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Morphology and general structure of the vertical shell units (VSU)

. A-C _Simp|e one- MIKHAILOV: FOSSIL AND RECENT EGGSHELL
layered eggshells
(spherulitic type of
VSU)

D-E — complex two-
layered eggshells with
squamatic zone
(ornithoid type of VSU)
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Squamatic
ultrastructure (SqU)
in the main (second)
layer of ornithoid
egghells and the
membranes of
organic matrix

within this layer.
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GENERAL STRUCTURE OF AVIAN EGGSHELL
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GENERAL STRUCTURE OF AVIAN EGGSHELL

Figure 8. Stylised three-dimensional diagram of eggshell — Figure 9. Stylised three-dimensional diagram of eggshell
structure in grebes (group 4), with a thick phosphate  structure in pelecaniform birds (group 6), with a thick
cover. carbonate cover (except tropic-birds).
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EGGSHELL WITH THICK CARBONATE COVER
Shoebill (Balaeniceps rex




MODIFICATIONS IN
AVIAN EGGSHELL
STRUCTURE

A. Microcanaliculation in
the outer part of the
spongy layer of some
avian eggshell (all
storks — family
Ciconiidae)

in comparison with
typical ...

B. Neognathous
eggshell (ibises - family
Threskiornitidae

1766 Can. J. Zool. Vol. 73

Fig. 10. Shell structure, radial views (SEM). (A) Mycteria leucocephala (stork). Note the thick microcanaliculated
zone. %X300. (B) Lophotibis cristata (ibis). x300. SL, single layer; ML, mammillary layer.

(A)




MODIFICATIONS IN AVIAN EGGSHELL STRUCTURE

Two new layers (1+2) in eggshell of all hawks
(Accipitridae + Pandionidae)




Very strong vesiculation in eggshell of parrots
(Psittaciformes)
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*AHanNnU3 cTpoeHusa cKopnynbl AL NTAL, HA YPOBHE CEMEUCTB U
noacemencts (Mikhailov 1997, Kohring 1999) He BbisiBnsieT
pasnuynn B npeaenax noodoro «xopoLero» TpaguLMOHHOro
oTpsga. JTO NO3BoONseT UCNOSIb30BaTh Pa3fNMyunAa B KTOHKOM»
CTPOEHUU CKOpPJIynbl B Ka4YeCcTBe HE3aBUCUMOIo Kputepua ans
OLIeHKM runoTte3 punoreHeTU4EeCKOro poacTtea ceMencTB B
npoonemMaTUYHbIX MaKpOTaKCOHaxX paHra oTpsiga u HagoTpAaAaa,
npeanaraeMbiX HA OCHOBE NPOCTOro CyMMMUPOBaHNUA pa3HOPOAHbIX

anomopdun.

*All members of well defined traditional orders exhibit the same
eggshell structure.

*Two families of birds within the same order will not exhibit
different eggshell structure. Such differences indicate substantial
biological separation.




YuyutbiBasi 3BOJNTIIOLUOHHYIO MHEPTHOCTL GMomaTepuana ckopnynbi
(3aperynupoBaHHOCTb MopdoreHe3a):

*CXOACTBO B CTPOEHUU He boriee YeM «He NPOTUBOPEYUT» runoTese
poacTtBa.

*Pa3nnuma B CTPOEHUN NO3BONSAKOT YCOMHUTLCA B npeanosiaraeMom
ocobom poacTse.

Morphogenesis of eggshell structure is strongly canalized that implies
inevitable structural parallelisms:

*Similarity in eggshell structure only admits hypothesis of relation
(“permissable”).

*Difference in eggshell structure allow to have strong doubts in close
relationship.
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RECENT AND HOLOCENE EGGSHELLS (GROUPS 1-26)

neognathe condition; left) and ratite-like type (right)

typical”

“

Figure 5. General eggshell structure of the heron-like type (
in three-dimensional diagrams (see explanations in text).
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PLATE 4

“‘RATITE” VERSION OF AVIAN EGGSHELL STRUCTURE
(Emu, Dromaius novae-hollandiae)




‘RATITE” VERSION OF
AVIAN EGGSHELL
STRUCTURE

(Macroolithus, theropod
dinosaurs, Upper Cretaceous
of Kazakhstan)




MODIFICATIONS OF “RATITE"-TYPE EGGSHELL STRUCTURE

Figure 6. Stylised two-dimensional diagrams of the eggshell structure of the ratite-like type in radial sections: A —
Struthioniformes, Rheiformes, Aepyornithiformes (group 1a); B — Dinornithiformes (group lc); C — Casuariiformes (group
1b); D — Apterygiformes and Tinamiformes (group la); E — Enantiornithes (oofamily Laevisoolithidae; group 27); F —
theropod dinosaurs (oofamily Elongatoolithidae; for comparison).

Cu R
(R

EZ AR

SqZ

ML

ML

D




PHYLOGENETIC CONCLUSIONS

*Eggshell structure admits particular relations between
anseriforms u galliforms.

*Gallo-Anserae shares similar eggshell structure with Ratitae and
Enantiornithes and differs from the rest of neognaths.

*Within Galliformes particular relations supported between Cracidae
n Megapodiidae.

*Within Ratitae particular relations supported between Dromaiidae
n Casuariidae.




MODIFICATIONS OF EGGSHELL STRUCTURE
in Pelecaniform and Ardeiform birds
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Pelecaniformes  Balaenicipitidae ~ Scopidae
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Ardeidae  Threskiornithidae  Ciconiidae




PHYLOGENETIC CONCLUSIONS

*Phaethontidae is somewhat separate from the main block of
Pelecaniformes.

*Shoebill and Hamerkop associate well with Pelecaniformes.

*Ardeidae can be also close to this block.

*Particular relations between herons and ibises are permissable.

*Particular relations between storks and herons + ibises are

doubtful.




Figure 8. Stylised three-dimensional diagram of eggshell — Figure 9. Stylised three-dimensional diagram of eggshell
structure in grebes (group 4), with a thick phosphate structure in pelecaniform birds (group 6), with a thick
cover. carbonate cover (except tropic-birds).

Carbonate cover

Phosphate cover

*Particular relation between Gaviidae and Podicipedidae is not supported.
*Particular relation between Podicipedidae and Phoenicopteridae is
permissible.




Falconidae, Cathartidae Accip?tridae
Sagittariidae Pandionidae

*Accipitridae (+Pandionidae) is a unique taxon in terms of eggshell
structure.




MODIFICATIONS OF EGGSHELL STRUCTURE
in “forest group” neognaths

Figure 14. Stylised two-dimensional diagrams of eggshell structure in radial section: A — Coraciiformes (group 23) and
Piciformes (group 25); B — Columbiformes (group 18; note that there is a thin cuticle in Pteroclididae); C — Apodiformes,
Trochiliformes, Coliiformes and Trogoniformes (group 22; very stylised); D — Psittaciformes (group 19); E — Strigiformes
and Caprimulgiformes (group 20); F — Passeriformes (group 26).
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PHYLOGENETIC CONCLUSIONS

*Relation between Strigiformes and Caprimulgiformes is permissible, as
well as their shared relations with Psittaciformes.

*Relations between Apodiformes, Trochiliformes, Trogoniformes and
Coliifformes permissible.

*Relations between Musophagidae, Opistocomidae and Cuculiformes are
permissible.

*Special relation is permissible between Crotophaginae n Geococcinae.




EGGSHELL STRUCTURE IN PICIFORMES AND CORACIIFORMES
reveals characters of ratite morphotype

 *Coraciiformes and
Piciformes do not e et o menatonl, diagrain, of sggsbel
reveal particular
relations with
Passeriformes.

*Particular relation
between
Coraciiformes and
Piciformes is
permissible.




[1ns1 MHOrMX ceMENCTB XxapaKkTepHO cxodHoe «ba3oBoe

HEOrHaTN4YeCKOE» CTPOEHNE CKOPI1YIbl

(Bce Gruiformes, Charadriiformes, Lariformes; Falconidae,

Cathartidae, Threskiornithidae),
He No3BonsLEee cka3aTb YTO-NMMOO Bonee onpeaeneHHoe KpoMe

COMHEHUA B X poacTBe C TEMU ceMencTBamu, Y KOTOPbIX

BbIABIIAETCA NHOE «KTOHKOE» CTPOEHUE CKOPITYNbl ANL,
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YIK 568.51576.12(4.013)
K.E. Muxaiinos, E.H. Kypouknn

CKOPJIYIIA SAUI] MCKOITAEMBIX STRUTHIONIFORMES
N3 NAJEAPKTHUKH
U EE MECTO B CUCTEME MNPEJACTABJEHUN
OB 3BOJIIOLIMMN RATITAE

BBEJAEHUE

ITocne nepsoro onucaHus uejoro sina crpayca A. Bpangrom (Brandt, 1873)
u3 Xepcouckoit obnactu ¢ Tepputopuun CCCP 6buto onucano Gonee 30 Haxogok
CKOpJynbl SHMIl CTPayCoOB M3 pa3jIM4YHbIX MecToHaxoxJeHuit (Bypuak-AGpamosuu,
1952, 1953; Bypuax-A6pamosuy, KoHbkoBa, 1967, Powmn, 1962; Wpaubes, 1958,
1960 u np.). Bonbiiee MX YHCIIO H3BECTHO C kora YKpauHbl (OCOGEHHO M3 OKpeCT-
Hoctell Opeccel), MonpaBuu, TypkmeHuu, 3abaiixanbs, OTHENbHblE ONMCAHBI U3
AsepGaiimxana, Tamxukucrana, Kuprusuu u Kasaxcrana. IIpy 3TOM OCHOBHBIM Kpu-
TEPHEM CXOJCTBA M pa3iMuus CIyXKHNa TOJIIMHA CKOPJYNbl, MU3MEPEHHAs YacTo
Ha 1—2 ¢parmenTax. Cxopyyna suu M Leible siilla CTPaycoB W3BECTHLI B HAacTOsILEe
BpeMs c¢ Tepputopun Kwutas, Monronun, Humum (Andersson, 1923; Su Cysb,
1959; Lowe, 1931; Bidwell, 1910), Benrpuu (Kretzoi, 1953, 1952/55), Typuun,
Cesepo-3anannoii Appuku (Mapoxko), CeBepHoit Appuku (Eruner), FOxuo#t Adpuku
(Hamubus) m c- Kanapckux octpoBoB (Sauer, 1966, 1972, 1976; Sauer, Rothe,
1972; Sauer F., Sauer E., 1978). Ocoboe 3HaueHue uMeeT ckopjyna ¢ o-Ba JlaH-
capote (KaHapckue ocTpoBa), KOTOPYIO Ha OCHOBE H3YyYeHHs CTPYKTYp NMOBEPXHOCTH
®.3aysp u P. Por (1972) ‘pasgenunu Ha 2 THna — CTPYyTHOMZHYIO M 3IHOp-
HUTOMAHYI0. B nanbHeiimiem ckopiymy suil, HaNOMHMHAIOLIMX MO CBOe CTPYKType
CKOpJIyny MaJarackapCKMx OSMHOPHHCOB, 3ay3p ONucan C TEePPpUTOPHH Mapokko
u Typuum (1976, 1979; Sauer F., Sauer E., 1978), Wumuu u Kuras (1972)
U o603Haymn ee Kak THN “A” — ”INHOPHUTOMAHAA” CKOpJyna, B OTJIMYUE OT
tuna ”S” — “cTpyTHomgHas” ckopiyna. BmecTte ¢ aTuM oOH Buimenun “mpobine-
MaTHYHYI” CKOpJIyNy, KOTOPYIO 3a HEMMEHHMEM JOCTaTOYHOrO MaTepHajla He OTHEC
HU K THny “A”, HM K Tumy "S” M paccMaTpHBall €€ KaK “NIpOMEXyTOYHBIH”
TN, CBA3yrowMid tunel "A” u ”S”. Torma BCTaJ BONPOC O BO3MOXKHOCTH CYILECT-
BOBaHHUs 3MHUOPHHCOB, JOCTOBEPHO H3BECTHBIX JIHIIL M3 IulelicToueHa Mapjarackapa,
B MuoueHe u minoueHe Espasuu (7). He uckmrouan 3aysp ¥ BO3IMOXHOCTH MpH-
HaJJIEXHOCTH CKOpPJyNBl THma “A” HacTosIMM cTpaycaM — Struthionidae. Pa6otnl
3ayspa cocTaBHJIH IeJIblil 3Tanm B M3YYEHHH CKODJIYNHI AUl GECKHIEBLIX MTHUIL

B Hacrosme#i paGoTe paccMaTpHUBAaeTCs BONPOC O BO3MOXHOCTH TaKCOHOMH-
YeCKO# HHTepnpeTalud MOpP(OCTPYKTYPHBIX OCOGEHHOCTEH MOPOBBIX KOMIJIEKCOB
CKOpJIYNbI MLl GECKMNEBBIX TTHL, aHAJIM3UPYyeTcs 300reorpadus W crpaTHrpadus
HaXxoJ0K CKOpJIyNbl AL GECKUIIEBBIX MPEMMYILECTBEHHO U3 HEOTEHAa A3MH U pacCMaTpH-
BalOTCSA IyTH MCTOPHUYECKOrO pPa3BUTHS a3HaTCKHX CTpaycoB. B cnemyrowe#l ctaThe
K.E. Muxaiinosa (cM. HacT. ¢6.) pacCMaTpUBAETCS CKOpJIyNa ML CTPAyCOB M3 MJIHOLEHa
¥ capmaTa YkpamHel M MosgaBuH, YTO MO3BOJIMJIO COMOCTABHTb MAaTEPHANbl IO
CKOpJIyne sHl| a3MaTCKUX M BOCTOYHOEBPONEHCKMX IUIHOLEHOBBIX CTPaycOB M YCO-
BEPIIIEHCTBOBATh THNH(YHUKALMIO CKOPJIYNBI AUL GECKUIEBBIX MTHIL.

MATEPHAJl M METOJMKA
Hamu u3yueHa oGuIMpHasi KOJUIEKUHMA CKODJYNbl sUL GECKHJIEBLIX NTHI, M3 MHO-
ueHa, umMoueHa u miedicrouesa Monromun u CCCP, cobGpaHHas B pa3Hble Tromsl
CoBeTcko-MOHIOJIbLCKHMM  1aJIEOHTOJIOTHYECKOH M TeOJIOTHYECKOH 3KCTeqHIMAMH,
T




1

Puc. 2. Ilpusnaku noposbix CTPYyKTyp CKOpJynbl AHN. OecKuieBbiX nTuu: ¢iopma- nop. W. pasqinyHble
AenpeccHn Ha noBepxHocTH ckopaynsl. IMpusnak 20:

a — WcKonagMele cTpaychl M cybdoccunbras ckopiyna S. camelus: cogpemexHsia nonauan S. camelus: § — S.c. austra-
lis. S. c. massaicus, B - S. ¢. molybdophanes

Homepa npusnaxos Ha pucyHKe COOTBETCTBYIOT TAKOBLIM B TCKCTE DU OIKCAHUK NIPpU3HAKOS: Bpynnsi H, 111,
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St.chersonensis

uarpamMma M3MEHEHHs NpPH3HAKOB CKOPJIYMBI B TPEX IBONIOUMOMHBIX NMHMAX Struthio (I — 8. asia-
ticus, 2 — S. camelus, 3 — S. transcaucasicus, 4 — Struthio sp.) sora esponeiickoii vacru CCCP.
Ocy, Y — TOMUWHHA cKopnynsi B MM, ocb X — TEHACHUHH B HIMCHCHHH CTPOCHHA TOPOBLIX CTPYKTYp
_ cKopaynbl OT "3HHOPHHTOUOHOCTH® K “CTPYTHOMAHOCTH”, O0ch Z. — LIKAMNA BPEMEHH.
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