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fLF 5 (Confuciusornis) 'E‘Eﬁ
WMBREBNS R

KK KEE KM@

(PEHERSERIY S EARERFT LR 100044)

WE BTILT S (Confuciusornis) BB B H A MMAR G 5B A S oMM, NNWLTF
SERABRRMIEE A KE, HHRNA B C LB S5 KT, XA 88 MRk
MERERTSRXNRALE. SABHABNARASHISES S8BT ASEN AL
RARLH. LFSEMHELRYERE & KERBMETTAREE 8. SRR RT3,
XA TS, MRARGEH, LHE

PEREFEES Q915865

BIEHRE S (drchaeopteryx) MIFLF S EE A R 82K, BIFFT RIS K WAL % A 5
MR, XERMARE EEEET S8 (Hecht and Tarsitano, 1983; Ostrom, 1970,
1975a, b, 1976; Martin, 1984; Thulborn, 1984; Wellnhofer, 1988; Hou, 1994, 1995;
Hou et al., 1995; BEMH, 1995), SN KITEBE A K KT H R (Ostrom, 1974, 1979;
Martin, 1984; Caple, 1983; Paul, 1984; Feduccia, 1996), & 3 K 47 B /1 (Yalden,
1971, 1984), SRPEH R IR KT EE (Davis, 1995; Griffiths, 1996; Feduccia, 1979)%}
TH 1 2.

EARRMHTEREFREREE —SIh6E it LB, AXELR LR EHM
PEHINRESEWEH M SRR SEWN AL, XHETEHENIRBEASH
EHTREW T ERTEYFAR TSRO TE UXHESLKE N TEFRUOHRY
BHET AR EYRATE TR EEER.,

BENRBREBRKEE FBRTFHRFERA#E. zm%s#'ﬁ/\mmwamﬁﬁ
SRR TE AR OCRERAFIE. FRE UK TERENERE, BREY
FREWKEEF I, —MREMG W RE, — MR T MR, XR AR5
RHRAREKBFRPHHEZXSESENTEYENRARRE, XHREFTEMN 21 e
RAEYFHIHE”. HEVEENEYEEMFXHOXNERTHROESH FRHR, &
ZROTELRFARFEPIIAEYEPHARETR TR, B H S EHRNMEK T
PO SR — KR

230K B 5 355 8 0 L 41K B 55 10 B 19 1518 U 5 A T TR ) — 8 )

DI EMEERESESHHEPFRELT D (KZ951-B1-410). BR A AR L2 S (49672088) KB+ /5SS B %)
WHB M. 1997-12-31



2 ¥ KAERE . AT 5(Confuciusornis) B HMU AL EMI LR 127

1 MHEEFE

i BREMEERE4HRSEROBRE, EMNETEREPNAL TS, BAEMBLILER
MOBSERANEN —MHEFTS, tRFEYIFERNEEEEREIYSHARTR
BWUREAR A

DA F 5 (Confuciusornis sp.): =FUILTHILEN LEENGEN, XEHARTE.
ERANMNEAMBERRSFNHL, B4R E A FERNALEEEEEMRES
(Archaeopteryx) K —Fb, B R 45> 2t 5 #4325 R 3 (Feduccia, 1996: Hou, 1995;
Hou ef al., 1995). WH#SRAINN. 45 RAMRIRKE 5K,

AFRFANATSERES N —ZBHUKRE (K 57.5mm, & FTERE K K E
78mm), SXEBEE—E. A—ARELEEAFINHMEZHIGRRET. 251 M
JNMREHLTFERANE, ILBHEFHBRTAFY., ZRERTHABKRT —EA
FEiRA—V11372(K 44.4mm, B FTEREHEE S3mm) KRS, B8TF VII32ZREA
FAHEWEKEN, X0 FRE S KM HH (Terpsiphone paradisi) MRS BB K 5
(Parotia spp.)SHED, FRKSHAR, —BERMBEBEBERHER X BEE,
1995) , B LA A BF 55 BT P B 5 2R — AR MR Y . [ B, 13063 s £ 6T 5 0 3 it 0 B AL
BESETHRHERE, BRHZMEETEHATELR.

2)LLMERS (Larus ridibundus): BAESZ, B#EH B Charadriformes, B#} Laridae, 7
WE, RO RTHETE., Ua. BEXRRERNR. BEFR. KIRBLEE (FEH,
1992).

3) B 8 % (Puffinus leucomelas): B £ % 25, J& % % B Procellariiformes, % %}
Procellariidae. 3, BILEER, UBWAEY AMLEX IR, HENAERIAR. RE
wE A (B, 1992).

4) A0 EMTE B (Galliformes) % By R EFTHE, 7T & O JE LR WA P #u 25 — 3o
. BT E5A%MERE RN, KE®H I, A KERE, A5 AREPESIED
A% (BRE%E, 1985).

FiE FTEGENES . HENES FEMETRESHER, 4B T .

RESHRRELES. DBRIESENRE, BHENUILE. BIFSEWHRTE 2)H
BRI BN, LR AMBEREE EORAVA. W HEHE: 3)E KNS 45
BEAY; S)RRME TR EERRE; 6)BET.

A SAERES. DIBELABTHAEGHIB EEEE; )ERBRANE. 8%
=Y,
AR FEMERASHE. DBAEBRESTFOREMMEAaERS; 2T 3)E
BRHTREMIBEE, RTEL; )ZETETHMN, ASRIAES SRR S)EEA
HLEMBAEGHES; 6)EEEHE LASNBMERER; 7) inA T FaM st
B; 8)iE/kohyt BARKEY: O)MABESEE; 10 FRKRTHEL: 1DEZRHE
THESRESDHMER.
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HEEHE. AR FERRETRE, K.

2 &R

21 BARBARBHUIERARKEH
211 AHEBEROEEHASEH@ERLLD

AEBREERHRAMHARSRKHFHRLEHFE. HEVOEEHIFEHR
(outer circumferential lamellae). P ¥ ‘F & (inner circumferential lamellae) A1 = 8] 44 ¥4 #
[KH M (Haversian lamellae) = &84 3£ 6] H &,

HFERUTETHINE, 5 FTHIEREFT. IRERFTERRIES % FiHE
AR R TIRM =Y. XILBREREXRETERANILEA ALK, WATEMSNRKIE
£% (peripheral rest line), & H # R @ UTH SRS L E K 7Y,

) WHREREFERFN EEZHARTS, EREBIFZ R HEF 85 B AL (osteon) H .
F-MERANEREAR, HAMSETHABMETT P ROEREHHE IR ERE
(Haversian canal), KA EHEZBHNMWEZ 2 EFMR (lamella), $H KESHABRNESEE
3L [ H BB B, BR A 38 IR R 4 (Haversian system). ‘B 40 Hi (osteocyte) i T & 4k 8]
1B B R (lacuna) W, R GLA B S B 5U, W BRI,

AREHRETEREAN, SERERAHETT. EERENR. AXBHRSEENR
ARTERYE. SBRRKNEELR.

ERHRAERAERENEE, I#EEKE (Volkmann' s canal), B 543 KEF
BB T EBALE MM ER.

3TEREWAREEAE, AREREE NI RERN 3EEL. BHRRERAEN
BREZEWHEALHS.

212 HEERERUEEHASEH EMKIL2)

A4 e RS AR 0L, B B AR B 0 B AR S Mt B phy 3R, 5’|~ﬂ‘*ﬂ‘?lﬂﬂ9"“ﬁﬁﬁmﬁﬁl
B hRAARAMBERENHEERELAFNARNEHARNEERS. SOEHBE
AR BRERMIAEREAGRBRARNOEGIBAHE, HEE RN, B85
KREAABRLH IR, RN, AREHAFBERNEETRUEA, FHB T HEEN
-7
2.1.3 RNEMFE R 53K FHALEH (BRI, 3)

S5F¥MagmMt, AOEMSE B SRNBFHLAEHBRFERELSE R HHF
MepE RS HERER, BEEEREAMFABLEEN. CHBRARENARLHED T
PRI KR,

mEFR REBAFER, LB AFEMEAOENSEE SRNREHEIEAHN
ZHEE R AR ER SN FFRAS B RERERAR, RAE SEBE R EHRAR
5 H A FFAE (Chinsamy, Chiappe, and Dodson, 1994, 1995).

22 AFERBHRUTARAK/LHERL 4 0, 1—4)

EBREABKEHRT . AFSREBEBYVEEFHASEHOLEESL 3RS HR: ARE
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AR S IR E AR B E RS 3R ECE AR (B 1, 4).

SAABHRREERSRHN. BB IAEER/DILR. SAAERO LRI HRE B H
B3 A5 0 JBE TR AT o A0 I B TE BB IR AT 4 22 181 A9 B Bk L, B V)BT TR BB T BOIR 45 H
ZER. BROZRHERANBEEREIAETRN — FERME. ZARZHMUR0 5 R R
(BRR IL 1).

EPERBRERXEAIREREORBRAA. RAERN. LT P REBHIK
E. AN EN. ERLOCEREFIGRLCEER. RS, E£ZENT LR S5E T8
EEHFMPWEEEH —HAREBRE, E5HTEMKNRHKREREE.

ERHRERAARERZOAEEAHEN —K45F (BRI 2). ESIMUBAES
EMBBERERE, AU AREREDEUSHFEREVRESEH, BFLERN. L
Y RUE R NSRS TR R

EEEHRAEET, THEEERWMHREROMIBRE, XERHRERRPMN
BREA —#, KNEL/PIIRBFEZE., EILNEFRMZE, - HERKANRZEH,
EMNEEERME B BA—0B B ] (interstitial lamella). WA LB S5E THAMEEH
ERKHEESRE, ZEHAS 3 MHEMBR (BRI 3).

HEREAFERAGHKGFREAABHE, — SR FREBRGTRMFTHABHEA
HERBENEE. RS, AFRSRGEETRBEKR,

mEFR, AL FSBRENMRARNG NSRRI,

3 78

3.1 BERESHIVAHAKETEAKNBIER
REMEFHIDIEKEEAREW— BT BB E, —KUHIALE, S H
A —RKURGFEIRE.
3.1 BAWMANYMGSLKEHEHR
BRARETEANNRER. I ATRAP RIS RBREHR. S5 RERPHG
BERRFENWEERXKSIYN FERIE, 4 %8 F (fibro-lamellar bone) BIXKHAMW E
BEHR., XHRBFHARBRET -HERMN. EENEHERL T ANHEHEEK. FHEK
RN EERHARENYEFARBIZ G, BRWEEERKLT —FILFEFHRE.
XFEH SRR R X R S YRR A K R R B R PRI K AR E R
3.1.2 BAERGTHYHKEEHAR
XEFHLABRDEBERRE, FEHBCRFH (lamellar—zonal bone) ¥4 i, X 7 4 H
RAURBEARZBMLESFIRHESR. K& 58 H— K53 (annulus) . # (zone)
A K AZHELR (line of arrested growth) . —HIF HMAERKEWLRIER TEELMT
RAEP I —NER (growth ring), RT —MEAKAY., BEHFREWERTIR
EEH. . BYRENET, BENFHNEREHELERTARKESEFELZHNEY, X
MESRMBE - FERRTIFIYEREN. TEEN. EREHENERTR: B —07
Tt 156 B T 33X 25 3l 0 A B 3 PR AR I K F AR & B 3t AR AL IR IR B AR . IR AR R B
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TR LKEAE KK (Chinsamy and Dodson, 1995).
32 BIRHE—AFENES

LFERER RN EE, PREEATERN, R L5E TFHRK 48%, FHEB/NT
AR DHENROEREEE SR (E D). U 5ARSEMHEE, A TFENEHES
PO, BOAEWT DLRR B3 T AT, AT BE R A BR M RATRE S

F1 RREZ. BAZREA. SNEHEE (B mm)

Table 1 Measurements of diameter (B), thickness of bone wall of femur,
and the diameter of medullary cavity of femur (A), and their ratio (A/B) (in mm)

awn ZE. 1] RADEXEES iFs
Larus Puffinus Galliformes Confuciusornis

ridibundus leucomelas sp.

BRHER
diameter of 3.75 3.44 5.79 2.48°
femur (B)
i g=g 48
thickness of bone 0.35 0.53 0.37 0.64
wall
REHE
diameter of 3.05 2.39 5.05 1.2
medullary .
cavity (A) : )
W&/ SRR 0.81 0.69 0.87 0.48
(A/B)

*ATFLRBAERORFVFEREEN2ERETNR, WEB=FHREX2+n

femur diameter of Confuciusornis=staved plane breadth X 2+ =«

33 ALFERBHBA[GY

LTS RARGEHWIENRUTRE LR, 5HE S LH FMHUM AFBIR, SF
B AR A [ G 3 R AR

fLF SE s 36 KR SR AR mh b [ 04 36 B A0 8 B 2 R HE S 80 2 B AR H
BHERENERERER, AARRMWRHRENFRAMIELT B AT RS, HER
REMRAARGERZEERRCEENGERE. 6T ROEERZ0EHNE,
BHRENERLEZSED, EEFILEK, BEEHNERHER,

W % B AR S SE R Y B0 —— (BB AR 1 3B IR R BB 4 (osteoclast) TR
K179,

ERFHBEBRAARETRS T, RBRERAN AN EFRARTREEY
R, XRHAT A BREOKES, ERERFRBRERZEERY, AR FHRE RS
PikEKK,

ATFERENEAREHRIRE LSRN BARS RN, BB TAFSMIAR
SRERBERIT A ERERE, M SRR/ N RS mR . BREK
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FRAMBBMYANATEROREGREFBEARBKFHNEBISI YR ESRFIE. T, A
TYHEFAREHERESAMH RN, L 75 B A BRI A K I S8R o5 B
K., '
34 AFERENBEHAEZHEBETRIESMES PVL-4237THERRENX

xf 7= FoE £ 0 B B W S (Patagopteryx deferrariisi) #1— # [ % (Enantiornithes
indet, A4S PVL-4237) MBI AR, XAHSEHREFAHRARTLURERITZ
Y K IR (growth ring), EA B REKEHR. XRHSAFRELERKMERERS
ZHEAR, ZHACNAAZEBNEKER, ARATIHARSE, HREAKAEATHERIYS
#MBR 1% 2 18] (Chinsamy, Chiappe, and Dodson, 1994, 1995).

MAEFXERFETISAMRE PVLABTE5RESAAFEERAXR ELWSL
(Walker, 1981; Martin, 1983, 1987; Feduccia, 1996; Alvarenga and Bonaparte, 1992;
Alvarenga, 1993; Chiappe and Calvo, 1994; Cracraft, 1986, 1988), B & B T &K
8 PV1-42375% B E 42 881 5 3 (Chinsamy, Chiappe, and Dodson, 1994, 1995), ZE B 4
FEERTILFYS: KSR —KEF KT IH 52 (Chinsamy, Chiappe, and Dodson,
1995); L F S EHHASNEHEZHERFRESHR S PVL-4237# 5, BERA TS FE
BRI AR EE L NGBS S, X8,

DERBFHABNALEH S BRI BHBESRENSLRAREYN. ML TEW
5 BB SHFERERABNASEHNERA RIS IERLEERRTESE
ROV AL B T B B TS MR 1S PVL-423710 &, B #5 PO 3B 4 4 45 4 1Y) 3R AL 2R B A
FEHIRESHEMLEE. RSWXMBARARLEHIZEE FRORAHETREX
—XREFERBPKE (A EM, 1995) 8 —PIRHE.

DAFY, BRETRESH PVL-42378 LA % (WRE — ML ML) R —f4E
Ko SR HAREE MR 1Y (H R AMEX AR BARE L R E B L) . SENRE
BERERTSRMNALRR, XART LM ARHLHDORET X JpHE 558 458 (Bakker,
1986). X —HEMTth a0 SR BN R MR Y 58 (R E, S0 —NE3Y)
MABRIBEWBEIHALEEER EMNEFEAMLIREHN., X—4 R 5 Chinsamy,
Chiappe #1 Dodson (1995, 1994) #4584 M 1H.

4 25

BRAATFEREN P REEMADE/N, BHEEEE, HENBFAREHIETRMUT
HAEMATEE, AFERRARATIEENEKE, EHAEMUTED H#B B
KB BRICIEKF, RMBRRNAB K FHERERTSXNRLAER. SREHATA
NEMGEHEIBESHRARARSN. REABAREHNTIEAE EREANEET
BEX—XREFEREPREN —NEHE, 75 BEFEESMRY PVL-42371
Fe[F14H S B R — A K T AR B T A 12 52 B B A B R AT 3 9.

Bt AL EHN. 2N IAAFLLFTA BAIARARE T FREN, FEAFR
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RREAAREFRERAD —LRRTLNHE LSRR, BEAKNEELTH
TR TR ABA L AR AR A 8, A HOR R i
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OSTEOLOGICAL MICROSTRUCTURE OF
CONFUCIUSORNIS: PRELIMINARY REPORT

ZHANG Fucheng HOU Lianhai OUYANG Lian
(Institute of Vertebrate Paleontology and Paleoanthrology, Chinese Academy of Sciencs Beijing 100044)

-

Key words Confuciusornis, microstructure, physiology
Summary

This paper reports the preliminary result of the study on osteological
microstructure  of  Confuciusornis, and interprets its physiological implications in
comparison with ithat of some modern birds.

Materials used in this study include femurs of (a) Larus ridibundus, a modem sea
bird of Laridae, (b) Puffinus leucomelas, a modern sea bird of Procellariidae, (c) a
Middle Pleistocene galliform from Zhoukoudian, and (d) Confuciusornis sp., a Late
Jurassic—Early Cretaceous archacornithine from the Yixian Formation, western Liaoning.

The transverse section of a femur shows that a bony wall surrounds a medullary
cavity. The bony wall of femur of Confuciusornis sp. is thicker than that of Larus
ridibundus, Puffinus leucomelas, and a galliformes from Zhoukoudian, which indicates
that Confuciusornis might only have very weak flying ability.

All the materials are prepared for observation and photography under scanning
electronic microscope.

Result and Discussion The microstructure of femural compacta of Confuciusornis
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sp. is very similar to those of modern birds, including Larus ridibundus, Puffinus
leucomelas, and a galliform from Zhoukoudian. In general, femural compacta of all
the four kinds of birds studied here consist of three parts: outer circumferential
lamellae, the Haversian lamella, and inner circumferential lamellae.

Outer circumferential lamellae of Confuciusornis are composed of the parallel
lamellac which parallel the surface of the shaft of the femur. The parallel lamellae
form the so called rest lines. There are a few canals in the lamellae, which are much
smaller than the Haversian canals in the Haversian lamellae.

Inner circumferential lamellae of Confuciusornis are also composed of the parallel
lamellae, and contain a few very small canals. Thickness of the inner circumferential
lamellae varies. The obvious depressions of the inner circumferential lamellae to
osteons in the Haversian lamella indicate their secondary formation.

Haversian lamella of Confuciusornis contain a lot of Haversian systems. In the
center of a Haversian system exists a Haversian canal, through which are many blood
vessels and nerves. The Haversian canals are connected by Volkmann’s canals, which
carry blood vessels and nerves into the medullary cavity from outside of the bone.
Surrounding the Haversian canal are concentric cylinder lamellae, which form fibers
and bone salt. The lacunae (with osteocytes in living animals) are located in these
lamellae. Haversian systems are destroyed by osteoclast. Their remains become
interstitial lamellae in the Haversian lamellae.

The microstructure of femur of Confuciusornis sp. is similar to that of modemn
birds, and differs from that of Patagopteryx deferrariisi and a Late Cretaceous
Enantiornithine (PVL-4237) from Argentina in lack of the growth rings (Chinsamy,
Chiappe and Dodson, 1994, 1995). The age of Confuciusornis is earlier than that of
Patagopteryx deferrariisi and the enantiornithine (PVL-4237), while the microstructure
of the former is more advanced than that of the latter’s. These suggest that:

1) The developmental pattern of microstructure and morphology in different kinds
of birds is different. In Confuciusornis, the microstructure developed earlier than the
morphology, while the microstructure developed later than the morphology in
Patagopteryx deferrariisi and the enantiornithine (PVL-4237). The histologically or
physiologically evolutionary lag of the Enantiornithes may be one of the reasons of
their extinction in the Late Mesozoic.

2) The common ancestry of birds, specially of Confuciusornis and the
Enantiornithes, is one kind of ectotherms.

3) Like modem birds, Confuciusornis has a high growth rate, and is possibly an
endotherm.
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AARi%AR (Explanations of plates)
BAR 1(Plate I)
(BRR scale bar 392% 100um; BOKERHN x 230)

a-b: 4 3 B 4% (outer circumferential lamellag); b—c: 5 3% K & R (Haversian lamellae); cd: M
‘B # (inner circumferential lamellae)
R 1 T80 wilil

The transverse section of the femur of Larus ridibundus
. BESRA RN E

The transverse section of the femur of Puffinus leucomelas
. AOEEFERE R SARERIE

The transverse section of the femur of a galliform bird from Zhoukoudian
. AFERERDE

The transverse section of the femur of Confuciusornis sp.

BRI (Plate II)
(#7R Scale bar #% 10um)

. LTFSBERE, R RBEASAFERNOAR ()

The transverse section of the femur of Confuciusornis, showing the boundary (a) between outer circumferential

lamellac and Haversian lamella, X 400
CAFERBRYE, R ARBRAIAKFROAR ), AFERRHEIRFFRUNREO) RERER

* (c)

The transverse section of the femur of Confuciusornis, showing the boundary (a) between inner circumferential

lamellae and Haversian lamella, the depressions (b) to the osteon in the Haversian lamellac, by inner

circumferential lamellae, which indicates the secondary formation of inner cimmnfemnﬁa] lamellae, and the
Volkmann’s canal (c), X 500

CATESHERTYHEREERMNARERE, ZEHERA I MHAEHHER )
The Volkmann’s canal with branches (a), in the compacta of Confuciusornis, X 1000
LTS F BB, A 3 R (a), S0 R BRI F AR (b)

Osteons of Confuciusornis, a: Haversian canal; b: lamella, X 500
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