O0Js1ikoBa KapTKa aucepTaii
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PexBizutu Haka3y MOH / Haka3y 3akjazgy: Jlunom nokropa dinocodii - H23 N2
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2. Stetsun Halyna Apollinariivna

KBasigikamis: 03.00.24
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OcBiTHBO-HayKOBa IIporpama 3i creniaJbHOCTI: He 3acTocoByeTbcs

Jara 3axucTy: 21-12-2022

CrneniaJbHIiCTBh 3a OCBiTOXO: 03.00.08 30070Tis

Micue po60oTH 3400yBayva: Incruryt 3o0orii im. L. I. lllmasnbrayzena HaujonansHoi akagemii Hayk YKpainu
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dopma ByracHOCTI:

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK Ykpainu
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I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
IIudp cnenianizoBaHoi BY€HOI pagH (pa30Boi creniaai3oBaHOi BYEHOI pagu). 10 26.153.001

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI 0COOM: [ncTHTYT 300710rii iM. 1. . lImMasnbraysena HauionanbHoi

aKkageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 05416975

Micqesﬂaxo,lpKeHHﬂ: ByJ. Borgana XmenbHuULpKOrO, 6y1. 15, M. Kuis, 01030, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOH: [HcTUTYT 300710rii iM. L. . lIManbrayzena HauionanbHoi
akageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 05416975
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dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akajiemis HayK YKpaiHu
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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TeMaTHYHHUX pyﬁpﬂK: 34.33, 34.33.19, 34.01

Tema guceprauii:
1. Mopdo-dyHk1ioHanpHa XapaKTepUCTUKA JKajla puliHuX oc poguHu Crabronidae (Insecta: Hymenoptera) Ta

(dinoreHeTMYHa 3Ha4yLIiCTh Oro 03HaK

2. Morpho-functional characteristic of the sting of digger wasps of the family Crabronidae (Insecta: Hymenoptera)
and phylogenetic significance of its characters

Pedepar:

1. B pucepTauiiiniil poboTi BUBYeHO MopdoJIoriio xana puiiHux oc poguHu Crabronidae (Insecta: Hymenoptera),
IocinkeHo ii 38’430K i3 PYHKLISIMU LIbOTO Oprany Ta ¢inorexieto rpynu. Panime mopgosoris sxana Crabronidae
OyJia BUBY€HA (PparMeHTapHO. JJonoBHEeHHSI MOP(OJIOTiYHUX BilOMOCTEN PO >Xaio BUuAiB poaunu Crabronidae
0yJ10 HEOOXiAHUM J7151 6iJIbII CUCTEMHOTO aHasli3y MOro o3Hak. Psj MOp@OIOriYHUX 03HAK >Kajla MOB'SI3yI0Th i3
XapaKTepUCTUKaMU 31,0014i ab0 crienudiyHuMY PYHKLIIMU LIbOTO OpraHy, 30Kpema aboMiHaJIbHUM
TPaHCIIOPTYBaHHSM 30,0014i y BUAiB poay Oxybelus, ajie BUCIOBIIEHI IOAO LbOTo riloTe3! CynepeyaTb OgHa OJHIM.
Jns ix neperssgy 6ysny NOTPi6HI 6inbil AeTanizoBaHi i B3BaeMONOPiBHIOBaHI aHi mon0 MopgoJiorii xkana. CydacHi

mociinxeHHs Qinorenii pogunu Crabronidae IrpyHTYIOTbCS Ha MOJIEKYJISPHO-TEHETUYHUX JIaHUX, aJle MAIOTh



PO30IKHOCTI MiX CO0OI0 i MOZEKyAu He OEPYThCS A0 YBaru iHIMKMMU aBTOPAMU 4e€pe3 He3adisiHHS MOP(OJIOTiYHAX
03HaK. BuzHaueHHs ¢inoreHeTnyHOi 3HaUymOCTi MOPHOJIOTIYHUX O3HAK JKaJjla € CII0COOOM ITPOIEMOHCTPYBATH
L[iHHICTb 11bOTO OpraHy sK JAKepeJa AaHuX AJis oLi6HUX AOoCiIKeHb. MeToo po6oTu 6yJ10 HalaHHsI MOp(o-
(YHKLiOHAJIBHOI XapaKTEPUCTUKU Xajla puiiHuX oc poguHu Crabronidae (Insecta: Hymenoptera) Ta BU3Ha4eHHs
dinoreHeTMYHOI 3HAYYIOCTi OTO O3HaK. 171 JOCSITHEHHS 1iiel MeTu OyJI0 3[iiCHEHO MOPiBHSIIBHO-
MopdosoriuHuii aHasi3 6yoBY >Xaa puiiHux oc popuHu Crabronidae, gociimykeHo BapiabesbHICTb puc
MIKPOCKYJIBIITYPU CKEJIETHUX €JIEMEHTIB ’Kajla OKpeMUX NPeACTaBHYKIB, BUBHAY€HO MOP(PO-(QYyHKIIiOHANBHI
0CcO6IMBOCTI Kasa Ta ixHil 3B'130K 3 6i0JI0Ti€l0 PO3TIIIHYTUX BUIIB OC, @ TAKOXK [OCIIIIKEHO PO3IOAil O3HAK JKaJa
3a ginoreHeTnyHUM AepeBoM ponuHu Crabronidae. MaTepian fjis mociimpkeHHs 0yJ10 3i6paHo IUCEePTaHTKOIO
0Cco0KCTO, @ TAKOK OTPUMAHO i3 KosieKLiil YKpainu Ta JIuteu. Beboro 6yio nocrinkeHno 26 sunis Crabronidae ta
CIIOpiIHEeHUX TPyI. MopQOJIOorilo CKIEPUTIB JOCTIIKYBaJIM METOAOM CBITJIOBOi MiKpPOCKOIIii, 0CO6JIMBOCTI
aBTo(dIIyopecHeHIil KyTUKYJIM — MeTOIOoM KOH(OKaJIbHOI JIa3epHOi CKaHyBaIbHOI MiKpoCKoTii, a TOHKI meTati
CKyJIBIITYpY Ta MOP(QOJIOTil0 CEHCUJ — METO/IOM CKaHYBaJIbHOI €JIeKTPOHHOI MiKpOCKOIIii. 3a 10MTOMOTr0I0 CKPUITIB
B porpami R metogamu reomeTpryHoi MOpQOMETPIi BUMiIpIOBaIM KPUBU3HY IpPYroi BajbBY, a MeTosioM P. Bopxeca
3i ciBaBTOpamu (Borges et al., 2019) —¢dinorenernynnii curnasn. QisoreHeTHYHUI aHAI3 MaTPULL O3HAK >Kaja
npoBonuu y nporpami PAUP* 3a meToiom nnapcuMoHii. B pesysipTati 6yJ10 Bepiue AeTaabHO OIMCAHO
MOpdOJIOTiI0 CKIEPUTIB >KaJja TOCIiIKeHUX BUIB Ta BUAieHO 53 MOpQOJIOTiuHi 03HAKU Kajia, 110 MaloTh 10 JIBa Y1
6inbine cranu. Bnepme nyng Hymenoptera i Crabronidae 3okpema onucaHo CTaHU [€B'ITU 03HaK. Takox BIiepiie
IOCJIiZIKEHO TOHKY OYyZI0BY OCHOBH BaJlbBijli IPeCTaBHUKIB poguHu Crabronidae. Y 40TUPbOX BUAIB BIEPLIE 1715
PUIMHUX OC IIPOJIEMOHCTPOBAHO BHYTPIIIHbOBUOBY BapiabesbHICTh JBOX MOPQOJIOriyHMX O3HaK Xaja. Bnepiue
IOCTiIKEeHO aBTO(PIyOPECLEHIIiI0 KyTUKYJIM KaJja i I0Ka3aHo, o cKiepuTu xana Crabronidae yrBopeHi ciabko
CKJIEPOTU30BAHOIO KYTUKYJIOK, KOMIIO3UIIis SIKOi € OHOPIJHOIO B MEXKaX OJIHOTO €K3EMILJISIPA Ta MOJiOHOI0 MiXK
BHJIaMU NIOPiBHIOBAaHMX PO3MipiB. lle BKa3ye Ha Te, 1110 KOMIIO3UILisl KyTUKYJIM He Biflirpae KII040BOi POJIi y
(YHKUIAHNAX 0COBJIMBOCTSX Xajla pi3HUX BUiB. BucyioBneHo npunyleHHs, o y Buais pony Oxybelus nig yac
TPaHCIIOPTYBaHH 3[,00M4i HAKOJIOTOIO HA BaJIbBU >KaJla PO3MO/iJ JIOKaJIbHUX 3HAYEHb KDUBU3HU B3[,0BX
IOP3asIbHOI | BEHTPAJIbHOI KpDUBMX JAPYroi BajlbBU MOKE BIUIMBATH HA PO3IO/iJI HABAHTAXKEHHS B CKJIEPUTI, a
PO3BUHEHE, IPOKCUMAJIbHO PO3rajly>keHe Jlop3ajibHe pebpo Apyroro Basbaipepa Ta CKIepOTHU30BaHa KyTUKYJIA Y
6a3anbHOMY 3'€JHAHHI MOXYTb BIUIUBAaTU Ha MEXaHIUHY CTilKiCTb >kaja 3arajoM. Hamli pe3ysbTaTi He NiITPUMYIOTh
BUCJIOBJIeHi nonepenHimu aBTopamu (Evans, 1962; Radovic¢, 1985; Gadallah, 2001) dyskuiiiHi rinoTes3u npo posb
3yOLiB Ha IepLIii BaybBi, 3irHyTOCTi APYroi BajibBY Ta HasIBHOCTI allikajJbHUX IETUHOK TPEThOI BajlbBU B yTPUMAaHHI
37,0014i HAKOJIOTOIO Ha BajibBU >Kajsa. Xoua meTonoM P. Bopxeca 3i cniiBaBropamu (Borges et al., 2019) namu He
[IOKa3aHO CTaTMCTUYHO 3HAUYLIOrO (PiJIOr€HETUYHOTIO CUTHAJY KAaTETOPiMHUX O3HAK >Kajla, XapaKTep HaKJIalaHHS
IIMX 03HAK Ha CIIPOILIEeHy JeHporpamy, 1o Bimobpakae cy4acHi nornsay Ha QijloreHeTHYHi 3B'I3K1 MK
IOCTiI)KeHUMU IPyIlaMy, a TakoXX pe3ybTaTy BUKOPUCTAHHS iX J7151 KJIaAUCTUYHOTIO aHaJIi3y TPOIeMOHCTPYBAIN
NOTEHLINHY QiIOreHEeTUYHY 3HAYYyLIiCTh JESKUX i3 HUX. 3a XapaKTepOM HaKJIaZJaHHS CTaHiB O3HAaK KaJjla Ha
¢dinoreneTnyHe IepeBo, YOTUPU O3HAKU MOKHA BBaXKaTH (BiJIOT€HEeTUYHO 3HAUYYIIMMU, a CTAHU ITSTU —
crHanoMopdpHUMH /ayTariloMOPOHUMU /1J1S1 OKPEMUX IOCIIiI)KeHUX POLiB Ta BULiB. OTprMaHi pe3ysbTaTi B
[IOIQJIBIIOMY MOXYTb OYTH BUKOPUCTAaHi I1py po3po61i KOHLENIIi# 6i0HIYHUX iHKeHEepPHUX KOHCTPYKLiH 1715
TPaHCIIOPTYBaHHS BaHTaXiB Y IPOKOJIIOBAHHA MilleHel. Po6oTa Moke 6yTH BUKOPUCTAHA B XO/1i BUKJIATJAaHHS

Kypcy «HOBITHI METOZM B 300JI0Tii».

2. The dissertation is focused on the morphology of the sting of Crabronidae (Insecta: Hymenoptera), its
interconnection with the organ’s functions, and with the group phylogeny. Previous studies of Crabronidae sting
were rather fragmentary. A rigorous assessment of Crabronidae sting characters required an extension of
knowledge on morphology of the organ. Some morphological characters of Crabronidae sting were hypothesized
to be associated with traits of the prey or peculiar functions of this organ, like transportation of an impaled prey by
Oxybelus species. However, some of these hypotheses contradict each other, necessitating more detailed and
intercomparable data on the sting morphology to revise them. Recent studies of the phylogeny of the Crabronidae
are based on molecular data. These studies are partly inconsistent and sometimes rejected by some authors due to



the omission of morphological data. An assessment of the phylogenetic significance of the sting characters could
demonstrate the value of this organ as a source of information for evolutionary research. Therefore, this work
aimed to provide a morpho-functional characterization of the sting of wasps of the family Crabronidae (Insecta:
Hymenoptera) and to determine the phylogenetic significance of its characters. To achieve this goal, a comparative
and morphological analysis of the Crabronidae sting was carried out. The variability of the microsculpture
characters of its skeletal elements in some species was investigated. The sting morpho-functional characters and
their connection to the biology of the species were assessed. Besides, the superimposition of sting characters onto
the phylogenetic tree of Crabronidae was studied. The material was collected by the PhD-student personally and
also obtained from the collections of Ukraine and Lithuania. 26 species of Crabronidae and related groups were
studied. The morphology of the sclerites was studied with light microscopy, autofluorescence of the cuticle - with
confocal laser scanning microscopy, fine details of the sculpture and the morphology of the sensilla - with
scanning electron microscopy. The curvature of the second valvula and phylogenetic signal of categorical sting
traits were measured using scripts in R program with geometric morphometry and Borges method (Borges et al.,
2019) respectively. The phylogenetic analysis of the sting characters’ matrix was carried out using maximum
parsimony optimality criterion in the PAUP* software. As a result, the morphology of the sting sclerites of studied
species was described in detail for the first time, leading to description of 53 morphological characters of the sting,
each of which has two or more states. Nine states of these characters are characterized for Hymenoptera and
Crabronidae for the first time. Also, the fine structure of the base of the Crabronidae valvilli was investigated for
the first time. Intraspecific variability of two morphological characters of the sting was demonstrated for four wasp
species for the first time in digger wasps. The autofluorescence of the sting cuticle was studied for the first time
and shown to correspond to a less sclerotized cuticle in Crabronidae species. Homogeneity of the composition of
the cuticle within one specimen and their similarity between species of comparable sizes indicates that the
composition of the cuticle does not play a key role in the functional peculiarities of stings of different species. We
assume that the distribution of local curvature values along the second valvula affects the distribution of the load
in the sclerite, while the well-developed, anteriorly branched dorsal rib of the second valvifer, and sclerotized
cuticle in the basal junction influence mechanical stability of the sting in whole in species of the genus Oxybelus
during the transportation of the impaled prey. Our results do not support the functional hypotheses stated in
literature (Evans, 1962; Radovi¢, 1985; Gadallah, 2001) about the role of barbs on the first valvula, the curvature of
the second valvula, and the presence of apical setae of the third valvula in the keeping of the prey impaled on the
sting. The method of Borges with co-authors (Borges et al., 2019) does not show the statistically significant
phylogenetic signal of categorial sting characters, while results of the superimposition of these characters on the
dendrogram reflecting the modern assessment of the group phylogeny and parsimony analysis of the matrix
suggest that some of them are phylogenetically significant. Superimposition of the characters states on the
phylogenetic tree suggest four characters to be phylogenetically significant, and five character states to be
apomorphic/autapomorhic for some studied genera and species. The obtained results can be used in the
development of concepts of bionic engineering structures for transporting cargo or piercing targets. The work can
be used for the course "Modern methods in zoology".
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