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W3 Bcero mouTH JBYXMHJUIMOHHOTO YHCIHA
BUZOB OPraHU3MOB, OOWTAIOIIMX Ha IUIaHETe, Ol-
Ha 4YeTBepTas 4YacThb - pacTeHus. Ha npomio Hus-
MUX pacTeHWid npuxoautcs okojo 200 TEIC. BU-
noB, 20 % wu3 HUX - Bomopociu. Ecnm o Bomopoc-
JSIX M3BECTHO B HAayKe YK€ JaBHO, TO IIpO IOY-
BEHHBIC BOJOPOCIIM CTal0 M3BECTHO OTHOCUTEIb-
HO HEJaBHO. YIUBUTEIbHA MX OKOJOI'MYECcKas
IUIACTUYHOCTh: OHM BCTPEYAlOTCsl OT ApKTUKU Ha
0. 3emns ®panna Hocuda (Hosuukosa-lBaHoBa,
1963) no Amntapkruku (Akiyama, 1967), ot Tpo-
MUYecKuX JiecoB A0 nycThiHb ([ommna Cwmeptn,
rae 2 MM ocaakoB B ron). Ilouemy Beszme? OnHu
MOWKUIOTEPMBl W TMOWKHIOTHMAPUYECKUE OpraHu3-
MBI, TOMHMO ()OTOaBTOTPO(HUH, OHHU BEIHMKOJEI-
Hble MHKCOTpodbl. Kpome Toro s3To r-crpareru -
TUTIMYHBIC JKCIUIEPEHTHl («makamel»). Bwmecte ¢
TeM UM He uyxna u K-ctparerms («ibBbi»). Takoe
obpaszHoe cpaBHeHHe UM jan npodeccop T.A. Pa-
60oTHOB. Jlonroe Bpemsi BOAOPOCHH CUHTAIA KOC-
MonoiuTaMd. OJHAKO TIO COOTHOUIEHHIO BEIy-
IMX OTAEJIOB BOAOPOCIEH MPOCIEKHUBACTCS YET-
Kag reorpaduyeckas 30HAJIBHOCTH (Kak coOcCT-
BeHHO W BcE€ Ha mianere). llpum mepexome ot on-
HOM TIOYBEHHO-PACTUTEIBHOM 30HBI K JPYrol Me-
HSETCS COOTHOIIEHHE BEOyIIUX OTIEIOB BOJO-
pocield, JOMHMHAHTHBIE KOMIUIEKCHl BHAOB, caMma
CTPYKTypHasl ~OpraHu3anusi TPYINIHPOBOK  BOJIO-
pocieli, xapakTep HX MPUCHIOCOOJICHHUS K >KU3HU B
TIOYBE.

Ponme oTOM yHUMKaneHOW Trpynmbl B Ouocde-
pe TpynHO TmepeoneHuTh. OCTaHOBHUMCS HEMHO-
ro mnojpoOHee Ha BOMPOCax 3HAYUMOCTH BOJO-
pocieli B 3BOIIOLUHN OHOChEpHI.

JlokazaTensCTBa  3BOJIIOLMOHHOTO  Pa3BHU-
Tass  Omocepsl 0asupyloTCSs B OCHOBHOM Ha
MaJICOHTOJIOT UIECKIX JIaHHBIX, CBHICTEIIBCT-

BYIOIIMX O HEOOpPaTUMOM HAaIpaBICHHOM pas-
BUTHHM OPraHUYECKOT0 MHpa Halled IUIaHEThl B
HaTpaBICHUHW YCIIOKHEHUS M TIOSIBIICHHUS BBICO-
Kopa3BUTBIX (GopMm (A6nokoB, FOcydos, 20006).
B 3eMHOIl KOpe COXpaHAITCS CBUAETEILCTBA
BCIIBIIIIEK, BOJH JKU3HU B BHJIE CKOIUICHHH OHO-
TeHHBIX KapOOHATOB, TOPIOYMX CJIAHIIEB,
HeTH, THCYET0 MeJla U JPYTuX MHUHEpabHBIX
o0pa3oBaHMi,  CBSI3aHHBIX C  JIEATEIBHOCTHIO
KHUBOI'O BEILIECTBA, C IPOSABICHUEM OpraHu3a-
uun  Ouocteppl. OmHUMH U3 IIpeCTaBUTENECH
XKHUBBIX OpPraHU3MOB, IPHHUMAIOIINX AKTHBHOE
ydyacTHe B 3BOJIIOLMH OHOC]epsl, SBISIOTCA BO-
nopocmu (I"ameniepun, 2007). B HacTosmee

YL,

Plants make up one fourth part of the total
nearly two million number of species living on
the planet. The proportion of lower plant ac-
counts for about 200 thousand species, 20 % are
algae. If algae are known in science for a long
time, the edaphic algae became known recently.
Their ecological plasticity is amazing: they are
found from the Arctic on Franz Josef Land ar-
chipelago (Novichkova-lvanova, 1963) to Ant-
arctica (Akiyama, 1967), from rainforests to de-
serts (Death Valley, where precipitation is
2 mm per year). Why everywhere? They cannot
maintain constant temperature and constant wa-
ter balance of a body. Soil algae can be either
phototrophs or mixotrophs. Besides they are
r-strategists - typical exporters ("jackals"). At
the same time K-strategy (“lions™) is not alien to
them as well. Such figurative comparison was
given to them by Professor T.A. Rabotnov. For
a long time, algae were considered as cosmo-
politans. However, according to the ratio of
leading algae departments, there is a clear geo-
graphical zoning (as everything on the planet).
Under transition from one soil-plant zone to an-
other, the ratio of leading algal divisions, domi-
nant species complexes, structural organization of
algal groups, and nature of their adaptation to life
in the soil change.

It is difficult to overestimate the role of this
unique group in the biosphere. Let's look in de-
tails the importance of algae in the biosphere
evolution.

Substantiation of the biosphere evolutionary
development is based mainly on paleontological
data indicating the irreversible development of
the organic world of our planet in the direction
of the complication and appearance of highly
developed forms (Yablokov, Yusufov, 2006).
Evidence of outbreaks, waves of life in the form
of accumulation of biogenic carbonates, com-
bustible shales, coal, oil, writing chalk and other
mineral formations associated with the activity
of living matter, with manifestation of the or-
ganization of the biosphere remains in the
earth’s crust. The representatives of living or-
ganisms that take an active part in the evolution
of the Dbiosphere are algae (Galperin, 2007).



BpeMsd B OOJBIIMHCTBE BOJOPOCIEBHIX  CO00-
mIeCTB Npeo0nafgaoT dYKapHOTHBIE  BOAOPOCIH.
[nanoOakTepu 3aHUMAalOT B OCHOBHOM  3KC-
Tpemanbhble  MectooOuTanus (Edumor, 2011).
Tak Oppi0 HE Bcerma. B mpokapmoTHOH TOKEM-
Opuiickoii Ouocepe Hapsaay ¢ BOIOPOCIIMHU
3HAYUTENFHOE  MECTO  3aHUMalld  I[MaHOOaKTe-
puHM, KOTOpble OBUIM OCHOBHBIMH IPOJIYIIEHTA-
MH TOrOo BpeMeHH. Bce ocTatkm JoKeMOpHiA-
CKMX UIMaHOOAKTepHil, COXPaHMBLIMXCS B HCKO-
MaeMOM  COCTOSIHUM B  BHJAE CTPOMATOJHTOB,
IUIGHOK H  Pa3pO3HEHHBIX  MHKPOCKOIIMYECKUX
OCTaTKOB M3BECTHBI € paHHero apxes. Ho cuc-
TeMaTuieckas NPUHAIUIEKHOCTh MHOTMX W3 HHUX
OCTaeTcsl 3araJkod. DTO CBS3aHO C PA3IUYHOU
HMHTEpIpeTannen MOJIEKYJISIPHBIX JIaHHBIX
(Komumackwmii, 2001). Baxnas mnpobimema Kaca-
€TCAd BpPEMCHH IIOABJICHUA OYKApPUOTHBIX BOIO-
pociiel, a TakKe MX y4acTHs B H3MEHEHHUSX CO-
ctaBa Owmocdepbl. Mx mmpokoe pa3BUTHE B Ha-
yajie mo3aHero pudes axagemuk [.A. 3aBap3uH
Ha3zBan  [Iporepo3olickoli  OMOTHYECKOH  peBoO-
monueid. Bce asykapuoTel TpeOylOT Kuciopona
JUI  JIbIXaHus, MO3TOMY HMX MaccoBO€ M HIMPO-
KOE€ TIOSIBIGHHE MapKHpPYeT CPaBHHUTEIBHO
COKOEe colepkaHuMe Kuciopoma B  aTMocdepe.
Envanunbple  HaxoOkW  BOOOPOCIEH B paHHEM
MIPOTEPO30¢E, OTMEYCHHEIC HCCIIeIOBATEISIMH,
TpeOYIOT  JOTIOJIHUTEIHHOTO  OOBSCHEHUS,  CBS-
3aHHOTO C COJIEpKaHUEM KHCIOpPOJa B MOPCKOM
BoJe (XOTS W JpPYyroro M30TOma) Ipu arMmocdepe
¢ MaibM conepxkanuem O?. 3amerieHue Mpoka-
PHOTOB 3YKapuOTaMH MPOHUCXOAMIO HE TOJBKO
B IUIAHKTOHE, HO M B OEHTOCE: CTPOMATOJIUTO-
BbIE TIOCTPOMKH 3aMEIIaINCh TOCTPOHKAMHU W3-
BECTKOBBIX  Bojiopocineil.  [locnmemoBaTenbHOCTB
U JUIMTENBHOCTh WX 3aMEIIeHUs B pPa3HbIX Owno-
TOmax B TEYCHHE IaJie0305, OCOOEHHO paHHETo,
SIBIIIETCS. BaXXHBIM TPEAMETOM M3y4YEHHs] BOJIO-
pocieii (IBapir, 1967).

Ilo ypoBHio coxmepxanus Cb B atmocdepe
ouoce-
(OTHOCUTENBHO KOH-

BbI-

TIPOBOST
pHI
LEHTpalluu KHUCIOpOoAa B BO3JAyXe) IpoLula TpH
BOCCTAaHOBUTEIIBHBIN,

rpaHulbl 3TallOB pPa3BUTUA

OBomonust  Guocheps
JTama: CI1a000KHCITH-
TenbHBI W okuciutenbHBI (Eepu, 2001). Ilo
MHEHUIO MHOTHX VYEHBIX, BOCCTaHOBHUTEIHHBIN
9Tan pa3BuTHA Ouocdepbl Hayanucs eme B Koc-
MUYECKHX YCJIOBHMSIX M 3aBEpUIMICS TOSBICHU-
(Ecs-

koB, 2004). bumocthepa Tex BpemeH Oblma orpa-

eM Ha 3emiie TeTepoTpodHON OHuocheps

HUYeHa BOJIHOU cpemoil. Ha 3ToM »3Tame mpo-

Currently, most algal communities are domi-
nated by eukaryotic algae. Cyanobacteria oc-
cupy mainly extreme habitats (Efimov, 2011).
So it was not always. Along with algae, in the
prokaryotic Precambrian biosphere, cyanobacte-
ria, which were the main producers of that time,
took an important place. All remnants of Pre-
cambrian cyanobacteria, preserved in the fossil
state in the form of stromatolites, films and
scattered microscopic remains are known from
the early Archean. But the systematic belonging
for many of them remains a mystery. It's con-
nected to the different interpretation of molecu-
lar data (Kolchinsky, 2001). An important prob-
lem concerns the time of occurrence of eukaryotic
algae, as well as their participation in changes
of the biosphere composition. Their extensive
development at the beginning of the late
Riphean was called the Proterozoic biotic revo-
lution by Academician G.A. Zavarzin. All eu-
karyotes require oxygen for respiration, so their
mass and wide appearance marks relatively high
oxygen content in the atmosphere. Single find-
ings of algae in the early Proterozoic, noted by
researchers, need additional explanation related
to oxygen content in sea water (with another
isotope) under an atmosphere with Cb low con-
tent. The replacement of prokaryotes by eu-
karyotes occurred not only in plankton, but in
benthos as well: stromatolite constructions were
replaced by buildings of calcareous algae. The
sequence and duration of their replacement in
different biotopes during the Paleozoic, espe-
cially the early one, is an important subject of
studying algae (Schwartz, 1967).

The boundaries of the biosphere develop-
ment stages are drawn by the level of Cb in the
atmosphere. The biosphere evolution (relative
to oxygen concentration in air) has undergone
three stages: restorative, weakly oxidative and
oxidative ones (Gervi, 2001). According to
many scientists’ views, the restorative phase of
the biosphere development began in space con-
ditions and resulted in the heterotrophic bio-
sphere appearance on the Earth (Eskov, 2004).
That time the biosphere was limited to the



M30III0 TOSBICHHE aHa’poOoB. Dusnonornde-

CKHE IIPOHECChl JOTUX OpPraHu3MOB OCHOBBIBA-

JIMCb Ha JAPOKIKCBOM 6p0)K€HI/II/I, HI/IH_Ieﬁ JJIsL

KOTOPBIX CIYXKHUJIM PpaHCC HAKOIUICHHBIC Opra-

HUYCCKHUC COCOUHCHUA, PACTBOPCHHBIC B BOAAX
2003). Ho

JOIIOJIHUTCIIbHBIX  HUCTOY-

nepBuyHoro  okeana  (JKepuxuH,

KHU3Hb HYKHaldach B
HUKax oHHepruu. IlosToMy Ha paHHHX CTaIUsIX
SBOJIOIMM  JKUBBIE OpPraHU3MBl  AKTUBHO  HC-
MOJIb30BAJIM  Pa3lM4HOro poxaa paauammio. Ilep-
rerepoTpodHbIC

Pa3MHOXXaIMCh W JOBOJBHO OBICTPO HCUEpIANIH

BHUYHBIC OpraHU3MbI 6I>ICTpO

CBOIO ImMTaTenbHylo 0asy. IlosTomy, HOCTHrHYB

MaKCHMaJIbHOM OHMOMAacChl, OHHU JIOJDKHBI OBLIN
00 BBIMEPETh OT ToOJIONA, JIMOO TEPEeHTH K aB-
TOTpOohHOMY crnoco0y
rutanus (Cokoinos, bapckos, 1988).

CnaboOKHCITUTENBHBIA 3Tall  IBOJIONUU  OHO-
chepbl CBsI3aH C TOSBICHHEM (POTOTOCHHTETHYE-
CKHUX THMIMEHTOB (KaK OCHOBHBIX, TaK M BCIIOMO-
raTenpHBIX) OKoJNo 4 MipJ, Jer Hazan. Howiid
TUTl TIMTaHWsE OBUI OCHOBaH Ha CIIOCOOHOCTH He-
KOTOPBIX TPOCTBIX COEAWHEHUH IMOTJIOMATh CBET
NPy HaJWMYUU B HMX COCTaBe aromMa Maruus (Kak B
xnopopuiie).  YIIOBIEHHAas  TakKUM  CIIOCOOOM
CBETOBas DJHEPIHSA MOXET OBITh HCIOJIH30BaHA
JUIsL yCWJIGHUS peakiuii oOMeHa, B TOM 4YHUCIE U
Ui 00pa3oBaHMs OPraHMYECKHX  COCTUHCHHUH.
NMenHO TakuM TyTeM MPOUCXOAWIO 00pa3oBa-
HUE XJopo(uiuia, 9ro B JalbHEHWIIEM IPUBEIO K
nosigennto  porocunte3a (EcekoB, 2004). Ilo-
BEPXHOCTh 3€MJIIM TOTO BPEMEHH, JIHMIICHHAs CBO-
0ogHOTO KHCIOpoja, obOmy4amack yisTpadwuoe-
ToBOW pamuarnmerd ConmHia. B cBsi3m ¢ atum mep-
BBIMH  (DOTOXUMHYECKUMHU OPTraHU3MaMU HCIONb-
30BaJIaCh ~ paauanus — yJapTpaduoNeToOBOW  YacTH
cnektpa (3oHenmaiin, ['opomgautkuit, 1977).

HoBpiif THO mHTaHUS CIOCOOCTBOBAN OBICT-
pPOMYy pacceleHHIO OpraHM3MOB HOBOTO THIA Y
MOBEPXHOCTH TEPBUYHBIX BogoemMoB. OHHM OKa-
3auch OoJiee TPHUCIIOCOONIEHHBIMH W BBITECHH-
JU  TEpBUYHBIE  TeTepoTpo(HBIE  OpPTaHWU3MEL.
[lepBpiMM  aBTOTPO(HBIMH  OpraHM3MaMH,  TIO
BCell BEPOSATHOCTH, OBUTM I[MaHEW, a 3aTeM 3e-
neHsle Bogopociu. OCTaHKM WX HaxXoAsIT B IIO-
pomax apxeickoro Bo3pacta (okojo 3 MIIpH,
ner Haszan). [lapamnensHo c 3THM ImIen mpouecc
¢dopmupoBanust  sykapuor  (Kepuxun,  2003).
PaccMoTpeHHBIE  TIpOIIECCHI  COCTaBWIIM  COJEp-
KaHWE BTOPOTO dTama B HCTOPUM  Pa3BHUTHS
ouocdeppl  3eMiHM, MPOJOIDKABIIErocs JO0  3a-
BEpIICHUS 0CaIKOHAKOTLICHHS MOJIOCYATHIX

(dorocuHTETHUECKOMY)

aquatic environment. At this stage, anaerobes
emergence took place. Physiological processes of
these organisms were based on yeast fermenta-
tion, which were fed by previously accumu-
lated organic compounds dissolved in the pri-
mary ocean water (Zherikhin, 2003). But life
needed additional energy sources. Therefore,
in the early stages of evolution, living organ-
isms actively used various kinds of radiation.
Primary heterotrophic organisms were repro-
duced quickly and exhausted their nutritional
base fast. Therefore, having reached the maxi-
mum biomass, they should either starve to
death, or go to the autotrophic (photosynthetic)
diet (Sokolov, Barskov, 1988).

A weak oxidative stage in the biosphere
evolution was associated with appearing pho-
tosynthetic pigments (both basic and auxil-
iary) about 4 billion years ago. A new type of
food was based on the ability of some simple
compounds to absorb light when they contain
a magnesium atom (as in chlorophyll) The
light energy captured in this manner can be
used to enhance the exchange reactions, in-
cluding organic compounds formation. In diis
way the chlorophyll  formation  occurred,
which subsequently led to photosynthesis ap-
pearance (Eskov, 2004). That time the Earth

surface, deficient of free oxygen, was irradi
ated with the sun ultraviolet radiation.
Thereby, the first photochemical organisms

used radiation of the spectrum ultraviolet part
(Zonenshayn, Gorodnitsky, 1977).

A new type of nutrition contributed the rapid
dispersal of new type organisms at the primary
reservoirs surface. They proved to be more
adapted and replaced the primary heterotrophic
organisms. The first autotrophic organisms,
probably, were cyanides, and green algae later.
Their remains were found in Archaean rocks
(about 3 billion years ago). The process of eu-
karyotes formation was parallel to this (Gerekhin,
2003). The considered processes made up the
content of the second stage in the history of the
Earth's biosphere, which being continued until the
completion of the sedimentation of the Precam-



KEJIE3UCThIX  (hopManuil  JTOKeMOpUs PUMEPHO
1,8 mipp, ner nazaxn (Byasiko, 1984).

Tperuit 3tanm 3Bomronuu Ouocdepsl CBA3aH C
pasButueM (otoaBroTpoduoir Omocdepsl 3emun.
Ha nmamnom »stame kommyectBo Or B armocdepe
Havyanmo pe3ko mnosbmmatkes (EcekoB, 2004). B
npotepo3oe (2,6 mupa. - 570 MiH. JIeT Hazamd) dy-
KapuOTHl pa3feNWiINCh Ha pACTHTENbHBIE H KH-
BOTHBIE OPTraHM3MBI. bojbImasgs YacTb pacTHUTENb-
HBIX KJETOK mepenuia K QorocuHre3y. bmaromaps
aToMy KoHIeHTparbl Or B artMmocdepe Bo3pacra-
ma. Ero cramo xBataTh ISl MPOILIECCOB JIBIXAHHUSL.
B 3tom xe mepuonme BeHma (Dauwakapuil) TpoTe-
pPO30ICKOM d3pbl B OKEaHE MOSBUINCH IICPBBIC
MHOTOKJIETOUHBbIe opranu3msl (I'panT, 1991).

Oxono 400 MiH. JeT Hazad, Korna KOHIICH-
Tpammst cBoOogHoro O? B arMocdepe HOCTHIIIA
10%, BO3HUK O30HOBBIM SKpaH, MPEAOXPAHSIIO-
I JKUBOE BEIIECTBO OT XECTKOTO W3Iy4YEeHHsS, U
KU3Hb BBIIIUIA W3 MOpS Ha cymry. ToJBKO Tocie
3TOro  aBTOTpOo(dHBIE  (HOTOCHHTE3UPYIOLIHE  Op-
TaHu3Mbl Hadall WCIOJB30BaTh W3IyUYCHHE B
BHIUMOK dYacTd coiHeuHoro cmekrpa (Kepu-
xuH, 2003). Kak TOmBKO 3TO CIy4HJIOCh, PE3KO
BO3pOCia WHTCHCHUBHOCTH peakiuii  (HOTOCHHTE-
3a u mnocrymieane Or B armocdepy. Bcero 3a
100 muH. nmer xoHueHTpauus O2 Aoc TUriaa coBpe-
MeHHoro 3HaueHus B 21 %. Cran MeHsATbcs Owmo-
FCOXMMUYECKUA  KPYroBOpPOT  3yeMeHTOB. Ilpu
STOM CHIDKaJaCh pPOJb OCHOBHBIX TMOPOJ, U B
36eMHOIl KOpe BMECTO MAarHus, KajbIHsi, >KeJe3a
OOJIBIIIYI0 pOJIb CTadu WrpaTh KPEMHUH, HATPHH,
amroMuHnd, Kanmmid. Taxke Omaromaps JaesITeNb-
HOCTH HUBBIX OPTaHU3MOB PE3KO BO3POC KPYro-
Bopor O2 m CO2 (I'epBu, 2001). Dt mporecchl, a
TaK)Xke TIIOCTETIEHHOE CHIDKEHHE YPOBHA pagualiu
CTU MYIITPOBAJIM U YCKOPSUIM YCIOXHEHUE >KUBO-
ro BEIIECTBA, BEIW K IIOSBJICHUIO HOBBIX, OoJee
BBICOKOOPT'aHU30BAaHHBIX BUJIOB.

Takum o0OpazoMm, (OpPMUPOBAaHUE W Pa3BH-
THe Ouocdepbl TpeAcTaeT KaK  uepe/lOBaHHC
ATaliOB  JBOJIIONWMH,  NPEPHIBAEMBIX  CKAYK000-
pasHBIMH TIEpexoJaMH, B pe3yiabTare dYero o0-
Pa30BBIBAIUCH BcE 0O0Jee CIOXKHBIE H  YIOPSIIO-
4yeHHbIe (opMbl kHMBOro BemiectBa (JKepuxuw,
2003). B xome pa3BUTHI >KH3HH HEOTHOKPATHO
MPOUCXOAMJIAa CMEHa OJHUX TPYNI OPTraHW3MOB
npyrumu. Ilpm 3TOoM Bcerma  10,0/1€p’KHBaJIOCh
0ojee WIM MEHee IOCTOSIHHOE COOTHOIICHUE
(opM, BBIONHSIONIMX TE€ WIA WHBIE TEOXHMHU-
yeckue  ¢yHknun. COBOKyMHas  JesATEIbHOCTh
)KUBOT'O BEIIeCTBAa Ha 3eMyie HEMPEephIBHO IOJ-

brian banded glandular formations approximately
1.8 billion years ago (Budyko, 1984).

The third stage of the biosphere evolution is
associated with the Earth photoautotrophic bio-
sphere development. At this stage, the amount
of Oz in the atmosphere began to rise sharply
(Eskov, 2004). In Proterozoic (2.6 billion to 570
million years ago), eukaryotes were divided into
plant and animal organisms. Most of the plant
cells switched to photosynthesis. Due to this, O
concentration in the atmosphere increased. It was
enough for breathing processes. In the Vendian
(Ediacar) period of the Proterozoic era the first
multicellular organisms appeared in the ocean
(Grant, 1991).

About 400 million years ago, when free O2
concentration in the atmosphere reached 10 %,
an ozone screen appeared, which protect the
living matter from heavy radiation, and life left
the sea for the land. Only after this autotrophic
photosvnthesizing organisms began to use ra-
diation of the solar spectrum visible part
(Zherikhin, 2003). As soon as this happened,
the intensity of the photo synthetic reactions
and Oz supply to the atmosphere increased
sharply. Oz concentration reached the present
value (21 %) for 100 million years. The bio-
geochemical cycle of the elements began
changing. At the same time, the role of basic
rocks decreased, and silicon, sodium, alumi-
num, and potassium played an important role
in the earth's crust instead of magnesium, cal-
cium and iron. Oz and CO:z cycle increased
sharply due to the activity of living organisms
(Gervi, 2001). These processes, as well as a
gradual decrease in the radiation level, stimu-
lated and accelerated the living matter compli-
cation, led to emerging new, more highly or-
ganized species.

Thus, the biosphere formation and devel-
opment appears as an alternation of stages of
evolution interrupted by spasmodic transi-
tions, resulting in forming increasingly com-
plex and ordered forms of living matter
(Zherikhin, 2003). During the life develop-
ment, several groups of organisms have been
replaced by others. At the same time, more or
less constant ratio of forms fulfilling certain
geochemical functions has always been main-
tained. The cumulative activity of living mat-
ter on the Earth supported continuously the



ACpIKUBaJIa OTHOCHTCIILHBIN TroM€oCTa3 (CHO'

COOHOCTH  OWMOJIOTUYECKHX CHUCTEM MPOTHBOCTO-
STh W3MCHCHHMSIM W COXPaHSTHh IIOCTOSIHCTBO CO-
cTaBa U CBOMCTB) B 6uocdepe (3yera, 2001).

Ve JaBHO Tpearnojiarae€rcd, 4YTo apxewu-
ckre TpaduTHl M MPaMOpHI SBISIFOTCS pPe3yNbTa-
TOM  JKH3HENESATENFHOCTH  KaKUX-TO  JIPEBHHUX
OpraHm3MoB. B rmocnexgnee nmecaTwieTue  ynaa-
JIOCh HAWTH OCTaTKM J>KUBBIX CYIIECTB, KOTOPHIC
HACeJsUTM  JIPEBHEHIIME MOps Halleld IUIaHETHI.
B apxeiickux mnopomax IOxnoit Adpuku ObuH
OOHApyXCHBI CaMble JIPEBHHE W3 W3BECTHBIX B
HACTOAIIEE BpEMs  OpPraHW3MOB, OKUBIIMC Ha
3emne 3,2 mupn, aer Hazan. OHU MPEACTaBISIOT
co0Oif  MIAPOBHUJHBIE MHUKPOCKOIIMYESCKHE  TEIlb-
1a, [0 CBOEMY CTPOEHHIO OYEeHb IIOXOXKHE Ha
CUHe-3eJICHbIe BOJIOPOCIH (ITonamapenko,
1993). Ckoruienne TrpaduTa B apXeHCKuUX J0-
momutax TpancBaanms IOxHOW Adpukd — SBIIS-
IOTCAd OCTaTKaMH KOJIOHUH  BOJOpPOCIEH,
mux 2,6 Mapm, Jier Hazan. Ilo cBomM 0COOEHHO-
CTIM OHM Hauboysee ONM3KM K CHHE3CICHBIM
BOZOpOCTSAM. 37ech ke ObulM OOHapyXeHBl |
OCTaTKM JAPEBHEMIIUX KOJIOHUH BOAOpOCIEH B
BHJIE MEJIKUX KYIOJOBUIHBIX H3BECTKOBBIX 00-
pasoBanuii (AcradpreBa, Pozanos, 2008). Oco-
0oe MecTo B COCTaBeé MHKPOOHOTBHI TOrO BpeMe-
HUA 3aHUMAOT OCTATKU MOP(OJOTrHUECKH  IPO-
cTeix KokkowaHbix ¢Gopm Tuma Glenobotrydion
win  Myxococcoides, KoTopble OJHO3HAYHO HE
MOTYT OBITh HMHTEPIPETHPOBAHBI KakK XpoMoQu-
TOBBIE BOJOpPOCIIM WiIXW 1maHoOakrepuu. Cme-
IIaHHBI  XapakTep MHUKPOOWOTHI, TPEACTaBICH-
HOW OCTaTKaMH Kak IMaHOOaKTepWid, TaK W OJ-
HOKJICTOYHBIX  SJICPHBIX OpPraHU3MOB, OTBEYacT
TPaH3UTHON CTaJIUU YPOBHS OpraHHU3alld DSKOCH-
CTeM, TICPEXOAHONW MEXIy TMPOKAPUOTHOH Ouo-
chepoii mokemOpus K 3yKapuoTHOW Oumocdepe
¢danepozos. [lo reoxummuueckuM JaHHBIM pudeii-
BEHJICKMII HWHTEpBAJI MPEACTABISET CO00H Bpems
paAvKaTbHBIX IKOJIOTUIECKUX M3MEHEHU,
OCOOCHHO B  OKHCIHMTEIHHO-BOCCTAHOBHUTEIHHON
cTpykType u coxepkanud Cb B okeaHax W at-
Mocthepe (Andpumon, Yysamos, 2011). 3omoru-
cTeie  Bojopociu w3 mopsaka  Coccolithales
MPUHUMAIK y4acTHe B OOpa30BaHWU MEJOBBIX
nopog. C TOMOIIBIO BIEKTPOHHOIO MHKPOCKO-
Ma YCTaHOBJEHO, YTO MEJIOBbIE TIOPOJABI IOYTH
Ha 95% COCTOAT W3 KOKKOJIUTOB (YacTHIl M3-
BECTKOBOTO IMAHIUPS BOAOPOCIIEH).

MHOro CIEOB JKHU3HEIEATEILHOCTH OCTABH-
7M1 TIocIie ce6st BOAOPOCIH IPOTEPO30UCKOM 3PHI.

JKHUB-

biosphere relative homeostasis (the ability of
biological systems to resist changes and
maintain constancy of composition and prop-
erties) (Zueva, 2001).

It has been assumed that Archaean graph-
ites and marbles are the result of the vital ac-
tivity of some ancient organisms. The last
decade we managed to find the remains of liv-
ing beings that inhabited the most ancient seas
of our planet. The oldest known organisms
that lived on the Earth 3.2 billion years ago

were found in the ancient rocks of South Af-
rica. They are spherical microscopic bodies,
very similar in structure to blue-green algae

(Ponamarenlco,  1993).  Graphite  accumula-
tions in Archaean dolomites of Transvaal in
South Africa are remnants of algae colonies
that lived 2.6 billion years ago. They are the
closest to the blue-green algae in their peculi-
arities. The remains of the oldest algae colo-
nies in the form of small dome-shaped cal-
careous  formations  were also  discovered
herein (Astafeva, Rozanov, 2008). A special
place in the microbiota composition of that
time is occupied by remains of morphologi-
cally simple coccoid forms such as Glenobot-
rydion or Myxococcoides, which cannot be
unambiguously  interpreted as  chromophyte
algae or cyanobacteria. The mixed nature of
the microbiota represented by the remains of
both cyanobacteria and unicellular nuclear or-
ganisms corresponds to the transit stage of the

ecosystems organization level, which is tran-
siting between the Precambrian prokaryotic
biosphere and the Phanerozoic eukaryotic
one. According to geochemical data, the
Riphean-Vendian interval represents a time of
radical ecological changes, especially in redox
structure and CE content in oceans and atmos-
phere  (Anfimov and  Chuvashov,  2011).
Golden algae from the Coccolithales order

took part in the Cretaceous rock formation. It
was established that chalk rocks consist of
coccoliths (particles of calcareous algae shells)
almost 95 % using electronic microscopy.

Many traces of life were left by the algae of
the Proterozoic era. Sequences of peculiar lime-



Bo MHorumx pailioHax 3€eMHOro Inapa pacmnpocTpa-
HEHBl TOJIIM CBOCOOPA3HBIX HW3BECTHSAKOB, IIONY-
YMBIIMX HAa3BaHHUA «IOPOABI CO CTPYKTYpOH ua-
COBBIX CTekom». Yame Bcero

HUX  Ha3bIBAKOT

«CTPOMATOJIUTBD). BHemHe 53TM HW3BECTHSIKH Ha-

[IOMUHAIOT ~MHOTOYMCJIICHHBIE CTOIKHM  YaCOBBIX
CTEKOJ, IUIOTHO IIpWXarble Apyr K Apyry'. beuio
YCTAHOBJICHO, YTO 3TO MOCTPOMKH KOJIOHHM CHHE-
3eneHbIX Bojopocnei (Ardumos, 2011; 2012).
MaccoBoe pa3BUTHE BOAOPOCIEH B JOKEM-

OpUHCKHX MOpSAX SIBIJIOCH MOJJIMHHON PEBOIIO-

uMed B HMCTOpUM Bced IUIaHeThl. MuKpoopra-
HHU3MBI, B YaCTHOCTH MpEeACTAaBUTEIIN OHUaHoO-
oaktepuit - Cyanobacteria (Cyanoprokaryota)

«BBIIITM W3 BOIBI HAa CyIIy» M aJalTHPOBAJINCH
K XHU3HH B Bo3aymHoW cpene. [locenenue ¢oto-
CHUHTE3UPYIOIIUX OpraHu3MoB  (Bomopocied) ¢
OaKkTepUanbHBIM, a 3aTéM C TPUOHBIM COOOIIECT-
BOM, paccMaTpHBaeTcs MHOTMMH aBTOpaMH Kak
HadalbHBIH 3Tanm o00pa3oBaHUs CHEU(YUIECKOTO

OpraHOMHUHEpAJBHOTO  cyOcTpara 3eMHOW  TO-
BEpXHOCTH, TO ecTh 1ouBHI (byp3un, 1996).
Ha mepBeix »srtamax ¢GopMUpOBaHUS TIOYB

y4acTUe BOAOPOCIEH M IHAHOMPOKAPHOT 3aKIIIo-
YyaeTcsi B BBIBETPUBAHMM TOPHBIX IHOPOA M CoO31a-
HUU TIEPBUYHOTO TyMycCa Ha YHCTO MHHEPAIbHBIX
cyoctpatax. C TeueHWEM BpEMEHH, Ha TEPPHUTO-
puM, TOe OOWMTaIM M CYLIECTBYIOT B HACTOsILee
BpeMs  IMaHOOAKTepHabHO-BOAOPOCIEBEIE  CO-
oOmiecTBa (HauMHas C JOKeMOpHS), THE «PyX-
JNSK» WIM JHO MEJIKOBOJHBIX BOJOEMOB o00Oora-
miaeTcsi  OpPraHukod  (TyMycoM),  TOCEISIOTCS
BBICIIIIE pacTEHHs, MpU OTOM Tmpolecc (GOopMu-
pOBaHMS TIOYB 3HAYMTENBHO YycuimBaercs. Do-
TOCHHTE3UPYIONINEe  OaKTepualbHbIE  OPTaHH3MBbI
U chOpMHpPOBaHHBIE HMMH COOOIIECTBA SIBJISIOT-
ci  «IHOHepaMm»  mporecca  (HOpMHUpOBaHUS
NMeHHO OHM BHOCAT W BHOCHIIM paHee
CBOHM BKJAJ B DOTOT BaXXHBIH [UIA IUIAHETHI 3EMIIA
mportecc (LIBapu, 3 967; Cokonos, 1981). Ha
TEPPUTOPHAX, MO TOH WIM WHOW TNPUYUHE JIH-
LIEHHBIX  PACTUTEIBHOCTH M  IOYBEHHOTO  IIO-
KpOBa, TIPOWCXOMUT (OPMHUPOBAHHWE TMPUMHUTHB-
HBIX TIOYB, B OOpa3oBaHUM KOTOPHIX HEMAIO-
BOXHYIO pOJIb WIPalOT BOJOPOCHH, 00pasys Mpu
9TOM Ha4yallbHYK) CTaJdl0 CyKleccuu. Bomo-
pociu, 3amonHAS ~ MPOCTPAHCTBA, HE  3aHATHIC
BBICIIMMH ~PACTEHUSIMH, CIYyXaT (aKTopoM JIo-
MOJHUTEJIPHON  aCCUMWJISIUUU  JIYYHCTOH  BHEp-
THH ¥ JIOTIOJHHUTEIHHOW OWOMAacchl, HYTO OCO-
OCHHO SIPKO TPOSIBISIETCS B CIIydasX HX Macco-
BOTO pa3pacTaHusi Ha moBepxHocTH mouB (Ima-

IIOYB.

stones named "rocks with the watch-glass struc-
ture" are widespread in many regions of the

globe. More often they are called "stromato-
lites". Outwardly, these limestones resemble
numerous stacks of watch glasses tightly

pressed together. It was established that these
are buildings of blue-green algae colonies (An-
fimov, 2011,2012).

The algae mass development in Precam-
brian seas was a true revolution in the history of

the whole planet. Microorganisms, in particular
representatives  of  Cyanobacteria  (Cyanopro-
karyota) ‘"came out of water on land” and

adapted to life in the air environment. The set-
tlement of photosynthetic organisms (algae)
with bacterial ones, and then with the fungal
community is considered by many authors as
the initial stage of forming a specific or-
ganomineral substrate of the earth's surface, that
is, soil (Burzin, 1996).

At the first stages of soils formation, the
algae and cyanoprokaryotes participation was
in rocks weathering and primary humus crea-
tion on purely mineral substrates. Over time,
higher plants settled and the process of soil
formation was greatly enhanced at the territory'
inhabited with cyanobacterial algal communi-
ties (beginning with the Precambrian), where
"rustle” or the bottom of shallow water bodies
were enriched with organic matter (humus).
Photosynthetic  bacterial organisms and com-
munities formed by them are "pioneers” of the
soil formation process. It is they who contrib-
uted to this important process for the Earth
(Schwartz, 1967, Sokolov, 1981). At the terri-
tories deprived of vegetation and soil cover for
one reason or another, primitive soils are
formed, in their formation an important role is
played by algae, herewith forming the initial
stage of succession. Algae filling the spaces
that are not occupied by higher plants serve as
a factor for additional assimilation of radiant
energy and additional biomass, which is espe-
cially pronounced in cases of their mass ex-
pansion on the soil surface (Gladenkov, 2007).



2007). VYcTaHOBIEHO, UYTO BOIOPOCIH
yaydmaTrh  (pU3MKO-XUMHUYECKUH  pe-
XUM T04YB. Pa3BuBasch Ha TOBEPXHOCTH IOYB,
BOJOPOCIM  MOIVIOINAIOT ~ OOJIBIIOE  KOJIMYECTBO
MUHEpaJIbHBIX COJEeH. OTO MpenoXpaHseT BOAO-
pocCiIM OT BBIMBIBAHUS M3 TOYBBL. JTO CBSI3aHHO
C TEM, YTO MOcie OTMHUpPaHUS KIETOK 3TH Belle-
CTBa  CTAHOBATCA JOCTYINHBIMH JUISI  KOpHEH
Belclinx pacteHuid. Eme omnHoit ¢opmoit xumu-
YECKOTO0  BO3/EHCTBUS  BOAOPOCIEH Ha  IOYBY
sieisieTcst m3menenue ee pH (Edbumos, 2011).
[loBepxHOCTHBIE TICHKH BOAOPOCIECH  MO-
YT HMEThb OOJIbIIOE MPOTUBOIPO3UOHHOE 3HA-
yeHue. CNM3KCTBHIE BEIECTBA YEXJIOB W KJIETOY-
HBIX O00OJIOYEK CKJIEHMBAIOT MOYBEHHBIE YacTU-
Lbl, MEepeIuUIeTalomuecs HATH BOJIOPOCIEH Me-
XaHWYECKU CKpeIUIoT HuX. B paspacraHusx Ha
MOBEPXHOCTH MECYaHbIX IOYB OOwW@As JJIMHA
aureir  Bomopocieir  (Hormidium.  Schizothrix,
Phormidium) cocraBnsier HECKONBKO — JECSTKOB
MetpoB Ha 1 cM® (22-65 M/cM“) TIpH TOMIIHHE
2-7 mxM. (IIuBoBapoBa m ap., 2015). OcnuzHeH-
HBIE MOKPOBBI CHHE-3€NEHBIX BOAOPOCIECH B MpH-
CYTCTBHHM BJIaT'M CIIOCOOHBI abcopOWpoBaTh €€ u
yIAepKHBATh KaKoe-To Bpems. bmaromaps stomy’
BJIQKHOCTh II0YBBI IIOJ] BOJOPOCJIEBBIMU ILIEHKA-
MU OOBIYHO BBIIIE, YEM TaM, IJI€ OHU OTCYTCTBY-
1oT. IloTaeHHBIE BOIOPOCIH OKa3bIBAIOT BIIMSHUE
Ha  JKU3HENESTEIbHOCTh  HACEJIOUIMX  IIOYBY
MHUKPOOPTaHU3MOB. DTO TPOSBISACTCS B accolua-
MM W aHTaroHm3sMe. AHTArOHUCTHYECKOE IEHCT-
BHE BOJOPOCIICH OCYIIECTBISETCS MyTEM BhIJie-
JIeHWsT aHTUOMOTHUYECKUX BellecTB. DBrineneHHbIH
u3 cuHesenenoi Bogopocau NOStOC muscomm
AHTUOMOTHK MYCKOPHH, KOTOpPBIH HEWCTBYET Kak
unruburop Ha Bogopociu Cosmarium lundelii,
Phormidium uncinatum wu psag apyrux BHJIOB.
MycKkopuH TOHA@BISIET TaKKe POCT HEKOTOPBIX

JIEHKOB,
CIIOCOOHBI

IpOXOKeH M TPaMIIOJIOKUTENbHBIX  OakTepuil.
@unpTpar, cogepXkKamuii  TOKCHYECKOE  Bellle-
CTBO, HE Tepsul TOKCUYHOCTH JaXe IMOocIe KH-

nsyeHuss B TedecHue 45 wuH. BrlneneHHBI B
KpPUCTAJUIMYECKOM  BHUAE  MYCKOPUH  HJICHTU-
¢urupoBan KakK JTUTUAPOKCUAHTPAXUHOH.
Anabaena variabiliS Belgenser TOKCHH, HHIH-
Oupyromuii  pa3ButHe JadHUN HW  [IOJABISIO-
Ui pa3BUTHE JIPYTUX BOJOPOCICH B COBMeE-
CTHOM KynbType. Bwmecte ¢ TeM chenuaibHOe

HCCIIEA0BAHNE B3aUMOOTHOIIEHUI MEXY
TpeMsi BHJAaMHM [OYBEHHBIX BOJIOpOCie B yc-
JIOBMSIX, OJU3KMX K €CTECTBEHHBIM, II0Ka3alio,

YTO KOHKYPCHIHMA HEC HWMECT 3HAYCHUA B (1)01:)-
MHPOBaHHWU IICHO3a BOHOpOCHeﬁ U HU3YUYCHHBIC

It is established that algae can improve the
physical-chemical regime of soils. Develop-
ing on the soil surface, algae absorb a large
number of mineral salts that protects algae
from washing out of soils. It is due to the fact
that after cells’ death these substances be-
come accessible for higher plant roots. An-
other form of algae chemical effect on soils
is changing its pH (Efimov, 2011).

Algae surficial films can have a great anti-
erosion value. Mucous substances of covers and
cell membranes gum up soil particles, interlac-
ing algae threads fasten them mechanically. The
total length of the algae threads (.Hormidium,
Schizothrix, Phormidium) is several tens of me-
ters per 1 cm (22-65 m/cnr) at a thickness of
2-7 pm in growths on the sandy soil surface
(Pivovarova et al., 2015). The covert cover of
blue-green algae in moisture presence can ab-
sorb it and hold for a while. Thereby soil mois-
ture under algal films is usually higher than in
places where they are absent. Soil algae affect
the life activity of microorganisms inhabiting
soils. It is manifested in association and antago-
nism. The antagonistic action of algae is carried
out by antibiotic substances excretion. Mus-
corine, an antibiotic isolated from the blue-
green alga Nostoc muscorum, acts as an inhibi-
tor to the alga Cosmarium lundelii, Phormidium
uncinatum and a number of other species. Mus-
corine also suppresses the growth of some yeast
and gram-positive bacteria. The filtrate contain-
ing the toxic substance did not lose toxicity
even after boiling for 45 minutes. Muscorine
isolated in a crystalline form was identified as
dihydroxyanthraquinone. ~ Anabaena  variabilis
secretes a toxin that inhibits Daplmia develop-
ment and suppresses development of other algae
in a joint culture. However, a special study of
the relationship between three species of soil
algae under conditions close to natural ones, has
shown that competition does not matter in the
algae coenosis formation and the studied spe-
cies did not interfere with the development of



BHIBl HE MENIad pa3BUTHIO JIPyr JApyra B CO-
BMECTHOM KylbType. BplaenseMble BOJIOpOCIA-
MH HMHTCHOUTOPHI TONABISIOT Pa3BUTHE  OJHUX
BUAOB, HO NpPU 3TOM MOTYT OBITH MOJIE3HBIMH
mia  apyrux  (bapamkos, 1972). Kpome storo,
BOJOPOCIM MOTYT TIOJABISTH PA3BUTHE MHUKPO-

OpPTraHM3MOB  MOJIEKYJSIDHBIM ~ KHCJIOpOJIoM  (IIo-
JIaBJISeTCsl  JIeSTEIbHOCTh  aHAdpOOHBIX  Oakre-
puif). Omnmcan ciay4aid wuHruOMpoBaHUs Oakre-

pun Pseudomonas stutzeri xmopemroi, npuyem
B COBMECTHOH KyJIBTYype BeC BOAOPOCIECH ObLI
BIBoe Oospime, deM B 4HCTOH KyneType. E.H.
MakcumoBa (1966) mnpuBOgUT maHHBEIE 00 aH-
THOMOTHYECKOM  JICMCTBHM  JIEPUBATOB  XJIOPO-
¢wima m o0 yrHereHun OaxTepuii BeICOKMM pH
Cpeabl B KYJIBTY pax BOJOPOCIEH.

B konme BeHACKOTO MeproAa W B Havalle KeM-
Opusi TMpOM30IIEN TEpPeXoA OT IHMaHOOaKTepHalb-
HOW (CTPOMAaTONUTOBON) SKOCHUCTEMBI K BOJIOPOC-
JIeBOH, KOTOpasl TMOBJIEKIa 3a co0oil Kackal 3BO-
JIONUOHHBIX M OSKOJIOTHUECKUX coObTHil. Bogo-
pOCIM TIPENONpPENENININ  «B3PBIB» BHAOBOTO pas-
HOOOpa3usi MEpBBIX PAaKOBHHHBIX OpPraHW3MOB B
Hayaje TOMMOTCKOTO Beka (Ha pyOexe BeHIa u
kemOpus). JImsi TIOSBUBIIEHCS MacChl KHUBOTHBIX
TpeOOBaIOCH HEMajoe KOJUYECTBO IHIIH, OCHOB-
HBIM HCTOYHMKOM KOTOpPOH, MOMHUMO OakTepwii u
IMaHOOAKTEPHH, SBISIIUCH OOpacTaHWS Ha HM3BECT-
KOBBIX BOJIOPOCIISIX, MX HEOOBI3BECTBICHHBIE 4Yac-
TH, MaKpo- ¥ MHKPOCKOIMYECKHE 3IacTHYHBIE BO-
nopocin W akpuTtapxu (ActadoeBa Po3anos,
2008). He MeHbImMii BKJIAA B 3Ty MPOAYKLHUIO BHO-
cuiia KHU3HEIESTENbHOCTE (DOTOTPO(HBIX U XEMO-
TpOQHBIX CHUMOMOHTOB BOAOPOCTEH M IKUBOTHBIX.
W3BecTKOBBIE BOJOPOCIM C KOHIA BEHAA U B KEM-
OpuiicKOM TIepuo/ie OBUTM OCHOBHBIMH KapKaco-
CTPOUTEINISIMH OPTaHOTCHHBIX MOCTPOEK, BOKPYT KO-
TOPBIX KOTHICHTPUPOBAJIMEh 30HBI OOWTaHWS MOp-
ckoii onots! (Beiimapu, Kopreesa, 2007).

Bojopocnu  SBHJIMCh MCXOJHBIM MaTepHATIOM
Ui 00pa3oBaHMS JKUJIKHX M TBEpIbIXx Hedreno-
JNOOHBIX COEAMHEHMH: eamponenei (OJHOPOIHBIX
XKeneoOpa3HbIX JKUPHBIX MAacC JKEJITOro, 3eJIEHOro,
Oyporo ¢ OJMBKOBBIM OTTEHKOM WJIHM MOYTH 4ep-
HOTO 1LBeTa, 00pa30BaBLIMXCS B pe3yibTare IJiu-
TENBHOTO0 XHMHYECKOTO TpeoOpa3oBaHUsl OpraHu-
YECKOr0 BELIECTBA OTMEPILIMX IJIAHKTOHHBIX BO-
JOpocIieli), TOPIOYMX CIAHIIEeB, Yriield, BO3MOXKHO
takke Heptn (Uysamos, Andumon. 2006). 3ama-
CBhl earponeneil TOJbKO Ha TEPPUTOPHH OBIBILIETO
CCCP wucyucnaooTcs COTHAMH MHJUTHAPIOB TOHH.
[lo MHEHHWIO MHOTHX HCCIEIOBaTeNel, CarporneIu
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each other in a joint culture. The algae inhibi-
tors inhibit some species development, but can
be useful for others (Barashkov, 1972). In addi-
tion, algae can suppress microorganisms devel-
opment by molecular oxygen (the activity of
anaerobic bacteria is suppressed). A case of in-
hibiting the bacterium Pseudomonas stutzeri by
chlorella has been described, and in the joint
culture the algae weight was twice great as in
the pure culture. E.N. Maksimova (1966) cites
data on antibiotic effect of chlorophyll deriva-
tives and on bacteria inhibition by high pH me-
dium in algal cultures.

In late Vendian and early Cambrian periods
there was a transition from the cyanobacterial
(stromatolite) ecosystem to the algal one, which
entailed a cascade of evolutionary and ecologi-
cal events. Algae predetermined the "explosion"
of the species diversity of first shell organisms
in the early Tomtom i an age (at the turn of the
Vendian and Cambrian). The appeared animals’
mass needed a considerable amount of food, the
main source of which, in addition to bacteria and
cyanobacteria, was fouling on calcareous algae,
their unprimed parts, macro- and microscopic
elastic algae and acritarchs (Astafieva and Ro-
zanov, 2008). No less contribution to this produc-
tion was made by the vital activity of phototrophic
and chemotrophic symbionts of algae and ani-
mals. Calcareous algae from the end of the Ven-
dian and Cambrian period were the main build-
ers of organogenic structures, and habitats of
marine biota were concentrated around them
(Weimar, Korneev, 2007).

Algae were the starting material for the for-
mation of liquid and solid petroleum-like com-
pounds: sapropels (homogeneous jelly-like fatty
masses of yellow, green, brown with olive shade
or almost black color, formed as a result of pro-
longed chemical transformation of organic mat-
ter of dead planktonic algae), combustible shales,
coals, oil (Chuvashov, Anfimov, 2006). Sapropel
reserves in the former USSR amount to hundreds
of billions of tons. According to many research-
ers, sapropels are oil precursors. Combustible



SIBIIIIOTCA  TIpeIIecTBeHHUKaMu HedTu. [oproume
CJaHIIBI B OCHOBHOM OOpa30BalMCh 3a CYET JPEB-
HHMX CHHE3eJEeHBIX Bojopociel us pogos Gloeocap-

somorphci u Gloeocapsithos (Kosansckuii, 1963).
CHHE3eICHBIM  BOJOPOCISIM W OaKTepHsIM
NPUHAAJICKUT BakKHAs poib B (uKcamuu aTMo-
cepHOro a3oTa, a TaKKe IMEpeBOJia €ro B CBs3aH-
Hyl0 (GOopMy, KOTOpas AOCTYIIHA BCEM OCTaJbHBIM
XKHUBBIM CyIIecTBaM IUIaHeThl. Dukcanus azota —
npeBpamieHne raza N2 B HeopraHuveckue WM Op-
TaHUYEeCKUE COCTUHEHUS! — MOXKET IPOUCXOIUTD
KaK (PU3MKO-XMMUYECKHM, TaK U OHOIOTHYECKUM
myTeM, NpUYeM TOCICIHUN sBIseTcS HauOomee
3HAYUMBIM. DJTO SBJIIETCS OJHUM W3 BaKHBIX (hak-
TOPOB  TOBBIICHUS]  MOYBEHHOTO  IIOAOPOAMS.
CnocoOHocTh cuHe-3eeHbIX  Bomopociei (Nostoc
punctiforme, Anabaena uariabilis, Nostoc miisco-
rurri) ¢ukcupoBaTh MOJEKYJSPHBIA a30T yCHIHBA-
€TCS TPHUCYTCTBHEM CHUMOHMOTHYCCKHX OaKTepuH,
0COO0CHHO a30T ¢ukcupyronmx. B  baigruiickoMm
mope Nodularia spumigena ¢ukcupyer oKoIO
2000 r a3zora B roa. Bcero B ruapochepe duxcu-
pyetcs exerogHo okomo 10 muH. T a3ora. B me-
JoM, B Ouocdepe exerognas (UKcalus a30oTa U3
BO3qyXa cocTaBmsieT B cpegHeM 140-700 mr/m?
(I'ommosckas, 2005), Ilo coBpeMEHHBIM aHHEIM,
WMEHHO CIOCOOHOCTh CHHE3EJEHBIX BOJOpPOCIEH
(UKCUpOBaTh a30T, a HE HUX (QOTOCUHTETHUYECKHE
CIIOCOOHOCTH, TPHUBETH K OBOJIOLMOHHOMY CKad-
er. CumraeTcs, 4TO TEpBBIE TreTepoTpodHBIE Oopra-
HU3MBI OBICTPO Pa3MHOXHJIMCH, BO3HUK Ae(UIUT
OpPTaHUKH, W a30TQUKCUPYILUE IMaHOOAKTEPUH
CHOCOOCTBOBAM KYIHPOBAHHUIO 3TOTO ASULINT a.
Bopmopocnu  SIBISAIOTCST HE TOJBKO JpeBHEM-
LIMMU (hOTOCHHTE3UPYIOLTIMHU OpraHu3Mamu,
HO W TPUHHAMAIOT HEMOCPEICTBEHHOE Yy4YacThHEe B
psAae BaXkHBIX TE€OXMMHUYECKHX IIPOIECCOB, Ta-
KX Kak: (OpMHpOBaHHWE JOHHOTO penbeda u
MOJIE3HBIX HCKOMAEeMBIX, YYacTHE B KpPyrOBOPO-
Tax OCHOBHBIX MHUHEpANbHBIX BemecTB U  Qop-
MHPOBaHWU TIOYBEHHOTO TMOKpoBa. Bomopocmn
SIBITIOTCS ~ TIOCTABIIMKAMHA OPraHUYEeCKHX W HE
OpPTaHMYECKMX BEIIECTB B OKPYXKAIOIIYI0 Cpeny,
BBICTYIIalOT B PpOJM 3BC€HA B NS IUTAHUA U
(hOTOCHHTETHYECKUX CUMOHOHTOB (MBnes,
2005). Takum oOpa3oM, MOXKHO CHAEJIaTh BBIBOJ
O TOM, YTO BOJOPOCIH SBISAIOTCS HEOOXOIH-
MBIM 3BEHOM B Owuocdepe, a ee sBomonus 0e3
WX TIOSBJICHUS HE PEACTABIISICTCS BO3MOKHOM.
KakoBbl ke 3aKOHOMEPHOCTH pachpeieieHus
9TOH YHMKaJbHOM rpymnnel B mouBax? [ns coepe-
MEHHbIX NO48 IOCTAaTOYHO SIPKO TIPOCITIEKUBAETCS

shales were mainly formed by ancient blue-green
algae of the genera Gloeocapsomorpha and
Gloeocapsithos (Kowalski, 1963).

Blue-green algae and bacteria play an im-
portant role in fixing atmospheric nitrogen,
and transferring it into a bound form that is
accessible to all other living beings on the
planet. Nitrogen fixation - gaseous N2 conver-
sion into inorganic or organic compounds - can
occur both  physical-chemically and biologi-
cally, the latter being the most significant.
This is one of the important factors to raise

soil fertility. The ability of blue-green algae
(Nostoc  punctiforme,  Anabaena  uariabilis,
Nostoc muscorum) to fix molecular nitrogen

is enhanced by the presence of symbiotic bac-
teria, especially nitrogen fixing ones. In the
Baltic Sea, Nodularia spumigena captures
about 2,000 tons of nitrogen per year. About
10 million tons of nitrogen are fixed annually
in the hydrosphere. In general, the annual
fixation of nitrogen from air in the biosphere
averages 140-700 mg/nr' (Goldovskaya,
2005). According to recent data, it was the
ability of blue-green algae to fix nitrogen, and
not their photosvnthetic abilities, which led to
an evolutionary leap. It is believed that the
first heterotrophic organisms multiply rapidly,
there was a shortage of organic substances,
and nitrogen-fixing  cyanobacteria  contributed
to this deficiency reduction.

Algae are not only the oldest photosyn-
thetic organisms, but also take a direct part in
a number of important geochemical processes,
such as forming bottom relief and mineral re-
sources, participation in cycling basic mineral
substances and the soil cover formation. Al-
gae are suppliers of organic and non-organic
substances to the environment, act as a link in
the food chain and photosynthetic symbionts
(lvlev, 2005). Thus, we can conclude that al-
gae are a necessary unit in the biosphere and
its evolution is not possible without their ap-
pearance.

What are distribution patterns of this unique
group in soils? Algal spreading zonality is quite
clearly traced for modem soils. In the high lati-
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30HAJIBHOCTh B paclpelesieHud Bojaopocie. B
BBICOKMX UIMPOTax TYHAPOBBIX 3KOCHUCTEM YHCIIO
BUJOB TMOYBEHHBIX Bojopocieil okomo 200 u Be-
Jyliee TOJIOKEHHEe HWMEIOT ceMeicTBa CHHe3ele-
HeIX Bojgopocied. Kak mmmer M.B. Tenen (1990,
C. 1641), M.M. Tomnepbax cumrtaer: «..uro 0e3
BOJOpPOCIIEH B JKCTpeMalbHbIX YycioBusx Kpaii-
Hero Cemepa He OBUIO OBI TYHAPBI Kak CBOEOO-
pasnoro Omoma». T.M. Anekcaxuna u 3.A. IlTu-
Ha (1984) orMewaror, 4TO BO BCEX THIAX Jieca
JOMUHHPYIOT 3elieHble Bopopocin. CameimMu  60-
raTblMd B BHJOBOM OTHOLICHWH BOJAOpOCTCH SB-
JISIOTCS  IEPHOBO-TIOJI30JIUCTHIC MTOYBHI.
TEM B HHUX 3€JCHbIE W CHHE3eJIEHBIE BOAOPOCIH
UMEIOT TMPHUOJIM3UTENBHO paBHOE 4YMCiO BHUIOB. K
IOy B TOYBaX CTEMHBIX 3KOCUCTEM H B IYCTBIHAX
SIBHOE BOJIOpOC-
neii. B ramogunbHOM psigy mOuB (TakbIpoB, CO-
JIOHYAKOB, COJIOHIIOB, COJIOJICH) - NapsAT CHHE3e-
JIeHbIE W JMaTOMOBBIE Bojxopociu. CrenoBatelb-

BwMmecte ¢

MMpEeBAJIMPOBAHNUEC  CHUHC3CIICHBIX

HO,
roopbl MOXKHO OMNpPENeNsATh NPUPOJHYIO 30HY,
TUT 3KOCUCTEMBl M JaK€ B KaKOW-TO CTENEeHH HX

YK€ 10 TaKCOHOMHYECKOW CTPYKType allb-

9KOJIOTHUECKHE O0COOECHHOCTH.
BEHHBIM BOJIOPOCIISIM OCTAETCs HE3BIOIEMBIM.
Paboramu ®pance (France, 1921) wu ero
IIKOJIBI OBUIO TOJIOKEHO HA4aTO 3TOMY Harpas-
JCHUIO  W3YYEHHsS  IOYBCHHBIX  BOJOPOCICH.
HNmenno ®pance momomen K HW3YYEHHIO >KUBOTO
HaceleHWs TIOYBBI B IIEJIOM, Ha3BaB ero saago-
HOM, KaKk KOMIUICKC >KHMBBIX OpraHu3MOB (pacTte-
HUM W XHUBOTHBIX:), OOMTAIONIMX B HONIE W TIpH-
HUMAKIIAX Yy4acTUE€ B KPYrOBOPOTE BEILIECTB.
Vike @puu (Fritsch, 1922) Beigensier u3 cO0pHOTrO
noustust «terrestrial algae» npa Tuma cooOrecTs:
«surface community-» -- HamouBeHHBIE COOOIIECT-
Ba ® «subterranean community» - coobIuecTBa
BHYTPUTIOYBEHHBIE (COOCTBEHHO MTOYBEHHBIE).
Bogopocan kak cOopHas OnOIKOIOTHUYECKas
Tpynra  COBEpPIICHHO  YJIWBUTEIbHAs  COCTaB-
nsronias Jrro0oro Tuma mo4s. B cBoem poxe yHu-
KaJbHas TIOYBEHHas cpenga, KoTopas obOiamaer
Oompmiol  crnenuUYHOCTHIO,  PSAAOM  YUEHBIX
M.M. Tomnepbaxom (1951), B.H. Bexnemuriesim
(1964), M.C. Tunsposemm (1949) paccmarpuaer-
cs Kak cBoeoOpasHas «mepeBajioyHas 0aza» mpu
BBIXOJIE€ OpraHuyeckoro mupa Ha cymry. Ne 9500
BUZOB BOJOpOCIeil m3BecTHBIX B Poccum B mouBax
obOHapyxeHo Oomee 1500 BHIOB, YTO COCTaBISET
okono 24% wmupoBoit ¢uopsl (Tumxkos, 2005).
D.A. IlItuaa (1991) mo 0OGOOUIEHHBIM JAHHBIM
IPYTHX HCCIeoBaTeNeld CYMTAeT, YTO STO MHOTO-

WNHTepec x mou-
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tude tundra ecosystems, the number of soil al-
gal species is about 200 and the blue-green al-
gae family is in the forefront. M.M. Gollerbach
considers "... that without algae under extreme
conditions of the Far North there would not be
tundra as a kind of biome" (cited by M.V.
Gezen (1990, p. 1641). T.I. Aleksakhina and
E.A. Shtina (1984) note that green algae domi-
nate in all types of forests. The algae species
diversity is the richest in sod-podzolic soils.
However, green and blue-green algae have ap-
proximately the same number of species in
them. The prevalence of Dblue-green algae is
obvious to the south, in soils of steppe and de-
sert ecosystems. Blue-green and diatom algae
reign in the halophilic series of soils (takyrs,
solonchaks, solonetzes, solods). Therefore, it is
possible to determine a natural zone, a type of
ecosystems and to some extent their ecological
features on the algoflora taxonomic structure.
The interest in soil algae remains immutable.

Works of France (France, 1921) and his
school laid the beginning of the direction in
studying soil algae. It was France who started
to study soil living population as a whole, call-
ing it an edaphone, as a complex of living or-
ganisms (plants and animals) inhabiting soil
and participating in  substances circulation.
Fritsch (1922) singles out two types of com-
munities in the collective concept of "terrestrial
algae™: "surface community" ground commu-
nities and "subterranean community" intra-
soil (soil proper) communities.

Algae as a combined bioecological group are
an absolutely amazing component of any type of
soils. In its own way, a unique soil environment,
which has great specificity, is regarded as a kind
of “transshipment point" at the exit of the organic
world on land by M.M. Gollerbakh (1951),
V.N. BucklJemishev (1964), M.S. Gilyarov
(1949). Out of 9,500 species of algae known
in Russia, more than 1,500 species are found
in soils, that is about 24 % of the world's flora
(Tishkov, 2005). E.A. Shtina (1991), accord-
ing to the generalized data of other research-
ers, believes that this variety is represented by



o0paslie TpeACTaBICHO 3EIeHBIMH BOJOPOCISIMHU -
631 Bux, cuHeseneHbIMU (LMAHOOAKTEPUSAMH) —
409, nuatoMOBBEIMH - 256, xenroseneHbiMH - 185,
9BIIICHOBBIMH — 19, 30m0oTHCTBIME — 5, uppodu-

TOBBIMH - 4 M KPACHBIMU BOAOPOCIISIMH -1 BUII.
[louBy, kak yHHKaIbHYIO TpexdasHyto (ec-
JU YYdTBHIBaTH OWOTY, TO deThIpexdasHylo) CHc-
TE€My, BOAOPOCIM BMECTe C JAPYTHMH MHKPOOP-
raHu3MaMHl CTald OCBaWBaTh IEPBBIMH €LIC B
panHeM mnaneo3oe. Ckopee Bcero, OHH YyXKe TO-
rna  (GOpMHpOBAIM  BIIEMEHTapHbIE  MHKpoOoIie-
HO3bI, WCIIONB3ysd IUIGHOYHYIO BOIy KakK CBoOe-
obpasupiii «okean Teruc». Eme B.M. Bepnan-
CKMI THcanm O TOM, 4YTO JKU3Hb, CKOpee BCETO,
3apoAuiiack Ccpasy B BHJE 3JIEMEHTapHOTO OHO-
JIOTHYECKOTO ~ KpyroBopota. Ajre3us oOecriedu-
BaeT BOJOPOCISIM, Jla W B II€JIOM IOYBEHHBIM
MHUKpPOOpPTaHM3MaM,  HAJeKHOE  CYyNICCTBOBAaHUE
HAa TIOBEPXHOCTH TIOYBEHHBIX 4YacTWU4eK. JKu3Hb
HAa TIOBEPXHOCTH TIOYBHI BIOJHE TMOHATHa. Ho
OHM MOTYT JXUTh M Ha 3HAYUTENbHOW TIITyOUHE.
Tak B IO)KHOM TSDKEIOCYTJIMHACTOM 4YEpHO3EMe
Bojopasnena pek Jlon - Cam Boxopocnu oOTMe-
yenpl Ha TioyOmHe 350 cm. [lpuuemM B HIKHHX
TOPU30HTAaX OOHapyXeHbl Takue QOpPMBI, KOTO-
pBIX HET B BepxHUX ropuszoHTax (bomblmes,
1968). O cmneunduke BOIOpPOCIEH TIIyOMHHBIX
ropu3oHToB mmcan u M.M. Tommepbax (1936),
MOJYEPKUBAs, YTO Yy TIJyOOKONOYBEHHBIX BOJO-
pociel 3HAYUTENbHO MEHbBIIE pa3Mepbl KIETOK,
MOXET MEHATbCA MOP(OJOrHsl, YTO MOBBIMIACT
UX BOJOYAEP)KUBAIOILYID CIOCOOHOCTH U YyC-
TOWYMBOCTb K 3KCTPEMAJIbHBIM  YCJIOBUSIM  CY-
LIIECTBOBAHUS, B 4YacTHOCTH, K 3acyxe. Ha mnam-
He depHO3eMOB 3amagHoid Cubupm BOZOPOCITH
ormeueHbl 10 Tiayounsl 2,7 M (Ilomosa, 1957),
YTO  BHOJHE OOBSICHUMO WX  MHUKCOTPO(HO-
CTBI0 - YHUKaIbHOM CIOCOOHOCTBIO MEPEXOIUTH
ot ¢ororpoduu Kk rereporpodpuu. MHorue BoOjO-
poCiIM O COTEH JIET MOTYT COXPAHITHCS B TOYBE
B JIATEHTHOM COCTOSIHUH. CyYIIECTBEHHBIH TOIYOK
B OSTOM HampaBieHHMH fanud pabotst M.M. Ton-
nepbaxa, KOTOPBIA yKa3bplBaJ Ha TO, YTO «IOY-
BEHHBIC BOAOPOCIM B 1I€JIOM JOJDKHBI paccMar-
puBaThcsi Kak ocobast OuoLeHornyeckas TpyMIu-
POBKa, OTJIMYAIOWIAsICSI M HEKOTOPBIMH XapakTep-
HBIMH OCOOEHHOCTSIMH  (PIIOPHCTUUECKOrO COCTa-
Ba, W CBOeoOpa3HeM KOMIUIEKCa JKOJIOTHYECKUX
(akTopoB, W CHEUU(UIHOCTHIO MPHUCTIOCOOICHUI
OMOHTOB K YycloBWsM cymiectBoBanus» (["ommep-
0ax, 1936, c, 169). B nHacrosimee Bpems C 3KO-
JIOTHYECKOW TOYKH 3pEHHs MPUHATO BBIACIATDH
TPYNIUPOBKY  Bojopocied,  nudpdysHo  obu-

green algae - 631 species, blue-green (cyanobac-
teria) - 409, diatoms - 256, yellow-green - 185,
euglenic - 19, golden - 5, pyrrophvtic - 4 and
red algae - 1 species.

Algae along with other microorganisms
were the first, who began developing soil as a
unique three-phase system (if taking into ac-
count the biota, the four-phase one) in the early
Paleozoic. Most likely, they formed elemen-
tary microbiocenoses even then using film wa-
ter as a kind of "Tethys ocean". V.l. Vernadsky
wrote that life, probably, was born immedi-
ately as an elementary biological cycle. Adhe-
sion provides a reliable existence on the sur-
face of soil particles for algae and soil micro-
organisms in general. Life on the soil surface is
quite understandable. But they can live at a
considerable depth. Thus, algae are marked at
a depth of 150 cm in southern heavy-loamy
chernozem on the Don-Sal watershed. More-
over, the lower horizons obtain such forms,
which are absent in the upper horizons (Boly-
shev, 1968). M.M. Gollerbach (1936) wrote on
the algae specifics of deep horizons, emphasiz-
ing that the deep-seated algae have much
smaller size of the cells, can change their mor-
phology, that increases their water-retaining
capacity and resistance to extreme conditions
of life, in particular, to drought. Algae have
been marked to a depth of 2.7 m in plow land
chernozems of West Siberia (Popova, 1957),
which is quite  understandable by their
mixotrophy - a unique ability to move from
photo trophy to heterotrophy. Many algae can
survive in soils in a latent state for hundreds of
years. A significant impetus in this direction
was given by M.M. Gollerbach, who pointed
out that "soil algae as a whole should be re-
garded as a special biocenotic grouping charac-
terized by some characteristic features of the
floral composition, the uniqueness of the eco-

logical factors complex, the specificity of bi-
onts  adaptations to  existing  conditions"
(Gollerbach, 1936, p. 169). Nowadays based

on the ecological point of view, it is accepted
to single out a grouping of algae diffusely liv-
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TAIONyI0 MEXJIy TOYBEHHBIMH YaCTHIIAMU H
TPYNIHPOBKY  MaKPOCKOMMYECKH 3aMETHYI0 Ha
MOBEPXHOCTH TIOYBBI B BHJIE KOXXUCTBIX MHKPO-
KOJINEBO-(POPMHINEBO-IITM30TPACOBBIX IJICHOK,
CIIM3UCTBIX HOCTOKOBBIX pa3pacTaHWii, BOWJIOKO-
00pa3HBIX CKOIUICHWH W3 HHTEH IUIEKTOHEMEI,
CIIUTOHEMBI, CHMIUIOKH, TOJIUIOTPUKCA ¥ HEKO-
Topeix 3enensix Bogopocimeidt (IlItuma, Tommep-
0ax, 1974). Ilo moBoay TOro, Kak pacrpeneisoT-
Cs MHUKpPOOPTaHWU3MBI B TIOYBE, EIMHOTO MHEHUS
Her. PaGoramm JI.I. 3BsarunieBa (3BSITUHIECB U
np., 2005) mpemiokeHa HOBas KOHIICTIIHS SKH3HH
S9THUX OpPraHM3MOB B IoYBe. bnaromaps cBoei
MUKpPO30HAJBHOCTH, TIOYBAa JIOJDKHA paccMaTpH-
BaThCs Kak HabOp MuUKpo- M Mme3ocpen. Kak mwm-
mer J[.I. 3BsruHIEB, «MHKPO30HAIHLHOCTH OCHO-
BBIBACTCSI HA JIOKAJbHOM TIOCTYIICHHH OpTaHH-
YEeCKMX OCTaTKOB M KOPHEBHIX BBIICTICHHWHA, a
Tak)K€ Ha MHUKPO3OHAIBHOCTH  paclpeeicHUS
(HOM3UKO-XUMHUYECKUX  YCIOBHH  (OKHCITUTEIBHO-
BOCCTaHOBUTEIILHOTO ToTeHIMana, pH, KoHICH-
TpalMyd DSJIEMEHTOB TNHTaHUS W T.1.), MHHEpAo-
rudeckux (aktopoB». [loaromy Hamuune W 1MOA-
JIepKaHhe TIOJHOTO Habopa BCeX MHKPOOPTaHU3-
MOB BO BCE€X MHKDO30HAX HMEET KOJIOCCAIHLHOE
3HaYCHHE, TaK KaKk WX pabora oOecreymBaeT pas-
HOBECHOE COCTOSIHME ITOYBEHHOW CHUCTEMBI B IIe-
nom (ITaeonoussr..., 2012).

B »3TOM oOTHOWmIEHWH TPYIHO TMEPEOICHUTD
poJiib Bojopociel B mouBe. SBissice ¢doroTpoda-
MH, BOJIOPOCIIM HECYT Ha ce0e OrpoMHYI0 (YHK-
LMOHANBHYI0 HArpy3ky. bwuomacca Bomopociei
MOXKeT KoiebaThCs B Ipenenax oT 7-8 kr/ra B
moyBax JIeCHBIX JKocucrteM a0 1500 kr/ra Ha
mamaax  ([Ituaa, 1991). HyxHO mNOMHHTH, HYTO
rmoKasarejib OMOMAacChl - BEIMYMHA OYCHb M-
HaMUYHass © 3aBUCUT OT MHOTHX OKOJIOTHYE-
CKUX (PaKTOPOB, B YAaCTHOCTH OT BIAXKHOCTH, Xa-
pakTepa pacTUTEILHOTO TMOKPOBa, OMNaja, TiIyou-
HBbI B3iTHSA TpoO, OT ce30Ha roma u aAp. B cpen-
HEM OTH KojebaHus cocrasisgior 0,5-24 /M.
buomacca eme Mamo o YeM TOBOPHUT, KyJa Kak
BecomMee wHH(popMmammsg 00 UX NPOAYKIHOHHBIX
BO3MOXHOCTsIX. Tak, mo panaeiM P.P. KaGupo-
Ba u PI. Munubaesa (KabupoB, Munubaes,
1978) 3a TpuW BereTalMOHHBIX CE30HA IMPOIYK-
U  BOAOPOCHEH B TIOYBE 3aJIe)KHOTO YYacTKa
BBIIIIETIOYEHHOTO 4YepHO3eMa COCTaBWIa B CyM-
Me 486,9 kr/ra OpraHMYECKOro BeEIIeCTBa, U3
HMX CHHE3CJICHBIC Aamu 142,5, 3¢iaeHble U IKel-
To3eleHnle - 192,6 m pguaromoBele - 151,8 kr.
Bpemst oOHOBieHHS OHMOMAacchl IO IOACYETAM
ATUX YYCHBIX COCTaBisiIa oT 1 10 4 gHEH.
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ing between soil particles and a macroscopi-
cally conspicuous grouping on the soil surface in
the form of skinny Parmigiano-microcolony-
schizotrus films, mucous nostocomial growths,
felt-like clusters of filaments of plectonema,
scytonema, symploca, tolipotrix and  some
green algae (Shtina, Hollerbach, 1974). There
is no consensus on the view how microorgan-
isms are distributed in the soil. D.G. Zvyagint-
sev (Zvyagintsev et al., 2005) proposed a new
concept of these organisms life in soils. Due to
its microzonality the soil should be considered
as a set of micro- and mesomedia. D.G.
Zvyagintsev wrote: "microzonality is based on
local intake of organic residues and root secre-

tions, as well as microzonality of spreading
physical-chemical conditions (redox potential,
pH, nutrient concentrations, etc.), mineralogi-
cal factors".

Therefore, presence and maintenance of
all microorganisms complete set in all micro-
zones is of enormous importance, as their

work provides an equilibrium state of the soil
system as a whole (Paleosols..., 2012).

In this respect, it is difficult to overestimate
the role of algae in soils. Being phototrophs, al-
gae bear a huge functional load. The algae bio-
mass can range from 7-8 kg/ha in soils of forest
ecosystems to 1,500 kg/ha on arable lands
(Shtina, 1991). It should be remembered that the
biomass index is a very dynamic quantity and
depends on many environmental factors, in par-
ticular, humidity, characteristics of vegetation
cover, litter, sampling depth, seasons, etc. These
fluctuations amount to 0.5-24 g/m average.
Biomass is uninformative, the data about produc-
tion capabilities are much more significant. Ac-
cording to R.R. Kabirov and R.G. Minibayev
(Kabirov, Minibaev, 1978), the algae production
in the leached chernozem soil was 486,9 kg/ha of
organic matter for three growing seasons, of
which blue-green algae yielded 142.5, green and
vellow-green algae - 192.6, and diatoms - 151.8
kg. According to these scientists’ estimates the
biomass renewal time ranged from 1 to 4 days.



Ha  BomopocneBO-TUIIAMHUKOBBIX  TaKbIpax
Omomacca BOJOPOCJIEH BMeCTe C JUIIAHHUKAMU

MOXeT jgocturatb mo 1,5 t/ra (HoBuukoBa-
WpanoBa, 1977). VYuureiBas, 4YTO NOMUMO OHO-
MacChl, BOJIOPOCITH OO0OTamalOT T[OYBY pPa3iiny-

HbIMH CIIM3IMH B BHIE THAPOQUIBHBIX IOJHCA-
Xapu0B, BHTaMUHAMH, OWOJIOTMYECKH  AKTHB-
HbIMH BCIECTBAMH, a CHHE3CJCHBIC BOJOPOCIIH
elie ¥ a30TOM, JMAaTOMOBBIC Pa3pyIIAlOT Kao-
JIUHOBOE  SAPO  QFOMOCHJIMKATOB,  CTAHOBHTCS
MOHSTHO, HACKOJBKO OrPOMHA pPOJb 3THX MHUK-
POCKONMYECKMX  OPraHU3MOB B  CTAaHOBJICHUH,
Pa3BUTUU TIOYBBI, W HAKOHEI, NPOCTO B €€ KH3-
Hu. Cnu3u, BbACISEMBIE BOJOPOCIISIMH, MOTYT
UMEThb CYIIECTBEHHYI0 MO00aBKy K oOmieid mpo-
nyknuu  Bogopocneit. ITo mammeiM ®orra (Fogg,
1956) cmuzu wmoryTr coctaBiath g0 10 % Bcex

NPOAYUHUPYEMBIX  BOJOPOCIISIMH  OPraHUYECKUX
BemlecTB. Takke caMM OTMEpIIME OpraHU3MbI
elle BBIIOJNHAIOT PoOjb  XeJarooOpasoBaTenei,
[EPEeBOJl HMOHBI METAUIOB U3 HEPAaCTBOPUMOTO

COCTOSIHHSI B PacTBOPHMOE, MOJIIepXKHBas ux Oa-
JIaHC JHSA BbICIIMX pacTeHuid. Henpsst He ymoms-
HyTb 00 OrPOMHOM BKJIQJie CHHE3EIEeHBIX BOJIO-
pocieir (mmaHoOakTepwil) B a30THBIA  OaiaHc
mouB. Kak mmmer E.M. IlamkparoBa (1985) B
MoYBax yMEpEeHHOW 30HbI Poccun B roj Hakar-
nuBaercs 1,6-26 kr/ra, a 3apyOexHBIC YUCHBIC
JUTSL 9TOH 30HBI TPUBOIAT Udpy 1o 51 kr/ra.

U3BectHO, uTO ambroduiopa IMOYB Pa3THUHBIX
CTpaH MHUpa OTHOCUTEIHHO CXOAHAa. BmecTe c Tem
COOTHOIICHHE TAaKCOHOMUYECKHX KaTeropui, Jo-
MUHAHTHBIX BUJOB, J>XU3HEHHBIX (DOPM, 3KOJIOTH-
YECKUX TPYyNI B MX COOOIIECTBaX OOHAPYKUBAIOT
KOPPeJSIIUI0  C  TMOYBEHHO-KIIMMATHYECKAMHU  yC-
JIOBUSIMH TOTO WJIM WHOTO DPETHOHA, W JaXe Owuo-
reoleHo3a. MHOroleTHUE UCCIENOBaHUs IMAaHO-
0aKTepuaTbHO-BOJOPOCICBON ¢opsr TOPHBIX
creneil Asumarckoil Poccunm mMO3BOJNSAIOT caenaTh
BBIBOJI O TOM, YTO BCS BHYTPEHHSS OPraHU30BaH-
HOCTHb anbroQuiopbl, C OIHOH CTOPOHBI SIBIAETCS
WHMKAI[MOHHBIM TPU3HAKOM, a C JPYroi - CBH-
JIETeNCTBYET O LENOM KOMIUIEKCE —aJarTarluii,
ropazno 0Ooiee BBICOKOTO paHra, 4eM TOJbKO BH-
JI0OBOM ypoBeHb. Tak, Hampumep, NPUCYTCTBHE B
Opramr3yloomeM Hadane  albroQiuopsl  TOPHBIX
CcTenel YJIyrxeMCKOW KOTJIOBUHBI TBIBBI 3JIEMEH-
TOB TOJIAPKTHYECKOW, OopeanbHON (iop, OTHOCH-
TENbHO OOJBIIONH TMPOIEHT OJHOBHJOBBIX POJOB
CBHUJIETENILCTBYET 00 aJUIOXTOHHOM XapakTepe ee
dopmupoBanus. Hanmuue mpencraButencii apes-
HUX AJICMEHTOB (DJIOPHI JaeT MPEICTABICHUE O

On algal-lichen takyrs the biomass of algae to-
gether with lichens can reach upto 1.5 tons/ha
(Novichkova-lvanova, 1977). Considering that
besides the biomass, algae enrich soils with vari-
ous slimes in the form of hydrophilic polysac-
charides, vitamins, biologically active sub-
stances, and blue-green algae also with nitrogen,
diatoms destroy aluminosilicate kaolin cores, it
becomes clear these microorganisms signifi-
cance in soil formation, development, and fi-
nally, in its life. Mucus, secreted by algae, can
have an essential additive to the overall algae

production. According to Fogg (1956), mucus
may account upto 10 % of all organic sub-
stances produced by algae. As well dead or-

ganisms themselves act as
transferring metal ions from insoluble to solu-
ble conditions maintaining their balance for
higher plants. It is necessary to mention the
enormous  contribution  of  blue-green algae
(cyanobacteria) to soil nitrogen balance. E.M.
Pankratova points (1985) that soils of the tem-
perate zone in Russia accumulates 1.6-26
kg/ha per year, and foreign scientists give a
figure of upto 51 kg/ha for this zone.

It is known that the soil algal flora of dif-
ferent countries of the world is relatively
similar. At the same time, the ratio of taxo-
nomic  categories, dominant  species, life
forms, ecological groups in their communities
reveals a correlation with the soil-climatic
conditions of a particular region, and even
biogeocenosis.  Long-term  studies of  the
cyanobacterial algal flora of the mountain
steppes of Asian Russia make it possible to
conclude that the entire internal organization
of the algoflora, on one hand, is an indicator
sign, and on the other, evidences a whole
complex of adaptations of much higher rank
than just the species level. So, for example,
the presence of the Plolarctic boreal flora in
the algoflora organizing start in the mountain
steppes (the Ulughem hollow in Tyva) of rela-
tively large percentage of single-species gen-
era testifies to the allochthonous character of
its formation. The presence of representatives
of flora ancient elements gives an idea on the

chelating agents,

15



redesuce BomopocieBoii  ¢uopsr  (I[TuBoBapora,
2008). Kcratn, oHa B 3HAYUTEILHOH CTENEHU CO-
OTBETCTBYET [0 OCHOBHBIM MPOMOPIHAM (HIOPHI
c ¢umopoit Beicmux pacteHuit. CemelcTBeHHas
CTPYKTypa aibroiopel IMO3BOJSIET OMPEILIIAThH
€e KaKk TPOMEKYTOUYHYIO MEKIy apKTHUECKOW U
OopeanpHOU  Quiopamu. Ha crmoxxenue  iopsl,
0e3yCJI0OBHO, HaKJIaJbIBACT OTICYATOK €€ TOPHBIN

XapakTep M IKCTPEMaIbHOCTh YCIIOBHI CPEJIbI.

B cBsiz3W ¢ 3THIM BCTaeT BOIPOC, JOCTATOYHO
mi  uHpopMarmu 00 WHIWKATOPHBIX BO3MOXKHO-
CTSX OTACNBHBIX BHJOB JUII XapaKTCPHCTHKH
YCIIOBHH KaK HBIHE CYIIECTBYIONIMX 3KOCHCTEM,
TaKk W Ui naneonoys. Bmecte ¢ TeM, NMOYBCHHBIC
BOJIOPOCTM MOTYT IIOMOYb B  PEKOHCTPYKIIUU
MPOIIECCOB, KOTOpBIE KOTJA-TO TPOTEKald B Iia-
nmeonouBax. Kakx mnmmer M.A. Cokomo (2004)
«OYBA-TIAMSITE» B

«IHIe»  HaHOOAKTepHaIb-

HOBOJOPOCJICBBIX  IICHO30B COXpAaHACT LCHHYIO

I/IHq)OpMaIII/IIO 0 ObLIOM BHUIOBOM M TaKCOHOMU-
YECCKOM p33H006pa3I/II/I najJcornoyB, a TaKXEe O

TpO(bI/I‘leCKI/IX CBA34X, 4qTo KOCBCHHO MOXET

CBUACTCILCTBOBATL O IPOLCCCAX, IMPOTCKABIINX
B TC JaJICKUC BpCMCHA. HpaKTI/IIJCCKI/I HCBO3-

MOKHO MIEPEOLICHUTD Hay4HO-METOI0JIOTHYe-
CKO€ 3HaueHHE BOAOPOCICH, KaK (OKUBBIX HCKO-
MaeMbIX», <OKUBBIX CBUJIETENCI» HBOIIOLUU Op-
TaHUYECKOr0 MUpa U, OE3yCIOBHO, TOYB, KaK ec-
TECTBEHHO-UCTOPUYECKOM  OHOKOCHON  CHUCTEMBI.
OnHako, MO WMEIOMIEHCS HaydyHOH WH(pOpMau
B TMaJeoroyBax, KaK [MPaBHIIO, OOHAPYKUBAETCS
OYEHb MaJl0 BUAOB Bojopocieil. K coxanenuto,
JAaHHbIE MPAKTHYECKH OTCYTCTBYIOT. HMeroTcs
ennHnYHBIe pabotel (bmaro matHOBa, 2013, 2014,
2014a;
2015; IIuBoBapoBa, bmaro patHoBa, baraytnuno-
Ba. 2016; Temraleeva et al., 2014). B cepuu wc-

CJIICOOBAHHBIX IIAJICOIIOYB

bnaro natHoBa, IluBoBapoBa, OrHesa,

OTHOCHUTEIHFHO COCTa-
Ba BOJOPOCIEH YETKO TPOCISKUBACTCS TEHJICH-
IUs: KpaHAs OeTHOCTh BHOBOTO COCTaBa C Of-
HOW CTOPOHBI W YMEHBIIICHHWE [IOJIEBOTO YYaCTHA
MAaTOMOBBIX C Ce€Bepa Ha IOr - C Apyroi (rad-
nura). Tem He MeHee, JKOJOTHYECKHE XapakTe-
PUCTHUKH D3TOTO HEOOJBIIOTO YHCJIa BOJIOPOCICH
MOTYT YyKa3blBaTh Ha OCOOEHHOCTH (HhOPMHUPOBa-

HUS 1 QYHKIIMOHUPOBAHUS MAJICOTIOYB.
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genesis of algal flora (Pivovarova, 2008). By
the way, it largely corresponds to the higher
plants flora on floral main proportions. The
algoflora family structure makes it possible to
define it as an intermediate between the Arctic
and boreal floras. The composition of the flora,
of course, is effected by its mountain character
and the extreme environmental conditions.

In this connection the question arises,
whether enough information is available on
the indicator capabilities of individual spe-

cies to characterize the conditions of both the
existing ecosystems and paleosols. At the
same time, soil algae can help in reconstruct-
ing processes that once occurred in the pa-
leosols. As LA. Sokolov writes (2004) "soil-
memory" in the "face" of cyanobacteria] al-
gae cenoses preserves Vvaluable information
about the former species and taxonomic di-
versity of paleosols, as well as on trophic re-

lations, which indirectly may indicate the
processes taking place in those distant times.
It is practically impossible to overestimate
the scientific and  methodological  signifi-
cance of algae as ’living fossils”, “living
witnesses” of the organic world evolution,
and, of course, soils as a natural historical
bio-inert  system.  However, according to
available  scientific  information, very few

species of algae are found in paleosols, as a
rule. Unfortunately, the data are practically
absent. There are single works (Blagodat-
nova, 2013, 2014, 2014a, Blagodatnova,
Pivovarova, Ogneva, 2015, Pivovarova,
Blagodatnova,  Bagautdinova, 2016, Temra-
leeva et al., 2014). There is a tendency in a
series of investigated paleosols related to the

algae composition: extreme poverty of spe-
cies composition on one hand, and decreas-
ing a share of diatoms southward on the

other one (Table). Nevertheless, the ecologi-
cal characteristics of this small number of al-
gae can indicate the peculiarities of palaeo-
sols forming and functioning.



Yucyio Bu10B BOZ[OpOC.]'leﬁ u l[I/lal-lOﬁaKTepl/lﬁ B UCCJICIOBAHHBIX ITAJI€0II0OYBAX

Paiion I'my6una 3anerasus OG1mee yncyIo BUIOB BOAOPOCTEH ®opmyna
MCCJICJOBAHUS IMaJICOHOYBCHHOT'O TOPMU30HTA, CM u I_II/IaHO6aKTE:pI/II‘/JI’X< BUIOBOIO cocraBa**
Octpos Berbrit 60-80 10 (3 1pu KyJIbTHBUPOBAHUH J73:10
B 1aboparopuu, 7 - MaHIUPH
JIUATOMOBBIX TP MPSIMOM MHUK-
POCKOIIMPOBAHHH)

Honuna p. Bax 6oiee 170 2 J1131
IOxHbIl Vpan - 5 233
AnTaiicKuil Kpait 110-180 13 J1372K35
TomuuxuHckuit p-H

*Anprodnopa COBPEMEHHBIX IMOYB HE PACCMOTPEHA B JAHHOW CTAThE, COBNANCHMN KAaYECTBEHHOTO COCTABA TPYIIIIH-
POBOK BOJIOPOCIICH MaJeONOYB C COBPEMEHHBIMH HE 00HAPYIKEHO.
**]] - mnaToMOBEIe, 3 - 3eNeHbIe, JK3 - xenTo3eneHsie Bogopocu, 1] - mnanobakTepuu.

The number of algae and cyanobacteria species in studied paleosols

Depth of palaeoluminal horizon Total number of algae Formula of species
Studying area occurrence, cm and cyanobacteria species * composition **
White Island 60-80 10 (3 in cultivation in the labora- D7G,Cq
tory, 7 - shells of diatoms under
direct microscopy)

Vakh River valley above 170 2 D,G;
Southern Ural - 5 D,G;

Altai Territory, 110-180 13 D1G7Y5
Topchikhin District

* Algoflora of modem soils is not considered in this article, there is no coincidence of the qualitative composition of

the algae grouppings of paleo- and modem soils.

** D - diatoms, G - green, Y — yellow-green algae, C — cyanobacteria.

Tak, Hampumep, HWHTEPECHBIMH C OSKOJOIH-
YECKOW TOYKM 3PCHUS SBISIFOTCS JaHHBIC, MOJY-
YCHHBIC TMIPH aJBIOJIOTHUECKOM aHAJIM3e Talieo-
MouYBHl Kapbepa barypune. Bospact mnaneomodss
Kapeepa baTypuHO - COBpeMeHHas IOXKHAs JIECO-
crenb FOxkHOro VYpama (mouBeHHBIE 00Opa3IlbI
mobe3no  mpemoctaBinensl O.A.  HekpacoBoid,
Vpanbckuii (enepanbHblii YHHUBEPCHUTET WM. IEp-
Boro llpesmmenta Poccum B.H. Empnmna) cocras-
nser mopsaka 2073 + 259 mu. (NSKA). Tlousst
dbopmupoBaTUCh B ONM3KUX K COBPEMECHHBIM YC-
JIOBUSIM  (DYHKITMOHHUPOBAHUSI UYEPHO3EMOB B IOXK-
HOM YacTU JICCOCTETIHOM 30HBI WJIM CEBEPHOU Hac-
T - crenHod (YuaeB u ap., 2015). B ansronoru-
YeCKOM IUIaHE MaJleoroyvBa JOCTATOYHO OeqHa IO
BUJIOBOMY COCTaBy, BIPOYEM, KaK M BCE HCCIEIO-
BaHHBIC I1aJICONOYBEHHBIE TOPH3OHTHL. (OOHApY-
3KEHO 5 BHUAOB BOAOpOCHEH, M3 HUX 2 MpeAcTaBU-
tenst  Bacillariophyta: ~ Sellaphora  seminulum
(Grunow) DGMann u Navicula minuscula
Grunow. Sellaphora seminulum - pemkwmii s

Poccum TakcoH, TeM He MeHee, HHTEpECceH
(akT, YTO DOTOT MPECHOBOTHBIM BHI MOXKET
CUUTATBCS ~ MUArHOCTUYECKUM TIPU  TAJICOHTO-

JJOTHYCCKUX HUCCIICIOBAHUAX. Paboramu Saver

Thus, the data obtained in the paleosol algo-
logical analysis of the Baturino quarry are inter-
esting with the ecological point of view. The
paleosol age of the Baturino quarry situated in
modem southern forest-steppe of the Southern
Urals (soil samples are kindly provided by
O.A. Nekrasova, Ural Federal University named
after B.N. Yeltsin, the first President of Russia)
is about 2,073 + 259 years (NSKA). Soils were
formed in similar to modem conditions of cher-
nozems functioning in southern forest-steppe or
northern steppe (Uchayev et ah, 2015). In the
algological plan, the paleosol is rather poor in
species composition like all studied paleosol ho-
rizons. There were 5 species of algae, 2 of them
Bacillariophyta: Sellaphora seminulum (Grunow)
DGMann and Navicula minuscula Grunow. Sel-
laphora seminulum are rare taxa for Russia,
nevertheless, it is interesting that the freshwater
species can be considered as diagnostic ones in
paleontological studies. The works of Sayer
(2012), Madgwick (2011) and co-authors have
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(2012), Madgwick (2011) c coaBrOpamMu JOKa-
3ano, uro Sellaphora seminulum scerma Bctpeua-
ercs B mepuduroHe psacku (Lerana) HeOOmBIINX
npymoB. Takum o0OpazoM, mo MHeHHI0O EMmMson
(2015), sToT BHO MOXET OBITH HUCIOIB30BAH KaK

«IPOKCU-UHAMKATOP»  (3HAYMMBIF)  3apacTaHus
MPECHOBOJHOTO  03€pa  PACKOM B IPOLLIOM.
DKOJ0ro-1eHOTHYEeCKas 3HAYUMOCTh (BL3)

Sellaphora seminulum wmakcumanbHO cpeau Bcex
BUJIOB, OOHapy)XCHHBIX B MAJEONOYBaX, COCTaB-
aser 0,9. DToT akT yKasplBae€T Ha HECOMHEHHO
O0onbIyl0  (YHKIMOHANBHYIO HAarpy3Ky, KOTOPYIO
BBITIOJIHSJT 3TOT BHI B mpomnuioM. Btopoit oOHa-
pyxennsiii Bux - Navicula minuscula, ormeuen ¢
OJHOM CTOPOHBI Kak BHJl, TUIWUYHBIM JUIsI COBpe-
MeHHbIX T0ouB HOkHoro VYpama (®PasmyTauHOBA,
2014), a c pApyrol - TUNOWYHBIM TNpPEACTABUTEND
¢uToruIaHKTOHA ceBepHBIX Mopei. [lpudem, 3TO
BUJI C ILIMPOKOH 3KOJOTMYECKOH BaJICHTHOCTD,
MOXET BCTpeYaThCsi Kak B TpecHbIX (Makeesa,
Haymenxo, 2015), tak u comnensix Bomax (be-
ryH, 3esaruHues, 2013). Kpome mnpencraBureneit
IUATOMOBBIX B HCCIEOBAaHHOM  TaJleOro4Be
oOHapy)keHO TpHU BHOA 3€JIEHBIX BOJOPOCIEH:
Closterium pusillum Hantzscli, Carteria sphagni-
cola Matv., Chlamydomonas atactogama Kaorsch..
Closterium  pusillum npexnmounracr  GosoTHBIE
MOYBbI, OOraThleé OPTraHWKOH, KakKk MpPaBHIIO, Mpe-
(depeHayM HaxoauTcsi B OBIPOQHBIX M  Me30-
Tpodpubix Oomorax (Itmna u ap., 1984; bnaro-
nmataoBa, 2010; IIuBoBapoBa, bnaromatHosa,
2016). Carteria sphagnicola — xomnomonoGuBbIii
BujA, mnpeanouutaeT OonoTHble mouBsl (Eroposa,
CynakoBa, 2009; IluBoBapoBa, bmnaromatHosa.
2016). Chlamydomonas atactogama — mpakTuye-
CKHM BCErJa BCTpEYaeMBI B OOJIOTHBIX IIOYBAx, 0O-
TraTeIX OPTaHWKOW, pa3BUBACTCS B pH30CHEPHON
3oH¢ (Bopommxun, 1951; 3ayep, 1956; IluBoBapo-
Ba, bmaromaraoBa 2016). Heobxommmo OTMETHTH,
YTO TpyMMa 3eleHBIX BOMOPOCIEH, 00bEeTUHSIONIA
«BepHbIE OOJNOTHBIC» BHUABI, HE HMEET BBICOKOH
9KOJIOTO-IICHOTUYECKON 3HaYMMOCTH  (TIOKa3aTesu
9113 BapeupyroT ot 0,07 1o 0,10).

B wuccnemoBaHHBIX ManeonoyBax IO MEpH-
OUOHANBHOMY TpanueHty (oT ocTtpoBa benblit
no Bomonmapkum Amnrtaiickoro Kpas) IpoOClIeXHUBa-
eTcs HEKOTopas TEHACHUUS B paclpeneicHUuH
BOJIOPOCIIEH: 0eTHOCTD BUIOBOTO COCTaBa
TPYNIIMPOBOK  BOJOPOCIEH W LIHMAHOOAKTEpHuH,
HEKOTOpPOE YBEIMYCHHWE 4YHCJIa BHAOB. OJKOJOIO-

OECHOTHYCCKOA 3HA4YCHUC BUI0OB BOI[OpOCJ'Ieﬁ
Majeorno4YB HE3HAYUTCJIbHA, 3a HCKOTOPbBIM HUC-
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proved that Sellaphora seminulum always oc-
curs in the Lemon perifiton of small ponds.
Thus, according to Emson (2015), this species
can be used as a "proxy indicator" (meaningful)
of overgrowing a freshwater lake with duck-
weed in the past. The ecologic-cenotic signifi-
cance (ECS) of Sellaphora seminulum is 0.9 -
maximal among all species found in paleosols.
This fact points to the undoubtedly great func-
tional load that this species has performed in the
past. The second observed species, Navicula
minuscula, is marked, firstly, as a species typi-
cal of modern soils of the Southern Ural
(Fazlutdinova, 2014), and, secondly, as atypical
phytoplankton representative in the northern
seas. Moreover, this species with a wide eco-
logical valence can occur both in freshwater
(Makeyev, Naumenko, 2015), and salt water
(Runner, Zvyagintsev, 2013). Three species of
green algae {Closterium pusillum Hantzscli,
Carteria sphagnicola Matv., Chlamydomonas
atactogama Korsch.) have been found in addi-
tion to representatives of diatoms in the studied
paleosols. Closterium pusillum prefers boggy
soils, rich in organic substance, usually prefer-
endum is in eutrophic and mesotrophic mires
(Shtina et al, 1984; Blagodatnova, 2010;
Pivo varova, Blagodatnova, 2016). Carteria
sphagnicola, a cold-resistant species, prefers
boggy soils (Egorova, Sudakova, 2009; Pivova-
rova, Blagodatnova, 2016). Chlamydomonas
atactogama is practically always found in boggy'
soils rich in organic matter, develops in a
rhizgospheric zone (Voronikhin, 1951; Zauer,
1956; Pivovarova, Blagodatnova, 2016). It should
be noted that a group of green algae united "true
mire" species does not have high ecologic-cenotic
significance (ECS values from 0.07 to 0.10).

In the studied paleosols along a merid-
ional gradient (from the White Island to Vo-
loaorka in the Altai Region), a certain ten-
dency in the algae distribution is observed:
the poverty of the species composition of al-
gal and cyanobacteria groups, and a slight in-
crease in the species number. Ecological-
cenotic significance of paleosol algae species



KIfoueHneM. TeM He MeHee, WMEHHO BHIBI C
BBICOKMMH ToKazatemssmu  OlI3, kak mpaBmio,
UMEIOT JAMarHOCTHYECKYI0 IEHHOCTh s pe-
KOHCTPYKITUHY TaJI€0yCIOBHH.

[MosToMy, 1O KpaitHelt Mepe, Ha JaHHOM
JTane HMEIOUIUEeCs] NaHHBIE O COBPEMEHHOU oOp-
raHu3alii W  OWOWMHAWKAIMOHHBIX  BO3MOXKHO-
CTIX  IIMAaHOOAKTEPHUATBHO-BOJAOPOCIEBBIX  TPYII-
MUPOBOK, C ONpEAeNeHHBIM JOMYCKOM, MOXHO
SKCTPANOJIMPOBaTh W Ha TMAajeoNoYBbl. YYHTHI-
Basg, YTO TaKCOHOMHYEcCKass H OHOreoreHOTHYe-
CKasg OpraHu3ams - TII0Ka3aTeldb OTHOCHTEIHHO
Oonee CTaOWIBHBIN, YeM OTHACIBHO B3STHIC BH-
IIbI, TIpeHeOperatb Takod WHQOpMalmMend Hele-
Jeco00pasHo. BesycnosHo, OMOWHIMKAIIMOH-
HBIC BO3MOXXHOCTH OTACIBHBIX BHJOB HU B KO-
€M ClTydae CO CUETOB cOpaChIBaTh HEJb34.

HecoMueHnHo, BONpPOCOB OTHOCHUTEIBHO BO-
JIOpOCTiell B TaJleormo4YBax OTPOMHOE MHOMKECTBO.
KakoBpl MeXaHH3MBI OCBOCHHS J3TOTO YHHKAIb-
HOTO TIPUPOIHOTO Tejla HBIHEIIHUMH TIPEICTaBH-
tenssmMu - ambroduiopei? Kakum o0pa3oM 3TH HU3-
e OPTaHW3MBI BIUSIOT Ha TpaHCHOPMAIHIO IIa-
neoriouB? KakoBBI peandpbHBICE CPOKH COXPaHHOCTH
JATCHTHBIX JKU3HEHHBIX COCTOSHUU B MaNEOINOY-
Bax? Jlns ajnprogMaronocTHKM HE TOJBKO TMayeo-,
HO W COBPEMEHHBIX ITOYB Ba)XHO HAKaIUIMBaTh Ma-
TEpHaJl 10 JKOJIOTUYECKHM CIIEKTpaM BHJOB JHUa-
TOMOBBIX, OCOOCHHO 3KOJOTHYECKOMY IpedepeH-
IyMy KaxJ0ro M3 HHUX, 4TOOBI HAIEeKHO PEKOHCT-
PYHpOBaTh MAaJCOYCIOBHUS APECBHUX IOYB. MICTOb-
3ysl YK€ H3BECTHBbIC pacyeTHbie (OPMYJIbI B IOY-
BEHHOU aJIBrOJIOTHH (BCTPEYAEMOCTh, AKTUBHOCTb,
9KOJIOTO-IIEHOTHYECKAas 3HAYUMOCTH), KakKue eIre
(DUTOLIEHOTUYCCKUE TIOKA3aTeIM HEOOXOAUMBI JIJIst
xapakTepucTuku Buma? Hackoimbko KOppeKTHa Ta-
kast skcrpamoisinusa’? Iloka yro mpeoOiamaroT Bo-
MPOCHI, HO B TMEPCHEKTHBHOCTH ATOTO Harpasie-
HUS UCCIIEIOBAaHUI COMHEHHUN HE OCTAaeTCsl.

is insignificant, with some exceptions. Never-
theless, it is the species with high ECS values,
as a rule, that are of a diagnostic value to re-
construct palaeoenvironment.

Therefore, at least at this stage, existing
data on the current organization and bioindi-

cation capabilities of cyanobacterial-algal
groups, with a certain tolerance, can be ex-
trapolated to paleosols as well. Considering

that the taxonomic and biogeocenotic organi-

zation is a parameter relatively more stable
than individual species, it is not advisable to
neglect such information. Definitely, bioindi-
cation capabilities of individual species can

be taken into account.

Undoubtedly, there are a lot of problems
on algae in paleosols. What are the mecha-
nisms for developing this unique natural body
by the current algalflora representatives? How
do these lower organisms influence the trans-
formation of paleosols? What are the real
terms of preserving latent life states in paleo-
sols? For algodiagnostics both paleo- and
modern soils, it is important to accumulate ma-
terial on the ecological spectra of diatom spe-
cies, especially the ecological preference of
each of them, in order to reconstruct reliably
the paleoecological conditions of ancient soils.

Using already known design formulas in soil
algology  (occurrence, activity, ecological-
cenotie significance), what other phytocenotic

indices are required to characterize a species?
Is this extrapolation correct? Still questions are
predominated, but there is no doubt in pros-
pects of this research direction.
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