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Hoobposonvcokuui C. €. IlceBnoszy6i nraxu (Aves: Odontopterygiformes)
€OoIleHy MiBHIYHOTO TeTiCy: IriCTOJOTIUHHMM aHai3 Ta PEKOHCTPYKIIIS €KOJIOTIYHUX
ocobimBocTeil. — KBamidikarilina HayKoBa Ipailsi Ha paBax PyKOIHUCY.

JHuceprariss Ha 3100yTTS HAyKOBOTO CTYIEeHsS IoKkTopa Gimocodii 3a
criemianbHicTIO 091 — «biosorisy. IHcTUTYT 30000r1T iMeH1 . 1. [lImanbsraysena
HAH VYxkpainu, Kuis, 2024.

B nuceprarniitHiit po60Ti JOCHTIIKEHO TICTOJOTIYHY OYJI0BY TIOBTUX KICTOK
nTaxiB BHKomHOro psay Odontopterygiformes Ta ii 3B’s130Kk 3 O0i0JOTIYHHMH,
30KpeMa EKOJIOTIYHHUMH, OCOONMBOCTSIMH Tpynu. Panime ricronoriuna OymoBa
kicrok Odontopterygiformes, 3a BHHATKOM IceBI03y0iB, HOCTiIKeHa He Oya.
TakuM 4MHOM, BC1 PEKOHCTPYKIII CIIOCOOY JKUTTSA, 1HAUBIAYaTbHOTO PO3BUTKY Ta
€KOJIOTIYHOI Hilll [MX TMTaxiB 0a3yBajucsi B OCHOBHOMY Ha MAaKPOCKOIIYHUX
O3HaKax KicTok. BojmHowac MikpockormiuHa OyaoBa KiCTOK TETparioj, HacaMIiepe.
niadi3iB TOBMUX KICTOK KIiHIIIBOK, € HAWKpaluM JKepenoM iH(opMalii moao
TPUBAJIOCTI IXHBOTO POCTY 1 MOXKE CTaTH MIATPYHTAM IS JEIKUX BUCHOBKIB 11100
iXHIX EKOJOTIYHMX XapaKTEpPUCTHUK, CHCTEMAaTHYHOTO TOJOXKEHHS Ta Mepediry
ontorenesy (Horner et al., 2001; Bailleul et al., 2019; de Buffrénil et al., 2021a;
Chinsamy, 2023).

JlocikeHHsl BUKOHAHE Ha MaTepiail 3 Kojiekiii HamionansHoro HaykoBo-
npupognudoro Mmyszeto HAH Vkpainu (M. KuiB). lleii martepian moxoauTs 13
PaHHBOIIOTETCHKOr0 Miciie3Haxo keHHs1 [koBe (JIyrancbka o0macTb) 1 MICTHUTH
noBri kictku aBox BuAiB Odontopterygiformes: Lutetodontopteryx tethyensis Mayr
et Zvonok, 2012 ta cf. Dasornis sp. Lli Buau npeacraBisitoTh OOUABI OCHOBHI
KJIaJ4 Psiy, BIAMIHHOCTI SKUX JAOCATAOTh PiBHA okpeMux poauH (Bourdon et al.,
2010; 3enenkoB u Kypoukun, 2015). BuroTtoBinenns uutidiB 31ilCHIOBAIOCS 32
OpUTIHAJILHUM BapiaHTOM METOIWKH, a JOCHIKEHHS — IIJIIXOM 3BHYAWHOI Ta
MOJISIPU3AIliHOT CBITIIOBOI Mikpockorrii. OOpoOKka 3HIMKIB Ta BUMIPIOBaHHS Ha HUX

PO3MIpIB Ta HIIUX XapAKTEPUCTUK €JIEMEHTIB MIKPOCTPYKTYpH (JaKyH OCTEOLIUTIB



Ta CyIMHHUX KaHaJiB) 3A1MCHIOBAJIUCS 3a JOMOMOIOI0 OPUTIHAIBHUX CKPHIITIB.
[lepen BUTOTOBIEHHSM MpernapaTiB BUKOHYBAJIOCS 3BUYAlHE Ta CTEPEOCKOITIYHE
dboTtorpadyBaHHs KICTOK, a JJisg 3pa3KiB JOOPOi 30€peKEHOCTI — BUTOTOBJICHHS
TPUBUMIPHUX MOJIEIIEH.

BusiBiieHo, 1110 ricTOJIOTIYHA Ta MiKpoaHaTOMidyHa OyjoBa JOBI'MX KiCTOK
Odontopterygiformes moxiOHa g0 OyIOBH KIiCTOK CydYaCHUX IPEACTaBHHKIB
Neognathae (kmamgm, mo sxoi BimHOCcsATH Odontopterygiformes, xoua icHyHOTH i
O3HaKH, 10 CBiAYaTh MpoTH mboro: Mayr, 2017). Ile Bka3dye Ha Takuii camuid
XapakKTep POCTY 1 MOPIBHIHHY MOTO TPUBAIICTH: Y MOJIOJIUX MTaXiB KICTKA IIBHUJIKO
HapocTaja 30BHI 1 pe3opOyBayiacsi BCEPEAUHI, MICI YOTO MIBUIAKICTh HAPOCTAHHS
(amo3u11ii) B OUIBIIOCTI BUIAJKIB PI3KO Majana. 3a JaHUMU JJIsl CYJaCHUX NTaxiB,
e TmajiHHSA 3a3BUYail ONMU3bKE 3a 9YacoM M0 HAOyTTS 3JaTHOCTI 10 TOJBOTY
(Atterholt & Woodward, 2021). Ilim yac MIBHAKOTO POCTY YTBOPIOBajacs
rpyOOBOJIOKHUCTO-TIapaienbHa ((piOponamenspHa) TKaHWHA, AaIO3MINSA  SIKOi
3a3BUYail 1€ 31 HIBUAKICTIO B JECSITKH MIKpOMETpiB Ha 100y, a miJg dac
MOBUIBHOTO — TUIACTUHYACTA, SKa BIJIKIAIAE€ThCS Ha TOPSAOK MOBUIbHIMIE (de
Margerie et al., 2002; de Margerie et al., 2004; de Buffrénil et al., 2021b).
MenynsipHOT TKAaHUHH Y TOCIIKEHUX KiCTKaX HE CIIOCTEePiransocs.

IToniOHa MIKPOCTPYKTYypa KICTOK CIOCTEPIraeTbCsi HE TUIBKH Yy
Neognathae, a i y Jneskux BUKOIMHUX NTaxiB 3a Mexamu rpynu Neornithes,
3okpema Hesperornis, Ichthyornis (Houde, 1987; Chinsamy et al., 1998) Tta
Confuciusornis (de Ricqgles et al., 2003). ¥V 3arajgpHHX pucax BOHA MOAIOHA 1 10
MIKpOCTPYKTYpH KicTok Paleognathae, sika Biapi3HS€TbCS PO3MOBCIOKEHICTIO
nami"apHoi ¢ioposnamensipaoi TkanuHu (Houde, 1987; Chinsamy et al., 1995;
Castanet et al., 2000; Legendre et al., 2014, Kuehn et al., 2019), piakicHoi y
neornat (Atterholt & Woodward, 2021), Ta miHiii pocTy B (iOporaMesspHii
tkanuHi (Bourdon et al., 2009; de Ricqlés et al., 2016; Canoville et al., 2022).

Mix wmikpocTpykTypoto kictok Lutetodontopteryx tethyensis ta cf.

Dasornis iCHYIOTh BIAMIHHOCTI. Y JOCIDKEHUX IUIEUOBUX KicTkax L. tethyensis



NEPBUHHI OCTEOHM MalOTh Habararo 4iTkim Mexi, Hix y cf. Dasornis, a HanpsiMKu
[IUX OCTEOHIB Ha MOMEPEUHOMY 3pi31 BUTIISAAI0TH OLIbII BIOPSIKOBAHUMU.

PiuHux niHIN 3yNIUHKKA POCTY, MPUTAMaHHUX 0araThbOM pPaHHIM 1 OKPEMUM
cydacauM nraxaMm (Chinsamy, 2002; Turvey et al., 2005; Bourdon et al., 2009;
Chinsamy & Worthy, 2021; Canoville et al., 2022), y diOponamenspHiii TKaHUHI
JOCITIDKEHUX BHUJIIB HE BUSBJICHO, IO CBIIYUTH MPO PICT Y MEKaxX OJHOTO POKY
(Ha BIOAMIHY BiJ TONEPENHIX MNPUIYIIEHb II0A0 MIBUIKOCTI POCTY BEJIHMKHUX
Odontopterygiformes: Louchart et al., 2013, 2018). 3i MBHAKKUM pPOCTOM
y3TOJKYIOThCS TPyOi OPIEHTOBHI OIIHKU IIBUIKOCTI aro3uilii TpyOOBOJIOKHUCTO-
nmapajgenbHOl TKaHMHM Ha OCHOBI 11 MIKPOCTPYKTYpHHUX TMapaMmeTpiB Ta
3aJIEKHOCTEH 1MX MapaMeTpiB Bij MIBUAKOCTI allO3UIlii, BUBEACHUX JIJIsi Cy4YacHHUX
BUIB. Y ieyoBHx KicTkax Lutetodontopteryx tethyensis, ane ne cf. Dasornis sp.,
BUSIBJICHO HETUIIOBUM JJIsl NITaxiB (HAsBHUM JIMIIIE Yy JESIKUX BUJIIB, HAcaMIiepes i3
BEJMKUM pPO3MIpOM TUIa) TIOCTYNOBUW TMepexii MK TIpyOOBOJOKHUCTO-
napajeNbHOIO Ta MIACTUHYACTOK TKAHWHOIO, 110 BKA3y€ HA MOCTYIOBE, a HE Pi3Ke,
CHOBUILHEHHS alo3HUIl].

JlaH1 PO TPUBATICTH POCTY AIOTh MOMJIUBICTH 3pOOUTH TIEBHI €KOJIOTIYH1
BucHOBKU. SkOu Bemuki Odontopterygiformes pocaum Oinblie poky, sK 1€
npunyckanoca panime (Louchart et al., 2013, 2018), Bonu He w™mornau O
CHeIiai3yBaTUCh Ha JKWBJIEHHI KajbMapamu, TOMY IO YHUCEIbHICTh OCTAHHIX
3a3BMuail CWIIbHO Bapitoe B Mexax poky (Luckhurst, 2018). Pazom i3 Tum
mopdodoris mceBao3yois Odontopterygiformes kpaie cymicHa 3 KHBICHHSIM
KanmbMapamu, Hix puboro (Olson, 1985; Mayr, 2019). IlIBuakuii po3BUTOK MTaxiB
poOUTH crieniamizalilo Ha KajdbMapax MOXJIMBOIO. I[IpMMITHO, 10 KajgbMapu
BUPI3HAIOTBCS CEepell MOPCHKUX TBapuH (30KpeMa TOJOBOHOTHUX MOJIOCKIB)
Hu3bKUM BMicToM Kanblito (Ozden & Erkan, 2011), a iforo Hectaya OpH3BOIUTE
JI0 TTOCUIJIeHOI pe3opOuii kicTok (Zhao et al., 2020). Takum urHOM, cepesl TPUYUKH
pe3opOiii, ska crocTepiraeThess B aeskux kictkax Odontopterygiformes (aus.

HUXKYE), MOKE OYTH JKUBJICHHS KaJbMapamu.



Ha Bigminy Bin ¢iOponaMenspHOi TKaHWHH, Y 30BHIIIHBOMY Ta
BHYTPIIIHROMY IIapax IJIacTUHYacToi KictkoBoi TkanumHu Odontopterygiformes
pOCTOBI MIapu ICHYIOThb. Y 0OaraTbOX BH/IIB CyYacCHHUX TITaxiB Taki IapH
JOCITIKYBAJIM HA TMPEIMET TOTO, YA BiOMBAIOTh BOHU PiuHI ITUKIIH, IO Jaio O
MO>KJIMBICTh BU3HAYATH 32 HUMU BiK NMTaxiB. Pe3ynbraty BUNIUIM CynepeuIuBUMU
(Drozdowska & Meissner, 2014; Knesezans u Cmupuna, 2016). B auceprarii
BcTaHoBieHo, mo y Cf. L. tethyensis mepion BimkimameHHs IMX IIapiB CTaHOBUB
HabaraTo MeHIIE POKY (SK BHUIHO 3 HASBHOCTI JIECSTKIB IIAPIB Y CTETHOBIM KICTIII
M0J10]10i 0ocoOorHu AV-26), 1 BOHH HE TafOTh MOKJIMBOCTI BCTAHOBUTH BIK OCOOMHH.
Hns cf. Dasornis sp. TUTaHHS PO MEP10JT BIAKIAECHHS TaKUX IIAPIB 3aIMIIAETHCS
BIJIKDUTHM.

VY oaHomy 3pasky — tutedoBiii kictii Cf. L. tethyensis Av-8 — BusiBiieHO
TEMHI Ta CBITJIl Ha TMOMNEPEYHOMY 3pi3l JIiHII, M0 BIJOOPaKAIOTh KOJIMIIIHI
MOJIO’KEHHS MOBEPXHI KICTKHU Mif 4ac ii pocty. Buxoasuu 3 TOBIIMHU 1UX JIIHIN Ta
INPOMIKKIB MIDDK HHMH, a TaKOX 13 THUIIOBOi INBHAKOCTI BIAKJIAACHHS
¢b10ponaMensipHOi TKAaHMHM, BOHU BIAKIANANUCA 3a 4ac MOPAIKY FOAMH 1, TAKUM
YUHOM, € CIIIJJaMU SIKMXOCh KOPOTKOTpHBaIuX momii. lle mutanHs moxe OyTu
3’sCOBaHEe B MaWOyTHHLOMY ITICJISI Kpalloro IOCHIIKEHHsS BIUIMBY 30BHIIIHIX Ta
BHYTPIIIHIX ()AKTOPIB HA OCTEOTr€HE3 CyYaCHUX MTAaXIB.

B kictkax Odontopterygiformes BusBICHO MPOsSBU PEMOCIIOBAHHS, SKi
HecyTh 1HoOpMAII0 MOpo TMepedir oHToreHedy. Tak, y CTErHOBUX KICTKax
L. tethyensis (Av-18) ta cf. Dasornis sp. (Av-34) mepBHHHAa TKaHMHA MaibKe
MOBHICTIO 3aMiIlIEHa BTOPUHHUMH OCTEOHAMH Ta PE30POIINHUMU MOPOKHUHAMH,
[0 O3HAYa€ MaciITabHy pe30pOllii0 3 MOJANIBIIOK PEKOHCTPYKIIiE. Y OUIBIIOCTI
IHIMUX KICTOK PEMOJICTIOBAHHS TEX ICHye, ane Oumbin momipHe. BTopuHHI
OCTEOHH, SIK MPABUJIO, 3’ ABJISIOTHCS HAacaMIiepe]] Y BHYTPIITHLOMY IIapi KOPTEKCY,
a y Av-18 ta Av-34 3aiiMaioTh BeChb NPOCTIP MK 30BHIIIHIM Ta BHYTPILIHIM
IapaMu MIaCTHHYACTO! TKAHUHU. Y 000X BHUJIB PEMOJICITIOBAHHS TPUBAJIO 1 MICIs
JIOCSATHEHHS1 ckeseTHoi 3piyocti. Y L. tethyensis me cmoctepiranocs B miiedoBiii

kictii (Av-11), a y cf. Dasornis sp. — y crernosiii (Av-34). MacmirabHe



pEMOJICTIIOBaHHSl y TTaxiB MoOXe OyTH CHPUYMHEHE BIAKIAJaHHSIM S€Nb Ta
maasHESIM (Cerda et al., 2014; De Ricqlés et al.,, 2016; Angst et al., 2017;
Chinsamy et al., 2020b; Monfroy & Kundrat, 2021). B Oyas-sikomy pa3i macitad
pEMOJICTIIOBaHHST 3pPOCTAa€ 3 BIKOM 1, TAaKMM YWHOM, CHJIBHIIIE PEMOJEIbOBaHI
KICTKM 3a PIBHUX IHIIMX YMOB HajexXaThb cTapimiuM ocoOuHam. lle nae meBHy
1H(OopMaIlito TIpo 1HAMBIAYyaTIBHUN BIK NTaxiB (Tak, cepel CTerHoBUX KicTok cf. L.
tethyensis xictka Av-26 Hajexasaa MOJIOIIIH 0cOOnHi, Hixk AV-18).

Y mapi BHYTPIIIHBOI TUIACTUHYACTOI TKAHWHM CTETHOBUX KICTOK
cf. L. tethyensis (Av-26) Ta cf. Dasornis sp. (Av-34) crioctepiratroTbcst pi3ki 3MiHA
HAMpsIMKy BOJIOKOH, II[0 O3HA4YalOTh 4YacCTKOBE pe30pOyBaHHSA 1 TMOJaNbIIe
BIJIHOBJIEHHSI pocTy. B Av-26 mpocniKOBYIOTbCS CHIAM HIOHAMMEHIIE YOTUPHOX
Takux Mmofid, a B Av-34 — opuiei. [IpuyuHM 11,OTO SBUINA HEBIIOMI, XOo4ya B
JiTepaTypi iCHYIOTh Horo 3rafku s nraxiB (Drozdowska & Meissner, 2014; de
Ricqlés et al., 2016) ta ccapuiB (Tomassini et al., 2021; Hieronymus et al., 2023).
[TpumnyckaroTh HOTO 3B’S30K 13 MOTPEOOI0 B KAJBINT JI1 PO3MHOMKEHHS a00 1HIIHMX
npolieciB (Mirparlii, JUHSHHS), 13 HEAOCTaTHBOIO KUIBKICTIO 1K1 a00 3 MoTpedoro
3aMIHUTH TKAaHWHY, 1[0 HAKOMWYMWIA TMIONIKO/DKCHHS BiJ] HABaHTaXEHHS
(Drozdowska & Meissner, 2014; Hieronymus et al., 2023). ¥V Bumagky Av-34
MO>KJIMB1 BCI 11 BapiaHTH, a B BUNAAKY Av-26 MOJOIICTH OCOOMHHU POOUTH BCI
BapiaHTH, KPIM MTPOOJIEM 13 KUBICHHAM, MaJTOMMOBIPHUMH.

HanpsiMmok OUIBIIOCTI KICTKOBUX BOJOKOH Ta CYAUH Y JOCHIIKEHHUX
wieyoBux Kkictkax Odontopterygiformes € Mo3J0BXHIM, @ y CTETHOBHX BOHHU
MPOXOJATH I BEIMKUM HAaXWUJIOM JO IO3J0BXKHBOI oci KicTku. Lle moke martu
OloMexaHIYHl TPUYMHU: HAXWICHICTh BOJIOKOH JI0 TMO3J0BXKHBOI OC1 30UIbIIyE
MIIHICTh KICTKA CTOCOBHO HaBaHTakeHHs KpydeHHs (De Margerie et al., 2005),
SKOTO 3a3HAa€ CTETHOBA KICTKa MTaxiB mpu pyci no 3emui. KicTku kpuia, 0co0JIMBO
IJICY0BA, 3a3HAIOTh BEJIIMKOTO HABAHTAKCHHS KPYYCHHS Yy MTaXiB i3 MaXxOBUM
noasotoM (De Margerie, 2006; Simons & O’Connor, 2012; Kuehn et al., 2019), no
skux Odontopterygiformes ne Hanexanu. [luM MoXe TOSCHIOBATUCH TE, IO Y

Cy4acHHUX ITaxiB, sKki, moaioHo 1o Odontopterygiformes, MaroTh MMpsFOUMIL TOIT,



y TUICYOBIM KICTII TEX CIIOCTEPIra€TbCsl HAMPSMOK BOJOKOH, OMMXKYMK 0
MO3/I0BKHBOTO, a Y JOCHIDKEHUX NTaxiB MOPIBHSAHHOTO PO3MIpY, ajie 3 1HIIUMU
TUIIAMH TOJILOTY, — OJMKUKi 10 TaHreHiiiHoro (De Margerie et al., 2005; Simons
& O’Connor, 2012). TakuM YHHOM, HaNpPsIMOK BOJIOKOH 1 CYJIUH,
CIIOCTEpEeXKYBaHUM Yy TUIeHOBiM Ta cTerHoBid kictkax Odontopterygiformes,
Y3rOKY€EThCSI 3 TEOPETUYHO OYIKYBAaHUM 1 CIIOCTEPEIKYBAHMM Yy 1HIIUX MTAaxXiB 13
iXHIM THUIIOM MOJbOTY. BTiM, iHTepmpeTallisi HanmpsMKY KICTKOBUX BOJIOKOH SIK
ajanTarlii 0 HanpsIMKy HaBaHTa)xeHHs € cripHoro (Lee & Simons, 2015; Warshaw
etal., 2017; Pratt et al., 2018; Kuehn et al., 2019).

Ha 6inpmiocti JOCHIPKEHUX KICTOK € MPOSIBU MIKPOCKOMIYHOI 6ioeposii,
HalyacTille MpeACTaBICH] TyHEIsIMU Besuist, MOXO/KeHHS SIKUX TOB’SA3YIOTh 13
rpubamu abo wuiaHo6aktepisMu. CHOCTEPIralOTbCs TaKOX TYHENIl HETUIOBOI
Mopdosiorii, 1Mo BKa3ye Ha TAKCOHOMIYHY pPI3HOMAHITHICTh OPTaHI3MiB, SKI
CTBOpIOBaJM TyHesl. bioepoaoBaHICTh KICTOK 3acBiA4y€ iXHIO JOCTYMHICTb
MIKpOOpraHi3MaM HEBJOB31 MICIs 3aruOelli TBApUHU 1 HECE MaIeOEKOJIOTIUHY Ta
TaoHOMIYHY 1HGOPMAIIIIO TIPO KICTKH Ta IXHE MICIIE3HAXOI>KCHHS.

HayxoBa HoBH3Ha poOoTu. Briepiie onrcano rictojoridydy Oy1oBYy AOBIUX
kicrok Odontopterygiformes ta ii BimMIHHOCTI y JIBOX JOCHIJKCHUX BHIIB, Y
PI3HUX IXHIX CKEJIETHHUX €JeMEHTax Ta y PI3HHUX BIKOBUX CTajiil. BctaHoBieHo ii
HNOJIOHICTh Yy 3arajJiIbHUX pucax N0 TICTOJOTIYHOI OyIOBH KICTOK CY4YacHHX
Neognathae. OtpumaHo &aHi MIOAO IMIBHIKOTO (B MEXaX POKY) POCTY BEIMKHX
Odontopterygiformes, mo He MATBEPPKYE TMOMEPEAHIO OIIHKY 1 3HIMae
OoOMEeXEHHsI Ha >KMBJCHHS LMX NTaxiB KaJbMapamMu. BUsBIEHO, 110 HampsMOK
BOJIOKOH y JjoBrux kictkax Odontopterygiformes siamoBigae odikyBaHOMY Y
nTaxiB 13 IXHIM THUIIOM TMOJBOTY 1 CIHOCTEPEXKYBAHOMY Y IXHIX Cy4YacHHX
€KOJIOTIYHUX aHajloriB. Brepiie omucaHo NPOSBH MIKPOCKOIMIYHOI O10epo3ii 3
MIcIIe3HaxoKeHHs [koBe.

[Ipaktuune 3HaueHHs poboTH. OTpUMaAHO pe3yJbTaTH, SIKI MOXYTh OyTH
BUKOPUCTaHI TMpU BHU3HAYEHHI (parMeHTapHUX 3HAXIJOK NTaxiB Ta MpuU

BUKJIAJIaHHI HABYAJIBHUX KYPCIB 13 TMAaJCOHTOJOTIi. 3amporoOHOBAHO METOJUKY



BUTOTOBJICHHS TUTI(IB, KA HE BUMAarae Ba)XKOJOCTYITHHUX 3acO0iB 1 po3paxoBaHa
Ha OTPUMAaHHS IpenapartiB, 100pe NpUIATHUX A0 MOJSPHU3ALIHHOI MIKPOCKOMIT Ta
JTOBroTepMmiHoBoro 30epiranHa. CKOHCTpyHoBaHO oOJiaJHAaHHS Il CEepIMHOL
Hapi3Kd TBEPAMX OO’€KTIB Ta OOJAAHAHHS IJS MOJSPHU3ALINAHOI MIKPOCKOII 1
($hOTO3MOMKH MIKpOTpenapariB, ke MpuaaTHe JJis poOOTH Ha HECHellali30BaHUX
MIKPOCKOIIaX 13  HECHellali30BaHUMH 00 €KTHBaAaMHU 1 Jla€  MOJXKJIUBICTH
doTorpadyBaTi pu pi3HUX HAMPSMKAX MOJSPU3ATOPIB O€3 MOBEPTAHHS 00’ €KTA,
[0 TOJICTIIYE TIOPIBHSHHSA Ta KOMOIHYBaHHsI 3HIMKIB. Hamucano mnporpamue
3a0e3neyeHHss s oOpoOKku Mikpodororpadiii MOUYMHAIOYU 3 €Taly «CHPUX»

JaHuX 13 (hoTOMATPHIIi.

KnrouoBi  cnmoBa:  mraxu, Odontopterygiformes, maneoricTosoris,

OCTEOTICTOJIOT1s, MBUIAKICTh POCTY, OHTOTE€HE3, 010€p03isl, MaJeOTeH, COLICH.



ANNOTATION

Dobrovolsky S. E. Pseudo-toothed birds (Aves: Odontopterygiformes) of
the Eocene of Northern Tethys: histological analysis and reconstruction of
ecological features. — Manuscript.

The dissertation for obtaining the scientific degree of doctor of philosophy
in Biological Sciences on the specialty 091 - "Biology". I.I. Schmalhausen
Institute of Zoology, National Academy of Sciences of Ukraine, Kyiv, 2024.

The dissertation is focused on the histological structure of long bones of the
birds from the extinct order Odontopterygiformes and its relations to biological,
particularly ecological, features of the group. Histological structure of the bones of
Odontopterygiformes, with the exception of pseudoteeth, was not examined
previously. Thus, all reconstructions of the way of life, individual development and
ecological niche of these birds were based mainly on macroscopic features of the
bones. However, microscopic structure of the bones, primarily the diaphyses of
long bones of the limbs, is the best source of information about duration of
tetrapod growth and can enable other developmental, ecological and taxonomic
conclusions (Horner et al., 2001; Bailleul et al., 2019; de Buffrénil et al., 20213;
Chinsamy, 2023).

The study was conducted on the material from Early Lutetian locality Ikove
(Luhansk region). The collection is housed in National Museum of Natural History
at the National Academy of Sciences of Ukraine (Kyiv) and contains long bones of
two species of Odontopterygiformes: Lutetodontopteryx tethyensis Mayr et
Zvonok, 2012 and cf. Dasornis sp. These species represent both main clades of the
order. Differences of these clades reach the level of separate families (Bourdon et
al., 2010; 3enenkoB u Kypoukun, 2015). Thin sections were made using the
original version of the technique. The study of the material was carried out by
ordinary and polarized light microscopy. Processing of the microphotographs and
measurement of the sizes and other characteristics of microstructure elements

(osteocyte lacunae and vascular channels) were carried out using original scripts.



Before the preparation of thin sections, usual and stereoscopic photography of the
bones was carried out. In the case of well-preserved specimens, three-dimensional
models were also made.

Histological and microanatomical structure of the long bones of
Odontopterygiformes was found to be similar to the structure of bones of recent
representatives of Neognathae (the clade to which Odontopterygiformes are
referred, although some features possibly contradict this: Mayr, 2017). This
indicates the same pattern of growth and its comparable duration: in young birds,
the bone grew rapidly on the outer side and was resorbed on the inner, and later the
rate of apposition in most cases dropped sharply. According to data for modern
birds, this decline is usually close in time to fledging (Atterholt & Woodward,
2021). During rapid growth, woven-parallel (fibrolamellar) tissue was formed,
which is usually apposited at the rate of tens of micrometers per day, and during
slow growth, lamellar tissue was formed, which is apposited an order of magnitude
slower (de Margerie et al., 2002; de Margerie et al., 2004; de Buffrénil et al.,
2021b). Medullary tissue was not found in the examined bones.

Similar bone microstructure is observed not only in Neognathae, but also in
some fossil birds outside the Neornithes group, in particular Hesperornis,
Ichthyornis (Houde, 1987; Chinsamy et al., 1998) and Confuciusornis (de Ricqlés
et al., 2003). It is also generally similar to the bone microstructure of Paleognathae,
from which it differs in the rarity of two features widespread in paleognaths:
laminar fibrolamellar tissue (Houde, 1987; Chinsamy et al., 1995; Castanet et al.,
2000; Legendre et al., 2014, Kuehn et al., 2019; Atterholt & Woodward, 2021) and
growth lines in woven-parallel tissue (Bourdon et al., 2009; de Ricqgles et al., 2016;
Canoville et al., 2022).

Microstructure of examined bones of Lutetodontopteryx tethyensis and cf.
Dasornis differs. In the humeri of L. tethyensis primary osteons have much more
sharp boundaries than in cf. Dasornis, and the direction of these osteons looks

much more regular on the transverse section.



Annual growth lines, which are present in many early and some recent
birds, were not found in the woven-parallel tissue of examined species. This
supports growth within one year (on the contrary to previous estimates of the
growth duration of large-bodied Odontopterygiformes: Louchart et al., 2013,
2018). Rough preliminary estimates of the rate of apposition of woven-parallel
tissue, based on its microstructural parameters and on the dependence of these
parameters on the rate of apposition derived for modern species, are consistent
with rapid growth. In the humeri of Lutetodontopteryx tethyensis, but not cf.
Dasornis sp., atypical for birds (present only in some species, primarily with large
body size) gradual transition between woven-parallel and lamellar tissue was
found, which indicates a gradual, rather than sharp, slowing of apposition.

Information on the duration of growth enables to draw certain ecological
conclusions. If large Odontopterygiformes grew more than one year, as it was
supposed (Louchart et al., 2013, 2018), they could not specialize in feeding on
squid, because abundance of squids usually varies greatly throughout the year
(Luckhurst, 2018). But morphology of Odontopterygiformes’ pseudoteeth better
corresponds to feeding on squids than on fish (Olson, 1985; Mayr, 2019). Rapid
development of the birds makes specialization on squid possible. It is noteworthy
that squids are distinguished among other marine animals (including cephalopods)
by their low calcium content (Ozden & Erkan, 2011). Such a diet can cause bone
resorption (Zhao et al., 2020). Thus, feeding on squid can be among the causes of
resorption, described in some Odontopterygiformes bones.

In contrast to woven-parallel tissue, outer and inner circumferential layers
of Odontopterygiformes’ bones possess growth marks. In many recent bird species
these layers have been examined to see if they reflect annual cycles, which would
enable determination of individual age of the bird. The results for recent birds were
contradictory (Drozdowska & Meissner, 2014; KneBezans u Cmupuna, 2016). In
the dissertation, it was established that in cf. L. tethyensis these layers were
deposited much more frequently than once a year (judging by the presence of

dozens of layers in the femur of a young individual Av-26), and they do not show



the age of the individual. For cf. Dasornis sp. the period of deposition of such
layers remains unknown.

One specimen, the humerus of cf. L. tethyensis Av-8, shows on the cross-
section unusual dark and light lines, reflecting former positions of the bone surface
during its growth. Judging from thicknesses of these lines and the gaps between
them, given typical rate of deposition of fibrolamellar tissue, they were deposited
over a period in the order of several hours and thus represent the traces of some
short-term events. This question may be clarified in the future after a better study
of the influence of external and internal factors on the osteogenesis of modern
birds.

Bones of Odontopterygiformes show manifestations of remodeling, which
carry information about the course of ontogenesis. Thus, in femora of L. tethyensis
(Av-18) and cf. Dasornis sp. (Av-34) the primary tissue is almost completely
replaced by secondary osteons and resorption cavities, which indicate extensive
resorption with subsequent reconstruction. Most other bones also show
manifestations of remodeling, but on a smaller scale. Secondary osteons, as a rule,
appear first in the inner layer of the cortex, and in Av-18 and Av-34 occupy the
entire space between the outer and inner circumferential layers. In both species,
remodeling continued even after reaching skeletal maturity. In L. tethyensis this
was observed in humerus (Av-11), and in cf. Dasornis sp. — in femur (Av-34).
Extensive remodeling in birds can be caused by egg laying and molting (Cerda et
al., 2014; De Ricqles et al., 2016; Angst et al., 2017; Chinsamy et al., 2020b;
Monfroy & Kundrat, 2021). In any case, the amount of remodeling increases with
age, so, more strongly remodeled bones, other things being equal, belong to older
individuals. This provides some information about the age of the individuals to
which the examined bones belonged (for example, among the femora of cf. L.
tethyensis, bone Av-26 belonged to a younger individual than Av-18).

Inner circumferential layer of femora of cf. L. tethyensis (Av-26) and cf.
Dasornis sp. (Av-34) shows sharp changes in the direction of bone fibers,

indicating partial resorption and subsequent restoration of apposition. Av-26



underwent at least 4 such events of reversal of apposition, and Av-34 — at least one.
The reasons of this are unknown, although it was mentioned in the literature for
birds (Drozdowska & Meissner, 2014; de Ricgles et al., 2016) and mammals
(Tomassini et al., 2021; Hieronymus et al., 2023). It can be related to the need in
calcium for reproduction or other processes (migration, molting), to insufficient
feeding, or to remodeling caused by the accumulation of stress damage
(Drozdowska & Meissner, 2014; Hieronymus et al., 2023). In the case of Av-34 all
these versions are possible, and in the case of Av-26 young age renders all them,
except insufficient feeding, unlikely.

Direction of most bone fibers and vascular cavities in the examined humeri
of Odontopterygiformes is longitudinal, and in the femora they are tilted to the
bone axis. This difference can have biomechanical reasons. Inclination of the fibers
to the longitudinal axis increases the strength of the bone in relation to torsional
loading (De Margerie et al., 2005), which is experienced by bird femur during
motion on the ground. Wing bones, especially humerus, experience strong
torsional loading in the birds with flapping flight (De Margerie, 2006; Simons &
O’Connor, 2012; Kuehn et al., 2019), to which Odontopterygiformes did not
belong. Some works have found that recent birds, which, like
Odontopterygiformes, have gliding flight, also show direction of the fibers closer
to longitudinal, while birds of comparable size, but with other types of flight, show
larger inclination of the fibers to bone axis (larger “laminarity” of the bone) (De
Margerie et al., 2005; Simons & O’Connor, 2012). Thus, the direction of fibers and
vessels, observed in humeri and femora of Odontopterygiformes, is consistent with
what is theoretically expected and observed in other birds with their flight type.
However, the interpretation of the direction of bone fibers as an adaptation to the
direction of loading is controversial (Lee & Simons, 2015; Warshaw et al., 2017;
Pratt et al., 2018; Kuehn et al., 2019).

Most of the examined bones show manifestations of microscopic
bioerosion, most often represented by Wedl tunnels. They are thought to be created

by fungi or cyanobacteria. Tunnels of atypical morphology are also observed. This



suggests taxonomic diversity of the organisms that created the tunnels. The
bioerosion of bones indicates their availability to microorganisms shortly after the
death of the animal and carries paleoecological and taphonomic information about
the bones and the fossil location.

The scientific novelty of the study. Histological structure of the long bones
of Odontopterygiformes and its differences in the two studied species, in their
various skeletal elements and in different age stages are described for the first time.
Similarity of this structure in general features to the histological structure of the
bones of modern Neognathae was shown. Bone microstructure indicates rapid
(within a year) growth of large Odontopterygiformes, which does not confirm
previous estimates and removes restrictions on feeding these birds with squid. It
was found that the direction of fibers in the long bones of Odontopterygiformes
corresponds to that expected in birds with their type of flight and observed in their
modern ecological counterparts. Manifestations of microscopic bioerosion from the
location of Ikove are described for the first time.

Practical value of the study. The obtained results can be used in the
identification of fragmentary finds of birds and in the teaching of paleontology
courses. A technique for production of thin sections from hard objects is proposed,
which does not require hard-to-reach means and is designed to obtain sections well
suited for polarizing microscopy and long-term storage. Equipment for serial
slicing of solid objects has been designed, as well as equipment for polarization
microscopy and photography of microslides, which is suitable for work on non-
specialized microscopes with non-specialized lenses and makes it possible to take
photos in different lighting conditions without turning the object. Software was
written for processing the photos starting from the stage of raw data from the photo

matrix.
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