AHOTALIIA

Xomenko A. M. TakcoHomiuHa peBi3iss IT’sBoK poauHu Erpobdellidae
(Annelida, Clitellata, Hirudinida) Ilaneapktuku: w™opdooris, Qitorenias i

reorpadiune nommpenHs. — Kpamidikamiitna HaykoBa mpaiis Ha IMpaBax pyKOMHCY.

JHucepramiss Ha 3700yTTS HAyKOBOTO CTYIMEHs JokTopa ¢inocodii 3a
cretianibHicTIO 091 — «biosoris»y. XapkiBChbKUM HalllOHAJILHUM YHIBEPCHUTET 1MEHI
B.H. Kapasina, XapkiB; [nctutyt 30010rii imeHi L.I. lImansrayzena HAH Ykpainuy,

Kwuis, 2021.

Huceprarniiitna poOOTa TPHUCBSIYEHA BCTAaHOBJEHHIO Kiacudikaiii 11 sSBOK
poaunu  Erpobdellidae, nacammepen mnaneapkTMUHMX 11 TPEACTABHUKIB, Ta
BUSIBJICHHIO 3aKOHOMIPHOCTEM MOPQOJIOTIYHOT €BOJIOIII Ta TeorpadiyHoro
MOIIUPEHHS. 3a OCTaHHI ABAAISATh POKIB BHACIIIOK HAKOMMYEHHSI HOBUX JaHUX OYJIO
BHUSBJIGHO 0araTo HEBIAMOBITHOCTEH MK  (UIOTEHETUYHUM  IOJIOKCHHSIM,
MOP(OJIOTIYHUMU OCOOJIMBOCTAMH OKPEMHUX TaKCOHIB Ta JlarHO3aMH POJiB, IO B
CBOIO 4YEpry 3YyMOBIIOE€ HEOOXITHICTh IPOBEJCHHS TAaKCOHOMIYHOI peBI3il 3
MaKCUMaJIbHUM OXOIUJICHHSIM TaKCOHIB, BUKOPUCTAHHSAM Cy4acHUX (DIJIOTE€HETUYHUX
METO/IB 1 JOTPUMAHHSM MPUHLUIIIB CTAOLTLHOCTI HOMEHKJIATYPH, 1110 1 CTAJIO HAIIOK0
Meroro. Jlia 3miiicCHEHHS 1€l MEeTH HaMu OyJi0 JOCHIKEHO (iJOreHEeTHYHY
cTpykTypy poaunu Erpobdellidae, pocmimkeno wmopdosoriaai  0coOauBOCTI
MPEACTABHUKIB PI3HUX EBOJIOLIMHUX JIIHIM TJOTKOBUX IT'SIBOK Ta OMNHMCAHO

3aKOHOMIPHOCTI iIXHBOTO T€0rpad)iqHOTrO MOIIUPEHHS.

JocnimkeHHsT TpOBOJMIIOCS Ha MaTepianax KoJjekiii kadeapu 3oosorii Ta
eKkoJorii TBapuH XapKiBCHKOTO HaIlioHAJIBHOTO yHiBepcuteTy iMeHi B. H. Kapasina
Ta 3pa3kax, 310paHuX aBTOpOM ocoOucTo. Bcboro aBropoM Oyiio mpoaHaai30BaHO
OJIU3BKO MBOXCOT TPHUALSATH 3pa3KiB I1’SIBOK, IO HAJIEkKATh JO YOTHUPHOX POIIB 1
TPUALATH BUAIB, 310paHUX 3 BICIMIECAT ceMHU JokKamiteTiB. byma pocmimkeHa
30BHIIIHS Ta BHYTPIlIHS Mop(dooris 3pa3kiB, A Bi3yaizallii NOMUPEHHS JEIKUX

JAOCHKEHUX TakocHIB Oyno 3actocoBaHo ['IC-mporpamu. [lns dinoreHeTHyHOro



aHaymizy 3 4YacTUHU 3pas3kiB Oyno BuauieHo renomHe JHK Ta orpumano
nocnigoBHOCTI TeHiB COX1, 12S Ta 28S, sxi Oynum mnpoaHani3oBaHi pa3zoMm i3
MOCTITIOBHOCTSIMA ~ TJIOTKOBUX II'SBOK B3atux 3 GenBank. Takox Oyno
MpoaHajizoBaHo TmociigoBHOCTI TeHy 18S, HasBHi y GenBank. Jlo mociigoBHOCTEH

reHy COx1 takosx Oy 3aCTOCOBaH1 METOAM JeNIMITaIlli BUIIB.

[IpoBenennii HamMu  (QUIOTEHETHYHHM  aHaAMi3 BHUSIBUB  JYy)KE  UYITKY
¢binoreHeTnuny cTpykTypy poaunu Erpobdellidae, sxa 3Ha4HOIO MIpOIO MMiATBEPIKYE
mopdonoriuni  gaHi 1 Oioreorpadiro Ha piBHI poxiB. BusBieni Hamu ciM
€BOJIIOLIIMHUX JIIHIA TJIOTKOBUX IT'SIBOK BIJIMOBIIAIOTh CIMOM poOJiaM, a came
Erpobdella, Dina, Trocheta, Blanchardia, Fadejewobdella, Nephelopsis Ta
Mooreobdella. Binpmiicte gocmikeHUX HamMH BHIIB poxy Trocheta yrBopum
OKpeMy BiJ TuUoBoro Buay T. subviridis eBosroriiiny iHiro. Jlo 1i€i eBOMIOMIHHOT
JiHiT HaJaCKHTh, 30kpema, 1 T. cylindrica, TumoBuii BuI O CHHOHIMI30BaHOTO
panimre poxy Blanchardia. Heapxruuni Bumam pomxy Erpobdella, sk pusmiocs,
HaJIeXKaTh JI0 Ti€l caMol eBOMIOMIMHOI JiHil, mo i Buau poxaie Mooreobdella Ta
Motobdella. Tak camo Heapkrtuuni Bumu poxy Dina Hanexars g0 Tiel camoi
CBOJIIOMIMHOI JiHii, mo 1 monotmmuuid pig Nephelopsis. ITocmigoBHOCTI BH/IIB
T. subviridis i F. quinqueannulata, tunosi Buau poxiB Trocheta ra Fadejewobdella
YTBOPUJIM JB1 OKpeMi BiJl IHIIKX JOCJIIXKEHHUX I’ IBOK €BOJIIOIIMHI JiHi1. Takox Har
pe3yJIbTaTH YaCTKOBO BKa3yIOTh Ha peanbHICTh migpoauH Erpobdellinae i Trochetinae

Ta 3amepevyroTh ICHyBaHHs miapoauHu Mooreobdellinae B 1i mo4aTkOBOMY CKJIa/Ii.

3aBASKA JOCHITKEHHIO MOPQOJOTIYHUX O3HAK MU MAINIUIA BUCHOBKY, IIIO
KUTBKICTh KUICIIb Y COMITI HE € O3HaKolo, sKa JI03BOJISIE HAAIMHO BUSIBUTHU
MPUHAIEKHICT BHUIY 1O SKOTOCh 3 POJIIB, MPOTE€ 3HAYEHHS KIIbYaCTOCTI Jif
PO3pI3HEHHS BHJIIB 3AIMINAETHCSA HAA3BUYAHO BakimMBUM. Harnpuknan, Taki 03HaKH,
AK TIOJIOKEHHSI TOHOMOPIB BITHOCHO KiJI€Ilb COMITY 200 CTYIIHb PO3IIJIEHOCTI IEIKUX
KUICIIh € Ba)JIMBOKO JIIATHOCTHYHOIO XapaKTEPUCTUKOIO JJIsi PO3PI3HEHHS 06arathox
CXOXXMX BHUJIB. BomHOYac mpencTaBHUKU PI3HUX EBOJIIOMIMHUX JIHIA TJIOTKOBHUX

I’SIBOK  10Ope PO3PI3HAIOTHCS 32 OCOOJUMBOCTAMU OyJOBH CTAaT€BOi CHUCTEMH,



nepeBakHo (GopMoOIO aTpiymy Ta Horo poriB. @opma aTpiymy Ta (opma sieBux

MIIIKIB MalOTh BEJTMKE 3HAYCHHS JIJIs1 pO3PI3HEHHS BU/IB IJIOTKOBUX I’ SBOK.

AHani3yioun BUSBICHY (PUIOT€HETUYHY CTPYKTYypY TJOTKOBHX II'SIBOK Ta
MOIIMPEHHS. OKPEMHUX MPEICTaBHUKIB PI3HUX EBONIOIMIMHMX JIHIN, MU 3’SICyBaJd, 110
apeanu 11’ siBoK poay Erpobdella oomexeni ITaneapkTrkoro, HATOMICTh apeain PoJIiB
Dina i Trocheta oOwmexeni 3axigHoro [lameapkTukoro. MOHOTHITHOTO i
Fadejewobdella »xuBe nuine B miBHIYHO-CXiJHIA YacTUHI A30BO-HOpHOMOPCHKOTO
Oaceitny. 3aramom  ¢ayna 3axigHoi [lameapkTuku  BuUABHMIAcS ~ 3HAYHO
PI3HOMaHITHIIIOKW, HIX (payHa CxinHoi Ilaneapkruku. HeapkTuuHi Ta HEOTPOMIYHI
I’SIBKM, SKHX BigHOCHIH/BigHOCAT, a0 poxiB Erpobdella Ta Dina, nacmpasmi
HaJieXKaTh JI0 1HIIMX €BOJIIOIIMHMUX JiHIA. byno mokazano, mo IliBnennuit KaBkas,
HacaMmIiepesi Horo 3axijJiHa 4acTHHA, € CAaHKTyapieM JjIsi 0araTbOX BHJIIB TJIOTKOBHX
II’SIBOK Ta OJTHAM 13 LIEHTPIB PI3HOMAHITTS Ili€l Tpynu pa3oMm 13 bankanamu. ®ayHa
IJIOTKOBUX I1’SIBOK OOpeaihbHOl 30HM Ta 30HM €BpasiiicbKoro cremy € 3011HEHOIO,
MPOTE€ BOHM BKIIIOYAIOTH OKPEMI €HJIEMIUHI BUIM Ta 30aradyroThCsl 3aBISKH OJIHA
OJIHIM 1 OKpEeMHX €JIEMEHTIB KapnaTchKoi 1 6ankaHcbkoi ¢payH. dayna n’siBok Kpumy,

31 cBOro 00Ky, Oyna cdpopMoBaHa i 3HauHUM BITMBOM (hayHu Kaskasy 1 bankaHn.

HaykoBa HOBHM3Ha 1ii€i poOOTH MOJISITa€ B TOMY, IO HAMH OYyJI0 BHU3HAYEHO
¢binorenetuuny cTpykrypy poaunu Erpobdellidae. Byno mokazano, mo nanxeapkTuyHi
npencraBuuku poxiB Erpobdella ta Dina nacmpaBmi He HajexaTh IO THX CaMe
€BOJIIOLIMHUX JIIHIM, M0 1 HEAPKTUYHI NMPEJCTAaBHUKM LMX POJIIB, & CKIAJI POJIIB
Erpobdella, Dina, Mooreobdella Ta Nephelopsis motpebye mnepermsimy. Bapto
3a3HAUUTH, 110 TPEACTABHUKUA PI3HUX EBOIIOLINHUX JIHIA OOMEXEHI B CBOEMY
nommpenHi Ilaneapktukoro abo HeapkTukoro, 10 CynepedyuTh MONEPEIHIM
ysiBiIeHHSIM. Takox pe3ynbTaTd (UIOTeHETHYHOTO aHali3y BKa3yloTh HA T€, 10 BUAU
poay Trocheta nanexxaTh 10 1BOX €BOJIIOIIMHUX JIiHIN, OJTHA 3 IKUX BIAIOBIIA€ POTY
Trocheta, a inma — Blanchardia, sxwuit 6y0 cMHOHIMI30BaHO OLNBII HIX BiCIMIECST
POKIB TOMY. 3a JOMOMOTOI METOJIB JeNiMiTalli BUIIB OyJ0 MPOAEMOHCTPOBAHO

3HaYHE BUJIOBE PI3HOMAHITTS TJIOTKOBHX IT’IBOK 3axiaHoi [laneapkTuku, Hacammnepen
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cepel KaBKa3bKUX MpeICTaBHUKIB poxiB Trocheta i Dina. BcranosneHo, 1mo pi3Hi
TUMU KUTbYACTOCTI BUHHUKAIM B PI3HUX EBOJIOUIMHUX JIHISX TJIOTKOBHX I SIBOK

HC3aJICKHO.

Teopetnune 3HaueHHs pOOOTH BHU3HAYAETHCS B TOMY, IO Ha OCHOBI
MOJICKYJISIPHO-(P1IJIOTEHETUYHHX, a TaKOXK MOPGOIOTIYHUX 1 GioreorpadiyHUX JTaHUX
Oysno meperisHyTO cucteMatuky poauuu Erpobdellidae ma piBHI poaiB. Ha ocHoBI
X JaHUX OYJI0 3amporOHOBaHO MeperisaHyTd ckiaa poaiB Erpobdella, Dina,
Trocheta, Mooreobdella Ta Nephelopsis. ¥ po6oti Oymo BusiBiIeHO 3aKOHOMipHOCTI
MOIIMPEHHS TJOTKOBUX IT'SIBOK 1 MPOJEMOHCTPOBAHO KPUIITHYHE PI3HOMAHITTS
roTkoBUX 11'siBOK KaBkazy. Byno mociimkeHo cucTeMaTW4yHY 3HAYYIIICTh O3HAK
30BHIIIHBOI Ta BHYTPIIIHBOT MOopdodorii. Kpim Toro, 0yio 1oonpanboBaHO CTaHAAPT
OMKCY TIJIOTKOBHX IT’SIBOK 1 BJIOCKOHAJIEHO METOAMKY po3TuHy. [lig 4dac mporo
JTOCIIKEHHST Oysio miniOpaHO TeHEeTUYHl MapKepH, siKi HaWKpaile BiJI0Opa)karoTh

€BOJIIOLIHY 1CTOPIIO MIOTKOBUX IT'IBOK Y PI3HUX MacIiTadax.

[IpakTHyHy LIHHICTH POOOTH MIATBEPIXKYE T€, IO PE3YJIbTATH AOCIIIHKEHHS
JATJIA B OCHOBI MPOMO3MINN MO0 3MIHM TMEpPeNiKy BHUIIB TJIOTKOBUX II SIBOK,
BHECEHHMX N0 UepBoHOI KHMTM YKpaiHu. (s neskux BUIIB OyJio 3ampOrOHOBAHO
3MIHUTH TPUPOAOOXOPOHHHMM cTaTyc. Marepianu AOCHIKEHHS MOXYTh OyTU
BUKOPHWCTaHI MiJ Yac BUKIAJaHHSA KypciB «3o0oioris O0e3xpederHux». «HapuanbHa
MpakTUKa 3 300J0Tii 0e3xpebeTHHX», «300ToMis», «MoJeKyspHa EBOJIOIIS Ta

(1oreHeTrKa» ToIlo.

Knwouosi cnosa: Kinp4acTi YepBU, CHUCTEMATUKA, CHUHOHIMIA, MOJEKYJIIpHa
¢dbitoreHeTuka, Aemimitaiis, ¢ayHa, eHaemi3Mm, 3Haxigku, KaBka3, VYkpaiHa,

KPUNITHYHI BUJIA, HOB1 BUIH, KIJIBYACTICTh, CTATEBA CUCTEMA, MIHJIUBICTD.



Summary

Khomenko A. M. Taxonomic revision of leeches of the family Erpobdellidae
(Annelida, Clitellata, Hirudinida) of the Palaearctic: morphology, phylogeny and

geographical distribution. - Qualifying scientific work printed as a manuscript.

The dissertation for a scientific degree of the doctor of philosophy on a
specialty 091 "Biology"”, V. N. Karazin Kharkiv National University, Kharkiv;
I. I. Schmalhausen Institute of Zoology, National Academy of Sciences of Ukraine,
Kyiv, 2021.

The dissertation is devoted to the establishment of the classification of leeches
of the family Erpobdellidae, primarily its Palearctic members, and to the
determination of patterns of morphological evolution and geographical distribution.
Over the past twenty years, the accumulation of new data has led to revealing many
inconsistencies between phylogenetic positions and morphological features of
individual taxa and diagnoses of genera, which in turn necessitates a taxonomic
revision with maximum coverage of taxa, using modern phylogenetic methods and
taking into account the principle of stability, which became our goal. To achieve this
goal, we studied the phylogenetic structure of the family Erpobdellidae, the
morphological features of representatives of different evolutionary linages of

erpobdellid leeches and described the patterns of their geographical distribution.

The study was conducted using the materials of the collection of the
Department of Zoology and Animal Ecology of V. N. Karazin Kharkiv National
University and samples collected by the author personally. In total, the author
analysed about two hundred and thirty specimens of leeches belonging to four genera
and thirty species collected from eighty-seven localities. The external and internal
morphology of the samples was studied and GIS programs were used to visualize the
distribution of some of the studied taxa. For phylogenetic analysis, genomic DNA
was isolated from some samples and the cox1, 12S and 28S gene sequences were

obtained and analysed together with the sequences of erpobdellids taken from



GenBank. The sequences of the 18S gene available in GenBank were also analysed.

Species delimitation methods were applied to cox1 gene sequences.

Our phylogenetic analysis revealed the very clear phylogenetic structure of the
family Erpobdellidae, which largely confirms to the morphological data and
biogeography at the level of genera. Seven evolutionary lineages of erpobdellids we
found correspond to seven genera, namely Erpobdella, Dina, Trocheta, Blanchardia,
Fadejewobdella, Nephelopsis, and Mooreobdella. Most of the species of the genus
Trocheta studied by us formed an evolutionary lineage separated from the type
species of the genus, T. subviridis. Trocheta cylindrica, a type species of the
synonymized genus Blanchardia, also belongs to this evolutionary lineage. The
Nearctic species of the genus Erpobdella turned out to belong to the same
evolutionary line as the species of the genera Mooreobdella and Motobdella. Nearctic
species of the genus Dina belong to the same evolutionary line as the monotypic
genus Nephelopsis. Sequences of T. subviridis and F. quingueannulata, type species
of the genera Trocheta and Fadejewobdella, formed two evolutionary lineages
separately from other leeches studied. Also, our results partially confirm the reality of
the subfamilies Erpobdellinae and Trochetinae and deny the existence of the

subfamily Mooreobdellinae in its initial composition.

Through the study of morphological features, we came to the conclusion that
the number of annuli in the segment is not a feature that makes it possible to reliably
identify the species belonging to any of the genera, but the value of annulation to
distinguish species remains extremely important. For example, features such as the
position of the gonopores relative to annuli of the segment or the degree of separation
of some annuli are important diagnostic features for distinguishing between similar
species. At the same time, representatives of different evolutionary lineages of
erpobdellids differ well in the structure of the reproductive system, mainly the shape
of the atrium and its cornua. The shape of the atrium and the shape of the ovisacs are

important for distinguishing between the species of erpobdellid leeches.



Analyzing the phylogenetic structure of pharyngeal leeches and the distribution
of individual representatives of different evolutionary lines, we found that the
habitats of leeches of the genus Erpobdella are limited to the Palearctic, while the
habitats of the genera Dina and Trocheta are limited to the Western Palearctic. The
monotypic genus Fadejewobdella lives only in the northeastern part of the
Azov-Black Sea basin. In general, the fauna of the Western Palearctic turned out to
be much more diverse than the fauna of the Eastern Palearctic. Non-Arctic and
neotropical leeches, which belonged to the genera Erpobdella and Dina, actually
belong to other evolutionary lines. It has been found that the South Caucasus,
especially its western part, is a sanctuary for many species of pharyngeal leeches and
one of the centers of diversity of this group, along with the Balkans. The pharyngeal
leech fauna of the boreal zone and the Eurasian steppe zone is impoverished, but they
include some endemic species and are enriched by each other and individual elements
of the Carpathian and Balkan fauna. The Crimean leech fauna, on the other hand, was

formed under the significant influence of the fauna of the Caucasus and the Balkans.

Analyzing the phylogenetic structure of erpobdellids and the geographical
distribution of individual representatives of different evolutionary lineages, we found
that the ranges of leeches of the genus Erpobdella are limited to the Palaearctic, while
the ranges of the genera Dina and Trocheta are restricted by the Western Palearctic.
The monotypic genus Fadejewobdella occurrs only in the northeastern part of the
Azov-Black Sea basin. In general, the fauna of the Western Palearctic turned out to
be much more diverse than the fauna of the Eastern Palearctic. Nearctic and
Neotropical leeches, which had been assigned to the genera Erpobdella and Dina,
actually belong to other evolutionary lineages. It was found that the South Caucasus,
especially its western part, is a sanctuary for many species of erpobdellids and one of
the centers of diversity of this group, along with the Balkans. The erpobdellid fauna
of the Boreal zone and the Eurasian steppe zone is impoverished, but they include
some endemic species and are enriched by each other and individual elements of the
Carpathian and Balkan faunae. The Crimean leech fauna, on the other hand, was
formed under the significant influence of the fauna of the Caucasus and the Balkans.
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The scientific novelty of this work is that we determined the phylogenetic
structure of the family Erpobdellidae. It was shown that the Palearctic members of
the genera Erpobdella and Dina do not actually belong to the same evolutionary lines
as the Nearctic members of these genera, and the composition of the genera
Erpobdella, Dina, Mooreobdella and Nephelopsis needs to be revised. It should be
noted that the representatives of different evolutionary lineages are limited in their
distribution by the Palearctic or the Nearctic, which contradicts previous views. Also,
the results of phylogenetic analysis indicate that the species of the genus Trocheta
belong to two evolutionary lineages, one of which corresponds to the genus Trocheta,
and the other, Blanchardia, was synonymized more than eighty years ago. Species
delimitation demonstrated significant species diversity of erpobdellids in the Western
Palearctic, especially among Caucasian members of the genera Trocheta and Dina.
Different types of annulation was found to occur in different evolutionary lineages of

erpobdellids independently.

The theoretical significance of the work is determined by the fact that on the
basis of molecular-phylogenetic, as well as morphological and biogeographical data,
the taxonomy of the family Erpobdellidae at the level of genera was revised. Based
on these data, it was proposed to review the composition of the genera Erpobdella,
Dina, Trocheta, Mooreobdella and Nephelopsis. The paper revealed the patterns of
distribution of erpobdellids and demonstrated the cryptic diversity of erpobdellid
leeches in the Caucasus. The systematic significance of features of external and
internal morphology was investigated. In addition, the standard for describing
erpobdellid leeches was revised and the dissection technique was improved. During
this research, genetic markers were selected that best reflect the evolutionary history

of erpobdellid leeches at different scales.

The practical value of this work is confirmed by the fact that the results of the
study formed the basis for proposals to change the list of species of erpobdellid
leeches listed in the Red Book of Ukraine. For some species, it was proposed to

change the conservation status. These research materials can be used for the teaching



of courses "Zoology of Invertebrates”, "Educational Practice in Invertebrate

Zoology", "Zootomy", "Molecular Evolution and Phylogenetics" etc.

Key words: annelids, systematics, synonymy, molecular phylogenetics, delimitation,
fauna, endemism, new records, Caucasus, Ukraine, cryptic species, new species,

annulation, reproductive system, variability.
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