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Hapmocmyk B.B. JlixenopuiibHi rpu0H CcTEnmoBOi 30HM YKpaiHM. —

Kgpamidikaiiitna HaykoBa mparis Ha IpaBax PyKOIHUCY.

JlucepTailist Ha 3100yTTSI HAYKOBOT'O CTYIIEHS JToKTopa (hisiocodii 3a creIiagbHICTIO
091 «bionoris;y. — XepcoHCHKUUE JAepkKaBHUM yHIBepcUTET, I[HCTUTYT OoOTaHiKU

iMm. M.I". Xomogaoro HAH VYkpainu, Kuis, 2020.

JucepraiiitHa po0oTa NPHUCBAYECHA BUBUYECHHIO BHJIOBOTO Ta TAaKCOHOMIYHOTO
OararcTBa, 0COOJMBOCTEH BHOOPY JIMIIAWHUKA-TOCMOAAPS, BIAHOLIEHHS Y CHCTEMI
«Mapa3UT-roCcnoap» Ta MOUIMPEHHIO JIXEHOPIIbHUX TpUOIB (BKIIOYAIOYH JIXEHO]IbHI
JUIIAMHUKNA) HA TEPUTOPIi CTEMOBOI 30HM YKpaiHu. BcTaHOBIEHO OCOOIMBOCTI POCTY
OKpPEeMHUX MOJICTbHUX BHUJIIB JIIXEHOQIUIbHUX TpUOIB Ha arapu3oBaHUX KUBUIHBHUX
CepelIoBUIIAX, TPOBEICHO KPUTUKO-TAKCOHOMIYHHUI aHalll3 MPEACTaBHUKIB TPhOX PO/IIB,
a TaKOXk MPOaHaII30BaHO CyYacHI TEHJICHIIT OXOPOHU JiXeHO(PIbHUX rPrOiB BiJIOBITHO
710 610TOIMIYHMX TTOTJISIIB Ha 30€peKCHHS BU/IIB.

3a pe3yabTaTaMu aHali3y JITEpaTypHUX JKEpeN, KPUTHYHOI peBi3ii repObapHHUx
konekiiiit CWU, KHER ta KW-L, ganux 3 Bigkputux pecypcis (GBIF, iNaturalis, UkrBin
TOIIO0), & TAKOXK BJIACHUX 300piB aBTOpa, BCTAHOBJICHO, L0 HA TEPUTOPIi CTEMOBOI 30HU
VYkpainu Hapas3l BusiBieHO 155 BuaiB nixeHO(MUIbHUX TrpubiB Ta 13 mixeHopUIbHUX
JUIARHUKIB, K1 HajexaTh 10 75 pofiB, 41 poaunu, 24 mopsakiB Ta 7 KiIaciB BIIILTY
Ascomycota, a Takox 8 pojiB, 6 poauH, 5 opsAAKiB Ta 2 KiaciB Bigairy Basidiomycota.

Bnepmie st perioHy JOCHIIDKEHHsS 3apeecTpOBaHO TparuisiHHS 92  BumiB
JTiXeHO(MUIbHUX TPHOIB Ta 4 BUAN TIXCHO(IILHUX JTUIIANHUKIB, 110 CTaHOBUTH 57,1 % Bix
iX 3arajgpHOi KUIbKOCTi. OmMcaHO SIK HOBI AJii HayKd S5 BHUAIB JiXEHO(UIbBHUX TpHOIB
(Didymocyrtis trassii, Pleospora xanthoriae, Roselliniella lecideae, Trichoconis hafellneri,
Zwackhiomyces polischukii). Tpu Buau HaBeneHo sik HOBI [y €Bpony, 9 BUIIB — HOBI 115

Cximgnoi €Bporn, a 41 By nixeHODITLHUX TPUOIB Ta 2 BUAM JIXECHO(DITHHUX JTUITANHUKIB



(21,3 % Bix 3arajabHOI KIJIBKOCTI BIJOMHX B YKpaiHi) HaBeIEHO SIK HOBI JJIsi TEPUTOPIT
VYkpainu.

Pe3ynbraTi aHamizy CUCTEMaTH4HOI CTPYKTYpPH Jajld 3MOTYy BCTAHOBHUTH, IO Ha
TEPUTOPIi CTENOBOi 30HM YKpaiHM HaWOUIbIIE PI3HOMAHITTA BUJIIB JIEMOHCTPYE KJac
Dothideomycetes (80 BuuiB). HaitbinpmmmMu 3a KUTBKICTIO BUSBICHUX BUIIB € MOPSIKU
Arthoniales,  Dothideales,  Collemopsidiales, = Hypocreales,  Lichenotheliales,
Mycosphaerellales, Pleosporales ta Verrucariales. BcranoBieHo, 110 MPOBITHAME POAAMHE
JTiXeHo1IbHOT MiK0O10TH cTermoBoi 30HM Ykpainu € Stigmidium (10), Zwackhiomyces (8),
Lichenostigma (7), Lichenoconium (7), Pronectria (6) ta Arthonia (5). 3naune BHIOBE
npezcTaBiIeHHs poiB Lichenostigma ta Lichenoconium moske Bka3zyBaTu Ha perioHalIbHI
0COOJIMBOCTI MIKOOIOTH, IO BHU3HAYAIOTHCS HECHPUSTIMBUMHU (BUCOKI TMOKa3HUKU
COHSIYHOI pajiallii) yMOBaMHU HAaBKOJMIIHBOTO CEPEAOBUILA, a TAKOK IMOITUPEHHSIM BU/IIB
JUIIAMHUKIB-TOCHIOAPIB HA TEPUTOPIT AOCHIKEHHS.

ITin gac mocmigkeHHS JiXeHO(MUIBHOI MIKOOIOTH CTEMOBOi 30HM YKpaiHu OyJio
BCTAHOBJICHO, IO 3araJIbHUA pIBeHb creriam3aiii craHoButs 79,7 %, amke 3 168
BUSIBJICHUX BHJIIB JIIXEHO(MUILHUX TPUOIB Ta JIXCHO(PUIBHUX JUIIANHUKIB 34 3pOCTaIOTh
Ha 2 1 Oumelie pojax rocmogapiB. OTpuMaHi BiJJOMOCTI BiANOBIJAIOTH 3arajibHUM
TEHJICHIIISIM CBITOBOT1 JIIXEHO(P1JIbHOT MIKOO10TH.

HaliuucenpHIMMMU 3a KUIBKICTIO JIIXEHO(PUIBHUX TpUOIB BUABWIUCH POJIU
Xanthoria (18 BuziB), Lecanora (17), Caloplaca (15), Cladonia (12) Ta Aspicilia (11), oo
NIATBEPKYE TiNOTe3y MNpo Te, MO0 JAOMIHAHTI POJAM JMIIAHHUKIB-TOCIOJAPiB
pPENpPE3eHTYIOTh BUCOKE PI3HOMAHITTA JIXEHO(PIIbHUX TPUOIB, IUM CAaMUM BH3HAYAIOUH
B3a€MO3B’SI30K  PETIOHAIIBHOI  JIIXEHO- Ta MIKOO10TH. BusiBieHo, 10 1HACKC
JTiXeHO(MUIBHOCTI JOCHIKeHOT MikoOioTH ctaHoBUTH 0,32 (168 BUIIB JiXeHOMUIBHUX
rpubiB 10 528 BUIIB JUIIAWHUKIB) 1 MOXE OyTH OIliHEHUH K BUCOKMi. [leil mokazHuk
JIO3BOJIIE CTBEP/XKYBaTH, IO JiiXeHO(DUIbHA MIKOOIOTa CTEMOBOI 30HM YKpaiHM €
BUBYCHOIO HA JIOCTATHROMY PIBHI y TIOpIBHSHHI 3 1HIIUMHU pEriOHAJILHUMU
aixeHOPiIbHUMHM  MiKoOioTamu. [IpocCiiIKOBY€EThCS B3a€EMO3B’SI30K MK HH3BKOIO
YUCEIBHICTIO BUJIB JIMIIAWHUKIB TOCMOJApPIB Ta JOCUTh BHCOKHMH TOKa3HUKaMHU

pi3HOMaHITTA JixeHo(dinbHuX TpubiB. CKopile 3a Bce, el B3aEMO3B’ 130K HE BKa3y€e Ha



CTpPOTY MaTE€MaTU4yHYy 3aJIeKHICTb MIDXK JBOMa IOKa3HMKaMHU, a JIMIIE MiJAKPECIIIOE
0COOJIUBOCTI JXEHO(D1IFHOI MIKOOIOTH CTEMOBOI 30HU Ta aPUIHUX PETiOHIB Y IIOMY.

3a TUIIOM B3a€MO3B’SI3KIB JIXEHO(DUIbHI TPUOU € JOCUTHh I'E€TEPOreHHOIO TPYIIOIO,
MPEJCTAaBHUKHU SIKOi MPUCTOCYBAIUCH J0 B3aeMOIi 5K 3 ¢ikobioHTOoM (105 BHaiB), Tak 13
MikoOioHTOM (64 Buam) numiaitHukiB. [linTBepmKyeThes rimoresa, mo OuIblla YacTHHA
JixeHO(UIbHUX T'pUOIB TpejcTaBieHa BuaaMu-komeHcanaMu (90 BuaiB), K1 TpogidHO
B3aEMOJIIIOTh 3 (DIKOOIOHTOM, TMPOTE HE TMPHU3BOAATH OO0 3HIDKEHHS TIOKA3HHKIB
010XIMIYHHX MpoI1ieciB a0o0 Jerpagarii OCTaHHBOTO.

Po3risiHyTo NMIIAMHUKK SIK TUIIOBI KOHCOPINI Ta BCTAaHOBJICHO, IO y TaKUX
CUCTEMaX JIETEPMIHYIOUUM SAPOM € KIITUHU (PIKOOIOHTY, a PI3HI pIBHI KOHCOPTIB
chopMoOBaHi KiJlbkOMa TpPUOHUMU OpraHi3MamH, 1110 B3a€EMOJIIOTH 3 SIIPOM Ta MK COOOI0.
[1ix yac JocmiIKEHHs MPOaHaII30BaHO YPAKEHHSI OJIHI€T JIMIIaHUKOBOL CJIaHl KiIIbKOMa
nixeHo(UIbHUMU Tpubamu. BinnmoBigHO 10 pe3ynibTaTiB aHami3y OyJIO 3MOJEIHOBAHO
CXeMy KOHCOPTHBHHUX 3B’S3KiB JiXxeHO(DIIbHUX rpuOiB 3 jumaiHukamu Xanthoparmelia
conspersa Ta Xanthocarpia crenulatella. BcranoBneno, mo ypaxkeHHs OnHI€T
JUIIAHHUKOBOI CJIaH1 KiJIbkoMa TpubaMu — 1€ JOCHTh 4YacTi SBHUINA, SIKi, TIITOTETUYHO,
CIOPUYMHEHI PI3HUMH TPOPIYHUMHU CTpaTerisiMu JiXeHOPUIbHUX TpubiB, a TaKOX
B3a€EMOJIIEI0 3 PI3HUMHU KOMIIOHEHTAMU CJIaHi.

YacTuHa BUAIB T1XEHO(1ILHOT MIKOOIOTH CTETIOBOT 30HH YKpaiHU IPUYpPOUYCHI 10
3pOCTaHHsI y BOJIOTUX yYMOBax Ta MPOSBISIIOTH O3HAKU ce30HHOCTi. Cepes cymMuyacTux
rpubiB, CE30HHI TpuOM CTaHOBIATH 14 BUiB a00 9,1 % Bia 3aranbHOI KIIBKOCTI, 1 11 BUAU
y OUIBIIOCTI BUMAAKIB Halexarts 1m0 mopsaky Hypocreales. Cepen BusiBieHuX
JTiXeHO(P1IbHUX 0a3uI1€BUX TPUOIB yC1 BUIU NPOSABISIIOTH O3HAKH CE30HHOCTI.

[IpoBeeHO MOHITOPUHT Ta 1IEHTU(PIKOBAHO BIUIMB JIIXEHOPUIHHUX TpUOIB Ha
yrpynoBanus Xanthoparmelietum pokornyi Khodosovtsev 2011, Amandineo punctati-
Xanthorietum parietinae Khodosovtsev et al., 2017 Ta Parmelietum somloensis V. Wirth
1995. ¥V pesynbTaTi BCTAHOBJIEHO, IO 3HAYHUN BIUIUB HA TMPOCTOPOBY CTPYKTYPY
3raJlaHuX YrpyNnoBaHb 3IIACHIOIOTh arpecuBHI JIXEHOQUIbHI TPUOM, SKI YypaxaroTb
JIOMIHAHTHI BUJIU JUIIAWHUKIB. OTpUMaHi BIJIOMOCTI € JIUIIIE IEPBUHHUMHU PE3yIbTaTaMu

aHaI3y CYKIECIMHMX 3MIH JIMIMAWHUKOBOTO MOKPHUBY ] JII€I0 JTIXEHOMUIbHUX TPHOIB,



TOMY HEOOX1JTHUM € TTPOBEICHHS MOJATBIINX OaraTopiuyHUX MOHITOPUHTOBHUX JIOCTIKEHb
PI3HUX YTPYTIOBaHb.

VY pesynbTaTi IpPOBENEHUX IOCIHIKEHb OTPUMAHO KYJIbTYpU Ha arapu3zoBaHOMY
YKUBUJIBHOMY CEPEIOBHIII MPEeACTaBHUKIB poAiB Acremonium ta Didymocyrtis. Buepie
OTPUMaHO KyJIbTypy JixeHodimeHOro TpmOa “Phoma candelariellae”. Orpumani
KYJbTYPH JIO3BOJIMUIM BCTAaHOBUTU MOPGOIOTIYyHI OCOOJHMBOCTI KOJIOHIM, a TaKOX
BTN TIOCHimOBHOCTI periony ITS pubocomansroi JIHK, mo € BaxmmBum
KOMITOHEHTOM JIJIs1 TTOTATBIITUX TAKCOHOMIYHUX JTOCHTIPKEHb BKa3aHUX PO/IIB.

BignoBigHo 10 pe3ynbTaTiB aHAI3y TEPUTOPIATIBHOTO MOMIUPEHHS JI1XEHODUIBHUX
rpubiB Ta JMIXeHO(PUILHUX JIMIIAWHUKIB BCTaHOBJIEHO, 10 110 Buai (abo 65,4 % Big
3arajbHOi KIJBKOCTI) TPAIUISIOTHCS Y MeXaxX TepUTopid Ta 00 €KTIB MPUPOJIHO-
3anoBigHOTO (QoHIY YKpaiHu. 3a JOMOMOTOI METO/Y KJIACTEPHOIrO aHalli3y, MPOBEACHO
MOPIBHSHHS OKpEMHUX OO €KTIB 3a CHMHUCKAMU JiXEHO(UIbHUX T'pUOIB 1 BCTAHOBJIECHO, IO
pPO3MOALT OKPEeMHX TUIOK KJIAJorpaMu KOpeItoe 3 OCOOJUBOCTAMU OI10TOMIB, IO
IIPEICTABIICH] HA IUX TEPUTOPIAX. 3BAKAOUM HA CKIIAJIHY 1ACHTU(IKALI0 TPEICTaBHUKIB
IpyIU Ta iX 3aJ€XKHICTh BiJ] MOUTUPEHHS JUIIAHHUKIB-TOCIIOAAaPiB, BAKJIUBUM METOOM iX
30€peKECHHS € OXOPOHA IIHHUX O10TOIIB 31 3HAYHUM PI3HOMAHITTSAM JIMIIIAWHUKIB.

Marepianu aucepraiiii BUKopucTaHo B «JliTonucax npupoan» HYopHOMOPCHKOTO
Oioceproro 3amoBigauka (2017), HaiOHATBHUX NPUPOAHHUX TAPKIB  «A30BO-
CuBacbkuit» (2018), «butobepexoks CpstocnaBay (2016), «HuKHbOIHINTPOBCHKUI)

(2017-2019), perionanbHoro nanamadraoro napky «[Ipuiaryascekuiin» (2017).

Knwuogi cnosa: 6iopiznomanimms, KOMEHCAIU, NApA3UmMu, IUUAUHUKU, CUMOIO03,

koncopyii, nosi euou, Cercidospora, Lichenoconium, Zwackhiomyces



SUMMARY
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The dissertation is aimed to reveal species diversity and taxonomic structure of
lichenicolous fungi, as well as their host specificity, interaction between fungus and host,
distribution in the steppe zone of Ukraine. Critical taxonomic revision of three
lichenicolous genera was provided. Culture characteristics were studied for a few taxa.
Current state of lichenicolous fungi conservation was discussed.

The total list of lichenicolous fungi was prepared according to references based
previous records, own collections and observations, revised material from CWU, KHER,
KW-L and KW-M herbaria, as well as data from Open Source (GBIF, iNaturalist, UkrBin).
It includes 155 species of lichenicolous fungi and 13 species of lichenicolous lichens. They
belong to 75 genera, 41 families, 24 orders and 7 classes of Ascomycota and 8 genera, 6
families, 5 orders and 2 classes of Basidiomycota.

Among them, 96 species (or 57.1 % of total number) have been registered for the
territory of Ukrainian steppe zone for the first time. Didymocyrtis trassii, Pleospora
xanthoriae, Roselliniella lecideae, Trichoconis hafellneri and Zwackhiomyces polischukii
were described as new for science species. 41 species of lichenicolous fungi and 3 species
of lichenicolous lichens were for the first time reported to Ukraine, 9 species were new to
Western Europe and 3 species were new to Europe.

The analysis of the taxonomic structure of lichenicolous mycobiota showed that the
Dothideomycetes (80 species) is the most diverse class. Arthoniales, Dothideales,
Collemopsidiales, Hypocreales, Lichenotheliales, Mycosphaerellales, Pleosporales and
Verrucariales are orders with the largest number of species. Stigmidium (10 species),



Zwackhiomyces (8), Lichenostigma (7), Lichenoconium (7), Pronectria (6) and
Arthonia (5) are the species richest genera of lichenicolous fungi in the steppe zone of
Ukraine. Co-domination of the genera Lichenostigma and Lichenoconium can indicate
features of regional steppe lichenicolous mycobiota. There is the tolerance to hard
environmental conditions and diversity of host species in this territory.

The host specificity of lichenicolous fungi was investigated. 79.7 % of examined
species related to one lichen genus, as well as 20.3 % or 34 species can infect more than
two host genera. These data fit well to the common trend of the world's lichenicolous
mycobiota.

Xanthoria (18 species of lichenicolous fungi was observed), Lecanora (17),
Caloplaca (15), Cladonia (12) and Aspicilia (11) are the most hospitable lichen genera in
tht steppe zone of Ukraine. Our data confirm the hypothesis about the relation between
lichen biota and mycobiota. It means that the dominant genera of lichens represent higher
diversity of lichenicolous fungi. The Lichenicolous Index of examined mycobiota was
calculated. There is 0.32 (the ratio of 168 fungi species to 528 host species) and can be
rated as high. This Index suggests that the lichenicolous mycobiota of the steppe zone of
Ukraine has been studied at an adequate level in comparison with other regional
mycobiotas. There is a correlation between the low number of lichens species and the high
diversity of lichenicolous species. However, this relationship does not indicate a strict
mathematical relationship between these two indicators, but only emphasizes the features
of lichenicolous mycobiota of the Ukrainian steppe zone and arid regions in general.

Lichenicolous fungi are a very heterogeneous group by the type of fungus-host
interaction. Some of them have interaction with lichen phycobiont (105 species) and
mycobiont (64 species) as well. Our data confirm the hypothesis that most lichenicolous
fungi are the commensals (92 species in our material). They have a few kinds of interaction
with phycobiont, but infections are without any damages of the host.

Lichens are consortia of different organisms with determinant core (alga cells) and
a few consort levels formed by several fungal organisms that interact with the core and
among themselves. We analyzed the infection of one lichen thalli with several
lichenicolous fungi. According to the results of the analysis, the scheme of consortial



relationship of Xanthoparmelia conspersa and Xanthocarpia crenulatella with
lichenicolous fungi was modeled. Generally, several fungi which have different trophic
strategies can grow together in one host specimen. Some fungi without host specificity
have interaction with core and another fungus as well.

Some of the lichenicolous fungi are confined to growth in wet conditions and show
features of seasonality. 14 species (9.1 %) of Ascomycota (mostly from the order
Hypocreales) are ephemeral fungi, as well as all observed lichenicolous Basidiomycota are
also ephemeral.

Lichenicolous fungi are important components of lichen communities. The influence
of lichenicolous fungi to Xanthoparmelietum pokornyi Khodosovtsev 2011, Amandineo
punctati-Xanthorietum parietinae Khodosovtsev et al., 2017, and Parmelietum somloensis
V. Wirth 1995 community was monitored and identified. As a result, it was found that a
significant influence on the spatial structure of these communities is exerted by aggressive
lichenicolous fungi, which infect dominant lichen species. The obtained data are only the
primary results of the analysis of successive changes of the lichen community under the
action of lichenicolous fungi, so it is necessary to conduct further long-term monitoring
studies.

Cultures on artificial nutrient medium of Acremonium and Didymocyrtis were
obtained. A culture of lichenicolous fungus "Phoma candelariellae"” was obtained for the
first time. These cultures allowed to establish the morphological features of the colonies,
as well as identified the sequences of the ITS region of ribosomal DNA, which is an
important component for further taxonomic studies of these genera.

110 species of lichenicolous fungi and lichens (65.4 % for total number) were found
within protected territories. The comparison of a few Nature Reserves used cluster analysis
method was provided. It was established that the distribution of separate clusters correlates
with the diversity of the biotopes presented in these territories. In particular, we conclude
that the level of species richness of lichenicolous mycobiota and lichen biota as a whole
depends on the biotopes diversity in the territory.

Lichenicolous fungi as a separate specific group of organisms can be protected from
loss of species diversity due to several factors. Firstly, the protection of host lichens is an



important part of achieving this goal. It may not be effective enough, since 80 % of
lichenicolous fungi in the steppe zone are growing on lichens that are not included in the
Red Lists. Secondly, an important method of their conservation is the protection of
valuable habitats with a significant diversity of lichens.

The materials of the dissertation are used in the «Chronicles of Nature» of the Black
Sea  Biosphere  Reserve  (2017), «Biloberezhzhia  Sviatoslava»  (2016),
«Nyzhniodniprovskyi» National Nature Park (2017-2019), as well as «Pryinhulskyi»
Regional Landscape Park (2017).

Key words: biodiversity, commensals, parasite, lichens, symbiosis, consortia, new

species, Cercidospora, Lichenoconium, Zwackhiomyces
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