AHOTAIUS

Caoozypcoka C.C. Pin Cystoseira s.l. y HopHomy mopi Ta JleBaHTiiich-
KoMy Oaceiini CepenzemHoro Mmopsi. — Kanidikaiiiiina HaykoBa mmparis Ha rpaBax
PYKOTIHCY.

JHuceprarrist Ha 3700yTTS HAYKOBOTO CTYIICHS JOoKTOpa ¢inocodii 3a crerria-
aeHICTIO 091 «bionoris». — [HcTuTyT 60TaHiku iM. M.I'. Xononnoro HAH Vkpainu,

Kwuis, 2021.

Juceprariiina po6oTa MPUCBSYCHA BUBYCHHIO TAKCOHOMIYHOTO CTaTyCy Ta
¢inoreHeTHYHUX 3B’SA3KIB MOPCHKUX Oypux Bomopocteil 3 poxy Cystoseira sensu
lato (Cystoseira sensu stricto, Gongolaria Boehmer ta Ericaria Stackhouse) y Hop-
HoMy Mopi Ta JleBanTiiickkomy Oacelini Cepen3eMHOTO MOPSI 3 METOI0 YTOUHEHHS
B1JIOMOCTEH PO IXHE TAKCOHOMIYHE PI3HOMAHITTSI 1 PO3IMOBCIOKEHHS B Mexkax Ce-
PEA3EMHOMOPCHKOTO OaceiiHy, a TAKOK BJIOCKOHAJICHHS 3aX0/[iB OXOPOHHU YTBOPIO-
BaHUX HUMU yTPYIOBaHb 1 OCEIHIII.

3a pesynbTaTaMH JOCHIIKEHb PO3pPOOJICHI METOAWYHI aCIEKTH KOHCEPBY-
BaHHS Ta 00pOOKHK MaTepiary, a TaKoK MoauQikoBaHui mpoTokod BuaiaeHHs JJTHK
13 Oypux BOJOpOCTeil Ha OCHOBI (heHon-xjaopodopmuoro metony. Ilokazano, 1o
MapKepHa IMOCIiT0OBHOCTh mt-spacer (MITOXOHIpIaTIbHUNA MIKI€HHUH crnevicep 23S-
tRNAVal) € Hali011b111 TEPCIIEKTUBHOIO I OAPKOAWHTY ITUCTO31P.

3a pe3yabTaraMu MOpiBHAILHO-MOP(OJIOTTYHOTO Ta MOJIEKYISIPHO-(iI0oTeHe-
TUYHOTO aHali3y BCTaHOBJIEHO, 1m0 y YopHOMY MOpl BOJOPOCTI 13 poAay
Cystoseira s.l. mpeacraBieHi BHIaMH, sKi (IJIOTEHETUYHO HAJIEXaTh 0 POJIB
Ericaria Ta Gongolaria. Ha ocHOB1 MOP(}OJIOTIYHOTO aHai3y MATBEPAKEHO TIepe-
HecenHs Gongolaria barbata (Stackhouse) Kuntze no pony Gongolaria, sixe nore-
penHbo Oylo 3amporOHOBAHE BHKIIOYHO HA OCHOBI MOJEKYyJIsipHUX AaHuX. Iloka-
3aHO, IO PO3/IIEHHS NpUKpitieHoi Gongolaria barbata Ha okpeMi BHYTPIIIHbOBH-

JIOB1 TAKCOHU HE Mae M1l cOO0I0 MIATPYHTA, ajixke MOP(OIOTIYHA MIHJIUBICTh I[LOTO
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TAaKCOHY € Pe3yJbTaTOM CE30HHUX 3MiH Ta €KOJOTIYHOI IIacTudHoCTI. [y Henpu-
kpirmieHoi popmu Gongolaria barbata 3ariponoHOBaHO HOBY HOMEHKJIATYPHY KOM-
oinartito — Gongolaria barbata f. repens (A.D. Zinova & Kalugina) S.S. Sadogurska
comb. nov. CipocTOBaHO YsBJEHHS MPO CHHOHIMIYHICTH OCTAHHBOT'O TaKCOHY 0
Buny Cystoseira aurantia Kiitzing sensu Orellana et al., 2019.

3a pe3yapTaTamMH aHani3y MITOXOHIpiaTbHUX MapKepiB 3pa3KiB YOPHOMOPCh-
koro Takcony Cystoseira bosphorica Sauvageau BCTaHOBIIEHO HOTO IPUHAJIC)KHICTD
1o pony Ericaria Ta KoHCTIETIU(DIYHICTD 13 CEPEI3eMHOMOPCHKIME BUAaMU Ericaria
crinita (Duby) Molinari & Guiry Ta Ericaria barbatula (Kiitzing) Molinari & Guiry.
BpaxoByroun yHikaiabH1 MOP(OJIOTIYHI O3HAKH 1 TeorpadiuHy 1301110 MiATBEP-
JDKEHO HOro eHAeMIYHICTh A1 YOpHOTro MOpsI 1 3alIpOIIOHOBAHO HOBY KOMOIHAIIIIO
— Ericaria crinita f. bosphorica (Sauvageau) S.S. Sadogurska, J. Neiva et A. Israel.
3anponoHOBaHO PO3TISAATH SIK CHHOHIMH 10 IOTO TAKCOHY HOMEHKJIATYPHI KOM-
oinamii Cystoseira barbata var. flaccida (Kiitzing) Woronichin ta Cystoseira
barbata f. hoppei % flaccida Woronichin.

3a pe3ynbTaTaMl HOMEHKJIATypPHO-TAKCOHOMIYHOT peBi3ii MOKa3aHo, 10 KOM-
oinanii Cystoseira concatenata f. repens A.D. Zinova & Kalugina ta Cystoseira
barbata t. hoppei (C. Agardh) Woronichin € HeBamifHUMH.

Pe3ynbrat HOMEHKIATYpPHO-TAaKCOHOMIYHOI peBi3li MOKa3aau MpHUHAIEK-
HICTh TaKCOHIB 3 JIeBaHTIlChKOTO Oaceitny 1o posis Cystoseira s. s. Ta Gongolaria.
Ho pony Cystoseira s.s. BijAHeCeHUH mupokonomupennii Bu Cystoseira compressa
(Esper) Gerloff & Nizamuddin, a Takox piakicHi Takconu Cystoseira foeniculacea
(Linnaeus) Greville (mepimia 3a0KyMeHTOBaHa 3HaXiJKa 3a OCTaHHI 25 pOKiB) Ta
Cystoseira compressa subsp. pustulata Ercegovi¢. OcTaHHI/ TaKCOH BIEpIIE BKa3a-
HUN JUIS Cepea3eMHOMOPCHKOT akBaTopii [3painst; Ha OCHOB1 JaHUX MOJIEKYJISIPHO-
(b1TOTeHeTUYHOTO aHaNI3y TOKa3aHa Horo mpuHAIEeXKHICTE 10 Bumy Cystoseira
humilis Schousboe ex Kiitzing Ta 3anpononoBaHo HOBy Komb6iHawio — Cystoseira
humilis subsp. pustulata (Ercegovi¢) S.S. Sadogurska et A. Israel comb. nov.

Ha ocHOBI pe3ynbTaTiB MOJEKYIAPHO-(PIIOT€HETUIHOTO Ta MOP(OIOTTIHOTO

aHaji3y 3pa3KiB MOKa3aHa NPUHAJICKHICTh E€HJEMIYHOTO JIEBAaHTIMCHKOTO BHIY
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Cystoseira rayssiae Ramon 1o pony Gongolaria. Bniepie onucano MopoJoriuHy
MIHJIUBICTb, 10 HAWOLIBII BUpAKEHA MK €K3EMILIIpaMH, SIKi 3pOCTalOTh y CyOTi-
TOpail Ta JiTopani. YTOYHEHO YSIBJICHHS IPO KIIOUOBI MOPQOJIOTIYHI O3HAKU Ta
eKOJIOTIYHY MPUYPOUEHICTh BUIY, IO JO3BOJMIO BIOCKOHATUTH BUIOBUI JA1arHoO3.
3a pe3ynbTaTaMu aHajizy repOapHUX 3pa3KiB, JOBEIEHO, 110 Ha MoYaTKky XX CT. B
I3paini takox Tparmmsuucs Bunu Gongolaria barbata ta Ericaria barbatula, sixi
HUHI MOYKHA BBaXaTH WMOBIPHO 3HUKIIIMHU.

3 ypaxyBaHHSIM HOBUX TAKCOHOMIYHHX MepeOy10B Ta PLIOTCeHETUYHHX JaHUX
nepersiHyTl ysaBIeHHs npo Oioreorpadito poay Cystoseira s.l. B JOCTIIKEHUX pe-
rioHax Ta B CepenzeMHOMOpChKOMY OaceiiHi B 1itoMy. [lokazaHo, 1o #oro po3mi-
JICHHSI Ha OKpeMI PO IMOBIpHO B1A0YNIOCS 11€ B ATIaHTHII 10 MecCiHChKOT Kpu3u
COJIOHOCTI, a MpOHUKHEHH 10 Cepea3eMHOro MOpsI 1 MOAAIIBIIE PO3CEICHHS MPE/-
CTaBHUKIB poniB Ericaria, Gongolaria ta Cystoseira s.s BimOyBanocs HE3aJICKHO
onHe Big ogHOT0. OOrpyHTOBaHE MPUITYIICHHS, III0 MPOHUKHEHHS 1 PO3CENICHHS IIH-
cTo3ip y HopHomy MOpi BiAOYBanocs HEOJHOPA30BO YCHiJ 13 UepryBaHHIM HOTO
TPAHCTPECUBHUX 1 perpecuBHUX ¢a3. 3rifHo 13 JaHuMU OlocTpaTurpadii, OCTaHHE
NpoHUKHEHHs1 y YopHe Mope MOBIpHO Bi0ynocs Oau3bKO 6-7 TUC. p.T., B A30B-
cbke — 3-4 Tuc. p.T.

Cepen ABOX IOCHIPKEHUX €HIEMIYHUX IpeacTaBHUKIB Cystoseira s.l. nuine
s Gongolaria rayssiae MATBEpIKEHO BUIOBHUI CTaTyC. 3Ba)karodw, IO 3a Ja-
HUMU MOJIEKYJISIPHO-(1IOTEHETUYHOTO aHAaJ3y BUJ € JOCUTh IPEBHIM 1 YITKO BiJ0-
KPEMITFOETHCS BiJI IHIIIMX TAKCOHIB, BUCYHYTO MPHUITYIIIEHHS, 1110 HOTO €HeMI3M 00Y-
MOBJICHH CKOPOUYEHHSIM apeaiy, a He BAHUKHEHHSIM Yy Meax came JIeBaHTIHChKOTO
Oaceitny. BcranoBneno, o enaemiuna dopma Ericaria crinita f. bosphorica 3a no-
CIIDKEHUMH MITOXOHpPIaIbHUMHM MapKepaMu HaBIlaku € kKoHcnenudignoro i3 Ce-
pen3eMHOMOPCHKIMH TaKCOHAMM, 1110 BKa3y€ Ha BIIHOCHO HEIIOAABHE BUHUKHEHHS
TaKCOHY, IMOBIPHO Bke Micis (opMyBaHHs cydacHOro 6aceiiny YopHoro mMops.

[IpoBeneHe riipoboTaHIuHe JIOCJIHKEHHS HOBOI'O JIOKAJITETY

Gongolaria barbata B akBatopii Jl>xapmiranbKoro HaliOHAJIBHOTO MPUPOTHOTO TIa-
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pky (HIIII). BctanoBieHo, 110 POCIWHHUN TOKPUB CyOsIiTOpali chopMOBaHH MMOJIi-
JOMIHAHTHUM yrpynoBaHHsM Gongolaria barbata — Codium vermilara + Laurencia
coronopus (BIIEpILIEe OMTUCAHUM JJIs1 y30epexoksl YKpaiHu) 1 MOHOJJOMIHAHTHUM YTPY-
noBanHsAM Codium vermilara (Olivi) Delle Chiaje. B minomy BusiBineno 30 BuiiB Ma-
KPOBOAOPOCTEM, Maike MOJIOBUHA 3 SIKUX HAJISKUTh J0 KaTeropii piakicHuX. Pe3ymb-
TaTH €KOJIOTO-(PIIOPUCTUYHOTO aHAII3Y CKJIaly MaKpoaabrogopu CBiAYaTh MPO IMo-
JIMNIIEHHS €KOJIOTTYHOIO CTaHy MOPCHKOIO cepefoBuia B Japuiranbkiil 3aToti.
Boanouac 3a3Ha4eHi yrpynoBaHHs HiJISraloTh OCOOIMBIM OXOPOHI, Y 3B SI3KY 3 UMM
PEKOMEHI0BaHO 301IBIIMTH IUIOINTY 3aroBiaHoi akBaTopii HIIII.

Kputnunuii ctan nomyssiiii npeacraBHuKiB Cystoseira s.l. Ta SHUKHEHHS IXHIX
yIrpymnoBaHpb y Oaratbox paiioHax YopHOro Mops CBiAYaTh MPO HarajibHy HEOOX1J-
HICTh OXOPOHHU. 3 METO0 3a0€3MeYeHHS Ha HAIllIOHAIbBHOMY Ta MIXKHAPOHOMY PiBHSIX
OXOpOHHU YIpyTNoBaHb 1 610TOIIB, 10 chopMoBaHi npeacraBuukamu Cystoseira s.l.,
Ta IHIOUX TPUOEPEKHO-MOPCHKUX OCEJHIL, OOTPYHTOBAHO BKIIIOUEHHS 16 HOBHX
00’€ekTiB 10 cTpyKTypu CmaparoBoi Mepexi Ykpainu. J[OIITbHUM € BKIOUYEHHS
Ericaria crinita f. bosphorica B perioHaJIbHI Ta HAIIOHATIBHI YEPBOHI CITUCKH.

OTpuMaHi y X0/1 JOCIIJPKEHHS Pe3yJIbTaTH JOMOBHIOIOTH BIJOMOCTI I0J10 Pi-
3HOMAHITTS Ta MOMUPEHHS TaKCOHIB poxy Cystoseira s.l. y HopHomy mopi Ta JleBa-
HTiicbkOMYy Oaceiini Cepea3eMHOro MOpsl 1 MOXKYTh OyTH BUKOPHUCTaHI MPHU yTOU-
HEHHI1 KJIFOYiB JJIsI BU3HAUCHHs TakcoHiB pony Cystoseira s.l. y dbaopi Ykpaini, I3-
painio Ta iHIKX KpaiH 1 perioHiB CepeazeMHOMOpPChKoOro Oaceiny. OTpumani reHe-
THUYHI TTOCJTIIOBHOCTI 3pa3KiB MaKpOBOJOPOCTEH AenoHOBaH1 y 6a3i qanux GenBank
(MT978052-MT978063). PesynbTaTu nociimkenHs yrpynoBanb Cystoseira s.l. B
Jxapunranskomy HIII mepenani B HayKOBY 4acTUHY 1€l YCTAHOBU ISl BKIIIO-
YyeHHs 10 «JliTonucy mpupoiny» 1 BUKOPUCTaH1 B KJIOMOTAaHHI PO HEOOX1HICTh Po-

3MIUpPEeHHs 3anoBiqHoi akBaTopii HIIII.

Knwuoei cnosa: 6ypi sooopocmi, Cystoseira s.l., Ericaria, Gongolaria, Yo-
pHe mope, Cepedzemne mope, Jlesanmiticokuti bacetin, NOWUPEHHs, MAKCOHOMIS,

HOMEHKIamypa, MOJeKYIAPHA Qino2eHis.



SUMMARY

Sadogurska S.S. The genus Cystoseira s.l. in the Black Sea and the Levan-

tine basin of the Mediterranean Sea. — Qualifying scientific work, manuscript.

Thesis submitted to obtain the Degree of Doctor of Philosophy (PhD) in spe-
cialty 091 «Biology». — M.G. Kholodny Institute of Botany of the National Academy
of Sciences of Ukraine, Kyiv, 2021.

The PhD thesis is devoted to the study of the taxonomic status and phyloge-
netic relationships of marine brown algae of the genus Cystoseira sensu lato (Cys-
toseira sensu stricto, Gongolaria Boehmer and Ericaria Stackhouse) in the Black
Sea and the Levantine basin of the Mediterranean Sea to clarify information on their
taxonomic diversity and distribution within the Mediterranean basin, as well as to
improve protection measures for habitats formed by them.

Based on the research results, methodological aspects of material preservation
and processing have been developed, as well as a modified protocol for DNA ex-
traction from brown algae based on the phenol-chloroform method. It is shown that
the genetic marker mt-spacer (23S-tRNAVal mitochondrial intergenic spacer) is the
most promising for Cystoseira s.l. barcoding.

According to the results of comparative morphological and molecular phylo-
genetic analysis, the genus Cystoseira s.l. in the Black Sea is represented by taxa
that belong to genera Ericaria and Gongolaria. The morphological data support the
transition of Gongolaria barbata (Stackhouse) Kuntze to the genus Gongolaria,
which was previously proposed based solely on genetic data. The recognition of the
separate intraspecific taxa in attached Gongolaria barbata is unreasonable because
the morphological variability of this taxon results from seasonal changes and eco-
logical plasticity. A new nomenclature combination, Gongolaria barbata f. repens

(A.D. Zinova & Kalugina) S.S. Sadogurska comb. nov., has been proposed for the
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unattached form of Gongolaria barbata. The synonymy of this taxon and the species
Cystoseira aurantia Kiitzing sensu Orellana et al., 2019 was rejected.

The molecular analysis of the Black Sea endemic Cystoseira bosphorica
Sauvageau showed its affiliation to the genus Ericaria and conspecificity with the
Mediterranean species Ericaria crinita (Duby) Molinari & Guiry and Ericaria bar-
batula (Kiitzing) Molinari & Guiry. Given the unique morphological features and
geographical isolation, its endemicity was confirmed, and a new combination E¥i-
caria crinita . bosphorica (Sauvageau) S.S. Sadogurska, J. Neiva et A. Israel was
proposed. The nomenclature combinations Cystoseira barbata var. flaccida
(Kiitzing) Woronichin and Cystoseira barbata f. hoppei x flaccida Woronichin were
proposed to consider as synonyms for this taxon.

As a result of the nomenclature-taxonomic revision, it was shown that nomen-
clature combinations Cystoseira concatenata f. repens A.D. Zinova & Kalugina and
Cystoseira barbata f. hoppei (C.Agardh) Woronichin are invalid.

The nomenclature-taxonomic revision showed that taxa from the Levantine
Basin belong to genera Cystoseira s.s. and Gongolaria. Three taxa belong to the
genus Cystoseira s.s.: widespread species Cystoseira compressa (Esper) Gerloff &
Nizamuddin, and two rare taxa — Cystoseira foeniculacea (Linnaeus) Greville (the
first well-documented finding in the last 25 years) and Cystoseira compressa subsp.
pustulata Ercegovi€. The latter taxon was mentioned for the Israeli seashore for the
first time. Based on molecular phylogenetic analysis data, its affiliation to the spe-
cies Cystoseira humilis Schousboe ex Kiitzing was shown, and a new combination
Cystoseira humilis subsp. pustulata (Ercegovi¢) S.S. Sadogurska et al. A.Israel
comb. nov. was proposed.

Molecular phylogenetic and morphological analysis showed that the endemic
Levantine species Cystoseira rayssiae Ramon belongs to the genus Gongolaria. Mor-
phological variability of this taxon, which is most pronounced between specimens
growing in the sublittoral and littoral zones, was described. The description of key
morphological features was provided and ecological preferences of the species were

clarified, which allowed to improve the species diagnosis. The analysis of herbarium
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specimens proved that in the early XX century, Gongolaria barbata and Ericaria bar-
batula species also occurred in Israel, but currently they are most certainly extinct.

The understanding about the Cystoseira s.l. biogeography in the studied re-
gions and the Mediterranean basin was reviewed, taking into account new taxonomic
rearrangements and phylogenetic data. It was shown that the separation of Ericaria,
Gongolaria, and Cystoseira s.s. probably took place in the Atlantic before the Mes-
sinian salinity crisis. Entering into the Mediterranean Sea and further resettlement
of these three genera took place independently. There is a reasonable assumption
that the penetration and settlement of Cystoseira s.l. in the Black Sea occurred sev-
eral times following the alternation of its transgressive and regressive phases. Ac-
cording to biostratigraphy, the last penetration into the Black Sea probably occurred
about 6-7 thousand years ago, and in the Sea of Azov — 3-4 thousand years ago.

Among the two studied endemic Cystoseira s.l. taxa, the species rank was
confirmed only for Gongolaria rayssiae. Given that according to molecular phylo-
genetic analysis the species is quite ancient and is clearly separated from other taxa,
its endemism is probably due to the reduction of range rather than its emergence
within the Levantine Basin. On the contrary, it was shown that the endemic taxon
Ericaria crinita f. bosphorica i1s conspecific with Mediterranean taxa. It indicates a
relatively recent emergence of the taxon, most probably after the formation of the
modern Black Sea basin.

A hydrobotanical study of a new locality of Gongolaria barbata in the
Dzharylhach National Nature Park (NNP) was carried out. It was found that the veg-
etation cover of the sublittoral zone is formed by the polydominant community Gon-
golaria barbata - Codium vermilara + Laurencia coronopus (for the first time indi-
cated on the Ukrainian coast) and the monodominant community of Codium ver-
milara (Olivi) Delle Chiaje. A total of 30 macroalgae species were identified, about
half of which belong to the category of rare species. The results of ecological-floris-
tic analysis indicate the improvement of the ecological condition of the marine en-

vironment in of Dzharylhach Bay. However, these algal communities are subject to



9

special protection, and therefore it is recommended to enlarge the area of the marine
protected area of Dzharylhach NNP.

The critical condition of the Cystoseira s.l. populations and the disappearance
of their communities in many parts of the Black Sea indicate the urgent need for their
protection. To ensure the protection of communities and habitats, formed by Cys-
toseira s.l. taxa, and other marine habitats at the national and international levels, the
16 new sites were proposed for the Emerald Network of Ukraine. It is recommended
to include Ericaria crinita t. bosphorica in the regional and national red lists.

The results obtained during the study complement the information on the di-
versity and distribution of Cysfoseira s.l. taxa in the Black Sea and the Levantine
Basin of the Mediterranean Sea and can be used to update the identification keys of
Cystoseira s.l. taxa in Ukraine, Israel and other countries and regions of the
Mediterranean basin. The obtained sequences are partially deposited in the GenBank
database (MT978052 — MT978063). The results of the study of Cystoseira s.l. com-
munities in Dzharylhach NNP were sent to the scientific part of this institution for
inclusion in the «Chronicles of Nature» and also were used in the official request to

increase the marine protected area.

Key words: brown algae, Cystoseira s.l., Ericaria, Gongolaria, Black Sea,
Mediterranean Sea, Levantine Basin, distribution, taxonomy, nomenclature,

molecular phylogeny.

IEPEJIIK OITYBJIIKOBAHUX ITPALIb 3A TEMOIO JIMCEPTAILIII

Cmammi y HayKo8ux 6uOaHHAX, W0 IHOEKCOBAHI Y HAYKOMEMPUUHUX 0a3aX
oanux Web of Science ma Scopus:
1. Sadogurska S.S., Neiva J., Falace A., Serrao E.A., Israel A. (2021).
Taxonomic revision of the genus Cystoseira s.1. (Ochrophyta, Fucales,
Sargassaceae) in the Black Sea: morphological variability and molecular taxonomy

of Gongolaria barbata and Ericaria crinita f. bosphorica comb. nov. Phytotaxa, 480
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