
Abstract

A fossil species, Craigia hainanensis, has recently been reported from the Eocene coal-bearing series of the Changchang Basin 

of Hainan Island, South China. Here, we report an additional record of the genus Craigia from the same stratigraphic level in open 

nomenclature. The new record appears different from C. hainanensis and may indicate a second Craigia species for the Eocene of 

Hainan Island. Although Craigia fossils are common in the Northern Hemisphere, those from Hainan are the only records from South 

China where the genus is still living today.________________________________________________________________________
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1. Introduction

Craigia W.W. Smith et W.E. Evans is a genus with only two 

extant species (C. yunnanensis W.W. Smith et W.E. Evans 

and C. kuangsiensis Hsue) and is mainly distributed in the 

southwestern part of China and the northernmost part of Viet-

nam (Chang and Miau, 1989). The two extant members of the 

genus Craigia are deciduous trees and shrubs about 6-20 m 

in height and mainly live at altitudes between 1000 and 1500 

m above sea level (Chang and Miau, 1989), although shrubby 

individuals have been found at an elevation of 2200 m in the 

Yunnan Province of China (Kvaček et al., 2005). Both species 

are endangered, and C. kuangsiensis Hsue may even have 

become extinct due to deforestation already.

The research history on the systematic position of Craigia 

has been summarized in detail by several authors (Kvaček et 

al., 2002; Kvaček, 2008; Jin et al., 2009). Here we adopt the 

most recent opinion and put Craigia in the Tilioideae (Malva-

ceae s.l.) (Judd and Manchester, 1997; Bayer et al., 1999; 

Bayer and Kubitzki, 2003).

The systematic position of fossil Craigia fruits has long been 

debated, having been variously assigned to extant genera of 

Ulmus (Bronn, 1837; 1838), Zygophyllum (Saporta, 1873), 

Abronia (Laurent, 1904), Ptelea (Brown, 1937), and Koelreu-

teria (Arnold, 1952). It was also assigned to extinct morpho-

genera such as Pteleaecarpum (Weyland, 1948) and Rutacei-

tes (Iljinskaja, 1963). Bužek et al. (1989) studied the fossil ma-

terial of this genus, and identified two species of Pteleaecar-

pum: P. bronnii (Unger) Weyland and P. oregonense (Arnold) 

Manchester. In still another reassessment, Kvaček et al. (1991) 

re-examined the fossil material of the genus, assigned it to the 

extant genus Craigia based on the fruit morphology and cha-

racters of the indumenta and renamed the two fossil species 

accordingly: Craigia bronnii (Unger) Kvaček, Bužek et Man-

chester and C. oregonensis (Arnold) Kvaček, Bužek et Man-

chester. Further studies of the genus confirmed the assign-

ment of the two fossil species to Craigia, and assured that the 

fossils were different from the extant species (Uzunova et al. 

2001; Kvaček et al., 2002; Kvaček, 2004; Kvaček et al., 2005). 

______________

____________________________

So far, a total of three fossil species of Craigia, C. bronnii, C. 

oregonensis, and C. hainanensis has been recognized.

The discovery of C. hainanensis Jin et Kodrul in the Eocene 

Changchang Formation of Hainan Island expanded the distri-

bution area of this genus to tropical Asia for the Eocene (Jin 

et al., 2009). Here we report an additional record of Craigia 

from the same location in open nomenclature. It provides new 

evidence to spur an investigation of the phytogeographic his-

tory of the genus Craigia.

The studied specimens were collected from the coal-bearing 

series of the Changchang Formation in the Changchang Ba-

sin which is located in the northeastern part of Hainan Island, 

China (19°38´03˝ N, 110°27´04˝ E). Part and counterpart of 

Craigia capsule valves were recovered from the upper part of 

the coal-bearing series in approximately the same strata from 

which Craigia hainanensis fossils were collected previously 

(Jin et al., 2009). The associated plant assemblage is a mix 

of temperate and tropical-subtropical components (Jin, 2009; 

Jin et al., 2009). The Changchang Formation has been paly-

nologically dated as early Eocene-early late Eocene (Lei et 

al., 1992). The specimens are deposited in the Museum of 

Biology, Sun Yat-sen University, Guangzhou, China. The fos-

sil cuticles from the locular area were prepared by removing 

residual mineral matrix with HF and subsequent oxidation with 

Schulze's solution (1 part KClO  with 3 parts HNO ) followed 3 3

by a treatment with 5% KOH (Ye, 1981). Cuticles were moun-

ted on glass slides using neutral balsam and were then ob-

served and photographed with a Zeiss Axioscope A1 micros-

cope using transmitted light.

 Malvaceae Jussieu s.l.

 Tilioideae Arnott

 Craigia W. W. Smith et W. E. Evans

 Craigia sp. (Fig.1)

_____

_____________________________

___________________________

2. Materials and methods

3. Systematics

Family:

Subfamily:

Genus:

Species:
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Type stratum:

Locality:

Repository:

Description:

 Changchang Formation, early Eocene-early late 

Eocene.

 Changchang Basin, Hainan Island, China.

 Museum of Biology, Sun Yat-sen University, Gu-

angzhou, China.

 Detached fruit capsule valve oval, 18–30 mm long, 

11–22 mm wide, with subobtuse apex and blunt base. No ter-

minal projection is found. The valve possesses a distinct me-

dian suture line and a well defined 

fusiform central locular area (about 

8–14 mm long and 2–4 mm wide). 

The venation of the valve radiates 

outward, with dichotomizing veins ex-

tending to the margin, forming a reti-

culum. As to the quality of preserva-

tion, only several epidermal cells can 

be discerned from the cuticles. The 

cells of the locular area are prosen-

chymatous, about 10 μm in length 

and 3-4 μm in width. Locule walls are 

covered with solitary trichomes which 

have a length of about 40-50 μm.

 The fruits of the spe-

cimens are obviously different from 

Craigia hainanensis, with their wings 

2 to almost 3 times larger than C. 

hainanensis (which is 11 mm in width, 

and 10 mm in length) and their shape 

much narrower than C. hainanensis. 

The fruit size of the specimens is 

similar to C. bronnii, C. oregonen-

sis, C. yunnanensis and C. kwang-

siensis, and they also bear a certain 

resemblance to the latter in shape 

although some differences exist be-

tween them (Table 1). As the dif-

ferences are not distinctive enough 

and more detailed characters are 

needed to identify them to a species, 

we presently favor the use of open 

nomenclature, Craigia sp. Table 1

_

Comparisons:

compares the fruit characters of the extant and fossil species 

of Craigia.

According to the published record, the earliest occurrences 

of Craigia are known from Paleocene strata of Sakhalin Island 

and the Kamchatka Peninsula (Gladenkov et al., 1997; Kodrul, 

1999; Kvaček et al., 2005; Budantsev, 2006). Fossils of C. ore-

4. Discussion

Figure 1: Detached capsule valves and anatomy of Craigia sp. from the Eocene of Hainan Is-

land, South China. A. Part (CC993a). B. Counterpart (CC993b). C. Part (CC994a). D. Counterpart 

(CC994b). E. Cuticle from the locule wall (CC993b), showing prosenchymatous cells of the epidermis 

(indicated by double arrow) and solitary trichomes (indicated by arrows). The specimens are currently 

deposited in the Museum of Biology, Sun Yat-sen University, Guangzhou, China.________________

Table 1: A comparison among fruits of fossil and extant Craigia species___________________________________________________________
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gonensis were widespread in the Eocene of North Korzakia, 

the Penzhinskaya estuary, Japan, south and west Primorye, 

North Korea, China, Kazakhstan, and North America. In Eu-

rope, however, fossils of Craigia bronnii were mainly found in 

Miocene and Oligocene strata (Bužek et al., 1989; Kvaček et 

al., 2005). Based on the fossil evidence, Kvaček et al. (2005) 

concluded that Craigia originated in high latitude areas of 

northeast Asia in the Paleocene, and then spread westward 

to Siberia and Spitsbergen, eastward via Beringia to North 

America, and southward along the coast to East Asia during 

the Eocene greenhouse period.

Craigia hainanensis from the Eocene of Hainan Island further 

expanded the known distribution of the genus and suggested 

that it had reached its center of modern distribution in South 

China not later than in the early late Eocene (Jin et al., 2009). 

The specimens reported here appear different from C. haina-

nensis (although they cannot be identified to species level), 

indicate that at least 2 Craigia species may have lived in the 

area of Hainan Island during the Eocene and provides further 

evidence supporting the view of Jin et al. (2009).
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Foundation of China (Nos. 40972011 and 31070200), the 

NSFC-RFBR project (Nos. 41111120083 and 11-04-91175), 

the Guangdong Natural Science Foundation of China (No. 
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University for inviting foreign teachers. Graduate students ma-
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ret Joyner, University of Florida, for editing the manuscript.

 Tertiary plants from North America. Fossil 

capsule valves of Koelreuteria from the John Day Series of 

Oregon. Palaeobotanist, 1, 74–84.

 Sup-

port for an expanded family concept of Malvaceae within a re-

circumscribed order Malvales: a combined analysis of plastid 

atpB and rbcL DNA sequences. Botanical Journal of the Lin-

nean Society, 129, 267–303.

 Malvaceae. In Kubitzki K. and 

Bayer C. (Eds.), The families and genera of vascular plants, vol. 

5. Flowering plants, dicotyledons: Malvales, Capparales, and 

non-betalain Caryophyllales. Springer Verlag, Berlin, pp. 225–311.

 Lethaea geognostica, vol. 1. Schweitzer-

bartsche Verlagshandlung, Stuttgart, 672 pp.
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bartsche Verlagshandlung, Stuttgart, pp. 673-1346.

________________________

__________

__

______________________

__________________________

_____________

________

Acknowledgments

References

Arnold, C.A., 1952.

Bayer, C. and Kubitzki, K., 2003.

Bronn, H.G., 1837.

Bronn, H.G., 1838.

Bayer, C., Fay, M.F., de Bruijn, A.Y., Savolainen, V., Morton, 

C.M., Kubitzki, K., Alverson W.S. and Chase, M.W., 1999.

Brown, R.W., 1937.

Budantsev, L.Y., 2006.

Bužek, Č., Kvaček Z. and Manchester, S.R., 1989.

Chang, H.T. and Miau, R.H., 1989.

Gladenkov, Y.B., Shantser, A.E., Chelebaeva, A.I., Sinel’nikova, 

V.N., Antipov, N.P., Benyamobskii, V.N., Bratzeva, G.M., Poly-

anskii, B.V., Stupin S.I. and Fedorov, P.I., 1997.

Iljinskaja, I.A., 1963.

Jin, J.H., 2009.

Jin, J.H., Kodrul, T.M., Liao, W.B. and Wang, X., 2009.

Judd, W.S. and Manchester, S.R., 1997.

Kodrul, T.M., 1999.

Kvaček, Z., 2008.

Kvaček, Z., Bužek, Č. and Manchester, S.R., 1991.

 Additions to some fossil floras of the wes-

tern United States. U.S. Geological Survey Professional Pa-

per, 186 J, 163–186.

 Early Paleogene Flora of Western Kam-

chatka. Nauka, St. Petersburg, pp. 1-160. [In Russian with 

English abstract].

 Sapindace-

ous affinities of the Pteleaecarpum fruits from the Tertiary of 

Eurasia and North America. Botanical Gazette, 150, 477–489.

 Craigia W. W. Smith et W. 

E. Evans. In: Academiae Sinicae Edita (Ed.), Flora reipublicae 

popularis sinicae. 49(1). Angiospermae, Dicotyledoneae: Ela-

eocarpaceae, Tiliaceae. Science Press, Beijing, pp. 110–113. 

[In Chinese].

 The Lower 

Paleogene of Western Kamchatka (Stratigraphy, paleogeo-

grpahy, geological events). GEOS, Moscow, 367 pp. [In Rus-

sian with English abstract].

 Fossil flora of Kiin-Kerish hill, Zaissan Ba-

sin, part 2. In Takhtajan (Ed.), Paleobotanica, vol. 4. Leningrad, 

Moscow, pp. 143–187. [In Russian with English abstract].

 Two Eocene fossil fruits from the Changchang 

Basin of Hainan Island, China. Review of Palaeobotany and 

Palynology, 153, 150–152.

 A new 

species of Craigia from the Eocene Changchang Formation of 

Hainan Island, China. Review of Palaeobotany and Palynology, 

155, 80–82.

 Circumscription of 

Malvaceae (Malvales) as determined by a preliminary cladis-

tic analysis of morphological, anatomical, palynological, and 

chemical characters. Brittonia, 49, 384–405.

 Paleogene phytostratigraphy of the south 

Sakhalin. Nauka, Moscow, 150 pp. [In Russian with English 

abstract].

 Whole-plant reconstructions in fossil angios-

perm research. International Journal of Plant Science, 169, 

918–927.

 Fossil fruits 

of Pteleaecarpum Weyland – tiliaceous, not sapindaceous. Bo-

tanical Gazette, 152, 522–523.

_________________________________

____________________________________

____________________________

___

____________________________

______________

_________________________

WeiQiu LIU, XiaoYan LIU, DaFang CUI & JianHua JIN

© Österreichische
Geologische Gesellschaft/Austria; download unter www.geol-ges.at/ und www.biologiezentrum.at



Kvaček, Z., Manchester, S.R. and Akhmetiev, M.A., 2005.

Kvaček, Z., Manchester, S.R., Zetter, R. and Pingen, M., 2002. 

Kvaček, Z., 2004.

Laurent, L., 1904.

Lei, Y.Z., Zhang, Q.R., He, W. and Cao, X.P., 1992.

Uzunova, K., Palamarev, E., Pingen, M., Kvaček Z. and Man-

chester, S.R., 2001.

Saporta, G.D., 1873.

Weyland, H., 1948.

Ye, M.N., 1981.

 Re-

view of the fossil history of Craigia (Malvaceae s.l.) in the nor-

thern hemisphere based on fruits and co-occurring foliage. In: 

Akhmetiev M.A. and Herman A.B. (Eds.), Modern problems of 

palaeofloristics, palaeophytogeography, and phytostratigraphy. 

Transaction of the International Palaeobotanical Conference, 

vol. 1. GEOS, Moscow, pp. 114–140.

Fruits and seeds of Craigia bronnii (Malvaceae-Tilioideae) and 

associated flower buds from the late Miocene Inden Forma-

tion, Lower Rhine Basin, Germany. Review of Palaeobotany 

and Palynology, 119, 311–324.

 Early Miocene records of Craigia (Malva-

ceae s.l.) in the Most Basin, North Bohemia – whole plant ap-

proach. Journal of the Czech Geological Society, 49, 161–171.

 Sur la présence d'un nouveau genre améri-

cain (Abronia) dans la flore tertiaire d' Europe. Reports of the 

Paris Academy of Sciences, 138, 996–999.

 Tertiary. 

In: Wang, X.F., Ma, D.Q., Jiang, D.H. (Eds.), Geology of Hai-

nan Island. I. Stratigraphy and Palaeontology. Geological Pub-

lishing House, Beijing, pp. 218-266. [In Chinese].

 Früchte und Samen von Craigia bronnii 

aus dem Obermiozän von Hambach (Niederrheinische Bucht 

- Deutschland). Documanta Naturae, 138, 1–7.

 Sur les caractères propres a lá végéta-

tion pliocéne, a propos des découvertes de M. J. Rames, dans 

le Cantal. Bulletin de la Société géologique de France, 1, 212– 

232.

 Beiträge zur Kenntnis der rheinischen Ter-

tiärflora. VII. Fünfte Ergänzungen und Berichtigungen zur Flo-

ra der Blätterkohle und des Polierschiefers von Rott im Sie-

bengebirge. Palaeontographica, 88, 113–188.

 On the Preparation Methods of Fossil Cuticle. 

In: Palaeontological Society of China (Ed.), Selected Papers 
thof the 12  Annual Conference of the Palaeontogical Society 

of China. Science Press, Beijing, pp. 170–179. [In Chinese].

____________________

_________________________

_______________

__________

____________

_____________

_

Received: 17 October 2011

Accepted: 19 March 2012

1) 1) 2)*) 1)*)WeiQiu LIU , XiaoYan LIU , DaFang CUI  & JianHua JIN
1)

2)

*)

Guangdong Key Laboratory of Plant Resources, and School of Life 

Sciences, Sun Yat-sen University, Guangzhou, 510275, China;

College of Forestry, South China Agriculture University, Guangzhou 

510642, China;

Corresponding authors, lssjjh@mail.sysu.edu.cn, cuidf@scau.edu.cn

_____

An additional record of Craigia-fruits (Malvaceae s.l.) from the Eocene of Hainan Island, south China

© Österreichische
Geologische Gesellschaft/Austria; download unter www.geol-ges.at/ und www.biologiezentrum.at



ZOBODAT - www.zobodat.at
Zoologisch-Botanische Datenbank/Zoological-Botanical Database

Digitale Literatur/Digital Literature

Zeitschrift/Journal: Austrian Journal of Earth Sciences

Jahr/Year: 2012

Band/Volume: 105_1

Autor(en)/Author(s): Liu Wei-Qiu, Liu Xiao-yan, Cui Da Fang, Jin JianHua

Artikel/Article: An additional record of Craigia-fruits (Malvaceae s.l.) from the Eocene
of Hainan Island, South China . 141-144

https://www.zobodat.at/publikation_series.php?id=20620
https://www.zobodat.at/publikation_volumes.php?id=34720
https://www.zobodat.at/publikation_articles.php?id=174260

