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DO FUNGI OF BOGS DEPEND ON WEATHER? THE RESULTS OF 3-EAR OBSERVATIONS OF MACROFUNGI USING
PERMANENT PLOTS.

BbIBAET /I TPUBHOW AOMAb HA BO/IOTE? PE3Y/IbTATbI TPEXNETHUX HAB/TIOAEHWI HA MNOLALKAX 3A
COOBLIECTBOM MAKPOMMUETOB.

BbiBaeT in rpubHON A0XKAb Ha 6onote?
Is there “mushroom rain” in peatlands?

B pycckom fA3biKe cyujecmeyem crieyudsnbHoe HassaHue 014 murna 0oxcoel, nocsie Komopwix nofasasomcsa epubsi:
«pubHoli 0ocOb». IMa HaApPoOHAsA NpuMema Ha camom Oesie He OasneKa om UCMUHbI 8 cay4ae secos. OOHAKo, umeem
71U 00HOb MAKOE Hee Mo0HUMENbHOE 8aAUAHUE Ha 6osomax? Vnn, Kak nokasaHo Ha ¢oTorpadumm, BoinageHue goxRaen
W pasBuTUE TPUOBOB MOTYT MMETb OTPULIATE/IbHYIO KOPPENALUIO B CBA3N C U3BbITOYHON BNAXKHOCTbIO NO4YB Ha 6on0Tax
(obpaTTe BHMMAaHWE, YTO B 3TOM KOHKPETHOM C/ay4vyae CU/IbHbIA [0XAb 3aTONWA Aaxe NA0A0Bble Tena, a 3HauyuT
AanbHeMnllee UX pa3BuTUe byaeT HEBO3MOMKHO).

* Saprotrophs
* Parasites
* Symbionts

Major studied fungal groups:
* Micromycetes in peat layer
* ECM species with bog trees
* Ascomycetes on plant litter
* Lignicolous on wood

* Macromycetes

* Yeasts

\ * Chytridiomycetes

N ANT A U 3 * Water hyphomycetes

Rice et al., 2006, In vitro decomposition of Sphagnum...

Mpnbbl B 3KOCUCTEMAX TOPDAHBLIX HONOT UrPatOT BaXKHYO POJIb canpoTpodoB, NapasuToB U CUMBUOHTOB PACTEHUN U B
CYLLECTBEHHOWN CTENeHW OonpesensaloT AMHAMUKY KpPYyroBOpOTa BeliecTBa 3TUX 3sKocucTeM. Ha doTorpadum uyepes
CKAHMPYIOWMIN 3N1EKTPOHHbIA MMKPOCKON BUAHO, HACKOMBbKO 0OWMIbHO FpubHble rMdbl, CNopbl U Apyrue nponarybl
OMN/IETAIOT KMBble W OTMeplMe AncTba cdarHyma. MsyuyeHue coobuwects rpuboB TopdaAHbIX 6010T B UesOM
npozo/KaeTcs okosno 100 net, B TOM UYMCne U3yYeHbl: MUKPOMULETbI TOPDAHOM 3anerKu, MUKOPU3HbIE COObLLECTBa,
coobLLecTBa MaKpPOMULIETOB, rpubbI Ha 6eCno3BOHOYHbIX, BOAHbIE TMPOMULETbI, OPOMKKN, XUTPUAUOMULETbI U Ap. B
M3y4YeHUU BUAOBOTO COCTaBa rpPUBOB MUCMOJb3YIOTCA METOAbI OT KJAacCMYeCcKUX MOpPdONOrMYEcKUX 40 BUOXMMUYECKUX U
MOJNIEKYNAPHbIX. Kpome Toro, Ana usydeHus ¢OyHKUMM coobuiectBa rpnboB MCMOAL3YIOT MPSMbleE U MOJIEKYNAPHbIE
MEeTOZbl BbIABNEHMSA BUOMACCHI, NPOAYKLMM, CKOPOCTU pasfioxKeHus cybcTpaTos 1 np.




The scope of the present study:

To reveal the dynamics of fungal fruiting and its
correlation with weather parameters using permanent
plots observations

cDYHKLI,I/IOHI/‘I[I)OBaHI/Ie C006LLI,eCTBa I'pM603 onpegenaeTtca norogHbiMmn  ychosnamMn U HacrtoAulee wuccnegoBaHue
Hanpas/a1€HO Ha BblABNEHNE 3TUX B3aMMOAEVICTBMl71. Ana KOCBEHHOW OUEHKN AUHAMUKUN aKTUBHOCTU MUUENTNA MOXKHO
MCnoab30BaTb NoAcHeET ﬂﬂOAOHOWGHMﬁ, KOTOprVI Mbl NTPpUMeEHAEM B HaCTOFILLI,eVI pa60Te.

Importance of fungal fruiting
phenology:

For some applied disciplines (commercial
mushroom picking, cultivation of edible and
medicinal mushrooms, etc.) fruiting dates and
factors are directly required

Planning of floristic and mycocoenological studies
Research on species biology and population
dynamics

Long-term monitoring of ecosystem response to
climate change

HecmoTpsa Ha obLienssecTHble 3HaHUA B 3TON 061aCTU, OCTAETCA aKTya/ibHbIM U3yYeHUe BAMAHUA NOroAHbIX YCA0BMIA Ha
coobLecTso rpnboB B pasHbIX TUMAX SIKOCUCTEM M B KOHKPETHbIX pernoHax. BoctpeboBaHHOCTb 3TUX 3HaHUIN oYeBuaHa
Kak B npuknagHoi coepe (KynbTuBMpoBaHMe rpubOB, MPOMBbILIIEHHAA 3aroToBKa), ANA LUefel naaHUMpoBaHuA
3KOMOHUTOPUHIa N MUKO-GIOPUCTUYECKUX UCCNeA0BaHNM, a TaKyKe ANA MPOrHO3NMPOBaHMA OTKAMKa 3TUX COObLLLECTB Ha
KAMMaTHUYECKME U3MEHEHMUSA.

Climate change and fungal fruiting:
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Biintgen et al., 2012, Linking cli iabi svity and

TaK Hanpumep, B LUBeuapuu u page Apyrux CTpaH, rae BeAeTca MOHUTOPUHT NaogoHoweHusA 6onee 30 neT, NokasaHo
YTO YPOXKau MaKPOMMLLETOB YA4,BOUINCH, @ CPOKU NIOLOHOLWEHMUS YBEIMYMUANCH Ha 5-10 AHEeN BECHOM U OCEHbIO B CBA3M C
noTenjeHnem Kammara.




Drawbacks of fungal phenology based
on fruiting:

* Fruiting structures mark presence of the species
in the environment, but their absence does not
say the opposite

Biomass of mycelium hidden in the substratesis
an order of magnitude larger than the mass of
fruiting structures

But: along with other methods (molecular,
fluorescent microscopy, etc.) direct observation of
fruiting structures phenology could be an
additional tool

West Siberia, Middle Taiga, 20 km SW from Khanty-Mansiysk

OnucaHWe cocTaBa M KOJIMYECTBEHHOM CTPYKTYpbl COOBLLECTBA MaKPOMMLETOB BEPXOBbIX OO/MOT B OKp. XaHTbl-
MaHcuiicKa 6bis10 BbINOSHEHO HaMUK B psae npeablaywmx uccnegosanmim 8 2012-2013 rr.

B 2014 roay ANs NOCTOSSHHOTO MOHUTOPMHIA BblNa 3a/10¥KEHa cepua MUKPO-NNOLWALOK BAOb HONOTHBIX MOCTKOB
cTaumoHapa MyxpuHo. MaowaaKkm 3an0KeHbl B 4BYX OCHOBHbIX TUMAX PacTUTE/IbHbIX CO0bL,ecTB BepxoBoro bonorta:
COCHOBO-KYCTapPHWUYKOBO-CharHoBbIX pAMax 1 B charHoBbIx Tonax. O6Lan naowaas HabnogeHua pasHa 1380 m.




MoZcyeT NN0A0BbLIX TEN NPOBOANTCA PA3 B HEAE/IO B TEYEHME BEreTaumoHHoro cesoHa ¢ 2014 roga no HacTosuwee
Bpems. MUKPO-N/IOWAAKM UMEIOT Kpyryto GOPMY C MAOWAAbLI0 5 M2, LIeHTP N/IOLaAKM NOMEYEH Ha TPOTyape MOCTKOB U
rPaHMLLbI OYEPUMBALOTCA LMPKYIEM COOTBETCTBYIOLLLErO paguyca. Koeda A eedy yyem HaA NAOWAOKAX U Koaneau
crpawusarom, ymo s 0enaro He MOCMKAX C MOUM YUPKYAem, i 0meeyaro Ymo yKkaseiearo epubam, 20e pacmu ©
M3mepeHna KAMMATUYECKMX MNapaMeTpoB MPOBOAMAWNCL C MOMOLWbBIO AatTinmkoB Thermochron ycTaHOB/IEHHBbIX
HenocpeacTBEHHO Ha MOWAAKaX, a TaKXKe Ha MeTeoCTaHUMKM CTauuMoHapa, rae u3mepseTcs okoso 20
MMKPOKNIMMATUYECKMX NapameTpoB 60OTHOM 3KOCUCTEMBI.

Community structure:

About 70 species of macrofungi totally revealed
Number of species by years varies: 47, 55 and
48, on average 50 species

78% of fruiting is made by 10 species, other
species produce small number of fruiting
structures or rare

The number of mycorrhizal and saprotrophic
species = 4:6 while percentage of abundance =
30 vs. 70% accordingly

B uenom 3a Tpu roaa HabnoAeHWI Ha naolazKkax 6bl10 BbiABNEHO OKono 70 BMAOB MaKpoOMULETOB, M3 Hux 30
dopmumpyowmx mukopmsy m 40 — canpotpodbl. 78% Bcero nnomoHolleHUs obpasyoT 10 Bnaos. OcTanbHble 22%
npuxoantcs Ha 60 Bnaos. JJomuHaHTaMK coobliecTBa Hanpumep asastoTca: Galerina sphagnicola, Sphagnurus paluster,
Cortinarius huronensis, Galerina sphagnorum, w apyrue. Yucno BnaoB no rogam sapbupoBano: 47, 55 n 48, B cpeaHem
50 BnaoB. COOTHOLWEHME MUKOPU3HbIX M CanpoTPOdHbIX BUAOB HECYLLECTBEHHO Pa3/IMYaETCA MEXAY rogamm un pasHo 40
K 60% cooTBeTcTBEHHO. TakKMm 06pa3om, NPOAOMKUTE/bHble HAbAAEHUA Ha nNaoLllaAKax MO3BOJNAN BbIABUTb
HEKOTOpble YCTOMYMBLIE XapPaKTEPUCTUKU CTPYKTYpbl coobliecTsa. Mepeingem K onnMcaHUIO AMHAMUYHbBIX CBOMCTB U UX
CBA3U C NOrOAHbLIMU YCIOBUAMM.

Fruiting abundance

Seasonal variation of macrofungi
fruiting in the bog during three years

MnofoHOWEHME MAKPOMMULETOB HAa OCU BPEMEHWM MOKA3aHO Ha Auarpamme. B sTom macwrtabe BMAHO, YTO B LEOM
XapaKTep NJOLOHOLIEHMA NOBTOPAETCA M3 roja B rof M NPOLO/IKAETCA C MIOHA MO CeHTAGpb. B 3To Bpems obunue
NAOAOHOLWEHMWA BCE BPEMA YBE/NIMYMBAETCA, HE CYUTAA CaMblX MNOCAEAHUX MOCELLEHUI Ha KOTOPbIE Y¥Ke BAUAAN NepBble
3aMopo3KN. Ce30H NNOAOHOWEHUA Ha 60n0Te HAYMHAETCA B CpPegHEM B Hayane MIOHA, CYMMa CpeaHecyTOYHbIX
NONOXUTENbHbIX TemnepaTyp cocTasnseT B cpeaHem 350°C (cT.0TKn 78). HeCKONbKO NOBTOPAMOLWMXCA 3aMOPO3KOB B
cepeauHe-BTOPOMN NONOBUHE CeHTABPA 3aBepLUaeT NAoA0HOWEHWE. PacCMOTPUM AeTanu 3ToM obLLein nepnoanyHoCTy.




N spedes

Mean species number and abundance
and their standard deviations between
three years:

Fruiting abundance

Yucno eudos no mecauam B cpegHem paBHo 2, 9, 17, 39, 36 ¢ maa no ceHTAabpb COOTBETCTBEHHO. [pn 3TOM Mexay
rogamu Bapuauuma HesHauuTenbHaa (CT.0TKA. OT 2 Ao 6). Obuaue naA000HOWeHUA He3HauYUTeNbHOE B Mae, OCTaeTcA
HU3KMM W NPUBAU3UTENIBHO OOMHAKOBLIM B UIOHE U WUIOAE, U 3HAYMTENbHO BO3PACTAeT B aBrycte-ceHTAbpe. Mexay
rogamu Bapmauma B obem obmnanm 6onee 3HaumtenbHasa (cT.oTkA. oT 80 Ao 1700).

Fruiting abundance

Mean abundance of 10 dominant
species and their standard deviations
between three years
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Kpome Toro, ecam paccmoTpeTb BapuaLuio 06UaMA Kaxkaoro Buaa mexay rogamu, T0 Y OTAeNbHbIX BUA0B OHa O4YeHb
BbICOKas, a y APYrnx obuamne MeHaNoch OT roga K rogy HesHaunTeibHo..

Fruiting abundance

The dynamics of abundance
represented by ecological groups
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PaCCMOTpVIM OTAENbHO AMHAMUKY Pa3BUTUA NNOA0HOWEHNA PA3HbIX 3KONIOTUYECKUX Tpynn: perynapHo nepsan
NOJI0OBUHA NneTa npeacrassieHa UCKNTKYNUTENIbHO CBI’IpOTpOd)aMVI, MWUKOPU3HbIE BUAblI NOABNAKOTCA B aBrycrte n noCteneHHo
X 0onAa coCrtaBnAeT 40 Nos1I0oBUHbI BCEro n/1o40HOLWEHNA.




O6wWmnin yporkali N1040BbIX TEN B TEYEHUE BEreTaLMOHHOIo cesoHa 6bia1 cambiM Bbicokum B 2016 roay, B 2014 n 2015

Total fruiting abundance by years roly OH 6611 HKe Ha 30%.

Fruiting abundance
Precipitation

~“@-N sporocarg ~-Precipitat

The dynamics of abundance revealed Takum obpa3om, HeCMOTPSA Ha Hasnume obLLero XxapakTepa NJoAOHOLLEHMS, KOTOPbIV COXPAHAETCA MEXKAY TPeMS
during three years of weekly observations rofamu HabloAeHUI, eCTb TaKKe OTKIOHEHMSA B 06LLe-rog0BOM 06UAUK U ero AMHAMUKE B TEYEHME Ce30Ha.

Fruiting abundance

Mbl nocrasmnu nepeg cobol 3a4a4vy npoTecTtnpoBaTb CBA3b 3TUX OTKNOHEHUN ¢ norogHbiMmn ycnoBuamM. T.e.

The tasks of the StatlStlcalanalySIS' onpenennTtb Haanyme Koppenaunm mexkay 06|J.I,El7l AMHaMMKOVI nAogoHOWEeHMA, NAOAOHOWEHNUA BHYTPU OTAE/IbHbIX

* Determine the correlation between 3Ko/1orn4yecKux rpynn, 1 NhogoHOLWeHNA B Pa3HbIX 60N0THBIX MECTOOOUTAHMAX U PAAOM K/IMMaTUYECKUX NapPaMeTPOB:
—A. total fruiting abundance 1. HaKkonneHHOI TemnepaTypoi BEPXHEro c/108 Nousbl (-5 cm)
— B. fruiting abundance of mycorrhizal and saprotrophs 2 o) ( 2 )
— C. fruiting abundance in treed bogs and lawns ) CEHHMMW 3aMOpPO3KaMK |B BO3AlyXe Ha BbICOTE 2 M
« and climatic parameters 3. HakonieHHbIMKM ocagKamm
— Accumulated soil temperature 4. Yncnom lCI,HEI‘/JI bes3 OoCaaKos
= Autumn frosts BnnaHue Bcex napameTpoB NPoBepANOCb Ha HECKONLKUX MPOMErXKYTKax BpemeHn ot 7 go 30 ,D,HEVI npegwecTeyrowmnx
— Accumulated precipitation
AaTte y4yeTa.

— Number of days without precipitation
K coxaneHuto mbl TONIbKO noaownum K BbINOMTHEHUIO 3TUX 3a4a4 U OTBETA Ha HUX He 6yAET B HacToAlWem gOKnaae.




Percentage of species abundances by months

Spring
speces

Sy
summer
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B 3akatouyeHWe xo4yy CcKasaTb O (eHoNorMM OTAeNbHbIX BUAOB coobuwectBa Makpomuuetos. Mbl nposenu
CTAaHAAPTU3aUMIO 0OUANA: BbIYUCAUAN MPOLLEHT BCTPEY Ka*KAOro BUAA B onpefesieHHbI MecAl, OTHOCUTENbHO APYruxX
mecAues. TO MO3BOAUAO YNPOCTUTb OTHECEHME BMAA K TOMY WKW MHOMY CEe30HY MIOAOHOWeEHMA. Tak, K BECEHHUM
Bugam oTHocatca: Monilinia oxycocci v Pseudoplectania episphagnum. K paHHe-neTHMM, NAOLOHOLIEHME KOTOPbIX
HaYMHAETCA B UHOHE-MI0Ie MOXKHO OTHECTU rPynny U3 NATHaAUATU BUAOB. [1pM 3TOM y NONIOBUHBI U3 HUX NAOAOHOLEHNE
WAEeT UIOHA MO aBrycT U yracaeT B ceHTAGpe. OcTanbHble okono 30 BMAOB (66%) MmeloT No3gHe-neTHee NNO0LOHOLEHUE C
aBrycra no ceHtabpb, U3 HUX y TPeTU NpeobnasaeT ceHTABPbCKOe NN0AOHOLEHME.

The percentage of species with
different phenology types

16%

Odnarpamma nokasbiBaeT HarnagHoe npeacrasiaeHme o GeHoNOrMYeckon CTpyKyTpe coobliectsa: 60nblue NOAOBUHbI
MMeloT NA040HOLIEeHEe BO BTOPOI NON0BUHE NeTa (aBrycT-ceHTAbpb) 1 YeTBepPTb NA0AOHOCAT MPENMYLLLECTBEHHO B
ceHTABpe. OKONO TPeTU BUAOB ABAAIOTCA BECEHHUMM, paHHE-NEeTHUMWN UAN NEeTHE-OCEHHUMM.

Takum 0bpasom, TpexneTHUit neprog, HabatoaeHWi 3a AMHAMUMKON NAOAOHOLWEHMUA MaKPOMULETOB HA BEpPXOBOM 6oJioTe
NO3BO/INA CAENaTb ONMCaHNe XapaKTepPUCTMK COCTaBa M CTPYKTypbl coobuiectBa. C Apyroii CTOPOHLI, NoJlyYeHa KapTuHa
obueil CesoHHOW AMHAMWMKKM Pas3BUMTUA BUOOBOrO COCTaBa M 06uAMA, GEHONOTMM OTAENbHbIX BUAOB M OTAE/bHbIX
aKorpynn. Kpome MOBTOPAIOLWLENCA AMHAMMKN BbiABAEHbI QAYKTYaUMM B OOUAMM NIOAOHOLIEHUA MEXKAY rofamM, YTo
BEPOSATHO onpefenseTcs NOroAHbIMU YCI0BUAMMU. BbisiBNEeHWE KOppenaunun mexay napameTpamu nAoLOHOWEHUA U
NnoroAHbIMU ycnosmamn byaet npeaMmeTom ganbHelwen paboTbl.




