23 4 Vol 23,No. 4
2004 11 ACTA ANTHROPOLOGICA SINICA Nov. , 2004

? /]ﬁﬁ]’z

(1 N 100044; 2. Bristol University, Bristol, UK )
: 300
( AL288) , ,
s “ ” s /
: (0981. 33 : A : 1000 3193 (2004) 04025509
1973 AL28 1( . Lucy)
350 —370 ,
' [1]
1.03 —1. 26m, 29 —40kg s 1.07m,
29. 9kg'”! ,
2. , >
Lovejoy[ o , ) )
(pillar)
;2003 09 10; : 2004006

., Bristol s N )



e 256 23

Lovejoy ,
> Stern

Susman' " ) ,

Jungels[ *l R R
Schmitt, Stern Larson'” s
, Wolpof 1 , ( Allometry) ,
[8
s Jungers s
Crompton H
[ 12] 2 2
1
(D
N A/ —n R 3

A —> | A = ‘

DEHV \
i

HAA T |

BPEE BV ‘
i |
1
Constructions of Tucy s biomechanical models
( ) ( )3



A : . 257 -

1. 07m, 29.9kg”

[13 [14]
s [13 ”» s ( )
s s s s
) ( ).
) 2 43 ”»”
ADAME/ Android ,  Silicon Graphics Indigo
.60 / 0. 625)
, (
) (Forceplate) ;
, 3 3B
2
( ) ;
, 45
4 2 2
1' 5 ” ”



258 - 23

VA
4 N .
Loy -
X
z
I.
y X
2 (Tucy s walking in computer simulatbn)
\ 71 (%Body weight) 71 (%Body weight)
-\ A
A
A g o 0
..... B N ety oo SEEEEEEEEES
0
-0.2
iEjJ N N[
I} 6] K%
KD HH (wikg) B REDIFEH (whe)
A A
2
1
> 0 \/ >
100 L i 100
BEAW (%) a0 LA (%)
WL R Measured T BRISR Simulated
3
Measured and simulated contact forces in human walking
( ) ( ) - T - -~ B: .
------- H(Hip) vevvvo.. K(Knee) —*—*—*—+*— A(Ankle s

(Toe off) , (Heel grike), (W ke)



¢ 259 -

KA Th&HH (wkg)

KFThEHH (wikg)
A > |

VA

.Iv
I

2 .
0 10 20 30 40 50 60 70 80 90 100 v

3 L L L 1 1 1 L 1
AW 0 10 20 30 40 50 60 70 80 90 100

|
i
(s
!
!

LA
ANIEFATERRE N JE 58 8 AT AR Y
Human normal model Human BKBH model
4
Joint power outputs per uni body mass
3A N 3B
RATFESE (Nm/kg) KATHH (Nm/kg)
A A H

Y

0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

Pz E pZIG Y
5

Joirt torque per unit body mass

3A s (Nm/ kg)

- )
5 2 2
0.8 ) )
) , ,



e 260 23
3
( , )
, ( )
) ) ( 3A)
“ (Duty factor, 6), 60% |,
; , ; 0%,
55% , , 1.6
A
L R
4 '\
. N pr
1 .
» \. /
| ' <.’
I
]
! >

I — T >

TR R B (Duty factor)=¢/T

6 (Duty factor)

st =T



* 261 -

(a)
(e}
; - . K(ZI-L)
A » B
A >
o=-K
(©) (d)
7
Hfects of torques at both ends of a long bone
a) M, R (¢) b) M, s
( ) ( ) (d)
(Stence phase) , ('Swing phase)
) ( ) )

[ 1]

[14]

(b)



e 262 23

[1]
[2]
[3]
[ 4]

[5

—

[6]
[7]
[ 8]
[9]

[ 10]
[ 11]

[12]

’ Ruff ' ’ , ,
SK82  SK97 ,
(ATlometry, ) ,
, , ’ . Ruf "
, / .
, Ruff " « ?

Johanson DC, Taieb M. PliocPleist ocene hominid discoveries in Hadar, Ethiopia[ J]. Nature, 1976, 260: 293 —297.
Aiello L, Dean C.An Introduction to Human Evolutionary Anatomy[ M| . Academic Press, 1990.
Lovepy CO. The Gait of Ausralopithecines[ J]. Yearbook of Physical Anthropology.1974, 17: 147 —161.
Lovepy CO. Biomechanical perspectives on the lower limb of early hominids[ A]. In: Russell HT Ed. Primate Morphology and Evo
ntion. The Hague, Mouton, 1975, 291 —326.
Lovejpy CO. A biomechanical review of the locomotor diversity of early hominids[ A]. In: Clifford JJ. Ed. Early Hominids of Afri
ca. Duckworth, London, 1978,403—429.
Lovepy CO. Evolution of human walking[ J]. Scientific American, 1983, 259( 5): 118 —125.
Stem JT, Susman RL. The locanotor amatomy of Australopitheaus gfarensis| J]. Am J Physol. Anthrop, 1983, 60: 279—317.
Jungers WL. Lucy’ s limb: skele al allometry and locomotion in Australopithecus afarensis[ J]. Nature, 1982,297: 676 —678.
Schmitt D, Stem J R, Larson SG. Campliant gait in human: Implications for subsrate reaction forces during ausralopithecine bipe
dalsm[J]. Am J Physol, Anthropol, Suppl, 1996, 2: 209(Abstrad) .
Wolpoff MH. Lucy s little legs[ J]. J Hum Evol, 1983,12:443—453.
Crompton RH,L1Y, Wang W] ez al. The mechanical effectiveness of ered and“ bent hip, bent knee” bipedal walking in Australo-
pithecus afarensis [ J]. ] Hum Evol, 1998, 35: 55 —74.
Stem JT Jr., The cost of bent knee, bent hip bipedal, gait. A reply to Crompton @ al[J]. J Hum Eyol. 1999,36:567—570.



A : - 263 -

[ 13] Dempster WT. Space requirements of the seated operator. 1955, WADC Technical Report 55—159. Write Patterson Air Force
Base, Ohio.

[ 14] Crompton RH,LiY,Gunther M, et al. Segment inertial properties of primates: new tecechniques for laboratory and field studies of
locomotion[ J]. Am J Physol Anthropol, 1996, 99:547—570.

[ 15] LiY. Wang W]. Crompton R et al. Free vertical moments and transverse forces in human walking and their role in relation to amr
swing[ J]. J Exp Biol, 2001, 204: 47 —58.

[ 16] Ruff CB. MdHenry HM. Thackeray JF. Cross sectional morphology of the SK 8 and 97 proximal femora[ J]. Am J Physol Amr
thropol, 1999, 109: 509 —521.

BIOMECHANICAL CHARACTERISTICS OF BIPEDALISM AND
POSSIBLE LOCOMOTION MODE OF AUSTRALOPITHECUS

Uy’

(1. Insttute of Vertebr ae Paleontology and Pdeoanthrapology , Academia Sinica, Bejing
100044, China; 2. Deartment ¢ Anatomy , Bristol University, Bristol, UK )

Abstract: The locomotion mode of Australopithecus has long been a hot topic for palacoanthropo-
logists. The fossil specimen of Lucy( A1288& 1) has its most long bones and pelvis preserved, so that
researchers may have a detailed study on her body morphology and skeleton structure. Even based on
the exact the same morphological daa, there is still, oddly, a major and prolonged disagreement.
Starting from Lucy’ s anthropometric data and aided by the computer simulation technique, this
study built a series of dynamic modes, with a combination of lower limb joint moving functions and
static characteristics of Lucy. It was shown that had Lucy had walked with a bent knee, bent-hip( BK-
BH) posture, it would have been much more expensive in energy consumption than othewise if she
were walking in a fully erect manner. This suggested that Lucy may have been walking bipedally and
erectly just like us today. However, further analysis indicates that the femurs of Australopithecus ir
cluding Lucy’ s are of stronger antr deformation ability in both sagiital and frontal plans, agreeing the
jont torque output for the BKBH model built in this study. This finding suggests a total different corr

clusion.
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