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Dietary preferences of archaeological and paleontological animals have been investigated
based on stable carbon isotope ratios (6"C) of collagen and non-collagenous proteins in fossil
bones. The 6*C of individual compound in lipids from fossil bones were recently applied to the
reconstruction of palaeodietary of animals. In the present study, we analyze the concentrations,
class distributions, and 6"C values of fatty acids and steroids in the Pleistocene to Pliocene fos-
sil whale and the Miocene fossil sea cow (Dusisiren sp.) bones, and evaluate their applicability
as indicators of palaeodietary and fossil diagenesis. Biosynthetic steroids as cholesterol are de-
tected in the Pleistocene whale bones, while the sterols are very poor in the older Pliocene whale
samples, of which major steroids are their diagenetic compounds such as cholestanes and cho-
lestenes. However, a large amount of cholesterol characterizes the Miocene fossil sea cow bone.
We also can identify labile unsaturated fatty acids from all fossil whale and sea cow bones. It is
suggested that the relative abundances of unsaturated to saturated fatty acids can be useful in-
dicator for estimating diagenetic stage of fossil bones and checking contamination.

The 6"C values of fatty acids in the fossil whale and sea cow bones range widely from -25.7
to -16%0, and there are differences of 1 to 4%. between several fatty acid homologues within the
same sample. Thus, the 6"C analyses of fatty acids in fossil bones may be less applicable for re-
constructing palaeodietary. On the other hand, the 6"’C values of steroidal compounds within
the same sample are almost similar, although these values vary ranging between -29.6%. and
-24.4%. among the different whale samples. Furthermore, the steroidal §"°C value in the sea cow
sample is -20.5%0, which is concordant with that of food in sea cow. From these results, the §°C
value of steroid in fossil bone can be strongly useful tool for reconstructing palaeodietary of pale-
ontological animal.

Key words: Fatty acid, steroid, fossil bone, lipid-specific carbon isotope ratio, palaeodiet, lipid
diagenesis
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1. U & (C

NE (e ) 2 & RIURLEY O & 1La 155
iz, BEoZNsORECERLR EOmEY Y F 72
FEHFOWTER, SV 2 &2 e S B E
DRAER S HICEBEGMOETZ EISH S hTw
%o BAbA D LFEGHTE, B oMM CRHIKE -V >
IKE) oW Fo e, FhiCEEhE 8 28
7B 7 EOEBRARER T OFBALF TR E 5T
L5 ENTE D, WS OSIIE, RKEBEOKE
LR FEMARI (6°C) 43#7 (Sullivan and Krueger,
1981; Clementz and Koch, 2001; Clementz et al.,
20037 &), iEEME - ) Y BRIEOMERMAL (6°0)
8t (Barrick and Showers, 1994), 48 CHEAMK
(Bl 21X, Sr/Ca; Sillen, 19927 &) H»f7bhTw 5,
T O CHIKE - ) VIKE) BOIAARIIER -
HERE R ICHIBRAK TR O CaCOsIc B SN T, b LDk
W% KD % & 5°% v (Schoeninger and
DeNiro, 1982), %7z, BEAMEROILAZHREILDOE
wEIFHEIAEEL <, b L DFEWMAENLZTERSI AT
SHRHF LIS WER D B, —TF, FIbATOHER
WA OFMICBVTIE, 35— @y v5s
) ABLICHWOLRTWA, 25—/ Vi, $T
DHFHEBWOF - WP OGFHERLE R LI E TN,
ZNEALARBLSIY L TUC A4 (van der
Merwe and Vogel, 1978; Bocherens et al., 20067
&), BtERFEMA (MC) AFEAMHE GRENZ A,
1992; AT I3 A, 1996; Bocherens et al., 20067 &),
ZRFENMARL (6°N) 547 (Schoeninger and DeNiro,
1984; Bocherens et al., 20067 &) 2ThbN T 5,
a7 =706 C IR, SEEWREHDE) C 3k, C4
W% EO O R, FhhroifEEIns 48
DA% L W 5 720 HBICHWOLNTWwS, L
ML, a7 =7 Y SEEDPIEA THR L 722 OBLRAE
XY, BRREEEZ T 5, 3T =5 7 ORRE
LD ERWEEIE, I7 -7 hoRFEAR (PH
E2, 1996), ¥ F v fba g —r v L uEka g —
FryolE GREE2, 1992; B 134, 1996), K
F# /4% (C/N It; DeNiro, 1985; IR 37, 1992)
R 7 I B (Tuross et al., 1988) HZ& ¥ 52
EEFIHLTITObRTCWb, I 7—F U HoEshd
25> TV 2 DI, — BRI EIT ~ 10507 1T D 1L
f, 2F 0, HEKBRICBVWTHENENHORR TS
b0

AR, BB ORER S D1 THH AT, K
PEHEN, 2V AT7E—-V (Fig.4) #EDOIFE
T R EN OB R TORESTRHEINSL LI
72572 (Evershedetal., 1995), A7 0 A FOIL&W
MBI OfE GBI O Z FE L, 56°C IZE)W
EE, S ZoBYO RO RET L EEZ N
TWw5 (Evershed et al., 1995; Stott et al., 1997 a, b;
Jim et al., 2003;2004), & 5IZFHOHEREY & &
FLONREALBIIIA S 2R Y, B O A3 P A
LOBEIBIUNIMIZEADDTRNWZ EATRENT
(Evershed et al., 1995) . F72, A7 04 FIHKIE
FAIxE U CHRBuED S O, — RIS B )T 4 AL A
L7zEhicd SRS TwBaZ e Ty
bo 512, 2704 FOIUC IZlEH0RET
BEAEE LW ERRT T bIFI T
% (Stottetal., 1997a)s TNOSDHHIEIH A7 O~
N7 7 BRBEEAL AR B = AT EE (GC/C/IRMS) @
I BBBCE DT V5L VG TIIbRTWw5D, &
DOHWOREIZ, 1) SV IZHHTEENTLEDF
LB BRI L 2L, 2) WD wgT%2EATHE
TEBHZE, 3) F /79 5F—¥—0fLE&W TR
RICHED TR TH L &, 4) WEREIB NI &
(ZsEMIE, 1997;Jim et al, 2003) HZEIFHN
o ZOFHIEIZ, TT—F Y OBRENPEE IR WE
RO AP SR RIS H DLt o A3k
CBWTHICHENTH 50

AWFFE T, HHEY S EHOMREY (&) 25
FEHR L7227 VSR A A Fa v & v o 22 miLE
DN EMEE X OMEA OO = Hiy & LT,
ZNSDLAHTIIRAET DRI E A 70 A4 N oMK
AT & 6°C FRMT 24TV, ZOF k& GHfERIIO v

TESR - R 217> 72
2. ABtEPINTEE
2.1 ftE#E#

AWFgETI, 7V IHE DA F oy oI
L5 Z W TH 24T o 72, 7 ¥ 7 F LA
[ 27 V9 No. 14k, dLILE 2 ¥ 5 No. 28k, #
JIlZ Y5 No. 1itk, #1127 ¥ 5 No. 2ik 04388,
HAF2HIBEHI A F 27RO E2H v
T2o dLIRESEE, BIIED 7 YV SALA I ZFNZENEH
i, OB, STRESI NI, 2L, BIZ Y
7 No. 2i8¥HL 7 Y FBULA D EL O A5 51 5 BHH
THA L LTHRRAINZZLDTHY), KBTREED
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Rohzwizor VSHEME L. WHEN A X2
AL o HURE A & $REE S M, Dusisiren sp.
ERESNTWD (FHIR, 1996), HH A 4 ¥ =2 7k
BHE, AFEORBOPTH - & b HWERDILAT
Hbo TNHORBIHRER, FRTRESATY
720 #EMNIZ Table 12 F &7z,

ILAAEHE, 5~20g % Y7 0uuxy v A% ) —
V (ULlvk) 2 ANT-Y —H —122~30E L, 1k
ARERDOBEREZ TR L2 D%, HHESET,
SR A Vv HABKEH TV AL X (116
mm) DFIC7%5 3 ThHFL 72,

2.2 BEEOHY - 98

Sawada and Shiraiwa (2004) % —&BSCR L7270
BC, AbaeE 7 v ) kg (AL L7z,
ZoFEE, BEREF 5~20g) EORBITH
B LRED05%KE LA ) 74 (KOH) /A % J —
VER (10~15ml) &7 v I VEFICANRTE
AL, 110°C, BB L7z ZDHBIIA Y ) —
W ZRILBEICR L, S5ICHERBERH5IcE»S
BEOX% =)V (5~10ml) % M3 %47
W, ERK2~3ml FMA 2, ~NFH L VTV
I—7V (9/1vhi) THHEREZ L 72, Z 0Dk,
PFRIE#E triacontane-de: (Aldrich #18) % rhEIRE
W Z 720 Z DO EIRE W 5% 0 — % 1) — T3
L—% =Tl S5, YU TXNVa T L (%A
W23 A7 V10g) o TRD3D D5

(W51 F1:AFH365ml, W52 (F2): ¥4
VBRI F V9 :1 viv 30ml, W53 (F3): BiigT
FN A% ) —)1:1vA30ml) 25 L7z, F1,
F2, F3TIZ N ETNEMERYE -7 VA v
&), HEBERKE, BERE (AT7a—L, 7
I—=N7%E) B4, B, WEPEKE tetracosane-dso
(Aldrich #:3) # 532 (F2) Wz 720 & 51, H
HIRE F3) 3u—%Y —T/NKL — % — Tzl &
721, N,O-bistrimethylsilyl trifluoroacetoamide
(BSTFA) #H\T, 60°C, 300 UGS T Y %
FN I (TMS) 1bEATVy, PEBEEEE tetracosane
do® MAZTz0 WEREZBINL2HO X 5 ) — Vi
WAHR - 72, 5 N R Z T L,
vruuxgy (10ml) TZENE3EMMB LA (B
PRGN )e ZD%, Yr0uuryriku—41) —
INKRL =% — Tl &7, RICEHLA 7 #H
(BFy) A % 7 —ViEHZ 2T, 80°C T304k
BL, TATMEEITo72, D%, EEK (05~1
ml) ZMAT, AFHFYImliCE) T AT IVEGTD
A% 3 TV, PEVEHE tetracosane-dsZ M 2720
2.3 GC &V GC/MS 2
INSOWESEH A a< N5 T EESNE
(GC/MS) 12k > TILEMDRE %R ITV, E5I1TH
22703 b757 14— (GC) Ik TERETo 720
HE A L7z GC/MS 1%, b il K27k 2 b B4 hf
FBEICERE ST b Hewlett Packard (HP) #h#

Table 1 Sampling locations and formations collected fossil bone samples. Ages in the layers col-
lected fossil samples and the museum storing them are also shown.
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6890 V) — X GC % #f5 L 72 HP 4k 8 Py & 46 & 4
Bt MSD5973TH %, ¥ ¥ ¥ 5 — % F A1 DB-
S5HT (J&W Scientific 4L #; N ££0.25 mm, & %30
m, BE0.1um) % H 72, GC AR IX300°C
L7z =7 ViIEIZ80°C T2 HRFEL, Fotk
15°C./ 43 T300°C £ TH-m L, 300°C 2% L 72721315
SRR L7720 Fx ) 7 —H AUIEMEANY 7 2 %2 ff
W1.0ml A OREICHE Lz, HEASoETick 54
F MLIZETE RS (BED) TH Y, 14+ VLEETOeV
TAT o720 4 F Y HHIZ m/z 50~5500 i P T2.94
SBOAX x VB TIT o 720 GC XK 2k 2%

(FID) #%¥# L 72 Hewlett Packard #1:#6890% fiti
HL, GCMS LRBOF YTV —H T A, FiR7
075 AEDOFMLETHEL 2,

2.4 GC/C/IRMS 947

HAz A< 7T 7BBEREMAALERSTET (GC/
C/IRMS) 12 & » TEALEW D R FZEFRM AR Z W E L
720 fliH L7z GC/C/IRMS (&ALl K22 K 2 B B
ZEBEICERIE ST % HP 41 #6890 1) — X GC %
ik L 72 Thermoquest £ 58 [7] 7 /&% & 43 #7 &t Finni-
gan MAT252CH 5, ¥x¥ 51— 5 AIZDB-5 (J
&W Scientific #1:#; N£0.25 mm, £ 360m, HE
0.1ym) #ZH W7, GCOFEADMREIX31I5C L L
720 BALKEE AT U—NVEMET IR, +—7 >
MmEEIE80°C T2 M R¥F L, Z£D#15°C. 43 T315°C
FTHIML, 315°CITE L 723150 MR FE L 72,
BilE % S B BRIE, o+ — 7 Y IEEIZ80°C T245
PREEL, 15°C 4 T300°C £ THILL, ZDHk15%
BB L 720 o) 7 — A AGBEAMEN) v L 2
V1.0 ml /A OREICHE L7z, WEL THS N2k
F ALK, PDBREEE 3§ 2 Mo T 20 1 7%

(6"C) THK Lo AWZEIZBIT 5 5%C O M 5% K
FEIZ£0.4%Td 5o

TMS fLIZ & D32 D jr KT % WE xR D512
528122505 ZOCHiEZaILATO—
N OREHERFLD GC/C/IRMS #lEIC & ), UTFoXT
1T 72 (Stott and Evershed, 1996) .

276 on+3 X =300 orus

Sou \ZHI (BEHEZE) DL XAFT—LDJCH

Somus ITFEMLEI Nz L 270 — VD FPC il

X 13 TMS LI & D A Is %320 RFEE T 0 67C il

—75, BPBOIPCHIZEDOBRIZZ AT VELIizL 1
DD RFERTFIMEIMEN B, T DOC #iIEZ IR IR

K SR o GC/C/IRMS Jll5E 20 5, LT O TIT -
720

N coon + X = (N+1) dcoocrs

N ZPRIR O ix F 5

deoon 1T HIY (BEEEGUEL) ONRIiERD 6°C fii

S cooomstd T A T VAL E N2 PRIEEE D 6 °C i

X G AT VA X DI % ik RETF D 6°C fH

TMS b E T A F WMLIC X B65C filE 2479 &, Ml
ELTHLNACHH L Y FNZ2N2~3%, 1~2%
AT B LTk b,

3. BREZBE

3.1 1EaEHBOIEHERHER
Fig. Ui AEMAF O BLA 2 S5 o RS RE
WD AT T T AL N T T MR LIz $XTOR
FHIBWT, KFEHK10~24 (Cio~C,) FLHINEIIEE DS
Ml &7z, Z1ud, Ackman and Lamothe (1989)
12k 2% < OB O EAE O IRIFEEALK & kT
Do IRIGROUWEE IMLAZEE R g 72 1) 100 ng
~10ug*—¥—TdHY, ®AT, #8277 No.2
RAENC BT B CufBfIRIEEE13 ug TdH - 72 (Table
2)o 72, Cu, CxOANFIFIRIIRD W& S iz #
N2 ¥F No. 280EHTIL, SafIIRIIEE X » b AsafllR
JEBR DEEN K & L, 50.7 uglg IHRER D O Ciulh
fufll (£ =) RIS E TN Tz, MBoieHx
AEIFIIRIGEE & 0 SRR EE AL BII ICEE TH - 72
(Fig. 3 a)o
LA S5 5 N2 EiRR DM 554 % Fig. 3a I
RL720 TRTORKT CuliNiBRD (5 & 5 EH G H3)E
BICEHWZ b0 5. T AUZERIBIIEE DMK 5
i L HBETH B0 LILEZ ¥ T No. 1ikkh, LIRS 2
¥'J No. 2K TlI ClBIBE 721 T2 <, CollilIiER
DM OWBAREEZ RN, =S VG ERT
B, FNPINE CulRIEE I A2 Ffo2=E— %
VTHh5bo TXTORKETHBURFE RO SRR D
BEAEDS A SN AS, JLRE, BIRED Y T F1th
DB A F2IADHH Cis, Cis, CDFFEIK
FRBOF G, LD IREEMERA SN2,
3.2 {tAEHHOZXTFO4 Nk
FHREOWm ST (F1) W53 (F3) D5
BAAZUR NI T A% Fig. 213K L7z, §XTCOF
fEFAABOF3CH VT L A5 0 — )b (choles-
terol), cholest-5-ene-3f-0l-7-one D & 9 %I L A T
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Fig. 1 Partial mass chromatogram at m/z 74 of
acid fractions in bone fossils of marine mam-
mals, showing the distribution of fatty acid
esters. Numbers correspond to carbon num-
bers of fatty acids.
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O—Ar MR EENTVWE I EbhoT, LEE
7 VI No. 1A OEB»HIE, aVRAY )=

(cholestanol) & cholest-3-one Z DAL A5 J ~
PR E N, F2, BIEOZ VS{LAD F 1iCiE
2L A% ¥ (cholestane) 2 L A7 ~ (cholestene)
Loz Z7ud FifbkEDMHENL, &b, 2
LA b4-TvEalL R b-5-Ti%, XHk (Peakman
et al., 1992; Amo et al., 2007) OPRFFRER - < 2 AR
7 MVESEIZHEE L (Tabled), 2D A5 L
v (Fig. 20 ¥ —271L3) IZ2oWTIE, “EHEOM
BITHRETE LD o7 TNSRFTRTCrAT
uA RTHY, WAL OAT A FHK L FHk
THhbo 127201, B2 VF No. 1i8EH 513 Cas, Coo
DATEA FHEIlRt SN, A784 FORE
1310 ng~% uglg ¥ —%—ThHbo, wKT, FHHA
FarEICBFAE AT T —V235ug/g Th -7z

(Table 4) o

3.3 {LAHABOEWRE - X704 FOKBEREED

BTNl

AWFFE TR o N7Abah ORI - A7 a4 FHK
IZD2WT, ARt R AR E #0T Ok
ZAbE W) B HELT b,

REFERIC DWW T, AREFZETHN L 72T X Tofbfk
Bl S SIFIRIGR 720 C 7 AR At S
7oo RIS EIRIIR AR (L 50 S e 3 W R4 T,
HeR R TR IAER 12 LT A, Kb TL
W, 1005 4E X 0 bR o HERE A R & T AN
FRIFER IR L TR WA S v, L L, KOF
ZRIZBWTI00/ R A — =D 7 VIR h L ¥y
DOFLA 2 O AR A BRI S -2 &
X, BICE TN AHBESARBIEOMHKKIC L > T
WA EOMPBRBIEH 2 SRES N Tnwb 72
WEEZLND, 72721, B2 U5 No. 28k E

Table 2 Concentrations (ug/g) of fatty acids in bone fossils of marine mammals. FU is fatty acid

unsaturation index.
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SRR RE D AAS, Z OFeBEH % i TS s AT
ENTVBEREZIZL WHhSTHE, ZOH)IZ Y
F No. 2iBHI D W Tid, HHEomoER o ED
WENRHL2D L\, BERIZA (1993) X1
KT VIOBIEBULELVAERIMEL TS
LaRMELTEY, HERMBICMOEWIZHERT 2 A1
AL 2z Btk iz H e d it s, 72, To
AEHIRBE TR L LTRESNTEB Y, HMERICED
LT\ 2R e 2 R iR D75 He st & - 7ol Bt &
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I 72012 AL EZ I WEERIEEE 1ot
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AEgFE (FU: fatty acid unsaturation index) % i%
EL72e SHIZUT O TS %0

FU = ([C161FA] + [C151FAD)/ ([CisoFA][Cis0FA])
[Cey FAL: 3 H x @ y ANEFIIRIIR O

Z OAER, AR O HRE D FUI20.29~0.57T
ol BINZ VT No. 2ibkHdfbe KE B o
cEWE (FU=4.2) Z/R L7 (Table2). ZOftidr
S, {LAORFEZ LERNICHicE 2L E 26N
b0 E2, RWFFROENZ YT No. 28K D X 9 12,

Fig. 2 Partial total ion chromatogram of F 1 and F 3 in bone fossils of marine-
mammals. Peak assignments are shown in Table 3.
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VAR I Nz, HAFEOFIZIZa VAT a— sk
BHIZHETNhTWERZYD, CoDATUAf K& LTHREF
ENBLEZBNE, —Ji, Cu, CeDAT UL FiZ
Y EE, AR LEWATEAL FThb, Lizd-
T, #)127 ¥V F No. 2iFHZBWTIE, 7 VI h -
TW/AT UL FIZMOEYD AT a4 RS H
T2 EZDULENDH L, 72, CoDATUuAf FEZ
NSO A 71 4 FiZ, {LEMOEE D SHEE S5
FRBEAREL R LD, CoDATOAL FigBBIC
AVAY Y REDATUA FifbkFE LTRES
b7, BLBREERNEZ T Twb LifEshs
(Fig.3b)o —7j, Cu, Co® AT T A FiZA % 1T —
VELTOARES NI (Fig.3b)o ZHIE, K\

Table 3 Peak assignments for ster-
oids labeled in Fig. 2
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Table 4 Concentrations (ug/g) of steroids in bone fossils of marine mammals. Bold numbers cor-
respond to the peak numbers in Fig. 2 (see Table 3).
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Fig.4 Proposed diagenesis of cholesterol in fossil bone samples (after Meyers and
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Table 5 ¢"C values of steroids and fatty acids measured for bone fossils of marine mammals.
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