdal (Genkal et al., 2012). It
should be noted that the genus Stephanodiscus dominated in
species richness. Some representatives of centric diatoms of
phytoplankton from R. Irtysh, reservoirs and rivers of its basin
are given on this page.

The species-specific ornamentation of the silicon cell
wall, which is preserved and faithfully reproduced through
the generations is the foremost feature of diatoms. However,
if exposed to different kinds of stress during reproductive
processes, the diatom cell outline and striation pattern can
change in different ways, producing teratological or ugly
forms (Falasco et al., 2009).

We found such anomalies in frustule structure of diatom
algae in Lake Teletskoye plankton and periphyton, and besides
pennate diatoms of the bottom and fouling inhabitants are
liable to teratological forms produce to a great extent. It is
known that the reproduction of teratoforms is a kind of algae
response to any environmental impact. In Lake Teletskoye,
such forms were identified in sites most visited by tourists
(the Korbu waterfall in the central part of the lake, numerous
holiday camps and campsites in the north-western part, the
Kamenny Bay). Apparently, it is due to the increased biogene
concentrations. In the south of the lake, in the mouth of
R.Chulyshman, the appearance of teratoforms may be induced
by the increased natural geochemlcal background because of
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pseudonana (I'eakanu ip.,2012). BeisiBrneHo, 4TO HANOOTBIITUM
BUJIOBBIM OOTraTCTBOM XapakTepusyercsi pof Stephanodiscus.
HexkoTopble npeacTaBuTeNy LEHTPUUECKUX AUaToMen (uto-
IUTAHKTOHA p. VIPTHIII 1 BOAOEMOB U BOJOTOKOB €ro 0acceiina
MIPUBEICHBI HA 3TOM CTPaHUIIE.

I'maBHOW 0COOGEHHOCTBIO AMATOMOBBIX BOAOPOCIEH SIBIISA-
ercst Bupocnenuduyeckoe opopmiIeHHE KPEMHHEBOH Kile-
TOYHOM CTEHKH, KOTOPOE COXPAHSAETCS U TOYHO BOCHPOM3BO-
JUTCS B TEUEHUE HECKOJIbKHX MokoseHuil. Ilpu BozneiicTBun
pa3IMYHBIX BUIOB CTPECca BO BPEeMs PEIPONYKTHBHBIX IPO-
LIECCOB KOHTYpP JAMATOMOBBIX KJIETOK U I0JIOcaras CTPyKTypa
MOTYT MU3MEHATHCS M0-Pa3HOMY, CO3/1aBasi TEPATOIOTHUECKUE
(bopmbI

VY nuaromoBbIX Bogopocieit Tenerkoro o3epa Obun u3yde-
HbI aHOMAJIMM B CTPOCHUHU UX NaHuupein. O6pazoBaHMIO TAKHX
TEpaTOJIOTHYECKNX (YpOAIUBBIX) (GopM Oojiee MOABEPKEHBI
MIEHHATHBIE AMAaTOMEH, B OCHOBHOM O0OHMTAaTeN! AHA U oOpacTta-
HUil. 9TO cBO€0Opa3HbI OTKIUK BOAOPOCIIEH Ha BO3/IeCTBUE
KakuX-1100 HeOnaronpusaTHHIX (pakropos cpenbl. B Tenenkom
o3epe Takue (pOpMBbI BBISIBIECHBI B HanO0JIee MOCEIIAEMBIX TY-
puctamu mectax (Bogonaa KopOy B eHTpaabHON 4acTu 03e-
pa, MHOTOYMCIIEHHBIC TypOa3bl U KEMIIMHIH CEBEPO-3aIia THON
qyacTu o3epa, KameHHblii 3aJ11B), Ha 4TO, O-BUAUMOMY, BIIHS-
0T 00Jiee BHICOKHME KOHIIEHTpauu ouorenos. Ha rore osepa,
B Yor- il qynmmmaﬂ fbnmeHI/Ie TepaToopM MOXKET OBITH

€HO TIOBbILLICH PHPOIHBIM TEOXMMHUYECKHM
‘OnpeesieMbIM u4aueM B OacceiiHe o3epa psina
d OHBJ'ICHI/II/I cynsdm;lﬁm 1 OKHMCIICHHBI
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frustules. Therefore, along with other biological objects, they
can serve as paleoecological indicators for the reconstruction
of environmental conditions in the past with the use of their
composition and number. In bottom sediments of Lake
Teletskoye diatoms are diverse and abundant. The absolute
dominant in valves number in the studied core sampled
from the underwater Sofia Lepneva Ridge is Aulacoseira
subarctica (Miiller) Haworth of. Interestingly, this species
does not dominate in plankton. Such planktonic forms as
Cyclotella bodanica, Stephanodiscus alpinus, Aulacoseira
italica (Kiitz) Sim. and benthic species like Fragilaria
capucina var. vaucheriae (Kiitz.) Lang.-Bert., Staurosirella
pinnata Ehr., Synedra pulchella (infrequently they) Kiitz.,
Encyonema cf. veniricosum Encyonema cf. ventricosum (Kiitz.) Grun., Achnanthidium
(Kiitz.) Grun. minutissimum (Kiitz.) Czarneckiare are often defined in many
layers of bottom sediments. Among common and frequently
met species, Ellerbeckia arenaria is rather rare.

What is more interesting, with microscopic liquid droplets
and atmospheric flows diatoms can be carried over short or long
distances and deposit, for example, on the Alpine glaciers, thus
becoming one more paleoarchive along with other biological
objects. The analysis of composition and number of diatoms
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Encyonema minutum

(Hilse) Mann. identified in glacial cores with the simultaneous reconstruction
Achnanthidium ofreverse circulation flows allow to reveal the regions-suppliers
minutissimum (Kiitz.) of diatoms to the glacier. In the Altai Region, glacial cores
Czarneckiare from the mountain-ice massifs of Belukha (the Katun Ridge,

Altai Republic) and Tsambagarav (North-Western Mongolia)

'lacig_il cores were obtained. Hantzschia
n. appe ared to be the most common.
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COXPAHSIOTCS B IOHHBIX OTJIIOKEHUSX BOJOEMOB M MOTYT BBI-
CTyNaTh IMajJe0d3KOJOTNIECKUMHU UHIUKATOPAMH, 110 COCTaBYy
U KOJHMYECTBY KOTOPBIX MOKHO PEKOHCTPYHPOBAThH YCIOBHUS
Cpezabl B MPOILIbIE BpeMEHHbIE Mepuoabl. AOCOTIOTHBIM J10-
MHUHAHTOM MO KOJIMYECTBY CTBOPOK B HCCIICIOBAaHHBIX CIIO-
X KepHa JIOHHBIX OTIOKeHWH Tenmemkoro ozepa sBIsETCS
A. subarctica. YacTo BO MHOTUX CIIOSIX JIOHHBIX OTJIO)KEHHI
BCTPEUAIOTCS Takue IUIAaHKTOHHBIE (opmbl, kak Cyclotella
bodanica, Stephanodiscus alpinus, A. italica (Kiitz.) Sim., Tak-
ke OeHTOCHbIe BUAbI — Fragilaria capucina var. vaucheriae
(Kiitz.) Lang.-Bert., Staurosirella pinnata Ehr., Synedra
pulchella (Ralfs) Kiitz., Encyonema cf. ventricosum (Kiitz.)
Grun., Achnanthidium minutissimum (Kiitz.) Czarnecki. Cpe-
I1 OOBIYHBIX U YaCTO BCTPEYAEMBIX BUJIOB B JIOHHBIX OTIIOXKE-
HUSIX MOYKHO BCTPETHTB M PEAKYIO Ui COBPEMEHHOM albrog-
nopsl Ellerbeckia arenaria.

JlnaToMOBbIe BOJOPOCIH BCTPEYAIOTCS HE TOJIBKO B BOJO-
€Max M BOJOTOKaX, a MOCJe MPEeKPAIIeHUs UX KU3He e Telb-
HOCTH 3aXOPaHUBAIOTCS B JOHHBIX OTIOKEHUSIX 03Ep M peEK,
HO BMECTE C MHKPOCKONMHMYECKHUMHM KareIbKaMH JKUIKOCTH
MOTYT MPEHOCUTHCSA IO BO3AYXY € aTMOC(HEPHBIMH LHPKY-
JSIMOHHBIMU TTOTOKaMM Ha OJNIMKHME WM JaJbHUE PACCTOsI-
HUSI M OTJIarathCs, HaIpUMep, Ha BBICOKOTOPHBIX JICTHHKAX,
CTaHOBSICh BMECTE C JPYI'MMH OHMOOOBEKTaMH elle OIHUM
najgeoapXxuBoM. AHaJIM3 COCTaBa M KOJIMYECTBA AMATOMEH B
JICIHUKOBBIX KepHaX HapajliebHO ¢ MOCTPOCHNUEM OOpaTHBIX
HUPKYJSALMOHHBIX TIOTOKOB MO3BOJIAET BLIABUTH PETHOHBI-
MK 11aTOMEH, OOHApYKEHHBIX Ha Jenuuke. Ha Asnrae

Gomphonema acuminatum
Ehr.

Punctastriata discoidea
Flower

Geissleria similis
(Krasske) L.-Bert.
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New discoveries were made among the golden algae of
-! Lake Teletskoye. With SEM, we obtained images of lorica,

scales, spines, and stomatocysts of chrysophyte algae. These
algae are not as diverse in composition as diatoms, but are
present in the lake’s phytoplankton constantly, especially being
abundant in spring and autumn because they are mainly cold-
loving species. At the first examination of plankton and benthos
samples, various morphotypes of stomatocysts or resting
stages of golden algae were revealed. Some stomatocysts may
remain in bottom sediments of the lake.

New finds were made due to electron microscopy potentials,
basically among small-cell forms of golden algae with lorica
or scales. Images of Kephyriopsis ovum Pascher et Ruttner and
K. ellipsoidea Pascher with lorica of about 5 pm long, were
8 obtained for the first time. Kephyrion spirale (Lackey) Conrad
E and Dinobryon divergens Imh are more common in plankton
of Lake Teletskoye. If K. spirale, like two mentioned above
species, have very small lorica, D. divergens can be attributed
to a mid-size group. Representatives of the genus Dinobryon
form bushy colonies from such lorica. The small-sized elements
include siliceous scales covering the entire surface of a cell
in the species from a large group of scaled chrysophycean
algae. Their structure and architectonics can be distinctly
seen only under electron microscopic examination. In some
cases, TEM (not SEM) is required for species identification. In
Lake Teletskoye, we identified Mallomonas alpina Pascher et
Ruttner and M. striata var. serrata K. Harris & D.E. Bradley
71me The species scales were found in plankton

2se taxa, including M. tonsurata Teiling emend.
zdg& Perty emend. Ivanoff were not
0 % algae neither durmg first stadl.e
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Mowromnusi). B JieAHUKOBBIX KepHaX ObLIM OOHAPYXKEHBbI KaK
IUTAHKTOHHBIC U OSHTOCHBIE HEOOJBIIUE 10 pa3Mepy MaHIIM-
peil BUIBI, TaK U KPYIHbIE KpeMHe3eMku. Hambonee wacto
BcTpevanachk Hantzschia amphioxys (Ehr.) Grun.

3HAUUTENHLHO B OOJIBIIIEM KOJTHUECTBE OTHOCUTEIBLHO 00IIIe-
T0 pa3Ho00Opa3us OT/eNa ObUIH C/IeJIaHbl HOBbIC HAXOIKH CPe-
I 30JI0TUCTBIX Bonopociiel Tenernkoro ozepa. C moMomibro
CDOM nony4yeHbl N300paKEHUST JOMUKOB, YCIIyeK, IIUMOB U
CTOMATOLIUCT XPU30(HUTOBBIX BOJOPOCIIEH. DT BOIOPOCIIN HE
CTOJIb pa3HOOOpa3HbI M0 COCTaBY, KaK JUATOMEH, HO TIPUCYT-
CTBYIOT B (PUTOIIaHKTOHE Tenenkoro o3epa MmocTossHHO, 0CO-
OEHHO MacCOBBIMHU OBIBAIOT B BECEHHMI U OCEHHHIA TIEPUO/IBI,
TaK KaK OTHOCSITCSI B OCHOBHOM K XOJIOJIOJFOOMBBIM BHaM.
bbutn BBISIBIICHBI Pa3HOOOpPa3HbIE MOP(OTHUITBI CTOMATOIIHCT,
WJIA TIOKOSIIIIMXCSI CTaIUM 30JI0THCTBIX BOIOPOCIIEH, KOTOPhIE
MOTYT COXPaHSThCS U B JOHHBIX OTJIOKEHHUSIX 03epa.

HoBble Haxonku ObLIM CHEaHbl B OCHOBHOM CPEIU MEJI-
KOKJICTOUYHBIX (OPM 30JIOTHUCTBIX BOAOPOCICH, HMMEIOIINX
JOMUKH WM YelIyiku. BriepBeie 1isi 03epa ObLIN BBISIBIIC-
Hbl Kephyriopsis ovum Pascher et Ruttner u K. ellipsoidea
Pascher, ammHa KOTOPBIX COCTaBJSIET BCErO OKOJIO 5 MKM.
bonee pacmpocTpaHeHbl B IUIAaHKTOHE Tenenkoro osepa
Kephyrion spirale (Lackey) Conrad u Dinobryon divergens
Imbh. [IpencraBurenu poaa Dinobryon 06pazyroT U3 Takux J0-
MHUKOB KYCTOBH/IHBIC KOJIOHHU. K MenKopa3MepHbIM 3JIEMEH-
TaM OTHOCSTCSI KDEMHUCTBIE YEIyHKH, KOTOPbIC MOKPBIBAIOT
BCIO MIOBEPXHOCTh KJICTOK BHIOB U3 OOJIBILION IPYIIIIBI YETITYii-

YaThIX 30JIOTUCTHIX Bopopocied. X crpykrypa W apXurek-

o

TOHHMKA MOI'YT OBITH XOPOILO Pasiu4uMbl TONLKO mpu COM
n TOM n3ysenun. Hamu Briepseie gt Tenenkoro osepa mo
gelryiikaM OBWIM BBISBIEHBI Takue Buabl, kax Mallomonas

Kephyrion spirale
(Lackey) Conrad

> dpm
Kephyriopsis ovum
Pascher et Ruttner

K. ellipsoidea Pascher,
Dinobryon divergens Imh

Mallomonas striata var.
serrata K. Harris & D.E.
Bradley
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4 (Voronikhin, 1940) nor later (Mitrofanova, 2000) as well. The
newly identified species include Paraphysomonas uniformis
hemiradia Scoble et Cavalier-Smith, P. gladiate Preisig
| et Hibberd, Spiniferomonas serrata Nicholls, S. trioralis
A Takahashi and Chrysosphaerella brevispina Korshikov. New
" finds are constantly registered in the golden algae division.
M For instance, when processing one of the glacial core samples

- ' from the Tsambagarav mountain range (Mongolian Altai), we
Synura mammilosa i : - .
Takahashi defined Synura mammilosa Takahashi. Being a widespread
species, it was never defined in water bodies of West Siberia
before (Voloshko, 2017).

In addition to diatoms and golden algae, siliceous elements
also have cells of dinophytic algae. Their frustule, which is
under the cell wall, consists of accrete plates connected by
narrow or wide seams. The older the cell is, the wider the seam
between the frustule plates can be (Kiselev, 1954). Glenodinium
penardiforme (Lind.) Schiller and Ceratium hirundinella type
Furcoides (Lev.) Schroder were identified in phytoplankton of
R. Chernopyatovka (R. Inya basin). G. penardiforme cells are
highly compressed dorsoventrally (Kiselev, 1954).

A particular attention was given to the SEM study of
algae with soft cell membranes, the so-called “soft” forms,
1.e. cells without siliceous frustules, but holding their shape
well during specimen preparation for electron microscopy.
For instance, it was cyanobacteria, with a rather dense and
thick cellulose casing in coccoid, cenobial and filamentous
forms often licked and inlaid with, for example, calcium.
were Synechocystis sp., Anabaena sp.,
nina a (Menegh ) Gom. as well as the lelSlOIl

Mallomonas tonsurata
Teiling emend. Krieger

Glenodinium penardiforme
(Lind.) Schiller
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alpina Pascher et Ruttner u M. striata var. serrata K. Harris
& D.E. Bradley. Otu TakcoHsl, a Takxke eme u M. tonsurata
Teiling emend. Krieger u M. acaroides Perty emend. Ivanoff |
He ObUTM OTMEUeHBI A1 asibroduopsl Tenenkoro o3epa panee
(Voronikhin, 1940; Mitrofanova, 2000). K BHOBb BBISIBICHHBIM
BHJIaM MOXKHO OTHecTH Paraphysomonas uniformis hemiradia
Scoble et Cavalier-Smith, P. gladiate Preisig et Hibberd,
Spiniferomonas serrata Nicholls, S. trioralis Takahashi,
Chrysosphaerella brevispina Korshikov. Oten 3010THCTBIX —
3TO Ta rpymnmna BOAOPOCIIEH, B KOTOPOU IIOCTOSHHO IPOUCXOIAT
HOBBIE HaX0JKu. Tak, Hanpumep, B Ipooe JIETHUKOBOTO KEpHA
¢ ropHoro maccuBa [{ambarapas (MoHronbckuii Antait) Obiia
Haiinena Synura mammilosa Takahashi, He BcTpeueHHass HAMU
B BOJHBIX 00beKkTax 3anagHoi CuOupH, XOTs 3TO MIMPOKO pac-
npoctpaneHHsiii Buj (Voloshko, 2017).

Kpome 1naroMoBbIX U 30JI0TUCTBIX BOAOPOCIEH, KDEMHU- s oo &0 i
CTBI€ 2JIEMEHThI UMEIOT U KIETKH AMHOMHUTOBBIX BOAOPOCHIEH. Pascher et Ruttner
WX maHuuph, HaXOAAUIMICS MOJ KIETOYHON 000JI0YKOM, CO-
CTOUT U3 CPOCIIMXCS IJIACTUHOK, COCMHEHHBIX C MOMOIIIBIO
y3KUX WM IIUPOKUX HIBOB. YeM crapiue KieTka, TeM LIHpe
MOXET ObITh HIOB Mex1y mutacTuHkamu nanuups (Kiselev,
1954). B ¢putoriankrone p. YepHonstoBka (Oacceiin p. Mun)
obutH BBIsIBIICHBI Glenodinium penardiforme (Lind.) Schiller
u Ceratium hirundinella Tun Furcoides (Lev.) Schroder. Xa-
pakTepHOl 0COOCHHOCTEIO G. penardiforme sBiseTcs TO, 4TO
KJIETKH CHIIHHO CKaThl Jop3oBeHTpanibHO (Kiselev, 1954).

Ocoboe BHMMaHUE OBIIO YAEIEHO M3YyUYEHHUIO C OMOIIBIO

ESMBOﬂopOCJIeI/I C MSATKMMH 000JI0YKaMU KJIETOK, TaK Ha3bl-
BacMBIE «MATKHE» (POPMBI, T.€. KIETKU 03 KPEMHKCTOTO [aH-

Paraphysomonas gladiate
Preisig et Hibberd

Ceratium hirundinella type
Furcoides (Lev.) Schroder
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consists of phycoerythrin-containing cyanobacteria of the
genus Synechococcus with an average cocci size of 0.65 pm
and ellipsoid forms- 0.44 x 0.33 um (Belykh et al., 2005). The
cell size of planktonic Synechocystis sp. makes up 2.7 x 2.0
um. Indeed, it can be attributed to picoplankton (size 0.2-2 pm
corresponds to picoplankton). In our opinion, these cocci can
Oscillatoria geminata be referred to Synechocystis pevalekii Erceg. , they dwell on
(Menegh.) Gom. rocks in other algae mucus (Gollebakh et al., 1953) and can be
washed away into water by surf.

A rare component of Lake Teletskoye plankton is Euglenic
algae, because it prefers shallow, warm reservoirs and often
exists in the shore area. Because of a rather dense frustule,
pellicleandwell-preservedshapewhendryingduringaspecimen
preparation, extra fixation is not needed. Monomorphina
pyvrum (Ehr.) Mereschk., a species widely spread in plains of
the former USSR and even mountains up to 2000 m above sea
level. They are able to winter under the ice and even freeze
into ice. Lepocinclis autumnalis var. sibirica Popova does not
have such a cosmopolitan distribution and good adaptation to
® various natural factors; the data are available for the lakes’
Cyanobacteria sp. ~ shore of Novosibirsk oblast (Popova, 1955).

Many types of green algae species, especially chlorococcal,
which is quite typical, often in summer, for large and deep
lakes, preserve a cell shape during the specimen preparation

Monomorphina pyrum very well. Using electron microscopy of plankton and benthos
(Ehr.) Mereschk. from Lake Teletskoye, we identified green algae species
genera Scenedesmus and Pediastrum. Scenedesmus

var. vesiculosus Proschk., a fprm of widespread

itk s't.if_ort. curved spikes on corner cells of
S. ellipticus Corda is a less common

it in lake’s plankton. Though Pediastrum
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LEJITIONIO3HYI0 000JIOUKY, YacTO OCIM3HEHHYI0 U MHKPYCTH-
pOBaHHYI0, HarIpuMep, KanblieM. Cpeau HUX OBbLIN BBHISBIIC-
HBl Synechocystis sp., Anabaena sp., Oscillatoria geminata
(Menegh.) Gom. Panee Obu10 0OTMEYEHO, YTO OCHOBHYIO Mac-
Cy aBTOTPO(HOI0 MUKOIIJIAHKTOHA B Tenerkom o3epe cocras-
JSI0T (PUKOIPUTPUH-COACPKAIINE [TUAHOOAKTEPHH W3 poja
Synechococcus co cpeqaumu pazmepamu 0,65 mxm u 0,44 x
0,33 mxm (Belykh et al., 2005). Pa3zmep kierox Synechocystis
Sp., BBIIBJICHHOTO B Mpo0ax IulaHKToHa Tenenkoro o3epa, co-
ctaBisiet 2,7 x 2,0 MKM 1 MOXKET ObITh OTHECEHA K MUKOTLIAH-
KTOHY (pa3mepHast ppakuus 0,2-2 MKM SBISETCS MUKOIUIAH-
KTOHOM). [1o HalIeMy MHEHHIO, 3TU MOXKET ObITh Synechocystis
pevalekii Erceg., KoTOpbIil 00UTaeT Ha CKalax B CIU3U IPYTHX
Bonopocueit (Gollebakh et al., 1953), u MoxeT OBITH CMBIT B
BOJIy MPUOOEM.

PeaxuM KOMIOHEHTOM TIaHKTOHA TenerKkoro ozepa sBisi-
FOTCS IBIVICHOBBIE BOJOPOCIH, IIOTOMY YTO OHM MPEANOYUTA-
IOT MEJIKHE, XOPOIIO MPOrPeBAEMbI€ BOJJOEMBI, YACTO OOUTAIOT
B NpuOpesxHoii nosnoce o3ep. [Ipu sTom oHu He TpeOyIoT 10-
MOJTHUTENBHOM (PUKCAINH, T.K. TAKXKE UMEIOT JJOBOJIBHO ILIOT-
HYI0 00OJIOUKY, MEJTUKYITY, U XOpPOILO COXPAaHSIT (opmy.
Monomorphina pyrum (Ehr.) Mereschk. — mmpoko pacnpo-

CTPaHEHHBIN BU, OOUTAIOIIMIA TOBCIOAY B PABHUHHON YacTH
osiBiero CCCP u paxke 3axofsmmiuii B Topsl 10 BeIcoThl 2000
M HaJ yp.M., MOXKET 3MMOBATh MO0 JIbJI0M U JaKe BMEP3aTh B
nen; Lepocinclis autumnalis var. sibirica Popova He obnanaer
TaKUM KOCMOIIOJIMTUYHBIM XapaKTepOM pacrpoCTpaHeHHs U
~ WIMPOKMM /JMara30HOM MPHUCHOCOOICHUS K Pa3IUYHbIM. IIPH-~

POTHBIM dakropam (Popova, 1955).

Synechocystis sp.

R —

Lepocinclis autumnalis
var. sibirica Popova
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W duplex Meyen var. duplex forming large flat coenobium
is common for all continents and different-type reservoirs
(Tsarenko, 1990), it was not previously noted by Voronikhin
N.T. (Voronikhin, 1940) and Mitrofanova (Mitrofanova,
2000). Pediastrum boryanum (Turp.) Meyen var. boryanum
has similar distribution, from time to time it is defined in
W cutrophic reservoirs. This specimen was identified in R.Tom
phytoplankton.
4 Cyanobacteria and Euglenian algae have dense frustules
and hold their shape during specimen preparation without
additional fixation, unlike the cells with soft cell membranes.
Initially, we tested this technique when preparaing human blood
elements. After fixation, erythrocytes and echinocytes as/at the
stage of erythrocyte die-off preserved their form. Later this
method was tested on cryptophyte algae. Such a fixation made
it possible to detect a small-cell cryptophyte in one of plankton
specimens from Lake Teletskoye. Probably, it is Rhodomonas
pusilla (Bachmann) Javornicky (= Cryptomonas pusilla
Bachmann). This species is distinguished by its cosmopolitan
| character. It is found in water bodies and streams of the forest-
steppe zone of West Siberia (Naumenko, 2014), Middle and
Eastern Siberia (Bondarenko, Shchur, 2008) and in lakes of

Scenedesmus ellipticus

Corda

Pediastrum duplex Meyen

. dupl
ki o Belarus (Mikheeva, Luk'yanova, 2008; Biological .., 2011).
Previously, it was defined in oligotrophic highland lakes of
By ihrocyicy Switzerland (Kiselev, 1954). Its cell size and environmental
Opumpoyumuol

characterlstlcs are similar to those from Lake Teletskoye
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CJIeZIOBaHMAX IUIAaHKTOHA U OeHToca Tenenkoro o3epa ObLIH
BCTPEUEHBI BHUJBI U3 pOAOB Scenedesmus w Pediastrum: S.
quadricauda var. vesiculosus Proschk., S. ellipticus Corda.
Bun Pediastrum duplex Meyen var. duplex, o0pasyromuit
KpYITHbIE TJIOCKHE LIeHOOMH, paHee Juia Tenenkoro ozepa He
o1 ormeueH (Voronikhin, 1940; Mitrofanova, 2000), xoTs
9TOT BHJ CUMUTACTCS HIMPOKO PACIPOCTPAHEHHBIM Ha BCEX
koHTuHeHTax (Tsarenko, 1990). Cxoxum xapakrepoM pac-
npocTpaneHust ommyaercs U Pediastrum boryanum (Turp.)
Meyen var. boryanum, HO BCTpeyaeTcs OH Yallle B 3BTPO(HBIX
BOJIOEMAX C OTMETKOM «EIUHUYHO-MAJIO».

Kierkn ¢ MATKMMH KJIETOYHBIMH MEMOpaHaMH TPeOyroT
JONONHUTENbHOW (pukcanuu. [lepBoHadanbHO Takask METOIM-
Ka ObL1a OIpoOoBaHa HAMH TIPH MOATOTOBKE (hOPMEHHBIX dJIe-
MEHTOB KPOBH 4YeJIOBEeKa. B manbHeimeM qaHHBIH MeTOT ObLT
HCIOJIb30BaHHAa KpUNTO(PUTOBBIX Bopopociix. [locne Takoit
(ukcanuy B MIaHKTOHE TenernKoro o3epa ObLI BBISBICH Mell-
KOKJICTOUHBIA KpUNTO(MUT, BO3MOXHO Rhodomonas pusilla
(Bachmann) Javornicky (= Cryptomonas pusilla Bachmann).
OTOT BUJ OTIINYAETCS KOCMOTIOJIUTU3MOM, BCTPEUAETCs B BO-
JI0€Max M BOJIOTOKAX JiecoCcTenHOoM 30HbI Cubupu (Naumenko,
2014; Bondarenko, Shchur, 2008), B o3epax benopyccuu
(Mikheyeva, Luk'yanova, 2008; Biologicheskoye.., 2011), B
OJMroTPOo(HBIX BEICOKOTOPHBIX 03epax Llseiinapun (Kiselev,
1954). Pa3mephl KIETOK M DKOJOTMYECKash XapaKTEPUCTHKA
TIOAXOMAT 1JIsl SK3EMILIAPA, HaliJileHHOTro B TeielkoM o3epe,
HO ;rszHa 1 pacrioNoxeHHCICTOURINIMKOR — O1i1H XKEY'T KOpOTy

a Takue NIMHHBIE KT'yTHKHA UMEIOT J'II/IIJ.]P HEMHOTHUE
IPUTOBLIX, Hanpumep, Hemiselmis sp. (.Novarlno

Scenedesmus quadricauda
var. vesiculosus Proschk.

Pediastrum boanum
(Turp.) Meyen var.
boryanum

Echinocyte
Oxunoyum
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Cryptomonas pusilla
Bachmann or
Hemiselmis sp.

importance to complement SEM-based study of cryptophytes
with living material to define chromatophores color that is
important in species identification.

Conclusion

Thus, the use of scanning electron microscopy allowed to
supplement the data on composition of diatom, golden, green,
euglean, cryptophyte algae and cyanobacteria in the algal flora
of Teletskoye Lake and other water bodies of West Siberia.
In addition, it became possible to obtain high-quality images
not only of algae and other bioobjects with dense siliceous
frustules or siliceous elements in the shell or on the cell surface,
but also various microphytic objects with soft cell membranes
by means of extra fixation.
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