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Terrestrial higher plant terpenoids (HPTs) occurring in ancient marine and lacustrine sedi-
ments, are more refractory and constitute a more highly diversified family of molecules than the
other terrestrial higher plant biomarkers including wax compounds and lignin phenols. There-
fore, this HPT biomarker can be plant biogeochemical and paleontological indicators. Triterpe-
nes such as oleanane are derived from various biological triterpenoids synthesized by almost all
angiosperms. Diterpenenes such as retene are originated from abietane-type diterpenoids,
which are constituents of gymnosperm, especially conifer. In pimarane and phyllocladane type
diterpenoids, their precursors, source plants, and diagenetic products have been partly known.
In addition, sesquiterpenoids are derived from both angiosperm and gymnosperm biosynthe-
sized compounds. Several researchers have suggested that the HPT distributions were useful as
the paleovegetation proxies for reconstructing the relative abundance of angiosperm to gymno-
sperm (e.g. angiosperm/gymnosperm index; AGI). Moreover, we recently examinated applicabil-
ity of the indicator for angiosperm/gymnosperm ratio by using the HPTs in ancient plant fossils.
In this paper, we review such HPT biomarkers and their applicability and reliability of the indi-
cator as plant chemotaxonomy and paleovegetation in the ancient sediments.

Key words: higher plant terpenoid, palaeovegetation, angiosperm, terrestrial palaeoenviron-
ment
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Fig.1 Main factor implied in the sedimentary record for paleovegetation and paleoclimatic changes by
terrestrial higher plant terpenoid (HPT) biomarkers (modified from Hautevelle et al., 2006a;

Nakamura et al., 2010Db).
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WYORET v 7 X, 2F275, AXNY VEHEDOINA
F<—h—& &5 (Cranwell, 1981; Meyers and
Ishiwatari, 1993), —#MIZ, KET v 7 ADRE S
TR IR DR S L IC B 5 TV BT A, B/
DENRCEFL T OBRBESFMGICL > THET 2

(Rieley et al., 1995), BAMWICBWTIL, 1R
HOEDORET v 7 A n-TIVH VK DOKEEATIZ
Lo TRV NNV OGE N HBIDETH S &)
s (Maffei et al., 2004) & EWH 5, MY ILAIZ
BB FAREOBIGRIZA 0 As, A ORAED IR 12
BwZ eTHaons 7 s —%7oh#itibigEn o
L722HW LG D =T VA ¥R n—T7 b 2 — JVHLK
B, —EOSHEEEOLA & BUER OB THBLL 72 R #%
Boking — v 2RELTVWLEHESRTYS
(Lockheart et al., 2000; Logan et al., 1994) . Hf&W
FORS 7 IV EIVIEEHR A S Od AT S A S
NTHY, FEIURE O MR E R E 13 Tk FEH Cy,
Coy Coa® n=T N7 VHUBL E AL AT 5 HEIC L7
FAE 25T 212 B\ CRRAII 2R R 2 R T RIS S
T\w% (Ishiwatari et al., 2009; Schwark et al.,
2002), 727201, HERE D L 5 ITH Y O BB A HE
LA, EFaxrrudzryhbn-TIVA
VHER LD, bEDLSHFELETEn-TNVA v LE
759X LN SRS NTIEDRERDRIFS
Tz, REFEBOATORIED HBIERNTIZE b
O T2 %,

LT, LDREREOBVWANS A —h—-L LT,
BRI O T v 7 A - BRIV E VST BB
TNRIA FBDHb, TOTNVRI) AL Nk, /1 V7L
JARL=y 8D, DF ) CsODEAF TN A
F, 4 VFVL /4 F1=y 4D, CoD T TR
AR, AVTFL A4 F2=v +2%6D, Cs0® b T
R FIZRIENS, TR A FIiEkE R A3 A
EHT B ZKRBIEWO L TORDEHMIEICE A,
AR A R % 13 U oM E R O HER IS b R T v
NI A FICHRT LGB ETN TS, HiT IV
NI A RS Fw—Hh—iF, kB - HREEEICE
AR, PEEICHE D BKIC X D, RN ERE
EOHERL ZE-HEGOWE, FHERLR EEZ2TTH
THEE DL RREAMRT L, L2080 2 i K
T35, L2aL, HERZ EOHWHIEFERICBWT
bERNZIRFBEPBAEIND LT, BTFHp=
BT & v o 2B R L NV TOREN % b
BWLEWRZEI O Tw5b, ZRMEICER, TR

WHIE AR O R 2 ST & 0 - BRI
HBF—=5EEONLHBT VR A N < —F—
EFE R AR BB EITOEE Y — Ve LTKE
BRIRT VIV EFoTwh,

AT, ZOESEHYT VR A FizonT,
DL, IR L OBtR, FERLREE R EE
T, BEINLEZHEE LTRSS TE 7, §F
WZHEE AR LLRT O SR OHERE Y A & O df A AT 12
ONTLVEa2—%179,
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Hefh o R R T VR 4 R oReJERERZ,
HAMY (Das and Mahato, 1983; Otto and Wilde,
2001; Pant and Rastogi, 1979) I ILHERIY B L O
13 (Koch et al., 2003; Simoneit et al., 1986), i)
b & Zhz &4 E (Auras et al., 2006; Otto
and Simoneit, 2001, 2002), FEEAEYASEEH O NG
{b4i (Otto and Simoneit, 2002) 7 & D5Hr %8 U
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al., 1986), BV F R AFF VR L FiEH I %
YB)RAY =V (C)IZHFK L (Simoneit et al.,
1986; van Aarssen et al., 1994), HEFEWH CldEIT
Bt Z b E DA 75 2 (D)2, Fiz, FERIL
BEITTZEE TR T A v 7 GHERILD) 7
Dy FTV i ERERKT S (Elias et al., 1996;
Simoneit, 1986). # Y F VAL ZAFF AR A Fid
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et al., 1997 and references therein) . —77, #FHily
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E)R=ZRKO NI AV Fr2EILEON VS LR
EtAFTFNUR) AL FPAEKT S (van Aarssen,
1994)c X5 T, KU H I F UMD X 9 IR
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T (@BEZFT VR A Fige 2 3B (Cupres-
sacea) ICHFMMICEHE TN 5 (Otto and Wilde,
2001)0 HRIZZ XTGP ML AF TN A FOHEIX
A ¥ i} (Taxodioideae) % w272k v / X%

(Cupressaceae s.str.) (RSN, HWREWHTH R
JERofm ftaoERE b X HBETAZ E b
JERoONL ==L LTHWwSHNS (Bechtel
et al., 2002; Grantham and Douglas, 1980) .
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B) OBBOERSTHS (Simoneit et al., 1986) .
TTNRI A ROERRGERERD I B, BT H
Fgbboltk=®torezsy v )M - ¥v T
YOE - bR, ZBREOT T Y (L),
WREO 74075 - Y7 (MEB - X
A7 N)BLEBHD, TR A4 FHPEITH
GREREALE 2T 558, b LDOBEBRPED T TR
SNz CoD IR ALK FENS, F 7z, Bix BRI A5
Z 5 EHERN G EHEORBEZIER L 72 Coll T O fafil ik
bk FEIZEILT % (Simoneit, 2005), —H T, V7
W A FIE— M 2 R BREE CTlEA 5 IS BEIRAL DS
#TL, Ty YROGFFILEMTHLL T ¥
(O) DA T 2 R AHFICHB L T3 (Fig. 2)-
740075 EQMBRED Y TVRI A FERKH
5 7Ly YRIDGERY TV A FHPERT S
ZEMPRESNTBY (Alexander et al., 1987), L
7 FEE LR HERONS 2 — A —Td, kHHM
MIZEINDEYTFARIAL FTH D,

YAFTNNRI A FETT IR A FIZEIEEBHEIC
FICREILEEIND 720, BUASEHIIBT 57 VX
A B KR 2 3E52H b5, Otto and Wilde
(2001) 1 ZLFESHEHFWT— & DI/LA~DILH D
B, BUESHEBNI B 2R ET VR A FHLEO
MEZBLANVTERBMILIZT LOTY Do
Table 112 Otto and Wilde (2001) % % & IZSFMEERHA
DRV ANV TOEELEWO A ZR L7z <V F
(Pinaceae) IZ7 ¥ ¥ VM - <5 VEIOY TNV
R4 FBRx%Z8Il5H (Rezzi et al., 2005), PUBR
" oy 7qur55 8. XY 5 )
R, NITURDYFINRI A FRET W L TH
wmoFehnsb, Fa3 vy AFE (Araucariaceae) 1%

AN it

GBI A% L —HOBIZRON TS, Fy T
L7102 55 BMOYVFAURI) A4 FegtoTY
VR4 F 14 Fl (Taxaceae) LISV OFE X h B L
MR ES 2% AFF—VP)R Tz VF ) —
QEtwvolkyz/) =TS Vi FH
(Cupressaceae) X ¥ ¥ F} (Podocarpaceae) I 4¥
MY EEND, XM 2T VRIFKIEEIHRFEO
FRESFRICEINL, SFEBEOER LR D)
H, 4 FAF (Taxaceae) (XM DM DORLH— M
MIZFOEAF TR AL FRITVRI AL FEITE
AEETT, BHREEDOYTF VR AL FTVhaAf
F (%% ;R 2&L 2L THEMNTONS,
CDLD ALFN PR EZEE T A LT, MM
YALARHERYHRICBIF AN, A= —HE»r 5,
SHEEBHEOR L XV O RAEE R E AR 2 LT
&%, 727201, Table 1D1E % AT IS $
5LLThH, WOPDHIFERENLETHD, 2O
KTEHBOFTOFANRIESDENERINTES
3, LT LIBOFOTRCOMEINZ ZITRSINzL
BYoONAF =S —HlEERTDbIFTIEENT &,
FLETH> TOAFTREICL > TET /Y — U8
b5 2uRetdbds &, T, B4 EEHK600%E
M9 % Otto and Wilde (2001) DEREFTT LRI A
FREDERPES N TVWBEDIRIK45%TH Y, it
WORD SHHECILEWH L > TRIPH L Z LD
FIFohb, 361, MIRLI-R/BELEEDOTHERT S
ETREL, ALADOTF VR A4 FHEOHRELALL
Twh,

2.2 MPUFILIRJAFK

FLT7F Q) EII LD ETLHRELMEY M) TR
J A R IEDELT v 7 A - BT
» 0 (Baker, 1982), F L 7 F V&, o3y (T)H,
IO, 7)—=FS5SVIR, y5785
(W) B EDff & AR MY TR A FERICHSE
T 5o R LHERY T3 FHWHEED M) 7
N FOFHIIERWSHMEICE &, (LF58%0
KBRS T HONTwE, fIZIE, 9%
tu—v X 3kkc 2 FREYICEThLb00, <
Yru—=THMOEDT v 7 ADOER S L L THIZ
ZRIZEENL, ThEFHLCRhRBETO~Y Y7
U—THEOEEZHITT AHMEF TN TS
(Versteegh et al., 2004), FKOWBEHEFREY P T
X, VWRVERIO Y TR A RHRBEFIHRB SN,
FNDEERRATLERD ) B NY 48 (Eleocharis)
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Fig. 2 Scheme for the alteration of abietane, pimarane, and phyllocladane type diterpenoid precursors
(boxed) to saturated and aromatic derivatives (synthesized from Simoneit et al., 1986; Otto and
Simoneit, 2001, 2002; Stefanova et al., 2002; Otto et al., 2003, 2007; Hautevelle et al., 2006b;

Simoneit, 2005; Simoneit et al., 2009).

WKHELHRT A LR, HRIRBEIZLL MY Ty
4 FORREALDEND 5, HEREIRE O SRS 52
SN BORAZLR, W~OERAEDE L
&, BROKBDIREO T REE 2 1H7C L7261 (Jacob et al.,
2007) REDVH 5,

B LAy b Y TR A FIdBRERTRIEI T
{, C3OERMEDOMBILLEEIZLY, 3-FFV b
YTFUR) A PR, ARICCHEGZHF DY VR b
YIIZ7% % (ten Haven et al., 1992a). €Dk, A
RO ZEREA R AIERNICHFRILE )L L

Tk Fot ALEWITZEL, Rz
TORPHEFEHRILLZAFVEX Y L 25 (Fig. 3;
progressive aromatization D#&#%; LaFlamme and
Hites, 1978; Wolff et al., 1989), F 7z, C-3{7IZEHE
FEFFOEMR DY) TR A FIE, AEWERR L
RIS % ST TABREMME L (Simoneit et al.,
2009), BAMNIZ ABRIWBE L2 Y TR A R
CBALS %0 ABRIBE MY TV A4 FHFHFRIL S
N3 <, BEBIVCEDNSEMMIZHERILE
ZFC—@#oe Faz ) AEWIcZfb L, m#En
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[ZAF N7 ) 127k % (Fig. 3; photochemical or  FHMAFAE T 2 R OM O K E R W (Wakeham
microbiological loss of A-ring followed by aromatiza- et al., 1980), fiH# tfi (Bechtel et al., 2008;
tion D) o —WOFHFR N TV A4 Fid#T  Chaffee and Johns, 1983), HifiA (Killops et al.,

Table 1 Occurrence of sesqui - and diterpenoids in different families of conifers (modified from

Otto and Wilde, 2001).
Biomarkers Examples of compound _Conifer families
Pinaceae  Araucaria Podocarpa Cupressa Taxodio  Taxaceae
ceae ceae ceae s.str.  ideae’

Sesquiterpenoids
Cadinane class Cadalene o o o o o
Cedrane class a-Cedrane o o
Cuparane class Cuaparene o
Diterpenoids
Abietane class Abietic acid, retene o o o o

(Keto-)Phenolic abietanes Ferruginol, sugiol o o o
Pimarane class Pimarane o o o o o
Labdane class Labdanes ] o o o o
Totarane class Diaromatic totarane o o o
Kaurane class ent-Kauranes o o o o
Phyllocladane class Phyllocladanes o o o o
Beyerane class ent-Beyeranes o o
Taxane class Baccatin o

o: reported in this family, T: subfamily of Cupressaceae

~ Taraxerol

B-Amyrin

HO

Fig. 3 Scheme for different oxidative alterations of triterpenoids. Biological precursor examples are
boxed (adopted from Wakeham et al., 1980; Tan and Heit, 1981; Chaffee et al., 1984; Stout,
1992; Rullkoétter et al., 1994; Simoneit, 2005).
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s olean-12-ene
taraxer-14-ene

Fig.4 Acid-catalysed rearrangements of higher
plant triterpenoids occurring in surface
sediments (ten Haven et al., 1992b).

1995), #THiMItsi (Nakamura et al., 2010a) 7
EPBIECBIE NG, —HT, By Y 7R
J A ROl kikmiE i, L Trcsy o+
LI RIBROY TFEN-14-T 5+ LT F
BH¥OF LT v-18-T Y NEUARILT 5 1E 5 (ten
Haven and Rullkotter, 1988), Hf#% 75 ¥ ARG
BRETAHL T Y HOFEANE BT 22 ER S
LT3 (ten Haven et al., 1992b; Yamamoto et al.,
2006; Fig. 4) -

3. BELEFEYT I/ A FERAVE
LK

3.1 #HFHEDHEIBELE OO EIEERER

e LAY 7 VX A FOALFEG A EZ D S
MR DIZOoN, IS E W RAERHRENS
gtx HIEL2W5E2Tb N5 X H 2% - 72 van
Aarssen et al. (2000) X, ¥—ZA FUTDOTV 21T
ety 7 27+ — N (Oxfordian) DEFESEH O Y
FNRI AL FEXAFT VR A FORBLEEDS, T
WA 7 AT+ — RSB A EA O KB Z L)

(BRI OPR) ZWIBHICELERL TV 5b 2 & %208
L, HHEBEITNVRI AL FOL T~ (retene) &t 2R
FFURI A FDOHF LY (cadalene) 25 7% 55
EhiY /X5 2 — % — (Higher Plant Parameter; HPP
=retene/ (retene + cadalene)) L L 72 T 1 IC
xf L C, Hautevelleet al. (2006a) 1%, F72# AW

PHEL TRV EEZ 5N 5 Y 2 FRICITEHEERHE
DD HW BB LTz, $EERRAED
Bim (L7 ol 720 Tl B kEo BARN 2 d S %
TR HHAEZLOBGESIE-> &) L e,
) ORI ORRY T O T TR 4 FHlk %
EOHICFENCHE L7z LT ViRESEWEETT
Fa7vexF 8 (Fig. 2; dehydroabietic acid) %
GTT M TFNAR) A4 FPEHFICHRBSNSE T
T, 7x/)—WiETEIy sy Ly - 740y
S VROUBIEDS F VR 4 RISz nwT &
25, LT UyPRERIISVYRHCHET LI LRI EHLT
(Table 1), #ET-HEM) O b TR L2 B2 B AU 2B
LT YRR EHICHAZIERL72Z L 2R L
720 EHIT, COBMBNAELTA 7 A7 +— V&
ROEGBEALA NV PETRAMBYTH S Z &, van
Aarssen et al. (2000) DFRAH & B 72 H 5 TRER
DEFHVRAONT=Z 05, N F~—h — M
R R g 2 L C\wW5b 2 & EREwmOT 72,
IS ORFZEE, WEHEHERY P ORE LR T VR A
FRUBE 2 &, B OMAZE), S 5I12iEd5mEEs
DEALZ IR FHARD 2 ENTE D Z L ZRTUBI
TH5b,

3.2 HWFHEYPHREOGHEERE

F VLT F D LD BRI RS DA T v
A FNAF—A—IZKFHTAHZ LT, HTHm%
WA LIEORE b RELE T2 L
MUEEIZ R %o N7 T ) THRERDOFR SV (Y)ITHT 5
WFHYHEOF LT F oDl (FLTF A VT
7 ) &, ARSI BT B BEEARY 0% 2R
FTHEE LTHWSNTE A (Murray et al., 1994;
Peters and Moldowan, 1993). Moldowan et al.
(1994) Tix, ¥z IHPEOK A ZEROHERE O
FLT7FCORMBBEEE ZORE FLTF 4
T v 7 A) OBENERR S N7z, Fig. 512, BRI
B B8 - BTACABEED O AT TR O % f1L
1989; B T LM OO K O E A, 1
#) &, Moldowan et al. (1994) IZX 54 LT F v
AVTFY I ADT—5 2R To HTHBANIT2H
WAL TIX, £ 0B TH L7+ ramisns
X912% %, Fig. 5thoffifitaldy 2 gidhflon &
THEHIXRY)TOWHRI IV NEZBTFAFLT AV
T 7 AL SRR, B b IZAHEKLO
GBI TR T VWERTEHEVF LTS VA4~
T 7 AR LA OERFHERL7Z2DDTH

(Crane.,
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Fig. 5 Comparison with diversity of angiosperm (solid line) and rela-

tive amounts of oleanane (bar; length of the bar means time

range detecting the oleanane) during Late Mesozoic age
(modified from Moldowan et al., 1994). The variation of angio-
sperm diversity based on pollen analysis (dashed line) as re-
ported by Crane, (1989) is also added.

%o BTHWONADRRONE L) EHVERDOFT LT
F 0w TE, ()BHEOB TR O IHS, T
Y OB 2 BT AR+ LT+ v 04
B E LTz, (MK L 728 1 W o Bl ik B
(Taylor et al., 2006), (3) ZDMOHIZFL T F >
DIEERMRE AR T 5 & 9 R AES LT R
VBTN, HARIEAEOT VR 4 FHEE2L I
5O REMEIC DWW TGS T & E TR ORI & %
AHLTHEBERTHDHEEZZDONS, LELLENDS,
T 2 TR LI ORI A & B TR IS A ] S h
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Fig. 6 Example of mass fragmentograms and chemical structural formulas for higher
plant triterpenoid derivatives in aromatic fraction (Nakamura et al., 2010a).
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Fig. 7 Angiosperm/gymnosperm indices calculated from aliphatic triter-
penoid/diterpenoid ratio (al-AGI’) and aromatic triterpenoid/diter-
penoid ratio (ar-AGIs) of Cretaceous and Paleocene plant fossils
from Japan (Nakamura et al., 2010a). See text of the article for di-
finitions of ar-AGI, ar-AGlL., ar-AGleax.
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Sesquiterpenoids
: WOH
A. cadalene B. a-cadinene  C. a-cadinol D. cadalane E. bicadinane F. cedrane G. cuparane
Diterpenoids

K o e

H. abietane . isopimarane J. totarane K. labdane L. phyllocladane M. kaurane N. beyerane

o

O. retene P. sugiol Q. ferruginol R. taxane

OH OH

0O

Triterpenoids

£

“

S. oleanane T. lupane V. friedelane W. taraxerane

(4

X. taraxerol Y. hopane
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