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EBMEBED RV AHILBEIIZIEHRY A XOKRE/NNY —

EaBx V&R HIEEY
b TR
F260 T HRKHHENT 955-2
» HERERF BB HE
T113 BEERSCARERE 1-1-1

E B FEETOSHETTNEL =& v ¥ B (Cervus nippon) DFHERICH>WT, THE (@HREEDS
FHAEE) R (EREEEH 5 3HITEE) OB/HOY 1 XERE Yy — v 2 WS hIc L. RESIESE
Bal3, BB TCIIMEREL bic 2~5, KB TWRARTI~4E, A XA T2RThH-1. HAEE, HEE T
BROMER 1 KT, ChooBiofdkE s a2 1~2BRTAE L. bR Loic>wTH
¥ BRREAB L E LR, BREERI 24 HAEED S b 2l HETHERI/NS hokeds, * ZOTF
FE RN EL - 2. AELHEEOMFEEXRYT McMahon RERIE L 1R, BROMHEE AX - &2
BoAZ2Ti>&CEA LY, B BEO X 2 3EMHICEVEEE 6> TV k.

F—0—F: =kvUh, BE KE REHR HEHTR, McMahon X, EHR¥E.

RUE2EBRBART 2REREREICB T 54
+ 4 XM RIS R, BEER, &4
X, HH_RoOEERFREHESHICL S % (Stamps,
1993). %7, HAREKHTBIBIHRE Y — v ick
THMRR, TOWOEFBELRUELERT LA TH
FT&% 5% (Stearns and Koella, 1986).

=k ¥ I # (Cervus nippon) i, <+ F 4, B, h
EHL, PEEEE, BEX, wEMchITcERL, £
DT I ALEER 14°~50° LIEIEV. 7 o4 B
13, HEEESWA, BETERLERNK, HEREHEE
[RIERM, WBREHIERK L2 TH D, HERED
BOWRIGUAFRESFEOERESTERIh T3 (§
B, 1992). zoic, HERELIE - AENER
EORBREHSHITTBHAT, =+ v I IEKE
WETH B, =+ I OEEENIER, hET
FLLTHRBFEELERT T TR Bl
&, Kajietal, 1988; &, 1992; #AK, 1994), fi
OEEREICERT 2B CBET 2Tz XD
HTZ LV, EE S IBEFERLERRS CERT
%=k vV h DEBENREEHO T B, F
BEHOEREBICBLWTHEERT- T B4,
1995; #&H, 1996). A>Cid, MABFEICBET 3
HUSHILLEICE T 5700, BREEBOHE B L UK
BY A XORBER 2RI 5L 2HNET 5.
Bt L-E R, RESLEEREEEFOY 1 X, 5K
Ry — v, MN"BORBEHHEBETHS. &5
2, IhETH—F EE > BRY 1 OBRIRE
DTV ZREFEELERT OHARBN - REMEGE
BHLOMIcBVT, BREEILFOFEE S L UKEY 1
XOR|EET> 1. HROERDS> B, KERICBEL

TREEE OBFRAEE TR (McMahon, 1973, 1975)
EoBEAMERIEL, SEREBORA 3 2 HEEK O
BEEEOERICOVWTEREMZ /-,

M EHE

TR 5 T (1)1, RE/NEHT, BT, K
ZEN, BEH) BV TEL, TFEEHREY
HONEER L >TWBE =% v UH 311 HE (£ 2
151, # % 160) OEHE & 34 K (+ 2 14, £ 2 20)
DEEOH 4 XZHB L, FlcHVWAER KB
DOEIEHZRDELD TH 5.

BEE (%)

0, 1 8 1993~19954E M 1~3 B 0 HEEHEK
[P(EEN

2Ll 1992~1995 40D 1~3 A, 10 ADH
EREEXER M, 7272 L 1986~1993 4 (J§
F) oBEE 14 /2SS

BHE (£ R)

1993~1995 0 1~3 H OFEEMREXRFE &

BE (&, #2)

1986~1993 £ (JH4E) DEEFEMMAE

0 BERMEEE, HTTomEL S OIS
U, FEECREBYEEREZ S X CTERLPRE
YIEORRE (1986~1989 ), 72 & icEH S (1990
~1993 4F) AEHCHBEIWTNEL. 1~3 BoF
ELMEREK R TERD FEEABTRUCEEEHA
BoOLHOMESEE| cEJ%, BHITHEEMICHMH
anicdbo, 10 BoFESERBKBRMEEIITITERED
EROBICEEZSHBEMIcBVWTRELLZLDTH
3.
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Fig. 1. Measurement of skull and limb bone size of sika deer, Cervus nippon. 1) Greatest length of
the cranium, 2) Greatest breadth across the processes parietal, 3) Length of the mandible, 4) Length
of the diastema, 5) Length of the cheektooth row, 6) Height of the mandible in front of P,, 7) Length
of humerus, 8) Length of radius, 9) Length of metacarpus, 10) Length of femoris, 11) Length of tibia,

12) Length of metatarsus.

SHATEE R/NEIR « 8 (1989) icfE » 2. FHEDE
fli, SHED 2THE (HEEEAR, HHABEERERE
BEKIE) ETHEO 4HE (THEL2ER, HERE #
WY&, TE&S P) icoWT, kBRI 6 HE
(EHEREKRE, BERRE, BFEREAER, KEER
A&k, BEEKE $REEAR) 20T/ ¥2
(0.1 mm Bf7) ZMHWVTIT -/ (Fig. 1). FHAEBALAS
EAmRICd 2583 LERMEFRL, ERARIBLT
WASE AR EERIL 2.

GE#E R KK Greatest length of the cranium (UF,
BHER) VI E OREND S HEDIEPEE F oKk
FEE TOBEEIESE

RISE BB RILHIRAIE Greatest breadth across
the processes parietal (LI'F, S8R . £ADBE®%
BB 2RIHBEEEEERN S 0 R KERE
B,

THE4LE Length of the mandible (UIF, THE

&) THEOSE 1 UIEEERE 07 Lk S5 THE
BAEIZEAS D% = & TOELRIEEE.

% & Length of the diastema: &5 4 YJth D itk
&b 55 2 HiFIk D BEERIR £ TOEIEEE

¥i%5|& Length of the cheektooth row (LIF, #§
FIR): 5 2 ATEItE O EiER TR S5 3 B8 0 gk
B TOELRIERE

FHif&5 P, Height of the mandible in front of P;
LT, THE): 8 2 s o EERigiIc B 32 TH
koFs.,

g H&AE Length of Humerus (UI'F, EWE
R R¥EHiahrims o AR EBEAN £ TOBESREE
B

BEEBRAE Length of Radius (BIF, BEE): &
BEHEEM Y S B EFIREREHE (MRZERER)
EALIR £ T OEERERE

b FFRAE Length of Metacarpus (LI'F, $3F
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Table 1. Results of skull measurements (mm) of sika deer, Cervus nippon, on the Boso Peninsula, central Japan.

Calf Yearling 2 years 3 years
N Mean SD Min Max N Mean SD Min Max N Mean SD Min Max N Mean SD Min Max
Male
Greatest length of the cranium 0 — — — — 20 2337 8.0 2152 246.2 20 2466 9.2 2247 2623 11 257.1 139 2352 2784
Greatest breadth across 20 851 32 783 893 20 1003 4.0 903 1068 20 108.0 45 1003 1186 11 1145 6.3 106.4 12538
the processes parietal
Length of the mandible 20 1569 7.5 144.6 171.7 20 1847 52 1737 1933 20 193.0 7.0 1828 210.1 19 200.9 9.8 1813 221.1
Length of the diastema 20 403 29 356 458 20 447 20 380 473 20 487 33 442 574 19 507 29 436 56.0
Length of the cheektooth row — — — — - - = = — — 20 876 1.9 837 907 19 86.7 38 808 923
Height of the mandible in 20 153 1.0 134 167 20 176 1.0 153 189 20 185 09 170 20.1 19 199 09 184 221
front of P,
Female
Greatest length of the cranium 0 — — — — 17 2239 73 2169 2399 20 231.8 6.1 2195 240.8 20 239.9 7.2 227.7 257.3
Greatest breadth across 20 833 27 754 870 19 918 27 876 965 20 952 3.0 874 991 20 998 32 920 104.2
the processes parietal
Length of the mandible 20 154.7 69 137.1 167.7 20 1781 54 171.6 190.3 20 1850 54 1748 1932 20 192.1 6.2 179.8 2036
Length of the diastema 20 401 24 334 428 20 426 25 371 457 20 455 23 415 497 20 482 22 420 51.2
Length of the cheektooth row — — — — - - = = = — 20 851 28 77.1 89.1 20 857 27 815 913
Height of the mandible in 20 152 11 124 169 20 170 09 152 189 20 181 0.7 168 192 20 189 1.1 176 214

front of P,

(to be continued)

b HMOY VAR EOL Gk



—¢91—

Table 1. (continued).

4 years 5 years 6-7 years 8+ years
N Mean SD Min Max N Mean SD Min Max N Mean SD Min Max N Mean SD Min Max
Male )
Greatest length of the cranium 8 2586 8.0 2455 2743 10 261.2 9.3 2486 2751 9 268.8 88 2509 2815 6 2735 7.8 261.2 2821
Greatest breadth across 8 1158 53 1086 1222 10 119.1 4.2 1126 1268 9 1222 42 1169 1288 6 1262 54 116.7 1325
the processes parietal
Length of the mandible 20 2025 8.2 1824 2157 20 2059 59 1947 214.8 19 210.3 53 196.2 2227 13 2139 7.6 197.0 225.0
Length of the diastema 20 509 24 468 548 20 524 28 474 575 19 529 25 479 575 13 5411 26 482 5738
Length of the cheektooth row 20 869 26 828 89.7 20 86.1 24 812 905 19 876 33 807 953 13 868 23 835 904
Height of the mandible in 20 204 1.1 185 232 20 201 13 181 229 19 205 14 181 233 13 2.1 13 192 233
front of P,
Female
Greatest length of the cranium 20 239.5 6.6 225.6 254.0 20 241.2 6.0 230.4 2523 20 244.2 6.3 232.8 2559 20 247.0 57 2355 2584
Greatest breadth across 20 100.6 2.5 94.9 104.7 20 1024 28 975 108.0 20 103.6 24 97.2 106.6 20 1052 24 102.1 1095
the processes parietal
Length of the mandible 20 191.7 5.6 180.0 204.0 20 1944 52 1852 201.7 20 197.0 53 186.8 2064 20 199.0 4.8 1904 207.2
Length of the diastema 20 486 24 445 533 20 496 27 461 552 20 50.2 3.0 427 557 20 515 1.5 480 540
Length of the cheektoothrow 20 846 31 796 910 20 845 3.1 798 91.7 20 852 27 80.0 906 20 843 23 805 89.0
Height of the mandible in 20 192 11 174 210 20 188 09 169 202 20 183 1.1 167 202 20 185 1.1 157 21.2

front of P,
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BR): 8 3 - 4 hF BRI o B EEREEA
I & T OESREE.

AEEHAE Length of Femoris (BIF, ABEE
&) KETFEMED» > KEBBRERMK E TOER
PEBE.

BEHRAE Length of Tibia (MI'F, REE): HHl
FREEFLAMED SBE 5 & vEAMNE TOBKIE
B,

B BHEAEK Length of Metatarsus (LIF, hEH
&) %3« 4 h 2 BEAMEL AL © I E M AT
¥ TOEEREEE,

FRABAEZ, 2RE TRILED SRAEDOHIR
RETHIE L7 (KEEF], 1980). 3®ELI LA, &
IIEOEBHLO 4 v VEEBRIKL, BEEI /o
F—ATHYILELE ~<bF+v) vRKRTREL
ERBEBATEE L (Scheffer, 1950; AR+ K
Z&a), 1994).

B/ ¥ 8 — v IERE O ZORE &L R EIR o BE
Ik > THRET L 7. RE 58 HrE: (ANOVA) B &
U Tukey-Kramer OFEWHEKIC X > TIT- 7. BE
fi%R 13 von Bertalanffy = (Bertalanffy, 1960)

L(t)=A[1 —e Kt~
ZEYRE €. RbhD L(t) i t O BH 4 X (mm)
%, A GHBROEEE (KREELEEOY 1 X) %, K
BERE, ZL Tt ¥4 X0mm OO (K&
BAkGER) 2. EROBIRI Y o v RHLE v
7 b9 27 SYSTAT 5(SYSTAT Inc., 1992) 2L,
R EIR O MIHAE 12 Feldhamer et al. (1985) ic L1
BoTHEB LK RELEI YA XOMEOHKH T
ANOVA it &k » T, HMREICB T 2HEORBEITTH

% E % 4t & B (covariate) & L 7 3£ 4 # & 47
(ANCOVA) It >~ TRE L. 0EROIHAERIITHE
SEIRERD/RIBD 1o HEHAIT E 4, ANCOVA iF 1 5%LL
rieowTir-7. B - EREEE - OREEILR
DY 4 XDOLKIE, FERIESHT (MANOVA),
ANOVA, ANCOVA D& HHEIc & »7. ANCOVA i3
BEtHIE%E B AU L TiT - 12,

= ES

1. BB

M o FERBIDFHANE A Table 1 ic, EREOFEE
RED#HR% Table 2 ISR L1z, A+ ZDBA, FHAlL
-6 THE DR, 2~3mD & I ICHET s +18KE
BEMNRLRY, RERDETHSRES N, 1K
L, FERNEAFEHTRZOROBREIS LR, L0
FRETOEREVADONKB LB ORENSEILET S
DiF, FHEEETHEE TSR Mo 4HET2~3
BDEXTH-1. » ADIFA, 6 THEOMEIZ 1~3 &
THEET 2+ REABENL 1. 1, £
FHEITOEREVSRDONLLLLEDIE, THEE
WYIET 2% Mo 4IHET4~5KTH -1, FHll
L7 6 IRHORENS T NTEILT 20 MRS bic 5
BMCH-11o8, BEEIFHOMEE LT5EULEDOHE
EDERAMEAI D £ & i (Table 3). Th S DIHEIC
S5 6 RO ROBRE (£ /4 ) (3 1.03
~1.18 Th v, HEROMUESROKE D - 2. RIC
HFOETAC > VW THREMRERFS &, /54 —
y ZHEE L1 (Table 4). #E S h7cifR O#LEME A
BEREREILEEOY 4 X2EZR L TWVWE, OEEEHED
RETHL» LR > liEEIEEOY 4 X, $Hbb

Table 2. Ages (years) of approach and arrival at skull asymptotic size in sika deer, Cervus nippon, on
the Boso Peninsula, central Japan. No statistically significant differences (P<0.01) by ANOVA and
Tukey-Kramer method for the skull characteristics are recognized between a given age (age A: age of
approach to asymptotic size) and age A+one year, and among any ages older than a given age (age

B: age of arrival at asymptotic size).

Male

Female

Age of approach to Age of arrival to Age of approach to Age of arrival to

asymptotic size

asymptotic size

asymptotic size asymptotic size

(Age A) (Age B) (Age A) (Age B)
Greatest length of 2 3 3 5
the cranium
Greatest breadth across 3 5 3 4
the processes parietal
Length of the mandible 2 5 3 5
Length of the diastema 2 3 3 5
Length of the cheektooth 2 2 2 2
row
Height of the mandible in 3 3 1 2
front of P,
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Table 3. Comparisons of skull size characteristics (mm) and the results of ANOVA between two
Japanese populations of sika deer, Cervus nippon, 5 years old or more after skull size has reached its

growth asymptote.

Boso Peninsula*

Nikko-Ashio district**

(N 35°9") (N 36°43’) P
N Mean SD Min Max N Mean SD Min Max
Male
Greatest length of the cranium 25 2669 9.9 2486 282.1 12 281.9 11.0 269.1 311.5 <0.001
Greatest breadth across 25 1219 51 1126 1325 10 130.2 45 119.6 1343 <0.001
the processes parietal
Length of the mandible 52 209.5 6.8 194.7 225.0 15 217.5 6.7 209.2 2346 <0.001
Length-of the diastema 52 530 27 474 578 15 56.0 42 487 670 0.002
Length of the cheektooth row 52 86.8 2.8 80.7 953 15 904 42 824 972 <0.001
Height of the mandible in 52 205 14 181 233 15 21.1 13 193 231 0.109
front of P,
Female
Greatest length of the cranium 60 244.1 6.4 2304 2584 34 2535 6.9 239.2 272.1 <0.001
Greatest breadth across 60 103.7 27 97.2 1095 33 109.1 3.0 102.0 116.0 <0.001
the processes parietal
Length of the mandible 60 1968 54 185.2 207.2 34 1983 54 189.3 2138 0.204
Length of the diastema 60 504 26 427 557 34 500 33 457 573 0.477
Length of the cheektooth row 60 845 25 798 906 34 874 24 793 091.7 <0.001
Height of the mandible in 60 185 1.0 157 212 34 191 12 16.7 21.8 0.024
front of P,
Sexual dimorphism (/%)
Greatest length of the cranium 1.09 1.11
Greatest breadth across 1.18 1.19
the processes parietal
Length of the mandible 1.06 1.10
Length of the diastema 1.05 1.12
Length of the cheektooth row 1.03 1.03
Height of the mandible in 1.11 1.10
front of P,
References: * Present study; ** Values were calculated based on Koganezawa and Inui (1989).

5 LI EDE (Table 3) L HEd 2 &, HIZEIE
RUTH 788, BEALEDPATA DEDEHD
THIT (0~32%) K&Ed -7, BB, LRUTORE
BRI VETIR IS LT IREMSIEE S, dhiEHsEE
TXIEh -7,

REWCHES » 1 XM, HER, BEE TH
BE, EHREO4FHATR 1EULET, TESTIE3
BLULETEDON, A XOABKEB[ERLE
(Table 5). #FI&E L 2, 4, 6~7, 8 LI ETA X DfEH
BRICKED -1, 3RESERTREEESADS
hish -1z, FEEZILLERE L ANCOVA DR
(Table 6) iz & hid, FHEIEE THERWE 1~2, 3~4,
5 MU EDOWThOER7 7 RicB VT HERERD
FERwLABICHEZSED SN, BER/BEEE
DERARXDAZTKRKEL, +2DTEEOHHIEL

Thote. Ff, FHHIR/ABROMSHEREE &
BMCRE > TARE L -7 (Fig. 2). —F#, THBE/HE
EEOEIRARED # RTKED > 12 (Fig. 2).
ANCOVA OftR, HHEE 4% F CRBERICER
BEHLNT, 5RULETRBOUESED SN,
WIRETHEHSROWTINOER 7 5 2icBVWTHEYE
ERICEZHFED SN -t

2. BB

FYINY A ZOPNEVHEERETIERBOZOKR
FRITAT, REHRERIR L2 (Fig. 3). BEOKRE
BILFRIC ALY, KEROREEIEFKOMEE LTS
B EOBIEOHAMEEE Y % L/ (Table 7). T
noofEicE-S 6 BN _ROEE I 1.08~
1.15 TH » 7=,
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Table 4. Coefficients of the von Bertalanffy equation* for growth with age of several skull
characteristics of sika deer, Cervus nippon, on the Boso Peninsula, central Japan.
Coefficients
N R?
A K to
Male
Greatest length of the cranium 84 274.2 0.35 —4.56 0.66
Greatest breadth across the processes parietal 104 124.9 0.43 —2.72 0.90
Length of the mandible 151 210.6 0.57 —2.45 0.84
Length of the diastema 151 53.9 0.44 —3.14 0.73
Height of the mandible in front of P, 151 20.9 0.48 —=2.77 0.72
Female
Greatest length of the cranium 137 246.8 0.42 —4.69 0.54
Greatest breadth across the processes parietal 159 105.3 0.41 —3.82 0.87
Length of the mandible 160 196.9 0.68 —-2.30 0.85
Length of the diastema 160 52.0 0.32 —4.50 0.71
Height of the mandible in front of P, 160 18.8 0.89 —1.83 0.57

* L(t)ZA[l _e—K(t—to)]

Table 5. Probabilities by ANOVA for differences in skull size characteristics between male and
female sika deer, Cervus nippon, on the Boso Peninsula, central Japan.

Calf Yearling 2 years 3 years 4 years b5 years 6-7 years 8+ years
Greatest length of — <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
the cranium
Greatest breadth across 0.067 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
the processes parietal
Length of the mandible 0.372 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001
Length of the diastema 0.755 0.006 0.001 0.004 0.003 0.002 0.004 0.002
Length of the — — 0.002 0.354 0.015 0.074 0.015 0.004
cheektooth row
Height of the mandible 0.610 0.052 0.107 0.007 0.002 0.001 <0.001 <0.001

in front of P,

EMRERE IO L CEIFSE, /Y52 — 7 EHE
SE L7 (Table 8). A Off, T8 bLEKEELEEDY A
XiE, WTFhOWMAIEbAREDARDENKED -
fo. A DfEE 5 LI EDOFHEME (Table 7) 12131FF L
TH 705 BEBERBICA ODEDOHBHTHIT (0.3
~22%) K&d o, BT 2 -y ZTEBEHKT S
L, BRBOAD e 0IEL, PO K OEMKE
Mote, TOIERHEFERN, BESEFICKEL,
KD BOWEHICERER Y 4 XICBEhET B EARBELT
W3, =& I oNARFHRIOERICBV TS, KE
BERET DREEL EDEBIALL D BRERDHH
Bz tsgEshTws UMERIEH», 1986; &
B, 1992; %& - EH, 1995).

£ Z=

1. KEEFILFRIEEZORE
=k v IHPADO Y ROt - KEIFIcBWL T,

BEOMBREIC>WTEL ofENH 5. FILE,

7 A1 ¥ H (Cervus elaphus) D THEE & A E IS HEHE
LB BBTHRENRET S (Lowe, 1967). F< ¥
# (Dama dama) OTHRERIIHHFEE S 302AFT
KHREMNELLT 24, A 20EBEREBRET 3
(Chapman and Chapman, 1970). /4, Ia—LY
# (Odocoileus hemionus) D THBELHFEFER,

ARXTIHAE, A ATRIBTHRENIIZELETS
M, HEEIHEE b T h B bRE NS <
(Anderson et al., 1974). T 5> DFERI, REEILE
BICETOERND > T, FHEDOY 1 XHERH L
EHIKRELLBTLERLTEY, FHAOERL
F#TH-7-. —F, Ia—-AIAIBVT, EE
BHE% 2P AETERE L ORI NLEY, TOR
BINEcfEW P P%E L 5% (Anderson et al., 1974).

EREDFERIE, THYA (Lowe, 1967), ¥F=Ih
(Chapman and Chapman, 1970), # ¥ v Y # (Odo-
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Table 6. Allometric comparisons of skull measurements between male and female sika deer, Cervus nippon, on the Boso Peninsula, central Japan. All
variables were compared by ANCOV A using length of the cranium as the covariate. —: P> 0.05; *: P<0.05; % %: P<0.01; * % %: P<0.001.

—991—

1-2 years old 3—4 years old 5+ years old
Variable Homogeneity Coefficient for Position Homogeneity Coefficient for Position Homogeneity Coefficient for Position
of slope the covariate of line of slope the covariate of line of slope the covariate of line
Greatest breadth across — % % % % %k % — % % % % % X ES
the processes parietal
Length of the mandible * — * %k %k * % x *
Length of the diastema — — — — — * % % * % %

Length of the cheektooth — — — — — _
row
Height of the mandible — — — — — —

in front of P,

RO¥
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50

481

GB/GL (%)

1t
it

40

38 T T T r

83
82

o &
it : ﬁ

774

LM/GL (%)

76

75 T T T T T T T
1 2 3 4 5 6-7 8+
Age (Years)
Fig. 2. Proportions of greatest breadth
across the processes parietal (GB) (upper) and
length of the mandible (LM) (lower) against
greatest length of the cranium (GL) in male
(@) and female (O) sika deer, Cervus nippon,
on the Boso Peninsula, central Japan.
Symbols are means and vertical bars are SD.
Sample sizes are shown in Table 1.

cotleus virginianus) (Rees, 1971) TH/RENTWV 3.
ARRO=F v IHcBVT, WHIRGMEE bic2
BULo ELoFHETOERESEDONT, vHF
DMBETHRES N TV AERIIRENLE L - 1.

Zk v I N DBEY A XOMBREICHET 2R
1, UTOMENHBICTERY, F2aR00
F7TICBASNEEEETR, +ROEER, HEIE,
THEEOKE X 4~5 & TEIE$ 5 (Barus et al,
1982). /N&IR « % (1989) I3HFARE I EfE Ic NE &
T3 Ak EREOBREXAOHAEEZFEER
MIcBbTRLTWA, F7, B - KH(1996) 2=
MDY « RRECEARERITL, # 2R0HEBERLE

BHEIEIRDC T 3~4 % THBLKREEST 3
&, AZDBAHIF2ERTRELZBIIRASZIEER
L. EBRBEEOEE, HER IHEERORELGE
F20D, ART3HESE, A ATERMELET
» 0, MHUKE TR 4 2 DREEIFERICERSED

Shic.

BREED v H TR, BREICHED EEPNBHAE
OHMEREI2EO L X ICHKET S (BE - &H,
1995), AT}, BEER, HEIR THEEE V-
1B ER O 2EBRMOMZIT 1RO L 2icH
RT3 EMHID LN, £, ANCOVA Lk B
BRI DLW TORFERTS, chsoiphiics
FAMEDORBER I~2BOBRMBTHEL TV, =&
v I OWRBERE, HHELbIC1ETHS (Koi-
zumi, 1992; &, 1992; K, 1994). £/,
REPAANE, B OMEORERIZ, HRB
FREBBURA—HL TV, L, +2DES,
1-2RE3BRULTRBEOERICERELZEZNAY
SHTVE AR, 1994). £7, RRARICBT 38
ETIE, 1~3E0MfERA 2BOMEFKRIcEVTHA
Thb, 4 -5 FBULMKHENCKREL-FHTH S
tHsashTwa (S, 1980). Lidi-T, B
BD A ZRDEED, BEEOTEWRLTI~5EE TR
CEVIFERP, FECHAMIRAET 2~4KF T
Fid EWVORER (Ba - B, 1995) &, A XRDH4E
HEFETIEMH . —H, A ADFEE, 15KE 2
L OB TIFRERICEMNS 545, 2K ETIREEE
#E}EW (Koizumi, 1992; &, 1992; #K,
1994). BEHR¥ETREE LATHABEOKRE IR 2 &
TEILT 3 (B4 - B, 1995) ¥, {KE &R
HEDORE IERRICRES N ZEFERERBL TO
B3LEZB. LhL, ThoDERE 4~5KE Th
EHBOREEOBMFRIEILT LIS AT,

2. B - EREGEHLOBEEY 1 XOLE
vAROh s KB TREN"RBEETH S L
(Clutton-Brock et al., 1980; Jarman, 1983; Geist and
Bayer, 1988), & St —RIIMEZ hFh 0%l
BUNEORX S-S EDOREEDEVICL>TETEE
Mg s T (Clutton-Brock, 1987). =k v ¥
A ORI oWwWTR, £EBRESHAEEOME
HERICIEL, E—ERICB T 3ERICOVTEIC
BRETL > aalEetebsfefia hTH D (88K, 1994),
FE LA RICED IS EESTThbhgmd TV
3 (MR, 1994; #&A& - B&H, 1995). L L, #H
“RioisiikEicB VW TR, F0BREOAEHET
0TI, SRV EhEh oy 4
ZEHELTVWEEREZESCH I EMEEE L TR
EhTwa (&HE, 1994). F 1o, L¥ERD v ARl 0Kk
FIIBEHMICET T 57-% (Anderson et al, 1974;
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Fig. 3. Growth curves for length of humerus, radius, metacarpus, femoris, tibia and metatarsus in
male (@) and female (O) sika deer, Cervus nippon, on the Boso Peninsula, central Japan. The curves

are based on the von Bertalanffy equation.

Mitchell et al., 1976), t# R D HUIRRE H& ZF—0
ZHICEONTBEICE S LELND B, D1,
/NR (1994) BEFM LT EEBEZI RO & LEEE
AOFIHORD 5, HEE I RET OLEY:Z HaF
LTW3, ThETDETAH, =F VI HDEFEFY A
Z QRSB L IC > W Tl Imaizumi (1970), ¥R «
AH (1996) DG H 555, ¥ v FIVHPEREE
KARDHY, RFI+ATRV. AHFETIRIERHE
BECBI2HBEOREEILEHRESREHIEL £

%, SRLULOBEEBIUEEY 1 X2HX - EEMA
A8 UNEIR - % 1989) L OB L. BEED 6
FHUEE > \WT D MANOVA OfE R, MREE 8
ERHRENBH SNz (£ X Wilk's Lambda=
0.33, P<0.001, # x: Wilk's Lambda=0.26, P<
0.001). FHRAIEEBIDOIHTHEE (Table 3) It L i, #
Z TR THEELAD 5 THE (FEFEEK, HER THE
E, EME, #yE) LW ITERBEEROEIEE
WWINE ot * ATREEE, HHERE EYIE, T
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Table 7. Comparisons of limb bone sizes (mm) and the results of ANOVA between two Japanese
populations, of sika deer, Cervus nippon, 5 years old or more.

Boso Peninsula*

Nikko-Ashio district**
(N 36°43")

(N 35°9) P
N Mean SD Min Max N Mean SD Min Max
Male
Length of Humerus 6 1995 6.2 1933 2100 11 2137 82 201.2 224.2 0.002
Length of Radius 6 1980 23 1948 2008 11 2155 7.7 2045 2255 <0.001
Length of Metacarpus 6 1873 3.1 1835 1916 7 2013 6.0 1940 2105 <0.001
Length of Femoris 6 2396 7.1 2305 2498 11 256.7 106 242.1 270.0 0.003
Length of Tibia 6 2780 4.0 271.0 2833 11 2995 94 2851 3150 <0.001
Length of Metatarsus 6 2143 3.6 2095 2184 7 2293 53 221.8 237.1 <0.001
Female
Length of Humerus 7 1749 57 166.7 182.0 31 189.3 49 180.2 199.7 <0.001
Length of Radius 7 1773 59 166.7 1855 31 196.0 4.6 1879 2058 <0.001
Length of Metacarpus 7 1725 5.0 165.0 180.0 30 1888 44 1803 197.9 <0.001
Length of Femoris 7 2141 49 2094 2214 30 2321 6.0 2209 2425 <0.001
Length of Tibia 7 2424 164 2119 2589 30 2730 6.6 2593 2852 <0.001
Length of Metatarsus 7 1981 58 188.7 2054 30 2156 57 2048 230.8 <0.001
Sexual dimorphism (/%)
Length of Humerus 1.14 1.13
Length of Radius 1.12 1.10
Length of Metacarpus 1.09 1.07
Length of Femoris 1.12 1.11
Length of Tibia 1.15 1.10
Length of Metatarsus 1.08 1.06

References:

* Present study;

Table 8. Coefficients of the von Bertalanffy
equation* for growth with age of several
limb bone characteristics of sika deer, Cervus
nippon, on the Boso Peninsula, central Japan.

Coefficients
N R?
A K to
Male
Humerus 14 201.8 052 -—2.20 0.70
Radius 14 1985 096 —095 0.65
Metacarpus 14 1885 130 —0.85 041
Femoris 14 240.7 072 -—-1.12 0.72
Tibia 14 2789 1.06 —067 0.76
Metatarsus 14 2154 091 —1.73 0.18
Female
Humerus 20 176.7 151 —048 0.92
Radius 20 1795 178 —-042 091
Metacarpus 20 174.1 1.82 —-061 0.74
Femoris 20 216.7 158 —047 0.90
Tibia 20 247.7 197 -0.38 0.79
Metatarsus 20 201.3 2.04 —048 085

* Le)=A[1—e Kt~

** Values were calculated based on Koganezawa and Inui (1989).

FHEIC BV TEREZEOMESERIT/NS b > 7243,
THBRLERE TRENED ShEh -1, HERE
kIR E L2 ANCOVA OFER (Table 9) itk
i, A A TRBEZFREORIFEROEE L, THERL
THEOMREROME I 2 NENE B HISZEHSE
poht:, FHERCHT I THEEEL THSOLR
3, E55 bEREBEOENKEP sk, £ 2DOH
MRE & Y B REIRFESICEE BB Shiih - /.
A R TREHER, THEER, HEBREOBREROME
KHIRZEDERY S h, HERICHT 5HREI, FHBIR
TIREX - EREGKBEOLH, THERLEHETI
BREEBROLSKED 1. HYIEE TEHSRER
EHITHEEZBED SN - 1.

LRDEBY, A XATEITHEROHIBRENED S
Ny, FLEBERCHTITHEEREOLRIBMREE
ERBGEROABKED . ZTCFHEE/HS
ROVHETBEERZELZFIHT 3L, BROL 2
0.79£0.01, x 245 0.81+0.01, B¥ - EED A 258
0.7710.01, #» 2A50.78+0.01 &7, FTHBE/H
BROMBEHEE - BRLOVBRTPPKREL, BE
B ZDOTHEY 4 XPEACKEVT EHHHT
REN. &5, THERD SHEMEEEETIEER
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Table 9. Allometric comparisons of skull measurements between the Boso and Nikko—Ashio
populations of sika deer, Cervus nippon. All variables were compared by ANCOVA using length of
the cranium as the covariate. —: P>0.05; *: P<0.05; * %: P<0.01; * % *: P<0.001. Data for the
Nikko—Ashio population were based on Koganezawa and Inui (1989).

Male Female
Variable Homogeneity  Coefficient for  Position = Homogeneity  Coefficient for  Position
of slope the covariate of line of slope the covariate of line
Greatest breadth across * — X X % % X X
the processes parietal
Length of the mandible — * % * % % — * % %k * % %
Length of the diastema — — — % % % * % %
Length of the cheektooth — — — —
row
Height of the mandible — * % % %k — —
in front of P,
W THEEROES (Fig. 1 2R) % 2 fusii ol 6.5
T2, ML bENEDONLEM 2 (X R P= Forelimb
0.377, # 2: P=0.197). L1zA->T, BRO A 2DF — 64
HH A XHAEMMIcRE VDR, FcEBESEVLT =
LiKE-TW3EEZ LN, O ERIBYOHER 2
CBh BHEEEL D FEY 4 XAKEL$5 L0 il - 6.3
ERBLTVAXIKEZSNEY, T OEENEK %
WHSATRV. MW _HMoBRELZEREGRLH 6.2 y y T
¥ - BREABROMCHET 3 &, HERLESRT ST T findimb
BN _ROBEETHIRZERAD Shiih -7/, Th
xtl, THEREERETRERD 2 2 DEHHENT 3 66]
FlickEwo sicky, BREEEL Y BX - EEHE >
EROLMERECKE WHEEZRL /o (Table 3). S 65l
e
3. B - ERE&KBRLEOKEY 1 XDOHLE
BB 6 HAEE TR, HiE bTXTOEBKS 64 T 38 40 42 44 46

WTEREEEOE,S EX - RREFE L DERIT/N
& otz (Table 7). BREOHH_RIOREZ, 65THl
HHTNTIKBVLTHY - ZEMEEE X » BRMEGE
TREDEMESONL. Thid, B EREGEERIC
BOTKRKEUHENEDONBBEDOE, - 2EEEL
BHOERIZERLE.. REOY 4 X2RET BRI
BAL, McMahon (1973, 1975) 34k EA XA 5 &
LTEBE L OZ. £ LT, PEALTIFEOLDIC
MVERES EMER RIS —ED V- VIciE->T
REBLEVHREHEREL, HBOES Z{EFEED 0.25
BT 2 E L. < ORBIIHEIFEOMOER
TRATLHBEA LBV, AEEcRI(EALE
(McMahon, 1975; Alexander et al., 1979). i3,
EBEFIGEV D i, BRETHESELIETE
EAXHET2ARTH B EELSNTWS (Sch-
midt-Nielsen, 1984). ¥ #RDEBIC>WT I DR
ERIET 319, SEIAE L -ERBEGHEOEEH
¥« ERMEEBEOME (NEIR - %, 1989) k20T,
HEHERINCERER DL B & (Table 7 X D EH, FilkED

Log (Wb)

Fig. 4. Allometric relationships between
body weight (Wb) and limb bone length (Lb)
of sika deer, Cervus nippon, on the Boso
Peninsula (@) and in Nikko—Ashio district (O).
The upper and lower figures represent the
hindlimb (sum of the length of the humerus,
radius and metacarpus) and forelimb (sum of
the length of the femoris, tibia and meta-
tarsus), respectively. The lines represent allo-
metric equations without females in Nikko—
Ashio district: forelimb, Lb=5.36 Wb, R?=
0.996; hindlimb, Lb=5.58 Wb"?, R2=0.989.

e LT LBBR, BER $hFEFRO, BEEREL
TABEE, BEE DRBROFHMEDOAT) L&
T (MEiRED, 1986; A - B, 1995) @ BAXT
Mit% 7oy b L (Fig. 4). =0&R, AilkE, %K
ELOEROA X, R, Bk - EBOAZD 3 Hid
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FE®D 0.24 F|icHHI L, McMahon ORI 3138
BTBTEMbotk. LL, B BBOX 2T
ZOBEFZE» S ¥, (A% & McMahon DR S HE
EFEEN3ELIVEVEEE S DT LML IIE -
fo. =& v VI TRBSHEH R, BxtHusicid
BEEAS cm 2-BIBRITRIZEALTEH LTV
EBHE N TWS (Maruyama et al., 1976). 0
12, BERGTCTEHI 2L - BRO=F v YH
TR, BECHIET 271 DEES 1 XO/NE W2 R
BLTHEICE->THAZ NI 2REDULEOHEE.RD
DEkHICW s AEENEZ Shic. EidosBhH
e BEROD A ZDRESHEMICRVWC ik, K
FOHN_HoOEE IEY - EREGKE X » BLRMARK
BOANKELEERLE.

# 33

FHREED BICHI b, EYEEFERARUICELR
RERANENLED ERE LOTERELHREY
HEOMBERK, BRARECHAVLLVWILEERK
2, BB, LPERREZR UHET ERRKRE
BEFEMBETEREROER, HEEROIERIEHN
Wi Wi HRERRE, B W IR
3, MEETE, ABRNRTFORRICE EHBF LS
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Growth Pattern of the Skull and
Limb Bone Size of Sika Deer,
Cervus nippon, on the Boso
Peninsula, Central Japan
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The sizes of 311 skulls and 34 limb bones of sika
deer, Cervus nippon, on the Boso Peninsula (35°N),
central Japan, were examined to clarify the pattern
of growth, asymptotic size and sexual dimorphism.
Skulls of both sexes, and the limb bones of males
and females reached their asymptotic sizes at 2-5,
3-4 and 2 years old, respectively. The sexual
dimorphism of three major skull measurements
(length and breadth of the cranium, and length of
the mandible) appeared at the yearling stage, and
allometric comparisons of the three measurements
showed that sexual dimorphism appeared at 1-2
years of age. Comparison of the growth curves
(von Bertalanffy equation) showed that limb bones
began to grow earlier and had a higher growth rate
than the skull. The Boso population had a signifi-
cantly smaller skull and shorter limb bones than
the Nikko—-Ashio population (37°N) in 21 of 24
measurements for full adults (5 years old or more).
Females in Boso had relatively long mandibles.
Although the limb bone sizes of both sexes in Boso
and males in Nikko—Ashio matched McMahon’s
equation well, females in Nikko—-Ashio had rela-
tively long limb bones, perhaps due to snow.
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