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1. EFU®IC

1970~ 1980 FE DO RF DB KB FEMNY 71U VU Loxodonta africana® > & B 7.
FDREDT TUAV T, 1989F 108 DETHET > > b LR ERFEICTHB W TCITES
MfEZIICBRIN, FFOFRIIMNEEAMICHEIELINZ. 1997TEOFHI0EM Y E2E T
BE77U0Ah37E (AYTF - FIET7 - PONTI) KELTHERSEEAKH O
WREDHFEREZWET I EEAMRBEL T, 1999697 18BHMLNERZIRBITIT S 2 &
R0, MERINSETZ 7V A3I»ENPSHEANRINBAINTEZ., RF OIE®HRER
BEZ2E_HVTTHENSS, RFOFEEMHPNENREB I T A ETEEREEHEE
ZbhTWwa., 7F7UAVIORFOFEEMEHRETDIRAELT, RAFTINETiT,
RE - BERERMAEER D iE(Ashibahshi et al.,, 1999), H ¥ T &L 4 1E (Tak
euchi et al., 1996), DNA##7# (Koike et al., 1998)F R A T & /=.

KFAT—F CORERMERIE, VIOEMERSTHEYORERMAELRZ KIRT 3.
BHBAOKRLOBREEYNEITZCIHMDIBCHEDOEHIIBBRXE-26.56%, HEHD
HABEMICZWC AP OIBCHEOEEI BB I E-125% &RD. 7Y EHRED
AL ON+3 5% TNAZBERZOT, RFIAT -T2 OBCHEIPSARHELEZHM DS
BCEZHFET DR, BB LB EDE+IBICT T —F 2 DE+3 5% ZMATZ+4.5% D
BMENBLETHZEND I EWKRED. Vogelb(1978a) i & NE, 7 7Y WALy —
THERDOBEULAEME S, CHRLULETETSBEBEICH T SN, RiFICIEC3
Y (-26.5%) M, BEFIZIZC4HEY (-12.5%) NEL 5 d 5. Vogel et al. (1990)
B X Kvan der Merwe et al.(1990)ic &3 &, C3HWMZERBYMETH2EREY DO13C
B12-215% THV, CIHPPBLUHITMICCAEMITHDEKEFEL TNDIEREY OSBCHH
BrzhiovanweEzonsd., —FhH, EFLERMFHIBNITDODWTIE, T EITERLEEMN
HBHM, —f#Hl &L TIE, Heatonb (1986)1F, LB LAZREICENLN D LINENHMT 3
EHREL TN S,

FITHRAE, (1) EEEBRAORIAEBZHANVWT, 77U HE2EDBEC - 31BN
B HERANRS, (2) B7 70007 NV—H—EHIAEOELFRBZHNT, +EBRE
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DF—FEW#dT 2, (3) RAFHVABICERTELIRHBETFARABZHNWT, FHB
EHesridEidBk.

2 SwHEHE

FEEEBRAOSKTRABLT. AERFERNIZHRAMAGBIVCAREKTIFENR T EHRAS
NEEBEINEZEFRABGLIE)T, FONREPRY 7Y AER@> T, AR, 14—
498 E, 7Y 7V HEERESC TF, TFFET, A—F ) 4B, 77U h#HEE(EY
SE—2, RYDSF, PONTT, YOET, 7 7UAHME) 2215 TH 3 (Table
1) . #BEFED>B194R8 BT, HT7 7V AN —H—EBEILNEORFHREEICHREIN
TR F B T1995F2R1IC581ik &, BRDI9ITHFLAICHZZIISHETH 5.

A BB FOBICHWS NERTFHENT, 1997F5RICE T 7 U A0 ) —H—ENNREE#HN, [
ENANEDOY 7 AV DEMFTH SDr. lan Whyte 5 DI TRIREEICREIN TV ST Mo E
Z113RETHD. NS ORFHEIL, 1995FE5A~TARMNT THEHIRAEANTH—Y >
XN/ T, Pafuri, Punda Maria 72 Edt &8sk 5 4 8, Malelanee, Sukukuz
a, Sabie, Crocodile Bridge 72 E BB N S 11B O ISETERIN TS, 2h 50
ISEIHREM I L TIX, A, FHERE, LB IRHSNTWS (Table 2) .

ERAEBLEBICAVWONAEZERMEFREBIE, RFMITEZEOBMTN—RY S ST &Y T
Ry AT ENRENZHDT, RIERRMIY AT, BERNINFIATEEEDRTH S,
SAHEBELT, N—RIATORFHABDSIBOBFHFEZOMDIEORBHED S
ek ElE, VI RIS TNS4A4BOFERAF ELCOBMD IEOARBHSE O & 12 B 2 B
L7z,

3 SWmAE

FAVYEDRTFT A AV EZFEELET >N RUINEZRANT, 82 FRABORNTEZK50
mgHl VI ->77&. TOMEKRRBEZF—TJICBL, 0.IN HCl A% 10mlZ X, #oL LR
M55 —F eI, LBAREEELE. COBREZ3IEULETY, BHR
FREZEBRRLE., RCIAT—-F2230RKICERKEMABRELEZ. ZoEZDR
L EBIEULE, aF—F WA BICRD2ETRVERELESRLEL. TDH -80C DB HE
WHRBOTBANTHEMZT -, BRHEBB TIBREBERE 2T - 2.

SBC +SBNEDOHFICIE. I T —F 0. TmgZ EHRICFHFEL, 2h25x88mmDTTH S
TIICHAL TR E L. SR O83C - SBNE D Ml 1L, ANCA-MASS 2020 (Euro
pa Scientifictt)Z AW, SR FRBICODERFZ - ERS2EOAUEZTVWZTOEYEZ B -
THIEHE L L., INSORFRBENSHEBINAZIT—F L ORERNEADD, KRBD%C
(Total 12C) ¢ %N (Total BN)DEZEREZRL - (Fig. 1) . % Cli342-55%, % NIX15-19%ic®EH L,
FERER EICOOD TSI ENS, A5 ERELTISBEHIN TS EEZSNS.

4. REEBBRANORTFAHICL 2 HWEBBHNES
BEENOKRIAB IS -4 > D88C . SUNSfiZ2Fig. 2Icx_T. 7y 7 U h#EEQ
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>d, AR, Fa4-IW&, Y TJVABBGEYE—Y, RYUF, SONT T, ¥
CETY, MY 7 UAFXKME)OSCHERL, TNETN-26.1-1.6%, -19.6+1.6T, FNENH
MR- INFTRECHBHERTLD2EEZAONIHBRERNRBDONSEZ. ZD8BCHIZBIT 3
W ZEL, PRT7 7D HEEIZ-23~-29% OHEIC, MY 7 U HEREIZ-16~-22% D & [H
ho, FEEMHNELTEHEEZSNS.

Vogel(1978)% Xvan der Merwe et al.(1990)ic k2 &, C3HWMMEZ xR AmET DY
T DIBCHEIL-21.6% THY, GERIOET 7Y HHEED-16~-22% WS 83CHIL, C 4
MERROBRWD I EZ2RLE. — 4, PR 77U AERDOIECHEMN, C3HEY D-26.5%
EHRBE, DRDAICHKE->ZMHEZRLE. 2D &1, Vogel(1978)B & &Xvan der Mer
ve et al.(1989)M R L7ZLDW, BHLEZEHKOLI R KRZOBROEWE Z 3 TCO,
DIBCHBHEIN, TOHRELLT30%UTORVWEEZRTHONENZIBOTHD,
DEIRICHIIHFM®RI I TORBTHDIENZ S,

5. NN—H—BIAIPEORFABVICLEDIEFTRELDLE

M7 7V AOIN—H—ENARORFREEICRESNTWZRFLIGHEHL, SRET B L THO M
REZ2H TV TL, RE - -ZRLXEAMEINMCI> TR CHEMOAEREZHNE. =
NeoRBIE, YO TY T MEATEo TI5OHTHEREIN TV S,

FHBETREIOBRK

7 )N —H—ESINBO#IIL, EHIBEKEIZX > T450-500mm, 550-600mm, 600-650mm,
>650mmPD4D DHBIC KA INTWS. Sk 150H DN (Fig. 3) X, >65
Omm®D H I TITFEHT7.3%, 600-650mmD I TILF1H9.6%, 550-600mm D H#Hi 3], T 1L F
¥10.1% , 450-500mm DMK TIEFEH10.6% THo/2. COIITERBABI EITETN
TNEHEWKCERRENRDON, BNEANFRIBKEDOIHICEGE S R2ERANE D 5.
Heaton 5 (1986)1d, LB L /ZRBREICEMIN D LIVNENXE M TS 2R ELTHBD, £
NEFRBICEBRLEHMBTIEIARMN VARECKIVIBNENEGE SR EEZILENS.

FHREMBRUEELEOBE

N —H—ENNEO#MEL, #hE i X D Basalt, Sandvelt, Gabbro, Granite®4DIZ K5
ENTVNSE. P EINLIBOHDSSNIE (Fig. 4) 1d, Basalt@® iR TIEFH10.2%, San
dveltD #13 TIXFH10.2% , Gabrro®D # I TIXF1¥10.1%, Granite®D H B TIIF19.0%
THo7. DFED Granitel OB D LD THFERENZD LN, MOBOLDBHFHN
Bz RL .

6. N—KRIATRUEVILIAITRILESNZIFEDHNES

FIUAYORKRFERER T L DSBN, 813C 2 Fig 5l RT.
N—RIA THFIZTONWTITIERICKLBIBN, SBCHEOKEZREHIZAD SN N =,
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SBCHEII VI NH-24%fFiEZERL, C3HY (-265%) ZRIDEDOIT—5 > DfE (-
21.5%) LV BHEWEZRL, EERMNKLFRE DEIBC - SVNAMTRREZKDIT, FHFMk
Y4 T ORMERL .

—F, VI RIATRFEHBIZIONTIE, SBNEOKRKEREEHFHIZBDODS AL, &
BC BIIEHOFHH EABTHHE L THENEHLE., FAEHFRIAINENITREINIE WE
GEVDONTWVEN, FORBFHFEDIBCIEL -19% FEDE T, C3IEYWERTSHEDO
F— DMl (21.5%) KIEFIFHAVWHDER>TWVS., BHHEIRIRENEVWTE I EZE X5
N, BBEF-16%MNTDHEZESTE. COLDTHHAFHNIIRERBEFEENDNTWSBE
BHHEOFNARSHBFICHERSBCENGE SR> TWE I NS, FHFIICAHEMEZ LD £
BRT2EBMITROLE, £FICHEITZLEEIAONS.

KFOTAYV =TI T 7UAVIOOREEMHNCERABRIEREZGZZ2ENMD TR
X, FOVIVDEBFTBLTWEREEZET AU I/ IT2FHBRFELL TEREIHFEINS.
SBEISIEHFAZHPLRBEE Y- L THRFZERTZ V.
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Table 1. 8'°N and &'3C values for ivory collagen from country-known samples

Table 2. Regional variation in the §'">N and &'3C values of ivory collagen from Kruger National Park

8N (%) 8°C (%)

Location N Mean SD Mean SD
Central African Countries 49 10.2 + 20 -26.1 + 1.6
Congo 23 10.1 + 2.3 -25.3 + 1.4
Gabon 11 10.1 + 1.3 -27.2 + 1.5
Zaire 15 10.3 + 2.2 -26.7 + 1.2
East African Countries 4 7.7 + 3.2 -23.6 + 6.4
Djibouti 1 7.0 -18.8
Ethiopia 1 12.4 -17.5
Sudan 2 5.8 + 02 -29.1 + 1.2
Southern African Countries 221 9.4 + 1.2 -19.6 + 1.6
Botswana 3 8.9 + 3.7 -21.7 + 1.9
Mozambique 4 10.5 + 04 -25.3 + 34
South Africa 10 9.9 + 1.5 -19.4 + 2.3
South Africa (Kruger) 194 94 + 1.1 -19.3 + 1.0
Zambia 5 6.9 + 0.8 -21.0 + 0.9
Zimbabwe 5 10.5 + 22 -22.6 + 3.3

81N (%) 8"°C (%)

Date Region Ecozone?  Rainfall! Geology® N Mean SD Mean SD

1 MAKANGELA FONTEIN, PAFURI 7/6/95 FARNORTH L 450 - 500 Sandveld 1M 105 = 04 -19.2 * 0.2
2 SHILAHLANDONGA, PAFURI 8/6/95 FARNORTH N 450 - 500 Sandveld 8 104 + 03 -189 = 0.7
3 BAOBAB HILL, PAFURI 6/6/95 FARNORTH L 450 - 500 Basalt 10 10.8 = 0.5 -188 + 0.7
4 DZUNDWINI, PUNDA MARIA 9/6/95 FARNORTH N 600 - 650 Sandveld 6 92 * 0.7 -196 = 0.6
5 MUHLAMBAMADUBE, SKUKUZA 24/5/95 SOUTH D 550 - 600 Granite 5 101 =+ 04 -193 = 0.2
6 MLALEN! SPRUIT, PKOP 16/5/95 SOUTH D 600 - 650 Granite 6 78 * 03 -176 = 09
7 THLOTHLOMA BUITEPOS, PKOP 15/5/95 SOUTH B > 650 Granite 6 73 = 03 -186 * 0.4
8  NAPI PROEFPERSELE, PKOP 18/5/95 SOUTH A 600 - 650 Granite 6 94 + 03 -19.2 = 03
9 KWAGGASPAN, MALELANE 17/5/95 SOUTH A 600 - 650 Granite 8 96 = 03 -19.0 = 13
10 KWAGGASPAN, MALELANE 19/5/95 SOUTH A 600 - 650 Granite 9 95 = 0.2 -19.2 + 04
11 NGWENYENI W/GAT, PKOP 22/5/95 SOUTH A 600 - 650 Gabbro 8 101 = 0.3 -185 + 0.6
12 MUHLAMBAMADUBE W/M,M/LANE  23/5/95 SOUTH A 600 - 650 Gabbro 10 101 = 04 -188 + 0.3
13 JACANA W/M, LOWER SABIE 29/5/95 SOUTH F 600 - 650 Basalt 6 9.5 = 03 -19.1 + 03
14 NWATIMHIRI W/M, L/SABIE 30/5/95 SOUTH F 600 - 650 Basalt 6 102 + 04 -182 + 0.3
15 NKOMGOMA PKT, CROCO. BRIDGE 13/7/94 SOUTH G 600 - 650 Basalt 8 10.2 + 0.3 -204 = 0.2

'Data from Gertenbch (1980)
2Data from "Kruaer Natonal Park MAKE OF THE MOST OF KRUGER"(1993)
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Fig.1 C/N distributions for ivory samples from Kruger
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Fig. 2 Distribution of 5"°N and §'3C values for country—known ivory samples
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Fig. 3 Comparison of 85N and 8'3C values (means and standard deviation) in elephant ivory collagen by rain fall
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Fig. 4 Comparison of 6'5N and 8'3C values {(means and standard deviation) in elephant ivory collagen by geology
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Ivory sourcing
using 0“N and 0“C measurements
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Abstract

For country soucing using ivory, a total of 81 country-known ivory samples
from the southern African countries (South Africa, Botswana, Mozambique, Zambia,
Zimbabwe), the central African countries (Congo, Gabon and Zaire), and the eastern
African countries (Sudan, Djibouti, and Ethiopia) were measured to obtain 8" °N and
8"°C values conducted by an ANCA-MS (Automatic Nitrogen and Carbon Analysis
mass-spectrometry, Europa Scientific Ltd.).

C/N, that is, ratio of %C to %N, is obtained from total "*C and total "*N data
from the ANCA-MS. C/N for the collagen samples fell along the expected
regression line for this protain, suggesting that the collagen extracted from the ivory
samples were well purified protein.

8"C values for collagen from South African ivory samples ( -19.6 + 1.6%o)
indicate a stronger dependence on C4 plants than do those from Central African
samples  (-26.1% 1.6%o).

8"C values for the 113 ivory samples from Kruger National Park in South
Africa indicated that the 8N values for these samples had a correlation with a mean
rainfall. High 8"°N values for samples from areas with lower rainfall was also
suggested by van der Merwe et al.(1990).

Seasonal variations in 8'°C values were obtained from so-called “soft ivory”
samples, where the 8"C values for transparent zones in annual layer indicated
relatively stronger dependance on the C4 plants during a dry season.
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