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Tracing the most ancient amber: The origin and evolution of resin-producing
plants
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Abstract: Amber is a kind of organic gem, and its ecological and scientific values attract increasing attentions.
Amber is the fossil form of plant resins. This paper reviews the types and the geohistorical distribution of mod-
ern and extinct resin-producing plants. Modern resin-producing plants include conifers and many families of an-
giosperms. Amber produced by modern conifers such as Araucariaceae can be traced to the late Triassic and early
Jurassic; however, the most abundant records are from the middle Cretaceous to Miocene. From Eocene on-
wards, ambers from angiosperms became dominant in deposits. The extinct resin-producing plants include cor-
daitaleans and medullosan seed ferns which flourished in the Carboniferous and Permian, as well as several
groups of extinct coniferous gymnosperms which appeared from the Carboniferous onwards. The most ancient
amber is from late Carboniferous strata (ca. 320 Ma in age). Amber contains abundant plant and animal fossils,
which provide valuable materials for the study of evolutionary history of organisms on the Earth.
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Fig. 1 Representatives of modern plant families reported
as sources of amber through geological time Cafter

Langenheim, 2003)
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Fig. 2 Late Carboniferous and Miocene Class Ic ambers
and their molecular framework Cafter Grimaldi> 2009)
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a—Late Carboniferous amber from Illinois, the USA (ca. 320 Ma in
age)s b—molecular framework of Class | ¢ amber; ¢—Miocene am-

ber from Dominian Republic (ca. 20 Ma in age), which is derived

from angiosperms
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Fig. 3 Early FEocene amber from Fushun, Liaoning Province (ca. 50 Ma in age)
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a—with Metasequoia leaf; b—with aphid swarm; both from Dr. Wang Bo, Nanjing Institute of Geology and Palaecontology

6 4ie

MU A7 R A e, AR SCERIR T A e
(R4 27 20 s DA BB g i A A T 5K DREI Ak 2 5y
8, PR AR ) A L T4 K LA e AT )
Hly S oA o AR I T R AA 2 DAy S R I R Y 2R R
NG, K 2 B D% Bt Hy & T e B8 I b 4 1 (R 21
WK T 05 A, AR ACME I ik e =i 4 4y, e A
IR B8 i . WA A o B, BRI AT R oA R
K, Hrh Class [ 381 i ) ¥z o Class | ¢ BEH]
AT IE P A A et CRR AN 2 3.2 42448, i B AN
Bl Z gl . A ZE P AR AR 7
TEAZRE B RIS T A IR T8 7= A g o 7= 4% T

AR TR A O T 17 AN H b, B2 TR
AR, WA ARG R AE YR T G .
EN BRI KU, 2R R G R K N & F w1
S, FEME = B (22 L0k DI b 2 rh Ay LR . S At
DUARAAFIZR I R 2 7= 1 (1 S 20 5 vp 3 LUK 1) 2
BEA29 1AL R Wi 8t DUk (BE A 295 600 77
FERLAD , Rty FIE Ry 3 1 AL RV (R B BT 46
PessH AT, sk 1T I A B B RE BRA BE A 1
BRHT. Q4K MY Ol SR T AR —a&a
(IFHIE S FIHEA M 73, LA A 20 LK H BRI
CLAG K I — SRR TR . 2 K e n B T
A )« 2 KR L I P A P B o R AR AT
ARG L WA A, ST AR AR AL T A1
g/



116 ESCIE A %33 %
senschaften, 94: 228 ~236.
References Guiliano M, Laurence A, Gérard O et al. 2007. Applications of dia-

Anderson K B, Winans E E and Botto R E. 1992. The nature and fate of
natural resins in the geosphere. II. Identification, classification, and
nomenclature of resinitesJ]. Organic Geochemistrys 18: 829~841.

Arnold E N» Azar D, Ineich I, et a/. 2002. The oldest reptile in am-
ber: a 120 million year old lizard from Lebanonl ] ]. Journal of Zool-
ogy» 258: 7~10.

Bray P S and Anderson K B. 2009. Identification of Carboniferous (320
million years old) Class Ic amberl J1. Science, 326: 132~134.

Cai C Y and Huang D Y. 2014. The oldest micropepline beetle from
Cretaceous Burmese amber and its phylogenetic implications
(Coleoptera: Staphylinidae). Naturwissenschaften, doi: 10. 1007/
s00114-014-1221-z.

Cai Wenbo. 1990. Amber-a kind of organic geml[ J 1. Lapidary, 2: 61~
62 (in Chinese).

Dominique S, Massimo L. and Oscar C. 2003. Ageing behaviour and
analytical pyrolysis characterization of diterpenic resins used as art
materials: Manila copal and sandarac[ JJ. Journal of Analytical and
Applied Pyrolysis, 68~69(8): 115~136.

Grimaldi D. 2009. Pushing back amber production[ J]. Scicnce, 326:
51~52.

Guo Bijun. 2012. Amber-a spirit in gem[]]. Fossils, 3: 35~37 (in
Chinese).

Hong Youchong. 1981. Study of a new spider genus from amber[ ] .
Science in China, 12: 1510~1 515 (in Chinese).

[turralde Vinent M A and MacPhee R D E. 1996. Age and paleo-
geographical origin of Dominican amber[ ] ]. Sciences 273: 1850~
1852.

Langenheim J H. 1994. Higher plant terpenoids: a phytocentric
overview of their ecological roles[ J 1. Journal of Chemical Ecology»
20: 1223~1280.

Langenheim ] H. 2003. Plant Resins: Chemistry, Evolution, Ecologys
and Ethnobotanyl M]. Portland, Cambridge: Timber Press.

Li Nan. 1995. Studies on the geographic distribution, origin and disper-
sal of the family Pinaceae LindI[J]. Acta Phytotaxonomica Sinicas
2: 105~130 (in Chinese with English abstract).

Lyons P C, Finkelman R B; Thompson C L, et al/. 1982. Properties,
origin and nomenclature of rodlets of the inertinite maceral group in
coals of the central Appalachian basin, U.S. A[J]. International
Journal of Coal Geology, 1(4): 313~346.

Macphee R D E and Grimaldi D A. 1996. Mammal bones in Dominican
amber J]. Nature, 380: 489~490.

Marynowski L, Otto A, Zaton M et al. 2007. Biomolecules preserved

in ca. 168 million year old fossil conifer wood [ ] 1. Naturwis-

mond crystal ATR FTIR spectroscopy to the characterization of am-
bersLJ] . Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopys 67(5): 1407~1 411.

Peng Guozhen and Zhu Li. 2006. Ambers from Dominican Republic[J].
Journal of Gems and Gemmology, 8(3): 32~ 35(in Chinese with
English abstract).

Poleyn M J» Rogers ] V, Kobayashi Y, et al. 2002. Computed tomog-
raphy of an Anolis lizard in Dominican amber: systematics tapho-
nomic: biogeographic, and evolutionary implications J ]. Palacon-
tologia Electronica, 5(1): 13.

Taylor T N, Taylor E L. and Krings M. 2009. Paleobotany: the Biology
and Evolution of Fossil Plants, Second Editionl M. Amsterdam:
Academic Press.

Wang B, Rust J» Engel M'S; ez al. 2014. A diverse palcobiota in early
Eocene Fushun amber from Chinal J ]. Current Biology, 24: 1~35.

Wang Jinliang and Cheng Zhiying. 1994. Plant resinsl J 1. Plants, 2: 36
~37 (in Chinese).

Wu Hong and Hu Zhenghai. 1995. The relation between the structure of
resin dusts and the resin synthesis and mode of its elimination in Pi-
nus tabulaeformis[ J . Journal of Northwest University ( Natural
Science Edition), 5: 529~532 (in Chinese with English abstract).

Yang Guanxiu. 1994. Paleobotanyl M 1. Beijing: Geological Publishing
House, 1~330 (in Chinese).

Yang Yiping and Wang Yamei. 2010. Summary on organic components
and relevant spectral characteristics of amber and copall ] ]. Journal
of Gems and Gemology, 12(1): 16 ~22(in Chinese with English

abstract).

Mt e 32 2% STk

A 1990, BEHA——MAHIFEATDLI]. BKE, 2: 61~62.

FEF. 2012, BAFRKER—IEALI]. 41, 3: 35~37.

BEACSE. 1981. BREI TS A e ] P EEAE, 120 1510~
1515.

25 . 1995, WRARRHEY) G MR, R B ). WA 28
), 2: 105~130.

SHEBL K L 20060 ZRBMIEHL]]. AR ELFEIRE, S
(3): 32~35.

s, FEARYE. 1994, MMM ARLT]. MMIE, 2: 36~37.

Sy, HIEWE. 1995, IlAR I IR 45 #4550 IR 7 AR R AR 1 D8 R
()] PG R RCA SRR, 5: 529~532.

WRT5. 1994, dkEEIMD. dbnt: MR RAL, 1~330.

B, B 2010, BEH1S R A AR 04T Lo B 0% 2 A 45
RO ] FAMFEAERE, 1200: 16~22.



