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RH S — IS S AW A8 bn, R R E VBT AR PR DL G A SRS 22y T XA
H A JrsZ i (Hone and Dyke, 2008) , Xf T4k A7 A= Wy A S 0F 504 B TRATHE— 20 14
KAWH) Z R )75 B (Calder, 1984) o JTAEA, i [ L T Rl AR 02 vh 30 17 R
JUF RS T AER S A, HATE 2 R R MW S 28254 32 J&§ 39 F 2 £ (Clarke et
al. , 2006; Gao and Chiappe, 2008 ; Morschhauser, 2009; O’ Connor et al. , 2009; You et
al. , 2005; Zhang and Zhou, 2000; Zhang et al. , 2008 ; Zheng et al. , 2007 ; Zhou, 2004 ;
Zhou and Zhang, 2005, 2006; Zhou et al. , 2003, 2008, 2009, 2010) , X &b FLHI 520 K&
BRI S SRR IR AT AR IR LA B 5 S 0 L A AR S R AL T R s AT SR R, H
X ik 48 LY 5, 2 22 A 7 TN PR FF TR 2 . D, MERR A T A7 52k

1) ERE SV K TR0 H (45 : 2006CB806400 ) Fl [ 5 A 4R Bl 2% 3 4 QB F 55 BRI H (4 5 -
401212020) % Bl
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AR A B FRATHE— 25 1 7301 5 2 (4 45 T A R S R A P A 3
1 R AL R

VEARSR VR 22038 Xl A ME 2l W 1A F 5 D B i RS Z IR Y OQ R AT T 00 2B i 5
( Damuth and MacFadden, 1990) . 540, 4 A K/ NFITE & 2 18] 96 & BB 5 ( McMa-
hon, 1973) X4 5l 1y DU Jis - s S AR A #4555 gl i By M 22 1) 56 &R 9 5T ( Scott,
1985) X M A 2 F B He 2 2L 3 MR B Sl A= KOG R BYBFFE (Bou, 1987 ) %% 15 A1 H Aty
A B 2R R A S A 4 OC R B BIF ST (Alexander, 1983 ) LA K 224 e (4 8 #E 47 A9 BF 52 ( An-
derson et al. , 1985; Christiansen and Bonde, 2002 ; Christiansen and Farina, 2004 ), |
IUA: S 2y I 20 A HORHEI AL A7 5 SR TR (04 A A48 % i 0T BT AR 2 e i BT AR
$E 5 (Argentavis magnificens) PR B HEM], B 25 R 71. 9 ke; XTIEIE S (Raphus cucul-
latus) PR EHEMFE Dy 13.2 ~16.4 kg3 MR (Aepvornis titas ) BT HEDTEF Jy 333 ~
663 keg; XFRLE (Dinornis) FAREE HEIITE BN 245 ~299 kg ( Campbell and Eduardo, 1983
Campbell and Marcus, 1992) , fRZ22E X iR H 5 (Archaeopteryx ) BIRTE HEAT T #ED , Y5 il
4 0.22 ~0.33 kg ( Yalden, 1984) 11 0. 135 kg (Henderson, 1999) , 1] W RN[E] 2~ H K IEAS
[ RN ) 25 RAAEE ) —E 25 7 o

XA 5 AR A T EEOR I GE 22 7 v, 30 5 0 B AR I 28 ) o i o SR
Pt AT 1A 437 e 37 [0 0 5 A SR P AH DGR B 4 v 1) 5 R X Ak A S 2 A R EE R AT
IXFPAG ATy 1 FEBEHE T AR LG ] Scaling 1 J 3, RV 5 55 25 0 1A 0 J2 4 JECR S LG 461 1
RECCRIGK . BAAAT AT &4 ) T — Lol A 5 2R H % 7 5 AR, (H AR SCAIE S
THRAGAZ , S2Br N B XA 5 28 A B HE I TPl ARV 22 R0, 9 N % i BE AR A
TS By 3, HAUAEPRAR DR Y, B AAEAIESE P 8o R0 1m0 05 07 R A A B o 32
HEATRG 99 5, DR TR A A5 R AR R IE A FF e .

2 MEETNE

ARSCFFEAA L 2 B 5E IS AZ L A AR D s i (LAMC) A5t 21 H 155 J& 229 Fb
I3t 422 PR HEA IR BB AR SRR AR A RGNS TS & W e
B BB AL 6 RASIMEM LA (MR 1) o il Giit =275 15X 48 5 2 hnAS 1 {4
FORCH AN 18 TR iR o AT [0 0 A, Sl 57 [l A O A s e AL 50 A AR 14 1 ( BMIN-
HC) 64 {0 A VA 3 R A 238 9 B AR A, 4 8 2R 8 0.7 LA L 4 [ )5 J5 e A
PRSP B HER PR BEA TR0 o RS EA L, 08 HORE B oAl =R i e A [ 020 5 e v ] B e
TH S 2R IR EE HEAT A B, T IR AR B X — /1 BRASAR7E 400 5 2Rk b i 28 AL AL

2.1 HiENE
HHESIY) B ERHARERNIZ 3 h6E. sh¥ b R d , e BA M PSIMEHEA K
RANASTR ) Bl 2Z 16, E AT T 1 i RS DR/ N G- B2 R 5 255 R o 22 (B A A A — S Y 4
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WIS R o X T 536000, 4 Houhar

A Je B = B R R i M Rl T e Y ' [
LTI SO RERE IS R I 4
TG A b S P B AR F (8 1) : Rl

7 i 45 45 19 3 20 931 A2 AR 1] T
S R ) b S ), X PR )
LRI S i /7 (Bending force) , fE4
B¢ L (Mid-point ) 3A F1| £z A ( Camp-

B

bell and Marcus, 1992) . Kl E 8% &5 Bl BRI 2” F B
AT DIAE 5 5% e Ve 55 1 2 4 , ] T 7 Fig.1 Birds’ hind limb morphology

A. HuAPERY terrestrial bird; B. FH% arboreal bird

Jypre B GE e b AR, X — 4
RTINS B 52 i 21 B ) W i

FRAE DA 1 DB, AR SRR 5 o T 0 e % o O 5 28 LA R NS sh D RE I K, an
A 8 BB R RUE I FBE v 1 PR R B A R B R o 0 AR A g e B R K
JEE AP B R SR o B R B S e ST R A R B A R RO I A etk
[f] ( Sagittal section) P47 , LA B B/ NEUSUS T o X T JaT < A 0 6 5 5 ol 4t 4
JB 22 RGBS T — RS OR R SRR R T8k, BB R R 2K (mm)
WEREAAH () o

AR TGS 5 HP T I 2 18 B0 A 5 2R A 3 e O R ) A R N LA K R 38 R AR A
i WEFEH R BT FH B 422 (R0 5 28 B PR AR A TS [R) 4 BF ] b o50R 25 21
A L B G TR AN AR , A LR T S e 1 5%, PR EE R Hh AN [R] A SR A2 2 fel A (] 0
T HINAFRE

2.2 “EHEMQESH

IR iz A Ge 2 i AR B Bl F 4304 ( Bivariate regression analysis) {757, R BUAC B 4%
& Y {E R 2S£ ( Dependent variable ) , B 8% E 845 X /E A B 2% i ( Independent varia-
ble) 343 W 28 £ 2Z 8] 1) 13 28 5 £& ( Covariance relationship ) .t 41 % A 5 26 21 ( Power
function) Y = x“ KAl R A48 5 22 AR AR BLOC AR, JFARE (105 5 R vh 3 7248 5 XA BB R 4]
R Y AIRETE .

AHFIE R SEH SR SAS 8. 1 F 422 15 3B A 0 P B 1 18 0485 B
REBCHIERTIA 10 R IGIXTBCR. Y = logy, (weight), X = logy, (X) , i i i/~ e
( Least-squares regression ) 43 | # 57 [0 3 J7 2, # & A R A9 181 )3 B 2k A 2 230 (R-
square) . [0 7 222X ( Slope ) FI#IE ( Intercept )

2.3 HEKE

X 422 S REAR I AT 18 SRS REEEHERR A A 1819 40T , 55 225097 (2 1) o
BB I 80 Rosquare) 954 B2 0.8 ~0. 9 2 [, 2 AT 2 0074 B B FE S b o2
(T4 15 2 2 5 10 4 % b Resquare 555 19 94 7 4 4% o 45 5 (humw ) 0. 907285
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*1 GESEREEHENEEITER
Table 1 Regression result for all data(N =422)

(o] Y74 HIRE R AL s [EIEER ¢ F{H Pr g
Model R-square Intercept Slope F-value Pr>F
weight-huml 0.851027 -0.762803723 1.733282043 2359.31 <.0001
weight-humw 0.907285 0. 870416051 2.265758829 4041.49 <. 0001
weight-hume 0. 836062 -0.058829473 2.093901607 2106.24 <. 0001
weight-ulnal 0.775296 -0.776755710 1.709006424 1421.53 <. 0001
weight-ulnaw 0. 884599 1.008108199 2.342836239 3165.82 <.0001
weight-ulnac 0.851001 -0.058480355 2.250066554 2358.84 <.0001
weight-feml 0.761476 —1.445902627 2.386074345 1318.48 <.0001
weight-femw 0. 846756 1. 158186761 2.265119171 2287.58 <. 0001
weight-feme 0.880823 -0.056322972 2.283761163 3059. 83 <.0001
weight-femd 0. 868095 0.284452612 2.356306985 2724.62 <. 0001
weight-tibl 0.699206 -1.583604799 2.144592702 957.71 <.0001
weight-tibw 0.864515 1.237045673 2.159219368 2635.31 <. 0001
weight-tibe 0. 849070 0. 131853761 2.171730480 2323.36 <.0001
weight-tarl 0.504242 -0.745646239 1.892430261 420.07 <.0001
weight-tarw 0. 822549 1.394620935 2.002266915 1914.41 <. 0001
weight-tarc 0.827114 0. 147553171 2.165309757 1975.86 <.0001
weight-midtrow 0. 816630 1. 656268251 1.871247354 1839.28 <. 0001
weight-trow 0. 863457 0.700550926 2.019676117 2611.70 <.0001

45’5 Abbreviations: huml. humerus length I, ; humw. humerus width if;f % ; humc. humerus circumference Jif;f
F1 5 K5 ulnal. ulna length R4 ; ulnaw. ulna width ] 58 ; ulnac. ulna circumference UE R 5 ] 4 ; feml. femur
length A% 1< 5 femw. femur width BE 5 ; feme. femur circumference B A9 45 & 1< ; femd. femur distal width A 17c s
i ; tibl. tibiotarsus length I# i ; tibw. tibiotarsus width I£ & 5 ; tibc. tibiotarsus circumference I #f 5 i i <
tarl. tarsometatarsus length Bt i 1 ; tarw. tarsometatarsus width #ft i 9 ; tarc. tarsometatarsus circumference Bff i3
S JH K ; midtrow. middle toe trochlea width H1[E] #3425 ; trow. trochlea width ¥4 255 3 .

R-square 7£ 0. 85 UL [ i F8Anik 2 8 4>, 4351 2y il K (huml ) 0. 851027, Jif; & Hr #4158
(humw)0. 907285, R & & %% (ulanw)0. 884599, B+ & JEH (ulanc)0. 851001, A% &
5 JE K (feme ) 0. 880823, i3 376 34 5% (femd ) 0. 868095, % Bt 5 5% (tibw ) 0. 864515, W}
R TEE (trow ) 0. 863457, R-square 7£ 0.7 LIF 19 A BI85, 20 51 0 1% B -4 (tibl)
0. 699206 F1if b4 (tarl ) 0. 504242,

I LA TR BE AR 22 (B4 R A R/, 2B K BE R R Y R-square MG Y
B 0.851027, R 0.775296, 3|5 B EE K 0.761476 , JRHHE K 0.699206,
B K 0.504242 , FHSE TR EE AR UK AR

BB L BEFE PR 1Y R-square M A A9 LB A5 58 0. 907285, U 5 0. 884599,
B 5 B P B 55 0. 846756, JF M 55 0. 864515, Ut BA - 55 0. 822549, ] ¥t 4 5
0.816630, ,mﬁximzf)ﬁﬁﬂté%‘

DI S5 SRR 5 B BB B N B B e s (4 R DG AR B DA JR 3] 5 R BRI R
Rk, AT 5 B B R AR 22 [ (4 A DGR B HE LA S PR AR X A o % A S Y 114 [l 15 56
R HEARLLS, I 2250 Wi i) F R 56 o T A ALY Pr (5 &R/ N T T 0 22—, T hal
A AR H, , B ETA BB A 25 S,
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3 AT AR S o b

DA [ A7 R A I A FE A AR BE SR TIAE ST A AR T 6H 11 H 20 B 39 A3t 64
PHIC A VR BRI I ELI A 22000 B e 1) 2 SR A B AR [l )3 5 AR A S SR
ks K HEIRREAGIEIS &2 1 1 9 B 16 AP 29 {F, 8 E254 1 4 5} 8 Ff 14 1,506
K2 H3 B4 B 1F &2t 4 H4 BRI 16 fF. 64 PFSREA B SE IR EEAR 5
PfEL, SR R I A AT AR D A, T B — DR AR B A R X AT + 10% 119
DX [ 248 55 S PR ELEE AR , DT BRI (] U1 5 e A S P A B TE A AR A RN

3.1 EEAFEKRE

AR 12 ORI ZROLE 0.7 L 06 0k A8 bt I 017 B 0485 el 5 0
TR, BRI S bR L4 I K (huml ) i o 55 Chumw ) 15 B 8 K (hume) |
JOB K Culnal) ) 98 Culnaw ) JB B K (feml) BB o 2098 (femw ) e vh s A 4
(feme ) B 32 38 FE (femnd ) 18 B4 o 4 9 Ctibw ) B A 5 o 240 5 Crarwe ) 110 26 049
(trow) o 322 Yy 12 TR )y R B KW RURE S0 0 K T2 ks IR S X, PR
Y, BIHEATIL 10 A RCIIRECEE Y = log,, (weight) , X = log,, (X) .

x2 BESBREEERNEESE

Table 2 Regression equation of weight against bone measurement

Regression equation R-square
log,,weight = —0.762804 + 1.733282log,,huml
Y =0.17270X" 7% 0.851027
log,,weight =0. 870416 +2.2657591og,, humw
Y =7.4199X> % 0.907285
log,,weight = —0.058829 +2.093902log,,hume
Y =0.8743X* ™% 0.836062
log,,weight = —0. 776756 + 1.709006log,, ulnal
Y =0. 1672X"™ 0.775296
log,,weight = 1. 008108 +2.342836log,,ulnaw
Y =10. 1883X>** 0. 884599
log,,weight = —1.445903 +2.386074log,,feml
Y =0.0358X> 0.761476
log,,weight =1. 158186761 +2.265119log,,femw
Y = 14.3946X>* 0.846756
log,,weight =0.284453 +2.3563071og,,femd
Y =1.9253X*%% 0. 868095
log,,weight = —0.056323 +2.283761log,,femc
Y =0.8784X* 0. 880823
log,,weight = 1.237046 +2. 1592191og,,tibw
Y =17.2584X* " 0.864515
log,,weight = 1.394621 +2.002267log,, tarw
Y =24.81X*" 0.822549
log,,weight =0. 700551 +2.019676log,, trow
Y =5.02X>"7 0.863457

For abbreviations see Table 1.
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3.2 HELERASW

SRS &R TE H 16 Fh 29 (S REA I 12 50585 5 BEF A7 o6f 1105 7 FR b TR 56, £l
A MR 2% S s T e A o RO B8 (ulnaw ), A BEEE IR TP 15 S REAC Y SEBR (AL &
1E £ 10% AT LN A B R E 3 51% o LU E IR M 558 (tbw) , 12 {5k
AL BREAL ETE + 10% WA THE LI A SRR Rk ] 41% o 35 =M il K (huml) 45
B, 11 AR S REA B SEPRAE AL S TE £ 10% B A LAY A6 5 e mf Rl 38% . ik b 5
(humw) 5 RUEK (ulnal ) 545 8 1R S REAR A SEBRE AL & 76 + 10% (A THE LN . X482
TE B, R B S E Pa Al S A T 0 0 B v 5 R B R b, I JR v B e i 9
bR A1 AL A B 1) At B8 23 3 g K

SR FHBE 85 i 65 28 AL 16 14 S ISREAKT 1A 5 R EA TR G, A3k 8 o i 2 B oo AR 45 A
FEE h AR (feme) | AEEZE IR A 8 M AR SEPR AR & FE + 10% WAl THE LA
D A SR R IK B 50% o HoU O IEE G i 98 (femd ) , A5 6 14 S FEAS (1) SEPR1E AL % 7E
+10% BIATHE LAY 4G B R IR 5 38% o 1 B4 FE bR T3 H 0 IX [ 5 SE bR (B AR Lo
I ) A 45 SR 28 D /N

KBS R 85 2835 19 1 S 2R AR S [l A 5 R UEA T AG 56, Ak B30 1 5 o o O S R
1 (huml) 4845, 24 8 (- SHEA ML IREA T TE + 10% fhTHE S IME LN MG HER 20
2% o FIR IR B TE (ulnaw ) F845, 7 LA SLPREAL S 7E £ 10% A5 THEE BN,
fE B HER R A 37 % o H AR bR e A B A Y R . R, 28 RV 45 AR i i
B AR ARSI FP R R v TR B

SMAITTE R 64 1 S FEAT 12 TR 28 TGS, B R P 5 (ulnaw ) 130 H
(AT HEHERA RE SR Ay 24 4, YO B A (huml ) 20 PRRTRUEK (ulnal ) 14 4 5 R IR Ef
B e (tibw) T A HER B B Rk ) 19 14, HUCH e B s o 9 (femd ) 14 {41 B 5 (femw )
13 F, Hds 64 EANRIZEAY S 2R E (A 25 5L A — A B R R 2 A [l 3 7 B A e A
Rl w2 A (huml ) RUE5E Culnlw ) FIHEEHE5E (tibw) (B2 ~4) .

4

logweight
N

loghuml
K2 s R bR A T7

Fig.2 Regression equation of humerus length
Y = —0.762804 +1.733282X, r* =0.851027
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logweight

0

00 01 02 03 04 05 06 07 08 09 1.0 1.1 12 13 14 15
logulnaw
K3 R SERERR b ml 7
Fig.3 Regression equation of ulna width

Y =1.008108 +2.342836X, r* =0. 884599

logweight

0

-0.1 0.0 0.1 02 03 04 05 06 07 08 09 1.0 1.1 12 13 14 15
logtibw
K4 B 98 BEFR bR I A 5
Fig.4 Regression equation of tibiotarsus width

Y =1.237046 +2.159219X, * =0.864515

I NS A 18 I PRI AR 28 JE A AR TG (35 T RAT RS & 28 LU R BE B 2 A
Ji 5 I MR B P R R S BE R AR A B Hh O AR B SR AE A R 8 T B X T o B A
A G TATE BB 2SR AR AR AR T3 R Al (-5 52 B (B 338 i /) , TR
FHJE B B vh g S8 BE AR AR H AT HESE R B R . X — S5 R S il 5 iR AR
SR A e BB R AR AR A E AN ) ST P B B 2 TR — E R 2E 5%
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4 A A SRR AR AL T

ARSCH e vl S SRR 322 DV AE i . X Se R S 2R A A HUR TR
WA I (131 ~ 120 Ma) , ZEZ T Z/0 11 Ma, FZAFRG K ETE 125 ~ 120 Ma [H],
iX— AP0 B Y 5 28 A 45 [ iR 2 T 55 28 ( Basal bird) | J% 5 3¢ ((enantiomithines ) 14> 52
(ornithurines) , ARG &I H BLLIRS — YR MR AT 11, AR B 2R B 45 kAT
REJ AR/ B PR A A 25 AT P 25 D7 T L T2 35 1970 5 (Zhou and Zhang, 2006) .
M HE SR W, H T B A S S5 R RO A R ) 1, 4 B4 26 22 DU O 3= (K 1 065%,
2008a; Zhang et al. , 2009) , ASSCHER BUA: 5 S A FIF-Hi5 B B2 S R HOMTFE P R B, 5 K
FOAH AR B i ) 1 R LR R AR AN [R] 2T 1R 8 15 2624 rR 7 A3 — 5 I 22 5%, AN [) > P
5 i 5 i oot TR EE BAT AN TR AR T, A0 2R R — > 8 B A b x4 B 400 1 2
FPORTEHED , 450K 2 S BUCBORRR2E . AN, RZEP A AU, 28 B P 9 4 L — 4k
LR, AT AL DU IR 23 3R 2 100 B B I RE N S BE R R AT . BT DL B X
Fe 1520 A1 B & ) A T A 0 SR A R A B 8 o i A g A I I Tl U 5 A
log,,weight = —0.762804 + 1. 733282log,, huml 3 iR FAE A AE A L5 R, X T4 550
AL A I SR T [0 090 07 AR o A Rt % IS o A R A e Y ML R U BE T TR Log o weight =
1.237046 +2. 159219log,, tibw TH5 AR TR A AE TR 4R o HA 5 A ol LAV D9 76 B i ke 2k
(R U 00 g /A2

4.1 FKEMITER

ASCIN B AP AT RIS 24 Bl AR T 5528 RSS2 R AU BLEY
ZRAMAT BIEAR AR D T A BRSO A S8 B IRE I A i 2
X TR R BT D 4 DA e S e Y R, AR SOR T TR SCRR TR Y
s FBREAT EE R B B PR 1 D X A E DN A ) B A 7E (6 3) o

PAETTHREE R T b [ B e = AR R 2SR S e R . BT 2R g ik
WM 136.1 ~717.5 g, 5284 37.9 ~235.2 ¢, 525077 ~739 ¢, =FpAJEHEH
WA 2R AR E R (37.9 ~ 739 ¢) SIUAE KAT 52 (2 ~ 16000 ¢) A LE , b A7 55 2R IR Y
RIFEAAE SRR ST SRR R R =2 PR 353 ¢, IO ZERF1Y
KER/NN T8 g, 5 ERAFEREN T ZHZE R 313 g, FAEE LYK E
(248 ) WHERT I IE(37 g) (Maurer, 1998) o KEAGT. H A R 2 15 28 9 (A
ISR G ARG TS G AT LR I R RS AT RR, I SR MR 52830
WS FNA 52 e S22 7 1 AR R A N A (PR 78 o), eSS
P SRR E RS 1R S IR E R B, A 5 S A AR RS IR A W O
HHBR T 8E 57K S) .
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R3 UAEBEMEEHENER

Table 3 The result of estimated body weight of fossil birds

FTR =8N Ji8 B PR A
Species huml( mm) tibw (mm) estimated weight (g)
HF 5 2 Basal bird
Jeholornis prima
(IVPP V 13274) 110.5 6.9 601.2/1117
(IVPP V 13353) 71.9 6.1 285.4/856.4
(IVPP V 14978) 90.5 4.7 425.3/487.7
mean weight 579.0/820.3
Sapeornis chaoyangensis
(IVPP V 13275) 118.7 7.2 680.6/1225
(IVPP V 12698) 126.4 6.1 759.0/856. 4
(IVPP V 13276) 121.9 5.6 712.9/712
mean weight 717.5/931.1
Confuctusornis sanctus
(IVPP V 13338) 46.9 3.0 136.1/185
(IVPP V 14373) 44 2.8 121.8/159.4
(IVPP V 13168) 51.3 3.8 150.0/308.2
(IVPP V 11372) 52.2 3.7 163.8/290.9
(IVPP V 11370) 68.1 5.1 259.8/581.8
(IVPP V 16062 ) 56.6 4.3 188.5/402.5
(IVPP V 11553) 41.1 2.4 108.2/114.2
mean weight 162.4/291.7
Jinzhouornis yixianensis (IVPP V 14412) 46.9 2.3 136.1/104.2
Zhongjianornis yangi (IVPP V 15900) 71.0 4.1 279.3/363.1
2 B 2 enantiornithines
Longipteryx chaoyangensis (IVPP V 12325) 45.0 4.8 126.7/510
Vescornis hebeiensis (IVPP V 130722) 24 2.4 42.6/114.2
FEocathayornis walkeri (IVPP V 10916) 23.8 ? 42.0/7
Eoenantiornis buhleri (IVPP V 10533) 29.5 ? 60.9/7
Cathayornis yandica (IVPP V 10896 ) 29.9 2.2 62.3/94.7
Longirostravis hani (IVPP V 11309) 24 1.7 42.6/54.2
Otogornis genghisi (IVPP V 9607) 35.7 ? 84.8/7
Shanweiniao cooperorum (D 1878) 22.43 ? 37.9/7
Rapaxavis pani (D 2552) 30 7 62.7/7
Pengornis houi (IVPP V 15336) 64.3 5 235.2/557.4
Paraprotopteryx gracilis (STMV 001) 2.6 9 38.4/7
Gansus yumenensis (CAGS 02 -0919) 47.7 ? 140/7
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B2 ISE8'S 12 B v AT A
Species huml ( mm) tibw( mm) estimated weight (g)
4 13 3 ornithurines
Liaoningornis longidigitus (IVPP V 11303) 26 2.3 48.9/104.2
Chaoyangia beishanensis (IVPP V 9934 ) ? 3.8 ? /308.0
Yanornis martini
(IVPP V 14426) 63.4 4.9 229.5/533.6
(IVPP V 14606 ) 75.1 3.6 307.3/274.2
(IVPP V 13259) 74.2 4.7 301.4/487.7
(IVPP V 13358) 77.7 5.1 326.5/581.8
(IVPP V 12558) 79 5.0 336.0/557.4
(IVPP V 13278) 64.6 4.4 237.1/423.0
mean weight 289.6/476.2
Yixianornis grabaui (IVPP V 12631) 48 3.5 141.7/258.0
Hongshanornis longicresta (IVPP V 14533) 26 2.0 48.9/77.0
Archaeorhynchus spathula
(IVPP V 14287) 53.5 3.5 171/258.0
(IVPP V 17091) 48 3.2 141.7/212.6
(IVPP V 17075) 52 3.2 162.7/212.6
mean weight 158.4/,227.7
Jianchangornis microdonta (IVPP V 16708 ) 74.6 5.7 304.3/739.0

7 represent data absence; estimated weight is calculated by two regression equations, boldface numbers are definitive results.
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Fig.5 The relationship between trend of body weight and birds’ phylogeny phylogenetic relationship
modified from Zhou et al., 2008
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HHE R 2 S A F RS (Zhou and Zhang, 2006) o FEEE ©ATRE T ROER T4 52k
MLEAEAS RIS B T AR e , B W 1m W 1 A6 0 , Rl S A o 20 DL &R &R
PRAT A S AR A AR A E ARSI, [RIEE R B T 2 A
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3% ( Zhou and Zhang, 2006)
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(1 Key Laboratory of Evolutionary Systematics of Vertebrates, Institute of Vertebrate Paleontology and Paleoanthropology, Chinese
Academy of Sciences Beijing 100044  1uidi0716@ qq. com)
(2 Graduate Unaversity of Chinese Academy of Sciences Beijing 100049 )
(3 Beijing Museum of Natural History Beijing 100050 )

Abstract

Body mass or weight is a crucial biological parameter for an organism. It is influ-
enced by development, reproduction, physiology and evolution. Therefore, mass esti-
mates for fossil species are important for many kinds of analyses. In this project, eight-
een bivariate regression analyses of different measurements of the appendicular skeleton
plotted against body weight in a data set of 422 individual birds, representing 229 spe-
cies in 21 orders, revealed high correlations between several skeletal parameters and
body mass. R-squared values of eighteen bivariate equations are ranged from 0. 50 for
tibiotarsal length, indicating a relative poor fit, to 0.91 for humeral diameter. To test
the 18 equations empirically, they were used to predict the body weight of an additional
64 extant bird specimens, and the accuracies of various equations were compared. This
predictive test showed that three parameters are generally most accurate as predictors of
body mass: humerus length, ulna diameter, and tibiotarsal diameter. However, the hu-
meral length and ulna diameter tended to give accurate results for particularly songbirds,
raptors and climbing birds. The tibiotarsal diameter tended to give accurate results for
terrestrial birds, such like chicken and doves. It is probable that humerus length and
ulna diameters are the more accurate parameter for arboreal taxa, while tibiotarsal dia-
meter is more accurate for terrestrial ones. Closer examination of the results showed that
different measurements correlated best with body mass in different avian orders. This
variation appeared to result from differences in habitat and functional morphology across
the avian orders represented in the data set. The weights of some Chinese Mesozoic fos-
sil birds were estimated using the equations generated for humeral length and tibiotarsal
diameter, because ulnar diameter was frequently difficult to measure. Humeral length
and tibiotarsal diameter yielded dramatically different mass estimates for some taxa, with
estimates based on humerus length generally being lower. The result shows that these
Early Cretaceous birds experienced a significant diversification in body weight during
evolutionary process.
Key words Mesozoic birds; body mass; bivariate analysis; scaling
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