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ABSTRACT. Biofilms play an important role in the material flux of lakes and other aquatic ecosystems,
but little is known about the mechanisms controlling their community structure under natural condi-
tions. In the present study, we focused on the use of artificial substrates for the life strategies of micro-
bial communities investigation. Heterotrophic nanoflagellates (HNF) are known as most important graz-
ers of bacteria in the biofilm communities. The Choanoflagellida have an essential role in microbial food
webs contributing to a process of self-purification of water bodies as well as sponge choanocytes, filter-
ing large water volumes. Effects of Cyanobacteria and other pathogenic microorganisms on sponges are
very similar to the same effects on Choanoflagellida and HNF in the early phase of biofilm colonization.
Standard microbial biofilms (model communities) can serve for ecorobots development.
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1. Introduction

The microbial components of aquatic food webs
(bacteria, microalgae, heterotrophic and mixotrop-
hic flagellates, and ciliates) can often be important,
and sometimes dominant, part of aquatic ecosystems.
Heterotrophic flagellates have been recognized as con-
sumers of suspended as well as of attached bacteria
(Boenigk and Arndt, 2002). The abundance of individ-
uals in microbial species is so large that dispersal is
rarely restricted by geographical barriers. Given their
ubiquitous nature, the quantitative and behavioural
trophodynamics of protozoans is undoubtedly central
to their ecological significance and to the flow energy
and materials through the microbial food web (Finlay,
2002). HNF, as the most important grazers of bacte-
ria in biofilm communities, generally contain a diverse
community of species significantly differing in their
feeding behaviour and other ecological properties.
Recent studies of flagellate feeding processes indicated
that there are significant species-specific differences
and individual variability regarding the food uptake
and food selection of bacterivorous flagellates (Boenigk
and Arndt, 2002). Variability of bacterivory is discussed
regarding the prevailing feeding modes and the feed-
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ing microhabitat, respectively. The Choanoflagellida
is peculiar group interesting in different aspects such
as evolutional, ecological, and practical. They have an
essential role in microbial food webs contributing to a
process of self-purification of water bodies as well as
are used in monitoring systems (Caron et al., 2012).

2. Materials and methods

We have found more than 120 species of hetero-
trophic nanoflagellates and more than 90 species of cil-
iates and sarcodines inhabiting the PMC (glass slides)
in different water-bodies (Zolotarev, 2007). Studies of
microperiphyton communities were conducted in lakes
of Karelia, the Rybinsk reservoir, Lake Baikal, Ladoga,
acidic lakes of Darwin National Park, in temporal nat-
ural wetlands and in experimental microcosms. The
basic problem in analysing aquatic ecosystems is their
complexity. The difficulty of locating, quantifying and
replicating habitat types at various stations along an
environmental or pollution gradient has led many
investigators to use artificial substrate samplers (Cairns,
1982). By far, the most commonly used artificial sub-
strate has been glass slides (76 x 26 mm), which have
the advantage that they can be collected under water by
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placing them in a jar of water, then transported to the
laboratory and placed on the stage of the microscope
for direct observation. Glass slides were used to detect
the more fragile attached protozoans in vital microper-
iphyton communities. These substrates were suspended
in the water in a vertical position by means of plastic
holders, nylon rope, floats and anchors. Samples were
collected by placing exposed slides into jars under the
water surface. Two or four replicate substrates were
generally harvested from each site on a given day; sam-
ples were transported to the laboratory as soon as pos-
sible. Samples that could not be analysed immediately
were stored at the ambient temperature of the sampling
location. All initial identifications and measurements of
protozoans were made on living samples usually in 3-5
h after collection. Usually, direct counting was done
under the light microscope with 300x magnification,
using phase contrast.

3. Results and discussion
3.1. Artificial substrates and initial stage
of colonization

The chief functional role of substrate-associ-
ated protozoans appears to be the processing of dead
organic matter and its associated bacterial flora. Food
consumption of HNF is often aided by specialised feed-
ing organelles which is of importance especially for
the detachment of closely attached bacteria. There
are differences in the mobility of the HNF also on the
substrates which affects the feeding on bacteria (e.g.
bodonids and cercomonadids, Fig. 1). Bacterivorous
organisms should be able to optimize their food uptake
by searching for patches of high bacterial abundances.
This may explain HNF survival in oligotrophic environ-
ments such as lakes. Choanoflagellates are unicellular
eukaryotes that are ubiquitous in aquatic habitats. They

have a single flagellum that creates a flow toward a
collar filter composed of filter strands that extend from
the cell. Choanoflagellates are single celled or colonial
HNF, these organisms are widely distributed geograph-
ically, some species may be entirely pelagic but most
are particularly associated with suspended debris or
solid surfaces (Carrias et al.,1998). Recognised as pri-
marily filter feeding bacteriovores, the choanoflagel-
lates occupy a vital niche in the microbial loop.

3.2. Functional diversity and model
communities: some basic considerations

Biologists usually apply models to reduce the
unsolvable problems of complicated systems in of the
natural world. The most widely distributed species at
the initial stages of colonisation in biofilms (pioneer
species) in different lakes and other water-bodies were
the colonial choanoflagellates (Codonosiga botry-
tis), dominant in mesosaprobic waters. So, C. botrytis
can be served as a model organism. In mesosaprobic
waters the species diversity of microperiphyton and the
abundance of the colonial choanoflagellates are max-
imal (from 1000 cells per sq. cm to 50,000 cells per
sq. cm), in oligosaprobic and polysaprobic waters the
species diversity and abundance of choanoflagellates
decreased. By undulating their flagella, choanoflagel-
lates generate local water currents to propel themselves
through their aquatic environments and to collect bac-
teria and detritus on the walls of their collars. Although
their collars are nearly undetectable by light micros-
copy, the flow of water can be discerned as bacterial
prey swirl helplessly toward their choanoflagellate
predators (King, 2005).

The term ‘indicator species’ is very usual in lit-
erature on biological monitoring, but the term ‘indi-
cator communities’, or ‘model communities’, could be

Fig.1. Feeding of different bacterivorous nanoflagellates (derived from Zhukov, 1993) by filter-feeding (1, choanoflagellate
Monosiga), sedimentation (2, choanoflagellate Choanoeca perplexa), interception feeding (3, chrysomonad Spumella; 4, bicosoe-
cid Bicosoeca; 5, diplomonad; 6 bodonid Bodo saltans), raptorial feeding by a pharynx (7, bodonid) or by pseudopod like struc-
tures (8, apusomonad Apusomonas; 9, cercomonad Cercomonas) (after Boenigk and Arndt, 2002).
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more suitable for a wide range of bioassays (Zolotarev,
2007). Periphyton communities that are formed on arti-
ficial substrates can be defined as “periphyton model
communities” (PMC). Protists can be served as model
organisms, reflecting all the main elements of the biotic
circulation in the PMC: phototrophs producing organic
matter, heterotrophs, and decomposers, they have acted
as models to assess fundamental ecological issues.

3.3. The hydrodynamics of filter feeding
and choanoflagellate/sponge transition

This is important to these purely heterotro-
phic organisms that rely exclusively on prey captured
from a very dilute suspension, requiring them to daily
clear a volume of water corresponding to one million
times their own body volume. Choanoflagellates are
equipped with a single flagellum that creates a flow
toward the collar filter where bacteria-sized prey are
retained on the microvilli tentacles (Fig. 2., after Pettitt
et al., 2002). Movement of the flagellum creates water
currents that can trap bacteria and detritus against the
collar providing filter-feeding Choanoflagellates have
a huge impact on the food chain, aiding the flow of
carbon from primary producers to higher trophic lev-
els (including ourselves!). They comprise 5-40% of
heterotrophic nanoflagellates and may filter between
10% and 25% of coastal surface water each day (King,
2005).

Choanoflagellates are filter feeders and an
important component of microbial foodwebs (Carrias
et al.,1998), and sensitive as sponges (Belikov et al.,
2019). They share ancestry with animals and have
remarkably common characteristics with the choano-
cytes of sponges (Cavalier-Smith, 2017). During the
past century, choanoflagellates have been the subject
of numerous studies with the goal of understanding
the evolution of multicellularity in animals. Sponges
evolved thus from a craspedid-like stem choanoflagel-
late (Cavalier-Smith, 2017).

4. Conclusions

The age of discovery is not over for protistology.
The extent of protistan diversity is vast and still not fully
characterized, but genetic approaches are providing
new tools for identifying and quantifying abundances
and for delving deeply into the taxonomic composition
of natural, complex assemblages (Caron et al., 2012).

There are all the main elements of the biotic circu-
lation in the PMC: phototrophs producing organic mat-
ter, heterotrophs, decomposers, and the substrate with
adsorbed chemicals. New methods based on periphyton
communities using polyurethane foam units (PFU) as
artificial substrates, was included into the monitoring
system of China and Korea, (Gu et al., 2023; Jiang et
al., 2007). We must remember our responsibility for the
Lake Baikal, explore Al and machine learning enabling
new ecological capabilities and knowledge in ecorobots
and other emerging techniques.
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Fig.2. Cross sectional diagram of filter feeding in choano-
flagellates, showing some of the measures used in this paper.
H is the mid-point of the cell above a boundary, A is the
radius of the cell protoplast and L the length of the flagellum.
Grey lines show direction of fluid flow, grey spheres indicate
the manner and sites of bacterial capture and ingestion (after
Pettitt et al., 2002).
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AHHOTAILHA. Mukponepu®uTOH UrpaeT BaXXHyI0 POJIb B IOTOKE OPraHUYECKUX BEIIECTB 03€ep U APY-
TUX BOOHBIX S3KOCHCTEM, HO MaJIO YTO M3BECTHO O MeXaHH3MaxX, KOHTPOJIUPYIOIUX CTPYKTYPY UX CO00-
L[eCTB B €CTECTBEHHHIX YCJIOBUAX. B HacToAIeM HccaeJOBaHUU MBI COCPeAOTOYMINCh Ha MCIIOJIb30Ba-
HUU HUCKYCCTBEHHBIX CYyOCTPAaTOB JJIsI MCCJIEIOBAHUSA XU3HEHHBIX CTPAaTeruii MUKPOOHBIX COOOIECTB.
Tl'ereporpodnbie HaHOGIare AT (TH®) n3BecTHH Kak HauboJiee BaXHbIe MOTPeOUTENN OAKTEPUI B
OMOILIEHOYHBIX cO00IIecTBax. X0aHO(IareJIATh UCPAalT BaXXHYI0 POJIb B MUKPOOHBIX MUIMIEBHIX CETAX,
CIIOCOOCTBYA MpOoLieccaM CaMOOYHUILIEHUA BOAOEMOB, OAOOHO X0aHONUTaM I'yOOK, QUIIbTPYIOIINX 00JIb-
me 06beMbl BOJIbI. Bo3melicTBUsA MMaHOOAKTEPUN U IPYTUX MAaTOTeHHBIX MUKPOOPraHN3MOB Ha rybok
AHAJIOTUYHBI TAKUM JX€ BO3JeNCTBUAM Ha xoaHoduare/uiaT u 'H® Ha paHHMX 3Tanax KOJIOHU3AIUU
cyberpaToB. CTaHOapTHbIE MUKPOOHBIE OUOILIEHKHU (MOJieJbHbIE COOOIIECTBA) MOXHO HCIOJIB30BATh

1A pa3paboTKu 5KOpOOOTOB.

Kiioueavie ciroga: MukpornepudUToH, MUKPOOHbBIE COOOIECTBa, MHIUKATOPhl pAHHEr0 MpeAyIpexXaeHu,
HCKyCCTBEHHBIE CyOCTpaThl, MOE/IbHbIE COOOIECTBa, CTaHJapTHU3AIMA, IKOPOOOTH
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1. BBeapenue

MukpoOHbIE KOMIIOHEHTBl BOJHBIX MHIEBBIX
cereli (6akTepum, MUKPOBOJOPOCJIU, reTepoTpodHBIe
U MUKCOTPOGHBIe KXI'YTUKOHOCIEI, NHQY30pUN) 4acTo
MOTYT OBITH BaXHOW, a MHOTAA W JOMUHUPYIOIIEN
4acThbI0 BOJHBIX dKocucTeM. ['eTepoTpodHbIe XIyTUKO-
HOCIIBI ABJIAIOTCA OCHOBHBIMH IOTpeOWTEsIAMH ILJIaH-
KTOHHBIX, a TaKXe MPUKpeIIeHHbIX OakTepuii (Boenigk
and Arndt, 2002). O6une oco6ell B BUaax MUKpPOOpPra-
HHM3MOB HaCTOJIBKO BEJIMKU, YTO UX pacIpoCTpaHeHue
peAKo orpaHUuYMBaeTcA reorpaduueckuMm 6apbepamMu.
KocMomnonuTHOe pacnpocTpaHeHune, KOJWYeCTBEHHas
U noBeJleH4ecKas TpopoAruHaAMUKa IPOCTEHIIINX, HEeCO-
MHEHHO, UMeI0T peniaroliee 3HaYeHue I MpUCyIiei
UM 5KOJIOTMYECKOW POJIM U JJIA MOTOKA SHEPTruu U
MaTepHuajoB uepe3 MUKpOOHYyIo nuieBas ceTh (Finlay,
2002). TH® xak HauboJiee CylIIeCTBEHHBIE TIOTpe-
butenu OakTepuil B cooOljecTBaXx OHOIIEHOK, Kak
NpaBWjio, cofepXaT pa3HooOpasHble T'pYyNNBl BUJIOB,
CyIIeCTBEHHO pa3/IMYaloNNXCA CBOMM MUIEBBIM MOBe-
JeHreM U [APYIMMH 5KOJIOTUYEeCKHMHU CBOMCTBaMU.
HenasHue nccieqoBaHus MpOIECCOB MUTAHUA XIYTHU-
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KOHOCIIEB IOKAa3ajd, YTO CYLIECTBYIOT 3HAYUTEJIbHbIE
ByfocnenrUIHbe pasinuuAd U UHOAUBUAyaJIbHaA
HM3MEHUYMBOCTb OTHOCUTEJIBHO MOTpebsieHnsa U BhIOOpa
numy 6akTeproTpodHBIME XryTUKoHOocHaMmu (Boenigk
and Arndt, 2002). Bapra6eJsibHOCTb 6aKTEPHOTPOGHOTO
NUTaHUA KOpPeJIUpyeT ¢ IpeobafaloiuMy criocobamu
NUTaHUA U TPOGHOCTHI0O MUKPOCPEAB COOTBETCTBEHHO.
XoaHodJiaresnuasl (BOPOTHUYKOBbEIE) — cBoeoOpa3Has
rpynna 'H®, uHTepecHasa B pa3HBIX acleKTax - 3BO-
JIIOLIMOHHBIX, JKOJIOTUYECKUX U MpakThudeckux. OHu
WUrparoT BaXHYI POJIb B MUKPOOHBIX NMUINEBBIX CETAX,
CIIOCOOCTBYIOT IpoljeccamM CaMOOYMIIEHUA BOAOEMOB,
a TakXe MCHOJb3yTCs B OmoMmoHutopunre (Caron et
al., 2012).

2. MaTtepuanbl 1 MeTOAbI

Hamu o6napyxeHo 6osee 120 BupmoB 'H®, a
Takke Ooslee 90 BuAOB MHOGY30pUIl U CapKOAOBHIX,
3acesiAINNX UCKyCCTBEHHble cyOcTpaThl (CTeKJIsAH-
HbIe IUTaCTHHBI) B BOJj0eMax pasHoro tuma (Zolotarev,
2007). C6op maTepuasa MpoOU3BOAUIN Ha PRIOMHCKOM
BOZIOXpaHWINIIe U o3epax BepxHeii Bosry, a Takxe Ha

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
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o3epax Kapesnuu, Ha Baiikajie u B 3KciepUMeHTaJIbHBIX
MHUKpokocMax. OCHOBHBIe MpO6GJIeMBI NPU HcCIieoBa-
HUU BOJAHBIX 3KOCUCTEM - 3TO UX CJI0XHOCTb U TPYIAHO-
CTU BBIOOpPA perpe3eHTAaTUBHBIX CTaHIUN 0TOOpa Mpob.
MHorue uccyieoBaTesu pemanT No4o0HbIe TPOOJIEMbI
MyTeM HCIOJIb30BaHUA UCKYCCTBEHHBIX CYOCTpPaToB
(Cairns, 1982). M»sl ucnojp30Baju B KauyecTBe CyO-
cTpaTa CTeKJIAHHbIe IJIACTUHBI CTaHAApPTHOr'0 pa3Mepa
(76 x 26 MM), OOBIYHO HEKOPPO3UOHHEIE TIpe/IMeTHBIE
cTeKJ1a 1J11 MUKpPOcKomoB. Beibop cybcTpaTa 06ycyioB-
JleH HeOoOXOAUMOCTBI0 TNPUXU3HEHHBIX HabOJI0AeHUuN
3a Meakumu (06b19HO 0 10 MM) opraHu3Mamu, JIerKo
MOBpeXJaeMbIMU TPU KaKOM-JIUOO KOHLIEHTPUPOBa-
Huu npob6. IlnacTmaccoBble IITaTUBH C 3aKperieH-
HBIMM B HUX CTEKJITHHBIMU IJIACTUHAMMU JJIS N3yUeHUs
neprudUTOHHBIX COOOIIECTB MOrPYXalT Ha 33aHHBIE
rJIyOUHBI Ha LIHYpax, CBA3aHHBIX C MOIJIABKOM U SIKO-
pem. IlnmactuHBl OoOpacTaHUsA BBIHMMAIOT M3 KacceT
u noMemaioT B 6aHouku (100-250 mu) mop moBepx-
HOCTBIO BOJbl, 3aTeM [IOCTaBJIAIOT B JiabopaTopuio.
KosiuecTBeHHBII yYeT XI'YTUKOHOCIEB IIPOU3BOLAT
MoJl MMKpPOCKONOM ¢ (ha30BOKOHTPACTHBHIM YyCTPOM-
CcTBOM, ipu yBeanueHuu 300x.

3. Pe3ynabTatbl M 06Ccy)xpeHue
3.1. UckyccTBeHHbIe cybcTpaTbl M
HayanbHafA CTaAUA KOAOHHU3aAUUM

OcHoBHasg (QyHKIMOHA/JbHAsA POJib CBA3aHHBIX
c cybcTpaToM MpOCTeHINX 3aKJlodaeTcA B Iepepa-
00TKe MepTBOM OpraHWKU U CBA3aHHON ¢ HUM OakTe-
puasnbHOil Guopsl. IloTpebnenue numu 'H® yacto
obecrieunBaeTcs ClelUaJIl3UpOBaHHBIMU MHUIEBBIMU
opraHesjjlaMH, 4YTO OCOOEHHO BaXHO MJjiA OTheJie-
HUA OT cyOCTpaToB NPOYHO MNPUKpeIIeHHBIX OakTe-
puil. CyllecTBYIOT pasjnuusA B crocobax ABUXeHHA

I'H® Ha cybcTtpaTaxX, KOTOpEle obOecrneunBaiOT MUTa-
HHUe GakTepusaMu (Hampumep, y 60JOHUI U LIepKOMO-
Hap, Puc. 1). BakTepuoTpodHbBle OpraHU3Mbl JOJIKHEI
HMeTb BO3MOXHOCTh ONTHMH3HPOBaTh IHOTpebJieHHe
MM [yTeM [OHCKa YYacTKOB C BBICOKMM COAEp-
kaHueM OakTepuil. DTO MoXeT OOBACHUTH BbIKHBa-
Hue 'HO® B onurorpodHoOil cpede, Takoil Kak o3epa.
XoaHodJiareiAThl — OOHOKJIETOYHBIE U KOJIOHHUAJIb-
Hble 3YKapuOTHl, [IOBCEMECTHO paclpOCTpaHEHHBIE B
BOJHBIX 3KOCHCTEeMax. Y HUX eCTb eJMHCTBEHHBIN XKIy-
THK, KOTOPBIH co3AaeT NOTOK K GUIbTPY-BOPOTHUUKY,
cocTosAlleMy M3 paclIdpsAlomuxca HUTeld (QuibTpa u3
KJIeTKU. XoaHo(Jiare/UIATh MHUPOKO paclpoCTpaHeHb
pacrnpocTpaHeHbl reorpaguyecky, HEKOTOpble BHJbI
MOTYT OBITh ITOJIHOCTBIO MeJlarn4ecKUMU, HO OOJIbIINH-
CTBO U3 HUX BeJleT IIPUKpeIIeHHBIH o0pa3 XU3HU Ha
B3BEelIeHHBIX YacTUILlaX AeTpUTa WJIU TBEPAbIX IOBepx-
HocTax (Carrias et al.,1998). O6menpusHaHbsle QUTb-
TpaTopul-0akTepruodary, xoaHodaresAThH 3aHUMAaT
KM3HEHHO BaXKHYI0 HUIIy B MUKPOOHO! IeTJie.

3.2. dyHKuMOHanbHOE MHOroobpasue
U MOAEAbHble CO00LecTBa: HeKoTopblie
OCHOBHbIE acneKTbl

Buosiorn OOBIYHO MNPHUMEHAIOT MOJENU [JIA
YIPOIIEHHOT0 IOHMMAHUA CJIOXHBIX CUCTEM B MHpe
npupoasl. Haubosiee mupoko pacnpocTpaHeHHBIN
BYUJ Ha HayaJbHBIX dTanax KOJIOHM3aluu CyOCTpaToB
(«nroHepHEIe BUAbL» Tepru(GUTOHA) B pa3IMYHBIX BOAO-
eMax - KOJIOHUaJIbHBIE XoaHodaresuiaTel Codonosiga
botrytis, noMuHHpYIOLIiE B Pa3HOTUIIHBIX BOJOeMaX,
3TOT BUJA MOXET CJIy>XXUTb MOJEJIbHBIM OpraHu3MoM. B
Me30canpoOHBIX BOJAax BHUI0BOe pasHOoOpasue MUKPO-
nepu(uUTOHA M YNCIIEHHOCTbh KOJIOHMAJIBHBIX XOaHO-
¢rarennar makcumanbHbl (0T 1000 KJIETOK Ha KB. CM

Puc.1. Ilutanue pas3nuyHbx 6akTeproTpodHbIx HaHodaresAT (o Xykos, 1993): ¢unprpanus (1, xoaHodIaresJIATH,
Monosiga), cegumenTtanus (2, xoaHoduaresutaTs,, Choanoeca perplexa), «mepexBaThiBaloliee» MUTaHUE (3, XPU30OMOHAbI,
Spumella; 4, 6uko303uKAbL, Bicosoeca; 5, qunoMoHaasr; 6, 6ogoHUAB, Bodo saltans), xuiiHOe NUTaHUeE TI0TKOU (7, 60JOHUIHI),
WM TICEBIONOUaIbHOE (8, amycoMoHaabl, Apusomonas; 9, nepkoMoHassl Cercomonas), (o Boenigk and Arndt, 2002).
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no 50 000 kJileToK Ha KB. CM), B OJIMTOCANpOOHBIX U
noJiMcanpoOHBIX BOAax BUAOBOe pasHooOpasue U 4uC-
JIEHHOCTb X0aHodJIaresiAT yMeHbliaeTcs. [IBikeHreM
KT'yTUKOB XOaHO(J1aresusIATh TeHepUpPYIOT JIOKaJIbHbIE
IIOTOKU BOABI, YTOOBI cOOMpaTh 6aKkTepuu U AeTpUT Ha
CTeHKax BOPOTHUYKOB. XOTA UX BOPOTHUYKHU IIOYTU He
0OHapyXUBalOTCA IIPY CBETOBOM MHKPOCKOIIMH, [TOTOK
BOJBl MOXXHO pa3jIMYUTh IO KPYTOBBIM TPaeKTOPUAIM
YacTUI] IeTpUTa U B3BelleHHbIX OakTepuii (King, 2005).

Buosiornyeckrii MOHUTOPHUHI BOJOEMOB OCHO-
BaH IJIaBHBIM 00pa3oM Ha KOHIeNIMU WHANKATOPHBIX
BUOB, OoJlee MHTErpajbHyl0 KapTUHY KayecTBa BOJBI
MOTyT AaBaThb MeTOABI, OCHOBaHHble Ha «HMHAWKATOp-
HBIX CcOOOIlecTBax», WIN «MOJEJIbHBIX COO0OIiecTBax»
(Zolotarev, 2007). Cneumdudyeckue TpyMIbl THUAPO-
OUOHTOB, (popMHpyIOIIMecs Ha HCKyCCTBEHHBIX CyO-
cTparax, Mbl Ha3BaJil MOJEJIbHEIMU COOOIIecTBaMu
nepudutoHa (MCII), 3gech NpUCYTCTBYIOT OCHOBHEBIE
3JIeMeHTH OHMOTHYeCKUX LUKJIOB: (OTOTpPOdHI, rere-
pOoTpodHl, yTUIN3aTOPhl OPraHUKH, a Takke cyOcTpar
¢ aicopOMpOBaHHBIMU BellleCTBaMMU.

3.3. M'mapoaHamuka GUMALTPALMOHHOIO
NUTaHUA U BONPOCHI 3BOAIOLMH
xoaHnodnrarennaTbl/rybku

BaxxHo oTMeTuTh, 4TO AJIA 3THUX YHCTO reTe-
POTPOQHBIX OPraHNU3MOB, KOTOPBIE II0JIaraloTcs UCKJIIO-
YNTeJIbHO Ha MuIly, MOMMaHHYI0 U3 OYeHb CUJIBHO
pa3baBJiIeHHOH CyCIIEH3UU, YTO TpebyeT exxeJHEBHOI
dunbpTpanuu omnpefesieHHOro oobemMa BOJBI, COOTBET-
CTByIollero o0beMy HUX TeJja, YBeJIMYEHHOTO B MHJI-
JUOH pa3. EAMHCTBEHHBIN XTYTUK XOaHO(JaresiAT
CO3J1aeT IOTOK K BOPOTHUKOBOMY GUJIBTPY, IAe 3aAep-
JKuBaeTcsA JoOblua pa3MepoM c OakTepuio Ha IIynasib-
ax MUKpoBopcuHOK (Puc. 2. (mo Pettitt et al., 2002).
dubpTpalliOHHOE NHTaHWe XoaHOo(JIare/UIAT COCTaB-
JisileT OTPOMHBIN BKJIa[ B MHUIIEBYIO Iellb, ClIOCOOCTBYA
IIOTOKy YyrJjiepoa OT IepBUYHBIX IIPOU3BOAUTEsIEN
Ha OoJiee Bbicokue Tpoduueckue ypoBHM (Carrias
et al.,1998). OHU COCTaBJIAIOT CYIIECTBEHHYIO [OJIIO
rereporpodHbix HaHo(piaremnar (5-40%), u urpawmT
0co0yI0 poJjib B Mpoljeccax caMOOUYHIIEeHNS BOJOEMOB,
OTGUIBTPOBLIBAsA A0 25% MNOBEpXHOCTHHIX BOJ eXe-
nHeBHo (King, 2005).

Kpome BaxHOro BKjaja B MUKPOOHBIE NHIlle-
Bble ceTU xoaHodJarejUIAT, aHaJOrm4yHas poOJb B
o3epe balikan nmpuHaAIeXUT ryokaM, U COBpeMeHHbIe
3aboJsieBaHus ryook (Belikov et al., 2019) mbl MoXxeMm
CPaBHUTH C BJIMAHNEM TOKCHUYHBIX I[aHOOAKTepuil Ha
MUKponepuuToH. YAUBUTEJIbHO OOlue XapaKTepH-
CTHKU OTMeYeHbl IeHeTHKaMH y XoaHodJareyuaT ¢
XoaHoLuTaMu ry0ok. B nponuiom crosietun xoaHodJia-
reJUIATH ObLIM peIMETOM MHOI'OYMCJIEHHBIX UCCIIeI0-
BaHUY C I[eJIbI0 IOHATH 3BOJIIOLKI0 MHOTOKJIETOUHOCTHU
y xkuBoTHBIX (Cavalier-Smith, 2017, u np.).

4. BoiBOADI

Omoxa OTKPHITUI AJIs MPOTUCTOJIOTHU MPOZOJI-
KaeTcs. Besmko MHOroo6pasue MpoTHUCTOB, HO TeHeTH-
YecKre MOJXOMAbl IPEeJOCTABJIAIOT HOBBIE MHCTPYMEHTHI
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Puc.2. Cxema ImomepeyHOro ceveHus GUIbTPALLOH-
HOro MUTaHUA XoaHodJareaAT: H — cepenuHa s4eiiku Haz
rpauuieil, A — paguyc IpoToIlacTa KJIeTKu u L - JiiuHa
xryTvka. Cepble JIMHUM TOKAa3bIBAIOT HampaBjieHUE IOTOKAa
XKUIKOCTH, Cepble JUHUU cephl YKa3bIBAIOT CIOCOO U MeCTO
3axBaTa OakTepuii (1o Pettitt et al., 2002).

UL naeHTUUKaANUKU U rJ1yOOKOro u3y4eHus CJI0XHBIX
npupoanHsix cucteM (Caron et al., 2012). MoaesbHBIE
coobmecTBa nepupUTOHA TaKXe ABJIAIOTCA OJHUM
M3 VHCTPYMEHTOB TaKUX MCCIefOBaHUM, MOCKOJIBKY
37lecb IIPUCYTCTBYIOT BC€ OCHOBHBIE 3JIeMeHTHl OUOTU-
YeCcKOro Kpyrosopota: ¢oToTpodsl, npoayLUpyoLiie
opraHuieckoe Bell[eCTBO, reTepoTpPOdkl, peAyLeHThl, 1
cyberpaT ¢ aficopOMpOBaHHBIMU XMMUYECKUMU Bellle-
cTtBamu. HoBble MeTO/ibl HA OCHOBe co001[ecTB nepudu-
TOHA C UCII0JIb30BaHKEM [1eHONOJINYPeTaHOBbIX OJIOKOB
(PFU) B xauecTBe MCKYCCTBEHHBIX CyOCTpaTOB, OBLIN
BKJIIOUEHHI B ccTeMy MOHUTOpUHTra B Kutae u FOxHoM
Kopee (Gu et al., 2023, Jiang et al., 2007). Mbl JOJKHBI
IMIOMHUTH O CBOEH OTBETCTBEHHOCTM 3a barika, BKJIIO-
4aTh B MCCJIEIOBAaHNA NCKYCCTBEHHBIN UHTEJLJIEKT, pas-
pabaTeiBaTh 3KOPOOOTHL U APYTrHe HOBBbIE TeXHUYeCKHe
BO3MO’KHOCTH.
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