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Jlucepramiss  OpUCBSYEHA  JOCHTIDKEHHIO  CHCTEMATHKH, reorpadidHOTo
NOIMPEeHHST Ta eBoyoIli OpanxioOzemin (Annelida: Branchiobdellida) 3aximnoi
[Taneapktuku. bpanxioOnenign €  oOdiraTHUMU  CUMOIOHTaMHU  TPICHOBOJHUX
pakomomiOHMX 1 BIAITPAIOTh BAXIMBY poOJib Yy (yHKIIOHYBAaHHI MPICHOBOIHUX
exocucteM. He3Bakarounm Ha iXHE 3HAYEHHA, I Tpyna OPraHi3MiB 3aJMIIAETHCS
HEJOCTAaTHRO BHBYCHOIO, OCOOJMBO B KOHTEKCTI IXHIX CHMOIOTHYHHUX B3a€MHH,
reorpadiqHOro MOIIUPEHHS Ta €BOJIOMINHOI icTOPii. METOI MOCIKEHHS € BUBYCHHS
Opanxioonenia 3axigHoi [lameapkTuku, 30KpeMa iXHbOI CUCTEMATUKH, reorpapiyHoro
MOIIUPEHHS Ta €BOJIOMIMHUX 3B’ SI3KiB, & TAKOXK JTOCTIIKEHHS MOXJIMBOCTI 3apaKCHHS

IHTPOIYKOBAHUX BH/IIB PaKiB aOOpUTreHHUMH OpaHX100/1e11/1aMHu.

Jlnst 3miicHeHHs 1i€1 MeTH HaM# OyJio TTPOBEICHO KOMILJIEKCHE JIOCIIIKEHHS, SKE
BKJIIOYaJI0 MOpPQOJIOTIUHUM  aHali3 (CTePEOMIKPOCKOINisl, BHBUCHHS IIENeN Ta
criepmaTteku), (GUIOTeHEeTUYHUN aHami3 (Meron MakcuMalibHOI MpaBIoNoaiOHOCTI Ta
baecoBe BucHOByBaHHsI), a Takox reoindopmariitai metoau (QGis) s BU3HAYCHHS
apeaiiB TMOIMIMPEHHA. B paMkax MOJEKyJIsIpHO-TeHETHYHOIO aHajizy MU BIEpIIe
OTpUMAaJIM MOCJIIOBHOCTI 4OTHPHOX MiToxoHApiansHuX (CO1, 16S) Tta saepuux (2885,
ITS) reHeTHYHUX JOKYCIB JIJI1 BOCBMHU JIOCTIIKYBAaHUX BHIIB OpaHxioOaemnin 3axigHol
[Taneapktuku. Lle 3HaYHO PO3MMUPHUIO MOKIUBOCTI JOCHTIIKEHHS, OCKUIbKU paHille B
GenBank Oynu goctrynHi nume nocmigoBHocti COl. KpiM Toro, Mu npoBenu 3HAYHY
poboty 3 momudikamii MpoTOKOMIB amIuTiikallii, IO J03BOJIWIO OTPUMATH SKICHI

MOCJIJOBHOCTI T€HETUYHUX TOCII0BHOCTI JUIsl BUAY I1'ABKU Hemiclepsis marginata.



[le#i BUA BUKOPHUCTOBYBABCS SIK 30BHINIHS Tpyna s NMOOYIOBH MYJIBTHIOKYCHOTO
(17IOreHEeTUYHOrO JiepeBa, 110 3a0e3meunsio OUTbIl BHUCOKY MIATPUMKY OTPUMAHMX
pesynbTariB. Marepianu nist nociimpkenns oynu 310pani npotsrom 2009 - 2022 pp. min
yac TOJIbOBUX ekcneauIid y 3axigHux bankanax, YkpaiHi 1 nOpuieriux a0 Hei
TEPUTOPIN Ta B 1HIIMX perioHax 3axinHoi [laneapktuku. Takox Oyna mpoaHaiizoBaHa
3HaYHA KUIBKICTh 3pa3KiB PIYKOBUX PaKiB 3 My3eWHOI Koiekilli JIroOasHChKOTO

yHiBepcuteTy (M. JIto0nsiHa, CioBeHis).

B pesynbrari H0CHiIKEHHS PO3UIMPEHO YSABICHHS MPO MEXI PO3MOBCIOMIKCHHS
BU1B OpanxioOzaenin 3axinHoi [laneapkruku. MonexkynsipHuil (piToreHeTUYHUIN aHai3
3a anepaumu reHamu 28S ta ITS ta miToxonapianbaumu renamu 16S 1 CO1 BusiBus,
mo pin Branchiobdella y 3axinniii [Taneapkruiii popmye BiciM OCHOBHUX €BOFOIIAHUAX
JHIN, SIK1 BIAMOBINAIOTE BUAaM B. kozarovi, B. balcanica, B. pentadonta, B. italica, B.
astaci, B. hexadonta, B. parasita Ta HOBOMY BHAy B. sp.n.. Bmepme otrpumano
nocminoBuocti JAHK nmns B. kozarovi, mo 103BONMHIO YTOYHUTH 11 (iJOTEHETUYHE

ITOJIOXKCHHA.

Mopdonoriytai Ta reHeTUYH1 BIAMIHHOCTI MIATBEPAXKYIOTh BUIOBUI CTaTyC HOBOI
nonyssii Opauxioonenin Branchiobdella sp.n. 31 Cnosenii. KomOGiHOBaHM# aHami3
Mopdouiorii, ¢igoreHii Ta AemimiTailii MmokaszaB, 10 Kiaga B. parasita TONUIAETbCS

IIOHAWMEHIIIEe HA TPH CYOKJIaau, SIKi MOXKYTh MaTH CTaTyC OKPEMUX BUIIB 20O ITiJIBUIIB.

OdinoreHeTHYHA CTPYKTypa OpaHxioOpaemnif, MmiATpuMaHa BUCOKMMH 3HAYEHHSIMU
OyTcTpemy, Kopemroe 3 (DUIOTeHI€0 iXHIX Xa3siiB — pPIYKOBUX pakiB. 30Kpema,
MIATBEP/UKEHO TICHUM 3B’SI30K MK B. kozarovi ta B. balcanica, mo BigoOpaxae
CIIOPIAHEHICTh IXHIX Xa3siiB — JOBromayoro (Astacus leptodactylus) Ta MIMPOKONAIOTro
(Astacus astacus) pakiB. ['eorpadiuauii posmoin ramiotumB B. kozarovi B YkpaiHi
BKa3ye Ha JBa OCHOBHI IUISIXM 1ICTOPUYHOT MIrpallli JOBromajoro paka: 3axigHui (depes
3axigne IlpudopHomop’s no OaceiHiB p. [ynait Tta p. IliBnennuid byr) Ta cxigHuit

(uepes Cxinue [Ipugopnomop’st no p. Hon, p. CiBepcrkuii Jlonens ta p. AHinpo).



ExcriepumenTansHo nOBefieHO, 10 B. kozarovi 3maTHa BWKHMBaTH 0e3 xassdiHa
npotsirom 60 1HIB, 10 Ma€ 3HAYCHHS IS ajganTailii BUAYy B YMOBaXx THMYacOBOI
BIACYTHOCTI pakiB. Lleii BuJ TakoX YCIHIIIHO KOJIOHI3y€ I1HTPOAYKOBAaHUX paKiB,
3aiiMalouy aHaAJOTI4HI IUISHKU Tija, SK 1 y IPUPOIHUX Xa3siB. JlocaikeHHsI KOKOHIB
OpaHx1001emi1 Ta iXHBOI JIOKaTI3alli Ha TUIl PakiB J03BOJSE 1IEHTU(]IKYBaTH BUIU
HaBITh 3a BIJICYTHOCTI JOPOCIMX OCOOWH, a TaKOXX BUBYATH OCOOJMBOCTI iXHBOTO

cUMO103y, BKJIFOUAIOUM PO3IMOALT HIlll Ta IHTEHCUBHICTD 1HBA311.

Branchiobdella balcanica, €KTOCUMOI10HT HIMPOKONAIOr0 paxa,
XapaKTEePU3YEThCS HU3BKUM TEHETHYHUM Pi3HOMAHITTSIM, MO0 pOOHUTH HOTO 3aJIeKHUM
BIJl cTaHy nonyisuiid xasdina. [linBun B. balcanica sketi Karaman, 1967 BU3HaHO
HEBaJIJHUM, OCKUIHKU Bapiallli KOmyIaTuBHOI OypcH, SIKi paHillleé BUKOPHUCTOBYBAIHCS
JUIS. Ioro BUUICHHS, BUSIBUJIMCS TOB’SI3aHUMH 3 BIKOBOIO 3MiHOIO Mopororii, a He 3

TEHETUYHOIO Ju(epeHITialieo.

Branchiobdella astaci OyB 4yncenbHUM y CTapuUX MY3€MHHX 3pa3Kax, ajie oro He
3HAWIIJIM B CyYacHHMX 300pax, IO MOXE CBIAYUTH TIPO CYTTEBE CKOPOUCHHS WHOTO

TSI,

OTtpuMaHi pe3yJabTaTd MIJAKPECTIOITh BAXKIMBICTH 1HTETpaIlli MOJCKYJISIPHUX,
MOP(OJIOTIYHUX Ta EKOJOTIYHUX JaHUX JUIsI PO3YMIHHS €BOJIOLII Ta MOLUMPEHHS
OpaHxi001emi 1 BIAHOCHMHHM 3 iXHIMH Xa3sisMH-pakamu. Pe3ynbraté poOOTH MaroTh
BAXJIMBE MMPAKTUYHE 3HAUEHHS Ui PO3YMIHHS EKOJOTIYHUX HACHIJKIB IHTPOIYKIIIi
€K30THYHUX BHUJIB paKiB y BOAHI EKOCHUCTEMH 1 MOXYTh OyTH BHUKOPUCTaH1 IJis
PO3pOOKHU 3aX0/1B 0100€3MEeKH Ta KapaHTUHHOTO KOHTPOJIIO IIPU BBE3EHHI )KUBUX PaKiB,

a TaKOX JJIs1 pO3pOOKHU cTpareriii 30epexeHHs] aDOPUTreHHUX BUIIB PAKIB.

OcCHOBHI pe3yJbTaTH JOCTIPKEHHS OMyOJIiIKOBaHI B TPbOX HAYKOBUX CTaTTSX,
30KpeMa B 3aKOPJOHHOMY BHUJIaHHI, sIK€ 1HJEKCyeThca B 0a3ax maHux Web of Science
ab6o Scopus (Q2), ta y ¢daxoBux BuAaHHAX YKpaiHu (kareropii A ta b). Pe3synbraru
TaKOXX TMPEACTAaBICHO Ha MDKHApPOAHUX KOH(pepeHiisx, 3okpema Ha 4th Central

European Symposium of Aquatic Invertebrates (CnoBauuuna, 2024).



JlocnipkeHHST BUKOHAHO B paMKaX HAyKOBUX TpOrpamM, CIPSMOBAaHUX Ha
BUBYEHHSI OlOpI3HOMAHITTA MPICHOBOJHUX eKocucteM 3axiaHoi Ilaneapkruku, 3a
MiATPUMKN TpaHTiB MiHICTEpCTBA OCBITH 1 Haykd YKpainu, MiHiCTepCTBAa OCBITH 1
Hayku CnoseHii (2009—2012) ta Science and Technology Center in Ukraine (STCU) (3
2023 poky).
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ABSTRACT

Shrestkha M. Yu. Branchiobdellidans of the Western Palearctic (Annelida:
Branchiobdellida): systematics, geographic distribution, and evolution. — Qualifying

scientific work on the rights of the manuscript.

Thesis submitted for obtaining the Doctor of Philosophy degree, 091 Biology —
V. N. Karazin Kharkiv National University, Ministry of education and science of

Ukraine, Kharkiv, 2025.

This dissertation is dedicated to the study of the taxonomy, geographical
distribution, and evolution of branchiobdellidans (Annelida: Branchiobdellida) in the
Western Palearctic. Branchiobdellidans are obligate symbionts of freshwater crustaceans
and play a crucial role in freshwater ecosystem functioning. Despite their ecological
significance, this group remains understudied, particularly in terms of their symbiotic
relationships, biogeography, and evolutionary history. The study aims to investigate the
taxonomy, distribution, and evolutionary relationships of Western Palearctic
branchiobdellidans, as well as assess the potential for native branchiobdellidans to

colonize introduced crayfish species.

To achieve this goal, a comprehensive approach was employed, integrating
morphological analysis (stereomicroscopy, jaw and spermatheca examination),
phylogenetic reconstruction (Maximum Likelihood and Bayesian Inference), and
geospatial methods (QGIS) for range mapping. Molecular genetic analysis was
conducted for the first time on four mitochondrial (CO1, 16S) and nuclear (28S, ITS)
loci across eight studied branchiobdellidan species, significantly expanding research
possibilities, as only CO1 sequences were previously available in GenBank.
Additionally, optimized amplification protocols were developed to obtain high-quality
genetic sequences for the leech Hemiclepsis marginata, which served as an outgroup in

multilocus phylogenetic tree construction, enhancing result reliability.



Field collections were conducted between 2009 and 2022 across the Western
Balkans, Ukraine, adjacent regions, and other Western Palearctic areas. Museum

specimens from the University of Ljubljana (Slovenia) were also analyzed.

As a result of the study, the understanding of the distribution ranges of
branchiobdellidan species in the Western Palearctic has been expanded. Molecular
phylogenetic analysis of the nuclear genes 28S and ITS and the mitochondrial genes
16S and COIl revealed that the genus Branchiobdella in the Western Palearctic forms
eight major evolutionary lineages corresponding to the species B. kozarovi, B.
balcanica, B. pentadonta, B. italica, B. astaci, B. hexadonta, B. parasita, and a new
species, B. sp. n.. For the first time, DNA sequences were obtained for B. kozarovi,

which clarified its phylogenetic position.

Morphological and genetic differences confirm the species status of a newly
discovered population of branchiobdellidans, Branchiobdella sp.n., from Slovenia. A
combined analysis of morphology, phylogeny, and species delimitation showed that the
B. parasita clade splits into at least three subclades, which may represent distinct

species or subspecies.

The phylogenetic structure of branchiobdellidans, supported by high bootstrap
values, correlates with the phylogeny of their hosts—freshwater crayfish. In particular, a
close relationship between B. kozarovi and B. balcanica was confirmed, reflecting the
relatedness of their hosts—the narrow-clawed crayfish (Astacus leptodactylus) and the
broad-clawed crayfish (Astacus astacus). The geographical distribution of B. kozarovi
haplotypes in Ukraine indicates two main historical migration routes of the
narrow-clawed crayfish: a western route (via the western Black Sea coast to the Danube
and Southern Bug river basins) and an eastern route (via the eastern Black Sea coast to

the river Don, river Siversky Donets, and Dnipro river).

Experimental studies demonstrated that B. kozarovi can survive without a host for

up to 60 days, which is significant for the species' adaptation in conditions of temporary



host absence. This species also successfully colonizes introduced crayfish, occupying

the same body regions as in their native hosts.

The study of branchiobdellidan cocoons and their localization on crayfish bodies
allows for species identification even in the absence of adult specimens, as well as for
investigating the specifics of their symbiotic relationships, including niche distribution
and infestation intensity. Branchiobdella balcanica, an ectosymbiont of the
broad-clawed crayfish, exhibits low genetic diversity, making it dependent on the status
of its host populations. The subspecies B. balcanica sketi Karaman, 1967, was deemed
invalid, as variations in the copulatory bursa, previously used for its classification, were
found to be related to age-dependent morphological changes rather than genetic
differentiation. Branchiobdella astaci was abundant in old museum specimens but was
not found in recent collections, which may indicate a significant decline in its

populations.

The results underscore the importance of integrating molecular, morphological,
and ecological data to understand branchiobdellidan evolution and host interactions.
The obtained results have important practical significance for understanding the
ecological consequences of the introduction of exotic crayfish species into aquatic
ecosystems. They can be used to develop biosecurity measures and quarantine control
for the import of live crayfish, as well as to develop strategies for the conservation of

native crayfish species.

Key results were published in three peer-reviewed articles, including a
Q2-indexed international journal (Web of Science/Scopus) and Ukrainian Category A/B
journals, and presented at the 4th Central FEuropean Symposium of Aquatic

Invertebrates (Slovakia, 2024).
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