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Abstract

Confuciusornis is one of the focuses of paleornithology, which has important evolutionary status
and large number of exquisite specimens, especially when compared with other birds of the same
period. At present, the research degree of Confuciusornis is also higher than that of many other
birds, but there are still a lot of unknown problems about its flight ability and other related issues.
In this paper, relevant literatures at home and abroad were investigated and summarized from
the aspects of morphological structure, evolutionary characteristics, flight capability and future
research direction and so on. The progressive features coexist with the original features on the
bones of Confuciusornis, which reflects the remarkable Mosaic evolution in the early bird evolu-
tion process. The bone morphology of the forelimbs and hindlimbs revealed that Confuciusornis
was not strong enough to fly and had no ability to take off directly from the ground. The feathers of
the forelimbs and hindlimbs of Confuciusornis have the characteristics of providing lift force in
flight. The tail feathers are also different from modern birds, suggesting that the movement mode
of Confuciusornis may be quite different from modern birds. Therefore, a great deal of verification
work is needed to confirm the movement pattern and flight strategy of Confuciusornis. And the
quantitative study of morphological function points out a new direction and idea for the future
in-depth study on the flight of Confuciusornis.
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1. 5|8

LT S RAEIRAE 1.20~1. 31 {ZAERTHV ORI U 381 1), HATAL TS HE 1R 3 A& 4 5
8, AR ERAL TS, HIRA TS, BOE T RIMG MM RIGIL TS (FARET SRR PDEEEE
#, LTS AR BIC AR £, R AR IAR LD T BRI [2] [3]. PRI EE )
WALE . F&RIPRABENRE LK RAARS, Har LT SReT R 7 A2 5. R, 1F
NIEHHE KA RPN B MG SIS —, —BHENHE ARG 20 ITRE(3] [4] [5], EXTEREZS)
TSN AT HE S 5 HH 2K RS SRAT AR KR A

[ P22 B L5 S AN R B AR R L TR RHE R 20 A A B A G255 R L 2T e 1R AR,
WA T RS RE AR AEL1] [5] [6] [7] #RWH 7 AKAE[8] (9] [10]. Z0#r T HRR SRR ZR[11] [12] [13]. &
JZ T HBRE S HUE[4] [1419FHED 7 A2 7 AR PEESAI[15] (16146 1A &L, T A AT M) 2 B
Bry RATRIRLROM I . TRAT RS AR E M AR IG A T 7T IR NS LRSS [17] (18] il sop b abikl
HOR DL T AR T 5 0N BRI ER, #87R 1AL 7 S R R e AR A BRI, T S
DU S Z A A AR AE (R [19], A IRIHL 7 S RS SR SR 4 T R .

2. BSGHSHREER

BRATYLERES. RSENS R FKRFERRICHFAESFR, HETURAFEATLED
R R 1 O IF B MBI 2, HE iR R AR DR AR S IR RHIE SR AE () 1), Sk 1R
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IFTE

W9 2 A AR P R R R I R [ 16] [20]. — 5T, FLFEAMEAR/DN SIS0 800; Sk BA
KIRESG B, S ESHB BN WX RS ERES, HFHRKET 3 MR E: EER
AREBHE K BB, SG%E IR REEBOVEG RN SRAE, faRfL T S7E R i L
K RBONIEGE, FEARE RS % E A B A IRHE, R R R A SR EES FE AR
BR[2] [21] [22] [23]. S—J5TH, FLFEkERTFAERAI RN CETERL, FHEEE BT AR, Wb
WA B 5 MR SR, SCUE B B L At P AR AR S 2R B B P [ 1] [2] [20]. HRJEIRIIAIH S AL,
LFSRERR, S EMTGa R E BB R BEENRE, f8NKMER: BHETEERNELSY, I
NHEIEANRE SR, ATRER A —E MZEIERE I[1] (3]

Figure 1. Reconstructed skeleton of Confuciusornis sanctus, with signs of the plumage and horny sheaths (after literatures [9]
[16] modified)
L. HEPERENZ R FEEREZBEFEITHE] (16120

3. REFHESHEE AR

DA G RE B AP RE G AR, RS (Bed s IR A0 E) AR BE LU B i o
UV R AN TR T A A 2L S o i 1 1990 P88 A8 A A A R AR i JTCIC PR IR A A A5 R 35 5 0 2 AT A
K[16] [21] 23] LTSI EKEER T HE BB B BH B oty 22 96 FERUKR, 28 LI EALE N T RS K4S
B (0] 5 1T BEAEE 2~4 BET Rz 4, H28 1 BET K T3 2 mETY s 58 100 BbICGRR 2 HiE T
AR, TGRS RS 100° 5 RFIE[16] [22] [24], REAFLT 55T SR MN BAT A 5 A B &AM D
KR AFG & e

HHAEET SR, L7 AERIEE TREBH(11] [25], 7The2 IS A A 1 i ad sk
BARERTHE BN R IR RIEVER — R B ARIERE . R, LTSS %E . BB MILE ZRARE =
FL, B BN B 2ESECR, AR REGE K BMISHE R(1] [26] [27] (K 2), MixMAKR & IHASHKH
MEE T R ERCATILAL: B RS RS, U o ORIR B B 530 40 B 6 A RO S 4 1) B 0 1 A
FE X0 ) B B R R SRR [11] [16] [22], WE/RAL T SAE THUEPUE R F4h, S & 8
KA, AR E NG, 256 FIT LT S 00 AT R S0 AN iR, A H & A BB ARE (1] [16] [20]
(28], T H. 5 B 1 s oo ik b T B 2 % 8 2 7= AR Wi [29] [30].
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DU M TR IR KA Z 7, EE AT AU RO ) T 8 S AR LR 2 57, 107 H B Y
BB AN T S S RAT I AT el DR <R SRRRE3] [31], DISLEEMEH I AT AR E
AHRRPER TR LT ST ERMARL T NI, EHEK, . NEHESCRESH, 534S
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(a) by

(d) TS S

Figure 2. The progressive morphological transitions of sternum and humerus among Confuciusornis (after literatures [1]
modified), (a) fused sternum; (b) (c) gradually elongate carina; (a) Eoconfuciusornis; (b) Confuciusornis, INPPV10928; (c)
Confuciusornis, IVPP V13313; not to scale; (d)-(f) proximal diameters of humerus are gradually increased; (d) Eoconfiici-
usornis, 131 Ma; (e) Confuciusornis, IVPP V13156, 125 Ma; (f) Confuciusornis, IVPP V13313, 120 Ma; not to scale

E 2. LT B MEE AP SEEUERHE1]2), () BENMEE; O) (o) BMEKWEER; () BT
5; (b) FLF5, IVPPV10928; (c) FLFE, IVPP VI3313; RIRELH; (d)~() BLBERERFHIEKR; (d) BFF
5, 131 Ma; (e) fLFE, IVPP V13156, 125Ma; (f) FLF5, IVPP V13313, 120 Ma; FKiZELHI

5. KITESE HTRE

FURT, AR LB T L7 5 CAT SRS FE 0 A T IR0E, TR AR AL S AN R AT S T e K
BMHTR T, ATCOAL TSRt B A IO EEER, R T HERL
AR 12%, ARG BCEE SRR, 5] LR 6% I, FFAH 5 i m 3] 12% [34]. /b
BT E RN B R B NsE 4, AT RESR AL 7 2 T 0, AT /N R R AR IR AT
M2 & A THAT29], JFH B 7A R TR QRN BR[35]. KIRASLI S R0, MR
Yo b BB BRI AR 18] RATI 58200 L HE O AU 3R A5 w0 T 0 R MOAT e /N S AT 2R AT 3
W, TSR AR B AR RS R ARAK[30]. BAR, LT LRI SEAMRKELFES], KAua A
(BAAL T 5) SCELAA UL S A AL & BRI BOR 7 RE B vy 01 e D S 80 e i ) T o
B E WA E R 2), RYLT LA REIZHTE AR T — M4 A B AT IR, H AT R g iy
SR[2]e fEAEEHR A% AL T S MR AR T RIS SRR, MRS KR BAL A HdE . B Ses B T LR
FLRRIXT EE SR o

6. SRR EFB R

LA, BEXTDUESIANMAR B KRS RE R E BT T, TMBLH 7 ORER SR BOR M T B,
IFxs RIS AT Ja PR SRR RIRIL . B NI, B RIBE K ILIhaE . DA TR <8 J £ MRS
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JEFFT PEREARIE, NFLTF SRS MIZ SR I AR AL TS IE R [36]. Bilhn, BEREARTE K G
TERBR AR T ERHEE, IR T X SR TG4 2 RE M 0 BRAR [37] [38]s w70 HF R H B J LA 45 44 A% LA
FAAT BN FIERAE S e kot IR R F2, R e A i %6 LA B3 Bl mh B B Ay F SR 43 T [39] [40]
[41] [42]; BBNTEASM X L EME AR H TP 2R 2 M BCE MR & T =488 88 1S 22 3 %
KAFR[43]: AN E . DR E AR S ESE 7%, 31 T S5V 8§ A LR AR BUAH C 1 w22 WL
WIThAEE R T [44]; AA6, JUATESN R KIS A R CEARRL 7 BRI R SR AR Y T 2=<35)
JIEEH I R B, 8 B R S R S R B ROR B A I S R BN ) SRR AR R T AT RE[3 1]
[36] [45] [47]. X AZREIA SRR GBr B IESMIRE R € S 7, BRIt T SR RIZS) %
W DS B AREAE . R BARAEANAA TE A S0 i B B s i S T LS, P BB BE Al [36] [47].
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[47] [48] [49], ATFIESLT SIshE SRR Bt TR Re, BIv)a 28 WATREJISRIESR Bt T & WAk 1F .

EHEWH

oK B AR #5 4:(41688103) 1R H AR 2L 4(ZR2017PD001, ZR2018BDO013) % Bl

SE

[1] Zhang, F., Zhou, Z. and Benton, M.J. (2008) A Primitive Confuciusornithid Bird from China and Its Implications for
Early Avian Flight. Science in China Series D: Earth Sciences, 51, 625-639.
https://doi.org/10.1007/s11430-008-0050-3

(2] Skt R, BARTE & LT SRETRBURI]. AARRE, 2009, 31(1): 8-11.
[3] Benton, M.J. (2015) Vertebrate Palacontology. 4th Edition, Wiley Blackwell, Hoboken.

[4] Zheng, X., Zhou, Z., Wang, X., et al. (2013) Hind Wings in Basal Birds and the Evolution of Leg Feathers. Science,
339, 1309-1312. https://doi.org/10.1126/science.1228753

[5] Hou, L., Zhou, Z., Martin, L.D., et al. (1995) A Beaked Bird from the Jurassic of China. Nature, 377, 616-618.
https://doi.org/10.1038/377616a0

[6] i, Q., Chiappe, L.M. and Ji, S. (1999) A New Late Mesozoic Confuciusornithid Bird from China. Journal of Verte-
brate Paleontology, 19, 1-7. https://doi.org/10.1080/02724634.1999.10011117

(7] SRARRL, G, WKEHEE. £LT S(Confuciusornis) B BEHONALALHPIL L[], A HESI YR, 1998, 36(2):
126-133.

[8] De Ricqles, A.J., Padian, K., Horner, J.R., ef al. (2003) Osteohistology of Conficiusornis sanctus (Theropod: Aves).
Journal of Vertebrate Paleontology, 23, 373-386.
https://doi.org/10.1671/0272-4634(2003)023[0373:00CSTA]2.0.CO;2

[9] Chiappe, L.M., Marugan-Lobon, J., Ji, S., et al. (2008) Life History of a Basal Bird: Morphometrics of the Early Cre-
taceous Confuciusornis. Biology Letters, 4, 719-723. https://doi.org/10.1098/rsbl.2008.0409

[10] Marugan-Lobon, J., Chiappe, L., Ji, S., et al. (2011) Quantitative Patterns of Morphological Variation in the Appendi-
cular Skeleton of the Early Cretaceous bird Confuciusornis. Journal of Systematic Palaeontology, 9, 91-101.
https://doi.org/10.1080/14772019.2010.517786

DOI: 10.12677/ag.2018.88146 1342 HOBRBL2ERT


https://doi.org/10.12677/ag.2018.88146
https://doi.org/10.1007/s11430-008-0050-3
https://doi.org/10.1126/science.1228753
https://doi.org/10.1038/377616a0
https://doi.org/10.1080/02724634.1999.10011117
https://doi.org/10.1671/0272-4634(2003)023%5b0373:OOCSTA%5d2.0.CO;2
https://doi.org/10.1098/rsbl.2008.0409
https://doi.org/10.1080/14772019.2010.517786

A F

(27]

(28]
[29]

[30]

[31]

[32]
[33]

Peters, W.S. and Peters, D.S. (2009) Life History, Sexual Dimorphism and “Ornamental” Feathers in the Mesozoic
Bird Conficiusornis sanctus. Biology Letters, 5, 817-820. https://doi.org/10.1098/rsbl.2009.0574

Peters, W.S. and Peters, D.S. (2010) Sexual Size Dimorphism Is the Most Consistent Explanation for the Body Size
Spectrum of Confuciusornis sanctus. Biology Letters, 6, 531-532. https://doi.org/10.1098/rsb1.2010.0173

Chinsamy, A., Gao, C., Marugéanloboén, J., et al. (2013) Gender Identification of the Mesozoic Bird Confuciusornis
sanctus. Nature Communications, 4, 1381. https://doi.org/10.1038/ncomms2377

Pan, Y., Zheng, W., Moyer, A.E., et al. (2016) Molecular Evidence of Keratin and Melanosomes in Feathers of the

Early Cretaceous Bird Eoconfuciusornis. Proceedings of the National Academy of Sciences of the United States of
America, 113, E7900. https://doi.org/10.1073/pnas. 1617168113

Dalsitt, J., Zhou, Z., Zhang, F., et al. (2006) Food Remains in Confuciusornis sanctus Suggest a Fish Diet. Naturwis-
senschaften, 93, 444-446. https://doi.org/10.1007/s00114-006-0125-y

Zinoviev, A.V. (2009) An Attempt to Reconstruct the Lifestyle of Confuciusornithids (Aves, Confuciusornithiformes).
Paleontological Journal, 43, 444-452. https://doi.org/10.1134/S0031030109040145

Elzanowski, A. (2002) Biology of Basal Birds and the Origin of Avian Flight. In: Proceedings of the 5th Symposium of
the Society of Avian Paleontology and Evolution, Science Press, Beijing, 211-226.

Gatesy, S.M. and Baier, D.B. (2005) The Origin of the Avian Flight Stroke: A Kinematic and Kinetic Perspective. Pa-
leobiology, 31, 382-399. https://doi.org/10.1666/0094-8373(2005)031[0382: TOOTAF]2.0.CO:2

Zheng, X., O’Connor, J., Wang, X., et al. (2017) Exceptional Preservation of Soft Tissue in a New Specimen of Eo-
confuciusornis and Its Biological Implications. National Science Review, 4, 441-452.
https://doi.org/10.1093/nsr/nwx004

Zhou, Z. (2004) The Origin and Early Evolution of Birds: Discoveries, Disputes, and Perspectives from Fossil Evi-
dence. Naturwissenschaften, 91, 455-471. https://doi.org/10.1007/s00114-004-0570-4

Gatesy, S.M. (1991) Hind Limb Scaling in Birds and Other Theropods: Implications for Terrestrial Locomotion. Jour-
nal of Morphology, 1, 83-96. https://doi.org/10.1002/jmor.1052090107

s, X, ZEEAE, G BT LEANGE T (0 o AR AR S R AT 9 BRI AR (D], SR E, 2010,
56(6): 875-884.

Hedrick, B.P., Manning, P.L., Lynch, E.R., et al. (2015) The Geometry of Taking Flight: Limb Morphometrics in Me-
sozoic Theropods. Journal of Morphology, 276, 152-166. https://doi.org/10.1002/jmor.20329

Zhang, Z., Gao, C., Meng, Q., et al. (2009) Diversification in an Early Cretaceous Avian Genus: Evidence from a New
Species of Confuciusornis from China. Journal of Ornithology, 150, 783-790.
https://doi.org/10.1007/s10336-009-0399-x

Zhou, Z. and Zhang, F. (2004) Mesozoic Birds of China: An Introduction and Review. Acta Zoologica Sinica, 50,
913-920.

Chiappe, L., Ji, S, Ji, Q., et al. (1999) Anatomy and Systematics of the Confuciusornithidae (Theropoda: Aves) from
the Late Mesozoic of Northeastern China. American Museum of Natural History, 1-89.

Li, D., Sullivan, C., Zhou, Z., et al. (2010) Basal Birds from China: A Brief Review. Chinese Birds, 1, 83-96.
https://doi.org/10.5122/cbirds.2010.0002
Zhou, Z. (2006) Mesozoic Birds of China—A Synoptic Review. Vertebrata Palasiatica, 1, 1-14.

Xu, X., Zhou, Z., Wang, X., et al. (2003) Four-Winged Dinosaurs from China. Nature, 421, 335-340.
https://doi.org/10.1038/nature01342

Alexander, D.E., Gong, E., Martin, L.D., et al. (2010) Model Tests of Gliding with Different Hindwing Configurations
in the Four-Winged Dromaeosaurid Microraptorgui. Proceedings of the National Academy of Sciences of the United
States of America, 107, 2972-2976. https://doi.org/10.1073/pnas.0911852107

Tobalske, B.W. (2007) Biomechanics of Bird Flight. Journal of Experimental Biology, 210, 3135-3146.
https://doi.org/10.1242/jeb.000273

IRIE. SIRIRM]. Frrg: (LARBHEAEOR R, 2009.

Longrich, N.R., Vinther, J., Meng, Q., et al. (2012) Primitive Wing Feather Arrangement in Archaeopteryx lithogra-
phica and Anchiornishuxleyi. Current Biology Cb, 22, 2262. https://doi.org/10.1016/j.cub.2012.09.052

Longrich, N. (2006) Structure and Function of Hind Limb Feathers in Archaeopteryx lithographica. Paleobiology, 32,
417-431. https://doi.org/10.1666/04014.1

Chatterjee, S., Templin, R.J. and Campbell, K.E. (2007) The Aerodynamics of Argentavis, the World’s Largest Flying
Bird from the Miocene of Argentina. Proceedings of the National Academy of Sciences of the United States of America,
104, 12398-12403. https://doi.org/10.1073/pnas.0702040104

DOI: 10.12677/ag.2018.88146 1343 HOBRBL2ERT


https://doi.org/10.12677/ag.2018.88146
https://doi.org/10.1098/rsbl.2009.0574
https://doi.org/10.1098/rsbl.2010.0173
https://doi.org/10.1038/ncomms2377
https://doi.org/10.1073/pnas.1617168113
https://doi.org/10.1007/s00114-006-0125-y
https://doi.org/10.1134/S0031030109040145
https://doi.org/10.1666/0094-8373(2005)031%5b0382:TOOTAF%5d2.0.CO;2
https://doi.org/10.1093/nsr/nwx004
https://doi.org/10.1007/s00114-004-0570-4
https://doi.org/10.1002/jmor.1052090107
https://doi.org/10.1002/jmor.20329
https://doi.org/10.1007/s10336-009-0399-x
https://doi.org/10.5122/cbirds.2010.0002
https://doi.org/10.1038/nature01342
https://doi.org/10.1073/pnas.0911852107
https://doi.org/10.1242/jeb.000273
https://doi.org/10.1016/j.cub.2012.09.052
https://doi.org/10.1666/04014.1
https://doi.org/10.1073/pnas.0702040104

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Heers, A.M. and Dial, K.P. (2012) From Extant to Extinct: Locomotor Ontogeny and the Evolution of Avian Flight.
Trends in Ecology & Evolution, 27, 296-305. https://doi.org/10.1016/j.tree.2011.12.003

Carroll, S.B., Grenier, J.K. and Weatherbee, S.D. (2005) From DNA to Diversity: Molecular Genetics and the Evolu-
tion of Animal Design. Blackwell Publishing.

Gilbert, S.F. and Epel, D. (2009) Ecological Developmental Biology: Integrating Epigenetics, Medicine, and Evolution.
Sinauer Associates, Inc.

Erickson, G.M. (2005) Assessing Dinosaur Growth Patterns: A Microscopic Revolution. Trends in Ecology & Evolu-
tion, 20, 677-684. https://doi.org/10.1016/j.tree.2005.08.012

De Margerie, E., Sanchez, S. and Cubo, J.J. (2005) Torsional Resistance as a Principal Component of the Structural
Design of Long Bones: Comparative Multivariate Evidence in Birds. Anatomical Record, 282, 49-66.

Habib, M.B. and Ruff, C.B. (2010) The Effects of Locomotion on the Structural Characteristics of Avian Limb Bones.
Zoological Journal of the Linnean Society, 153, 601-624. https://doi.org/10.1111/j.1096-3642.2008.00402.x

Simons, E.L., Hieronymus, T.L. and O’Connor, P.M. (2011) Cross Sectional Geometry of the Forelimb Skeleton and
Flight Mode in Pelecaniform Birds. Journal of Morphology, 272, 958-971. https://doi.org/10.1002/jmor.10963

Heers, A.M., Baier, D.B., Jackson, B.E., et al. (2011) Developing Skeletons in Motion: The Ontogeny of Skeletal Form
and Function in a Precocial Ground Bird (Alectorischukar). Integrative and Comparative Biology, 51, €55.

Jackson, B.E. and Dial, K.P. (2011) Scaling of Mechanical Power Output during Burst Escape Flight in the Corvidae.
Journal of Experimental Biology, 214, 452-461. https://doi.org/10.1242/jeb.046789

[45] Bright, J.A., Maruganlobon, J., Cobb, S.N., et al. (2016) The Shapes of Bird Beaks Are Highly Controlled by Nondie-
tary Factors. Proceedings of the National Academy of Sciences of the United States of America, 113, 5352-5357.
https://doi.org/10.1073/pnas.1602683113

[46] Heers, A.M., Baier, D.B., Jackson, B.E., et al. (2016) Flapping before Flight: High Resolution, Three-Dimensional
Skeletal Kinematics of Wings and Legs during Avian Development. PLoS ONE, 11, e153446.
https://doi.org/10.1371/journal.pone.0153446

[47] Evangelista, D., Cardona, G., Guenther-Gleason, E., et al. (2014) Aerodynamic Characteristics of a Feathered Dinosaur
Measured Using Physical Models. Effects of Form on Static Stability and Control Effectiveness. PLoS ONE, 9, ¢85203.
https://doi.org/10.1371/journal.pone.0085203

[48] Rayfield, E.J. (2007) Finite Element Analysis and Understanding the Biomechanics and Evolution of Living and Fossil
Organisms. Annual Review of Earth & Planetary Sciences, 35, 541-576.
https://doi.org/10.1146/annurev.earth.35.031306.140104

[49] Cunningham, J.A., Rahman, I.A., Lautenschlager, S., et al. (2014) A Virtual World of Paleontology. Trends in Ecology
& Evolution, 29, 347-357. https://doi.org/10.1016/j.tree.2014.04.004

)
LY
Hans X3
PR R IR 2

1. FTH%NM T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
THARMELSE: [ISSN], HAMATI ISSN: 2163-3967, RIw/ )
2. FTHFEIME T http://cnki.net/
Ao« EBRSCERA R HEN, A SCERRRE, BIRE

AmiE S http://www.hanspub.org/Submission.aspx

HATIMEFE: ag@hanspub.org

DOI: 10.12677/ag.2018.88146 1344 HOBRBL2ERT


https://doi.org/10.12677/ag.2018.88146
https://doi.org/10.1016/j.tree.2011.12.003
https://doi.org/10.1016/j.tree.2005.08.012
https://doi.org/10.1111/j.1096-3642.2008.00402.x
https://doi.org/10.1002/jmor.10963
https://doi.org/10.1242/jeb.046789
https://doi.org/10.1073/pnas.1602683113
https://doi.org/10.1371/journal.pone.0153446
https://doi.org/10.1371/journal.pone.0085203
https://doi.org/10.1146/annurev.earth.35.031306.140104
https://doi.org/10.1016/j.tree.2014.04.004
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:ag@hanspub.org

	Research Status and Prospect of the Flying Ability and Its Related Issues of Confuciusornis
	Abstract
	Keywords
	孔子鸟飞行能力相关问题研究现状与展望
	摘  要
	关键词
	1. 引言
	2. 形态结构与进化特点
	3. 后肢特征与栖息方式
	4. 运动形态与飞行能力
	5. 飞行姿态与飞行策略
	6. 今后的研究方向和思路
	7. 总结与展望
	基金项目
	参考文献

