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PRESERVATION OF FAVOUBED BACES IN THR STRUGGLE
FOR LITE,

By UHARLES DARWIN, M.A.,
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"Why then is not every geological formation and
every stratum full of such intermediate links?
Geology assuredly does not reveal any such
finely graduated organic chain; and this,
perhaps, is the most obvious and gravest
objection which can be urged against my
theory. The explanation lies, as | believe, in the
extreme imperfection of the geological record.”

Darwin (1859) (12 February 1809 — 19 April 1882)
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Archaeopteryx lithographica Archaeopteryx siemensii

London specimen (1861; Owen, 1863) Berlin specimen (1876; Dames, 1884)
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Compsognathus longipes

Discovered in 1850s; described by Wagner (1861)

Thomas Henry Huxley
(4 May 1825 — 29 June 1895)
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el C. March and ‘Red Cloud Hesperornis skull reconstruction
pictured in New Haven, (MarSh 1880)

Connecticut, c. 1880
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Marsh, O.C. (1880): Odontornithes, a Monograph on the
Extinct Toothed Birds of North America. Government
Printing Office, Washington DC.

United States Geological Exploration of the Fortieth Parallel

"Your work on these old birds, and
on many fossil animals of North
America, has afforded the best
support to the theory of
Evolution, which has appeared
within the last twenty years."
Darwin, letter to Marsh
(31.08.1880)

Othniel Charles Marsh
(October 29, 1831 — March 18, 1899)
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% Hesperornis
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Confuciusornis sanctus

e T
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Enantiornithes
Confuciusornithidae
Archaeopteryx
Scansoriopterygidae
Dromaeosauridae

Troodontidae

Oviraptorosauria
Therizinosauroidea
Compsognathidae
Tyrannosauroidea
Psittacosauridae

Heterodontosauridae

D -- «BbIMEpLLME» MOPPOTHUNMbI

|

|

35789
35789
3589
67
34589
358
3578

2 ?71/3/4/5
2 ?71/3/4/5
2 ?1/3/4/5
y

y

[ ==

Xu et al., 2010
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Tianyulong

Enantiornithes 35789

Confuciusornithidae 35789

Archaeopteryx 3589
Scansoriopterygidas 67

Dromaeosauridae 34589
Troodontidae 358
QOviraptorosauria 35678

Therizinosauroidea 2 M1/3/4/5
Compsognathidae 2 71/3/4/5
Tyrannosauroidea 2 71/3/4/5

Psittacosauridae 1

Feterodontosauridag ) 1
)
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Enantiornithes
Confuciusarnithidae
Archaeopteryx
Scansoriopterygidae
Dromaeosauridae
Troodontidae
QOviraptorosauria
Therizinosauroidea
Compsognathidas
Tyrannosauroidea

Psittacosauridae

35789
35789
3589
67
34589

358
35878

2 71/3/4/5
2 71/3/4/5
2 71/3/4/5
1

Heterodontosauridag™) 1

I

Zheng et al., 2009
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Enantiornithes

Confuciusornithidae

Archaeopteryx
Scansoriopterygidae

Dromaeosauridae

Troodontidae

QOviraptorosauria
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Heterodontosauridae
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Enantiornithes
Confuciusarnithidae
Archaeopteryx
Scansoriopterygidae
Dromaeosauridae

Troodontidae

QOviraptorosauria

Therizinosauroidea

Compsognathidas

1

1Y

Tyrannosauroidea

Psittacosauridae

Heterodontosauridae

35789
35789
3589
67
34589

358
35878

2 71/3/4/5
2 71/3/4/5
2 71/3/4/5
1
1

Psittacosaurus
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Enantiornithes

Confuciusornithidae

Archaeopteryx

Scansoriopterygidas

Dromaeosauridae

Troodontidae

QOviraptorosauria

Therizinosauroidea

Compsognathidae

Psittacosauridae

Heterodontosauridae

35789
35789
3589
67
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358
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2 71/3/4/5
2 ?1/3/4/5
2 71/3/4/5
1
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Enantiornithes 35789

Confuciusornithidae 35789
A‘E Archaeopteryx 3589
Scansoriopterygidas 67
| Dromaeosauridae 34589
————— Troodontidae 358
*‘L Qviraptorosauria 3578
Therizinosauroidea 2 M/3/4/5
Compsognathidae 2 71/3/4/5
@ 2 21/3/4/5
— Psittacosauridae 1

Heterodontosauridas 1
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1) Sinosauropteryx prima Ji & Ji, 1998

2) Sinocalliopteryx gigas Ji et al., 2007
3) Juravenator starki Géhlich & Chiappe, 2006
4) Huaxiagnathus orientalis Hwang et al., 2004
5) Compsognathus longipes Wagner, 1859

Sinosauropteryx

Enantiornithes 35789

Confuciusornithidae 35789
Archaeopteryx 3589
Scansoriopterygidas 67
e Dromaeiosauridae 34589
————— Troodontidae 358
*‘—[_ QOviraptorosauria 35678
2 M/3/4/5

Therizinosauroidea

@ 2 71/3/4/5
Tyrannosauroidea 2 71/3/4/5
Psittacosauridae 1

Heterodontosauridas 1
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Enantiornithes

Confuciusarnithidae
Archaeopteryx
Scansoriopterygidae
- Dromaeosauridae
————— Troodontidae
{L QOviraptorosauria
T

herizinosauroidea
Compsognathidas

Tyrannosauroidea

Psittacosauridae

Heterodontosauridae

| %

1 2 3

35789
35789
3589
67
34589

358
35878

2 71/3/4/5
2 71/3/4/5
2 71/3/4/5
1
1

Ji et al., 2007
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Beipiaosaurus in LS
Xu, Tong & Wang, 556
VPP ¥ 1559 {ivpel,
517 3.

Beipiaosaurus

Enantiornithes 35789
Confuciusornithidae 35789
Archaeopteryx 3589
Scansoriopterygidas 67
Dromaeosauridae 34589
Troodontidae 358
Ovira uria 3578
@ 2 21/3/4/5
Compsognathidae 2 71/3/4/5
Tyrannosauroidea 2 71/3/4/5
Psittacosauridae 1

Heterodontosauridae 1
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1 2 3 4

Enantiornithes 35789
Confuciusornithidae 35789
Archaeopteryx 3589
Scansoriopterygidas 67

Dromaeosauridae 34589
Troodontidae 358
Qvira uria 3578

Tharlzlnosaurmde 2 71/3/4/5
Compsognathidae 2 71/3/4/5
Tyrannosauroidea 2 71/3/4/5
Psittacosauridae 1

Heterodontosauridae 1
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Enantiornithes

Confuciusarnithidae
Archaeopteryx
Scansoriopterygidae
Dromaeosauridae

Troodontidae

Oviraptorosauria

Therizinosauroidea

Compsognathidas

Tyrannosauroidea

— Psittacosauridae

1 2

Heterodontosauridae
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1 Caudipteryx zouw (NGMC §7-4-4) 5 E
| 1.1 :
1 Caudipteryx dangi (IVPP V 12344) 'I"‘:';
| oy

L

Enantiornithes 35789
Confuciusornithidae 35789

Archaeopteryx 3589
Scansoriopterygidas 67

Dromaeosauridae 34589
Troodontidae 358

Therizinosaurcidea 2 ?71/3/4/5
Compsognathidae 2 ?71/3/4/5
Tyrannosauroidea 2 ?71/3/4/5

Caudipreryy  1em

— Psittacosauridae 1

Heterodontosauridae 1

1 2 3 4 5
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Figure 1 | Developing primary wing feathers of a nestling Great Horned
Owl. The distal tip of the planar vane of the pennaceous feathers are emerging
from the tubular feather sheath, The sheath surrounds the entire base of the
emergent vane, and the rachis runs under the sheath without lateral expansion.
Photograph reproduced with permission from B. Hilton,

Prum, 2010

Xu et al., 2010
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Ferr

He et al., 2008
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Enantiornithes

Confuciusornithidae
Archaeopteryx
Scansoriopterygidae

Dromaeosauridae

QOviraptorosauria

Therizinosaurcidea

Compsognathidas

Tyrannosauroidea

— Psittacosauridae

Heterodontosauridae

1 2 3 4 5

35789
35789
3589
67
34589

358
35878

2 71/3/4/5
2 71/3/4/5
2 71/3/4/5
1
1

Hu et al., 2009
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Fig. 4. Reconstruction of the plumage color of the Jurassic troodontid A. huxleyi. The tail is unknown in
specimen BMNHC PH828 and reconstructed according to the complete specimen previously described (6).
Color plate is by M. A. DiGiorgio.

Li et al., 2010
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Li et al., 2010
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Figure 1| Stratigraphic column of Jurassic and Lowest Cretaceous stratain
western Liaoning, showing horizons from which feathered dinosaurs have
been described, Two major horizons have pnrdncs,'tl such specimens: the
Tiaojishan Formation has vielded Anchiornis huxleyi LPM-BO0169 and
dates to about 155 Myr, whereas the Jehol Group has yielded Microraptor
and other feathered dinosaurs and dates to about 125 Myr.
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Sinornithosaurus

Enantiornithes 35789

Confuciusornithidae 35789

Archaeopteryx 3589
Scansoriopterygidas 67
————— Troodontidae 368
{L— QOviraptorosauria 35678
Therizinosauroidea 2 M/3/4/5

Compsognathidae 2 71/3/4/5
Tyrannosauroidea 2 71/3/4/5
Psittacosauridae 1

Heterodontosauridae 1

-
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Sinornithosaurus

=

Enantiornithes
Confuciusornithidae

Archaeopteryx

Troodontidae

QOviraptorosauria

Scansoriopterygidae
[

Therizinosauroidea
Compsognathidas
Tyrannosauroidea

Psittacosauridae

35789
35789
3589
67
34589

358
35878

2 71/3/4/5
2 71/3/4/5
2 71/3/4/5
1

Heterodontosauridae 1
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| Velociraptor mongoliensis
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1 2

B

Iri

Enantiornithes 35789
Confuciusornithidae 35789

Archaeopteryx 3589

Scansoriopterygidae 67

Troodontidae 358
QOviraptorosauria 3678
Therizinosauroidea 2 71/3/4/5
Compsognathidae 2 71/3/4/5
Tyrannosauroidea 2 71/3/4/5
Psittacosauridae 1
Heterodontosauridae 1

Xu et al., 2003
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Enantiornithes 35789
Confuciusornithidae 35789
3589

Archaeopteryx

Scansoriopterygidas )6 7

Dromaeosauridae 34589
Troodontidae 358
QOviraptorosauria 35678

Therizinosaurcidea 2 M/3/4/5
Compsognathidae 2 71/3/4/5
Tyrannosauroidea 2 71/3/4/5
Psittacosauridae 1

Heterodontosauridae 1

Zhang et al., 2008
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Enantiornithes

Confuciusornithidae

Archaeopteryx

Scansoriopterygidae

Dromaeosauridae
Troodontidae
Oviraptorosauria

Therizinosauroidea

Compsognathidae

Tyrannosauroidea

— Psittacosauridae
Heterodontosauridae 1

35789
35789
3589
67
34589
358
3578

2 ?71/3/4/5
2 71/3/4/5
2 71/3/4/5
1

I solnhofen specimen Wellnhoferia grandis

B Haarlem specimepArchasopteyx lithagraphica
. Berlin spacimeny A, siemensi
B Maxberg specimen A, lthographica

I Themnopolis specimer A.sp.

I8 London specimeny A, lithagraphica
B vunich specimery A, bavarica

B Eichstatt specimerf |urapteryx recurva
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Christiansen & Bonde, 2004

PucyHok 1878-1879 rr.

Archaeopteryx (Berlin specimen)
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Microraptor

Archaeopteryx
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Maniraptora
W Bt o

Ophistopubic pelvis
Tetanurae T ‘\
Furcula

Thempudaf

Chiappe & Dyke, 2007

FIGLIRE 2 Semilunate carpal of Mamiraptoriformes (after
Ostrom, 1969) for Deinonychius, (a—c) Right semilunate car-
pal, seen in proximal (a), distal (b}, and ventral (c) views; (d)
left semilunate car],:ral (dc) inarticulabion with mutacarpa]:a |
and [I, showing range of lateral Hexion.

Padian, 1997
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Gauthier & Padian, 1985

© A. O. ABepbsiHoB, 2010



Padian, 1997

FIGURE 3 The predatory stroke of the forelimb in Deinonychus, similar to the avian flight stroke. Right
shoulder girdle and forelimb in lateral view (after Gauthier and Padian, 1985, with permission).

© A. O. ABepbsiHoB, 2010



Supracoracoideus
Muscle

Semilunate Distal Carpal
/o Swivel Wrist Jomnt

Chatterjee & Templin, 2004
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Therapoﬁa (Maniraptora)

Chiappe & Dyke, 2007
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[0 Preserved fossil skeleton
B Preserved fossil eggs
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Fig. 3. Nest of elonpatoolithid eggs from Mongolia, based on
IGM 101008, The ouwilines of some cggs have been
restored, but all of the eggs in the drawing are prescnt in the
pasitions shown. Scale bar = 10 cm.

petiviteliine
Infundibulum ovary TAMBEANE

lathmusg

Uterus
] blastodisc
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Fig. 1. The 10th skeletal specimen of the Archaeopterygidae (collection number WDC-CSG-100) in ventral view. (A) Skeleton with wing and tall
feather impressions. (B) Ultraviolet-induced fluorescence photograph to show the preserved bone substance.
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Smm

Mayr et al., 2005
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Journal of Svstematic Palaeontology, Vol. 00, Issue 0, 2010, 1-9 Taylor & Francis

Taylor &Frands Group

A new taxon of birds (Aves) from the Early Cretaceous of Western Siberia, Russia
Evgeny N. Kurochkin®*, Nikita V. Zelenkov®, Alexandr O. Averianov® and Sergei V. Leshchinskiy*
“Profsojuznava 123, Borissiak Palacontological Institute, Moscow 117997, Russia; "Borissiak Palaeontological Institute, Russia;
Zoological Institute, Saint-Petersburg, Russia; “Tomsk State University, Tomsk, Russia

J (Received 29 January 2010; accepted 6 July 2010)

In recent decades numerous findings, mostly from the Early Cretaceous of China, have changed traditional conceptions
about the diversity and evelution of the most ancient Aves. Findings of Mesozoic birds in Russia are extremely rare. Here
we describe a new bird from the Lower Cretaceous (Barremian—Aptian, Ilekskaya Svita) Shestakovo-1 locality (southern
Western Siberia, Russia), that has also yielded dinosaurs, mammals, crocodiles, pterosaurs and lizards. Mystiornis leptocolos

10 gen. et sp. nov. 15 based on an isolated metatarsus which displays a mosaic of morphological features allowing us to create
a new order, Mystiornithiformes. Mystiornis has a fully consolidated (ornithurine-like) gracile metatarsus with a primitive
coplanar arrangement of the metatarsals, three separate proximal articular facets, and a uniquely located distal interosseal
canal. It also displays diving adaptations previously documented only in Ornithurae.

Keywords: Aves; Mystiornithiformes ordo nov.; Mystiornis gen. n.; Early Cretaceous; Russia; metatarsus

Systematic palaeontology Family Mystiornithidae fam. nov.

Class: Aves Linnaeus, 1758 Genus Mystiornis gen. nov.

Order: Mystiornithiformes ordo nov.
Diagnosis. Metatarsals [I-1V completely ossified copla- Mystiornis lep tﬂk olos gen. et sp. nov.
nar throughout their entire length, except for the separate (Fig. 2)
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—— Allosaurus
Dromaeosauridae
Archaeopteryx
Anchiornis
_l:Vnruna
A Mei
Avisaurus
MYSTIORNIS
Sapeornis
Jeholornis

Zhongornis
_{: Confuciusornis
Changchengornis
Longipteryx
——— Shanweiniao
Longirostravis
DNHM
Eoenantiornis
Concornis
Eoalulavis
Gobipteryx
Neuquenornis
Vescornis

——TIbheromesornis
Patagopteryx

_|: PKUP
Hongshanornis
Yanornis
Yixianornis
Gansus
Apsaravis
Hesperornis
Ichthyornis
Anas
CGallus

Figure 3. Strict consensus tree recovered from analysis of data matrix modified after O'Connor et af. (2009) using PAUP ({tree drawn
using WinClade). Clade A (see text) is indicated.
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Ernst Haeckel Thomas Huxley
(1834-1919) (1825-1895)
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early Triassic
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Titanophoneus _ _ _
frewm mid-Permian z |||‘1E>I:l[:l‘|1l::|*-: expansion of jaw musculature: erect gait;

expansion of the cerehellum .
tfrom Hickman et al. 1993)
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Mpudbchurc, 1988

OBTEKAEMOE TENO rossonneT yTKOHOCY 3(OIPEKTHBHD ABYW-  NNLIBET NPW NOMOWK BECNocOpaiHeIx NepegHuy nar. Ha cywe
FaThCA | 8 BOfle W Ha cywe, Haxoqace Nof BOLOW, MUBOTHOE  YTHOHOC NEPEMEIaeTCR, YNUPanCk B CYDCTPAT KOTTAMM,

A PR

! i P e

A
e
) i

Y

e

NEPEAHWE 1 3AOHWE KOHEYMHOCTW y yTHOWMOCE KOPOTKWE T, B OCHOBHOM NOMOraIQUIME NepaiBmeHnG Ha CYWe; KpoME
M PRCNONOCMHMEH L BNMaKo K TEny. NepaaHue nane! (cness | cHal- Torg, y caMmuoB Ha 3afHWX Horax Haf cTOoNoR WMEESTCA Nonan
MEHb! WAPORMMA NEPENOHKAMMK; C MX NOMOWbLIC OH NMNaBaeT B8 WNOP&, CoefMHeHHan ¢ ocoBoR Meneson, B KoTopoR obpasyer-
poge. Ha cylle NepenoHky BTArMBAITCR, OOHAMAR CMNbHBIE  CA CMEPTENEHLIW AL; 3TY WNOPY OHW MCNONLIYIOT 4NA Hanafe-
KOrTH, KOTODEIMW MUBOTHOE YIWPASTCA B 3EMNID NPU X0AL0B KM HWA W JAWNTEl B CXBATKAX C OOYIHMMU MHUBOTHEIMY.

POET CBOM HOPLI. Ha 3agHix nanax (crpasa | Takme ecTh Kor-
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Fig 9. Tentative evolutionary pattern of extratarsal spur of the main groups

of early mammals (cladogram simplified from Luo et al. 2002 and Kielan-
Jaworowska et al. 2004).
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Kielan-Jaworowska & Hurum, 2006

Fig. 2. Reconstruction of the posture of the Late Cretaceous multituberculate Catopshaaar carapsaloides (Kielm-Jaworowska, 1974) from the Goba
Dresert. Monigolia, a8 & plantigeade mammal with sprawling limbs, SKoll length is about 60 mim. The size of the spar has been reconstructed based on the
fength of the male spor in Oenithorhvnehus in comparison o the length of the foot, The-animal is reconstructed in aggressive position, ready for attack, with
mabile spurs projecting medially. (Artwork by Boguslaw Waksmundzki.)
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Henkelotherium

Fig. 5. Diagramvmatical drawings of two skeletons of Mesodoic mammmals
from lacostrine sediments. re-drawn and simplified from the publishied
deawings, Limb bones are shaded in grey, The grrow points (o os calcaris.
Both skeletons show sprawlmg posture. They are preserved dovso-ventrally
compressed and exposed in ovenral views, showing abducted lhmbs (as
those in Jehol Biota, illustrated in Fiz. 4A-F). A. Casferocanda lurraymmilis
FioOr, Lo Yoan, and Tabrom, 2006, a Middle Jurassic docodentan from
nirtl-west China, in ventrl view, based on 13 0. @t al. (2006 fig. 1),
B Henbelotfierivm gueimaroie Krebs, 19910 “eupantotherian™ from the
Kimmetidgion of Portugal, in ventral view, based on Henkel and Kreebs
(1977 % Soale bams [0 mm.

Kielan-Jaworowska & Hurum, 2006
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EARLY AMPHIBIANS
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Schoch, 2009
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