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1-1 KEFEANEORS L aF i« End BT LHiEOKMIZHONT

KEEAIEIZ, e b, DEREANE (GFHHIEAR . TFHITFELE T 70T F
HHN) L& bick b EF Hominoidea IZB L, TV TICAERTHA T U—H
Y (RN RAFE, A7) L TT7VHERTEITF N Y—, YT,
R RO 5 ABRFEL TS (Fleagle, 1999), 1 O IIBAE MM A £/ ETE
DHLL., EREBRDIDREXARDODERLEDHENERDZDITKIZHED
(MacKinnon, 1974; Cant, 1987; Doran, 1992; Hunt, 1992; Delgado & van Schaik,
2000; Thorpe & Crompton, 2005, 2006), EAK7k% L, oHED=TY T ((KEK
160kg, Plavcan& van Schaik, 1997) &, #i MR\ 3BTV 5,
LL, €OTY T TEAMFITIEIREXCEHELHER T H7-0ICF % clinbing
2179 (Remis, 1995), Z DX 52, KEEANRIIEEE LS OWILIE & i
LT RAEICARBR Y NEERBM L L THRONED, EHIZFOKREREDT
D, BETORIET=—a UBRKIRINA TS, BORKE SITHL THEOLKE
DEIEREITIUE, O ETARTURE RO LENTEEN, BEOR DL
BRETEZDOEENESRIVEOETAT U RAEREZLENAREEL 2 5
(Cartmill, 1985; Napier & Napier, 1985), AEUMEAJEIZEKEOHIICLES
ZOEORBBIZR LT, vat—varonE, T42bb, KOBORAIERR
KO T THESATRELRBMEBROTE (BEARCHBESH R L) 217528

IZE DB EBREIZES LT3 (Fleagle, 1999),

*EREICEE PAEENDID, KRXPFTWIERERICEE F2EHRVLD LTS,



BHIBBOHOWELENIE, nat—a L 0BhFEL42EHIL Lo
T, FHREZEL T ETOFEMBE RAHAT, MEENLOKEL L) 2
RLTWD (Cant, 1992), REEANREORIEOGEHRRICER L TARD L. 1§
HIZ "B LT BOOLNDIEEL OBMIT, BEROTH~OBEISLEZ2 5
T % (Aiello & Dean, 1990; Larson, 1993; Rose, 1993; Fleagle, 1999).
FRIC, MERICIBEZME, S5, FEEO LIS ET 570, BAED
FRMICEWTIE, ZROOEBCEDLEHANERE LT, 2o, B
DA[EKE K B D & 5 W BRREEZ R, #lE, BABEUAOEESEOE
FEE, —ROCHEOREIALE L, FESATHFEmML OIcx L, EAE
DEFBREMIBOERALE L, FEES B EEZENTEY ., FhE 4 s
TLDICHFLELEL LTS (Figs. 1, 2; Aiello & Dean, 1990).

o, RHBOFRELRZ-TEY, BAROBHREOMIRIL. thoBE
HED bHEMMICRS, BRFEOTA GMUBROM) 1f13E UEBRE % EE S
EORITAE DT LA K LTS (Fig. 3; Oxnard, 1963; Roberts, 1974).

IHIC, FREEONEH THE=ABOEMBE, Thbb, HEEOFERS

i

PMAICZEH L (Inman et al. 19445 Ciochon & Corruccini, 1977). % .
—AFHOKIEE Th 2 LB = AGEES LV IEMICE THOTHNE LT
(Fig. 4; Inman et al. 1944; Fleagle & Simons, 1982). ¥ A& =453
LOBRBELY LRNEEBONEH 2 RET 2 2 L BAREARGOREBS LT

WG



bR ORI B D KFEE, AR O ZoDREOHREL £1-, HEHiO
HEELBEBRLTWD, KEEARO —SO/EIZ FWEEL L FHICE
LTWHDIZxt L, 1 EMNEBITROERE (=R FoREFRSF L -
FFTHIABORRE) OZoOREEIT EBBEEL Y L LMY, 4 XL
Ot EERFLIRICEVWVEREA T (Fig. 5), KBEAEIZ. ZOTFHITRAL
7o bR OKRMEER & /AEEICL Y, BESORENRE LD I N TE,
(2, BiZSHO BIZZ EAR[REL 725 (Larson & Stern, 1989),

BRI UMb BEANBRORIZIX, #t Etfna®s—2 a0 ~DBEIEELEZ D
NLFEDPROOND, FlIE, WEO T aR— g 0 ORIE L 72 5 BEBIGRE
(intermembral index ; %R [KIEE +ISHE] ICxtd 2RI E [ LEE +i2
Bl OBFBRR) [CEETHLE, #EHNRAHTROEREEIL 100 KETHY .
A E BIRDORSIZIEH FE V ENR RV DR L, KESEASEIT 100 2482 %5
LV HLRWVATKZ b2 (Fig. 6; Napier & Napier, 1967). F7-. AEIME AR
ORAFEIT, i EHNESTRORRELVEL, HE&L 180 L MR
SEDHZLNARETH S (Fig. 7; Rose, 1993), Zh b OFEMIL. # FEEEIC
BT, AIROFE#HEALZA L5 Z LICARTH S,

REBENBROB B OFHRIZBNT, iz LS W5 EEH. ATES. =6
B, BREEi 2% SRR, KAMALEEL TS (Fig. 8; Ashton
& Oxnard, 1963), Tuttle (1972) (T X HRiMEER & FEEO M EE A LB L 7-FF%%

T, REBEANREMOBERBELBiICoaE—2 a3 L LEEOH D EVITRD



ERTVRY, Ll KREBEANROERERGOEREEG OB I, &5Bicm
MO L IZHERBE S THY, HBE LB SED Z L NARETHD L&

2o TW%S (Fig. 9; Tuttle, 1969),

12 A7 o0 —4 puat— 3 OBEICHONT

A7 U =23, ERNICBHERARORRE, Thbb, BEL2EEDS
EL. HEICRY TS DI LIRIZEAERY, BEE, AT —F L DAL
BRLTVOHIEE DT, MECHERLT T T — 2 Ot L CIEBI A2 MR L
WD bHDOD, BFTMDOKRER COEBZHE L T2 (MacKinnon, 1974; Cant,
1987; Delgado & van Schaik, 2000; Thorpe & Crompton, 2005, 2006), 5|4k
ELT, RIEDEDRNRAA T 7 — 2 L i3Akx OB % B8+ 57D, H
EEFIALIEE V) BERD 208, ZOEIRITRBERERI O 20%I2 L FE»T
V% (Rodman, 1979), #f L TOBEIL, BREFO LS ICHBEEL L CfEAT
D M FREFERIOAE Y quadrumanous climbing Z 4 & 3% (MacKinnon, 1974;
Cant, 1987), &EHIZ, RaAE—T a VOBEEICEBE TS L. £ BRI THES
O EFOMBEROARED (K40%) R, BEAZY (1925%) ThHD Lok
54T % (Thorpe & Crompton, 2006), F7=, ADOKA L OREET. Ml
XFFEIK substrate ZBELARWVEIIC, AT T —F L DIFENTD L D b
LTWT, M OEEREBENEMATHS MacKinnon, 1974; Cant, 1987).

IDFZU—=F L OBBEEICONTIE, FHE FTOEAREICB T AHEICE



WTHHERINTWS, FlziE, A7 =2 OEEARZRVEICBWT, 7
TZVHEANBRIV LA T U—F OBEERENBEN ENIEHINTEY .
izt BRI OY A 7 L kfehEE] cycle duration & EWA kT 4 REEEE stride

length #H > Z L2353 >TW5 (Isler & Thorpe, 2003; Isler, 2005).

1-3 FoNRvy—puat— g OBERIZHONT

FonRrT—E, REBXEREROIMAOMEBE T L&, E 41D
FLREOFTEHBOEFMBOAL LT MEICEM ST ST v 7 VBT
knuckle-walking &5, 77 U WEANEFAEORaE—Tar izt b, FU°
YIU—DOREIE, REBEREMOK 0% 3 EtuaE—2 3 ChHB (Doran,
1992), va®—a VOBEEICERT D L. Ty 7 ABATIIH B - 8 EtEo
TE— 3 O 90%% D (Hunt, 1992), & HICH EMEo ax— 3 C
RoTAHATHD L, MFERVPEEARRY THD (Hunt, 1992), Ziid, LBk,
MEZBEL TWETF R P—0, RICRDIREIC, REEHETRETES
L. BEARIVEZZHALTVWSLEEZX LN TS (Hunt, 1992; Thorpe &

Crompton, 2006),

1-4 70— B eF NN TV—puat— a3 OBDNITHONWT

FT =B FUNR T —OBARIL. RICRDIREERD-DIC,

RMEBEHODIET—Va VERBEIVHTCELIN—TLEZIONTEY, Thi



BT H L0, MEORKICIIRER O 2T —2 a3 U ~DORHRIL 2 Rk L
TZRE O B SH (1-1 58, Alello & Dean, 1990; Larson, 1993; Rose,
1993; Fleagle, 1999), L&2L, —F T, FF Y —F L LF o R0 P—itE
WTHEIE—Ta VOEWVWRHLZERMLATHS (1-2, 1-3 %88), +
SLU—a VI EICEY T 52 LIHELAERVDICK L, Frriy oe
(ZFEICH EA BB LT 5 (MacKinnon, 1974; Cant, 1987; Doran, 1992; Hunt,
1992; Delgado & van Schaik, 2000; Thorpe & Crompton, 2005, 2006). #f
oat—a ViIRoTHDE, LVBEREICELRL WS y—4
VI, RERXPHENP SIS ERAROBROM R EOXFERELFIHT S 2 LA
RETHY, FoRrIP—L0 b LA~ —NEBETH5S (Thorpe & Crompton,
2006), —F7, F /A P—TITREARZ Y (50%) S KERS % 59 % (Hunt, 1992).,
SHIZ, FTrv—Frouat—ya EEIT, FORAUT—LD LB

ZEZ LN TW5D (Isler & Thorpe, 2003; Isler, 2005),

16 A7 =B EF R P— 2B ABREDEMNZIHONWT

A7 —=FrF RO at—y g CORMERERIL, B
BROBHEIIRBISNTWS, fixiE, #5707 —F2  OFHEEIL, Fo50
UL B LT OREEICH L TR TEOF AN K E < (Fig. 3; Roberts, 1974)
JB IR BB OFHER & BB EE IR ZET S (Fig. 3; Young, 2003, 2008).

SHIC, BAZRELFESHEIICELS Lo TRy, FHSOREREEL &



HZ LNAEETH D (Ciochon & Corruccini, 1977), £7/-. A7 U —Z LD
ERERICHTOIREREIZX, T30 P—5 0 K< (Drapeau & Ward, 2007) .
Ot BB O [EIER L2 B FHEE £ TOREBEA SV D T (Fig. 7; Drapeau, 2004) .
MR ZTRICHBIELZILNTE, LVEVEBZ E@EICERTS L
MTEDH, b, FRETIE, Frry—ndh L FEAGMIT, SREEIC
BULIZERERERTN, 700 —F OFME & FEG I BHL
TRy, ELFIREF KRBT VRETER TS, 2oz ticky, F
T F VS EETERFRAICFEEZENT ZEBNTREE ST 5 (Fig.
10; Tuttle, 1967, 1969; Jenkins & Fleagle, 1975; Sarmiento, 1988), 58
WCBWTE, A7 =2 OFL, BHLEEHEOTEHRICLY, Sy 7
DEIRFBERL, HERE Lok E ol b A L O OB 21
REEDHZLITE T, BAORIEEHFRETH S (Susman, 1979), DL H 7
AIICRO OGN BREIL, AT 0 —F o RE 0 EBECESL TS
EERLTWNS,

=T, FroRr =TIk, MBS LT, EBEEA MR Z EL
TRY ., MEESOERGE# EE L REICR D720, WESAITHOBOREY 3%
Riig & AT L2079\ (Figs. 1, 5; Larson, 1988, 1996), Mz T. BE®
BEMIHRCHFRFEOEMME NI EH L TWB =D, Fr8r P—281) 5 FRE
MoOBEREPL, TFHEHEHOBBIERRCLI VBRI TS (Fig. 11;

Tuttle, 1967, 1969; Susman, 1979; Richmond & Strait, 2000), Z A& D&



WREIXF o N — D BT 7 WIBRIT~OE B LA SZHR LTV 5

1-6 A5 0—F L LF L D— 2B ABEDZENZIHOWNWT

FT Y= b F N TU=IIRBT DRI DR - &R KA
R EDERRRFEEIT, BEETIZLOMAEICL-THLNER-STNS
(Hepburn, 1982; Sonntag, 1924; Sullivan & Osgood, 1927; Straus, 1941,
1942; Day & Napier, 1963; Swindler & Wood, 1973; Homma & Sakai, 1991),
INODOMRTYH, B, RIeMiH., M, FEEHICA T v—42 L
FUNR V=L DORITEVREO LTV, RIEMHG & /NMEBIGIL. KigH
e LBIHEMRSEDIHTHLN, METIIZOBENRRD, AT

— & COREE LNERFIL, AT HTFAR (=R i d) oBERL

v

FItkOFREZ R L, TNENE_IELE=IE, FNB L ERIFICEEXY . &
fEfRfh & 1IN E 0 OB HIBICENSFEL TS (Fig. 12; Hepburn, 1982;
Howell & Straus, 1933; Straus, 1941; Swindler & Wood, 1973; Aziz & Dunlap,
1986), LorL., Fo Ny I—orfgdih & /Meffix, b F BB L-HviE
ZrRL, BII 1 ATOTHY, EhEhE IR, SR~ BE2%5 (Fig. 12;
Hepburn D, 1982; Swindler & Wood, 1973; Aziz & Dunlap, 1986). ZH 5D
ZEmb, AT U= OREME L NEHRIFIE. FroRrP—5 0 LR
R REE o TNDHLEZ LN TS (Howell & Straus, 1933),

F 72, Straus (1942) 1%, EHEEFHORE~DREN AT > 7 —Z L DFE 90%



(24/27), Foro—=E3Y FTIFH 30% (ENZh, 14/47, 5/16) 2B
TRELTWEZLEHRELTEBY, — &I, 70 —2 0 TIIEERGHOR
FE~ORENMHRAEAMIZH O . 77V AR TR, B < BILEm AR G
DO, FIREFH O ~DOREVPFRFEM THH L EZX BN TS (Fig. 13; Day
& Napier, 1963; Homma & Sakai, 1991), # 7> U —& (%, #f LBREE~DE
IGE LTE RN OERIEORBEVRRS R>TWVEN, 20D, BEROD
2=V a VRICIIBESAKOEBICBINT 5 Z LR BEEIBLER
(2% (Tuttle, 1969; Susman, 1979; Rose, 1988), AT w—& L izHit 5
RIEEFFORHE~OBEOWHE RS 2. B ERE~OBEIS &2 Kk L= o—->
EEZBN TS (Day & Napier, 1963; Tuttle & Cortright, 1988).

AT =B F NI BIT AHROER I IID L, HE
DHIBFH DB N EZ R > 7= b DIE, Tuttle (1969) 12Xk A FOESNCEUERT 55
COWVWTOMEDHTH D, ZHIZIhE, AT y—F L bF R o—0
RIBEERICI VT, FECHEOEMRIZ, ot &L CL o K ABEES
DTWER, AT U —2 Tk, FREMGEFRBFOGEENIZITZE L)
STZERELTWVWDS, A7V U—F U DFEFIT, FoRro—5 0 %0, N
B, SMA~DOFTENIEAA <, # EBEICBVTRIRAER—E LARVADK
REOXFREOERZIBRICHEF TH S (Fig. 10; Tuttle 1967, 1969;
Jenkins and Fleagle 1975; Sarmiento 1988), A5 w7 —# L DIRIFE L %

ZELLFEOMBGLEMIT. BREOR VR & SEMICEERD S LE

10



ZHN TS (Tuttle, 1969),

1-7 HHY

Rat—a ORI, BRREGROMAGOFELHKECLVEDOLA
BT Db, TP —R i eFrRr—Duae—ita YORWIIHEED
BRICBRMEND LEZOLND, LML, TRNETOEAERICBITIAGZRD
FEHIZFE T, BORH - MR EEEMEMICBET 2 LORKESTHY .
EEBNICHKRT O LVNEETH -7, IS, BEBICHOVWTIEELVLER

(Thorpe et al. 1999; Payne et al. 2006) 23&% 2% & DD, BIEEAHIZ OV TIL,

|\

SBETIIBEGR LRV EIRRIZ. Frivo—0 3#E (FRFh 1§

il

E3o) 12L& EFE 5T % (Thorpe et al. 1999; Ogihara et al. 2005; Carlson,
2006), € Z CABFZEIL, AIEAFOREOREDIFIEL 25 HERAFRIL, X
HIZ, RREBEHDICHEIT S L Vb AHOABREHMERELEH LT,
NENZHRTDHILITED, AT T—F L F o R P—DFROENE

Bat—arEOBESEEZAOLMNITIZEAENE L,

11
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2-1 M

3EEDOAT v —a v L AEEDTF R D= 5157 3 8 RO R O iR
#iTo7=, 3 fEEDATF v —4 2 (Orang 1, Orang 2, Orang 3) IEFhZh
ilam /AR LB ARE, KR FEREFET. 4 5RHRLUSHEYE) SR
fitsinr, 4 @EDF /3P — (Chimp 1, Chimp 2, Chimp 3. Chimp 4) X%
NENREHABALEYE, BikTHE LSME. Ko RILMER, ERgsE
BV ARN O HRERFERBAFEA D L < IZESZRHEEWEE 508 S - EA
Thd, BEAROFEMREEFERICONVTIL Table 1 17T, 2 EEOAT
—# ¥ (Orang 1, Orang 2) (KT L a—LEESNIERTHD, FL3
YY—O% 4 BEOERIEH E CTHEBRESN TV, AT y—H LT
YRV =DETOERIIMERIEL TS EEbR, $1-. EHRLS

DEBIZLIVETC LI-EARATHS,

2-2 Fik

FETIRFICIZ, Table 2 ICFEH L7-MZ2BH S, B OB L7~ #78 nuscle
belly GENZIRIZ & D FHARAED DIRALIRIZ B B FHMRMEE ©) L HMERE external
tendon DEEETUMI L, HMEOER (= FEE nass) 2B TR (BERUYE
P, UX6200H, F/INGtHRME 0.01g) THEIL7-, FMHEIX 105K~ U LiIZ T
BEZIT o7, BEESNIFHIL 24 B, KICBIESE%, ZhOBERNOR

IROTGEETZ®H D 3 005 6 ADOFFHE muscle fascicle DE X% ) ¥z (T

13



3., 530-109, F/NEEE 0.05mm) TEHEIL, ZH5HE2FH L CHEE fascicle
length & L7z, EESNTWeATZ L 7 —F D 2 4EX (Orang 1. Orang 2)
BT LHERIL. BMEINEHE, 24 BEAICEBESE-ZOGRER wet
muscle weight (ZX > TR L, BHOABEOW EM (Physiological
Cross—Sectional Area: LA PCSA LB&ET) 1E. #HOAME muscle volume % f 3R
RTCHDZLICEVER L, BOEEIL, HEELHHEE nuscle density
(1.0597g/cm’) (Mendez & Keys, 1960) T#|2 = L2k W EH L7, PCSA X
JIDFEHEAES] force generating capacity (ZHMF % (Close, 1972; Zajac,
1992; Maclntosh et al. 2006), PCSA DEHIZHDIIHA pennation angle (55
BRHE muscle fiber & RS aponeurosis, % L < [ZPTERE internal tendon & o
AE) ZMADHELHID. BOEE, b LIERE (TKD) 0BV,
PRI ZROTICEEE STV B M D M BE 4 EREICEHTIT 5 = L SRS
HDHI LML, KFRTIHANTORY, Fr 80 P —0FEA Chimp 1 1290
THREROBRIKOREN OB E /=0T, EEOFHAED EHES Chimp 1

DfEfET—4 & LTz,

2-3 FHE[E

AT G TF R DMTHNRT A —F BT BEE . kY
A ADFEBLBETH D, £ Z TAFETIE. HEE. PCSA L iz, 2h2

NORIEHORFITEI D Z L1ck v, FEOHE (FERH. PCSA ) #k®

14



HZ LK WEREL AT T,
KR NIR O E B & PCSA LD I, MBAIMRCRIE S 52 FEEO
HTITO L EBIT HE VOBEOBEECHEL THLERA T

AT % O {8 %

=
>,

i O3 ERIE, AR ERONLE RILR & BN OB R (Tuttle et al. 1983; Larson
& Stern, 1986, 1987; Tuttle & Cortright, 1988) ZEEL TIT~7-. BHD
5 (8 H _LMufh# scapulo-humeral muscles) 1%, FIZ/E B EE)ZEGET 5
fE. Tebbh, FHEE LGS Y5 CAGHER. BOk) ., SR
O (ZAMBER) . %5 SE258 (SAHKS. KAMK. AEB) &,
EICRBESOLEMICBEET 2 EERFEE R ER, TS, R TS o 4
DOFFRECIT T2, EREOFICRB O TIE, KB & MR & B SRS TEET
L5, £FOHTHFEBEE & B O — ORI A A EE (i = FER .
HIRE B EARE (R SR REA. bR CBEAEEE) . MBIET O 2 /EA
ToOMmEE (LR =EFIMUEE, LR =SEfANRIEE, M) . BARE (R,
BiBEE ) D4 SOFBBICHE LT, RIEHOMBICHNTIE, FEOME-E
EE) & RIE-REEE 2 BAR 3 2 FARMAGRE (RO FARM A, SRR TR,
RUOIFRBA) . FREHEE (BAFREF. REH. RAIFRER) . Eicfk
ORI i B BRI D AR ARE G dB iR, SIRMAL. M) . 58
e GRIEER. RIGEM) . BEMT (REHEER, BEEHEG) . fio
BIN-EISESZBIR T 2 ENFHEE (HENG. FRERNG) . BSMGO 7 >0

HEEIC B LT, FEOFITHONTIT, BIE0ESICEIRT 2 SRR (&

15



REHESMRR, HERHEE A, B, BN . MEOESICERT 5/

—

FRERARRE (CRE/NMESMERS . BB, /MEXNL) . B O B Hfs0sE
~PNEREE) & R EE SRR T D BRI (B~ AIE R, B
~EZERERD) . S OIITRERTE F—~FU RS O 4 >O/EEICS
BL7Z, AIOMICIE, —REIC, ER2LEZY, BREHDHVIE, LHE
IEET D, EEBHREOREHEFLEENE, EAEZ AFE L= B CRilk
TAITREEZZ T TWIZD T, RFETIHE > TORY, 22TV FEHOH
i, FREPLEIY, EHWEICELT S, R EWGEHEOL LT,
MR O FE R & PCSA (kOB BEZEDORIEITHEE Y 7 kb SPSS 11.0J (SPSS.
Chicago, IL, USA) ZFAWTC URRE (p < 0.05) 12X VWiTo7=, £1-. f5/55
A—2 (FHEE., PCSA, HiRE) OEAND AT Y X2 HRT 5720, £HOFE
PIEZ % 5 BB (BAEA) OfED R Ratio of Measured to Species-Average
(LT RMSA L BES) Ol & AZHEMR 7= Standard Deviation &, 45—
BrEFoNT=THIXIZEH Lz, SLICHERK L PCSA LLOTENMEE

coefficient of variation ZEH L7~

16
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3-1 INTA—FDNRTIF*

R Z AT > 7RI O E &, PCSA, AR E % Table 2 (2”7, FHE & D RMSA
DIFE)EHZEREIL AT U —F OBEMN 1. 50+0. 18(0rang 1) . 1. 28+0. 18
(Orang 2), W73 0.22£0.09 (Orang 3) Z/~L (Table 3), F /30 Y —D
7% 1.3340.26 (Chimp 1), 1.09%0.25 (Chimp 2), 0.91+0.21 (Chimp 3). M
250.67%0.13 (Chimp 4) #7RL (Table 4), WfEIZIVN THEDEKED F A MED
BEOLDOLY HEWI LRIz, PCSA @ RMSA OFEHIE +EAER L,
FT7 =4 OfEN 1.3020.21 (Orang 1), 1.44 +0.21 (Orang 2). HEAS
0.25%0. 10 (Orang 3) Z7~ L (Table 3), 1 /3 ¥ —DHEA 1. 44+0. 27 (Chimp
1), 0.99%0.23 (Chimp2), 0.85%0.22 (Chimp 3). M#S0.71+0.14 (Chimp 4)
ZmL (Table 4), HEEL FERIC, MREICIW TREOBEE DA MO E KD
bOLY HRELRPCSA B DT LIRS T, FRED RMSA DO FEHfE +4E
HEREIZ. AT 7 —F > OBEN 1. 18 £0. 11 (Orang 1), 0. 92+0. 14 (Orang 2) .
#E73 0.90+0. 16 (Orang 3) Z#7~L (Table3), F /30 P —D#EA 0.91+0. 10
(Chimp 1), 1.08%0.10 (Chimp 2), 1.07=%0.11 (Chimp 3). H#EAS 0.94=+0. 11
(Chimp 4) Z/~L7z (Table 4), FiREIL, FHEER PCSA LI1XRAV ., MY
“RITFBD NIRRT,

A B & PCSALLOEBMREUT . AT > 7 —Z 2BV TERERNO. 21,0, 24
Z, FTUNRT=IZBWTENRENO0.21, 0.23 Z7x L (Table 5), HHEOBHE

B, PCSA HIZBWTHIBREDEEENH D Z L E2RE LT\, Hio, &
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MERES 0. 50 LAEDEZ R LIZfE LT, #5007 — 2L OBEEL T, &
fRfAL_5, el 3, MEINGHREEE, RHENER. EEHG 2 2H 0 .
PCSA HCIX, M. =M _3, MEINGREE S 2, Fr 30 P—Tlt,
A B & PCSA WIS\ T RIBMAE_2, BIEEAF_5. S MG _1 OLEE%
3 0.50 L EAR L7, MfEICBWT, 2R LDOBHORE &, PCSA LD /RS

VEMR, MO LB L TREN-TZEEZLNS,

3-2 AR R & PCSA B b5

TG TF RV —DE R L PCSA HIZE L O (5B
LU Tv /2 (Table 6, Figs. 15-18, 21-24, 27-30, 33-36), L7>L. stz
HIFEATIC K 0 KRB IR O B & PCSA HiciE, W< o008, H 500

FREICBWTHBREND D Z ERHL N o T,

3-2-1 B O 58 ERif5EE scapulo-humeral muscles) (=T

B DFF (

il
il

FEBERREE) (CoWTiE, BRS¢ 508 CaR
HAER, SOB) ., SMESELHH CABEET) . %3 SE308 (54
FRRES, KFR. /M) REBEICEGETa00L, RICEEEOREM
BI5-3 % EIRERR A B (B AR, BTAS. BH TR 0428 L7 (Figs. 14,
20) ZRHOBHBECI VT, Fr v P—DFEE 0% RO T B

ﬁ?yv—ﬁyw%nibﬁk%wﬁéﬁbt(mme&Fm.w,m)

o
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EHIZ, A2 DOFHIZBENWTIE, AT 00— 2 O=AGEERLEBER TGO
PCSA LLDIED, Fo R P—DZENH LY L K& D -7~ (Table 6, Figs. 17,
18) £/ F N P—OKABOHEEL L SN THOHE &L & PCSA

R AT —20DFN6ED H REVEZR L (Table 6, Figs. 17, 18),

3-2-2 FEEEBDFHIZDOWT

ST BAER O BRI (IR & BT B2, F ot T E R L AR
D ZOOBIEICEE L Mk (L= RIE, SRELG) . B (LB
FhiBR. bR SAMAEER) . MR OAER T SRR (K = SEAS S MAEE,
ERE=BRFEPNRIER, MR . EAEE (LB, BEEEERS) O 4 OmBECOE L
7z (Figs. 19, 20), T HOMBEICENTIE, AT 7 —F L OB ORIC
fERT 2 BBHOBERIL L PCSA L3, FL v P—DERAL LY HRE W
fEZ 7~ L7z (Table 6, Figs. 21, 22), Fi /{30 P —Tit, BEE L MHBEGDO
ZOOBEEICE D MR L BHEEOE S ORERES, AT v—2rDFh
S5XDbREVELZTRL (Table 6, Figs. 21, 22),

IBIZ, HxOHIZBNTIE, AT v —4 COMESOLIERT 2B
TH D LRfs & MREFHOHE R & PCSA LOENR, Fr v y—nzhnb
LV b REMNo7 (Table 6, Figs. 23, 24), F/=, Fr v U—iiEME
ERBAEI O — SO BIEICEE 2 L "B EEE & i =S RO S B AN,

A7 —=FDENLLD b REVWEEZR L (Table 6, Figs. 23, 24),
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3-2-3 BEDFHIZ DOV T

HIBEER DFFIC OV TR, F i OEEBIRT 2 FARMAEE (BEEAIFR A,

AR TR, RIUFRME) . FIREFE BAUFRES, REH., RAF
RIEA) . EICHROEBCBIRT 2R GRIEMAS, TIEMA. M) .
fRIEmEE (GRTEER . RIEER) . M (REHEEG., BREmF) . Al
BEOEIN-EISMEENZ IR 2 EINARE (HEINF. FREING) . BISME O 7
OO LT (Figs. 25, 26), ZHHDOBEECENTIE, A5 —4#
YOEEHEED PCSA B, FUr ARV —DFRID L RXWVEEZRLE
(Table 6, Figs. 27, 28),

IBIZ, % DFHIZHNTIE, AT v —% ORBFERMGE, BREGB L
ORBIEMHOBERLOMEN, FrArP—nFnb L0 b k&<, WD,
FUNR T —TIREEREFOHERELOEN, 500 —%o0FnE bk
& /o 7z (Table 6,Fig. 29), £/2. AT v v —& L OEER LRI PCSA
WOER, FrRrd—nthb i b REL, #Z, Frv P—CIERA
FRIER & HHEINGH O PCSA LLOfER, AT —2oDFR LD HAREHh

7= (Table 6, Fig. 30),

3-2-4 FEHDEFIZHOWT

FRHIONTIE, BHEOESCRIRT 2 BB ERENEGES. 88
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H

SMERRR . BE/NMEIE AR, NMERILER) . B 80 DB IIE O S G- NESES) & R
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S DASIT BRI (5B —~ B R O 4 SOFEICHE LT (Figs. 31, 32),
INODHECEWTL, A7 U= OFMBGREOHE L H N fik
FREED PCSA LS F R v—2n b L0 H KEVWMEZER L= (Table 6,Figs.
33, 34).

SHIZ, HxOFITENTIX, AT T—Z L DOE/N SRS, B— - H -
FHUEREMFL LOCE_REFOFEBLOEN, Fo v P—nFnb L
W HREMo7 (Table 6, Figs. 35, 36), £7/-. AT 7 —¥ L OERIERE
Fh. B/NMERESR L OEZ - FWEEERF O PCSA s, Fr vy P—nZFnb

FOHREVEETR L (Table 6, Figs. 35, 36),
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RKIFFEEIIA T =B b F o R D —DEEOERNG HEA K3
HIRTA—FDFEERT =4y FEBERPIORETHY ., WABBEAEIC
B DHIFED/SA A AT =2 ZAHFeEA T - BT 5 Z L BARETH 5,
RFFTHOLNERoT2A T T —F L b F R P —DRIKICEBIT 25
DENT, MRKBEBEANREORZ>- 0 a®—v 3 o ~ORRER 22 855 4 Rk

LTWaEEZX LN,

4-1 70— B EF o R DB ANBEEOREGEEO—EEG L

i DR ZEOENZHONT

MEEEORHEEDO S B, A7 v —2 OB ORIERT % Ehfs & b

o

BRHNTF N D=L EEL T (Table 6, Figs. 21-24), FtBS
FOEFHEEIIH LW THREEZ XX, »OoWEHLZEAHTOICEETHS
Z &5 (Tuttle et al. 1983), AT v U —& L NZH LN AR OREGED
FEIL, KB AEEIC L /- EES) torso-orthograde suspensory CIEEE AL
NICERTS?EEZ LN,

[FERIC, LR B I REAR ) OBREEB OIS, LG CHEE S &5
RARICE S &S Z Bl S5 2 &5 (Tuttle et al. 1983; Tuttle &
Cortright, 1988), A7 v U —% O kg —FEFITF L /30 P —2 T E<
BELTWDZENTHREINE, LML, EBICIEAT L Y—2 20 L 8

fh (FPIC RS “SREER) OB RELIE, Frr U —k 0 S WMEETRL
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7= (Table 6, Figs. 21, 23), bW _BFHI3ERS & ABEEI O >0 BENICE
5B THDH E VD RT, HEEOARICIERT 5 EhfsChitgs o —
fifh &%, BRI RRDEEZ NS, R _EHNF LR P—T
FKEELTWEIEIZOWTIHFAHARRIIERS M, BEo<nagt—va v
DHEDENEEERHD EBbhd, flxiX, BAESKO®RZR EOEEIC
MOXFFREREHEDL L&, FREESO%S LINESOREMAFEMICEZ 5 Z &I
LV HEELFEDL LT TS (Fig. 37; Isler, 2005; Nakano et al. 2006), =
DX G E. MBS OLEZEHT 56 L IZRALY, BEHO%SIZLY,
g SR O 2 ARSI S NG, FLT, oz Licky, KR
ZE i S D70 E R B T IER O IAEIEEE B EEAEE SN TN &
SWTHEANELRY | S HIIE HONFEERE N B T5 L E2 b5 (Fig 38).
DEY., BEEO®RS| L MBS OEMARRICEZ 5 & &, LR @GO
B2 JE S 2 OISR EARINHEER B (X, —BISIRS T 5 LBafsCHikE s 15 o Ix
BRI LN TRV ERFRIND, HNRET S I EE I CKELT
BYO, PHEEESES ZAVIH BB CTEE NS 2B, W, INHEEE
DS 12D L RRFEEB IR EL 2D (Nigg & Herzog, 1999), +72b b,
—BEERR DR & LT, # 0 H-ERIMR force—velocity relationship (2 & ¥ .
R OBEEECE>TH 5 FHOBEESICERT2HAMBENT 388056 0 .
FRICEWIAEE A RD HN D FER O EB OB T EE 2 AE 2 B4 2 L3

RSN T2 van Ingen-Schenau et al. 1990), —J5. —EIEifsIL. —B98n
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FHOBED X IO ENC L > THOX ¥ /U7 BELT S Z &It
WS, BBAEIAMS L CENT ZENFRETH D, b, Bt EOmAIZBNT
FZRCELKTF N D= T ERM_HEHEZREZEITDLZLITHEMTHo -
0B, @o DL LEHECHEEBEIIBETOAT v —42 it - T, LB A
BEREIELILITENEEDEROLN LTt L LAEREDXF
BEAENZRTITIEA 58 ERECI TS E%, bbb, SEIEABH
AECTHERBETHZLNERIND AT U —F iz b - Tk, Bz
LTENT LA TE 2B O LBmCHsE i 2 BEIE 5 508 EFHT
bolebZEZbND, 2EV, ATV U—F L EFU R P—DuaE— 3
Y OREDEND, BRI NRICIT A EESOEFEEO — B & M5
FHOFHERLOBOERENICEREEAS S L EBbd, L, —BEEHOE
TIFEHETHY EEEETALRENE Y, HREOEVOBENERLE L)
IZFT B2, EBIENANLFT A= ADBENOEANEORaE— 3 0%

WO TR VLETH D,

4-2 AT =B F U R DI BIT ARSI OBGREOREZEDE VTS

WT

FUoNT—ORBEEOMBGEL, AT — 2 X0 AR EZELTNWS
R AFED b, HICEEE & MBEESO —H>OEEICE S i =mEiEEON

HEENAT L U—F LY KEWEETR L (Table 6, Figs. 21, 23), F
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YN T—IIBT STy I VTR O ER O S, EE =R B
ZRALICHER L7222 O LA 2 %519 532 stand phase |[ZIEEIL TV 5%
ZERHBLATVS (Tuttle et al. 1983), LEHE=SERFDOAHAMEIL. KFE/RE
DEEF Y INABITLTCND L ZIZIFIRENHBDOTIEARWA, EREEOLFHET
THoTHLF N I—=BF v I NVBITTCREERSTZVEY =0 T HBRICIX
FIEEEMNT 2 (Tuttle et al. 1983), Z OHIEDIREDZEIZ L 5 FHEX

BT, EREORE T LR =M OEIIEE TIIRV S, BRBREICE
WTHEHZEDHEBNLVERICRDLZILEZTRBLTNS, T2bh, Friv
U—DFZE L EEEHIX. Ty 2 ABTO LS RNESTROM Eo o

T—Var~@LEFEILND,

4-3 T =B L EF N D2 BT AEIERGEEDREZEDE NI HONT

PCSA LbD BN, AT U —F OFBRTHIL, Friro—L0 L8
HENCRERNEHEBET L LNFAELEEZOLNS, LrL, ERTFHLEL
EFERBEEICEB L., BHRTHEIIERFEHA THMUICALEB T S T3
I ENTEDINEF, AT U—F I F o P—DFRkENE
Zz bl (Table 6, Figs. 18), £7-. A7 v —% Tk, BEEEOHNA

(CALETHEH TAEO PCSA L3, BHREOIMUNALE T DR L/ L MO
PCSA L L IZIFF LWMER R LTz, —FH, Fr v P—Tik, BEREOIMUICHL

B DR B/ & BT O PCSA LLOEIEG A, BREONBICMET 2EE TR0
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PCSA (b KV b REREEZTR LI, T7hbb, 70 v—2 0 Tlik, EHEON
] & AMRIC, BESEZEET A HABIZEELL, #HiZ, Fory—izBnT
. RHBONRL Y LAMUDS R, BREEEZEET 208N EEZ LD,
Larson & Stern (1986; 1987)IZ K 5FHEM DT —H 1L, Fr /30 P —ZBNT
EEAR Y B2 TOEFERBOES VRSN TWDHA (B FHILSIHS
(. BRERS BT AR E S EWEB S A 50 5) . Ty 7 AT T I L
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Tk, BHR TSSO LG LM THS, BESOLEICEE &S 4871
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R b A L TV L E X B 5,
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PR DRI S T ELICFET 5 3 1D 6 KOBHROE S % / ¥ XTI L
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Studies on the functional and comparative anatomy of the forelimb muscle

in orangutans and chimpanzees

Introduction
Orangutans and chimpanzees are generally regarded as adapted to climbing
and suspension in an arboreal environment due to their common morphological
features associated with suspension, including a broad thorax, dorsally
placed scapulae, and long forelimbs. However, locomotor behaviors of the
two large-bodied great apes are actually known to differ substantially.
Orangutans are fundamentally quadrumanous climbers in the rain forest
canopy, and they seldom walk on the ground. Moreover orangutans move slowly
and cautiously to minimize the risk of breaking substrates. On the other
hand, chimpanzees travel between feeding trees mainly on the ground by
knuckle walking. Chimpanzees spend nearly 90% of their total travel time
on the ground. In an arboreal habitat, chimpanzees generally show greater
frequencies of vertical climbing in comparison to orangutans, which is to
be expected that they primarily travel on the ground and climb to approach
food sources from the ground.

Such marked contrasts in locomotor behaviors between orangutans and

chimpanzees are actually reflected in their forelimb skeletal morphology.
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Because locomotor capabilities are determined by the structure and function
of both skeletal and muscular systems, we expect that such differences in
the positional and locomotor behaviors in orangutans and chimpanzees would
also be reflected in their muscle dimensions. Therefore, this study aims
to provide quantitative data on the forelimb muscles of these species. We
then explore interspecies variations in the muscle architecture of
orangutans and chimpanzees and discuss possible functional relationships

with their positional and locomotor behaviors.

Materials and methods

We dissected a total of eight forelimbs of three orangutans and four
chimpanzees. Two orangutan specimens had been preserved in alcohol after
death. The chimpanzee specimens were all stored frozen until dissection.
During dissection, the muscles were exposed and removed from the forelimb
bones. The muscle belly mass (= mass) was weighed using an electronic
balance. Each muscle belly was immersed in 10% formalin. Muscle fiber length
(= fascicle length) was measured at three to six places dissected in varying
locations within the muscle belly using a caliper, and the mean value was
calculated. In fixed specimens of two orangutan, muscle mass was based on

the wet weight of the fixed muscles, which were weighed after immersing
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in water overnight. The physiological cross—sectional area (PCSA) was
calculated by dividing muscle volume by fascicle length. Muscle volume was
obtained by dividing muscle mass by muscle density (1.0597 g/cm’). The PCSA
is proportional to the force generating capacity of the muscle.

The mass of each muscle was divided by the total muscle mass of the
forelimb to calculate the mass ratio. The PCSA ratio was also calculated
in the same way. These normalizations allow comparisons of muscle
architecture between the orangutan and the chimpanzee. The significance
of differences in the mean mass ratios and the PCSA ratios was examined
between the two species by the nonparametric U-test (P < 0.05) using SPSS

11.0J (SPSS, Chicago, IL, USA).

Results

We confirmed that the muscle dimensions of the forelimb were essentially
similar in both species. However, our statistical analyses showed that
there were some significant differences in the mass and PCSA ratios between
the orangutans and the chimpanzees. The mass and PCSA ratios of the elbow

flexors (M. brachialis and M. brachioradialis) were larger in the

orangutans, indicating that the orangutans are equipped with larger

mono-articular elbow flexors. In contrast, the mass ratios of the
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bi-articular muscles in the upper arm (the short head of M. biceps brachii

and the long head of M. triceps brachii) and M. teres major were larger

in the chimpanzees. In rotator cuff muscles, the PCSA ratio of M.

subscapularis was significantly larger in the orangutans, while that of

M. infraspinatus was larger in the chimpanzees. In the intrinsic hand

muscles, the mass ratio of the interosseous muscles and the PCSA ratio of

the lumbrical muscles were significantly larger in the orangutans.

Discussion
1. the elbow flexor muscles

The mono-articular elbow flexor muscles, M. brachialis and M.

brachioradialis, were much larger in the orangutans than in the chimpanzees.

We attributed this morphological specialization to arboreal locomotion,
such as vertical climbing, and torso—orthograde suspensory locomotion,
because the elbow flexors are important for weight bearing and progression
in trees.

However, what is enigmatic is that M. biceps brachii was also relatively

larger in the chimpanzees, despite the fact that its synergistic muscles,

M. brachialis and M. brachioradialis, were larger in the orangutans. The

explanation for this is obscure, but it might be linked to a difference
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in the speed of movements. For example, when apes climb a vertical substrate,
they lift the body load by simultaneous shoulder retraction and elbow

flexion. In such a case, the shortening velocity of M. biceps brachii is

lower than that of the elbow flexors because of the concurrent joint

movements. The force generating capacity of a muscle is known to be affected

by its shortening velocity; the faster the shortening velocity, the lower

the force it can exert. Therefore, the bi—articular muscle is more capable

of generating force in such movements due to the force-velocity

relationship, especially when the movements are fast. Locomotion of the

chimpanzees seem to be quite fast both on the ground and in arboreal settings,

while that of the orangutans is known to be very slow and cautious. This

difference in the speed of locomotion might be functionally linked to the

difference in the ratio between the mono— and bi— articular elbow flexor

muscles between the orangutans and chimpanzees. However, the actions of

bi-articular muscles are complex and perplexing. Further biomechanical

studies are needed to better clarify the functional meaning of this

difference in the muscle architecture.

2. the elbow extensor muscles

The present study demonstrated that the brachial bi-articular muscles,
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namely the long head of M. triceps brachii had relatively larger mass ratios

in the chimpanzees than in the orangutans. Electromyographic studies of

forelimb muscles during knuckle-walking in chimpanzees suggested that the

M. triceps brachii are active during the stance phase to retract the humerus

while maintaining the elbow joint in extension for vaulting the body over

it. Therefore, the large M. triceps brachii seems to enhance terrestrial

locomotion in the chimpanzee, who actually travels more frequently on the

ground.

3. rotator cuffs

Another interesting finding of the present study is that the force

generating capacity of M. subscapularis is significantly larger in

orangutans, while the opposite rotator cuff muscle, M. infraspinatus, is

larger in chimpanzees. As a consequence, the PCSA ratio of the M.

subscapularis is more balanced with the PCSA ratios of M. infraspinatus

and M. supraspinatus in orangutans, but the latter are much greater in
chimpanzees. Electromyographic data showed that the three rotator cuff
muscles are all active during vertical climbing in the chimpanzee, but

during knuckle-walking, M. subscapularis is not significantly active,

though the other two muscles are. Therefore, the difference of the rotator
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cuff muscles also seems to be functionally specialized for terrestrial

adaptation in the chimpanzee.

Summary

We dissected a total of eight forelimbs of three orangutans and four
chimpanzees and systematically recorded muscle mass, fascicle length, and
PCSA of all forelimb muscles to explore possible interspecies variation
in the muscle dimensions. Muscle mass and PCSA were divided by the total
mass and total PCSA of the entire forelimb muscles for normalization. Our
results indicate that the mass and PCSA ratios of the mono—articular elbow

flexors (M. brachialis and M. brachioradialis) are significantly larger

in orangutans. In contrast, the mass ratios of the bi-articular muscles

in the upper arm (the short head of M. biceps brachii and the long head

of M. triceps brachii) are significantly larger in chimpanzees. In rotator

cuff muscles, the force generating capacity of M. subscapularis is

significantly larger in orangutans, while the opposite rotator cuff muscle,

M. infraspinatus, is larger in chimpanzees. These differences in the muscle

architecture in the forelimb of the two species may reflect functional
specialization for the different locomotor behaviors in the orangutan and

chimpanzee.
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Tables

Table 1 EAD—KT —#

Orang 1  Orang 2 Orang 3 Chimp 1 Chimp 2 Chimp 3 Chimp 4
fili Ppa*Ppp Ppa? Ppa Pt Pt Pt Pt
P51 M M F M M M F
ROl (%) 18 10 40 27 abt. 35 abt. 27 11
FECHOKRE (ke) = 78.6 48.8 - ~ 46. 5 30. 2
AEIK Cv unknown Ge unkown 1D unkown DD
e 70% Alc. 70% Alc. frozen frozen frozen frozen frozen
i) L 7= Aifik pey Vsl i 7 i il st £l bl i J i
EEd & (cm) 38.8 32.1 29.6 27.9 26. 2 30. 82 26. 6
Al & (em) 39.8 31.4 30.9 27.7 25.4 26. 28 24. 8
i i A (g) 5677.4  4948.9  752.6 4013.8 3127.1 2918.8 1946.8

1 : Ppa (Pongo pygmaeus abelii) .Ppa*Ppp (Pongo pygmaeus abelii*pygmaeus) .
Pt (Pan troglodytes), 3EIR : CV (BRI Cardiovascular Disease). Ge

(£3 Geromarasmus), ID (JEMJE Infectious Disease). DD (JH{LS3%
Digestive Disease), _LBEEIf Upper arm length : FHiE KiEHi S FhaE sk
il E¥EE CoOBERE, AiBEE £ Forearm length: B EEHEEX IR E TO
BB, Chimp 1IZOWTIRELADOFHMEE KD, BEEDELE LI,
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Table 2A * 7> U —% U ORIKICBIT AEH/3F A —#

AT 7= ZATBWT, RIS ZoODBEIC SN TEY
H IR E B ARITIEIE LT, /MBS b RIERICER SIS - — o D
fExbb, BUELEREBIELL TV, 5w —4 2 1 ik (Orang 3)
ICBWT, TRIEEFIT/ NS REIEEE Lo TV e, ZOFBITBIEEG L & LIk
DA EREOHEREBENSEZ > TV, TALOKMITBEOHE
(Sonntag, 1924; Sullivan & Osgood, 1927) & —¥+ 5%, EEIN T /1=
A (Orang 1, Orang 2) DOFFE &L 24 BEREAKICIEE S W=D HIC I L= /518
HEZ MV 7o, PCSA = AP i #E (Physiological Cross-Sectional Area) ;

FL = ## £ (Fascicle Length)
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Table 24 F T U —# VORIBKICEBIT AT /AT A —%

Orang 1 Orang 2 Orang 3
Mass PCSA FL Mass PCSA FL Mass PCSA FL

(g) (em”) (em) (g) (cm®) (cm) (g) (cm?) (cm)
PNETT 189.1 14.36 12.4 176.7  20.18 85 26. 6 2.16 11.7
/)N 47.7 6. 90 6.5 55.3  10.63 4.9 6.8 1. 34 4.8
= A 190.5 16.20 11.1 169.4 13.26 12.1 21.3 2.39 8.4
= A 5 T e 398.2  47.14 8.0 288.0  33.39 8.1 51. 1 6.93 7.0
= R R 104.6  11.08 8.9 100.2  11.80 8.0 12.9 1.21  10.0
i b 7 202.4 33.32 5.7 121.8  18.71 6.1 14. 1 3.81 3.5
T A 254.3  25.95 9.2 250.3 32.15 7.3 33.9 4.77 6.7
A T R 449.4  52.63 8.1 353.8 57.29 5.8 50.7  10.04 4.8
i SEHA R EH 164. 6 9.26 16.8 147.6  10.16 13.7 17.8 1.71 9.9
- — TR AR B8 110. 3 5.20 20.0 134.9 7.37 17.3 20. 1 1,50 12,7
B () 78.5 13.67 5.4 74.0 13.50 5.2 12.4 2,59 4.5
SO (&) - = = = - = = = =
WA 412.7 28.90 13.5 449.4 35.79 11.8 57. 1 7.37 73
WYRE R 50. 4 4,92 9.7 65. 4 7.88 7.8 5.9 0.53 10.5
- = FE A% 56 172.2  19.50 8.3 141.8  16.28 8.2 22.3 2.15 9.8
- = g 75 A R 235.7 23.04 9.7 179.9  18.62 9.1 25.4 2.87 8.3
- = 58 5 P9 R R 325.5 32.80 9.4 199.6 23,47 8.0 31. 7 4,22 7.1
it % 17. 1 5.28 3.0 13.1 6.37 1.9 1.0 0.26 3.5
J 5 379.5 14.36 24.9 438.9 18.93 21.9 61.6 4.22 13.8
R {R AR (e 46. 4 4,08 10.7 64.8 4.62 13.2 10.0 1. 36 7.0
FREE AR (8 5 87.6 8.74 9.5 75.5 9.50 7.5 118 1.92 5.8
e fahEn_2 27.3 2.83 111 26.7 .97 7.7 5.5 0.70 T
FeTE T _3 32.8 2.97  10.4 26.9 3. 14 8.1 4.1 0.76 5.1
RerE s _4 26.7 2.40 10.5 19.8 2.52 7.4 2.9 0.48 5.7
IR H_5 29.0 2.53 10.8 18.5 2.51 6.9 8.8 0.93 8.9
TAE T _2 12.2 1.24 9.3 7.4 0.99 (] 2.6 0.35 7.1
RIEHA_3 13.8 1. 59 8.2 7.2 1.15 5.9 4.0 0.58 6.5
/BT _4 7.6 0.85 8.5 10. 4 1. 63 6.0 1.8  0.23 7.2
/IME (BT _5 8.3 0. 90 8.7 10.3 1.35 7.2 2.7 0.31 8.3
R 1R e 7 76.5 9.28 7.8 70.8 12.51 5.3 10. 7 1,77 5.7
[l 7+ /% 105.3 21.94 4.5 88.3  23.02 3.6 11.1 4.18 2.5
BES SR i ) 68.7 8.33 7.8 57.9 12.63 4.3 11.9 3.13 3.6
FHEM 15.5 1. 64 8.9 13.6 1. 74 7.4 Z.p 0.37 5.6
BN R 80.4 12.03 6.3 60.7  10.01 5.7 7.4 1.49 4.7
=1 % RCE B8 20.5 4.16 4.7 18.6 4. 14 4.2 7.3 1. 86 3.
A AR B 75 124.1 12.95 9.0 103.0 18.35 5.3 17.8 2.76 6.1
R 42.8 4.62 8.8 32.4 5.65 5.4 4.1 0. 54 7.2
AR R JE 75 118.8 12.36 9.1 84.7 16.88 4.7 3.7 2.01 6.4
A5 _2 50. 5 1.78 6.2 47.7 12.25 8.7 6.5 0.80 7.7
e Fs e _3 84.9 9.35 8.6 68.1 11.47 5.6 10. 7 1.07 9.4
IR 5 _4 71.9 6.89 9.8 57.7 9.38 5.8 5.7 0.61 8.9
AR 5 _5 28.6 3. 17 8.5 26.5 4,92 5.1 2.8 0.32 8.3
RFE I i _2 111. 4 7.38 14.2 70. 4 9.03 7.4 16.0 1.49 10.2
VREE JE i & 28 = = = = - - 3.8 0.41 8.7
BTG _3 132, 1 8.17 15.8 114.2 12.51 8.6 29.2 2.44 11.3
RIGRE A% _4 134.3 7.77  16.3 102.4  10.08 9.6 18.3 1.79 9.6
IG5 83.3 4.75 16.5 73.5 7.7 9.0 10.2 1. 00 9.6
H I EA R 16.9 6.67 2.4 11.8 5.02 2.2 3.1 1.22 2.4
HRHE MR 13.5 2.80 4.5 15.9 3.80 4.0 2.2 0.58 3.6
F £HE R 2.7 3.65 3.3 12.2 3.95 2.9 0.9 0.61 1.5
FHE Xt SR 4.0 1.46 2.6 5.9 1.92 2.9 1.0 0.42 9.3
BHE N 32.2 6. 57 4.6 32.0 7.58 4,0 142 0. 48 2.4
/NESERRR 13.7 2.79 4.6 17.9 5.39 3.1 2.4 0.61 3.7
B/NE I 10.0 1.99 4.8 6.0 1.77 3.2 1 0.32 3.4
/NE XL R 6.3 3.43 1.7 6.7 4,18 1.5 0.7 0. 66 1.0
A AL 39.7 7.98 4.7 39.3  10.39 3.6 6.7 2.36 9.7
A R AR _2 21.3 6.07 3.3 21.9 8.19 2.5 4,7 1. 74 2.6
8B S 15.6 4.69 Sl 13.1 5.01 2.5 1.8 0. 66 2.5
A i _4 16.3 5.49 2.8 15.0 5.27 2.7 2.2 0.89 2.4
S R L 11.5 2.65 4.1 8.3 3.34 2.3 2.2 0.65 2.9
() D 2 6.0 1. 66 3.4 6.5 2.31 2.6 2.0 0.58 3.3
()1 R 3 9.0 2.27 3.7 5.4 2.15 2.8 1.7 0. 49 3.0
AR _L 6.0 0.54 10.6 3.5 0.41 8.1 0.6 0.06 9.3
AR _2 8.6 0.78 10.3 4.1 0. 46 8.5 0.8 0.08 10.0
HERAR_3 6.7 0.63  10.1 3.7 0.33 10.8 0.7 0.07 9.4
kR _4 3.9 0.36  10.3 2.49 0.21 9.9 0.3 0. 04 6.6
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Table 2B F /30 U —DRIKICBIT D35 A — 4

F R Y—2 fA{KE (Chimp 1, Chimp 3) IZFBWCEINGOREENFEELT
Wiz, o, FrrP—1EfE (Chimp 3) T B OB TR, 5
A bIFEL TW/e (Fig. 20), ATHEIE LBEE 0o, %513 EBE Pl
FHREIZIFIEL TV, I 0RBMITBED®RE (Sonntag, 1924; Sullivan &
Osgood, 1927) & —E7 %, Chimp 1 DIEIZLEL OFEHETH S, PCSA = A7
FRIMEFE (Physiological Cross-Sectional Area) ; FL = f5#E (Fascicle

Length)
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Table 2B F o /30 P—DFIRKICBIT BH/55 A —4

Chimp 1 Chimp 2 Chimp 3 Chimp 4

Mass PCSA FL Mass PCSA FL Mass PCSA FL Mass PCSA FL

(g) (em?)  (cm) (g) (em®)  (cm) (g) (em”)  (cm) (g) (em®)  (cm)
INEL 292.8 21.66 12.8 162.7 11.21 13.7 149.1 10.57 13.3 98.5 7.32 12.7
N i 45.1 8.18 5.2 24.7 4.01 5.8 34.1 6.58 4.9 20.5 3.14 6.2
= A 118.6 12.10 9.2 79.6 6.55 11.5 67.3 5.92 10.7 50.9 5.14 9.3
= i i A W 222.9 33.97 6.2 225.3 29.86 7.1 216.4 32.90 6.2 116.0 19.08 5.7
= R 88.1 7.47 11.2 61.5 4.89 13.2 56.8 4.45 12.1 38.5 3.29 11.0
kL A% 113.7 26.60 4.1 77.9 17.45 4.2 107.5 22.53 4.5 52.6 13.09 3.8
% T 233.2 30.73 7.2 178.8 21.45 7.9 180.9 29.15 5.9 110.3 16.35 6.4
J& W TR 303.0 46.07 6.2 195.5 27.68 6.7 207.9 25.64 7.7 154.9 25.10 5.8
Ll i A 137.8 10.95 11.8 78.4 4.92 15.0 104.4 6.75 14.6 62.2 5.60 10.5
W % A R 191.1 14.22 12.7 139.3 8.11 16.2 87.2 4.06 20.3 77.1 5.86 12.4
SO () 58.8 12.15 4.6 52.8 8.08 6.2 36.0 5.83 5.8 30.5 5.35 5.4
5ok (&) = = = N = - 29.3 4.49 6.2 - = ~
kR 247.9 28.91 8.1 151.2 13.92 10.3 136.1 11.96 10.7 106.4 12.90 7.8
Wi L 51.2 5.10 9.4 45.4 3.18 13.5 24.2  1.81 12.6 22.7 1.81 11.9
e = S E9E 155.9 19.86 7.4 168.6 13.96 11.4 180.8 18.11 9.4 92.0 9.61 9.0
LR =FAMGSMAEE 161,11 22.87 6.7  143.9 13.31 10.2 222.2 22.35 9.4 85.2 9.84 8.2
LR =FEAAMEE  218.6 35.10 5.9 264.1 28.67 87 132.7 17.21 7.3 126.9 16.97 7.1
it i 2.3 B3.18 3.7 11.1 2.89 3.6 8.0 1.8 4.0 5.8 1.50 3.6
e 151.4 8.58 16.7 85.2 3.55 22.7 82.3 3.42 22.7 78.6 4.31 17.2
F PR 1R (i 35.4 4.26 1.9 47.1 3.54 12.5 43.5 3.81 10.8 18.5 2.24 7.8
PR R e AT 38.2 6.78 5.3 39.8 5.48 6.9 45.8 6.95 6.2 23.2 4.08 5.4
e Fie (il _2 21.1 2.63 7.6 19.4 2.00 9.1 10.4 1.17 8.4 10.6 1.37 7.3
e _3 27.0 2.8 8.9 20,0 1.91 9.9 23.8 2.41 9.3 14.8 1.66 8.4
FefEfh i _4 23.8 2.83 7.9 222 543 B6 14.5 1.68 8.1 10.5 1.27 7.8
FeFEH A _5 7.7 0.99 7.3 50 0.50 9.4 59 071 7.8 1.6 0.19 8.0
TR HR_2 4.7 071 6.2 12.8 1.52 8.0 4.0 0.55 6.8 21 052 8.9
REE 3 = = = = = = = = - = = =
INERR_4 = = = = = ~ =~ = - =~ = =
/NE#AR_S 1.5 1.70 6.3 6.6 0.96 6.5 6.2 0.92 6.4 7.2 0.98 6.9
R AR A 28.1 5.73 4.6 25.9 4.66 5.2 3.0 6.49 4.5 19.0 3.21 5.6
EEN T 73.9 22.28 3.1 64.6 17.50 3.5 49.7 14.86 3.2 36.9 12.60 2.8
SEaS2I=RAN i ] 47.4 11.68 3.8 39.2 9.81 3.8 35.1 7.40 4.5 32.3 8.69 3.5
R fHE R 7.9 1.46 5.2 3 1.26 8.5 3.8 0.75 4.8 50 0.8 5.4
P =1 PN % L i oE 67.3 11.86 5.4 51.2 11.14 4.3 29.8 4.34 6.5 28.1 6.71 3.9
=l fh R B 88 4.3 0.97 4.1 - - - 13.1 3.65 3.4 - - -
18 1) = R 77 99.2 15.66 6.0 96.1 12.82 7.1 50.7 8.20 5.8 47.4 6.84 6.5
R 1.0 2.33 4.5 6.6 1.43 4.4 7.9 123 6.1 3.0 0.76 3.8
RUR AR 5 74.2 16.47 4.3 74.4 13.67 5.1 67.6 13.24 4.8 36.9 8.12 4.3
KRB _2 36.9 12.87 2.7 3.0 6.97 4.2 25.7 5.03 4.8 16.6 4.27 3.7
R 5 _3 77.4 12.46 5.9 52.8 5.98 8.3 57.6 6.87 7.9 45.0 7.24 5.9
RIGIE 5 _4 33.7 5.98 5.2 37.7 4.09 8.7 57.3 6.45 8.4 30.6 5.58 5.2
RIGIEH_5 38.7 7.43 4.8 1229 1.99 6.1 8.8 1.27 6.5 11.2 2.59 4.1
EIGIEfH_2 70.7 10.45 6.4 35,0 3.90 8.5 37.6 4.41 8.1 26.6 3.36 7.5
VETR T 7§ 58 = — = = = = - - - - - -
EfREH_3 77.1  9.03 8.1 55.4 4.87 10.7 56.8 5.49 9.8 47.8 5.36 8.4
EAE I A5 _4 89.6 11.78 7.2 56.8 6.13 8.7 53.4 5.45 9.2 38.6 4.96 7.3
RAE A5 _5 57.0 9.20 5.9 36.0 4.79 7.1 26.5 3.51 7.1 30.0 4.92 5.8
J5 181 PN % 12.9 7.82 1.6 14.8 5.05 2.8 10.4 4.63 2.1 86 3.78 2.1
EERER PN T 10.1 3.56 2.7 64 1.88 B2 3.1 1.06 2.8 40 1.21 8.1
B HE R A5 6.1 269 2.1 1.9 0.66 2.7 2.9 1.02 2.7 1.9 0.64 2.8
S2i=FoRva 1 20 134 1.5 5.1 1.99 2.4 3.4 1.74 1.9 29 1.12 24
BHE R 15.4 4.58 3.2 10.9 3.18 3.2 9.5 2.63 3.4 6.5 2.04 3.0
NESEERR 11.6 4.84 2.3 12.8 4.42 2.7 8.3 2.4 3.2 6.6 2.49 2.5
/M I 1.6 0.63 2.4 268 0.783 3.2 1.5 0.49 2.9 1.8 0.60 2.9
/N R ST 3.7 3.05 1.1 32 318 1.0 3.4 2.5 1.2 2.2 115 1.8
AR _1 19.7 8.46 2.2 16.8 %12 2.2 12.5 65.19 2.3 8.1 391 20
A _2 13.8 7.100 1.8 8.0 4.67 1.6 7.9 3.14 2.4 6.7 332 19
B R 3 9.3 473 1.9 7.9 4.21 1.8 53 2.20 273 4.2 249 1.6
A R _4 9.3 5.29 1.7 8.0 3.60 2.1 55 1,93 2.7 5.5 2.88 1.8
EE AR _1 5.9 '2.58 2.2 10.4 3.50 2.8 3.5 1.08 3.1 30 3199 22
SEE R AR _2 54 2,69 1.9 6.2 1.93 3.0 3.4 0.8 3.6 32 1.40 2.1
A FE A3 5.8 2.69 1.9 4.3 2.48 1.6 3.0 1.19 2.4 22 121 17
BERA_1 2.5 0.28 8.5 2.5 0.30 8.0 L7 0,22 1.2 1.6 0.17 8.2
hERAH_2 2.2 0.20 10.3 2.2 0.21 10.1 20 021 87 1.6 0.18 8.7
BERAT_3 2.0 0.19 9.9 0.9 0.09 9.2 L& 0,06 9. 1.8 0.19 9.0
hERI_4 1.8 0.18 9.5 1.2 0.10 ii.2 0.5 0.05 9.4 0.8 0.09 9.0
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Table 3 A7 U —# ZEBiTHAER, PCSA, K D RMSA

MDA T 7 — 4 2 03 DFE & L PCSA @ RMSA 23Mthod 2 A L 0 &/ SV Ml
R L7y, A& O RMSA X3~ TOEETHI 1. 00 277 L7z, RMSA (Ratio of
Measured to Species-Average : & OFEDEHEIZKT T 2 & EE (HFEER) O

BEDOHER) ; PCSA = A AW mAE (Physiological Cross—Sectional Area)
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Table 3 AT U —H4 BT HHER. PCSA, fHHEE D RMSA

iy B PCSA i R
Orang 1 Orang 2 Orang 3 Orang 1 Orang 2 Orang 3 Orang 1 Orang 2 Orang 3
N 1. 45 1.35 0.20 1. 17 1. 65 0.18 1. 15 0.77 1. 08
/ISP 1. 30 1. 51 0.19 1. 10 1. 69 0.21 1. 21 0.91 0. 89
= S 1.50 1.33 0.17 1.53 1. 25 0.22 1.05 1. 15 0. 80
= A fif I W T 1. 62 1.17 0.21 1. 62 1.15 0. 24 1. 04 1. 06 0.91
= G 1. 44 1. 38 0.18 1. 38 1.47 0.15 0.99 0.89 1. 18
i EfH 1.80 1.08 0.12 1.79 1.01 0.20 1.12 1. 20 0. 68
T % 1.42 1.39 0.19 1. 24 1.53 0.23 1.19 0.95 0. 86
JA BT 1. 58 1,24 0.18 1.32 1.43 0.25 1. 30 0. 94 0.77
b A A R ER 1. 50 1.34 0.16 131 1. 44 0.24 1.25 1.02 0.73
W SRR EEE 1. 25 1.53 0.23 1. 11 1.57 0. 32 1. 20 1. 04 0.76
55 1 i 7 1.43 1.35 0.23 1. 38 1. 36 0.26 1. 08 1.03 0. 90
e 1.35 1. 47 0.19 120 1. 49 0.31 1.24 1.09 0.67
W L 1.24 1.61 0,15 Ls 11 1, 77 0.12 1. 04 0. 84 1: 12
|- = FEAR R 9E 1. 54 1.26 0.20 1. 54 1. 29 0. 17 0.95 0. 94 1. 12
-fa = FE AR S EE 1. 60 122 0.17 1.55 1.25 0.19 1.07 1.01 0.92
P = FE % PN EE 1.75 1.08 0.17 1.63 1. 16 0.21 1.15 0.98 0.87
it %3 1.65 1.26 0.09 1.33 1. 60 0.07 1.08 0. 69 1.23
e e 1.29 1. 50 0.21 1.15 1.51 0.34 1.28 1. 08 0.68
o PR (0] - R (e /% 1.15 1. 60 0.25 1.22 1. 38 0. 40 1. 04 1.28 0. 68
SRR AR (7 1. 50 1.30 0.20 1. 30 1. 41 0.29 1.25 0.99 0.76
WEfRan_2 1. 38 1.35 0.28 L L 1.56 0.33 1. 26 0.88 0.85
Fersfhin_3 1. 54 1.27 0.19 1. 30 1.37 0.33 1.32 1. 03 0.65
et L _4 1.62 1. 20 0.18 1.33 1. 40 0.26 1.33 0.94 0.73
KerE (i _5 1. 55 0.99 0. 47 1.2 1. 26 0.47 1. 22 0.78 1. 00
TR _2 1.65 1. 00 0.35 1. 44 1. 15 0.41 1.19 0. 90 0.91
TR _3 1.66 0.86 0. 48 1. 43 1. 04 0.53 1. 20 0.86 0.95
NER R _4 1. 16 1.58 0.27 0. 94 1. 81 0.25 1. 07 0.83 1. 00
IMEAR_S 1. 17 1.45 0.38 1. 05 1.58 0.37 1.08 0.89 1.02
R TR A 1.45 1.34 0.20 1. 18 1.59 0.23 1.24 0.85 0.91
[=] 54 % 1.54 1.29 0.16 1.34 1. 41 0.25 127 1.02 0.71
RAEEINERT 1.49 1. 26 0.26 1. 04 1.57 0.39 1. 49 0.83 0. 68
R AR ih 1. 49 1.30 0.21 1. 31 1. 39 0. 30 1.23 1.01 0.76
=17 % - R 58 1.62 1.23 0.15 1.53 1.28 0.19 L, 13 1.03 0. 84
9 =19 % R B 88 1.33 1.20 0. 47 1.23 1,29 0.55 L 13 1.01 0. 88
1R {0 F 4R i 7 1.52 1.26 0.22 1. 14 1. 62 0.24 1.33 0.78 0.89
RS 1. 62 1.22 0.15 1.28 1.57 0.15 1.28 0.76 1.01
FARF R JE 75 1. 64 1.17 0.19 1.19 1. 62 0.19 1.34 0.70 0.95
A6 5 _2 1.45 1.37 0.19 1, 12 1.77 0.12 1. 06 0.63 1.31
KAEIE 75_3 1.56 1.25 0.20 1.28 1.57 0.15 1.09 0.71 1.20
RtE A5 _4 1.59 1.28 0.13 1.22 1.67 0.11 1. 21 0.71 1. 08
KR 5_5 1.48 137 0.15 1.13 1.76 0.11 1. 16 0.70 1. 14
VEFR I i _2 1.66 1.05 0.29 .21 1.48 0.31 1. 36 0.70 0.94
AR T A5 _3 1. 44 1.24 0.32 1. 06 1.62 0.32 1.30 0.74 0.96
IGIE i _4 1.58 1,21 0.21 1.19 1. 54 0.27 1.38 0.81 0.81
AR 5 1. 50 1.:32 0.18 1. 06 172 0.22 1. 41 0.77 0.82
VR ACIST ] 1.59 1. 14 0.29 1.55 1195 0.28 1.02 0.95 1.03
BLRHE SRR 1.28 1.51 0.21 117 1.59 0.24 1.13 0.98 0.89
£ I 1. 47 1.42 0.11 1. 33 1. 44 0.22 1.29 1.14 0.57
52O RV 1. 10 1.61 0.29 1.15 1.51 0.33 1. 00 1. 11 0.89
BHENER T 1.48 1. 47 0.06 1.35 1.55 0.10 1.26 1.08 0. 66
/INE SRR 1.21 1.58 021 0.95 1.84 0.21 1.22 0.82 0.96
B/ R 1.7 1.05 0.20 1. 46 1.31 0.23 1.26 0. 84 0.90
/N R ST 1.38 1. 47 0.16 1.24 1.52 0.24 1.22 1.06 0.72
A A _1 1.39 1.38 0.23 1. 16 1.50 0. 34 1.29 0.98 0.73
100 AR _2 1.3 1.37 0. 30 1. 14 1.53 0.33 1.18 0. 90 0.92
B RE B3 1.53 1.29 0.18 1.36 1.45 0.19 1.15 0.91 0.94
1R R4 1. 46 1. 34 0.20 1. 41 1.36 0.23 1.07 1.03 0. 90
S T A1 1.57 1.13 0.30 1. 20 1. 51 0.29 1.28 0.73 1.00
AR R 2 1. 24 1.34 0.42 1.09 1.53 0.38 1.09 0.85 1. 06
AR R 3 1.69 1. 00 0.31 1.39 131 0. 30 1.20 0.76 1.04
AR _1 1.77 1.04 0.19 1.59 .22 0.19 1,18 0.87 1. 00
R _2 1.90 0.92 0.18 1.78 1. 04 0.17 1.08 0.89 1.04
RS _3 1.81 1.00 0.19 1.83 0.96 0,21 1.01 1.07 0.93
BERA 4 1.83 1. 03 0.14 1.76 1. 03 0. 21 1. 15 114 0.74
il 1.50 1.28 0.22 1. 30 1. 44 0.26 1.18 0.92 0. 90
B (R = 0.18 0.18 0.09 0.21 0.21 0.10 0.11 0.14 0.16
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Table 4 F o/ "V —(ZHTHFHER, PCSA, HiH & D MRMSA
MEDF > /3T —C4 OFFE B L PCSA @ RMSA 23/ NS UWMEZ TR L7273, FFRE

@ RMSA (T X TOMEMKTH 1.00 77 L7-, RMSA (Ratio of Measured to

Species-Average : & OFEOFEMEIC AT 5 EEK (BIEAR) OEOLR) ;

PCSA = A PR mFE (Physiological Cross—-Sectional Area)

51



Table 4 F L /30— ZBITAHFHEE, PCSA, fHHE D MRMSA

i i PCSA eSS

Chimpl Chimp2 Chimp3 Chimp4 Chimpl Chimp2 Chimp3 Chimp4 Chimpl Chimp2 Chimp3 Chimp4

PNET 1. 67 0.93 0.85 0.56 1.71 0.88 0.83 0.58 0.97 1. 04 1. 02 0.97
N 1.45 0.79 1. 10 0. 66 1.49 0.73 1. 20 0.57 0.94 1. 05 0.89 1512
= A R 1. 50 1. 01 0.85 0. 64 1. 63 0. 88 0. 80 0. 69 0.91 1.12 1.05 0.92
= 15 i A e 5 1. 14 1. 15 ) 0. 59 1.17 1.03 1.14 0. 66 0.98 1.13 0.98 0.91
= D 1. 44 1. 01 0.93 0. 63 1.53 0.89 0.91 0.67 0.94 1.12 1.02 0.93
il -5 1.29 0.89 1.22 0. 60 1. 34 0.88 1.13 0. 66 0.98 1. 02 1. 09 0.92
T 1.33 1.02 1.03 0.63 1. 26 0.88 1. 19 0.67 1.05 1. 15 0. 86 0.93
E T 1.41 0.91 0.97 0.72 1.48 0.89 0.82 0..81 0.94 1.01 1. 16 0.88
P SR KA 1. 44 0.82 1.09 0. 65 1. 55 0.70 0.96 0.79 0.91 1.16 1.12 0.81
- S A A 1.55 1.13 0.71 0.62 1.76 1.01 0. 50 0.73 0.82 1.05 1.32 0.81
55 1 B 1,13 1. 02 1.26 0.59 1.35  0.90 1. 15 0. 60 0.83 1,12 1. 08 0.97
) 1.55 0.94 0.85 0. 66 1.71 0.82 0.71 0.76 0.88 J% | 1. 1 0. 84
LG i 1.43 1, 29 0. 67 0.63 1.71 1.07 0. 61 0. 61 0.80 1. 14 1. 06 1.00
LI = BEH K 98 1. 04 1.13 ) 0.62 1.29 0.91 1.18 0. 62 0.79 1. 22 1.01 0.97
Wi = g8 25 1. 05 0.94 1.45 0. 56 1. 34 0.78 1.31 0.58 0.77 1.19 1. 09 0.95
- = EE R PN 58 1. 18 1. 42 0.72 0. 68 1.43 1. 17 0.70 0. 69 0.82 1. 20 1. 01 0.98
i+t A 1.33 1.19 0.86 0.62 1.35 1,22 0. 80 0.63 0.98 0.97 1.08 0.97
fit 58 - 1..52 0. 86 0.83 0.79 1.73 0.71 0. 69 0.87 0. 84 1. 14 1.15 0.87
Fo BRI AR o 75 0.98 1. 30 1.21 0.51 1,28 1.02 1. 10 0. 65 0.81 1.29 1. 10 0.80
R FAR % 1. 04 1.08 1.25 0.63 1.16  0.94 1.19 0.70 0.90 1. 15 1.05 0. 90
et _2 1..37 1.26 0.67 0. 69 1.47 1.12 0.65 0.77 0.94 1.13 1. 03 0.90
e R_3 1.26 0.93 1. 11 0. 69 1.29 0.86 1.09 0.75 0.98 1.08 1. 02 0.92
FetE i _4 1.34 1.25 0.82 0.59 1.38 1. 19 0.82 0.62 0.98 1. 06 1. 00 0.96
FafE b AR_5 1.53 0.99 1.17 0.31 1. 66 0.84 1.19 0,131 0.90 1.16 0. 96 0.98
Gl 0.76 2.09 0.65 0.51 0. 86 1. 84 0.67 0.63 0.93 1. 20 1.03 0.85
/N (R 1. 46 0. 84 0.79 0.91 1. 49 0. 84 0. 81 0.86 0.97 0.99 0.97 1. 06
FUARN AR 5 1.08 0. 99 1. 19 0.73 1. 14 0.93 1.29 0.64 0.93 1. 05 0. 90 1.2
[1 44 % 1. 31 1. 15 0.88 0. 66 1.33 1. 04 0.88 0.75 1. 00 1. 11 1.01 0.88
RIS 1.23 1.02 0.91 0. 84 1.24 1.04 0.79 0.93 0.98 0.97 1.15 0.90
R AHE B h 1.32 1.22 0.63 0.83 1.35 1.16 0. 69 0. 80 0.99 1.05 0.92 1. 04
P =] P iy b R B 1.48 1.06 0.88 0.58 1.33 1.15 0.83 0.69 1.13 0.93 1. 09 0.85
R (0 7 R A 1.35 1.31 0. 69 0. 65 1.44 1. 18 0.75 0.63 0.94 i 2} 0.92 1.03
R 1. 54 0.92 1. 11 0.42 1. 63 0. 99 0.85 0.53 0.96 0.93 1.3 0.81
R -FAR R i % 1.18 1.07 0.58 1.28 1. 06 1.03 0.63 0.92 1.11 1.04 0.93
RAE B AH_2 1. 34 118 0.93 0. 60 1. 7% 0.96 0. 69 0.59 0.70 1.09 1.25 0.95
& FE A% _3 1.33 0.91 0.99 0.77 1.53 0.74 0.84 0.89 0. 84 1. 19 1.13 0.84
A5 A% _4 0.85 0.95 1. 44 0.77 1.08 0.74 1. 17 1.01 0.76 1. 27 1.22 0.75
RIEJE 75 _5 2.16 0.72 0.49 0.63 2.24 0. 60 0.38 0.78 0.88 1.14 1.22 0.76
IR IE H_2 1. 66 0.82 0.89 0.63 1.89 0.70 0.80 0.61 0.84 1. 11 1.06 0.99
IR 5 _3 1.30 0.93 0. 96 0.81 1.46 0.79 0.89 0. 87 0.87 1.16 1.06 0.91
R fh_4 1. 50 0.95 0. 90 0.65 1.66 0.87 0.77 0.70 0.88 1.08 1. 14 0. 90
RYE I 5 _5 1.52 0.96 0.71 0. 80 1.64 0.85 0.63 0.88 0.91 1. 10 1.10 0.89
FIEIN il 1.11 1.27 0.89 0.74 1.47 0.95 0.87 0.71 0.73 1.29 0.99 1. 00
L RHE MR K. 71 1.09 0.53 0.67 1.85 0.97 0.55 0.63 0.91 1.10 0.94 1.05
LA RE A5 1.90 0. 60 0.92 0.58 2.15 0.53 0.82 0.51 0.83 1. 06 1. 05 1.07
PG %R 0.61 1.51 1. 02 0.86 0.87 1.29 1.12 0.72 0.73 1. 17 0.91 1.19
BHE N 1. 46 1.03 0. 90 0. 62 1.48 1.02 0.85 0. 66 0.99 1.00 1.07 0.94
/IME SRR 1. 19 1.30 0. 84 0.67 1.37 1. 25 0. 68 0.70 0.85 1.02 1. 20 0.93
H/MEIE 0.87 1,431 0.83 0.99 1./08 1.19 0.81 0.98 0.83 1.12 1.03 1.02
/N ST AR 1.19 1.02 1.07 0.72 1.23 1.28 1.03 0. 46 0.89 0.73 0.95 1.42
(R0 R A1 1.38 1.18 0.88 0.57 1. 37 1.15 0. 84 0.63 1.02 1.03 1.05 0. 90
HARE S _2 1.52 0.88 0.87 0.74 1. 56 1.03 0. 69 0.73 0.95 0.83 1.23 0. 99
W RE R 3 1. 40 1.18 0.79 0.63 1.39 1.24 0. 65 0.73 1.00 0.94 1. 20 0.85
W ARE 4 1.32 1.14 0.77 077 1. 54 1.05 0.56 0.84 0.73 0.92 1.17 1.17
A S _1 1.03 1.83 0.62 0.52 1,22 1.66 0.51 0.61 0. 86 1.09 1.20 0.84
AR _2 1.18 1.37 0.75 0.70 1.56 1-12 0.52 0.81 0.70 1. 14 1.36 0.80
EEE R AR 3 1.52 1.12 0.78 0.58 1.42 1..81 0.63 0. 64 1.01 0.85 1.24 0.89
R _1 1.23 1. 25 0.82 0.71 1.15 1.24 0.91 0.69 1.06 1.01 0. 90 1.03
hERAR_2 1. 10 1. 11 0.98 0. 81 1.01 1. 04 1. 06 0.89 1.09 1.07 0.92 0.92
HERAG_3 1. 30 0.57 0.97 1.16 1.22 0.58 1. 00 1. 20 1.06 0.99 0.98 0.97
Bk 4 1.68 1. 10 0. 46 0,76 173 0.96 0.48 0.83 0.97 1. 15 0. 96 0.92
i 1753 1. 09 0.91 0.67 1. 44 0.99 0.85 0.71 0.91 1.08 1.07 0.94
o R = 0. 26 0.25 0.21 0.13 0.27 0.23 0.22 0. 14 0.10 0.10 0.11 0.11
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Table 5 AT U —H% L F LR P—DFERE & PCSA O EEMZE

AT =R
i E & H PCSAEL

F NG T —

5B B PCSAEL

B & & PCSA tEDZEENR
BOFLHEIIA T 0 —H2
IBWNTEREN 0.21,
T Ty —EBnTER
i 0.21, 0.23 ZRL., WifE
WCBWTHLEEOEEZEN
HDHZELEREL TN,

0. 24

SNEL 0. 04 0.23 0.19 0.17
NeE 0.15 0.20 0.16 0.25
= S 0. 10 0.15 0.10 0.12
= o 1755 T W 0. 10 0. 21 0. 14 0.18
= A R 0.08 0. 26 0. 06 0.06
fik b 75 0.33 0.35 0.18 0.15
T 0.07 0.08 0.04  0.19
A H T 0. 08 0.03 0.10 0.11
R A R EE 0.12 0.01 0.15 0.18
W R R R 0.18 0.23 0.19 0. 30
B O sy 0.09  0.06 0.20  0.18
N 0.12 0.17 0.13 0.20
ELRE: oy 0.29 0.44 0.22 0.25
-l = B A R 9E 0.03 0.25 0.19 0.19
s = gARGAMAEE 0. 11 0.20 0.32 0.29
e = EEAENMIEE 0. 20 0.23 0.27 0.19
it % 0.39 0.57 0.11 0.19
Hoa b A 0.14 0.24 0.20 0.28
T B0 FAR 1B A 0.25 0. 36 0. 28 0.15
SRR FAR {5 0.01 0.11 0.20 0.20
HrE A _2 0.22 0.25 0.22 0.20
HFEAR_3 0.03 0.21 0.11 0.14
IE T _4 0.11 0.06 0.16 0.17
KrEA_5 0.62 0.47 0.35 0. 40
ARG AR _2 0. 42 0.38 0.67 0.58
AR {53 0. 65 0.57 - ~
/IR % _4 0.27 0.28 0.28 0.16
/NEAT_5 0. 47 0.32 - -
R AR i 75 0.03 0.12 0.18 0.26
[a] 4% 0. 12 0. 04 0. 08 0.08
R BHE /MR 0.17 0. 36 0.17 0.21
REHEH T 0. 04 0.14 0.27 0. 21
M =] 7% e aE 0.18 0.20 0.10 0. 14
M BN R B 88 0. 61 0.59 - -
AR AR 0.06 0.14 0.22 0.18
RET 0.16 0.28 0.25 0. 17
R FHRE 75 0.10 0.18 0.13 0.13
P A5 I 7% _2 0. 06 0.45 0.07 0.22
A 5 _3 0. 04 0. 28 0.13 0.21
TRARE f7_4 0.25 0. 43 0.35 0.33
KIEIEAS_5 0.18 0. 44 0.53 0. 56
RIGIE ) _2 0. 30 0.18 0.20 0.27
RSB _3 0.32 0. 24 0.15 0.17
URYE A _4 0.08 0.12 0.10 0.14
GRAGIE 75 _5 0.05 0.21 0.22 0.26
VBACI T 0.28 0.19 0.18 0.03
(RS2 =P4N i) 0.15 0.12 0.32 0. 30
HRHEE 0.32 0. 04 0. 37 0. 45
FHE ST 0.32 0.23 0.41 0.31
FEE PR 0. 56 0. 45 0.07 0.07
/MR AT 0.20 0.31 0.18 0.23
NGRS 0.19 0.10 0. 36 0.29
/N RS AR 0.18 0.06 0.10 0.30
HE A1 0.12 0.25 0.12 0.14
TS R _2 0.27 0.23 0.16 0.16
A A3 0.07 0.13 0.14 0.24
WA _4 0.03 0.07 0.17 0.26
HEAE R _1 0.29 0.15 0.52 0.51
B R _2 0.52 0. 33 0.23 0.29
BAE A3 0.35 0.15 0.15 0.29
RS 1 0.20 0.23 0.16 0.20
HERAR_2 0. 30 0.38 0.17 0.23
HARRH_3 0.23 0.37 0.48 0. 45
AR 4 0. 31 0. 32 0. 36 0.33
FEfiE 0. 21 0. 24 0.21 0.23
(R = 0.16 0. 14 0.12 0.11

ot
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Table 6 F T 7 —F L LF LN P—DfF/NT A —H O H#k

R (%) PCSALE (%)
A7 y—%2 (SD)  Fu3vT— (SD)  AFru—%L (SD) Fo i T— (SD)

ETa il élﬁ"ﬁf

= 1 D 3.2 (0.33) 2.6 (0.27) 2.3 (0.34) 1.7 (0.21)
5 01 1.5 (0.13) 1.7 (0.34) 2.3 (0.14) 2.1 (0. 38)
subtotal 4.7 (0.22) 4.3 (0.17) 4.6 (0.41) 3.9 (0.32)
R %5

e 5 3.5 (0.13) 5.7 (1.09) 2.5 (0.59) 2.9 (0.48)
T 1.0 (0.15) 1.0 (0.17) 1.4 (0.27) 1.3 (0.32)
A 1 1.9 (0.15) 2.0 (0.12) 1.6 (0.42) 1.2 (0.07)
subtotal 6.3 (0.37) 8.7 (1.27) 5.5 (1.16) 5.3 (0.70)
i A A

= i 15 B W0 6.5 (0.64) 6.5 (0.91) 6.5 (1.34) 7.0 (1.24)
(2] 7 R A5 B

i b 2.6 (0.86) 2.9 (0.52) 4.0 (1.39) 4.8 (0.73)
T 4.7 (0.33) 5.8 (0.24) 4 6 (0.37) 5.9 (1.13)
& H T 7.3 (0.60) 7.2 (0.73) 9.0 (0.24) 7.4 (0.84)
subtotal 14.6 (1.42) 16.0 (1.09) 17.6 (0.99) 18.1 (1.55)
FisH{eh BB o> — BE I A B

M = R A R A .0 (0.08) 5.1 (0.98) 2.6 (0.64) 3.7 (0.68)
LR ] 1.0 (0.28) 1.2 (0.26) 0.8 (0.37) 0.7 (0.17)
subtotal 4.0 (0.22) 6.2 (0.87) 3.3 (1.13) 4.4 (0.56)
it fegk 5 B 0> — BE ER A B

M gAY R EE 2.8 (0.33) 3.2 (0.47) 1.6 (0.02) 1.7 (0.30)
bl g A A 2.4 (0.44) 4.0 (0.78) 1.1 (0.26) 1.9 (0.56)
subtotal 5.2 (0. 45) 7.2 (0.70) 2.7 (0.27) 3.5 (0.62)
fisH{ef # 0> — P8 £ 7 A

R = SRR AMAEE 3.7 (0.40) 5.2 (1.65) 3.1 (0.64) 4.1 (1.18)
- = BE AR P AR EE 4.7 (0.93) 6.2 (1.68) 4.4 (1.00) 5.8 (1.09)
it % 0.2 (0.09) 0.3 (0.03) 0.7 (0.41) 0.6 (0.11)
subtotal 8.6 (1.37) 11.7 (1.57) 8.4 (1.63) 10.4 (0. 68)
st I 8% 7> — BE 17 i

i 8.0 (0.97) 5.3 (0.69) 5.7 (1.00 3.9 (0.79)
kg ih 7.9 (1.12 3.3 (0.66) 3.1 (0.76 1.2 (0.32)
subtotal 15.9 (2.00) 8.6 (1.29) 8.8 (1.75 5.1 (1.10)
F-AR {75 BE

R M FAR (A 1.2 (0.29) 1.2 (0.34) 0.9 (0.32) 0.8 (0.13)
R AR (A% 1.5 (0.02) 1.2 (0.25) 1.6 (0.17) 1.4 (0.28)
R AR i 5 1.4 (0.05) 0.9 (0.16) 1.7 (0.21) 1.2 (0.32)
subtotal 4.1 (0.34) 3.3 (0.68) 4.2 (0.48) 3.5 (0.72)
TR A

TEEA = 4R i %5 2.2 (0.14) 2.4 (0.55) 2.5 (0.35) 2.6 (0. 46)
e Wi 0.6 (0.11) 0.2 (0.06) 0.7 (0.20) 0.3 (0.06)
R F g 7% 1.9 (0.20) 2.1 (0.28) 2.2 (0.40) 3.1 (0.39)
subtotal 4.7 (0.29) 4.8 (0.61) 5.4 (0.82) 6.0 (0.69)
FEfH i BE

IR A 2.2 (0.51) 2.0 (0.11) 2.0 (0.51) 1.6 (0.08)
T fE 0.5 (0.30) 0.2 (0.14) 0.6 (0.27) 0.2 (0.12)
/B 0.4 (0.16) 0.3 (0.07) 0.4 (0.11) 0.3 (0.04)
subtotal 3.2 (0.94) 2.4 (0.22) 3.0 (0.85) 2.1 (0.18)
FE I iH B

A IE 75 3.9 (0.39) 4.9 (0.46) 4.4 (1.68) 5.7 (0.97)
IG5 8.6 (1.55) 6.6 (0.83) 5.8 (0.99) 5.7 (0.95)
subtotal 12.4 (1.20) 11L. & (1. 10) 10. 2 (1.66) 11.5 (1.90)
FHFE i 7 BE

R a9 s 1.3 (0.22) 1.3 (0.23) 2.1 (0.75) 2.3 (0.49)
R RHEH A 0.3 (0.01) 0.2 (0.06) 0.3 (0.04) 0.3 (0.05)
subtotal 1.6 (0.23) 1.5 (0.27) 2.4 (0.79) 2.6 (0.53)
(1PN i B

H =1 5 1.8 (0.17) 1.6 (0.16) 2.7 (0.45) 2.3 1(0.32)
EAC kT 0.3 (0.09) 0.4 (0.07) 1.0 (0.20) 1.3 (0.04)
subtotal 2.1 (0.26) 2.0 (0.15) 3.7 (0.63) 3.6 (0.32)
[E] 44 5

EEIN T 1.7 (0.20) 1.9 (0.15) 3.7 (0.14) 4.1 (0.31)
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Table 6 (5&)

REFEER 75 B
RS i=EAN 1) 0.3 (0.04) 0.2 (0.06) 0.5 (0.06) 0.4 (0.13)
BLEEE 0.2 (0.06) 0.1 (0.04) 0.6 (0.03) 0.3 (0.12)
FE4E % SL S 0.1 (0.03) 0.1 (0.05) 0.3 (0.07) 0.4 (0.12)
BEFE N R 0.5 (0.26) 0.3 (0.03) 0.9 (0.40) 0.7 (0.05)
subtotal 1.1 (0.31) 0.8 (0.08) 2.4 (0.38) 1.8 (0.17)
/NP ER A B
IINE SRS 0.3 (0.06) 0.3 (0.06) 0.6 (0.20) 0.8 (0.19)
BN 0.2 (0.03) 0.1 (0.03) 0.3 (0.03) 0.2 (0.05)
/INFE R SE R 0.1 (0.02) 0.1 (0.01) 0.6 (0.04) 0.6 (0.18)
subtotal 0.6 (0.05) 0.5 (0.08) 1.5 (0.21) 1.6 (0.32)
B AL EE
180 R 1 0.8 (0.10) 0.5 (0.06) 1.7 (0.43) 1.5 (0.21)
A A _2 0.5 (0.13) 0.3 (0.05) 1.3 (0.30) 1.1 (0.17)
R R _3 0.3 (0.02) 0.2 (0.03) 0.7 (0.10) 0.8 (0.20)
R A% _4 0.3 (0.01) 0.2 (0.04) 0.9 (0.06) 0.8 (0.21)
AR AR _L 0.2 (0.06) 0.2 (0.10) 0.5 (0.08) 0.5 (0.26)
AR A _2 0.2 (0.09) 0.2 (0.04) 0.4 (0.13) 0.4 (0.12)
S ARE A% _3 0.2 (0.06) 0.1 (0.02) 0.4 (0.06) 0.4 (0.13)
subtotal 2.4 (0.39) 1.7 (0.23) 5.9 (0.83) 5.5 (1.14)
R BE
HERAT _1 0.1 (0.02) 0.1 (0.01) 0.1 (0.02) 0.1 (0.01)
R _2 0.1 (0.03) 0.1 (0.01) 0.1(0.03) 0.1 (0.01)
RS _3 0.1 (0.02) 0.1 (0.03) 0.07 (0.03) 0.04 (0.02)
R _4 0.05 (0.02) 0.04 (0.01) 0.04 (0.01) 0.02 (0.01)
subtotal 0.3 (0.09) 0.2 (0.04) 0.3 (0.09) 0.2 (0.03)

RERZE (SD) Xy alN O 1R T, TRIZAEEICKRE o EE 7T (P
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