
C. R. Palevol 9 (2010) 479–486

Contents lists available at ScienceDirect

Comptes Rendus Palevol

www.sc iencedi rec t .com

Systematic palaeontology (Palaeobotany)

Annalepis, a pioneering lycopsid genus in the recovery of the Triassic
land flora in South China

Annalepis, un genre de lycopside pionnier dans la reconstitution d’une flore terrestre
triasique en Chine du Sud

Jianxin Yua,b,∗, Jean Broutinb, Qisheng Huangc, Léa Grauvogel-Stammd

a Key Laboratory of Biological and Environmental Geology, China University of Geosciences, Wuhan, 430074, PR China
b UMR7207, Paleobotany and Paleoecology, centre de recherche en paléoécologie et paléoenvironnements, université Pierre-et-Marie-Curie - Paris 6, 43, rue
Buffon, 75005 Paris, France
c Faculty of Earth Sciences, China University of Geosciences, Wuhan, 430074, PR China
d Université de Strasbourg, Institut de Géologie, 1, rue Blessig, 67084 Strasbourg cedex, France

a r t i c l e i n f o

Article history:
Received 18 June 2010
Accepted after revision 13 September 2010
Available online 9 November 2010

Presented by Phillippe Taquet

Keywords:
Annalepis
Pioneering plant
Permian–Lower Triassic
Floral recovery
South China

a b s t r a c t

Fossil plants are scarce in the Earliest Triassic marine deposits of western Guizhou and
eastern Yunnan. Only Annularia shirakii, Lobatannularia sp., Paracalamites stenocostatus,
Gigantopteris sp., Pecopteris sp. were reported from the base of the Kayitou Formation dated
as Early Induan by marine fauna. Recently, we discovered numerous representatives of the
genus Annalepis in the same Lowermost Triassic beds: A. latiloba, A. brevicystis, A. angusta,
Annalepis spp. occur associated with a basal Triassic marine fauna. This discovery fills the
biostratigraphic gap between the Late Permian “Gigantonoclea guizhouensis-Ullmannia cf.
bronnii-Annularia pingloensis” and the late Lower Triassic “Neuropteridium–Albertia–Voltzia”
assemblages reported from South China. It represents an important datum dealing with the
very beginning of a new terrestrial flora installation after the Permian flora disappearance
following the Permian–Triassic boundary mass extinction. This “starting point” of a new
vegetal cover in South China is to be taken into account in reconstructing through space
and time the settlement process of the Mesozoic floristic provinces.

© 2010 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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r é s u m é

Les plantes fossiles sont rares dans le Trias basal marin du Guizhou occidental et
du Yunnan oriental. Ont été identifiées Annularia shirakii, Lobatannularia sp., Para-
calamites stenocostatus, Gigantopteris sp., Pecopteris sp. à la base de la Formation Kayitou,
datée Induen par sa faune marine. Récemment, nous avons découvert de nombreux spéci-
mens du genre Annalepis dans les mêmes strates du Trias basal. Ont été identifiées :
A. latiloba, A. brevicystis, A. angusta, Annalepis spp. Elles sont associées avec une faune marine
du Trias basal et les rares éléments permiens de la « flore à Gigantoptérides » ayant persisté

dans le Trias inférieur. La découverte de cette nouvelle paléoflore comble le hiatus floris-
tique entre les associations « Gigantonoclea guizhouensis-Ullmannia cf. bronnii-Annularia
pingloensis » (Permien supérieur) et « Neuropteridium–Albertia–Voltzia » (sommet du Trias
inférieur) de Chine du Sud. Cela constitue une donnée importante sur le début de réinstal-
lation d’une flore terrestre au Trias basal après la disparition de la flore permienne, liée à la
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crise d’extinction biologique de la limite Permien–Trias. Ce « point de départ » d’un couvert
u Sud d
ise en

émie d

dendrales. Meng (1998) definitely indicated that Annalepis
resembles the living plant Isoetes in many aspects, such as
végétal en Chine d
des processus de m
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1. Introduction

It is well known that most of South China was located
in a vast ocean during the Lower-Middle Triassic and that,
therefore, the fossil plants are quite rare in these marine
deposits. Indeed, in studying the floras of this area, one is
always struck by the almost entire absence of fossil plants
in the Lower Triassic deposits. However, in the recent years,
palaeobotanists regularly reported the presence of fossil
plants from the late Lower and Middle Triassic series of
the Yangtze River region and the Hainan Island (Liu et al.,
2004; Meng, 1996, 1998; Meng and Li, 2002; Ye, 1979; Zhou
and Li, 1979). A flora characterized by Lycopsida, consisting
of especially spectacular Pleuromeia and Annalepis speci-
mens, has been found from the Middle Triassic (Anisian and
Ladinian) in the Yangtze Gorge area (Meng, 1995, 1999).
Similarly Zhou and Li (1979) described fossil plants from
the Early Triassic Lingwen group exposed along the Jiuqu
River in Hainan Island and indicated that this taphoflora
can be compared with that of the “Buntsandstein” flora of
Europe. It is worth noting that in western Europe, where
the “Buntsandstein” flora has been originally described, its

age is regarded as late Early Triassic, i.e. Olenekian, to early
Middle Triassic, i.e. Early Anisian (Grauvogel-Stamm, 1978;
Grauvogel-Stamm and Ash, 2005a, 2005b; Mader, 1990).

Fig. 1. Geographic location of the studied areas: western Guizhou (2

Fig. 1. Localisation géographique du secteur d’étude : Guizhou occidental
evra être pris en compte dans la reconstitution spatiotemporelle
place des diverses provinces floristiques mésozoïques.
es sciences. Publié par Elsevier Masson SAS. Tous droits réservés.

The genus Annalepis (Fliche) was reported for the first
time in the Middle Triassic of Lorraine, France (Fliche,
1910). Later it has been emended (Grauvogel-Stamm and
Duringer, 1983; Ye, 1979). Indeed, although it is one of
the most important lycopsids of the Triassic, besides Pleu-
romeia, it passed unnoticed for a long time because of a
misunderstanding of its structure and therefore of its affini-
ties. As a matter of fact, originally the genus Annalepis
was thought to have gymnospermous (Araucarites-like)
affinities (Fliche, 1910). In contrast, Schuster (1931) sug-
gested that it belongs to the Cycadaceae but finally he
abolished it. However, Ye (1979) described some A. zeilleri
specimens within a Middle Triassic flora in Hubei and
Sichuan Provinces, South China, and suggested that this
taxon belongs in fact to the Lepidodendrales rather than to
the Gymnosperms. Grauvogel-Stamm and Duringer (1983)
similarly described A. zeilleri from the Ladinian of eastern
France, and showed that they are sporophylls of lycopsids
containing microspores of the Aratrisporites type. These
authors also concluded that A. zeilleri belongs to the Lepido-
- Tucheng Section) and eastern Yunnan (1 - Mide Section).

(2 : section de Tucheng) et Yunnan oriental (1 : section de Mide).

its herbaceous habit with a corm, its more or less clus-
tering sporophylls, the presence of a ligule, its monolete
microspores of the Aratrisporites-type and its trilete megas-
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Fig. 2. Stratigraphical distribution of the plant and marine fossils during the Permian-Triassic transition, i.e. in the Upper Permian Xuanwei Formation and
in the Lower Triassic Kayitou Formation of the Mide (A) and Tucheng (B) sections.
Fig. 2. Distribution stratigraphique des plantes et des fossiles marins au passage Permien–Trias, au sommet du Permien supérieur de la Formation Xuanwei
au Trias inférieur de la Formation Kayitou dans les sections de Mide (A) et Tucheng (B).
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pores (Fig. 5, 14). Ultrastructural studies of its microspores
have shown that they have characteristic isoetalean fea-
tures (Grauvogel-Stamm and Lugardon, 2001).

Annalepis was considered as important for identify-
ing deposits of the late Early and Middle Triassic age. It
was also shown to extend into the Carnian (Meng et al.,
2000). However, as demonstrated in the present article,
in fact this genus appeared in the Early Induan Kayitou
Formation (Liu and Yao, 2002) in western Guizhou and

eastern Yunnan. Moreover, as all the specimens attributed
to this genus in the past, the new ones consist of iso-
lated sporophylls (Fig. 5, 1–12). It is worth noting that this
genus is more widely distributed than Pleuromeia in South
ibutions of Annalepis in South China.

phique d’Annalepis en Chine du Sud.

China and that the first appearance of the latter is dated
from the Anisian whereas in western Europe this genus is
characteristic of the Olenekian (Grauvogel-Stamm, 1999;
Grauvogel-Stamm and Ash, 2005a). Until now, the genus
Annalepis was reported in South China only from the Middle
Triassic in eastern Sichuan, western Hubei, northwestern
Hunan, eastern Anhui and western Jiangsu (Meng, 1994;
Meng et al., 2000) (Fig. 3). Its discovery in the basal deposits
of the Kayitou Formation of western Guizhou and eastern

Yunnan shows now that, in fact, it was already present
in the earliest Triassic (Figs. 2, 4). Annalepis often grew in
inland swamps near the coast or lived in shallow water and
wet soil, like modern Isoetes (Wang, 1991).
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Fig. 4. Stratigraphical range of the marine fossils during the Late

Fig. 4. Extension stratigraphique des fossiles marins du Permi

. Materials and methods

The numerous dispersed and well preserved Annalepis
pecimens described in the present paper have been col-
ected in the lower part of the Kayitou Formation at the

ide section, within Xuanwei City of the Yunnan Province
nd at the Tucheng section, Panxian County, Guizhou
rovince (Fig. 1). These sections include the Upper Per-
ian Xuanwei Formation and the lower part of the Kayitou

ormation. The Xuanwei Formation consists of terrestrial
lastics sediments (sandstones and siltstones), interbedded
ith coal beds and/or seams. It is conformably overlain by

he Kayitou Formation, mainly composed of siltstones and
udstones interbedded with sandstone.
The elements of the Gigantopteris-flora, such as

tigmaria, Lepidodendron, Paracalamites, Gigantopteris,
igantonoclea and Pecopteris which are relics, come from

he Kayitou Formation in the Mide and Tucheng sections.
nnalepis, Stigmaria, Pecopteris and Lepidopteris (al. Cal-

ipteris) martinsii-like foliage associated with Peltaspermum
adially symmetrical peltate ovuliferous discs have been
ound in the Beds 19 and 21 of the Mide section and in
eds 17 and 18 of the Tucheng section (Fig. 2) (Yu, 2008)
here they are associated with Early Triassic marine
ivalves1 such as Unionites, Pteria, etc. and the brachiopod
ingula. Many Early Triassic marine bivalves (Leviconcha,
teria, Towapteria, Unionites, etc.), brachiopods (Lingula),
mmonites (Ophiceras) and ostracods (Langdaia, Hollinella)

1 Some of those marine species are now considered as to appear in the
atest Permian and to extend into the Triassic since the new PTB based on
onodonts has been accepted (i.e. “transitional forms”) (Rong and Fang,
004).
n–Triassic transition in South China (after Rong and Fang, 2004).

rieur au Trias en Chine du Sud (d’après Rong and Fang, 2004).

have been found in the overlying Beds 22–25 of the
Kayitou Formation. The Tucheng section has yielded the
same fossil assemblage as the Mide Section (see Fig. 2).
The specimens of Annalepis which have been collected
consist of isolated sporophylls, some of which still show
the insertion site of their ligule.

3. Updated Nomenclatural aspects

Very recently (Kustatscher et al., 2010), studying an out-
standing Triassic material from the Dolomites, considered
“the two genera Annalepis and Lepacyclotes to be identical”
following the emendation proposed by Retallack (1997).
We do not follow, at the moment in the framework of this
paper, this treatment. The emended diagnosis given by
Retallack for the genus Lepacyclotes Emmons 1856, making
Annalepis Fliche 1910 falling down as a junior synonym, is
mainly based on the cormus organisation. He postulated
that: “separation of Annalepis from Lepacyclotes can no
longer be supported, considering that the latter probably: ( !)
also has microspores of Aratrisporites”. Kustatscher et al. are,
without any doubt, right to put their fossil remains into
Lepacyclotes as this material is complete enough to do so.
Furthermore, it appears that their new species Lepacyclotes
bechstaedtii would had been a better new type species for
this genus than the Rettalack’s emendation of Lepacyclotes
circularis Emmons, insofar as the ICBN would allow it. In
our present work, we are dealing only with disarticulated
sporophylls, undoubted related to quillworts but unable

to provide enough comparative characters to be definitely
reported to Lepacyclotes. In our mind the naming Annalepis
is to be considered here only as a form genus to accommo-
date isolated sporophylls of still uncertain generic affinity
(as initially stated besides). By the way, it is clearly out of
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Fig. 5. Fossils of the Kayitou Formation (Lower Triassic) in the Mide and Tucheng Sections (YXM - Yunnan, Xuanwei, Mide; GPT - Guizhou, Panxian, Tucheng).
1-12: Lycophyte sporophylls assigned to several species of the genus Annalepis (Fliche). 1-3, 5-7. Annalepis latiloba Meng, 1998; black circle on the Fig.
3 = megaspore (cf. Fig. 14); Locality: Mide section; Sample Numbers: 1: YXM-21-27; 2: YXM-21-2; 3: YXM-21-11; 5: YXM-21-29; 6- YXM-19-2; 7: YXM-21-
37. 4, 8, 12. Annalepis angusta Meng, 1995. Locality: Mide section; Sample Numbers: 4: YXM-21-5; 8: YXM-21-1; 12: YXM-19-11. 9-11. Annalepis brevicystis
Meng, 1995. Locality: Mide section; Sample Numbers: 9: YXM-21-7; 10: YXM-21-18; 11: YXM-21-63. 13. Ophiceras sp.; Locality: Mide section; Sample Num-
ber: 13: YXM-25-5. Detail of the in situ megaspore of A. latiloba shown in Fig. 3 (black circle). Note its smooth surface and its trilete mark. Scale bar =0.5 mm.
15-16. Pteria ussurica variabilis Chen et Lan, 1956; Localities: Mide and Tucheng sections; Sample Numbers: 14: YXM-21-68; 15: GPT-17-15; Scale bar = 1 mm.
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he scope of this paper to perform an extensive revision
f the numerous fossil remains named as Annalepis to
ttribute each to one or another genus within the com-
lex Lepacyclotes–Annalepis–Tomiostrobus–Skilliostrobus

soetites. . . being clear, besides, that we still need to
iscover which kind of cormus were bearing it, especially
or the Chinese remains.

. Biostratigraphic and biogeographic discussions

From the distribution pattern in time and space of
he Annalepis-type fossils (Fig. 3) and the related genera
Grauvogel-Stamm and Lugardon, 2001) coupled with the
xtant Isoetes (Hoot and Taylor, 2001; Liu et al., 2004), it
as been inferred that the Annalepis-type sporophylls orig-

nated almost simultaneously from the Early Triassic in
he Russian South-East Siberia, where they were named as
omiostrobus by Neuburg (1936) and in Australia, named
here as Cylostrobus by Helby and Martin (1965) and Skil-
iostrobus by Ash (1979). Moreover some authors suggested
hat they have migrated along the northern and the south-
rn coasts of the Tethys, and spread to China (Annalepis),
ermany (Annalepis) and France (Annalepis) on the north-
rn coast of the Tethys during the Middle Triassic (Liu et al.,
004). Similarly, they suggested that the Middle Triassic
nnalepis of China might have derived from the Annalepis-
ype Cylostrobus of the Early Triassic of Australia. However,
ince Annalepis is now known to have appeared in the Ind-
an Kayitou Formation (such as the Mide and Tucheng
ections) in South China, it seems that this taxon may also
ave derived from South China. Moreover, according to
he distribution characteristics of the Annalepis horizon-
earing in the Yangtze River valley (Meng et al., 2000), it
eems that the taxon Annalepis extended to this region dur-
ng the Early Anisian (early Middle Triassic) and that its
istribution gradually shrunk during the Middle Anisian-
adinian (middle-late Middle Triassic), in response to the
arine regression that occurred from east to west on the

angtze Platform during that period (Meng, 1998; Meng
t al., 2000).

It is very significant that in eastern Yunnan and west-
rn Guizhou border the genus Annalepis occurred in marine
ediments together with typical Induan bivalves, ostracods,
rachiopods and ammonites (Fig. 4). These observations

ndicate that the first occurrence of Annalepis is Early Ind-
an in southwestern China, thus much earlier than in the

angtze River area (Fig. 3). During the late Early and Middle
riassic, they might have migrated to the north and widely
pread over the middle and lower reaches of the Yangtze
iver, in relation to the marine regression and transgres-
ion.

ig. 5. Fossiles de la Formation Kayitou (Trias inférieur) dans les sections de Mid
anxian,). 1-12 : Sporophylles de Lycophyte attribuées à diverses espèces du gen
ur la Fig. 3 = mégaspore (cf. Fig. 14) ; Localité : section de Mide ; Numéros d’échant
XM-19-2 ; 7 : YXM-21-37. 4, 8, 12. Annalepis angusta Meng, 1995 ; Localité : sect
XM-19-11. 9-11. Annalepis brevicystis Meng, 1995 ; Localité : section de Mide ; N
3. Ophiceras sp. ; Localité : section de Mide ; Numéro d’échantillon–13 : YXM-25-5
a surface lisse et sa marque trilète. 1 barre d’échelle = 0.5 mm. 15-16. Pteria ussur
uméros d’échantillons - 14 : YXM-21-68 ; 15 : GPT-17-15 ; Barre d’échelle = 1 mm
(2010) 479–486 485

Zhou and Li (1979) were the first to describe Olenekian
plants in South China, and to report that the fossil plants of
the Lingwen Formation from the Qionghai District, Hainan
Island, though fragmentary, are rich in individuals, com-
prising more than 20 species belonging to 18 genera. Later,
Li (1995) added 38 species belonging to 28 genera, among
which Equisetites, Phyllotheca, Neocalamites, Neuropterid-
ium, Albertia, Voltzia, Glyptolepis etc. The fossil plants of the
Lingwen Formation are not only very similar to those of
the “Buntsandstein” flora of western Europe, but also the
plant-bearing beds of this formation are very similar to it in
lithology. Thus, the Neuropteridium-Albertia-Voltzia assem-
blage present in the Lingwen Formation undoubtedly also
belongs to the late Early Triassic, i.e. the Olenekian, in China.

Yao et al. (1980) indicated that the fossil fauna
(including the bivalves Towapteria aff. scythica, Lepto-
chondris bittneci, Neoschizodus ovata, Unionites fassaensis,
Pteria ussurica variabilis; the brachiopod: Lingula borealis;
the insect Tomia) and the fossil plants (Permian relics
Paracalamites stenocostatus, Annularia shirakii, Lobatannu-
laria multifolia, Pecopteris sp., Gigantopteris sp., and now
Annalepis which was not yet reported) appeared simulta-
neously in the lowest part of the Kayitou Formation along
the Yunnan and Guizhou border (Yao et al., 1980). This
stratum corresponds to the Claraia wongi zone of the low-
est part of the Feixianguan Formation, which is Induan in
age (Fig. 4) (Zhou and Li, 1979). These elements of the Late
Permian Gigantopteris-flora should have survived into the
early Early Triassic (Wang, 1991; Yu et al., 2007). Our study
indicates that the fossils showed in Fig. 2 from the Mide
and the Tucheng sections are consistent with the above-
mentioned fossils, except that Annalepis spp. were not
recorded in Yao et al. (1980) paper. Thus we demonstrate
that the relics of the former Late Permian Gigantopteris-
flora and the Early Triassic Annalepis representatives
co-formed the floral assemblage of the Early Triassic in
South China. This assemblage is undoubtedly older than
the Neuropteridium-Albertia-Voltzia assemblage recorded
from the Lingwen Formation. Therefore, the Induan age of
this floral assemblage fills the biostratigraphic gap between
the Changhsingian Gigantonoclea guizhouensis-Ullmannia
cf. bronnii-Annularia pingloensis assemblage defined by Li
et al. (1995) and the Olenekian Triassic Neuropteridium-
Albertia-Voltzia assemblage reported by Zhou and Li
(1979).
5. Conclusion

Until now the occurrence of the genus Annalepis was
considered as a good biomarker for dating the late Early
to Middle Triassic period. Therefore, it is highly relevant

e et Tucheng (Mide : YXM - Yunnan, Xuanwei ; Tucheng : GPT - Guizhou,
re Annalepis (Fliche). 1-3, 5-7. Annalepis latiloba Meng, 1998 ; cercle noir
illons - 1 : YXM-21-27 ; 2 : YXM-21-2 ; 3 : YXM-21-11 ; 5 :YXM-21-29 ; 6 :

ion de Mide ; Numéros d’échantillons - 4 : YXM-21-5 ; 8 : YXM-21-1 ; 12 :
uméros d’échantillons–9 : YXM-21-7 ; 10 : YXM-21-18 ; 11 : YXM-21-63.
. Détail de la mégaspore in situ d’A. latiloba de la Fig. 3 (cercle noir). Noter
ica variabilis Chen et Lan, 1956 ; Localités : sections de Mide et Tucheng ;

.
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that in eastern Yunnan and western Guizhou, this genus
occurred associated with typical Induan bivalves, ostra-
cods, brachiopods and ammonites in the marine basal
deposits of the Kayitou Fm (Fig. 5). This indicates that the
First Appearance Datum (F.A.D.) of the “pioneering lycop-
sid genus” Annalepis is in fact Early Triassic (Induan) in
southwestern China, where it newly occurred associated
with surviving Permian plants, thus much earlier than in
the Yangtze River domain and any other area in South-
East Asia. It is now to be considered as marking the very
beginning of Triassic deposition for the western Guizhou
and eastern Yunnan domain. During the Early and Middle
Triassic, it might have migrated to the north and spread
widely over the other areas of South-East Asia.

Acknowledgements

We thank Yao Zhaoqi (Nanjing Institute of Geology
and Palaeontology, Academia Sinica) for examining some
of the fossil plants. We also thank Yang Fengqing, Yin
Hongfu, Wu Shunbao and Zhou Xiugao (China Univer-
sity of Geosciences, Wuhan) for identifying the bivalves,
the ostracods and the brachiopods of the Kayitou Forma-
tion of western Guizhou and eastern Yunnan. We are very
grateful to Jean Claude Nicaise (University Paris 6, France)
who carefully took the photos and to the numerous per-
sons and colleagues who participated in the fieldwork.
This work is part of the research programs supported
by the National Science Foundation of China (Grant nos.
40730209, 40839903 and 40972002). We thank warmly
Evelyn Kustatscher and Sylvie Bourquin as their remarks
and comments benefited us greatly for improving our
manuscript.

References

Ash, S.R., 1979. Skilliostrobus gen. nov., a new lycopsid cone from the Early
Triassic of Australia. Alcheringa 3, 73–89.

Fliche, P., 1910. Flore fossile du Trias en Lorraine et Franche-Comté (avec
des considérations finales par M. R. Zeiller). Bull. Soc. Sci. Nancy III, XI
1, 222–286.

Grauvogel-Stamm, L., 1978. La flore du Grès à Voltzia (Buntsandstein
supérieur) des Vosges du Nord (France). Morphologie, anatomie,
interprétations phylogénique et paléogéographique. Sci. Géol. Bull 50,
1–225.

Grauvogel-Stamm, L., 1999. Pleuromeia sternbergii (Münster) Corda,
eine charakteristiche Pflanze des deutschen Buntsansdsteins. In:
Hauschke, N., Wilde, V. (Eds.), Trias - Eine ganz andere Welt. Europa
im frühen Erdmittelalter. Verlag Dr. Friedrich Pfeil, München, pp.
271–281.

Grauvogel-Stamm, L., Duringer, P., 1983. Annalepis zeilleri Fliche
1910 emend., un organe reproducteur de Lycophyte de la Lettenkohle
de l’Est de la France. Morphologie, spores in situ et paléoécologie. Geol.
Rundsch. 72, 23–51.

Grauvogel-Stamm, L., Lugardon, B., 2001. The Triassic Lycopsids Pleu-
romeia and Annalepis: relationship, evolution and origin. Amer. Fern

J. 91, 115–149.

Grauvogel-Stamm, L., Ash, S.R., 2005a. Recovery of the Triassic land flora
from the end-Permian life crisis. C. R. Palevol 4, 593–608.

Grauvogel-Stamm, L., Ash, S.R., 2005b. Erratum to the article: recovery of
the Triassic land flora from the end-Permian life crisis. C. R. Palevol. 5,
767.
(2010) 479–486

Helby, R., Martin, A.R.H., 1965. Cylostrobus gen. nov., cones of Lycopsidean
plants from the Narrabeen group (Triassic) of New South Wales. Aust.
J. Bot. 13, 389–404.

Hoot, S.B., Taylor, W.C., 2001. The utility of nuclear ITS, a Leafy homolog
intron and chloroplast atpB-rbcL spacer region data in phylogenetic
analyses and species delimitation in Isoetes. Amer. Fern J. 91, 166–167.

Kustatscher, K., Wachtler, M., Van Konijnenburg-Van Cittert, J.H.A.,
2010. Lycophytes from the Middle Triassic (Anisian) locality Küh-
weiesenkopf (Monte Prà della Vacca) in the Dolomites (Northern
Italy). Palaeontology 53, 595–626.

Li, X.X., 1995. Fossil floras of China through the geological ages. Guangdong
Science and technology Press, Guangzhou, 695 p.

Liu, L.J., Yao, Z.Q., 2002. Geological age of the Kayitou Formation. J. Stratigr.
26, 235–237.

Liu, X., Gituru, W.R., Wang, Q.F., 2004. Distribution of basic diploid and
polyploid species of Isoetes in East Asia. J. Biogeogr. 31, 1239–1250.

Mader, D., 1990. Palaeoecology of the flora in Buntsandstein and Keuper
in the Triassic of Middle Europe. Gustav Fischer Verlag, Stuttgart, 1582
p.

Meng, F.S., 1994. Discovery of Pleuromeia-Annalepis Flora in South China
and its significance. Chin. Sci. Bull. 39, 130–134.

Meng, F.S., 1995. Flora of the Badong Formation. In: Meng, F.S., Xu, A.W.,
Zhang, Z.L., Lin, J., Yao, H. (Eds.), Nonmarine biota and sedimentary
facies of the Badong Formation in the Yangzi and its neighbouring
area. Chin. Univ. Geosci. (Wuhan) Press, Wuhan, pp. 6–27 (in Chinese
with English abstract).

Meng, F.S., 1996. Middle Triassic Lycopsid flora of South China and its
palaeoecological significance. Palaeobotanist 45, 334–343.

Meng, F.S., 1998. Studies on Annalepis from Middle Triassic along the
Yangtze River and its bearing on the origin of Isoetes. Acta Bot. Sin.
40, 768–774 (in Chinese with English abstract).

Meng, F.S., 1999. Studies on Pleuromeia from Middle Triassic along the
Yangtze River Valley and systematics of Isoetales. Acta Geosci. Sin. 20,
215–222 (in Chinese with English abstract).

Meng, F.S., Li, X.B., 2002. Declension and survival strategy of the Middle
Triassic Pleuromeia in the Yangtze valley. Geol. Min. Res. South China
2, 60–65 (in Chinese with English abstract).

Meng, F.S., Zhang, Z.L., Niu, Z.J., Chen, D.Y., 2000. Primitive Lycopsid flora in
the Yangtze Valley of China and systematics and evolution of Isoetales.
Hunan Sci. Technol. Press, Changsha, 87 p.

Neuburg, M.F., 1936. On stratigraphy of the coal-bearing deposits in Kuz-
nesk Basin. Bull. Acad. Sci. USSR Ser. Geol. 4, 469–510 (in Russian).

Retallack, G.J., 1997. Earliest Triassic origin of Isoetes and quillwort evo-
lutionary radiation. J. Paleont. 71, 500–521.

Rong, J.Y., Fang, Z.J., 2004. Mass extinction and recovery-evidences from
the Palaeozoic and Triassic of South China. Univ. Sci. Technol. China
Press, Hefei, pp. 636–645 (in Chinese with English abstract).

Schuster, J., 1931. Ueber das Verhaltnis der systematischen Gliederung,
der geographischen Verbreitung und der palaontologischen Entwick-
lung der Cycadaceen, Englers. Bot. Jahrb. 64, 165–260.

Wang, Z.Q., 1991. Advances on the Permo-Triassic Lycopods in North
China I: an Isoetes from the Mid-Triassic in northern Shaaxi Province.
Palaeontographica, B 222, 1–30.

Yao, Z.Q., Xu, J.T., Zhen, Z.G., Zhao, X.G., Mo, Z.G., 1980. Late Permian bios-
tratigraphy and the Permian-Triassic boundary in western Guizhou
and eastern Yunnan. In: Nanjing Institute of Geology, Palaeontol-
ogy, Academica Sinica (Eds.), Late Permian coal-bearing strata and
palaeontological fauna in western Guizhou and eastern Yunnan. Sci-
ence Press, Beijing, pp. 1–69 (in Chinese).

Ye, M.N., 1979. On some Middle Triassic plants from Hupeh and Szechuan.
Acta Palaeont. Sin. 18, 73–82 (in Chinese with English abstract).

Yu, J.X., 2008. Floras (macro- and microfloras) and evolutionary dynamics
across the Permian-Triassic boundary along Guizhou and Yunnan bor-
der, South China. PhD thesis, Univ. Paris 6 & China Univ. Geosciences
(Wuhan), 220 p (unedited).

Yu, J.X., Peng, Y.Q., Zhang, S.X., Yang, F.Q., Zhao, Q.M., Huang, Q.S.,
Yunnan-Guizhou border, SW China. Global and Planetary Change 55,
193–208.

Zhou, Z.Y., Li, B.X., 1979. A preliminary study of the Early Triassic plants
from the Qionghai district, Hainan Island. Acta Palaeont. Sin. 18,
444–462 (in Chinese with English abstract).


	Annalepis, a pioneering lycopsid genus in the recovery of the Triassic land flora in South China
	Introduction
	Materials and methods
	Updated Nomenclatural aspects
	Biostratigraphic and biogeographic discussions
	Conclusion
	Acknowledgements
	References


