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INTRODUCTION 

INTRODUCTION

Studies of fossil plants have a long tradition. 
Palaeobotany as a research field was establi-
shed at the latest with the release of the monu-
mental publication of Sternberg (1820–1838). 
Other early fundamental releases were publi-
shed in the following 30 years (Schlotheim 
1820, 1822; Brongniart 1825, 1828, 1849; Lind-
ley & Hutton 1831–1837; Braun 1843; Unger 
1845, 1850; Bronn 1848; Ettingshausen 1851; 
Miquel 1851), the so-called “Golden Age” of 
Palaeobotany (Cleal et al., 2005). One of these 
works provided the first illustrations of plant 
fossils from Lunz (von Ettingshausen, 1851). 
The work on fossil plants from Lunz thus has a 
long tradition, too. 

For most of the time, work on fossil plants 
was restricted to describing and classifying 
species, which at that time were mainly grou-
ped together in so-called form- or morphotaxa. 
This type of categorisation enduringly compli-
cates the inclusion of fossil plants in modern 
systematic and phylogenetic analyses. One of 
the first ecological considerations on a fossil 
flora was provided by Heer (1865); today eco-
logical interpretation plays a major role in the 
evaluation of fossil floras. Nevertheless, the es-
tablishment of systematic inventories must not 
be disregarded or underestimated, since they 
provide a fundamental basis for subsequent 
ecological interpretation even if only the diver-
sity of a flora is relevant. Systematic studies also 
contribute considerably to the understanding 
of systematics and evolution of the modern 
floral assemblages. 

The present work provides a detailed docu-
mentation of the macromorphology and epi-
dermal anatomy of the sterile foliage fossils 
from a diverse and rich Late Triassic (Carnian) 
megaflora in the Northern Calcareous Alps of 
Lower Austria. The flora from Lunz represents 
one of only a few well-preserved megafloras of 
the Alpine Triassic, and is one of the most sui-
table floras for the analysis of the floral deve-
lopment in Late Triassic deposits from the Alps. 

The here presented results form an integral 
part of the general intention to produce a com-
prehensive characterisation of the flora from 
Lunz. The constitutive topic of this study is to 
characterise and diagnose the excellently pre-
served gymnospermous leaf remains from Lunz. 
Based on the establishment of sound diagno-
ses that incorporate macromorphological and 
epidermal features, the currently confusing ta-
xonomy and resulting incomplete or unrepro-
ducible typification of the foliage types is re-
viewed and corrected, revised or completed, 
where necessary. In addition to the detailed 
diagnoses, illustrations of the individual forms 
and species are provided. This appeared to be 
particularly necessary, since illustrations of 
Lunz fossils are generally rare in previous publi-
cations. Detailed analysis of the macromorpho-
logy and epidermal anatomy along with the 
investigation of large sample sets of fossils, are 
required in order to establish high-confidence 
species and their ordinal and generic allocation 
(see chapters 1–3, 5–6) as well as to consider 
intraspecific variations.  

Based primarily on the results mainly ob-
tained from cuticular analysis, questions concer-
ning the palaeoecology of the plants (i.e. as-
sumptions of environments and environmental 
variables by means of adaptations of the plants 
as well as plant/insect-interactions) can be asses-
sed. They may provide new data and insights 
into the life habits and ecological characteristics 
of the plants (see chapters 4, 7–8). Analysing as 
many species as possible from a single flora con-
tributes to detailed conclusions with regard to 
the palaeoecology, substantiated by the concor-
dance of the adaptations of the plants. Additio-
nal information from sedimentological and pa-
laeozoological data can be used to further sub-
stantiate the significance of the adaptive nature 
of the epidermal and idiocuticular features.  

Several aspects make the Lunz flora parti-
cularly interesting and suitable for these inves-
tigations: 
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—The flora from Lunz is palaeobotanically sig-
nificant, since it represents one of only a few 
megafloras from the Alpine Triassic (Kerp 2000). 
Moreover, the Lunz flora is one of the oldest 
fossil floras that includes representatives of the 
extinct bennettitaleans (Cleal 1993). The flora is 
of stratigraphical importance in that it contri-
butes fundamentally to the correlation of the 
German and Alpine facies of the European 
Triassic. The enabling of age-dating of other 
Late Triassic floras of Europe and North Ame-
rica that are not correlated with marine fossils 
supports the stratigraphic value of this flora (cf. 
Dobruskina 1998). 

—The availability of a large number of fossils 
facilitates the work on the Lunz flora, and pro-
vides possibilities for large-sample investiga-
tions. They are necessary to reconstruct intra-
specific variation or specific discriminations. 
With more than 4000 specimens (Dobruskina 
1998; personal observation), the Lunz flora is 
one of the richest Late Triassic floras of the nor-
thern hemisphere. Almost all fossil remains are 
preserved as impressions or compressions. 

—The preservation of the fossils is exceptional 
for compressions; moreover, the compressed re-
mains yield excellently preserved cuticles. The 
fossils come from coal mines, and consequently 
never underwent weathering or other destru-
ctive forces, since they were directly sold from 
the mines to the museums. Cuticles can easily 
be removed from the rock and processed. 

—With more than 70 species recorded to date 
(Dobruskina 1989, 1998), including sphenophy-
tes, ferns, cycadaleans, bennettitaleans, coni-

fers and ginkgophytes, the Lunz flora repre-
sents one of the most diverse Late Triassic flo-
ras. The most remarkable feature of this flora is 
the abundance of compressed cycadophyte (i.e. 
Cycadales and Bennettitales) reproductive struc-
tures and foliage. Several detailed studies exist 
that focus on the numerous and diverse fertile 
cycadophyte remains (Krasser 1916, 1917, 1919; 
Kräusel 1948, 1949, 1953). In contrast, the innu-
merable specimens of sterile foliage have not 
received much scholarly attention to date. This 
is partly due to the fact that the fossils are 
spread among collections throughout Europe. 

—Unfortunately, this aggravates work on the 
Lunz flora and its collections: Due to the fact 
that the Lunz collection was partitioned, and 
the fossils were sold to collections and mu-
seums throughout Europe, no systematic sur-
vey existed to date that provides a synoptic 
and well-illustrated species list. Consequently, 
the various 19th and early 20th century collec-
tors, traders and curators, who labelled most of 
the fossils, along with the early scholars study-
ing the material, unintentionally created consi-
derable confusion with regard to the scientific 
names given to the different foliage types 
based on macromorphology. This confusion re-
mains to date, and renders establishing a trust-
worthy inventory of the plants in the Lunz flora 
a difficult task. This aspect underscores the need 
for a detailed systematic study to clarify the 
composition and nature of this highly diverse 
flora so that the Lunz flora may furthermore 
serve as the standard for Triassic floras of the 
northern hemisphere as proposed by Dobru-
skina (1989, 1998). 

 
 

LOCALITY, MATERIAL AND METHODS 

Locality.—The material comes from the area 
around Lunz-am-See in the Northern Calca-
reous Alps of Lower Austria, approximately 100 
km west of Vienna. The plant fossils were col-
lected from several localities located in a slen-
der belt (WSW–ENE) between Lunz-am-See and 

Vienna (Figure 1). Most of the fossils were col-
lected in coal mines that were active in the late 
19th and early 20th centuries. Detailed outcrop 
positions are indicated in Figure 1. The outcrop 
conditions around Lunz-am-See are poor today, 
since coal mining finally ceased after WWII 
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(1958), and none of the localities is accessible 
to date. Fossils can still be found on some of 
the old spoil tips and “outcrops” produced by 
small creeks around Lunz-am-See (personal ob-
servation). However, this material is strongly 
weathered, and usually not suitable for cuti-
cular analysis. As a result, this study is entirely 

based on material kept in various European 
museum collections. To date, approximately 
4000 plant fossils from Lunz are known in the 
several collections. Additional 15 000 speci-
mens are said to be stored in The Natural His-
tory Museum London (J. Eder, personal com-
munication, 2004). 

 

 
 
Figure 1. Map with the position of Lunz-am-See in Lower Austria, the outcrops of the ‘Lunzer Schichten’ and the localities where Lunz plant fossils were found (after 
Dobruskina 1998). 1, Hollenstein/Ybbs; 2, Ahornberg; 3, Holzapfel; 4, Pramelreith; 5, Lunz am See; 6, Gaming; 7, St. Anton/Jeßnitz; 8, Wienerbrück; 9, Loich; 10, 
Kirchberg/Pielach; 11, Tradigist; 12, Schrambach; 13, Lilienfeld; 14, Kleinzell; 15, Ramsau; 16, Kaltenleutgeben. 

 
 
Material.—The Lunz plant fossils from the fol-
lowing collections formed the basis of this 
study: The Geological Survey of Austria, Vienna, 
Austria (1784 specimens); the Natural History 
Museum, Vienna, Austria (956 specimens); the 
State Museum Joanneum, Graz, Austria (263 
specimens); the Natural History Museum, 
Stockholm, Sweden (171 specimens); the Labo-
ratory of Palaeobotany and Palynology, Utrecht, 
The Netherlands (120 specimens); the Natural 
History Museum Senckenberg, Frankfurt, Ger-
many (67 specimens); the State Museum of Lo-
wer Austria, St. Pölten, Austria (42 specimens); 
the State Collections of Natural History, Dres-
den, Germany (32 specimens); the Palaeobo-
tany Research Group, Münster, Germany (31 

specimens); the Naturalis Museum of Natural 
History, Leiden, The Netherlands (at least 24 
specimens). As a result, a total amount of more 
than 3500 specimens could be considered for 
this study.  
 
Methods.—The different collections mentioned 
above were studied on location. More than two 
thirds of the hand specimens were photogra-
phed with a high-resolution Nikon D100 digital 
camera using polarised light to increase con-
trast (cf. Schaarschmidt 1973) (Figure 2). This re-
sulted in more than 2800 digital images. The 
use of polarised light and high resolution ima-
ging revealed several details (venation, raised 
surface structures) that are hardly visible to the 
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naked eye. A number of rock and cuticle sam-
ples (>350) was selected for cuticular analysis. 
Moreover, several hand specimens (>250) were 
loaned for other analyses (e.g. epifluorescence 
microscopy). Cuticles were prepared according 
to procedures outlined in Kerp (1990) and Kerp 
& Krings (1999). Rock samples with plant re-
mains were dissolved in hydrofluoric acid (40% 
HF) in order to remove the sediment, or the 
plant remains were picked from the rock surface. 
Cuticles were macerated according to the stan-
dard procedure using Schulze’s reagent (35% 
HNO3 with a few crystals of KClO3) and 5–10% 
potassium hydroxide (KOH). Macerated cuticles 
were washed in distilled water, gently dehydra-
ted in pure glycerine, and finally mounted in 
permanent glycerine-jelly microscope slides. 

More than 2800 microscopic slides were 
produced. Slides are stored in the collection of 
the Forschungsstelle für Paläobotanik am Geo-

logisch-Paläontologischen Institut, Universität 
Münster, Germany, and in the relevant museum 
collections; the accession numbers for figured 
slides are indicated in the figure captions of the 
relevant papers. 

Cuticle preparations were studied and do-
cumented by three different microscopy me-
thods: Most of the samples were analysed with 
a Leitz Diaplan light microscope with Nomar-
ski interference contrast, and photographed 
with a mounted Nikon DS-5M digital camera. 
In addition, small and brittle samples not sui-
table for maceration were analysed under inci-
dent UV-fluorescence. The use of a scanning 
electron microscope on some cuticles, mainly 
those of Glossophyllum florinii, revealed seve-
ral details that were not visible with normal 
light microscopy or required opacity of the 
sample to demonstrate surface structures of 
the cuticles. 

 

 
 
Figure 2. Pictures demonstrating the effect of using polarised light and filters (left: with filters; right: without filters); specimen NHMW 2006B0008/0033, Nilssonia 
sturii; scale bar — 5 mm. 

 
 
GEOLOGICAL SETTING 

The fossils come from the ‘Lunzer Sandstein’, 
which forms the upper part of the Lunz beds. 
The Lunz Formation (= Lunz beds or Lunzer 
Schichten) consists basally of sandstones, follo-
wed by marine marls gradually grading up-
wards into terrestrial sands, shales and coal. 
The coal-bearing part of the sequence is over-
lain by marls and with a sandstone layer at the 
top. The plant fossils occur in the shales associ-

ated with the coal beds. Exact age dating of the 
Lunz Formation is still a problem because ade-
quate biostratigraphic markers such as ammo-
noids and conodonts are absent. Recent stu-
dies focussing on regional and facies-spanning 
correlations of biostrati-graphically well-estab-
lished sections within the Hallstatt and Reifling 
Intraplatform Basins (Hornung & Brandner 2005) 
suggest that the Lunz Formation is positioned 
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within the upper part of the Reingraben Forma-
tion (T. Hornung, personal communication, 2006). 
As a result, the Lunz Formation is probably late 
Julian (Julian 2/II) in age. Palynological studies 
indicate a Carnian (Bharadwaj & Singh 1964) 
and, more detailed, a Julian age (Dunay & Fi-

sher 1978; Hochuli & Frank 2000) of the Lunz 
Formation. The Opponitzer Limestone, the up-
per sub-unit of the Lunzer Schichten, has been 
dated as Tuvalian by Dunay and Fisher (1978). 
An illustrated profile of the Lunzer Schichten is 
provided by Verloop (1908). 

 
 

GEOGRAPHY AND CLIMATE DURING THE CARNIAN 

Geography.—The Carnian is the earliest stage 
of the Late Triassic, dating from 228 to 216.5 Ma. 
It comprises two regional stages, the Julian 
(228–225 Ma) and the Tuvalian (225–216.5 Ma) 
(ICS 2005). The Carnian might be considered 
the heyday of Pangaea (Wing & Sues 1992), 
when all of the present continents together 
formed the supercontinent Pangaea. The land 
mass was surrounded by the Panthalassic Ocean, 
a single global ocean. With the Palaeo-Tethys, 
the global ocean had a western branch at equa-
torial latitudes. The later northern and southern 
continents Laurasia and Gondwana started to 
drift apart along an east-west-oriented rift sys-
tem in its western part, which gave rise to the 
narrow and shallow Tethys seaway. In the Early 
Jurassic, this seaway became the precursor of 
the Central Atlantic Ocean. In the Carnian, the 
developing seaway was already well-established, 
although the prograding rift had not completely 
broken through to the west (Blakey, 2005). 
 
Climate.—The Triassic was a period dominated 
by continental processes. Environmental varia-
bles were strongly different to modern levels: 
Carbon dioxide was reaching a temporal maxi-
mum (250–300% of modern levels; Berner & 
Kothavala 2001; Ghosh et al. 2005), while the 
oxygen concentration had a temporal mini-
mum (at about 75% of modern levels; Berner 
1999). The poles were not covered by ice caps 
like today. In general, the climate in the tropics 

of the Carnian was mostly arid (Hay et al. 1982). 
Simms and Ruffell (1989) postulated a “pluvial 
event”, which interrupted the general arid cli-
mate of the Late Triassic. Several studies sup-
ported this change to humid conditions bet-
ween the Julian and the beginning of the Tuva-
lian (e.g. Hochuli & Frank 2000; Roghi 2004; Ste-
fani et al. 2004; Buratti & Cirilli 2007). The nature 
of this event is still discussed (Visscher et al. 
1994; Olsen 1997). Moreover, this event is spo-
radically believed to be an artifact that was 
caused by the migration of continents of the 
Tethyan area across the equatorial climatic 
zone (Kent & Olsen 2000). The apparent climate 
change from arid to humid and back to arid 
simply reflects the drift of the continents in a 
northward direction (Wing & Sues 1992; Kent & 
Olsen 2000; Olsen & Rainforth 2001). Hence, a 
zonal climate was already established in the 
Late Triassic. An equatorial tropical belt compa-
rable to the today’s one was well-developed at 
Carnian times (Kent & Tauxe 2005). The regions 
along the shores of the Tethyan rift passed 
through this narrow climatic zone in only a few 
million years when Pangaea drifted slowly to 
the north; and consequently, the equatorial belt 
comprised of specific and mostly endemic eco-
systems moved to the south. That region is 
today characterised by the only poorly known 
Late Triassic deposits of the south-eastern Uni-
ted States and northern Africa (Kent & Olsen 
2000; Olsen & Rainforth 2001). 
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A SHORT HISTORY OF RESEARCH ON PLANT FOSSILS FROM LUNZ  

The 19th century.—Plant fossils from Lunz were 
discovered nearly 160 years ago. The first illu-
stration of plants from this flora was provided 
by Ettingshausen (1851). Since 1871, the Lunz 
plant fossils were studied more intensively. Stu-
dies were carried out until today with several 
interruptions. The first scholar studying plant 
fossils from Lunz was Dionysus Stur (1827–
1893), who published three essays concerning 
the Lunz flora (Stur 1871, 1885, 1888). He was 
the first who showcased the plant fossils from 
Lunz to a general scientific public. 

After Stur’s sudden death, the Lunz fossils 
received only little scientific attention for more 
than ten years. During this time, mining fore-
man Josef Haberfelner (1830–1913) made sure 
that Lunz fossils became unforgettable; more-
over, he arranged that Lunz fossils became 
more known throughout Europe. He organised 
the professional excavation of the fossils, and 
sold them to various natural history museums. 
In dispersing the fossils all over Europe, Haber-
felner unconsciously complicated the study of 
this flora. 

 
The 20th century.—In the following years, Frido-
lin Krasser (1865–1922) started to work on the 
Lunz flora. He revised part the work of Stur, and 
published several essays, in which he proces-
sed the handwritten notes of Stur with regard 
to ferns and cycadophyte foliage (Krasser 1909a, 
1909b, 1909c). Later, he addressed himself to 
the fertile organs contained in the Lunz flora. 
Besides the excellent preservation of the fossils 
it was the presence of these fertile elements of 
Cycadales and Bennettitales that caused the 
illustriousness and, in fact, the significance of 
this flora. In the last years of WWI, Krasser pub-
lished two benchmark papers on cycadophyte 
reproductive structures from Lunz (Krasser 1917, 
1919). He also was the first, who used cuticular 
analysis in the analysis of the Lunz fossils.  

However, work on the Lunz fossils rested 
for only a short time after Krasser’s sudden 

death. In 1920, Richard Kräusel (1890–1966) re-
leased his first publication on some plant fossils 
from Lunz (Kräusel 1920). In the following years, 
he primarily worked on a flora of the same age, 
i.e. the flora from Neuewelt near Basel, Switzer-
land (Kräusel 1943, 1952, 1961; Kräusel & Le-
schik 1955, 1959; Kräusel & Schaarschmidt 1966). 
He thoroughly compared this flora with Lunz, 
and consequently, also studied plant fossils 
from Lunz (Kräusel 1920, 1943, 1948, 1949, 1953). 
Moreover, the work of Kräusel also focussed on 
the reproductive structures from Lunz. His stu-
dies resulted in several essays in which he copi-
ously described putative bennettitalean and 
cycadalean reproductive organs and ginkgo-
phytes (Kräusel 1943, 1948, 1949, 1953). He 
thereby revised some of Krasser’s views, mainly 
when Florin’s fundamental work on stomatal 
apparati of gymnosperms was released in 1933. 
In this important work, Florin described a criti-
cal aspect for the discrimination of bennettita-
lean from cycadalean foliage based on epider-
mal features (Florin 1933a). This was adopted 
by most of the contemporary palaeobotanists. 
Later, Kräusel turned to sterile foliage, but was 
not able to continue this work due to his death. 
His last publication focussing on the Lunz flora 
appeared in 1966, and dealt with pinnate ben-
nettitalean foliage. Whenever possible, he con-
sidered cuticles of the Neuewelt and Lunz plants 
during his work. 

Following Kräusel’s death, work on the 
plant fossils from Lunz was abandoned for a 
longer period, until, in the 1990s, Inna Dobru-
skina (*c. 1932) addressed herself to the Lunz 
flora during her work on Eurasian Triassic flo-
ras. Three publications on the history and re-
search of the Lunz flora were published bet-
ween 1988 and 1998 (Dobruskina 1988, 1989, 
1998). They include a relatively good overview 
and several synoptic “species” lists based on 
literature research. After this, it seemed that 
Mrs. Dobruskina has closed her studies on the 
Lunz flora. 
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Several other authors attended themselves 
to the Lunz flora since 1920, and released a few 
papers concerning specimens or taxa from that 
flora. Noteworthy are the works of A. G. Nat-
horst (1906, 1908), K. Frentzen (1922a, 1922b), 
C. R. Florin (1933c) and J. Langer (1943, 1945). 
The latter classified some of the specimens of 
the Lunz flora as ”endangered” or “lost”, and 
described a few specimens that were disre-
garded so far. Palynological, stratigraphical and 
age-dating studies were carried out by J. H. 

Verloop (1908), D. C. Bharadwaj and H. P. Singh 
(1957, 1964), R. F. Dunay and M. J. Fisher (1978) 
and G. Roghi (in process). 

 
The 21st century.—Since 2004, a comprehensive 
study including extensive cuticular analyses is 
conducted at the Palaeobotany Research Group 
of the University Münster. Several papers focus-
sing on the sterile bennettitalean and cycada-
lean foliage were submitted in 2005 and 2006. 
The present thesis is based on this research. 

 
 

BENNETTITALES VS. CYCADALES 

Bennettitaleans and cycadaleans represent the 
main focus of the present study. They are critical 
elements in the Lunz flora, and consequently in-
tensively discussed later. Therefore, a short in-
troduction that includes a closer look at the dif-
ferences of the macromorphology of the leaves, 
reproductive modes and strategies, evolutionary 
history and the fossil relatives of these two or-
ders of gymnosperms seems to be convenient. 
 
Fundamental differences.—The Cycadales and 
Bennettitales are two orders of superficially si-
milar gymnosperms, which, however, show a 
number of fundamental differences, notably in 
the structure of the reproductive organs. 

Cycads are thought to be the most primitive 
of the living seed plants; the ancestors might be 
found among the extinct seed ferns (pterido-
sperms). Cycads are dioecious. The micro- and 
macrosporophylls in all cycad genera and spe-
cies are reduced fertile leaves that are, with the 
exception of female Cycas plants, arranged in 
determinate shoots or cones. Both types of co-
nes (pollen and seed cones) are produced ter-
minally at the stem apices of male and female 
plants, respectively. In female Cycas plants, the 
megasporophylls are also born terminally at the 
stem apex, however, they are not arranged in a 
strobilus like in the other genera (i.e. Encepha-
lartos, Dioon, Zamia, etc.). They rather form a 
cone-like cluster. Cycas megasporephylls repre-

sent a plesiomorphic type of a cycad megaspo-
rophyll on which the possible derivation from 
ancestral sterile leaves is traceable. Up to eight 
ovules are arranged in two rows laterally inser-
ted at the basal part (the stalk) while the apical 
part is laminar with a more or less reduced 
pinnate architecture. The derived megasporo-
phylls of the other genera are arranged in stro-
bili (e.g. Dioon, Encephalartos, etc.), and pro-
duce only a single pair of ovules. The ovules are 
borne abaxially close to the inner part of the a-
pex. The distal part of the sporophylls is reduced 
to form a peltate shield that covers the ovules. In 
combination with the adjacent megasporophy-
lls, it forms a hermetically sealed outer surface of 
the seed cone (cf. Norstog & Nicholls 1997). 

Cycad microsporophylls are always arran-
ged in cones in all extant genera and species. 
The microsporangia are positioned on the ab-
axial surface of the sporophylls. Microsporo-
phylls of Cycas species produce a thousand mi-
crosporangia, while the number of sporangia 
produced is gradually reduced from Dioon 
through Encephalartos, Stangeria and Bowenia 
to Zamia from about 700 to 25 microsporangia. 
Cycads are pollinated by wind or by beetles (i.e. 
weevils) (cf. Norstog & Nicholls 1997). 

Intact seed cones of fossil cycads (i.e. Andro-
strobus, Beania; Harris 1964) are present as well 
as individual sporophylls (e.g. the megasporo-
phyll Dioonitocarpidium). Mamay (1976) propo-
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sed a hypothetical evolution of the cycad mega-
sporophyll from a Spermopteris type of fertile 
pteridosperm leaves. This implies that the stro-
bilar megasporophylls of modern cycads repre-
sent a derived (apormorphic) type of an ances-
tral foliar megasporophyll of the Dioonitocarpidi-
um or Cycas type. However, Axsmith et al. (2003) 
qualified the fertile nature of the Spermopteris 
fossil, which was typified by sterile specimens of 
a taeniopterid form. These authors assigned 
Mamay’s Spermopteris specimens to the genus 
Phasmatocycas, which has been interpreted as a 
primitive cycad megasporophyll. Alternatively, 
Gao Zhi-Feng and Thomas (1989a) proposed 
two evolutionary lineages of the evolution in 
modern cycad megasporophylls. The first line-
age leads from a Crossozamia megasporophyll 
and cone axis through Beania cones to the stro-
bilar megasporophylls of the extant Zamia type. 
In the second lineage, it is proposed that mo-
dern Cycas megasporophylls separately evolved 
from Crossozamia megasporophylls. From this 
opinion, it may be inferred that the two types of 
modern cycad sporophylls are homologous. 

Conversely, reproductive structures of the 
Bennettitales are not arranged in cones or stro-
bili. Rather, male and female reproductive parts 
are arranged in “flowers” that show a superficial 
resemblance to bisexual angiosperm flowers. 
Bennettitales are predominantly monoecious, 
they are traditionally divided in two families, 
the Cycadeoidaceae (=Bennettitaceae) and the 
Williamsoniaceae. The two families are distin-
guished primarily by their growth habit. Most 
Cycadeoidaceae produce unbranched, massive 
and spheric trunks. The reproductive organs 
are born deeply sunken between remaining 
leaf bases (cataphylls) on the trunk. Williamso-
niaceae are characterised by slender, arbores-
cent stems (e.g. Bucklandia) with the reproduc-
tive structures exposed in branch axills. The 
Williamsoniaceae consist of two groups, spora-
dically treated as own families, the Williamso-
niaceae and the Wielandiellaceae. Nowadays, 
these two groups are united in the William-
soniaceae, which are supposed to be older than 

the Cycadeoidaceae (Alvin et al. 1967). 
Bennettitaleans assigned to the Williamso-

niaceae are mostly monoecious; they possess 
bisexual (Williamsoniella type) or unisexual (i.e. 
male Weltrichia type or female Williamsonia 
type) “flowers”. The female part of the “flower” 
is composed of a cylindrical receptacle that 
bears alternating stalked ovules and interse-
minal scales. The ovules are characterised by a 
micropyle that overarches the gynoecial rind. 
The male portion of the “flower” consists of a 
circle of microsporangia bearing sporophylls. It 
surrounds the female part in bisexual “flowers”. 
Microsporangia are arranged in synangia on 
the adaxial side of the sporophylls or are en-
closed in the microsporophylls with adaxial 
openings (Williamsoniella). The “flower”, may it 
be unisexual or bisexual, is surrounded by one 
or more circles of sterile bracts (e.g. Cycado-
lepis). Reconstructions of the differrent “flower” 
types are given in Crane (1985) and Watson and 
Sincock (1992). The pollination of bennettita-
lean “flowers” remains elusive. Bennettitalean 
“fruits” are generally allocated to the genus Ben-
netticarpus that is comprised of cone-like struc-
tures containing several seed-bearing scales 
spirally arranged around a central axis (Harris 
1969). 

While there are numerous extant cycads (11 
genera with approximately 305 species; Hill et 
al. 2004), the Bennettitales represent an extinct 
group of plants. However, the stomata of some 
extant Gnetopsida (Welwitschiaceae and Gne-
taceae), a group of plants suggested to be 
closely related to the once widespread Bennet-
titales, resemble the bennettitalean stomatal 
type (see below) (Florin 1933b; Martens 1971). 
Even if some scholars suggest that phyloge-
netic relationships between bennettitaleans 
and extant gnetaleans, gymnosperms and an-
giosperms exist, they remain controversially 
discussed (Crane 1985; Nixon et al. 1994; Dono-
ghue & Doyle 2000; Doyle 2006). 

On the general evolution of the seed-bea-
ring habit refer to Taylor and Taylor (1993) and 
Norstog and Nicholls (1997). 
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Foliage.—Cycadalean and bennettitalean foliage 
is often macromorphologically similar, and thus 
can usually only be distinguished based on epi-
dermal anatomy. Thomas and Bancroft (1913) 
first distinguished cycadalean and bennettita-
lean foliage in this way. Especially significant in 
the discrimination of the two foliage types is the 
stomatal morphology. Bennettitalean leaves are 
characterised by syndetocheilic stomata, while 
cycadalean leaves possess haplocheilic stomata 
(Figure 3). These termini were introduced by Flo-
rin (1933b, p. 14), and refer to the development 
and the resulting morphotype of the stomatal 
apparatus. Syndetocheilic stomata separate the 
Bennettitales from all other groups of plants 
with the exception of representatives of Welwit-
schia and Gnetum (see above). 

The order and number of cell divisions du-
ring stomatal ontogeny is responsible for the 
formation of the two distinct stomatal types: In 
a syndetocheilic stoma, the initial mother cell 
divides two times. The two guard cells originate 
from the resulting median cell, while the sub-
sidiary cells originate from the two outer cells. 
This stomatal type is considered as the apomor-
phic type. Haplocheilic stomata are composed 
of two guard cells that originate from one 
mother cell, while the subsidiary cells originate 
from adjacent epidermal cells. This type is ana-
logically considered to be the plesiomorphic 
type (Figure 3). 

Three leaf genera are generally accepted to 
be typical for Mesozoic cycadalean foliage: Ctenis, 
Nilssonia and Pseudoctenis (Taylor & Taylor 1993; 
Norstog & Nicholls 1997; Watson & Cu-sack 2005). 
Typical Mesozoic foliage assigned to the Bennet-
titales is allocated to clearly more genera. The 
most widespread genera are Anomozamites, Nils-
soniopteris, Otozamites, Pseudocycas, Pterophyllum, 
Ptilophyllum, Sphenozamites and Zamites (Figure 
4) (Taylor & Taylor 1993; Watson & Sincock 1992). 
 
Bennettitales or Cycadeoidales?—The most com-
mon placement of this group (its status ranges 
from a division to an order) is as an order within 
the class Cycadopsida (Cleal & Rees 2003). The 
ordinal names Bennettitales and Cycadeoidales 
are based on the generic names Bennettites Car-
ruthers, 1870 and Cycadeoidea Buckland ex Lind-
ley et Hutton, 1932, respectively (Watson & Sin-
cock 1992). Cycadeoidales is widely used by North 
American palaeobotanists while European au-
thors mostly use the name Bennettitales. It is ge-
nerally accepted that both names are synonyms 
for a single group (order) of plants. The different 
usage maintains considerable confusion to date. 
Watson and Sincock (1992) discussed the priori-
ty problem, and provided evidence for the prio-
rity of Bennettitales Engler, 1892 over Cycadeoi-
dales Arnold, 1947 even if the familial rank of Cy-
cadeoidaceae Buckland, 1829 has priority over 
Bennettitaceae Engler, 1892. 

 
Figure 3. Schematic line-
drawing of a syndetochei-
lic (left) and a haplocheilic 
(right) stoma. 
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THE CUTICLES 

Another critical element of this study are the 
cuticles of the seed plants from Lunz. In order 
to avoid many repetitions, the reader is referred 
to Kerstiens (1996), Riederer and Müller (2006) 
and to Chapter 6 of this work for further detai-
led information about the structure, functions 
and adaptative possibilities as well as the im-
portance of the cuticles for the plant and its 
interactions with the environment. 

The cuticle is a critical element in the con-
trolled exchange of substances between the 
outside world and the internal tissues of vascular 
plants. Its protective effectiveness against exces-
sive water loss is of special importance for the 
growth and life of the plant. Moreover, the 
cuticle provides protection from various delete-
rious environmental influences, including UV-
radiation, mechanical injuries, dust particles and 
phytopathogenic microorganisms (Martin 1964; 
Campbell et al. 1980; Allen et al. 1990). A heavily 
cutinised epidermis may prohibit piercing-and-
sucking arthropods from penetrating the surface, 
and thus function in herbivory abatement. In ad-
dition, the cuticles of many extant plants display 
special structures either of wax coating (epicuti 
cular waxes) or as surface micro-reliefs that may 
also function in protecting the plant. Epicuticu-
lar waxes are found in all vascular plants (Nein-
huis & Barthlott 1997), whereas surface orna-
ments primarily occur in angiosperms (Barthlott 
& Ehler 1977; Barthlott 1980; Barthlott & Ziegler 
1981) and some gymnosperms (e.g. Florin 1936). 
Both characteristics are effective as passive de-
fence mechanisms against herbivores and phy-
topathogenic microorganisms, and can serve as 
adaptations to particular (extreme) abiotic habi-
tat conditions (e.g. Chapman 1976; Suzuki 1980; 
Hutchings & Saenger 1987; Western 1988). 

The cuticles of many fossil seed plants are 

highly resistant, and often survived fossilisation 
and diagenesis almost unchanged morphologi-
cally. Fossil cuticles are highly informative, and 
consequently obviously useful in the taxonomy 
of fossil seed plants (e.g. Krings & Kerp 2000; 
Kerp & Krings 2003). They are also important 
with regard to palaeobiological and palaeoeco-
logical considerations (e.g. Krings et al. 2003a, 
2003b). As a result, the analysis of fossil cuticles 
has become a major focus of palaeobotanical 
research (Kerp 1990). 

 
  

 
Figure 4. Details of leaf segment morphology and venation of bennettitalean 
and cycadalean leaf form-genera (modified after Watson & Sincock 1992; 
Watson & Cusack 2005). 
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The order Bennettitales was established by 
Engler (1892, p. 61). Historically, it was widely 
believed that the representatives of Bennetti-
tales are close relatives of the extant Cycadales 
(e.g. Morris 1841; Miquel 1851; Steinmann 1903). 
More recently, however, a number of funda-
mental differences between cycads and ben-
nettitaleans have been elaborated, which sug-
gest that the two groups of plants are not clo-
sely related (Schuster 1931; Crane 1985; Watson 
& Sincock 1992; Taylor & Taylor 1993). The two 
groups were formerly grouped together in the 
‘cycadophytes’. The current systematic position 
of the Bennettitales has repeatedly been dis-
cussed. Recent cladistic analyses substantiate 
that Cycadales and Bennettitales are not closely 
related, although individual workers do not en-
tirely agree on the position of the Bennettitales 
(e.g. Crane 1985; Nixon et al. 1994; Rothwell & 
Serbet 1994; Donoghue & Doyle 2000; Doyle 
2006; Hilton & Bateman 2006). The origin of the 
Bennettitales and their relationships to the 
other lineages of fossil and extant seed plants 
remain controversial (Norstog & Nicholls 1997; 
Doyle 2006), due in part to the fact that many 

of the reproductive structures attributed to the 
Bennettitales continue to be incompletely un-
derstood (Norstog & Nicholls 1997; Rothwell & 
Stockey 2002; Stockey & Rothwell 2003).  

The earliest persuasive records of bennet-
titaleans come from the Late Triassic. The ben-
nettitalean representatives from the Lunz flora 
thus range among these earliest bennettitale-
ans in the fossil record (Cleal 1993; Kelber 1998; 
Kelber & Nitsch 2005). Bennettitaleans were 
abundant in the Early–Middle Jurassic, and be-
came extinct in the Early Cretaceous. 

Bennettitaleans reported from pre-Carnian 
localities have to be addressed very carefully. 
Cuticles of pre-Carnian species are often not 
preserved or unknown. The accommodation 
of species like Pterophyllum cutelliforme (Sze 
1936; Ke-Qin Sun 2006), P. cotteanum (Geinitz 
1873; Barthel 1976), P. blechnoides (Geinitz 1873), 
P. samchokense (Kawasaki 1931), P. daihoense 
(Kawasaki 1931, 1934; Ke-Qin Sun 2006) and P. 
eratum (Gu & Zhi 1974) from the Upper Car-
boniferous and Permian of China, Korea and 
Germany in the genus Pterophyllum remains 
equivocal.
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CHAPTER 1 

Proposal to conserve the name Pterophyllum 
(Foss., Bennettitales) with a conserved type 
 
Christian Pott, Hans Kerp, Johanna H.A. van Ko-
nijnenburg-van Cittert & Gea Zijlstra 
 
Taxon 56: 966–967 (2007) 
 
Abstract.—Brongniart introduced the name Pte-
rophyllum for a genus comprising two species 
of fossil pinnate leaves, P. minus and P. majus, 
from the uppermost Triassic of southern Swe-
den and assigned them to the Cycadaceae. He 
(l.c.: 216. 1825) also discussed the cycadalean 
nature of Algacites filicoides Schloth. (Nachtr. 
Petrefaktenk.: 47. 1822), which had originally 
been interpreted as an alga, but did not classify 
the latter species in Pterophyllum or in another 
genus for pinnate cycad-like foliage. Three 
years later Brongniart (Prodr. Hist. Vég. Foss.: 95. 
1828) gave a new, largely identical diagnosis of 
Pterophyllum to which he attributed six species; 
two others were mentioned as doubtful. In 
addition to P. minus and P. majus he listed four 
names under Pterophyllum, two of them being 

nomina nuda (P. meriani, P. williamsonis). He 
transferred Algacites filicoides Schloth. and Os-
mundites pectinatus Jaeger (Pflanzenverst. Bau-
sandstein Stuttg.: 29. 1827) to Pterophyllum but 
he did not adopt the original specific epithets 
and renamed them as P. longifolium and P. 
jaegeri respectively, these latter names thus 
being illegitimate. Nathorst subsequently trans-
ferred P. minus (Kongl. Svenska Vetenskapsakad. 
Handl. ser. 2. 16(7): 19. 1878) and P. majus (Beitr. 
Foss. Fl. Schwedens: 21. 1878) to the genus 
Anomozamites Schimper 1870 (Traité Paléont. 
Vég. II: 140. 1870), a genus of the Bennettitales. 
This implies that without conservation, Ptero-
phyllum (typified on either P. minus or P. majus), 
has to replace Anomozamites, whereas for the 
genus in the sense as enlarged by Brongniart in 
1828, no name is available. Pterophyllum is still 
widely used as a morphogenus for pinnate lea-
ves and the generic diagnosis has been emen-
ded by Harris (Yorksh. Jurassic Fl. III: 92. 1969) 
and Watson & Sincock (Bennettitales Engl. 
Wealden: 108. 1992) to include only species with 
syndetocheilic stomata of the bennettitalean 
type. 
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(l.c.)	in	their	pl.	25.	Thus	the	type	of	S. paradoxa	is	that	of	
C. erectus,	and	C. nutans	(pl.	26	in	Schimper	&	Mougeot)	
becomes	a	taxonomic	synonym	of	these	names.	It	appears	
that	no	original	material	of	Brongniart	still	exists,	and	
moreover,	 the	specimens	investigated	by	Schimper	&	
Mougeot	are	lost	as	well.	Therefore,	Grauvogel-Stamm	
(l.c.:	70)	designated	a	neotype,	the	specimen	cited	above.	

This	specimen	is	illustrated	in	Grauvogel-Stamm	(l.c.:	
t.	6,	 f.	1	and	text	fig.	5).	At	present	 this	unnumbered	
specimen	still	 is	housed	in	Maison	Grauvogel,	a	small	
natural	history	museum	in	Ringendorf,	near	Strasbourg.	
In	the	near	future	it	will	probably	be	moved	to	the	Musée	
de	l’Institut	de	Géologie	de	Strasbourg,	France.

(1791)	 Pterophyllum	Brongn.	in	Ann.	Sci.	Nat.	(Paris)	
4:	211.	Feb	1825	(‘1824’),	nom.	cons.	prop.

	 Typus:	P. longifolium	Brongn.	(Prodr.	Hist.	Vég.	
Foss.:	95.	Dec	1828)	nom.	 illeg.	 (P. filicoides 
(Schloth.)	Zeiller,	Algacites filicoides	Schloth.),	
typ.	cons.	prop.

Brongniart	(l.c.:	216.	1825)	introduced	the	name	Pte-
rophyllum	for	a	genus	comprising	two	species	of	fossil	
pinnate	leaves,	P. minus and	P. majus,	from	the	uppermost	
Triassic	of	southern	Sweden	and	assigned	them	to	the	Cy-
cadaceae.	He	also	discussed	the	cycadalean	nature	of	Al-
gacites filicoides	Schloth.	(Petrefaktenkunde	Nachträge:	
47.	1822),	which	had	originally	been	interpreted	as	an	
alga,	but	did	not	assign	this	species	to	Pterophyllum or	to	
any	other	cycadalean	genus	despite	its	pinnate	cycad-like	
foliage.	Three	years	later,	Brongniart	(Prodr.	Hist.	Vég.	
Foss.:	95.	1828)	gave	a	new,	largely	identical	diagnosis	
of	Pterophyllum	to	which	he	attributed	six	species;	two	
others	were	mentioned	as	doubtful.	In	addition	to	P. minus 
and	P.	majus	he	listed	four	names	under	Pterophyllum,	
two	of	them	being	nomina	nuda	(P.	meriani,	P. william-
sonis).	He	transferred	Algacites filicoides Schloth.	and	
Osmundites pectinatus Jaeger	(Pfl.-Versteiner.:	29.	1827)	
to	Pterophyllum	but	he	did	not	adopt	the	original	specific	
epithets	and	instead	renamed	them	as	P. longifolium	and	
P. jaegeri,	respectively, these	latter	names	thus	being	ille-
gitimate. Nathorst	subsequently	transferred	P. minus	and	
P. majus (in	Öfv.	Kongl.	Vetenskaps-Akad.	Handl.	1:	34.	
1876)	to	the	genus	Anomozamites	Schimper	1870	(Traité	

Paléont.	Vég.	2:	140.	1870).	Accepting	this	transfer	im-
plies	that	without	conservation,	Pterophyllum (typified	on	
either	P. minus or P. majus),	has	to	replace	Anomozamites,	
whereas	for	the	genus	in	the	enlarged	sense	of	Brongniart	
(1828),	no	name	is	available.	Pterophyllum	is	still	widely	
used	as	a	morphogenus	for	pinnate	leaves	and	the	generic	
diagnosis	has	been	emended	by	Harris	(Yorksh.	Jurassic	
Fl.	3:	92.	1969)	and	Watson	&	Sincock	(Bennettitales	
Engl.	Wealden:	108.	1992)	to	include	only	species	with	
syndetocheilic	stomata	of	the	bennettitalean	type.

The	 Cycadales	 and	 Bennettitales	 are	 two	 groups	
of	superficially	similar	gymnosperms	that	possess	sev-
eral	fundamental	differences.	Members	of	both	groups	
display	a	similar	growth	habit,	and	the	foliage	is	often	
macromorphologically	 very	 similar.	 However,	 leaves	
with	preserved	cuticles	can	be	distinguished	on	the	basis	
of	epidermal	anatomy.	The	reproductive	structures	of	
Cycadales	and	Bennettitales	are	very	dissimilar.	Col-
lectively,	this	evidence	indicates	that	the	two	groups	are	
not	closely	related,	a	conclusion	supported	by	cladistic	
analysis.	However,	researchers	do	not	entirely	agree	on	
the	phylogenetic	position	of	the	Bennettitales,	e.g.,	Crane	
(in	Ann.	Missouri	Bot.	Gard.	72:	716–793.	1985;	in	Cla-
distics	1:	329–348.	1985),	Nixon	&	al.	(in	Ann.	Missouri	
Bot.	Gard.	81:	484–533.	1994),	Rothwell	&	Serbet	(in	Syst.	
Bot.	19:	443–482.	1994),	Doyle	(in	J.	Torrey	Bot.	Soc.	133:	
169–209.	2006),	and	Hilton	&	Bateman	(in	J.	Torrey	Bot.	
Soc.	133:	119–168.	2006).

The	order	Bennettitales	was	not	established	until	
1892	by	Engler	(Syllabus:	61.	1892).	Thomas	&	Bancroft	

(1791) Proposal to conserve the name Pterophyllum (fossil Bennettitales) 
with a conserved type
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(in	Trans.	Linn.	Soc.	London,	Bot.	8:	155–203.	1913)	first	
distinguished	cycadalean	and	bennettitalean	foliage	based	
on	epidermal	anatomy.	

Algacites filicoides	was	described	by	Schlotheim	
in	1822	(l.c.:	47.	1822),	who	figured	a	single	specimen	
from	the	Carnian	(Upper	Triassic)	of	Neuewelt	near	Basel	
(Switzerland)	(l.c.:	pl.	IV,	fig.	2.	1822)	that	is	now	kept	in	
the	Museum	für	Naturkunde	der	Humboldt-Universität	
zu	Berlin.	Zeiller	(Bassin	Houill.	Blanzy	Creusot:	196.	
1906)	replaced	Pterophyllum longifolium by	P. filicoides,	
thus	making	the	correct	new	combination.	However,	he	
illustrated	a	cuticle	of	a	specimen	from	the	type	locality	
that	does	not	show	the	typical	stomata.	Thomas	(in	J.	
Linn.	Soc.,	Bot.	47:	407.	1930)	illustrated	cuticles	with	
stomata	from	the	Carnian	of	Lunz	(Austria)	and	thereby	
emended	Pterophyllum filicoides.	Although	 the	 latter	
name	is	legitimate,	it	was	hardly	ever	adopted	by	sub-
sequent	authors;	the	species	is	mostly	still	referred	to	as	
P. longifolium	(see:	Jongmans	&	Dijkstra,	Foss.	Cat.	56:	
2716–2718.	1963;	Dijkstra	&	van	Amerom,	Foss.	Cat.	
91:	594.	1985).	Andrews	(in	Bull.	U.S.	Geol.	Surv.	1300:	
179.	1970)	claimed	to	select	P. longifolium as	type	of	Pte-
rophyllum,	disregarding	the	fact	that	it	was	not	eligible,	
not	being	an	original	(1825)	species;	he	also	neglected	
Algacites filicoides	Schloth.,	the	name	which	it	replaced	
and	P. filicoides,	the	correct	new	combination.

Jongmans	 &	 Dijkstra	 (l.c.:	 2691–2744.	 1963)	 and	
Dijkstra	&	van	Amerom	(l.c.:	588–601.	1985)	list	ca.	265	
species	of	Pterophyllum.	The	genus	is	clearly	in	need	
of	revision.	The	few	species	reported	from	the	Upper	
Carboniferous	and	Permian	(e.g.,	Geinitz,	Dyas	2:	146.	
1862;	Renault	&	Zeiller,	Étud.	Commentry	Fl.	Foss.:	619.	
1890)	can	no	longer	be	accommodated	in	Pterophyllum,	
either	because	their	cuticles	do	not	show	the	bennettital-
ean	epidermal	anatomy	(Zeiller,	l.c.:	198,	fig.	B’.	1906)	
or	because	cuticles	are	not	known	in	these	fossils.	The	
earliest	unequivocal	occurrence	of	Pterophyllum	with	cu-

ticle	has	been	reported	from	the	Carnian	and	the	youngest	
stratigraphic	occurrence	is	in	the	Lower	Cretaceous.	The	
geographical	distribution	of	Pterophyllum	is	largely	re-
stricted	to	the	northern	hemisphere,	from	North	America	
across	Europe	to	eastern	Asia.

Several	species	previously	assigned	to	Pterophyllum	
do	not	show	the	typical	bennettitalean	epidermal	anatomy	
and	have	been	transferred	to	other	genera	(e.g.,	Anomoz-
amites	Schimper, Nilssonia Nathorst;	Thomas,	l.c.:	389–
415.	1930;	Pott	&	al.	in	Rev.	Palaeobot.	Palynol.	143:	197–
217.	2007).	On	the	other	hand,	detailed	studies	of	species	
of	cycad-like	foliage	with	cuticle	preservation,	previously	
assigned	to	other	genera,	necessitated	their	transfer	to	
Pterophyllum	(Watson	&	Sincock,	l.c.:	108–121.	1992).	
Even	when	a	critical	revision	of	the	genus	Pterophyllum	
results	in	a	reduction	of	the	number	of	species,	Ptero-
phyllum	is	still	a	major	constituent	of	Mesozoic	northern	
hemisphere	floras.	Especially	in	Upper	Triassic	floras	
Pterophyllum	is	often	the	dominant	taxon,	for	example	
in	the	very	rich	floras	of	Lunz	and	Neuewelt.	

In	accordance	with	Art.	14.9	of	the	ICBN	(McNeill	
&	al.	in	Regnum	Veg.	146.	2006),	we	propose	to	conserve	
the	generic	name	Pterophyllum	Brongniart	1825	with	Pte-
rophyllum longifolium	Brongn.	nom.	illeg.	(P. filicoides	
(Schloth.)	Zeiller,	Algacites filicoides	Schloth.)	as	type.	
Rejection	of	this	proposal	would	require	the	renaming	
of	a	considerable	number	of	Pterophyllum	species	for	
which	no	alternative	generic	name	is	currently	available,	
and	would	make	it	necessary	to	replace	Anomozamites	by	
Pterophyllum.	This	would	lead	to	considerable	confusion,	
particularly	because	the	name	Pterophyllum	is	not	only	
frequently	used	in	(palaeo)botanical	but	also	in	geological	
literature,	including	textbooks	(e.g.,	Vakhrameev,	Jur.	
Cretac.	Fl.	1991;	Benton,	Foss.	Record.	1993;	Stewart	&	
Rothwell,	Paleobotany.	1993;	Taylor	&	Taylor,	Biol.	Foss.	
Pl.	1993;	Dobruskina,	Triassic	Fl.	Eurasia.	1994).

TAXON	56	(3)	•	August	2007:	966–967
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CHAPTER 2 

Revision of the Pterophyllum species (Cycado-
phytina: Bennettitales) in the Carnian (Late 
Triassic) flora from Lunz, Lower Austria 
 
Christian Pott, Johanna H. A. van Konijnenburg-
van Cittert, Hans Kerp & Michael Krings 
 
Review of Palaeobotany and Palynology 147: 3–27 
(2007) 
 
Abstract.—A revision of the genus Pterophyllum 
from the famous Late Triassic flora of Lunz in 
Lower Austria based on macromorphology, 
biometry, and epidermal anatomy is presented. 
Two distinct species, Pterophyllum filicoides and 
P. brevipenne, are recognised. Other Pterophyl-
lum “species” described from Lunz by D. Stur 
and F. Krasser in the late 19th and early 20th 
centuries are interpreted as conspecific with ei-
ther of these two species; others represent cy-

cadalean foliage assignable to the genus Nils-
sonia. Full-grown P. filicoides leaves are more 
than 45 cm long and oblong to broadly oval in 
outline; the lamina is subdivided into narrow 
leaf segments up to 11 cm long. Full-grown lea-
ves of P. brevipenne are considerably smaller 
than those of P. filicoides, and lanceolate to spa-
tulate in outline; the lamina is subdivided into 
leaf segments up to 2.7 cm long. Pterophyllum 
is by far the most common element in the Lunz 
flora. Moreover, the species from Lunz range 
among the earliest representatives of this ge-
nus in the fossil record. This suggests that cer-
tain Bennettitales locally became significant 
elements of the vegetation relatively early in 
their evolutionary history. 
 
Keywords.—Pterophyllum, plant fossils, Bennet-
titales, epidermal anatomy, Lunz (Austria), cu-
ticular analysis. 
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Abstract

A revision of the genus Pterophyllum in the famous Late Triassic flora of Lunz, Lower Austria, based on macromorphology,
biometry, and epidermal anatomy is presented. Two distinct species, Pterophyllum filicoides and Pterophyllum brevipenne, are
recognized. Other Pterophyllum “species” described from Lunz by D. Stur and F. Krasser in the late 19th and early 20th centuries
are interpreted as conspecific with either of these two species; others represent cycadalean foliage assignable to the genus
Nilssonia. Full-grown P. filicoides leaves are more than 45 cm long and oblong to broadly oval in outline; the lamina is
subdivided into narrow leaf segments up to 11 cm long. Full-grown leaves of P. brevipenne are considerably smaller than those of
P. filicoides, and lanceolate to spatulate in outline; the lamina is subdivided into leaf segments up to 2.7 cm long. Pterophyllum is
by far the most common element in the Lunz flora. Moreover, the species from Lunz range among the earliest representatives of
this genus in the fossil record. This suggests that certain Bennettitales locally became significant elements of the vegetation
relatively early in their evolutionary history.
© 2007 Elsevier B.V. All rights reserved.
Keywords: Pterophyllum; plant fossils; Bennettitales; epidermal anatomy; Lunz (Austria); cuticular analysis
1. Introduction

The Carnian (early Late Triassic) flora of Lunz in
Lower Austria contains several morphotypes of seg-
mented or entire-margined to coarsely segmented
leaves, most of which have historically been interpreted
⁎ Corresponding author. Tel.: +49 251 8323934; fax: +49 251
8321739.

E-mail address: christian.pott@uni-muenster.de (C. Pott).

0034-6667/$ - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.revpalbo.2007.03.005
as belonging to the bennettitalean foliage morphogenus
Pterophyllum Brongniart, 1825 (‘1824’) (Stur, 1885;
Krasser, 1909b). Brongniart (1825) introduced Ptero-
phyllum for pinnate cycadophyte leaves. Stur (1885)
refers 17 foliage types from Lunz to the genus Ptero-
phyllum, however, without giving diagnoses, descrip-
tions, or illustrations of the fossils. As a result, the
names introduced by this author remained nomina nuda
until Krasser (1909b), based on Stur's handwritten
notes, provided a more formal classification, which

mailto:christian.pott@uni-muenster.de
http://dx.doi.org/10.1016/j.revpalbo.2007.03.005


4 C. Pott et al. / Review of Palaeobotany and Palynology 147 (2007) 3–27
includes brief diagnoses of the individual taxa and a
short discussion, but still lacks illustrations of the
material.

Although cuticular analysis is known to provide a
wealth of information useful in determining the
systematic affinities of many foliage fossils (e.g., Florin,
1933; Watson and Sincock, 1992; Watson and Cusack,
2005), it has largely been neglected in studies of the
Lunz flora. Data on the epidermal anatomy of Ptero-
phyllum leaves from Lunz had been unavailable, with
the exception of a few cuticles described by Kräusel and
Schaarschmidt (1966). However, their descriptions are
incomplete, and hence not useful as a basis for
accurately identifying further specimens that may be
similar in gross morphology. As a result, circumscrip-
tion of the foliage types from Lunz assigned to Ptero-
phyllum by Krasser (1909b) continues to be vague, and
thus the systematic affinities of these fossils remain
uncertain.

A recent thorough reinvestigation of the Lunz flora
based on macromorphological and cuticular analyses
revealed that the body of fossils conventionally placed
in the genus Pterophyllum (cf. Stur, 1885; Krasser,
1909b) is in need of a revision because it includes both
bennettitalean and cycadalean foliage. The cycadalean
foliage has formally been excluded from Pterophyllum
by Pott et al. (2007a), and transferred to Nilssonia.
Entire-margined to coarsely segmented foliage has been
transferred to Nilssoniopteris (Pott et al., in press-b).
The present paper provides detailed descriptions of the
macromorphology and epidermal anatomy of the
bennettitalean foliage retained in Pterophyllum. Based
on our results, we propose that, in the Lunz flora, the
morphogenus Pterophyllum is represented by only two
distinct species, i.e. Pterophyllum filicoides and Ptero-
phyllum brevipenne. Other Pterophyllum “species”
described by Stur (1885) and Krasser (1909b) are
interpreted as conspecific with either of these two
species based on epidermal anatomy.

2. Pterophyllum Brongniart, 1825 (‘1824’)

Pterophyllum is a morphogenus of bennettitalean
foliage comprised of segmented leaves with laterally
inserted, almost parallel-sided leaf segments, a striate
rachis and epidermal anatomies that display syndeto-
cheilic stomata (Thomas, 1930; Florin, 1933; Harris,
1969; Van Konijnenburg-van Cittert et al., 2001).
Brongniart (1825) introduced the name Pterophyllum
for a genus comprising two species of fossil pinnate
leaves, P. minus and P. majus, from the uppermost
Triassic of southern Sweden, and assigned them to the
Cycadaceae. He also discussed the cycadalean nature
of Algacites filicoides Schlotheim, 1822 from the Late
Triassic flora of Neuewelt (Switzerland), which had
originally been interpreted as an alga (Schlotheim,
1822), but did not classify the latter species in Ptero-
phyllum or in another genus for pinnate cycad-like
foliage. Later, in 1828, Brongniart gave a new, largely
identical diagnosis of Pterophyllum to which he
attributed six species; two others were mentioned as
doubtful (Brongniart, 1828). He transferred A. filicoides
Schlotheim, 1822 and Osmundites pectinatus Jaeger,
1827 to Pterophyllum but did not adopt the specific
epithets and renamed them as Pterophyllum longifolium
and Pterophyllum jaegeri, these latter names thus being
illegitimate. Nathorst subsequently transferred P. minus
and P. majus to the genus Anomozamites Schimper,
1870 (Nathorst, 1878a,b). Because the two species on
which Brongniart (1825) originally established the
genus Pterophyllum are now classified in another
genus, the generic name Pterophyllum Brongniart,
1825 (‘1824’) is illegitimate. However, Pterophyllum
is still widely used as a morphogenus for pinnate leaves.
The generic diagnosis has been emended by Harris
(1969) and Watson and Sincock (1992) to include only
bennettitalean foliage characterized by syndetocheilic
stomata.

In accordance with ICBN (Greuter et al., 2000) Art.
14, Pott et al. (in press-a) proposed to conserve the
generic name Pterophyllum Brongniart, 1825 (‘1824’)
with the type species P. filicoides (Schlotheim, 1822)
Zeiller, 1906 (basionym Algacites filicoides Schlotheim,
1822). Andrews (1970) selected P. longifolium Brong-
niart, 1828 as the type species of Pterophyllum, thereby
disregarding the nomenclatural changes made by Zeiller
(1906) and validated by Thomas (1930).

3. Geological setting, material, and methods

The material was collected in the late 19th and early
20th centuries from several active coalmines around
Lunz-am-See in the Northern Calcareous Alps, Lower
Austria, approximately 100 km west of Vienna (Fig. 1).
The Lunz flora represents one of the richest and most
diverse Late Triassic floras of the Northern Hemisphere
and consists of sphenophytes, ferns, and a variety of
gymnosperms, including cycadaleans, bennettitaleans,
coniferophytes and putative ginkgophytes (Dobruskina,
1989, 1998).

The fossils occur in the “Lunzer Sandstein”, which is
part of the Lunz beds. The Lunz Formation (= Lunzer
Schichten) consists of sandstones at basis, followed by
marine marls gradually grading upwards into terrestrial



Fig. 1. Map showing the position of Lunz-am-See in Lower Austria and the localities where Lunz plant fossils were found (1) Hollenstein an der
Ybbs; (2) Ahornberg; (3) Holzapfel; (4) Pramelreith; (5) Lunz am See; (6) Gaming; (7) Sankt Anton an der Jessnitz; (8) Wienerbruck; (9) Loich;
(10) Kirchberg an der Pielach; (11) Tradigist; (12) Schrambach; (13) Lilienfeld; (14) Kleinzell; (15) Ramsau; (16) Kaltenleutgeben.
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sands, shales, and coal. The coal-bearing part of the
sequence is overlain by marls and with a sandstone layer
at the top. The plant fossils occur in the shales associated
with the coal beds. Exact age dating of the Lunz
Formation continues to be a problem due to the lack of
adequate biomarkers such as ammonoids and con-
odonts. Recent studies focusing on regional and facies-
spanning correlations of biostratigraphically well-estab-
lished sections of the Hallstatt Basin and the Reifling
Intraplatform Basin (Hornung and Brandner, 2005)
suggest that the Lunz Formation ought to be integrated
within the upper part of the Reingraben Formation
(T. Hornung personal communication, 2006). Taking
this into account, the Lunz Formation probably is late
Julian (Julian 2/II) in age. Palynological studies indicate
a Carnian (Bhardwaj and Singh, 1964) and Julian age
(Dunay and Fisher, 1978; Roghi, 2004). The Opponitzer
Limestone, the upper sub-unit of the Lunzer Schichten,
has been dated as Tuvalian by Dunay and Fisher (1978).

The plant fossils from Lunz are usually preserved as
impressions or compressions, the latter often with
excellently preserved cuticles. Cuticles were prepared
according to procedures outlined in Kerp (1990), and
Kerp and Krings (1999). Rock samples with plant
remains were dissolved in hydrofluoric acid (HF) in
order to remove the sediment, or the plant remains were
picked from the rock surface. Cuticles were macerated
according to the standard procedure using Schulze's
reagent (35% HNO3 with a few crystals of KClO3) and
5–10% Potassium hydroxide (KOH). Macerated cuti-
cles were washed in distilled water, gently dehydrated in
pure glycerine, and finally mounted in permanent
glycerine-jelly microscope slides. Slides are stored in
the collections of the relevant museums; accession
numbers are indicated in the figure captions.

Hand specimens were photographed with a Nikon
D 100 digital camera; in order to increase contrast,
cross-polarization (i.e. polarized light sources together
with a polarizing filter over the camera lens) was used.
Cuticles were analysed with a Leitz Diaplan microscope
and photographed with a Nikon DS-5M digital camera.

The material used in this study is deposited in the
following collections:

GBA Geologische Bundesanstalt, Wien (Geological
Survey of Austria, Vienna, Austria),

JOA Landesmuseum Joanneum, Graz (State Muse-
um Joanneum, Graz, Austria),

MNB Museum für Naturkunde, Berlin (Museum of
Natural History, Berlin, Germany),
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NAT National Naturhistorisch Museum Naturalis,
Leiden (Museum of Natural History, Leiden,
The Netherlands),

NHM Naturhistorisches Museum, Wien (Museum of
Natural History, Vienna, Austria),

NRM Naturhistoriska Riksmuseet, Stockholm (Mu-
seum of Natural History, Stockholm, Sweden),

PBO Forschungsstelle für Paläobotanik, Münster
(Palaeobotany Research Group, Münster,
Germany),

RUU Laboratory of Palaeobotany and Palynology,
University Utrecht, The Netherlands,

SPO Niederösterreichisches Landesmuseum,
St. Pölten (State Museum of Lower Austria,
St. Pölten, Austria).
4. Taxonomy

Order: Bennettitales Engler, 1892
Family: unknown
Genus: Pterophyllum Brongniart, 1825 (‘1824’)

Pterophyllum filicoides (Schlotheim, 1822) Zeiller,
1906
Plates I, 1–4; II–IV

Synonymy and selected references
1822 Algacites filicoides, von Schlotheim, Nacht-

räge Petrefactenkunde, pp. 46–48, pl. IV, fig. 2
1827 Osmundites pectinatus, Jaeger, Pflanzenverstei-

nerungen Bausandstein Stuttgart, pp. 29–32,
pl. V, fig. 6, pl. VII, figs. 1–5

1828 Pterophyllum longifolium, Brongniart, Pro-
drome, p. 95, no ill.

1828 Pterophyllum jaegeri, Brongniart, Prodrome,
p. 95, no ill.

1865 Pterophyllum longifolium, Heer, Urwelt der
Schweiz, p. 52, pl. III, fig. 6

1877 Pterophyllum longifolium, Heer, Flora Fossilis
Helvetiae, pp. 80–82, pl. XXX, figs. 7,8, pl.
XXXIII, XXXV, XXXVI, figs. 1,2
Plate I.

1. Pterophyllum filicoides, holotype (MNB, MB.Pb.2006/189; c
Basel, Switzerland [originally named Algacites filicoides];

2. Pterophyllum filicoides, surface view of adaxial cuticle of hol
bar=100 μm, locality: Neuewelt, Basel, Switzerland [origin

3. Pterophyllum filicoides, fragment of abaxial cuticle from h
Neuewelt, Basel, Switzerland [originally named Algacites fi

4. Pterophyllum filicoides, fragment of abaxial cuticle from holo
bar=10 μm, locality: Neuewelt, Basel, Switzerland [original

5. Large Lunz specimen (NHM, 2006B0008/0049) with unal
Pterophyllum, white arrows, scale bar=100 mm, locality: L
1885 Pterophyllum longifolium, Stur, Flora der
Lunzer-Schichten, p. 99, no ill.

1885 Pterophyllum approximatum, Stur, Flora Lun-
zer-Schichten, p. 99, no. ill.

1903 Pterophyllum longifolium, Leuthardt, Keuper-
flora von NeueWelt, pp. 16–18, pl. V, figs. 4,5,
pl. VI, fig. 3, pl. VII, figs. 2,3, pl. VIII, figs.
1,2, pl. IX, figs. 1,2, pl. X, figs. 1–3

1906 Pterophyllum filicoides, Zeiller, Blanzy et
Creusot, p. 196, fig. A.

1909b Pterophyllum longifolium, Krasser, Kenntnis
Flora Lunzer Schichten, pp. 116–119, no ill.

1909b Pterophyllum jaegeri, Krasser, Kenntnis Flora
Lunzer Schichten, pp. 116–119, no ill.

1930 Pterophyllum filicoides, Thomas, Cuticle
Structure of Mesozoic Cycadean Fronds,
pp. 406–409, pl. 20, figs 3–5, text—fig. 13

1932 Pterophyllum filicoides, Harris, Fossil Flora
Scoresby Sound III, p. 47, no ill.

1966 Pterophyllum longifolium, Kräusel and
Schaarschmidt, Keuperflora Neuewelt, pp. 5–17,
pl. 2, 5, figs. 1,2

1967 Pterophyllum filicoides, Barnard, Upper Trias-
sic plants from the Kalawch River, pp. 7–31,
fig. 2

1992 Pterophyllum filicoides, Watson and Sincock,
Bennettitales English Wealden, p. 108, no ill.

Holotype: MB.Pb.2006/189 (Plate I, 1) — Schlotheim,
E.F. von, 1822. Nachträge zur Petrefactenkunde. Beck-
er'sche Verlagsbuchhandlung, Gotha, pp. 46–48, pl. IV,
fig. 2. We here provide the first ever photographic
illustration of the holotype specimen (Plate I, 1).
Repository: Palaeobotanical Collection of the Museum
für Naturkunde, Berlin.
Material studied: More than 250 specimens from the
collections of NHM, GBA, NRM, RUU, JOA, SPO,
PBO and NAT.
Locality: Lunz-am-See, Lower Austria.
Stratum: Lunzer Schichten, Julian, middle Carnian,
Triassic.
ourtesy of S. Schultka, Berlin), scale bar=10 mm, locality: Neuewelt,

otype (MNB, MB.Pb.2006/189; by epifluorescence microscopy), scale
ally named Algacites filicoides];
olotype (MNB, MB.Pb.2006/189/001), scale bar=200 μm, locality:
licoides];
type with syndetocheilic stomata (arrows; MB.Pb.2006/189/001), scale
ly named Algacites filicoides];
igned leaves of Nilssonia, black arrows, (cf. Pott et al., 2007a) and
unz-am-See, Austria.
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Description
Leaves are petiolate, impari-segmented, regular,

oblong to broadly oval in outline, obtuse rounded at
apex, up to 47 cm long and 20 cm wide (incomplete
leaves). The prominent petiole measures up to about 1/
5th of the overall length of the leaf (Plate II, 1–3).
Besides these large leaves several tiny leaves occur,
which are up to 10 cm long and display identical leaf
Plate II. Pterophyllum filicoides
(macromorphology) 1.–7. Several slabs displaying excellently preserved com

1. NRM, S148576 [originally labelled P. brevipenne];
2. NRM, S148240 [originally labelled P. brevipenne];
3. NRM, S148314 [originally labelled P. brevipenne];
4. GBA, 1909/003/0442 [originally labelled P. longifolium];
5. GBA, 1909/003/0531 [originally labelled P. longifolium];
6. GBA, 1909/003/0462 [originally labelled P. longifolium];
7. NHM, 1887/0001/0033 [originally labelled P. longifolium]
8. Leaf that probably grew under shadowy conditions (NHM

[originally labelled P. jaegeri];
9. Detail of a leaf with laterally inserted leaf segments and

Austria — [originally labelled P. longifolium];
10. Detail of Plate II, fig. 9, focusing on the bifurcate venation

Plate III. Pterophyllum filicoides
(cuticles) — locality: Lunz-am-See, Austria. (see on page 10)

1. Cuticle section of the apex of a leaf segment (NHM, 1885
2. Detail of Plate III, fig. 1, scale bar=50 μm;
3. Adaxial cuticle, overview (NHM, 2006B0008/0013/0001),
4. Adaxial cuticle, overview (PBO, 0/0062), scale bar=100 μ
5. Adaxial cuticle, overview, with syndetocheilic stoma (arrow
6. Syndetocheilic stoma of adaxial cuticle (PBO, 0/0056), sca
7. Abaxial cuticle, overview (PBO, 0/0049), scale bar=100 μ
8. Abaxial cuticle, overview (PBO, 0/0048), scale bar=100 μ
9. Abaxial cuticle, overview at base of leaf segment with cuticu

labelled P. brevipenne].

Plate IV. Pterophyllum filicoides
(abaxial cuticle details) — locality: Lunz-am-See, Austria. (see on page 11)

1. Stoma with different cutinisation of guard cells (GBA, 1909
2. Intercostal field with stomata and sinuous cell walls (GBA, 19
3. Stoma with different cutinisation of guard cells (GBA, 1909
4. Syndetocheilic stoma (NHM, 2006B0008/0025/0002), scal
5. Stoma with different cutinisation of guard cells (GBA, 1909
6. Sunken stoma (GBA, 1909/003/0518/0005), scale bar=10
7. Intercostal field with cuticular striae directed towards the

labelled P. brevipenne];
8. Stoma with different cutinisation of guard cells (GBA, 1909
9. Cells of intercostal field with sinuous cell walls (GBA, 1909
10. Cells of intercostal field with sinuous cell walls (GBA, 1909
11. Hollow papilla (PBO, 0/0047), scale bar=10 μm [originall
12. Hollow papilla at the end of an epidermal cell (NHM

P. longifolium];
13. Long and hollow papillae between stomata (PBO, 0/0048)
14. Sinuous cell walls (GBA, 1909/003/0518/0005), scale bar=
15. Sinuous cell walls (GBA, 1909/003/0518/0005), scale bar=
architecture but with narrow rachides. The lamina is
subdivided into numerous long and narrow, parallel-
sided to spateolate leaf segments, which are oppositely
positioned (Plate II, 1–9). The length of the individual
segments varies depending on the position in the leaf;
leaf segments are up to 101.6 mm long and 2–9 mm
wide. The proximal leaf segments are short. Segment
length slightly increases toward the middle of the leaf,
pressed leaves, scale bars=20 mm — locality: Lunz-am-See, Austria;

;
, 1885/D/4049), scale bar=10 mm, locality: Lunz-am-See, Austria

venation (NRM, S148568), scale bar=5 mm, locality: Lunz-am-See,

(arrows), scale bar=5 mm.

/C/5854/0008), scale bar=50 μm [originally labelled P. jaegeri];

scale bar=100 μm [originally labelled P. longifolium];
m [originally labelled P. longifolium];
; PBO, 0/0056), scale bar=100 μm [originally labelled P. longifolium];
le bar=50 μm [originally labelled P. longifolium];
m [originally labelled P. longifolium];
m [originally labelled P. longifolium];
lar striae (NHM, 1884/0000/0021/0007), scale bar=100 μm [originally

/003/0518/0005), scale bar=10 μm [originally labelled P. longifolium];
09/003/0518/0005), scale bar=20 μm [originally labelledP. longifolium];
/003/0518/0005), scale bar=10 μm [originally labelled P. longifolium];
e bar=10 μm [originally labelled Pterophyllum sp.];
/003/0518/0005), scale bar=10 μm [originally labelled P. longifolium];
μm [originally labelled P. longifolium];
stomata (NHM, 1884/0000/0021/0007), scale bar=20 μm [originally

/003/0518/0005), scale bar=10 μm [originally labelled P. longifolium];
/003/0518/0005), scale bar=10 μm [originally labelled P. longifolium];
/003/0518/0005), scale bar=10 μm [originally labelled P. longifolium];
y labelled P. longifolium];
, 2006B0008/0013/0001), scale bar=10 μm [originally labelled

, scale bar=20 μm [originally labelled P. longifolium];
10 μm [originally labelled P. longifolium],
10 μm [originally labelled P. longifolium].
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Plate III (caption on page 8 ).
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Plate IV (caption on page 8).
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and then gradually decreases toward the leaf tip. The leaf
segments are basally more or less constricted (Plate II, 2,
5–6). The basal constriction is usually prominent in
segments positioned in the proximal portion of the leaf,
but rather indistinct or absent in distally positioned
segments. Leaf segment apices are obtuse to acutely
rounded. The length/width-ratio, a feature that is often
used to discriminate individual species, is always larger
than 7:1; in some specimens, it reaches up to 22:1. The
distance between the individual leaf segments is regular
within a single leaf; however, intraspecific variations
may occur between different leaves.

The segments insert laterally to the prominent and
longitudinally striate rachis (Plate II, 9). Leaves that
display wide spaces between the individual leaf seg-
ments (e.g., Plate II, 8) probably represent shade leaves.
The distal five leaf segments form the apex (Plate II,
1, 4, 7). The terminal leaf segment does not differ in
shape from the laterally positioned segments. Numerous
parallel veins enter each of the segments (Plate II, 9–10)
and usually bifurcate once close to the segment base
(Plate II, 10). Occasionally additional bifurcations occur
in the proximal portion of the segment. Veins positioned
close to the lateral segment margins do not fork.

The leaves are amphistomatic but with only a few
stomata on the adaxial surface, and produce robust
cuticles; costal and intercostal fields are distinguishable
on both sides of the leaf. Occurrence of stomata is limited
to the intercostal fields. The adaxial cuticle is slightly
thicker than the abaxial cuticle, displaying thickened
edges between the anticlinal and periclinal cell walls.

Adaxial cuticle — epidermal cells positioned above
the veins are narrow, rectangular, and elongate to isodi-
ametric in outline, 45–145 μm long and 22.5–42.5 μm
wide. Anticlinal cell walls are straight. Cells of intercostal
areas are isodiametric (square) to broadly rectangular in
outline, 37.5–90 μm long and 30–62.5 μm wide.
Anticlinal and periclinal cell walls are smooth (Plate III,
3–6). The diacytic stomatal complexes are syndetocheilic,
37.5–50.5μm long and 20–35μmwide. Stomata are only
occasionally present (Plate III, 5–6) and arranged in an
open chain within a line of cells located in the middle of
the intercostal fields. Stomatal pores (12.5–22.5 μm long)
are oriented perpendicularly to the veins. Two rectangular
subsidiary cells overarch the pit mouth, and thus form a
slightly sunken stoma (Plate III, 6).

Abaxial cuticle — costal fields are composed of 3–4
lines of epidermal cells (Plate III, 7–8). The cells above
the veins are morphologically similar to those seen in
the adaxial epidermis, but possess more delicate walls,
are narrow, rectangular, and elongate to isodiametric in
outline, 55–145 μm long and 22.5–50 μm wide.
Anticlinal cell walls are usually straight, but may
occasionally also display faint and irregular undulations
(Plate IV, 12–15). Periclinal walls are smooth, surface
ornamentation is present but difficult to observe clearly
(Plate IV, 7). Cells often bear a long and hollow papilla
(50–62.5 μm long) positioned in one of the cell corners
(Plate IV, 9–11). Intercostal fields are 200–300 μm
wide, with isodiametric to broadly rectangular cells.
Epidermal cells are 30–80 μm long and 25–62.5 μm
wide and often bear a small and solid papilla (or
cuticular thickening). Anticlinal cell walls are straight.
Stomata are syndetocheilic, 37.5–55 μm long and 20–
30 μm wide (Plate IV, 1–8). They are orientated
perpendicularly to the veins. The pores measure 15–
20 μm. The diacytic stomata possess two rectangular
subsidiary cells that overhang the pit mouth, and thus
form a slightly sunken stoma (Plate IV, 7). The kidney-
shaped guard cells possess heavily cutinized central
portions of the dorsal walls, while the polar ends are
weakly cutinized (Plate IV, 3–7).

Remarks
Long and narrow individual leaf segments characterize

Pterophyllum filicoides. The taxon can be distinguished
macromorphologically fromP. brevipenne (see below) by
itsmuchwider lamina, greater length of the individual leaf
segments, and the occurrence of an apical leaf segment
that is morphologically similar to the lateral leaf seg-
ments.Pterophyllum filicoideswas originally described as
Algacites filicoides by von Schlotheim (1822), who
figured a single specimen from the Carnian (Upper
Triassic) of Neuewelt near Basel (Switzerland). Zeiller
(1906) introduced the combination P. filicoides without
explicitly indicating the basionym. He illustrated a cuticle
of a specimen from the type locality that, however, does
not show the typical stomata. Thomas (1930) illustrated
cuticles with stomata from the Carnian of Lunz (Austria)
and validated the combination P. filicoides. Although the
latter name is legitimate, it was hardly used by subsequent
authors; rather, the species is usually still referred to as
P. longifolium (see: Jongmans and Dijkstra, 1963;
Dijkstra and Van Ameron, 1985). Our analysis of the
holotype of P. filicoides from Neuewelt revealed that the
epidermal anatomy of this specimen is identical to that
seen in the material from Lunz (Plate I, 2–4).

Based on the epidermal anatomy of the material from
Lunz, Pterophyllum jaegeri is regarded as conspecific,
and thus a younger synonymofP. filicoides (Thomas 1930;
Harris, 1932; Barnard, 1967; this study). Pterophyllum
jaegeri was established based on material from
the Keuper (Upper Triassic) near Stuttgart as Osmundites
pectinatus by Jaeger (1827). The author gave a very
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detailed description and illustrated six specimens
under this name, five pinnate leaves and one stem
portion; however, it is unlikely that the fern-like stem
illustrated on Jaeger's pl. VII, fig. 6 really belongs to
the foliage. Plant fossils from the Keuper of Stuttgart
do not yield cuticles; hence, the affinities of the
type material of P. jaegeri remain equivocal. Harris
(1932) and Barnard (1967) placed also P. brevipenne
in P. filicoides. However, the latter author only studied
a single Pterophyllum specimen from Lunz and assumed
that all Pterophyllum leaves from Lunz have the same
epidermal anatomy. Pterophyllum inaequale, illustrated by
Fontaine (1883) from the Mesozoic flora of Virginia,
is apparently identical to P. filicoides; however, only the
very schematic illustration (Fontaine, 1883, pl. 36, fig. 1)
is accessible and determination of the affinities remains
difficult.

The cycadalean Pseudoctenis santajuanensis leaves
described by Nielsen (2005) from the Carnian Santa-
Juana-Formation of Chile, South America, are superfi-
cially almost identical to the Pterophyllum filicoides
leaves from Lunz and Neuewelt. Moreover, based on the
descriptions provided by Nielsen (2005), the material is
rather assignable to P. filicoides. Nielsen (2005) listed
several features considered as characteristic for
P. santajuanensis, which seem, however, to be typical
for Pterophyllum. Unfortunately, the epidermal anatomy
of P. santajuanensis, which could be used to determine
the bennettitalean or cycadalean affinity of this taxon,
remains unknown.

Pterophyllum approximatum (Plates VIII, 1; IX, 4–
6), P. jaegeri (Plates VIII, 4–5; IX, 1), and P. longifolium
(Plates II, 4–7; III, 1–7; IV, 1–3, 5–6, 8–15) introduced
by Stur (1885) and described by Krasser (1909b) from
Lunz are interpreted as conspecific with P. filicoides
because the epidermal anatomy of these forms from
Lunz is identical to that seen in P. filicoides.

Pterophyllum brevipenne Kurr ex Schenk, 1864, emend.
Plates V–VII

Synonymy and selected references
1864 Pterozamites brevipennis, Kurr ex Schenk,

Flora des Keupers und der rhaetischen For-
mation, p. 65, pl. V, fig. 1

1865 Pterophyllum brevipenne, Heer, Urwelt der
Schweiz, p. 52, pl. III, fig. 1

1871 Pterophyllum merianii, Stur, Geologie der
Steiermark, p. 250, no ill.

1877 Pterophyllum brevipenne, Heer, Flora Fossilis
Helvetiae, p. 82, pl. XXXIV, figs. 1–8,
pl. XXXVI, fig. 3
1885 Pterophyllum brevipenne, Stur, Flora der
Lunzer-Schichten, p. 99, no ill.

1885 Pterophyllum rectum, Stur, Flora der Lunzer-
Schichten, p. 99, no ill.

1885 Pterophyllum cf. pulchellum, Stur, Flora der
Lunzer-Schichten, p. 99, no ill.

1885 Pterophyllum haberfelneri, Stur, Flora der
Lunzer-Schichten, p. 99, no ill.

1885 Pterophyllum macrophyllum, Stur, Flora der
Lunzer-Schichten, p. 99, no ill.

1903 Pterophyllum brevipenne, Leuthardt, Keuper-
flora von NeueWelt, pp. 19–20, pl. V, figs. 6–8,
pl. X, fig. 1

1909b Pterophyllum brevipenne, Krasser, Kenntnis
Flora Lunzer Schichten, pp. 116–119, no ill.

1966 Pterophyllum brevipenne, Kräusel and Schaar-
schmidt, Keuperflora Neuewelt, pp. 5–17,
pl. 1, figs. 1–4, pl. 4, figs. 1,2, pl. 5, figs. 3–5

Holotype: Schenk's specimen — Schenk, A. (1864).
Beiträge zur Flora des Keupers und der rhätischen
Formation. Berichte der Naturforschenden Gesellschaft
zu Bamberg, 7, 1–91, p. 65, pl. V, fig. 1.
Remark: The holotype specimen, along with most other
specimens of that collection, which was kept in the
collection of the Bayerische Staatssammlung für Paläon-
tologie und Geologie in Munich, Germany, was lost
during WWII (M. K.). As a result, this species requires
selection of a neotype according to IBCN § 9.6.
Neotype: NHM 1884/D/1209 (Plate V, 1).
Repository: Museum of Natural History, Vienna.

Description of the neotype
The neotype is an impari-segmented, petiolate leaf,

which is spatulate in overall outline. Leaf segments are all
complete except for those left below. The leaf is 14.8
long, 3.2 cm wide at the apex and 1.5 cm wide at the
insertion of the basal leaflets. The incomplete petiole is
8mm long. The rachis is finely longitudinally striated and
gradually tapers from 4.1 to 1.8 mm in width. The apical
leaflet is incompletely preserved (5.9 mm long); the
left side of the leaf bears 39 leaflets, of which 37 are
preserved; the right side 34 leaflets, of which 33 are
preserved. The leaflets gradually increase in length in
apical direction. They are 0.5–1.8 cm long, having a
constant width of 3.0–3.5 mm. The leaflets are inserted
laterally to the rachis at angles of 70°–90°; the apical ones
at the lowest angle. Leaflets are broadly inserted; they are
only slightly contracted at the base, parallel-sided, and
obtusely rounded at the apices. The venation is dense and
consists of fine parallel veins; veins basally fork once,
additional bifurcations occur sporadically (Plate V, 1).
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Material studied: More than 70 specimens from the
following collections: GBA, NHM, NRM, RUU, JOA,
and NAT.
Locality: Lunz-am-See, Lower Austria.
Stratum: Lunzer Schichten, Julian, middle Carnian,
Triassic.
Remarks: The specimen mentioned in an unpublished
manuscript by Kurr cannot clearly be identified, but it is
very likely that it is the same specimen that was later
figured by Schenk (1864).Pterozamites brevipennis is the
original name, which was introduced by Kurr (manu-
scriptum) and validly published by Schenk (1864). The
latter author gave a detailed description and figured a
single specimen. Information on the type locality is
missing. Heer (1865, 1877) subsequently transferred
Pterophyllum brevipennis to the genus Pterophyllum. P.
brevipenne has often been regarded as “sub-species” or
synonym of P. longifolium or P. jaegeri (e.g. Heer, 1877).
Cuticles are known from specimens from Neuewelt and
Lunz (Kräusel and Schaarschmidt, 1966), but the specific
diagnosis has not been emended to date to include
information about the epidermal anatomy.

Emended diagnosis
Leaves petiolate, impari-segmented, lanceolate to

spatulate in outline, apex obtuse rounded; lamina sub-
divided into short, parallel-sided leaf segments, oppo-
sitely positioned and laterally inserted to the rachis;
leaf segments with several simply forked parallel veins;
leaves amphistomatic but with less stomata on the adaxial
than on the abaxial surface, epidermal cells rectangular to
isodiametric, cell walls straight; stomata sunken, synde-
tocheilic, arranged in rows in intercostal fields; guard
cells with prominent dorsal thickenings and radial striae;
abaxial epidermal cells with long hollow and delicate
papillae.

Description
Leaves are petiolate, impari-segmented, regular

oblong to more lanceolate or spatulate to inverted-
Plate V. Pterophyllum brevipenne
(macromorphology) 1.–6. Several slabs showing excellently preserved comp

1. NHM, 1884/D/1209, neotype [originally labelled P. pulchel
2. NHM, 1885/D/4086 [originally labelled P. rectum];
3. NRM, S148237 [originally labelled P. rectum];
4. NRM, S148423 [originally labelled P. haberfelneri];
5. NHM, 1884/0000/0034 [originally labelled P. rectum];
6. NHM, 1887/0001/0030 [originally labelled P. macrophyllum
7. Detail of a leaf with laterally inserted leaf segments and ven

Austria [originally labelled P. macrophyllum];
8. Detail of a leaf, showing insertion and venation of the leaf seg

Austria [originally labelled P. rectum].
conical in outline, obtusely rounded apically (Plate V, 1,
3–6). The largest leaf portions at hand are up to 22.7 cm
long and 6 cm wide. Petioles are basally widened and
shorter than 1/10th of the length of the entire leaf (Plate
V, 3). Besides the large leaves several tiny leaves occur,
which are up to 10 cm in length and display identical
leaf architecture but with very tiny rachides. The lamina
is subdivided into numerous narrow and short, spateo-
late leaf segments, oppositely positioned and closely
spaced. The length of the individual leaf segments varies
depending on their position. They are up to 27 mm long
and 2.5–5 mm wide. Proximal leaf segments are short,
but increasing in length to the apical third of the leaf.
The distally following leaf segments gradually decrease
towards the rounded apex (Plate V, 1, 3–4, 6). The
proximal one or two leaf segments often lack counter-
parts on the opposite side of the rachis (Plate V, 1, 3).
The leaf segments are usually broadly attached to the
rachis, but may occasionally display a profound basal
constriction. They are bluntly rounded apically. The
length/width-ratio of the leaf segments ranges from 6:1
to 4:1. It is always smaller than 7:1.

The segments insert laterally to the prominent and
longitudinally striate rachis (Plate V, 7). The distance
between individual leaf segments remains more or less
the same within a single leaf, but may vary slightly
between individual leaves. The apical portion of the
leaf usually consists of three, sometimes up to five,
leaf segments; the terminal segment usually differs in
morphology from the laterally positioned segments in
that it is more rounded in outline (Plate V, 3–4) and
apically distinctly wider. Numerous parallel veins
enter the leaf segments (Plate V, 7–8). They usually
bifurcate near the segment base (Plate VI, 3); however,
the veins positioned near the lateral segment margins
may show bifurcations elsewhere. Additional bifurca-
tions may sporadically occur; however, the occurrence
of additional bifurcations is not limited to the proximal
portion of the segment as in Pterophyllum filicoides
(see above).
ressed leaves, scale bars=10 mm — locality: Lunz-am-See, Austria.

lum];

];
ation (NHM, 1885/D/4060), scale bar=5 mm, locality: Lunz-am-See,

ments (NHM, 1885/D/4086), scale bar=5 mm, locality: Lunz-am-See,
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The leaves are amphistomatic but with less stomata
on the adaxial than on the abaxial surface, and have
robust cuticles; costal and intercostals fields are
distinguishable on both sides of the leaf. The cuticle
of the adaxial side is slightly thicker than the abaxial
cuticle, having thickened edges between the anticlinal
and periclinal walls.

Adaxial cuticle — epidermal cells above the veins
are rectangular to isodiametric, 42.5–85 μm long and
27.5–47.5 μmwide (Plate VI, 5, 7). Anticlinal cell walls
are smooth. Cells of intercostal areas are isodiametric
(square) to broadly rectangular, 32.5–57.5 μm long
and 30–52.5 μm wide. Anticlinal cell walls are smooth.
In contrast to Pterophyllum filicoides, the periclinal
walls are always straight in P. brevipenne; sinuous walls
or faint undulations are lacking. Stomata are syndeto-
cheilic with two diacytic subsidiary cells, 37.5–50 μm
long and 20–27.5 μm wide (Plate VI, 5–8). A few
stomata are present, arranged in an open chain within a
cell line located in the centre of the intercostal field; their
density is distinctly higher than that seen in P. filicoides
(Plate III, 5; VI, 5, 7). Stomatal pores (15.0–17.5 μm
long) are orientated perpendicularly to the veins. The
two rectangular subsidiary cells form a slightly sunken
stoma by overhanging the pit mouth. Papillae or tri-
chome bases are absent.

Abaxial cuticle — cells over the veins are similar
to those of the adaxial side, but with more delicate
walls, and narrow, rectangular to isodiametric in
shape, 42.5–102.5 μm long and 22.5–45 μm wide.
Costal fields are composed of 3–4 lines of cells (Plate
VII, 1, 3). Anticlinal cell walls are straight. Periclinal
walls are smooth; ornamentation is present but diffi-
cult to observe in detail (Plate VII, 5, 6, 8, 12).
Epidermal cells often bear a terminal long and hollow
papilla (40–57.5 μm long; Plate VII, 10–11) Intercostal
areas are 175–250 μm wide, individual epidermal cells
isodiametric to broadly rectangular, 25–50 μm long
and 30–50 μm wide (Plate VII, 1, 3). The epidermal
cells within the stomatal zones often bear irregular solid
Plate VI. Pterophyllum brevipenne
(cuticles) — locality: Lunz-am-See, Austria.

1. Cuticle section of the apex of a leaf segment (NHM, 1885/D
2. Detail of Plate VI, fig. 1, scale bar=100 μm;
3. Abaxial cuticle, overview of leaf segment base with bifurc

[originally unlabelled];
4. Rachis cuticle, showing cell pattern and a single stoma (GBA, 1
5. Adaxial cuticle, overview (NHM, 1885/D/4087/0003), scale
6. Adaxial cuticle, syndetocheilic stoma (NHM, 1885/D/4087/
7. Adaxial cuticle, overview (GBA, 2006/004/0003/0002), sca
8. Adaxial cuticle, syndetocheilic stoma (NHM, 1885/D/4087/
cuticular thickenings (Plate VII, 2–3). Anticlinal cell
walls are straight, not undulating as in Pterophyllum
filicoides. Stomata are confined to intercostal areas,
syndetocheilic, 37.5–50 μm long and 20–30 μm
wide (Plate VII, 1, 3, 4–7, 9, 12). The stomatal pores
(12.5–20 μm) are oriented perpendicularly to the veins.
The two rectangular subsidiary cells are diacytic,
slightly overhanging the pit mouth, and thus form a
slightly sunken stoma. The kidney-shaped guard cells
exhibit heavily cutinized central portions of the dorsal
walls, while the polar ends are weakly cutinized (Plate
VII, 7, 9).

Remarks
Pterophyllum brevipenne is characterized by rela-

tively short leaf segments, a terminal leaf segment that
morphologically differs considerably from the lateral
segments, and by the slender overall outline of the
leaves. In several studies, P. brevipenne is regarded as
having been introduced by Kurr (1845: Flora der
Juraformation). However, Kurr neither mentioned
P. brevipenne in this publication nor is there any
appropriate figure suggesting an apparently similar
species or specimen. This also applies to the rare
edition of 1846 (Kurr, 1846). Rather, the form was
originally described and illustrated as P. brevipennis
in an unpublished manuscript by Kurr, which was
later published by Schenk (1864). The genus Ptero-
zamites in its original description includes Ptero-
phyllum as a “sub-genus” (Braun, 1843), which led
Schenk (1864) to accommodate this form in Pteroza-
mites. Later, Schimper (1870) regarded Pterozamites
as a separate genus besides Pterophyllum. According
to Schimper, Pterozamites is characterized by leaf
segments that insert to the upper side of the rachis, as
in Nilssonia leaves (Schimper, 1870, p. 145; Pott
et al., 2007a). Heer (1865, 1877) subsequently trans-
ferred P. brevipennis correctly to the genus Ptero-
phyllum, which is characterized by leaf segments that
are laterally inserted to the rachis.
/4087/0001), scale bar=100 μm [originally labelled P. rectum];

ating vein courses (GBA, 2006/004/0003/0001), scale bar=200 μm

909/003/0379/0005), scale bar=50 μm [originally labelled P. brevipenne];
bar=100 μm [originally labelled P. brevipenne];
0004), scale bar=10 μm [originally labelled P. rectum];
le bar=100 μm [originally unlabelled];
0004), scale bar=20 μm [originally labelled P. rectum].
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Based on the macromorphology and epidermal
anatomy of the original set of specimens of Ptero-
phyllum rectum (= merianii) , P. macrophyllum,
Pterophyllum haberfelneri, Pterophyllum merianii,
and Pterophyllum pulchellum (= merianii) from
Lunz, all these “species” names are actually syno-
nyms of P. brevipenne. As a result, leaves from Lunz
previously assigned to P. rectum (Plates V, 2–3, 5, 8;
VIII, 3; VI, 1–2, 6, 8; VII, 3, 10), P. macrophyllum
(Plates V, 6–7; VIII, 7; IX, 9–10), P. haberfelneri
(Plates V, 4; IX, 7–8), P. merianii (Plate VIII, 6), and
P. pulchellum (Plates V, 1; IX, 2–3, 11–12) by Stur
(1885) and Krasser (1909b) are placed in the
Plate VII. Pterophyllum brevipenne
(abaxial cuticle) — locality: Lunz-am-See, Austria.

1. Overview (NHM, 1884/0000/0028/0004), scale bar=100 μm
2. Apical portion of leaf segment with cuticular bars (NH

P. brevipenne];
3. Detail of abaxial cuticle with intercostal field and papillae (NH
4. Syndetocheilic stoma (NHM, 1884/0000/0028/0004), scale
5. Overview of a leaf segment base with cuticular striate patter

P. brevipenne];
6. Cuticular striae directed towards the stomata (GBA, 1909/00
7. Syndetocheilic stoma (NHM, 1884/0000/0028/0004), scale
8. Periclinal cell wall with striae (GBA, 1909/003/0379/0002),
9. Adjacent stomata (GBA, 1909/003/0379/0003), scale bar=1
10. Two adjacent hollow papillae (NHM, 1885/D/4087/0002), s
11. Hollow papillae (NHM, 1884/0000/0028/0004), scale bar=1
12. Cuticular striae originating from a stoma (GBA, 1909/003/0

Plate VIII. Specimens assigned to Pterophyllum filicoides and P. brevip
bars=10 mm— locality: Lunz-am-See, Austria. (see on page 20)

1. P. filicoides (NHM, 1885/D/4069) [originally labelled P. app
2. P. brevipenne (NHM, 1884/D/1207) [originally labelled P. b
3. P. brevipenne (NHM, 1885/D/4087) [originally labelled P. r
4. P. filicoides (GBA, 1909/003/0401) [originally labelled P. ja
5. P. filicoides (NHM, 1884/D/1196) [originally labelled P. jae
6. P. brevipenne (GBA, 1909/003/0574) [originally labelled P.
7. P. brevipenne (NHM, 1885/D/4064) [originally labelled P. m

Plate IX. Cuticles of specimens with original species names that are now assig
See, Austria. (see on page 21)

1. P. filicoides, adaxial and abaxial cuticle (NHM, 1885/C/585
2. P. brevipenne, abaxial cuticle (NHM, 1884/D/1209/0002), fr
3. Detail of Plate XI, fig. 2, scale bar=100 μm;
4. P. filicoides, abaxial cuticle (NHM, 1885/D/4069/0005), sca
5. Detail of Plate IX, fig. 4, scale bar=50 μm;
6. P. filicoides, adaxial cuticle (NHM, 1885/D/4069/0008), sca
7. P. brevipenne, abaxial cuticle (GBA, 1909/003/0383/0008),
8. Detail of Plate IX, fig. 7, scale bar=100 μm;
9. P. brevipenne, abaxial cuticle (NHM, 2006B0008/0014/0002
10. Detail of Plate IX, fig. 9, scale bar=50 μm;
11. P. brevipenne, abaxial cuticle (NHM, 1883/C/3875/0005), s
12. P. brevipenne, adaxial cuticle (NHM, 1883/C/3875/0005), s
synonymy of P. brevipenne. Pterophyllum rectum,
P. haberfelneri and P. macrophyllum are nomina nuda
introduced by Stur (1885). Pterophyllum rectum refers
to the specimens that Stur earlier regarded as
P. merianii (Stur, 1871; Krasser, 1909b, p. 118). The
epidermal anatomies of P. rectum, P. haberfelneri
and P. macrophyllum are identical to that seen in
P. brevipenne (Plates VI, 1–2, 4–6, 7; VII, 1–3; IX, 7–
10). P. merianii is also a nomen nudum introduced by
Brongniart (1828) based on specimens from Neuewelt.
The species was figured and described by Heer (1877),
but was often regarded as questionable (Schenk, 1864,
1866; Leuthardt, 1903; Krasser, 1909b; Kräusel and
[originally labelled P. brevipenne];
M, 1884/0000/0028/0004), scale bar=20 μm [originally labelled

M, 1885/D/4087/0004), scale bar=50 μm [originally labelled P. rectum];
bar=10 μm [originally labelled P. brevipenne];
n (GBA, 1909/003/0379/0006), scale bar=100 μm [originally labelled

3/0379/0006), scale bar=20 μm [originally labelled P. brevipenne];
bar=10 μm [originally labelled P. brevipenne];
scale bar=10 μm [originally labelled P. brevipenne];
0 μm [originally labelled P. brevipenne];
cale bar=10 μm [originally labelled P. rectum];
0 μm [originally labelled P. brevipenne];
379/0006), scale bar=10 μm [originally labelled P. brevipenne].

enne, originally labelled with Stur's original species names, scale

roximatum];
revipenne];
ectum];
egeri];
geri];
merianii];
acrophyllum].

ned to Pterophyllum filicoides and P. brevipenne— locality: Lunz-am-

4/0010), scale bar=200 μm [originally labelled P. jaegeri];
om neotype, scale bar=200 μm [originally labelled P. pulchellum];

le bar=200 μm [originally labelled P. approximatum];

le bar=100 μm [originally labelled P. approximatum];
scale bar=200 μm [originally labelled P. haberfelneri];

), scale bar=200 μm [originally labelled P. macrophyllum];

cale bar=100 μm [originally labelled P. pulchellum];
cale bar=200 μm [originally labelled P. pulchellum].
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Plate VIII (caption on page 18).
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Plate IX (caption on page 18).
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Table 1
Macromorphology and epidermal features used in the distinction of Pterophyllum filicoides and P. brevipenne

Pterophyllum filicoides Pterophyllum brevipenne

Macromorphology
Length up to 47.0 cm 22.7 cm
Width up to 20.3 cm 6.0 cm
Leaf segment length up to 10.2 cm 2.7 cm
Leaf segment width 2.0–9.0 cm 2.5–5.0 mm
Length/width ratio 22–7:1 6–4:1
Bifurcation of veins in the segments limited to basal portion not limited to basal portion
Apex composed of 5 segments usually 3 segments
apical and lateral segments identical in outline different in outline

Adaxial epidermial anatomy
Costal fields epidermal cell lengths 45.0–145.0 μm 42.5–85.0 μm

epidermal cell widths 22.5–42.5 μm 27.5–047.5 μm
anticlinal cell walls straight straight

Intercostal fields epidermal cell lengths 37.5–90.0 μm 32.5–057.5 μm
epidermal cell widths 30.0–62.5 μm 30.0–52.5 μm
anticlinal cell walls straight straight
stoma length 37.5–50.5 μm 37.5–50.0 μm
stoma width 20.0–35.0 μm 20.0–27.5 μm

Abaxial epidermal anatomy
Costal fields width 3–4 cell lines 3–4 cell lines

epidermal cell lengths 55.0–145.0 μm 42.5–102.5 μm
epidermal cell widths 22.5–50.0 μm 22.5–45.0 μm
anticlinal cell walls slightly sinuous straight

Intercostal fields width 200–300 μm 175–250 μm
epidermal cell lengths 30.0–80.0 μm 25.0–50.0 μm
epidermal cell widths 25.0–62.5 μm 30.0–50.0 μm
anticlinal cell walls straight straight
stoma length 37.5–55.0 μm 37.5–50.0 μm
stoma width 20.0–30.0 μm 20.0–30.0 μm
papilla height 50.0–62.5 μm 40.0–57.5 μm
cuticular applications absent present, irregularly distributed
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Schaarschmidt, 1966). Pterophyllum pulchellum is a
younger synonym of P. merianii (Heer, 1877).

5. Comparison of Pterophyllum filicoides and
P. brevipenne

Long and narrow leaf segments characterize Ptero-
phyllum filicoides (length/width ratio 22–7:1), while
similarly narrow, but distinctly shorter segments are the
main character of P. brevipenne (length/width ratio 6–
4:1). The epidermal cells of P. brevipenne are always
smaller than those seen in P. filicoides (Table 1).
However, the ranges overlap, and thus the size of the
epidermal cells cannot be used as a reliable character in
the separation of the two species. The adaxial epidermal
anatomy displays features that are more useful in
discriminating the two species. For example, stoma-
ta occur only very occasionally in P. filicoides, and
the distance between the individual stomata arranged
in a single longitudinal row is distinctly higher in
P. filicoides (Plate III, 5) than in P. brevipenne (Plate VI,
5, 7). The adaxial epidermal cells in P. brevipenne
appear to be more closely arranged and rather square to
upright rectangular (Plate VI, 5), while they are longer,
and thus narrower, in P. filicoides (Plate III, 3–5). Even
if this latter character is less clearly definable when
averaging the cell lengths, it still presents a noteworthy
difference between the two species that contributes to
the distinction of the epidermal anatomies. There are
also discriminating features provided by the abaxial
epidermis. The anticlinal cell walls show undulations in
P. filicoides (Plate IV, 2, 6, 9, 12–15), while they are
always straight in P. brevipenne. The abaxial cuticle
displays an additional discriminating character: In P.
brevipenne, the outer periclinal cell walls of the cells in
intercostal fields possess irregularly distributed cuticular
applications or thickenings (Plate VII, 2–3), which are
absent from P. filicoides (Plate III, 7–9).

The preceding brief comparison of Pterophyllum
filicoides and P. brevipenne demonstrates that cuticle
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structure and epidermal anatomy contain a complement
of features significant for species discrimination in
Pterophyllum. However, it has to be taken into account
that cuticle structure and epidermal anatomy may vary
considerably within a single leaf segment, i.e. between
proximal and distal portions of the segment. In the
Pterophyllum species from Lunz, the regular arrange-
ment of cells and epidermal derivatives gradually
disappears toward the segment base (Plates III, 9; VII,
5) and tip (Plates III, 1–2; VI, 1–2; VII, 2). Thus, a
cuticular preparation from the mid portion of a leaf
segment is required in any case to obtain reliable data.
Discrimination of individual species based entirely
on fragmentary cuticles from segment bases or tips is
difficult.

6. Further species names used for Pterophyllum
leaves from Lunz

Stur (1885) introduced several additional Pterophyl-
lum species names, which were not discussed above or
addressed in Pott et al. (2007a, in press-b):

(a) Pterophyllum cteniforme Stur is resumed neither
by Stur (1888) nor Krasser (1909b). Only a single
specimen labelled P. cteniforme was found in the
studied collections (NRM, S148565). However,
this specimen belongs to Dioonitocarpidium and
was correctly identified as D. keuperianum by
Kräusel (1953).

(b) Pterophyllum pectiniforme Stur was neither
retrieved by Krasser (1909b) nor did the studied
collections contain any specimens labelled
P. pectiniforme. As a result, this species has to
be regarded as dubious since it was never validly
diagnosed or illustrated.

(c) Pterophyllum haidingeri Goepp. (Stur, 1871) is
conspecific with Taeniopteris haidingeri Göppert
mnsc. nec Ettingshausen (Stur, 1885). Taeniop-
teris haidingeri was transferred to Macrotae-
niopteris by Krasser (1909a,b) and recently to
Nilssoniopteris by Pott et al. (in press-b).
However, it remains unresolved whether the
material from Lunz is conspecific with Unger's
(1845) P. haidingeri Göppert manuscr., because
Jongmans and Dijkstra (1960, 1963), disregarding
Unger (1845), did not relate Stur's Pterophyllum
(= Macrotaeniopteris) haidingeri Göppert ms.
and P. haidingeri Unger, although the latter spe-
cies apparently also occurs in the Lunzer Schich-
ten near Gaming/Lower Austria (Unger, 1845,
1848). Unger (1845) gave no descriptions and
illustrations of P. haidingeri Göppert manuscr.
and later (1848) named the taxon P. haidingeri
Unger.

7. Discussion

The historical species inventory of the Carnian flora
from Lunz, Lower Austria, compiled by Stur (1871,
1885) and Krasser (1909b) includes 17 different Ptero-
phyllum species. Although neither Stur nor Krasser
illustrated any of the fossils that formed the basis for
the specific diagnoses and descriptions, the taxonomical
novelties presented by these authors were readily
accepted as “sound” species, and are still widely used
today. However, the lack of illustrations made scrutiny
of the accurateness of the diagnoses and descriptions
difficult, and over time created considerable confusion.
This confusion remains to date and renders establishing
a trustworthy updated inventory of the Pterophyllum
species from Lunz a difficult task. Moreover, the
separate status of some of the species has repeatedly
been questioned, and difficulties with regard to
assigning additional specimens to the individual spe-
cies have been noted. As a result, Frentzen (1922)
and Dobruskina (1998), among other scholars, specu-
lated that there are probably significantly fewer
Pterophyllum species in the Lunz flora than listed in
the historical inventory.

During the last 2 years, more than 500 compression
specimens of Pterophyllum foliage from Lunz, including
the original suites of specimens studied by Stur and
Krasser, were (re-)examined with regard to macromor-
phology, biometry, and epidermal anatomy. As a result, an
extensive set of new data became available that formed
the basis for the reassessment of the genus Pterophyllum
in the Lunz flora presented in this paper. The new data
indicate that the number of Pterophyllum species in this
flora actually is considerably lower than previously
thought, and thus support the hypothesis advanced by
Frentzen (1922) and Dobruskina (1998). Only two
distinct Pterophyllum species, i.e. P. filicoides and
P. brevipenne, are recognized. Other Pterophyllum
“species” described by Stur (1885) and Krasser (1909b)
are interpreted as conspecific with either of these two
species based on identical epidermal anatomies:
P. approximatum, P. jaegeri, and P. longifolium are
conspecific with P. filicoides and P. macrophyllum,
P. rectum (= merianii), P. haberfelneri, P. merianii, and
P. pulchellum (= merianii) are conspecific with
P. brevipenne. The differences in leaf macromorphology,
used by Stur and Krasser to discriminate these taxa
from one another, are within the range of normal



24 C. Pott et al. / Review of Palaeobotany and Palynology 147 (2007) 3–27
intraspecific variation. Still other foliage types from Lunz
conventionally assigned to Pterophyllum (e.g., P. riegeri,
P. neuberi, and P. irregulare) display haplocheilic
stomata, and thus represent cycadalean foliage. These
taxa have recently been transferred to the genusNilssonia
(Pott et al., 2007a).

The Lunz flora is characterized by a large number of
plants that represent typical elements of younger
Mesozoic (i.e. Rhaetian, Jurassic and Cretaceous) floras,
including Pterophyllum, Nilssonia, Nilssoniopteris and
Pseudoctenis (Pott et al., 2007a,b, in press-b). Among
these elements, Pterophyllum is particularly interesting
because leaves assignable to this genus represent by far
the most common fossils from Lunz (Plate I, 5). More-
over, the representatives of the genus Pterophyllum,
along with several other types of bennettitalean foliage
(e.g., Nilssoniopteris) from this flora, range among the
earliest bennettitaleans in the fossil record (Cleal, 1993;
Kelber, 1998; Kelber and Nitsch, 2005). A remarkably
high proportional abundance of bennettitalean foliage
fossils has also been recorded for the Keuper flora of
Neuewelt in Switzerland (Leuthardt, 1903). On the other
hand, in Keuper floras from southern Germany the pro-
portional abundance of bennettitalean foliage is dis-
tinctly lower that that recorded for Lunz and Neuewelt
(e.g. Schenk, 1865–1867).

The genus Pterophyllum was originally described as
a morphogenus for bipinnate cycad-like leaves (Brong-
niart, 1828) and has been redefined to include only
leaves with typical bennettitalean cuticles (Harris, 1969;
Watson & Sincock, 1992). If cuticles are unknown, the
attribution of segmented leaves to the genus Ptero-
phyllum is, however, hardly possible. The genus was
widespread in the Late Triassic and Early Jurassic; the
earliest unequivocal fossils are from the Carnian (Upper
Triassic) of Lunz and Neuewelt (this study; Leuthardt,
1903), while the latest stratigraphical occurrence has
been recorded for the Early Cretaceous (Kelber, 1998).

Pterophyllum species reported from pre-Carnian
localities must be addressed very carefully. Cuticles of
pre-Carnian Pterophyllum species are often not pre-
served or unknown. Hence, the accommodation of
species like P. cutelliforme (Sze, 1936; Ke-Qin Sun,
2006), P. cotteanum (Geinitz, 1873; Barthel, 1976),
P. blechnoides (Geinitz, 1873), P. samchokense (Kawa-
saki, 1931), P. daihoense (Kawasaki, 1931, 1934; Ke-
Qin Sun, 2006) and P. eratum (Gu and Zhi, 1974) from
the Upper Carboniferous and Permian of China, Korea
and Germany in Pterophyllum remains equivocal.
However, even if cuticles are known, some species
have incorrectly been assigned to Pterophyllum. Ptero-
phyllum grandeuryi and P. fayolii, described by Zeiller
(1906) from the Upper Carboniferous of Blanzy et
Creusot, France, rather resemble species that are now
accommodated in Pseudoctenis based on macromor-
phology (Pott et al., 2007b). The abaxial cuticle portions
of P. grandeuryi figured by Zeiller (1906, Fig. B',
p. 198) are characterized by haplocheilic stomata, which
is definitely a cycadalean feature. Consequently, a very
critical revision of pre-Carnian Pterophyllum represen-
tatives is mandated.

The geographical distribution of Pterophyllum is
largely restricted to North America, Europe, and Asia
(cf. Jongmans and Dijkstra, 1963). With regard to
Lunz and Neuewelt, it is particularly interesting that the
abundance of Pterophyllum in these floras depicts an
abrupt mass occurrence because stratigraphically older
deposits have to date only sporadically produced Pter-
ophyllum fossils with often unknown cuticles (e.g.,
Schenk, 1866; Stur, 1885; Dobruskina et al., 2001;
Kustatscher et al., 2004). What makes this feature even
more significant is the fact that not only shows the genus
Pterophyllum an abrupt mass occurrence in the Lunz
and Neuewelt floras, but also other bennettitalean
foliage taxa such as Nilssoniopteris occur in abundance
in these floras, while they are missing or rare elements in
stratigraphically older floras (Pott et al., in press-b). This
suggests that Pterophyllum, along with several other
bennettitaleans, locally became significant elements of
the vegetation relatively early in their evolutionary
history. However, the precise circumstances that pro-
vided for the sudden success of the bennettitaleans in
Lunz and Neuewelt remain elusive.

It is possible that the relatively poor record of plant
fossils from earlier Triassic deposits, along with
misinterpretation and/or misidentification of fossils
from earlier floras, depict a biased picture of the early
evolutionary history of Pterophyllum and other bennet-
titaleans. On the other hand, certain changes in the
biology and/or ecology of some bennettitaleans may
have occurred during the Late Triassic that facilitated
sudden local mass occurrences of these plants. For
example, alternative or improved reproduction and
dispersal strategies may have evolved that enabled
rapid colonization of new habitats by large numbers of
individuals. Although most cycadophyte reproductive
structures from Lunz (e.g., Haitingeria, Westersheimia)
suggest that these plants were wind-pollinated, it has
been hypothesized that, from the Late Triassic onwards,
beetles became increasingly important as pollinators for
several groups of bennettitaleans (Crowson, 1981;
Lawrence and Newman, 1982). This hypothesis is
based primarily on the fact that the earliest representa-
tives of the modern beetles appeared in the early Late
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Triassic, and subsequently evolved into diverse lineages
during the middle and late Late Triassic (i.e. Cupedidae,
Trachypachidae, and Staphylinoidea; cf. Grimaldi and
Engel, 2005). Since the early evolutionary history
of modern beetles, especially the reticulated beetles
(Cupedidae), seems parallel to that seen in the Ben-
nettitales, it is possible that closer co-evolutionary re-
lationships existed between beetles and Bennettitales.
Noteworthy in this context is the discovery of small
insect eggs from Lunz that are structurally similar
to eggs produced by modern reticulated beetles and
exclusively occur on Nilssoniopteris leaves (Pott et al.,
submitted for publication). The increasing diversity of
cupedids and other beetles during the Late Triassic may
have provided beetle-pollinated bennettitaleans with a
reproductive advantage over wind-pollinated forms.
This advantage may eventually have resulted in mass
occurrences of certain bennettitaleans. An alternative
hypothesis with regard to the sudden proliferation of
bennettitaleans concerns the appearance of bisexual
bennettitalean “flowers”. In bisexual plants, both male
and female reproductive structures co-occur in one
individual, and thus this individual is twice as effective
as, for instance, a dioecious cycad, and thus bisexuality
may considerably increase the rate of reproduction. In
addition, larger plant-feeding land vertebrates became
increasingly abundant during the Late Triassic (e.g.,
Benton, 2004), and thus may also have affected re-
production and dispersal in the Bennettitales. Some of
these plant-feeding animals perhaps ingested bennetti-
talean seeds. If these seeds were capable of passing
through the alimentary canal unscathed, plant-feeding
vertebrates may have contributed to long-distance dis-
persal of bennettitaleans, and thus assisted in the col-
onization of new areas.

8. Concluding remark

Although the Late Triassic ecosystems of the Alpine
realm are regarded as significant with regard to the
evolution of plant life in the Mesozoic (Dobruskina,
1998), and thus have received considerable attention in
the past, our understanding of the actual diversity and
complexity of these ecosystems, and the biology and
ecology of the individual constituents remain incomplete.
The revision of the genus Pterophyllum in the Lunz flora
presented in this paper, along with several other recently
conducted studies on the seed plants from Lunz (Pott
et al., 2007a,b, in press-a, b), demonstrate how integrated
analyses of compression fossils based on both macro-
morphology and epidermal anatomy are capable of
broadening our understanding of the vegetation that
grew in these ancient landscapes. The systematic analysis
of the Pterophyllum species from Lunz contributes to a
more accurate depiction of the individual components of
this flora, and underscores how a reassessment of old
material can provide amore sharply focused concept of an
ancient ecosystem. The results obtained provide a
template to not only interpret (newly discovered) isolated
parts of these plants from other floras with regard to their
morphology and systematic affinities, but also function
and ecological context. This approach offers new avenues
of investigation of both the plants and the ecosystems in
which they lived. Such information is important as it
relates to the identification of disarticulated plant fossils,
especially foliage types, since structural and mor-
phological features are the basis of generic and specific
identifications.
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CHAPTER 3 

The first record of Nilssoniopteris (fossil Gym-
nospermophyta, Bennettitales) from the Car-
nian (Upper Triassic) of Lunz, Lower Austria 
 
Christian Pott, Michael Krings & Hans Kerp 
 
Palaeontology 50: 1299–1318 (2007) 
 
Abstract.—The Carnian (Late Triassic) flora of 
Lunz in Lower Austria is famous for the abun-
dance of well-preserved bennettitalean and 
cycadalean foliage and reproductive struc-
tures. However, only the fertile remains have 
been studied in detail to date. Recently com-
pleted systematic macromorphological and 
cuticular analyses of leaf fossils from Lunz 
revealed that several forms previously accom-
modated in the genus Macrotaeniopteris do 

not represent ferns, but rather Bennettitales 
assignable to the genus Nilssoniopteris. We 
describe three species of Nilsoniopteris, which 
represent the first record for this genus from 
Lunz, and one of the earliest accounts of Nils-
soniopteris in the northern hemisphere. The 
following new combinations are introduced: 
Nilssoniopteris haidingeri (Stur ex Krasser, 
1909a) comb. nov., N. angustior (Stur ex Kras-
ser, 1909a) comb. nov., and N. lunzensis (Stur 
ex Krasser, 1909a) comb. nov. The discovery of 
Nilssoniopteris further substantiates the signi-
ficance of the Lunz flora as one of the richest 
and most diverse early Late Triassic floras from 
the northern hemisphere. 
 
Keywords.—Cuticle, Macrotaeniopteris, Taeniop-
teris, fossil plants, Carnian, Triassic, Lunz. 
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Abstract: The Carnian (Late Triassic) flora of Lunz in

Lower Austria is famous for an abundance of well-preserved

bennettitalean and cycadalean foliage and reproductive struc-

tures. However, only the fertile remains have been studied in

detail to date. Recently completed systematic macromorpho-

logical and cuticular analyses of leaf fossils from Lunz

revealed that several forms previously accommodated in the

genus Macrotaeniopteris do not represent ferns but rather

Bennettitales assignable to the genus Nilssoniopteris. We des-

cribe three species of Nilssoniopteris, which represent the first

records for this genus from Lunz, and one of the earliest

accounts of Nilssoniopteris in the Northern Hemisphere. The

following new combinations are introduced: Nilssoniopteris

haidingeri (Stur ex Krasser, 1909a) comb. nov., N. angustior

(Stur ex Krasser, 1909a) comb. nov. and N. lunzensis

(Stur ex Krasser, 1909a) comb. nov. The discovery of Nilsso-

niopteris further substantiates the significance of the Lunz

flora as one of the richest and most diverse early Late Trias-

sic floras from the Northern Hemisphere.

Key words: cuticle, Macrotaeniopteris, Taeniopteris, fossil

plants, Carnian, Triassic, Lunz.

The well-known Carnian (early Late Triassic) flora from

Lunz in Lower Austria contains several morphotypes of

elongate, entire-margined to coarsely pinnate leaves, most

of which have historically been interpreted as belonging to

marrattialean ferns (Krasser 1909a). The earliest record in

the literature of these leaf types is in a species list (Stur

1885); however, no diagnoses, descriptions or illustrations

were given. In this list, Stur (1885) referred six foliage

morphotypes to the genus Taeniopteris Brongniart, 1828.

The names given by Stur, however, remained nomina nuda

until Krasser (1909a), based on Stur’s handwritten notes,

provided diagnoses for the taxa and a short discussion, but

without illustrating the material. He also transferred the six

species to the morphogenus Macrotaeniopteris Schimper,

1869. Macrotaeniopteris was introduced by Schimper

(1869) for entire-margined fronds previously accommoda-

ted in Taeniopteris auct. nec Brongniart. Schimper assigned

Macrotaeniopteris to the Marattiales, but subsequent studies

(e.g. Florin 1933a) revealed that some forms, e.g. several

specimens described as M. gigantea Schimper, 1869, in fact

represent cycadalean foliage.

Although cuticular analysis is known to provide a

wealth of information useful in determining the syste-

matic affinities of many late Palaeozoic and Mesozoic

compression foliage fossils (e.g. Harris 1932; Florin

1933a, b; Kerp 1990; Watson and Sincock 1992; Krings

and Kerp 2000; Krings et al. 2005; Watson and Cusack

2005), it has largely been neglected in studies of the Lunz

flora. Data on the epidermal anatomy of the proposed

Macrotaeniopteris leaves were absent, with the exception

of a few fragmentary cuticles described by Kräusel (1920).

However, Kräusel’s descriptions are incomplete and,

hence, not very useful as a tool for accurately identifying

further specimens that may be similar in overall appear-

ance. As a result, the circumscription of the six foliage

types from Lunz assigned to Macrotaeniopteris by Krasser

(1909a) continued to be vague, and thus the affinities of

these fossils (e.g. fern or seed plant foliage) remained

uncertain.

A recent detailed reinvestigation of the Lunz flora

based on macromorphological and cuticular analyses (see

Pott et al. 2005, 2007a, b, d) revealed that the foliage

[Palaeontology, Vol. 50, Part 5, 2007, pp. 1299–1318]
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types previously referred to Macrotaeniopteris (marrattia-

lean foliage) actually represent bennettitalean foliage

assignable to the morphogenus Nilssoniopteris Nathorst,

1909 emend. Boyd, 2000; three distinct species of Nilsso-

niopteris are recognized. In this paper, we provide detailed

descriptions of these species, and the new combinations

Nilssoniopteris haidingeri (Stur ex Krasser, 1909a) comb.

nov., N. angustior (Stur ex Krasser, 1909a) comb. nov.

and N. lunzensis (Stur ex Krasser, 1909a) comb. nov. are

introduced. These Nilssoniopteris taxa represent the first

unequivocal record of this genus for the flora from Lunz,

and one of the earliest accounts of Nilssoniopteris in the

Northern Hemisphere.

MATERIAL AND METHODS

Geological setting and material

The material comes from the area around Lunz-am-See

in the Northern Calcareous Alps of Lower Austria,

approximately 100 km west of Vienna (Text-fig. 1). The

material was collected in the late nineteenth and early

twentieth centuries from several active coal-mines. With

more than 4000 specimens, the Lunz flora is one of the

richest Late Triassic floras of the Northern Hemisphere.

Moreover, with more than 70 species recorded to date

(Dobruskina 1989, 1998, Pott et al., 2007a, b, d), inclu-

ding sphenophytes, ferns, cycadaleans, bennettitaleans,

conifers and ginkgophytes, the Lunz flora also represents

one of the most diverse Late Triassic floras.

The outcrop conditions around Lunz-am-See are poor

today since coal-mining ceased after World War II. Some

of the old spoil tips still exist, but are not easily access-

ible; moreover, the material from these spoil tips is

strongly weathered and usually unsuitable for cuticular

analysis. As a result, this study is based entirely on mater-

ial kept in various European museum collections.

The fossils occur in the ‘Lunzer Sandstein’, which is

part of the Lunz beds. The Lunz Formation (¼ Lunzer

Schichten) consists of sandstones at the base, followed

by marine marls gradually grading upwards into terrest-

rial sands, shales and coal. The coal-bearing part of the

sequence is overlain by marls and with a sandstone

layer at the top. The plant fossils occur in the shales

associated with the coal beds. Exact age dating of the

Lunz Formation is still a problem because adequate

biomarkers such as ammonoids and conodonts are

lacking. Recent studies focusing on regional and fa-

cies-spanning correlations of biostratigraphically well-

established sections within the Hallstatt and Reifling

Intraplatform basins (Hornung and Brandner 2005)

have suggested that the Lunz Formation is positioned

within the upper part of the Reingraben Formation (T.

Hornung, pers. comm. 2006). As a result, it is probably

late Julian (Julian 2 ⁄ II) in age. Palynological studies

have indicated Carnian (Bhardwaj and Singh 1964) and

Julian (Dunay and Fisher 1978) ages. The Opponitzer
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Limestone, the upper subunit of the Lunzer Schichten,

was dated by Dunay and Fisher (1978) as Tuvalian.

Cuticular analysis and documentation

The plant fossils from Lunz occur as impressions or com-

pressions, the latter often with excellently preserved cuti-

cles. The latter were prepared according to procedures

outlined in Kerp (1990), and Kerp and Krings (1999).

Rock samples with plant remains were dissolved in

hydrofluoric acid (HF) in order to remove the sediment,

or they were picked from the rock surface. Cuticles were

macerated according to the standard procedure using

Schulze’s reagent (35 per cent HNO3 with a few crystals

of KClO3) and 5–10 per cent potassium hydroxide

(KOH). Macerated cuticles were washed in distilled water,

gently dehydrated in pure glycerine, and finally mounted

in permanent glycerine-jelly microscope slides. The slides

are stored in the relevant museum collections; accession

numbers are indicated in the figure captions.

Hand specimens were photographed with a Nikon D

100 digital camera using polarized light to increase con-

trast (cf. Schaarschmidt 1973). Cuticles were analysed

with a Leitz Diaplan microscope with Nomaski interfer-

ence contrast and photographed with a Nikon DS-5M

digital camera.

Abbreviations. GBA, Geologische Bundesanstalt, Wien (Geological

Survey of Austria, Vienna); NHM, Naturhistorisches Museum,

Wien (Natural History Museum, Vienna); NRM, Naturhistoriska

Riksmuseet, Stockholm (Museum of Natural History, Stock-

holm); RUU, Laboratory of Palaeobotany and Palynology, Uni-

versity of Utrecht, The Netherlands; JOA, Landesmuseum

Joanneum, Graz (State Museum Joanneum, Graz, Austria).

SYSTEMATIC PALAEONTOLOGY

Subdivision CYCADOPHYTINA sensu Cleal and Rees, 2003

Class GNETOPSIDA sensu Cleal and Rees, 2003

Order CYCADEOIDALES (=BENNETTITALES) Wieland, 1916

Family unknown

Genus NILSSONIOPTERIS Nathorst, 1909 emend. Boyd, 2000

Type species. Nilssoniopteris tenuinervis Nathorst, 1909 (see Cleal

et al. 2006) from the Rhaetian of Höör, Scania, Sweden.

Emended diagnosis. Strap-shaped leaf falling from stem at

maturity, petiolate, lamina undivided, lobed to completely

dissected down to the rachis, attached laterally or to ad-

axial surface of midrib, leaving part of the upper surface

of the midrib exposed. Veins free, simple or forked, end-

ing at margin. Cuticle with syndetocheilic stomata;

epidermal cell walls straight or usually sinuous.

Remarks. Nathorst (1909) introduced Nilssoniopteris for

entire-margined cycadophyte leaves from the Jurassic of

Europe. However, he did not designate a type species for

the genus. Therefore, it was not validly published. Cleal

et al. (2006) validated it by designating a type. Harris

(1932) introduced the genus Taeniozamites for entire-

margined taeniopterid leaves that are characterized by a

bennettitalean epidermal anatomy. Later, Florin (1933a)

placed Taeniozamites in the synonymy of Nilssoniopteris.

The synonymy of Nilssoniopteris and Taeniozamites is

widely accepted today, with N. tenuinervis as the type

species (Cleal et al. 2006).

With regard to macromorphology, some Nilssoniopteris

fossils may resemble Anomozamites Schimper, 1870 (ben-

nettitalean foliage). Typical representatives of Nilssoniop-

teris display an entire-margined lamina. However, some

specimens from Lunz have a lamina that is partially lobed

or dissected down to the rachis. Fully pinnate leaves are

traditionally assigned to Anomozamites. However, several

authors, e.g. Harris (1969) and Boyd (2000), have illustra-

ted intermediate leaf types. Unfortunately, the informa-

tion available on the epidermal anatomy of Anomozamites

(see Harris 1969) is incomplete and does not provide fea-

tures useful in the discrimination of Anomozamites from

Nilssoniopteris. Boyd (2000) emended the diagnosis of

Nilssoniopteris to include the lobed leaves that are inter-

mediate between Nilssoniopteris and Anomozamites and

display bennettitalean epidermal anatomy. In this paper,

Boyd’s emendation of the generic diagnosis for Nilsso-

niopteris is expanded to include also leaves that are dissec-

ted down to the rachis.

Nilssoniopteris haidingeri (Stur ex Krasser, 1909a) nov. comb.

Plates 1–2

Basionym. Macrotaeniopteris haidingeri Krasser, 1909a: Krasser,

F. 1909a. Die Diagnosen der von Dionysius Stur in der obertria-

dischen Flora der Lunzerschichten als Marattiaceenarten unter-

schiedenen Farne. Sitzungsberichte der Kaiserlichen Akademie der

Wissenschaften Wien, Abteilung 1, 118, 13–43.

v. 1885 Taeniopteris haidingeri Göppert ms. nec

Ettingshausen; Stur, p. 97.

v. 1885 Taeniopteris latior Stur, p. 97.

v. 1909a Macrotaeniopteris latior Krasser, p. 39

(no illustration).

v. 1909a Macrotaeniopteris haidingeri Krasser, pp. 40–41

(no illustration).

v. 1909b Macrotaeniopteris latior Krasser, p. 109

(no illustration).
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v. 1909b Macrotaeniopteris haidingeri Krasser, p. 109

(no illustration).

? 1920 Taeniopteris sp. Kräusel, p. 207, pl. 11, figs 4–

5 (cuticle).

Comment on synonymy. The synonymy given above is based on

the set of specimens originally studied by Stur (1885) and Krass-

er (1909a), which is today stored in the collections of the GBA.

Types. Lectotype, GBA 1909 ⁄ 002 ⁄ 0247 (Pl. 1, fig. 7). Epitype,

GBA 1909 ⁄ 002 ⁄ 0232 (Pl. 1, fig. 1).

Remarks. The species was originally named Taeniopteris

haidingeri (Stur 1885; nomen nudum) and later transferred

to Macrotaeniopteris haidingeri by Krasser (1909a). Krasser

provided a detailed diagnosis, but did not figure any speci-

mens. Because no holotype was designated, specimen GBA

1909 ⁄ 002 ⁄ 0247 is selected here as the lectotype. This speci-

men belongs to the original set of fossils studied by Stur

(1885) and Krasser (1909a, b), and yields cuticles that dis-

play syndetocheilic stomata (Pl. 2, figs 2–3). The specimen

GBA 1909 ⁄ 002 ⁄ 0232 is selected as an epitype because it

shows several macroscopic features more clearly than the

lectotype. Moreover, it is one of the specimens that Stur

undoubtedly analysed. The label in Stur’s handwriting

reads ‘Taeniopteris haidingeri(ana)’. The epitype specimen

does not yield cuticles suitable for analysis.

Repository. Palaeobotanical Collection of the Geologische Bundes-

anstalt, Vienna.

Material. 65 specimens from the NHM, GBA, NRM, JOA and

RUU collections.

Emended diagnosis. Leaves large, lanceolate in outline;

lamina often basally divided into squarish parallel-sided

segments of unequal width, apex obtuse-rounded; inser-

tion of lamina to rachis lateral; individual lamina seg-

ments with several delicate, basally bifurcating parallel

veins; leaves amphistomatic with robust cuticles; costal

and intercostal fields distinct on abaxial, but indistinct on

adaxial side of the leaf; epidermal cells isodiametric,

sometimes rectangular, anticlinal cell walls straight; sto-

mata restricted to intercostal fields, syndetocheilic, with

two subsidiary cells; guard cells with prominent, crescent

dorsal thickenings; epidermal cells of abaxial intercostal

fields bear short papillae.

Description

The leaves are large (up to nearly 60 cm long and 15 cm wide),

petiolate (petioles rarely preserved), entire-margined or partially

pinnate, almost regular, broadly oval or oblong to lanceolate in

outline, the apex obtuse-rounded (Pl. 1, figs 1–5). The rachis is

markedly striate. The lamina is usually coarsely divided into seve-

ral squarish segments that are opposite to subopposite in position

(Pl. 1, figs 1, 3, 5) and insert laterally to the rachis (Pl. 1, figs 5–6).

Segmentation is typically more profound in the proximal portion

of the lamina. Segments are 2–4 cm long and 3–13 cm wide, and

generally increase in length toward the leaf apex; some may taper

distally and become slightly wider proximally. The width of the

individual segments varies considerably; some are more than twice

as wide as others (Pl. 1, figs 2–4). The distance between adjacent

leaf segments remains the same within a single leaf, unless the seg-

ments are widened basally. Numerous parallel veins enter each

segment and run straight to the apex. The veins usually fork twice

in the basal part of the segment (Pl. 1, fig. 6).

The leaves are amphistomatic; however, stomatal density is

considerably higher on the abaxial side of the leaf. The leaves

have robust cuticles. Costal and intercostal fields are distinct on

the abaxial (Pl. 2, fig. 2), but indistinct on the adaxial (Pl. 2,

fig. 1) side of the leaf.

Adaxial epidermal anatomy. The cuticle of the adaxial side is

slightly thicker than that of the abaxial side. The epidermal cells

are rectangular and elongate to isodiametric in outline,

25–62Æ5 lm long and 22Æ5–35 lm wide (Pl. 2, fig. 1). Anticlinal

walls are smooth. Stomata only occur close to the rachis. Stoma-

tal apparatuses are syndetocheilic and diacytic, 45Æ5–52Æ5 lm

long and 25–32Æ5 lm wide (Pl. 2, fig. 9). Stomatal pores

(12Æ5–20 lm in diameter) are orientated perpendicular to the

veins. Two rectangular subsidiary cells partly overarch the pit

mouth and create a slightly sunken stoma (cf. Pl. 2, figs 7–8).

Subsidiary cells are often slightly more cutinized than the nor-

mal epidermal cells. Papillae or trichome bases are absent.

Abaxial epidermal anatomy. The abaxial epidermis shows a clear

differentiation into costal and intercostal fields (Pl. 2, figs 2–3).

Costal fields are composed of 6–7 rows of cells (Pl. 2, fig. 5)

and lack stomata and papillae. The individual cells are

25–65 lm long and 20–40 lm wide, possess delicate walls, and

are rectangular and elongate to isodiametric in outline. Anticli-

nal cell walls are straight. Periclinal walls are smooth, surface

ornamentation is present but rarely easily recognized. Intercos-

tal fields are composed of 3–5 rows of cells. Individual cells

are isodiametric or sometimes rectangular in outline,

25–52Æ5 lm long, 17Æ5–32Æ5 lm wide, and possess rounded

‘corners’. They often bear a small, solid papilla (Pl. 2, figs 4–6).

EXPLANATION OF PLATE 1

Figs 1–7. Nilssoniopteris haidingeri (Stur ex Krasser, 1909a) comb. nov., Lunz, Lower Austria. 1, GBA 1909 ⁄ 002 ⁄ 0232, epitype. 2,

NHM 1885 ⁄ D ⁄ 3995. 3, NHM 1884 ⁄ D ⁄ 1203. 4, NHM 2006B0008 ⁄ 0027. 5, NHM 2006B0008 ⁄ 0042. 6, GBA 1909 ⁄ 002 ⁄ 0277,

showing the forking of the veins close to the rachis. 7, GBA 1909 ⁄ 002 ⁄ 0247, lectotype. Scale bars represent 2 cm in 1, 4, 7; 3 cm

in 2; 1 cm in 3, 5; 5 mm in 6.
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Anticlinal cell walls are straight. Stomata are regularly distri-

buted within the intercostal fields, syndetocheilic, 37Æ5–55 lm

long and 17Æ5–30 lm wide (Pl. 2, figs 2–8). The stomatal pores

(12Æ5–20 lm in diameter) are orientated perpendicular to the

veins (Pl. 2, fig. 6). The two rectangular subsidiary cells are

20–45 lm wide and long, diacytic, and by overarching the pit

mouth, create a sunken stoma (Pl. 2, figs 7–8). Each subsidiary

cell bears a small, solid papilla that overarches the pit mouth

(Pl. 2, fig. 8). The dorsal walls of the kidney-shaped guard cells

possess strongly cutinized, crescentic central parts, whereas the

polar ends are only weakly cutinized (Pl. 2, fig. 8). The

arrangement of epidermal cells in distinct rows gradually disap-

pears towards the rachis. The epidermal cells positioned close

to the lamina margin are much smaller than the cells located

in the middle portion of the lamina.

Discussion. This foliage type is assigned to Nilssoniopteris

because essential macromorphological features (e.g. the

nearly band-like or oblong-oval outline of the entire-

margined or lobed leaves and lateral insertion of the

lamina to a massive rachis) correspond well to those

seen in typical representatives of the genus (Harris 1969;

Boyd 2000). In addition, the venation is similar, especi-

ally with regard to the parallel lateral veins that fork

twice near their base. Furthermore, the epidermal anat-

omy, characterized by syndetocheilic stomata, justifies

accommodation of this species in Nilssoniopteris (Harris

1969; Boyd 2000).

Macrotaeniopteris latior Krasser, 1909a is placed in the

synonymy of Nilssoniopteris haidingeri. The separate status

of M. latior is questionable. The main character used to

discriminate M. latior from M. haidingeri is the outline of

the lamina that, according to Krasser (1909a), is entire-

margined in M. latior and ‘lobed’ in M. haidingeri.

However, several specimens exist that can be regarded as

intermediate between these two forms (e.g. Pl. 1, figs 2,

4). The most complete specimens of N. haidingeri show

that the distal part of the lamina is entire-margined and

lobation is restricted to the middle and lower portions of

the leaf. Because the epidermal anatomy of both forms is

identical, they are regarded as conspecific.

Taeniopteris gigantea Schenk, 1867 from the Rhaeto-

Liassic of Franconia, Germany (Schenk 1867), displays

superficial similarities to N. haidingeri. However, the epi-

dermal anatomy of T. gigantea from the Rhaeto-Liassic of

Scania, Sweden, clearly differs from that of N. haidingeri

in having haplocheilic stomata (Florin 1933a). Florin

(1933a) provided a detailed description of the epidermal

anatomy of T. gigantea and transferred this species to the

genus Bjuvia Florin, 1933. Leaves with haplocheilic sto-

mata are excluded from the Bennettitales per definitionem

(Florin 1933a).

Other species that resemble N. haidingeri include Ptero-

phyllum hanesianum Harris, 1932 from the Rhaetian of

Greenland, N. major (Lindley and Hutton, 1833) Harris,

1946 from the Jurassic of Yorkshire (Harris 1969),

Taeniozamites jourdyi (Zeiller, 1903) Harris, 1932 from

the Rhaetian of Greenland, and Macrotaeniopteris lata

(Oldham and Morris, 1863) Feistmantel, 1877 from the

Jurassic of India.

Pterophyllum hanesianum was described from the Rhae-

tian of Greenland based on fragmentary specimens (Harris

1932). Leaf outline and length remain unknown to date.

Leaf segments are distinctly narrower than those seen

in N. haidingeri. Consequently, a closer comparison of

P. hanesianum to N. haidingeri remains difficult. Subsidiary

cells of P. hanesianum are more thickly cutinized than

normal epidermal cells whereas they are not especially

cutinized in N. haidingeri; on the other hand, the subsidi-

ary cells of P. hanesianum bear a papilla that is similar to

papillae found on the subsidiary cells of N. haidingeri.

Nilssoniopteris major is similar to N. haidingeri with

regard to leaf outline and attachment of the lamina, as well

as venation pattern. It clearly differs in having much

smaller leaves (i.e. usually 15 cm long). Moreover, the

anticlinal cell walls are strongly sinuous and not straight as

in N. haidingeri, and the stellate trichomes that are typical

for N. major do not occur in N. haidingeri. Rather, the

absence of hair bases in the N. haidingeri cuticles from

Lunz indicates that these leaves were entirely glabrous with

the exception of small papillae.

Taeniozamites jourdyi displays similarities to N. haidin-

geri in general leaf outline and size of the individual leaf

segments. The stomatal morphology in both species is

similar, but the epidermal cells of T. jourdyi possess

sinuous anticlinal walls and the leaves bear trichomes.

EXPLANATION OF PLATE 2

Figs 1–7. Nilssoniopteris haidingeri (Stur ex Krasser, 1909a) comb. nov., Lunz, Lower Austria. 1, JOA 63874 ⁄ 0004, adaxial cuticle,

overview. 2, GBA 1909 ⁄ 002 ⁄ 0247 ⁄ 0005, abaxial cuticle, overview. 3, GBA 1909 ⁄ 002 ⁄ 0247 ⁄ 0008, abaxial cuticle, venation pattern

close to rachis (lower part of image). 4, NHM 1885 ⁄ D ⁄ 3983 ⁄ 0003, abaxial cuticle, arrangement of stomata in intercostal field. 5,

NHM 1885 ⁄ D ⁄ 3983 ⁄ 0003, abaxial cuticle, two intercostal fields with several stomata. 6, NHM 1885 ⁄ D ⁄ 3983 ⁄ 0003, abaxial cuticle,

intercostal field with several stomata. 7, NHM 1885 ⁄ D ⁄ 3983 ⁄ 0003, abaxial cuticle, single stoma with overarching papillae. 8,

NHM 1885 ⁄ D ⁄ 3983 ⁄ 0003, abaxial cuticle, single stoma with overarching papillae. 9, GBA 1909 ⁄ 002 ⁄ 0247 ⁄ 0002, adaxial cuticle

from lectotype with two adjacent stomata. Scale bars represent 50 lm in 1, 5–6; 200 lm in 2–3; 10 lm in 4, 7–9.
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Macrotaeniopteris lata, a common species in the Juras-

sic of the Rajmahal Hills flora of India, closely resembles

entire-margined specimens of N. haidingeri in outline and

dimensions. However, specimens with a segmented lam-

ina have not been recorded to date.

Nilssoniopteris musafolia Barnard, 1965 (Schweitzer and

Kirchner 2003) from the Rhaeto-Liassic of Iran shows

some resemblance in basic morphology to N. haidingeri,

but since cuticles of the former are not available, closer

comparison is impossible at present.

Distribution. Lunzer Schichten, Julian, middle Carnian; Lunz-

am-See, Lower Austria.

Nilssoniopteris angustior (Stur ex Krasser, 1909a) comb. nov.

Plates 3–4

Basionym. Macrotaeniopteris angustior Krasser, 1909a: Krasser, F.

1909a. Die Diagnosen der von Dionysius Stur in der obertriadi-

schen Flora der Lunzerschichten als Marattiaceenarten unter-

schiedenen Farne. Sitzungsberichte der Kaiserlichen Akademie der

Wissenschaften Wien, Abteilung 1, 118, 13–43.

v. 1885 Taeniopteris angustior Stur, p. 97.

v. 1885 Taeniopteris simplex Stur, p. 97.

v. 1885 Taeniopteris parvula Stur, p. 97.

v. 1909a Macrotaeniopteris simplex Krasser, pp. 38–39

(no illustration).

v. 1909a Macrotaeniopteris angustior Krasser, pp. 39–40

(no illustration).

v. 1909a Macrotaeniopteris parvula Krasser, p. 40

(no illustration).

v. 1909b Macrotaeniopteris simplex Krasser, p. 109

(no illustration).

v. 1909b Macrotaeniopteris angustior Krasser, p. 109

(no illustration).

? 1920 Macrotaeniopteris simplex Krasser; Kräusel, pp.

206–209, text-fig. 5; pl. 10, figs 1–3 (cuticle).

Types. Lectotype, GBA 1909 ⁄ 002 ⁄ 0193 (Pl. 3, fig. 7). Epitype,

GBA 1909 ⁄ 002 ⁄ 0186 (Pl. 3, fig. 1).

Remarks. The species was originally named Taeniopteris

angustior by Stur (1885; nomen nudum) and later trans-

ferred to Macrotaeniopteris angustior by Krasser (1909a).

Krasser provided a detailed diagnosis, but did not illustrate

any specimens. Because no holotype was designated, speci-

men GBA 1909 ⁄ 002 ⁄ 0193 is selected here as the lectotype.

This specimen belongs to the original set of fossils studied

by Stur (1885) and Krasser (1909a, b), and yields cuticles

that display syndetocheilic stomatal apparatuses (Pl. 4,

fig. 3). The specimen GBA 1909 ⁄ 002 ⁄ 0186 is selected as an

epitype because it shows several macroscopic features more

clearly than the lectotype. Moreover, it is one of the speci-

mens that Stur undoubtedly analysed. The label in Stur’s

handwriting reads ‘Taeniopteris angustior’. The epitype spe-

cimen does not yield cuticles suitable for analysis.

Repository. Palaeobotanical Collection of the Geologische Bundes-

anstalt, Vienna.

Material. 65 specimens from the NHM, GBA, NRM and JOA

collections.

Emended diagnosis. Leaves petiolate, oblong to lanceolate

in outline, apex acute; insertion of lamina to rachis lat-

eral; venation dense, veins parallel, forking twice close to

rachis. Leaves amphistomatic with robust cuticles; costal

and intercostal fields not differentiated; epidermal cells

isodiametric to rectangular, anticlinal cell walls straight;

stomata irregularly arranged in rows, syndetocheilic, with

two subsidiary cells, guard cells with prominent, crescent-

shaped dorsal thickenings; abaxial epidermal cells with

long hollow papillae.

Description

The leaves are relatively large (largest fragments up to 29Æ0 cm

long and 5Æ2 cm wide), petiolate, narrow, oblong to lanceolate in

outline, with acute apices (Pl. 3, figs 1–5). The lamina is not sub-

divided into segments, but occasionally growth aberrations of the

leaf margin occur that resemble weak lobations (Pl. 3, fig. 1), or

the lamina is locally torn apart, as in extant Musa leaves. The la-

mina is inserted laterally to the striate rachis (Pl. 3, fig. 6). It is

very narrow close to the petiole, but then rapidly increases in

width (Pl. 3, figs 2–5). Numerous parallel veins enter perpen-

dicular to the lamina and run straight to the margin (Pl. 3, fig. 6).

The veins usually fork twice close to the rachis (Pl. 3, fig. 6); addi-

tional bifurcations may occasionally occur.

The leaves are amphistomatic; however, stomatal density is

considerably higher on the abaxial side of the leaf. The leaves have

relatively thin cuticles; nevertheless, large pieces of cuticle can

easily be obtained. Costal and intercostal fields are not clearly dif-

ferentiated. However, an alternation of stomatiferous and non-

stomatiferous areas occurs on the abaxial side (Pl. 4, figs 4–6).

EXPLANATION OF PLATE 3

Figs 1–7. Nilssoniopteris angustior (Stur ex Krasser, 1909a) comb. nov., Lunz, Lower Austria. 1, GBA 1909 ⁄ 002 ⁄ 0186, epitype. 2, NHM

1885 ⁄ D ⁄ 1212. 3, NHM 1887 ⁄ 0001 ⁄ 0009. 4, NRM S148256. 5, GBA 1909 ⁄ 002 ⁄ 0187. 6, GBA 1909 ⁄ 002 ⁄ 0218, showing forking of the

veins close to the lamina. 7, GBA 1909 ⁄ 002 ⁄ 0193, lectotype. Scale bars represent 2 cm in 1, 5, 7; 1 cm in 2–4; 2 mm in 6.
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Adaxial epidermal anatomy. The cuticle of the adaxial side is

slightly thicker than that of the abaxial side. The epidermal cells

are isodiametric, usually rectangular, 27Æ5–70 lm long and

22Æ5–42Æ5 lm wide (Pl. 4, fig. 1). Anticlinal cell walls are smooth

and well cutinized. Stomata occur sporadically in areas close to

the rachis (Pl. 4, figs 2–3); the stomatal apparatuses are identical

to those seen in the abaxial epidermis (cf. Pl. 4, figs 7–9). Virtu-

ally every epidermal cell possesses a distinct central cuticular

thickening on the outer periclinal wall (Pl. 4, figs 4–5); tri-

chomes or hair bases are absent.

Abaxial epidermal anatomy. Epidermal cells are usually rectangu-

lar to isodiametric in outline, but may also be slightly elongated

or rounded, 20–62Æ5 lm long and 20–40 lm wide (Pl. 4, fig. 4).

Anticlinal cell walls are straight, with triangular cuticular thicke-

nings in the cell corners. Periclinal walls are smooth; nearly every

cell bears a central cuticular thickening, 10–17Æ5 lm in diameter

(Pl. 4, fig. 4). This feature becomes more distinct towards the

margin of the lamina (Pl. 4, figs 4, 6). Stomata and subsidiary

cells are arranged in long rows, orientated perpendicular to the

rachis; they alternate with non-stomatiferous bands of cells

(Pl. 4, figs 3, 6). This alternation is irregular and does not concur

with the venation pattern. Stomatal bands are composed of 1–3

rows of cells (Pl. 4, figs 4–6). The stomata are 32–45 lm long

and 15–25 lm wide, syndetocheilic, sunken (Pl. 4, figs 7–9), and

consist of the pair of guard cells and two rectangular subsidiary

cells (25–50 lm long and 27Æ5–50 lm wide; Pl. 4, figs 7–9). Sub-

sidiary cells cover the peripheral portions of the guard cells and

form a small, slit-like stomatal pit (diacytic stomatal apparatus).

Pores (12Æ5–17Æ5 lm in diameter) are orientated perpendicular to

the cell rows. The dorsal walls of the kidney-shaped, sunken

guard cells possess strongly cutinized, crescent-shaped central

parts and distinct radial striae (Pl. 4, figs 7–8). However, a small

peripheral portion and the polar ends of the guard cells are

weakly cutinized. Long hollow papillae (37Æ5–52Æ5 lm long) are

irregularly scattered across the abaxial epidermis (Pl. 4, fig. 5;

arrows).

Discussion. This foliage type is assigned to Nilssoniopteris

because macromorphological features (i.e. the nearly

band-like or oblong-oval outline of the entire-margined

or lobed leaves and the lateral insertion of the lamina to

a robust rachis) correspond well with those seen in typical

representatives of this genus (Harris 1969; Boyd 2000).

Additional typical nilssoniopterid features of N. angustior

include the delicate parallel venation composed of veins

that fork twice near the rachis (Harris 1969; Boyd 2000),

and syndetocheilic stomata.

We place Macrotaeniopteris simplex Krasser, 1909a and

M. parvula Krasser 1909a, which have both been

described from Lunz, in the synonymy of Nilssoniopteris

angustior. These forms were originally distinguished from

N. angustior based on differences in the forking pattern of

the veins (Krasser 1909a). However, our large set of speci-

mens indicates that this is not a consistent feature; several

specimens display intermediate venation patterns. More-

over, the epidermal anatomies of N. angustior, Macrotae-

niopteris simplex (see Kräusel 1920) and M. parvula are

identical.

Macrotaeniopteris magnifolia (Rogers, 1843) Schimper,

1869 from the Carnian of Virginia (Fontaine 1883; Cornet

and Olson 1990) closely resembles N. angustior in basic

morphology, especially with regard to the dimensions, leaf

form and venation. However, its epidermal anatomy has

not been described to date, and hence its relationship to

N. angustior remains elusive.

Other forms that are similar in gross morphology to

N. angustior include N. tenuinervis (Nathorst, 1880)

Nathorst, 1909 (¼ N. vittata Harris, 1969) and N. pristis

Harris, 1969 from the Jurassic of Yorkshire (Harris 1969).

Nilssoniopteris tenuinervis is the type species of the genus

Nilssoniopteris (Cleal et al. 2006). The epidermal anatomy

of both taxa is typical for bennettitalean foliage, and

characterized by syndetocheilic stomata and strongly

sinuous anticlinal cell walls. However, the latter do not

occur in N. angustior. Stomata in N. tenuinervis are less

regularly orientated than those seen in N. angustior and

often adjusted transversely whereas they are orientated

perpendicularly in N. angustior. Moreover, the leaves of

N. tenuinervis and N. pristis are distinctly less wide

(1Æ0–3Æ0 cm) than those produced by N. angustior. Leaf

margins of N. pristis are finely denticulate, whereas N. tenui-

nervis and N. angustior possess entire-margined leaves.

EXPLANATION OF PLATE 4

Figs 1–7. Nilssoniopteris angustior (Stur ex Krasser, 1909a) comb. nov., Lunz, Lower Austria. 1, GBA 1909 ⁄ 002 ⁄ 0090 ⁄ 0002, adaxial

cuticle, overview. 2, NHM 1885 ⁄ D ⁄ 3966 ⁄ 0004, adaxial cuticle, arrangement of stomata close to the rachis (right side of image). 3,

GBA 1909 ⁄ 002 ⁄ 0193 ⁄ 0013, adaxial cuticle of lectotype, arrangement of stomata close to rachis (left side). 4, NHM

1884 ⁄ 0015 ⁄ 0010, abaxial cuticle, middle portion of the lamina, epidermal cells with papillae on the left side, cells without papillae

on the right side of image. 5, NHM 1887 ⁄ 0001 ⁄ 0009 ⁄ 0004, abaxial cuticle, overview with papillae (arrows). 6, NHM

1884 ⁄ 0015 ⁄ 0009, abaxial cuticle, overview of portion of lamina between rachis (right) and margin (left). 7, NHM

1884 ⁄ 0015 ⁄ 0012, abaxial cuticle, stoma with radial striae on guard cells. 8, NHM 1884 ⁄ 0015 ⁄ 0012, abaxial cuticle, stoma. 9,

NHM 1884 ⁄ 0015 ⁄ 0012, abaxial cuticle, stoma showing radial striae on guard cells. Scale bars represent 50 lm in 1, 3–5; 100 lm

in 2; 200 lm in 6; 10 lm in 7–9.
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Another related form from the Jurassic of Yorkshire is

N. major, but the leaf outline of its foliage corresponds

better to that seen in N. haidingeri (see above).

Gnaedinger and Herbst (2004) described several Tae-

niopteris species from the Upper Triassic El Tranquilo

Group in Patagonia, Argentina, that are morphologically

similar to N. angustior. However, they did not provide

information on the epidermal anatomy; thus, a closer

comparison of these Patagonian fossils to N. angustior is

impossible at present. They have to be retained in Tae-

niopteris until material suitable for cuticular analysis

becomes available (cf. Cleal and Rees 2003).

Forms that morphologically resemble N. angustior have

also been reported from the Carnian Molteno Formation

of South Africa (Anderson and Anderson 1989). However,

the affinities of these fossils remain elusive because the

morphology of the stomatal apparatuses has not been

documented. As a result, they must also be retained in

the morphogenus Taeniopteris for the time being.

The epidermal anatomy of N. schenkiana Barnard,

1965 from the Rhaeto-Liassic of Iran (Barnard 1965;

Schweitzer and Kirchner 2003) closely resembles that of

N. angustior, but trichome bases are absent in the latter

species and a comparison of the papillae with the

trichomes of N. schenkiana remains problematic.

Moreover, leaves of N. schenkiana are notably smaller

than those of N. angustior.

Distribution. Lunzer Schichten, Julian, middle Carnian; Lunz-

am-See, Lower Austria.

Nilssoniopteris lunzensis (Stur ex Krasser, 1909a) comb. nov.

Plates 5–6

Basionym. Macrotaeniopteris lunzensis Krasser, 1909a: Krasser, F.

1909a. Die Diagnosen der von Dionysius Stur in der obertriadi-

schen Flora der Lunzerschichten als Marattiaceenarten unter-

schiedenen Farne. Sitzungsberichte der Kaiserlichen Akademie der

Wissenschaften Wien, Abteilung 1, 118, 13–43.

v. 1885 Taeniopteris lunzensis Stur, p. 97.

v. 1909a Macrotaeniopteris lunzensis Krasser, pp. 41–42

(no illustration).

v. 1909b Macrotaeniopteris lunzensis Krasser, pp. 109–

110 (no illustration).

Types. Lectotype, GBA 1909 ⁄ 002 ⁄ 0315 (Pl. 5, fig. 6). Epitype,

GBA 1909 ⁄ 002 ⁄ 0302 (Pl. 5, fig. 5).

Remarks. The species was originally named Taeniopteris

lunzensis by Stur (1885; nomen nudum) and later trans-

ferred to Macrotaeniopteris lunzensis by Krasser (1909a).

Krasser provided a detailed diagnosis, but did not illustrate

specimens. Because no holotype was designated, specimen

GBA 1909 ⁄ 002 ⁄ 0315 is selected here as the lectotype. This

specimen belongs to the original set of fossils studied by

Stur (1885) and Krasser (1909a, b). It yields cuticles that

display syndetocheilic stomatal apparatuses (Pl. 6, fig. 10).

Specimen GBA 1909 ⁄ 002 ⁄ 0302 is selected as an epitype

because it shows several macroscopic features more clearly

than the lectotype. Moreover, it is one of the specimens

that Stur undoubtedly analysed. The label in Stur’s hand-

writing reads ‘Taeniopteris lunzensis’. The epitype specimen

does not yield cuticles suitable for analysis.

Repository. Palaeobotanical Collection of the Geologische Bundes-

anstalt, Vienna.

Material. 30 specimens from the NHM, GBA, NRM, RUU

collections.

Emended diagnosis. Leaves relatively small, petiolate,

imparipinnate, lanceolate to broadly oval in outline, apex

obtuse rounded; lamina subdivided into broad, parallel-

sided segments. Leaf segments variable in width, irregu-

larly opposite in position, inserted laterally to rachis;

veins parallel, once or twice forked. Leaves amphisto-

matic, lacking a clear differentiation into costal and inter-

costal fields; epidermal cells rectangular to isodiametric,

anticlinal cell walls straight; stomata syndetocheilic, sun-

ken, loosely arranged in rows; guard cells with prominent

dorsal thickenings and radial striae; adaxial and abaxial

epidermal cells bear small, solid papillae.

Description

The leaves are relatively small (up to 17Æ2 cm long and 6Æ2 cm

wide), petiolate (petioles up to 2Æ0–2Æ5 cm long and 4–6 mm

wide), imparipinnate, lanceolate to oval in overall outline

(Pl. 5, figs 1, 3–6, 8). The rachis is marked by longitudinal

striae and the lamina is subdivided into individual segments,

which insert laterally to the rachis (Pl. 5, figs 2, 7). Leaf seg-

ments are broadly attached, slightly decurrent, irregularly to

regularly opposite in position (Pl. 5, figs 1, 3, 6, 8), and up to

32Æ0 mm long and between 4Æ4 mm and 17Æ5 mm wide. The

apex is round and formed by the uppermost three leaf seg-

EXPLANATION OF PLATE 5

Figs 1–8. Nilssoniopteris lunzensis (Stur ex Krasser, 1909a) comb. nov., Lunz, Lower Austria. 1, NHM 1888 ⁄ 0001 ⁄ 0018. 2, NHM

1886 ⁄ 0001 ⁄ 0019. 3, GBA 1909 ⁄ 002 ⁄ 0317. 4, NHM 1887 ⁄ 0001 ⁄ 0013 ⁄ 0001. 5, GBA 1909 ⁄ 002 ⁄ 0302, epitype. 6, GBA 1909 ⁄ 002 ⁄ 0315,

lectotype. 7, NHM 1884 ⁄ 0027. 8, NHM 2006B0008 ⁄ 0021. Scale bars represent 1 cm in 1, 3–4, 6, 8; 5 mm in 2, 5, 7.
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ments (Pl. 5, figs 1, 3–6, 8). The basal leaf segments are short

and broad; more distally positioned segments are only slightly

longer than the basal ones. Individual leaf segments are more

or less rectangular in outline and obtusely rounded apically

(Pl. 5, figs 1, 3–6, 8). Basal segments are 2–3 times broader

than the apical ones. Distances between individual segments

remain consistent within a single leaf. The apical leaf segment

differs from the lateral segments in being much narrower; how-

ever, it is rarely preserved (Pl. 5, figs 4–6, 8). It extends from

the tip of the rachis; the subterminal segments insert at acute

angles (Pl. 5, figs 4–6). Numerous parallel veins enter each leaf

segment (Pl. 5, figs 2, 7). The veins usually fork once or twice

immediately after entering the segment (Pl. 5, figs 2, 7). Addi-

tional forking occasionally occurs, but is limited to the prox-

imal one-third of the segment.

The leaves are amphistomatic; however, stomatal density is

considerably higher on the abaxial side of the leaf. They have

well-developed cuticles; costal and intercostal fields are not

clearly differentiated, but an alternation of stomatiferous and

non-stomatiferous areas is visible (Pl. 6, figs 2–4).

Adaxial epidermal anatomy. Epidermal cells are isodiametric,

typically rectangular, not or only slightly elongated, 45–60 lm

long and 22Æ5–30 lm wide (Pl. 6, fig. 1). Anticlinal cell walls are

smooth and well cutinized. Stomata occur sporadically on the

adaxial side (Pl. 6, fig. 2). They are distributed regularly and

identical to those of the abaxial side. The adaxial cuticle is

slightly thicker than the abaxial cuticle. A central idiocuticular

thickening may occur on the epidermal cells.

Abaxial epidermal anatomy. Epidermal cells are usually rectangu-

lar to squarish, but some may be slightly elongated or rounded,

25–57Æ5 lm long and 25–35 lm wide. Anticlinal cell walls are

straight, with triangular cuticular thickenings in the corners

(Pl. 6, fig. 6). Nearly every normal epidermal cell bears a central

cuticular thickening 12Æ5–17Æ5 lm in diameter (Pl. 6, figs 3, 8).

The periclinal thickenings are more distinct towards the leaf

margin. Stomata are arranged in long rows that are orientated

perpendicular to the rachis. The stomatiferous rows alternate

with non-stomatiferous bands of cells; however, this alternation

is irregular and does not concur with the venation pattern. Sto-

matal bands consist of 1–3 rows of cells (Pl. 6, figs 3–4, 7). The

stomata are 32Æ5–42Æ5 lm long and 17Æ5–25 lm wide, syndeto-

cheilic, sunken (Pl. 6, figs 5, 10–14) with two rectangular subsi-

diary cells (Pl. 6, fig. 7). Subsidiary cells partly cover the guard

cells and form a small, slit-like stomatal pit (diacytic stomatal

apparatus). Pores (15–22Æ5 lm in diameter) are orientated per-

pendicular to the cell rows (Pl. 6, fig. 3). The dorsal walls of the

kidney-shaped, sunken guard cells show strongly cutinized, cres-

cent-shaped central portions and distinct radial striae (Pl. 6,

figs 11–14). However, a small peripheral portion and the polar

ends of the guard cells are weakly cutinized. Hollow papillae

(18–20 lm long) are irregularly distributed in the abaxial epider-

mis (Pl. 6, figs 4, 9).

Discussion. Macrotaeniopteris lunzensis is transferred to

Nilssoniopteris based on gross-morphological characters,

i.e. laminar, laterally attached leaf segments and veins that

fork close to the rachis (cf. Cleal and Rees 2003), and epi-

dermal features. However, segmented leaf architecture, a

similar stomatal morphology, and long papillae are also

known to occur in species of Pterophyllum Brongniart,

1825. Nilssoniopteris lunzensis is similar in gross morpho-

logy to that seen in Pterophyllum inconstans Goeppert

1843, a species reported from Germany, Vietnam, Japan

and China (Schenk 1867; Zeiller 1903; Yabe 1925; Sze and

Lee 1952). However, the epidermal anatomy of N. lunzen-

sis clearly differs from that of P. inconstans in that the

epidermis of the latter has sinuous anticlinal cell walls,

and the distribution of stomata is even less regular

(Schenk 1867). Zeiller (1903), Yabe (1925) and Sze and

Lee (1952) figured excellently preserved macrofossils of

P. inconstans, but did not study the cuticles.

Leaves of Pterophyllum braunsii Schenk, 1867, from the

Liassic of Franconia (Germany), are superficially similar

in outline to those of N. lunzensis, but their epidermal

anatomy is unknown to date (Schenk 1867). Nilssoniop-

teris lunzensis also resembles P. princeps Oldham and

Morris, 1863 from the Jurassic of India. These authors

assumed that their fossils belong to the cycads. However,

their epidermal anatomy is still unknown.

Nilssoniopteris lunzensis also resembles Anomozamites

nilssonii (Phillips, 1829) Harris, 1969 from the Jurassic of

Yorkshire in both size and macromorphology (Harris

1969). However, they clearly differ in their epidermal

EXPLANATION OF PLATE 6

Figs 1–14. Nilssoniopteris lunzensis (Stur ex Krasser, 1909a) comb. nov., Lunz, Lower Austria. 1, NHM 1885 ⁄ D ⁄ 4021 ⁄ 0001, adaxial

cuticle, overview. 2, NRM 148318 ⁄ 0001, adaxial cuticle, arrangement of stomata close to the rachis. 3, NRM S148543 ⁄ 0004,

abaxial cuticle, overview. 4, NHM 1885 ⁄ D ⁄ 4021 ⁄ 0001, abaxial cuticle, with stomata and papillae scattered regularly between

epidermal cells. 5, NRM S148318 ⁄ 0001, portion of rachis with stoma. 6, NRM S148318 ⁄ 0002, abaxial cuticle, epidermal cells with

thickened edges. 7, NHM 1885 ⁄ D ⁄ 4021 ⁄ 0001, abaxial cuticle, stomata and long papillae. 8, NRM S148543 ⁄ 0004, abaxial cuticle,

epidermal cells with central cuticular thickening. 9, NHM 1885 ⁄ D ⁄ 4021 ⁄ 0001, abaxial cuticle, single papilla. 10, GBA

1909 ⁄ 002 ⁄ 0315 ⁄ 0013, abaxial cuticle of lectotype with syndetocheilic stomata (arrows). 11, NRM S148318 ⁄ 0001, abaxial cuticle,

stoma with radial striae on guard cells. 12, NRM S148318 ⁄ 0001, abaxial cuticle, stoma with radial striae on guard cells. 13, NRM

S148543 ⁄ 0004, abaxial cuticle, stoma with radial striae on guard cells. 14, NRM S148543 ⁄ 0004, abaxial cuticle, stoma with radial

striae on guard cells. Scale bars represent 100 lm in 1, 3–4; 50 lm in 2, 7, 10; 10 lm in 5–6, 8–9, 11–14.
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anatomy: N. lunzensis has straight anticlinal cell walls,

whereas in A. nilssonii the anticlinal walls are sinuous.

The arrangement and orientation of the stomata, and the

size of the subsidiary cells, are features that also clearly

distinguish the two species.

Distribution. Lunzer Schichten, Julian, middle Carnian; Lunz-

am-See, Lower Austria.

GENERAL DISCUSSION

Classification of impression ⁄ compression foliage fossils

based exclusively on macromorphology is generally specu-

lative and results in an artificial system of morphotaxa

that does not necessarily reflect biological relationships.

The assignment of several foliage types previously accom-

modated in the marattialean fern genus Macrotaeniopteris

to the bennettitalean foliage genus Nilssoniopteris based

on a combination of macromorphological and epidermal

characters demonstrates the value of cuticular analysis in

determining more accurately the systematic position of

compression fossils based on biological criteria.

Nilssoniopteris is included in the Bennettitales based on

epidermal features, including sinuous anticlinal epidermal

cell walls, which are regarded as typical for bennettitaleans,

and syndetocheilic stomata, which are interpreted as an

autapomorphy of the entire group. The latter feature sepa-

rates the Bennettitales from all other groups of seed plants,

including the Cycadales (Florin 1933a). However, the sto-

mata of some extant Gnetopsida (Welwitschiaceae Caruel,

1876; Gnetaceae Blume, 1833), a group of plants suggested

to be closely related to the once widespread Bennettitales,

resemble the bennettitalean stomatal type (Florin 1933a;

Martens 1971).

It is interesting to note that the leaves of all Nilssoniop-

teris species from Lunz are amphistomatic (although with

fewer stomata on the adaxial than on the abaxial side of

the leaf), since amphistomy has also been recorded for

several other plants from Lunz, including the enigmatic

ginkgophyte Glossophyllum florinii Kräusel, 1943 (Pott

et al. 2007c), most, if not all, Pterophyllum species (Pott

et al. 2007d), and the cycadaleans Nilssonia lunzensis Stur

ex Pott, Kerp and Krings, 2007 and N. riegeri (Stur ex

Krasser, 1909a) Pott, Kerp and Krings, 2007 (Pott et al.

2007a). In extant plants, amphistomy tends to be more

common among plants with thick leaves that thrive in

xeric habitats (Parkhurst 1978; Fahn and Cutler 1992).

The presence of stomata on both sides of the leaf is inter-

preted as an adaptation to reduce the internal diffusion

distance of CO2 in thick leaves (see Parkhurst et al.

1988). On the other hand, Mott et al. (1982) stated that

amphistomy is characteristic for plants living in high-light

environments and possessing high photosynthetic capaci-

ties, and may represent an adaptation to allow high

stomatal conductances, which are necessary to take

advantage of high photosynthetic capacities.

The Nilssoniopteris species from Lunz have syndetochei-

lic stomata, but none displays sinuous anticlinal epider-

mal cell walls. This concurs with a hypothesis advanced

by Gothan and Weyland (1973) that early members of

the Bennettitales had not yet evolved sinuous anticlinal

cell walls. The Pterophyllum (bennettitalean foliage) spe-

cies from Lunz generally lack distinctly sinuous anticlinal

cell walls (Pott et al. 2007d). However, one of these spe-

cies displays a possible precursory wall type characterized

by faint undulations. Sinuous anticlinal cell walls are

believed to have a stabilizing effect on the leaf, and thus

may have been effective as an adaptation to certain envi-

ronmental conditions (e.g. sustained wind), or as a pro-

tective mechanism against foliage-feeding arthropods. The

leaves of all Nilssoniopteris species from Lunz possess pa-

pillate surfaces; however, form and spatial arrangement of

papillae varies greatly. Long and hollow papillae are ran-

domly arranged on the abaxial surfaces in N. angustior

and N. lunzensis, while short, solid papillae are produced

by nearly every epidermal cell of both sides of the leaf in

these species, or papillae are restricted to the intercostal

fields of the abaxial surface (covering the stomatiferous

areas) in N. haidingeri. Epidermal papillae modify the

physical properties of the leaf surface (Barthlott and Ehler

1977). Their restriction to the stomatiferous areas in

N. haidingeri suggests a functional adaptation in response

to ecological conditions. The precise nature of this adap-

tation, cannot, however, be determined at present.

Nilssoniopteris is a common element in Jurassic floras,

and known to occur in several parts of the world, inclu-

ding Sweden, the United Kingdom (Nathorst 1909; Lund-

blad 1950; Harris 1969; Watson and Sincock 1992), Iran

and Afghanistan (Sadovnikov 1989; Schweitzer and Kirch-

ner 2003), China (Barale et al. 1998), and Greenland

(Harris 1932; Boyd 2000). The fossil record of the genus

in North America is somewhat scanty (see Ash 1989). We

provide here the earliest record of Nilssoniopteris from the

Triassic of Europe. Several Taeniopteris leaves resembling

Nilssoniopteris have been reported from the Triassic and

Jurassic of the Southern Hemisphere (Anderson and

Anderson 1989; Gnaedinger and Herbst 2004; Cantrill

and Hunter 2005). However, for none of these leaves has

the epidermal anatomy been documented to date; thus,

proposed affinities with the Bennettitales are speculative.

Along with the Neuewelt flora near Basel, Switzerland

(Leuthardt 1901, 1903; Kräusel and Leschik 1955; Kräusel

and Schaarschmidt 1966), the Lunz flora undoubtedly rep-

resents one of the richest and most diverse Carnian floras

of the Northern Hemisphere (Dobruskina 1989, 1994,

1998). It is interesting to note that Nilssoniopteris has not

1314 P A L A E O N T O L O G Y , V O L U M E 5 0



been reported from Neuewelt or from any other Middle–

Late Triassic flora, e.g. Raibl, north-east Italy (Schenk

1866; Stur 1885; Dobruskina 1994); Mount Pora, Berga-

masc Alps, northern Italy (Passoni and van Konijnenburg-

van Cittert 2003); Heilgersdorf near Coburg, Germany

(Kelber and Hansch 1995); Wengen Formation, northern

Italy (Wachtler and van Konijnenburg-van Cittert 2000).

However, some of these floras contain leaves assigned to

Taeniopteris, Macrotaeniopteris, Bjuvia and Anomozamites,

which may be macromorphologically similar to the Nilsso-

niopteris species from Lunz. Unfortunately, the epidermal

anatomy of these forms is often unknown, and renders a

more accurate assessment of their affinities a difficult task.

According to Norstog and Nicholls (1997), the cycado-

phytes comprise two orders of plants, the Cycadales and

Bennettitales. Both are quite similar with regard to growth

habit and foliage morphology. However, the reproductive

organs are distinctly different, which indicates that they are

not closely related (Crane 1988; Doyle 2006). Sterile leaves

of bennettitaleans and cycadaleans are distinguishable on

epidermal features; especially significant is the morphology

of the stomatal apparatuses, which are syndetocheilic in the

former and haplocheilic in the latter (Florin 1933a). The

Bennettitales are an enigmatic group of gymnosperms char-

acterized by complex reproductive structures, some of

which are not fully understood to date (see Norstog and

Nicholls 1997; Rothwell and Stockey 2002; Stockey and

Rothwell 2003). The origin and relationships of the

Bennettitales to other fossil and extant groups of gymno-

sperms remain largely elusive. The Lunz flora is important

in this context because it contains a remarkable array of

male and female cycadophyte reproductive structures

(Krasser 1917, 1919; Kräusel 1948, 1949, 1953). Although

these have been studied in some detail, no persuasive evi-

dence as to their relationship to the various cycadalean and

bennettitalean foliage types has been demonstrated to date.

Only a single fertile structure, namely Dioonitocarpidium

(Schenk, 1867) Rühle von Lilienstern, 1928, has been tenta-

tively correlated with sterile foliage, originally described as

Danaeopsis angustifolia but later transferred to Taeniopteris

(Rühle von Lilienstern, 1928). However, Kelber and

Hansch (1995) rejected this reconstruction. Dioonitocarpi-

dium may represent a macrosporophyll, probably with

affinities in the Cycadales (Harris 1961; Kustatscher et al.

2004). Kustatscher et al. (2004) correlated a Dioonitocarpi-

dium specimen from the Ladinian of northern Italy with

cycadalean Bjuvia foliage. However, both correlations are

based solely on co-occurrence of Dioonitocarpidium and

sterile foliage in the same bedding planes.

The lack of evidence for reconstructing whole-plant

taxa in the Lunz flora is in part a result of the fact that

only isolated plant parts are preserved; reproductive struc-

tures in organic connection to leafy twigs or stems have

never been found. Moreover, cycadophyte stems or bran-

ches are generally rare in the Lunz flora, and reproductive

structures and leaves were not normally persistent, but

periodically shed from the source plant as part of the nat-

ural life cycle. Consequently, only analyses of the epider-

mal anatomy of both sterile leaves and reproductive

structures from Lunz may provide clues for reconstruc-

ting whole-plant taxa. During our re-investigation of the

Lunz flora (Pott et al. 2005), we have gathered informa-

tion on the epidermal anatomy of the cycadalean genera

Nilssonia Brongniart, 1825 (Pott et al. 2007a) and Pseudo-

ctenis Seward, 1911 (Pott et al. 2007b), and the

bennettitalean genera Nilssoniopteris (this paper) and

Pterophyllum (Pott et al. 2007d). As a result, we now

know the epidermal anatomy of all cycadophyte taxa in

the Lunz flora. This provides an excellent data set for

further research focusing on the assignment of the

reproductive structures to their respective foliage. Our

approach in the near future will be to analyse the cuticles

from the cycadophyte reproductive structures in order to

compare these with the epidermal anatomy of the foliage.
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siles renfermés dans les grès de Hoer en Scanie. Annales des

Sciences Naturelles, 4, 200–224.

—— 1828. Prodrome d’une Histoire des Végétaux Fossiles. Le-

vrault, Paris, viii + 823 pp.

C A N T R I L L , D. J. and H UN T E R , M. A. 2005. Macrofossil

floras of the Latady Basin, Antarctic Peninsula. New Zealand

Journal of Geology and Geophysics, 48, 537–553.

C A R UE L , T. 1876. Sulla struttura fiorale e le affinità di varie
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Brongniart. Ameghiniana, 41, 91–110.
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von Lunz, Nieder-Österreich. Palaeontographica, Abteilung B,

89, 35–82.

1316 P A L A E O N T O L O G Y , V O L U M E 5 0



—— 1953. Ein neues Dioonitocarpidium aus der Trias von Lunz.

Senckenbergiana, 34, 105–108.

—— L E S C H I K , G. 1955. Die Keuperflora von Neuewelt bei

Basel – I. Koniferen und andere Gymnospermen. Schweizer
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Paläontologische Zeitschrift, 10, 91–107.

S A D O V N I K OV , G. N. 1989. Taeniopteris, Nilssoniopteris and

Nilssonia in the late Triassic flora of Iran. Paleontological

Journal, 23, 95–100.

S C H A A R S C HM I D T, F. 1973. Pflanzenfossilien in un-
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Circinate vernation in cycadeoidalean foliage 
of the genus Pterophyllum 
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Abstract.—The Cycadeoidales are Mesozoic gym-
nosperms with entire or pinnate leaves and 
complex reproductive structures. Although ma-
ny forms superficially resemble cycads, particu-
larly with regard to foliage macromorphology, 
cycadeoidaleans and cycads are today believed 
to be not closely related. Cuticular analysis of 

cycadeoidalean foliage from the Carnian (Up-
per Triassic) of Austria reveals that Pterophyllum 
filicoides displays circinate vernation in the 
form of inwardly coiled leaf segments, which 
are strikingly similar to immature leaf segments 
seen in extant Cycas species. This discovery re-
presents the first record of circinate vernation 
in the Cycadeoidales, and may suggest that 
cycadeoidalean leaves resemble those of cy-
cads not only with regard to macromorphology 
but also development. 
 
Keywords.—Cycadeoidales; Cycadales; fossil fo-
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Abstract: The Bennettitales are Mesozoic gymnosperms with entire or pinnate leaves and complex
reproductive structures. Although many forms superficially resemble cycads, particularly with regard
to foliage macromorphology, bennettitaleans and cycads are not believed to be closely related at
this time. Cuticular analysis of bennettitalean foliage from the Carnian (Upper Triassic) of Austria
reveals that Pterophyllum filicoides displays circinate vernation in the form of inwardly coiled leaf
segments, which are strikingly similar to immature leaf segments seen in extant Cycas species. This
discovery represents the first record of circinate vernation in the Bennettitales and may suggest that
bennettitalean leaves resemble those of cycads not only with regard to macromorphology but also
development.

Key words: Pterophyllum, Carnian, Triassic, cuticular analysis, vernation, Bennettitales, Cycadales,
Lunz (Austria), ontogeny.

1. Introduction

The Bennettitales ENGLER (= Cycadeoidales ARNOLD)
are Mesozoic (Triassic–Cretaceous) gymnosperms
with entire or simple pinnate leaves and complex
reproductive structures. The origin of the Bennetti-
tales and relationships to the other lineages of fossil
and extant seed plants remain controversial (NORSTOG

& NICHOLLS 1997; DOYLE 2006), due in part to the
fact that many of the reproductive structures attributed
to the Bennettitales continue to be incompletely
understood (NORSTOG & NICHOLLS 1997; ROTHWELL

& STOCKEY 2002; STOCKEY & ROTHWELL 2003). It
was once widely believed that the Bennettitales are
close relatives of the Cycadales DUMORTIER (e.g.
MORRIS 1841; MIQUEL 1851; STEINMANN 1903).
More recently, however, a number of fundamental

differences between cycads and bennettitaleans,
notably with regard to the reproductive biology, have
been elaborated, which suggest that the two groups
of plants are not closely related (SCHUSTER 1931;
TAYLOR & TAYLOR 1993). Cladistic analyses generally
support this hypothesis (e.g. NIXON et al. 1994;
ROTHWELL & SERBET 1994; DOYLE 2006; HILTON &
BATEMAN 2006). Nevertheless, the Bennettitales and
Cycadales are very similar with regard to foliage
macromorphology and, as a result, the sterile leaves
of many fossil bennettitaleans and cycadaleans are
only distinguishable based on epidermal features;
especially significant is stomatal morphology, which
is syndetocheilic in the former and haplocheilic in the
latter group of plants (FLORIN 1933). In syndetocheilic
stomata the guard and subsidiary cells all have their
origin from a single initial, while in haplocheilic

484-Pott-text  06.09.2007 14:44 Uhr  Seite 315    (Schwarz Bogen)



316 C. Pott and M. Krings

stomata guard and subsidiary cells originate from
different initials (TAYLOR & TAYLOR 1993).

The macromorphological similarities of cycadalean
and bennettitalean foliage raise the question as to
whether these resemblances are superficial and
restricted to overall architecture, or that the leaves
of both groups of plants also display similar deve-
lopment. However, comments about leaf development
in the Bennettitales are rare in the literature and to
date are based exclusively on macroscopic obser-
vations. For example, particularly small leaves
assigned to Pterophyllum BRONGNIART have variously
been regarded as immature based on the difference in
size compared to large Pterophyllum leaves in the
same bedding planes (e.g. HEER 1877; KRASSER

1909; KRÄUSEL & SCHAARSCHMIDT 1966).
Recent systematic cuticular analysis of the bennet-

titalean foliage fossils from the Carnian (Late Trias-
sic) flora of Lunz in Austria has produced new in-
formation about leaf development in the Bennettitales
in the form of immature Pterophyllum filicoides
(SCHLOTHEIM) ZEILLER leaves displaying circinate
vernation similar to that seen in certain extant cycads.
Although the discovery of circinate vernation in
Pterophyllum is not totally unexpected because it is a
condition shared by many groups of ‘more primitive
plants’, it has not been previously documented in
bennettitaleans.

2. Material and methods

The fossils come from the area around Lunz-am-See,
a city located in the Northern Calcareous Alps of
Lower Austria, approximately 100 km west of Vienna.
They were collected during the late 19th and early 20th

centuries, mainly by J. HABERFELNER, a mining fore-
man from Lunz-am-See. The fossils occur in the
“Lunzer Sandstein”, which is part of the Lunz For-
mation (= Lunzer Schichten). Recent palynological

studies indicate that the Lunz Formation is late Julian
(Carnian, Late Triassic) in age (ROGHI 2004). Detailed
information about the geological setting, sedimento-
logy and palaeontology of the Lunz Formation can be
found in DUNAY & FISHER (1978) and DOBRUSKINA

(1998).
A total of 246 compression fossils of Pterophyllum

filicoides were studied macroscopically and by cuti-
cular analysis according to procedures outlined in
KERP & KRINGS (1999). In addition, bulk macerations
(cf. HARRIS 1926) of smaller slabs containing remains
of P. filicoides were conducted. More than 300 cuticle
slides were prepared and analysed microscopically.
Cuticles were analysed with a Leitz Diaplan microsco-
pe and photographed with a Nikon DS-5M digital
camera. Specimens and cuticle slides are stored in the
collection of the Museum of Natural History
(NHMW), Vienna, Austria; accession numbers are
indicated in the figure caption.

3. Results

Pterophyllum filicoides is among the most abundant
fossils in the Lunz flora. Leaves are once pinnate and
display considerable size range; the smallest complete
leaves are 15 cm long and 4.5 cm wide and have a
relatively narrow rachis (Fig. 1A), while the largest
specimens measure 50 cm long and 20 cm wide and
possess a robust rachis (Fig. 1B). Corresponding
epidermal anatomy establishes that all these leaves
belong to P. filicoides (see POTT et al. (in press), for
detailed information on the architecture and epidermal
anatomy of P. filicoides). None of the compression
fossils and cuticles obtained thereof shows evidence
of circinate vernation. However, one of the bulk mace-
rations yielded some 30 leaf segments displaying
circinate vernation, i.e. the distal portion is inwardly
coiled up to four times (Fig. 1C-F). Most of the speci-
mens represent detached segments with coiled distal

Fig. 1. Macromorphological and epidermal features of Pterophyllum leaves. A. Small Pterophylulm filicoides leaf;
specimen NHMW 1887/I/0027; bar = 10 mm. B. Large and mature P. filicoides leaf; specimen NHMW 1887/I/0033;
bar = 10 mm. C. Reassembled immature P. filicoides leaf; bracket indicates portion of rachis with coiled leaf segments
in organic connection; slides NHMW 2006B0008/0010/0001–0007, 0009–0010, 0016–0017, 0019–0021, 0026,
0029–0030, 0034, 0041, 0045, 0047–0048, 0051, 0053, 0055; bar = 5 mm. D-F. Inwardly coiled leaf segments; slides
(D) NHMW 2006B0008/0010/0030, (E) NHMW 2006B0008/0010/0001, (F) NHMW 2006B0008/0010/0003; bars =
500 µm. G. adaxial (upper half) and abaxial (lower half) cuticle of P. filicoides; slide NHMW 2006B0008/0010/0014;
bar = 100 µm. H. Detail of Fig. 1F, showing adaxial (above) and abaxial (below) cuticle and hence establishes that the
leaves are inwardly coiled; slide NHMW 2006B0008/0010/0003; bar = 100 µm.
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portions, but some show several coiled segments still
attached to portions of a rachis up to 2.5 mm wide
(Fig. 1C, bracket). Since all of the coiled leaf
segments come from a single, relatively small slab,
they probably belong to a single immature leaf. Part of
this leaf is reassembled in Figure 1C based on the
most likely arrangement (e.g. with regard to rachis
width) of the fragments obtained from that slab. The
largest immature leaf segments are 7.5 mm long and
2.5 mm wide and thus considerably smaller than the
segments seen in large, full-grown leaves (up to
102 mm long and 9 mm wide) of the same species.
Moreover, spacing of the segments appears to be
slightly closer than that seen in full-grown P. filicoides
leaves. The immature leaf segments are slightly in-
clined toward the leaf tip (Fig. 1C), while, in mature
leaves, the segments are usually arranged more or less
perpendicularly to the rachis (Fig. 1B). Reassembly of
the immature leaf (Fig. 1C) suggests that uncoiling of
the segments is more advanced proximally in the leaf,
while distally positioned segments are still largely
coiled. The epidermal anatomy of the coiled leaf
segments (Fig. 1G-H) corresponds to that seen in
mature P. filicoides leaves. Leaves are amphistomatic;
distinct costal and intercostal areas are visible on
both sides. Adaxial and abaxial side of the leaf can be
clearly distinguished by the number of stomata; while
stomata are rare on the adaxial side (Fig. 1G, upper
half of image), they occur in abundance in the abaxial
intercostal fields (Fig. 1G, lower half of image).
Stomata are syndetocheilic and morphologically
identical on both sides of the leaf.

4. Discussion

Pterophyllum filicoides from the Upper Triassic of
Lunz provides the first evidence for circinate ver-
nation in bennettitalean foliage. Epidermal anatomy
indicates that the leaves are inwardly curved. Coiling
is compact and regular, which substantiates that the
fossils do not represent fragments of desiccated and/
or wilted mature leaves, but rather were immature at
the time of fossilisation. The former would result in
recurved leaf segments or an irregular inward cur-
vature or coiling of the segments. The immature leaf
segments of P. filicoides are strikingly similar to leaf
segments seen in immature (elongating) leaves of
certain extant cycads, e.g. species in the genus Cycas
L. (cf. NORSTOG & NICHOLLS 1997: fig. 2.20-2.22).
As in Cycas, uncoiling of the P. filicoides leaf
segments seems to initially occur in the proximal

Fig. 2. Small, probably immature Pterophyllum leaf; black
arrow indicates short and stout terminal segments; white
arrows indicate consistent absence of coaly substance on
the distal parts of lateral segments; specimen NHMW
1887/I/0030; bar = 10 mm.
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portion of the leaf and subsequently proceed to the
upper segments.

Large and mature Pterophyllum filicoides leaves
(Fig. 1B) are up to 50 cm long and characterised by a
robust rachis up to 15 mm wide. Several of the cuticle
preparations contain coiled leaf segments attached to
a relatively delicate rachis (Fig. 1C, bracket). Since
these cuticles were obtained exclusively by bulk
maceration, it cannot be determined whether the
rachis of immature leaves is generally delicate and
becomes robust during elongation and maturation, or
the portions of immature leaves with delicate rachises
come from a small leaf, perhaps produced by a very
young P. filicoides plant. It is interesting in this
context that particularly small Pterophyllum leaves
have historically often been interpreted as immature
(see above). However, this interpretation is based
exclusively on the size difference between the small
and large Pterophyllum leaves of similar architecture
that occur in the same bedding planes, but does not
include the presence of special immaturity features
such as coiled leaf segments or incomplete deve-
lopment in the small leaves. Our study shows that
circinate vernation is just barely recognisable in hand
specimens. Rather, cuticles are required to determine
immaturity, and they reveal that many of the small
Pterophyllum leaves in the Lunz flora are mature. On
the other hand, particularly small Pterophyllum leaves
have also been regarded as belonging to small-leaved
species by various authors (e.g. HEER 1877; STUR

1885; KRASSER 1909). Based on cuticular analysis,
POTT et al. (in press) demonstrate that several of the
small Pterophyllum leaves from Lunz belong to P.
filicoides. The fact that they are several times smaller
than the large leaves of the same species suggests that
heterophylly may have been a characteristic feature
of P. filicoides and perhaps bennettitaleans in
general.

Heterophylly may arise by two fundamentally dif-
ferent mechanisms (STEEVES & SUSSEX 1989): The
first is an expression of programmed ontogenetic
changes in leaf size and shape (i.e. heteroblastic
development), while the second includes the occur-
rence of different leaves as a result of adaptation.
Because the mechanisms underlying heterophylly in
Pterophyllum filicoides remain elusive, it is impos-
sible to assign a specific functional or ecological
significance to intraspecific variation of leaf size in
these plants. For example, the small leaves may have
been produced by juvenile P. filicoides plants and thus
reflect heteroblastic development. On the other hand,

it is also possible to envision that, in favourable con-
ditions, mature P. filicoides plants produced large
leaves, while small leaves only developed during
(intermittent) periods of unfavourable conditions
where they were more advantageous than large leaves.
Small leaves were perhaps produced during periods
of drought in order to minimise water loss via trans-
piration but, at the same time, maintain a minimum of
photosynthetic activity.

Since distally coiled leaf segments have been
documented only in cuticle preparations and have not
yet been recognised macroscopically, it is interesting
to determine if there are any macroscopical clues that
may help distinguish immature from small mature
Pterophyllum leaves based on hand specimens alone.
One such feature is perhaps the degree of deve-
lopment of the terminal leaf segments. In some of the
small leaves, these segments appear comparatively
short and stout (Fig. 2, black arrow), while in others
they look like miniature versions of the terminal leaf
segments present in large mature leaves (Fig. 1A).
Moreover, in some of the compressions, the coaly sub-
stance covering the distal portion of the leaf segments
is consistently missing, while elsewhere in the seg-
ments the coaly film is well-preserved (Fig. 2, white
arrows). However, it cannot be determined at present
whether this is due to breaking off of the coiled distal
portions of the segment or merely represents a pre-
servational artefact.

Another question concerns the distribution of cir-
cinate vernation in the various lineages of bennetti-
taleans. In extant cycads, the group of plants that
perhaps represents the best modern analogue with
regard to leaf development, the pattern of vernation
greatly varies among genera (NORSTOG & NICHOLLS

1997). The vernation pattern documented for Ptero-
phyllum filicoides corresponds best to that seen in
extant Cycas species. However, it cannot be deter-
mined at present whether the rachis in P. filicoides was
erect, inflexed or reflexed on emergence. The fact that
vernation greatly varies among cycad genera argues
against proposing circinate vernation for all bennet-
titalean foliage types. Since evidence for coiled
bennettitalean rachises has not been produced to date,
we speculate that circinate vernation in these plants
was perhaps restricted to the leaf segments, but did not
include the rachis and thus may have occurred exclu-
sively in pinnate leaves such as Pterophyllum, whereas
entire foliage types (e.g. Nilssoniopteris NATHORST)
were more likely conduplicately folded in the leaf
bud.
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5. Concluding remarks

Circinate vernation occurs in the Late Triassic bennet-
titalean foliage taxon Pterophyllum filicoides and
appears to be similar to that seen in certain extant
cycads. This discovery actually is not surprising since
circinate vernation is a feature shared by many groups
of ‘more primitive’ plants; nonetheless, circinate
vernation has not previously been documented for
bennettitaleans. The data presented here provide a
template to not only interpret isolated parts of these
plants from other floras with regard to morphology
and systematic affinities, but also function and, in
some instances, relationships to stages of the growth
of the plants. This approach offers a new avenue
of investigation of fossil plants based on hitherto
underrepresented structural and developmental fea-
tures.
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Even if the first cycad species was validly de-
scribed by Linnæus (1753, p. 1188) (i.e. Cycas 
circinalis), representatives of this group were al-
ready known to science since 1682 when H. A. 
van Rheede tot Draakestein figured a specimen 
from the Malabar coast, Kerala, India (Van Rhee-
de tot Draakestein, 1682, pl. 19). However, the 
order Cycadales was not established until 1829 
(Dumortier 1829). Recently, Cycadales comprise 
about 305 extant species and a number of 
extinct genera and species (Hill et al. 2004). The 
first widely accepted true cycads are known 
from the Triassic, although several possible 
cycadalean forms were described from the Car-
boniferous and Permian (e.g. Zhu Jia-Nan & Du 
Xiang-Ming 1981; Gao Zhi-Feng & Thomas 1989a, 
1989b). Nevertheless, cycadalean foliage is rela-

tively rare in pre-Carnian strata. Cycadaleans re-
ported from pre-Carnian localities have to be 
addressed very carefully because cuticles are 
often not preserved or unknown. 

Living cycads mainly thrive in dry habitats 
in tropical areas between 35° N and 35° S. The 
genus Cycas is the only with a broad geogra-
phical range. It can be used to infer that a ten-
dency for living in the upper and lower tropics 
is present in cycads. This is likely to assume be-
cause these areas are indicated by a drier clima-
te with relatively cool winters. Cycads require 
some rainfall, but appear to be partly xerophy-
tic. Some are known to survive in semi-desert 
climates, and to grow in sand or on rock. Some 
cycad species are also able to grow in full sun 
or shade, and some are salt tolerant. 
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CHAPTER 5 

Morphology and epidermal anatomy of Nils-
sonia (cycadalean foliage) from the Upper 
Triassic of Lunz (Lower Austria) 
 
Christian Pott, Hans Kerp & Michael Krings 
 
Review of Palaeobotany and Palynology 143: 197–
217 (2007) 
 
Abstract.—The Carnian flora from Lunz (Lower 
Austria) ranks among the richest and most diver-
se fossil floras from the Upper Triassic. It is one of 
the first modern Triassic floras with bennettita-
leans. Although this flora is often referred to in 
the literature, modern taxonomic studies are mo-
stly absent; only some of the reproduction struc-
tures have been studied in detail. Many of the 
plant remains yield excellently preserved cuti-
cles. During a systematic study of the Pterophyl-

lum leaves from Lunz, it appeared that several 
species previously accommodated in that taxon, 
have to be transferred to other genera. This pa-
per deals with four species that are transferred 
to Nilssonia (cycadalean foliage); the macromor-
phology and epidermal anatomy are described 
and discussed. The following new combination 
is introduced: Nilssonia riegeri (Stur ex Krasser 
1909) nov. comb. Two new species are described 
(i.e. Nilssonia lunzensis and N. neuberi) based on 
material originally mentioned in a species list as 
Ctenis lunzensis Stur nom. nud. and Pterophyllum 
neuberi Stur nom. nud. The diagnosis for a fourth 
species, Nilssonia sturii Krasser 1909, is emended. 
The Nilssonia species from Lunz range among the 
earliest representtatives of the genus Nilssonia. 
 
Keywords.—Nilssonia, cuticular analysis, Carnian, 
fossil cycads, Austria, palaeoecology. 
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Abstract

The Carnian flora from Lunz (Lower Austria) ranks among the richest and most diverse fossil floras from the Upper Triassic.
It is one of the first modern Triassic floras with bennettitaleans. Although this flora is often referred to in the literature, modern
taxonomic studies are mostly absent; only some of the reproductive structures have been studied in detail. Many of the plant
remains yield excellently preserved cuticles. During a systematic study of the Pterophyllum leaves from Lunz, it appeared that
several species previously accommodated in that taxon have to be transferred to other genera. This paper deals with four species
that are transferred to Nilssonia (cycadalean foliage); the macromorphology and epidermal anatomy are described and discussed.
The following new combination is introduced: Nilssonia riegeri nov. comb. Two new species are described (i.e. Nilssonia
lunzensis and Nilssonia neuberi) based on material originally mentioned in a species list as Ctenis lunzensis Stur nom. nud. and
Pterophyllum neuberi Stur nom. nud. The diagnosis for a fourth species, Nilssonia sturii Krasser, is emended. The Nilssonia
species from Lunz range among the earliest representatives of the genus Nilssonia.
© 2006 Elsevier B.V. All rights reserved.
Keywords: Nilssonia; cuticular analysis; Carnian; fossil cycads; Austria; palaeoecology
1. Introduction

The very rich and diverse Carnian flora from Lunz
(Austria) is dominated by pinnate leaves, most of
which are attributed to the Bennettitales. Only a few
fossils have been assigned to Ctenis Lindley et Hutton,
a genus of cycadalean foliage (Stur, 1885); however,
the cycadalean nature was presumed only based on
macromorphology. The best method to discriminate
⁎ Corresponding author. Tel.: +49 251 8323934; fax: +49 251
8321739.

E-mail address: christian.pott@uni-muenster.de (C. Pott).

0034-6667/$ - see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.revpalbo.2006.07.007
cycadalean from bennettitalean foliage is by cuticular
analysis (Florin, 1933; Watson and Sincock, 1992;
Watson and Cusack, 2005). Thus far, no unequivocal
representatives of cycadalean foliage, recognized based
on cuticles, have been reported from Lunz, with the
exception of several cycadalean megasporophylls
assigned to Dioonitocarpidium Rühle von Lilienstern
by Kräusel (1953).

Stur (1871) was the first who mentioned pinnate
cycad-like foliage from Lunz, and in 1885, he published
a long list of taxa. However, none of these two publi-
cations includes descriptions and illustrations. Stur's list
(1885) includes 17 Pterophyllum species, 13 of which

mailto:christian.pott@uniuenster.de
http://dx.doi.org/10.1016/j.revpalbo.2006.07.007
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are new names. Moreover, the list also contains two new
names for Ctenis species. All the new names introduced
by Stur (1885) are nomina nuda. Krasser (1909) pub-
lished a classification of the taxa based on Stur's hand-
written notes, giving short descriptions of the taxa
accompanied by a brief discussion. Because Krasser
(1909) could not find the specimens originally assigned
to Ctenis by Stur, he did not deal with the material
allocated to Ctenis. Krasser (1909) classified the Ptero-
phyllum species into six groups, but his classification is
difficult to follow. Pterophyllum is now generally ac-
cepted as a type of bennettitalean foliage (e.g., Boyd,
2000). Krasser (1909) was the first who reported Nils-
sonia from the Lunz flora, by renaming Pterophyllum
irregulare Stur Nilssonia sturii Krasser. However, P. ir-
regulare (non P. irregulareNathorst) is a nomen nudum.
Krasser (1909) only gave a brief description of the
species without illustrations and did not study cuticles.

Although Pterophyllum leaves from Lunz are shown
in many museum exhibitions and are illustrated in many
textbooks and popular articles (e.g., Potonié, 1899;
Schmidt, 1928; Bachmayer and Kollmann, 1969; Turek
et al., 1990; GBA, 2002), a modern revision of the genus
that includes cuticular analyses is still absent.

A new revision of the Lunz flora, focusing on foliage
taxa, reveals that several species previously assigned to
Pterophyllum actually represent cycadalean leaves. The
cycadalean nature of these fossils is evidenced by epi-
dermal anatomy, notably the morphology of the stomatal
complexes. Based on leaf morphology and epidermal
anatomy, these forms are accommodated in Nilssonia
Brongniart. Four species are described here that repre-
sent the first unequivocal cycadalean leaves from
Lunz.

2. Material and methods

The material studied comes from the Upper Triassic
of Lunz in the Northern Calcareous Alps of Lower
Austria, approximately 100 km west of Vienna (Fig. 1).
The material was collected during the late 19th and
early 20th centuries in coalmines at several localities in
the area around Lunz-am-See. With more than 30,000
specimens, the Lunz flora is one of the richest and most
diverse Late Triassic floras of the Northern Hemi-
sphere. The flora consists of sphenophytes, ferns, and
numerous gymnosperms (i.e., ?ginkgophytes, cycada-
leans, bennettitaleans and coniferophytes); to date more
than 70 taxa have been reported. The most up-to-date
overviews were published by Dobruskina (1989, 1998),
however, these papers are essentially based on older
publications.
The Lunz Formation (Lunzer Schichten) is subdi-
vided into three units (Verloop, 1908). The middle unit
is named Lunzer Sandstein and consists of sandstones at
the base overlain by marine marls gradually grading
upwards into terrestrial sands, shales and coal. The coal-
bearing part of the sequence is overlain by marls and
with a sandstone layer at the top of the subunit. The
plant fossils occur in the shales associated with the coal
beds.

The lower unit of the Lunzer Schichten (=Reingrab-
ener Schiefer) is dated as Julian based on the occurrence
of ammonoids (Krystyn, 1978). Palynological studies
indicate a Carnian (Bhardwaj and Singh, 1964) and a
Julian age (Dunay and Fisher, 1978). The Opponitzer
Limestone, the upper subunit of the Lunzer Schichten
was dated as Tuvalian (Dunay and Fisher, 1978).

Outcrops in the area around Lunz are today poor
since coal mining finally ceased after World War II.
Spoil tips are not well accessible and most of the
material is strongly weathered. The old specimens are
stored in museum collections throughout Europe (see
Appendix).

Almost all remains are preserved as impressions or
compressions, the latter often with excellently preserved
cuticles. Cuticles were prepared according to procedures
summarized in Kerp (1990), and Kerp and Krings
(1999). Samples with plant remains were dissolved in
hydrofluoric acid in order to obtain cuticles, or cuticles
were picked directly from the rock surface. Cuticles
were macerated according to the standard procedure
using Schulze's reagent (35% HNO3 with a few crystals
of KClO3) and 5–10% potassium hydroxide. Macerated
cuticles were washed in distilled water, gently dehy-
drated in pure glycerine, and afterwards mounted in
permanent glycerine-jelly on microscope slides. Slides
are stored in the collection of the Forschungsstelle für
Paläobotanik am Geologisch-Paläontologischen Institut,
Universität Münster, Germany; accession numbers are
given in the figure captions.

Hand specimens were photographs with a Nikon D
100 digital camera; in order to increase contrast cross-
polarization (i.e. polarized light sources with polarizing
filter over the camera lens) was used. Cuticles were
analysed with a Leitz Diaplan light microscope equipped
with a Nikon DS-5M digital camera.

3. Taxonomy

Subdivision: Cycadophytina
Class: Cycadopsida
Order: Nilssoniales
Genus: Nilssonia Brongniart (1825)



Fig. 1. Position of Lunz-am-See in the Northern Calcareous Alps, Lower Austria.
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Remark on the orthography of the generic name Nils-
sonia: Brongniart (1825) introduced the genus Nilsonia
for leaves from the Lower Jurassic of Scania (Sweden).
Brongniart (1825, p. 204), mentioned that the genus was
named after M. Nilson. Nathorst (1909) commented that
the name was misspelled because the family name is
Nilsson, and he corrected the generic name. The spelling
Nilsonia is a typographical error (Schweitzer et al.,
2000). The spelling Nilssonia is today widely accepted
in the literature (e.g., Harris, 1932, 1964; Schweitzer
et al., 2000; Watson and Cusack, 2005).

Nilssonia sturii Krasser (1909) emend.
Plates I, II, 1–3 and III

Selected references
1885 Pterophyllum irregulare Stur, Flora Lunzer-
Schichten, p. 99 (nom. nud.)
non 1879 Pterophyllum irregulare Nathorst, Om Floran
i Skånes kolförande Bildningar, p. 68, Plate XVII, Fig. 1
1909 Pterophyllum irregulare Krasser, Kenntnis Flora
Lunzer Schichten, pp. 116–120, no ill.
1909 Nilssonia sturii Krasser, Kenntnis Flora Lunzer
Schichten, pp. 120–121, no ill.
1917Nilssonia sturii Seward, Fossil Plants, p. 576, no ill.

Lectotype: GBA 1909/003/0388 (Plate I, 4).

Comment: The name Nilssonia sturii was introduced by
Krasser (1909) who gave a very brief diagnosis but did
not illustrate any specimens of the species. Because no
holotype was designated, the specimen GBA 1909/003/
0388 is here selected as the lectotype. This specimen
belongs to the original set of fossils studied by Stur
(1885) and Krasser (1909); originally labelled Ptero-
phyllum irregulare by Stur (1885).
Repository: Palaeobotanical Collection of the Geolo-
gische Bundesanstalt, Vienna.

Emended diagnosis
Leaves petiolate, pinnate, lanceolate in outline, distally
tapering; lamina subdivided into parallel-sided to
tapering leaf segments, variable in width, with rounded
apices; oppositely to sub-oppositely positioned, inserted
to the adaxial (upper) side of the rachis, each with
several unforked, delicate parallel veins. Leaves hypos-
tomatic with delicate cuticles, epidermal cells narrow,
polygonal to rectangular, anticlinal cell walls straight.
Stomatal apparati monocyclic and actinocytic, in
intercostal fields; guard cells with prominent dorsal
thickenings. Abaxial epidermis with short hollow
papillae.

Description
Leaves are petiolate, pinnate (segmented), of almost
regular, oblong, more or less lanceolate shape, apex
unknown. Lamina subdivided into numerous, irregularly
oppositely positioned segments (Plate I, 1–8). Length of
segments continuously decreases towards the apex of the
leaf. Segments are clearly crescent-to sword-shaped, all
of same shape, distally tapering, slightly widened at the
base. The width of the individual segments may vary
considerably, some segments being twice as wide as
others (Plates I, 1–6 and II, 2–3). The distance between
the individual segments remains the same within a single
leaf, unless the segments are widened basally. Segments
are attached to the upper side of the rachis (Plates I, 5,9
and II, 1,3).
Numerous parallel, non-bifurcated veins enter the seg-
ments and run straight to the apex (Plate I, 5–9). In adaxial
surface view, the prominent rachis is nearly completely
covered by the leaf segment bases (Plate I, 4–6, 8–9). The
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leaf apex is not preserved. The proximal part of the leaf
consists of a naked petiole, which is, however, rarely
preserved. The petiole may reach a length of up to
17.1 cm.
Incomplete leaves are up to 54.5 cm long and 26.2 cm
wide. The length of the leaf segments varies according
to their position within the leaf, the longest being up to
13.2 cm. Within a single leaf, the width of segments may
vary considerably, ranging from 6.7 mm up to 18.8 mm
at their base.
Leaves are hypostomatic and have delicate cuticles.
Costal and intercostals fields are distinguishable on the
abaxial (Plate III, 1) but not on the adaxial side of the
leaf (Plate III, 2).
Adaxial cuticle— The cuticle of the adaxial side is very
delicate and difficult to macerate. Epidermal cells are
polygonal or rectangular in outline, elongate with acute
Plate III. Nilssonia sturii Krasser (1909) emend. (see on page 203)

1. abaxial cuticle, overview displaying cell pattern with short papil
2. adaxial cuticle, overview of cell pattern (GBA, 1909/002/0518/0
3. abaxial cuticle, stoma with strongly cutinized guard cells (GBA,
4. abaxial cuticle, overview showing the arrangement of cells, stom
5. abaxial cuticle, haplocheilic stoma with strongly cutinized parts
6. abaxial cuticle, haplocheilic stoma with surrounding subsidiary ce

0002), scale bar=20 μm;
7. abaxial cuticle, haplocheilic stoma with surrounding subsidiary ce

0001), scale bar=10 μm;
8. abaxial cuticle, short, hollow, and strongly cutinized papilla (GB
9. abaxial cuticle, haplocheilic stoma with radial striae on the walls
10. abaxial cuticle, short, hollow, and strongly cutinized papilla (GB

Plate II. Nilssonia sturii Krasser (1909) emend. and Nilssonia riegeri (Stur e

1. N. sturii, central part of a leaf with leaf segments inserted to the
2. N. sturii, apical part of an excellently preserved leaf with the lea

4027), scale bar=1 cm;
3. N. sturii, central part of a leaf with leaf segments inserted to the
4. N. riegeri, central part of a leaf with several lanceolate leaf segm
5. N. riegeri, excellently preserved leaf displaying the delicate

bar=1 cm;
6. N. riegeri, central part of a leaf with leaf segments inserted to

bar=5 mm.

Plate I. Nilssonia sturii Krasser (1909) emend. (see on page 201)

1. well preserved leaf with irregularly faced leaf segments (NHM,
2. well preserved leaf displaying irregularly faced leaf segments (G
3. well preserved leaf with well recognisable character of the leaf s
4. well preserved leaf showing different sizes of the leaf segments,

(GBA, 1909/003/0388), scale bar=1 cm;
5. detail of central part of a leaf with leaf segments inserted to the
6. apical part of a well preserved leaf with the leaf segments decreas
7. central part of a large and well preserved leaf (GBA, 1909/003/0
8. large and excellently preserved leaf portion (NHM, 2006B0008/
9. detail of a leaf with covered rachis and simple veins (NHM, 200
or pointed ends, 35–80 μm long and 20–37.5 μm wide.
Anticlinal cell walls are smooth. Stomata are absent on
the adaxial side, which does not show any other special
features, neither cuticular thickenings nor trichome
bases or papillae (Plate III, 2).
Abaxial cuticle — The abaxial cuticle is thin, but
slightly thicker than the adaxial cuticle. The epidermis
shows a clear differentiation into costal and intercostal
fields. Costal fields are composed of about 3 to 4 lines
of cells (Plate III, 1) without stomata and trichome
bases; cells are narrow, rectangular, or polygonal to
isodiametric in outline, slightly elongate, acute, 25–
62.5 μm long and 15–25 μm wide. Anticlinal cell walls
are straight and periclinal walls are smooth. Every
second or third cell bears a short, thick-walled, hollow
papilla (20–25 μm in diameter) positioned at the end of
the cell (Plate III, 1, 4, 8, 10). Intercostal fields are
lae and stomata (GBA, 1909/002/0518/0007), scale bar=50 μm;
004), scale bar=50 μm;
1909/002/0518/0007), scale bar=50 μm;
ata, and papillae (GBA, 1909/002/0518/0006), scale bar=50 μm;
of the guard cells (GBA, 1909/002/0518/0006), scale bar=20 μm;
lls forming an actinocytic stomatal apparatus (NHM, 2006B0008/0035/

lls forming an actinocytic stomatal apparatus (NHM, 2006B0008/0035/

A, 1909/002/0518/0006), scale bar=10 μm;
of the guard cells (NHM, 2006B0008/0035/0001), scale bar=10 μm;
A, 1909/002/0518/0006), scale bar=10 μm.

x Krasser, 1909) nov. comb. (see on page 202)

upper side of the rachis (NHM, 2006B0008/0033), scale bar=5 mm;
f segments decreasing in length towards the leaf apex (NHM, 1885/D/

upper side of the rachis (NRM, S148246), scale bar=1 cm;
ents (GBA, 1909/003/0585), scale bar=1 cm;
architecture of this species, lectotype (GBA, 1909/003/0589), scale

the upper side of the rachis, lectotype (GBA, 1909/003/0589), scale

1886/0001/0014), scale bar=1 cm;
BA, 1909/003/0400), scale bar=2 cm;
egments (NHM, 1884/D/1202), scale bar=1 cm;
lectotype, originally labelled Pterophyllum irregulare by Stur (1885)

upper side of the rachis (NHM, 1886/0001/0014), scale bar=1 cm;
ing in length towards the leaf apex (NRM, S148681), scale bar=1 cm;
392), scale bar=2 cm;
0033), scale bar=1 cm;
6B0008/0012), scale bar=2 mm.



Plate I (caption on page 200).
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Plate II (caption on page 200).
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Plate III (caption on page 200).
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100–150 μm wide; cells are polygonal and isodiamet-
ric to broadly rectangular or slightly elongate (Plate III,
1, 4), ranging from 15–40 μm long to 12.5–30 μm
wide. Anticlinal cell walls are straight. Stomata are
regularly distributed but irregularly oriented within the
intercostal fields. Actinocytic stomatal apparati are
mono- to diacyclic, 32.5–45 μm long and 15–22.5 μm
wide, with 6 to 8 trapezoid to rectangular subsidiary
cells (Plate III, 3, 5–7, 9). The stomatal pores vary in
length from 10–17.5 μm. The kidney-shaped guard
cells are not sunken. The central parts of the dorsal
walls are strongly cutinized, whereas the ventral part
and the polar ends of the guard cells are weakly
cutinized (Plate III, 3, 5–7, 9).

Locality: Lunz-am-See, Lower Austria.
Source Strata: Lunzer Schichten, Julian, middle Car-
nian, Triassic.
Material studied: Approximately 60 specimens from the
following collections: NHM, GBA, NRM, RUU, JOA,
SPO.

Remarks
The leaf remains described above are assigned to the
genus Nilssonia because macromorphological features
(e.g. narrow, nearly band-like or oblong-oval, irregularly
segmented lamina and segments, attached to the upper
side of the rachis and covering it) correspond well with
those seen in typical representatives of this genus (Van
Konijnenburg-van Cittert et al., 2001; Watson and
Cusack, 2005). Additional characters include a short
distance between the segments, and a fine, parallel ve-
nation with unforked veins (Schimper and Schenk, 1890;
Nathorst, 1909; Harris, 1964). Leaf variability as shown
by the Lunz specimens (Plates I, 1–2 and II, 1–2) is
typical for Nilssonia (Nathorst, 1909; Harris, 1932,
1964; Schweitzer et al., 2000).
The leaf morphology of the Lunzmaterial is superficially
similar to that of the Nilssonia tenuicaulis-complex, as
has already been stated by Krasser (1909) and Seward
(1917). These authors, however, did not figure Lunz
material. The leaves from Lunz here described as Nils-
sonia sturii are much larger than those of N. tenuicaulis
Seward, as was already mentioned by Krasser (1909).
According to Harris (1943), N. tenuicaulis leaves reach
a maximum length of 20.0 cm, although he later states
that the leaves must have been larger (Harris, 1964).
Nevertheless, N. tenuicaulis is still smaller than N. sturii.
Moreover, both species also differ considerably with
regard to epidermal anatomy (cf. Dower et al., 2004).
The density of papillae in Nilssonia tenuicaulis is lower
than in Nilssonia sturii (Plate III, 1, 4); in N. tenuicaulis
papillae occur only occasionally (Harris, 1943). Harris
(1943) also describes small resin bodies for N. tenui-
caulis that do not occur in N. sturii.
Pterophyllum irregulare described and illustrated by
Nathorst (1879) from the Rhaeto–Liassic of Bjuv
(Sweden) is very different from Nilssonia sturii, in
having more slender leaf segments; the name P. irre-
gulare Stur is a nomen nudum, used for the species later
named N. sturii (Krasser, 1909).
Several of the specimens originally assigned to Ctenis
(and Ctenophyllum Schimper) by Stur (1885) and
Krasser (1909), kept in the collections of NHM, GBA
and NRM, can be identified as Nilssonia sturii. None of
these specimens shows anastomosing veins, which is a
typical feature for Ctenis.

Nilssonia riegeri (Stur ex Krasser, 1909) nov. comb.
Plate II, 4–6
Basionym: Pterophyllum riegeri, (Stur, 1888 nomen
nudum) Krasser (1909) — Krasser, F., 1909. Zur
Kenntnis der fossilen Flora der Lunzer Schichten.
Jahrbuch der kaiserlich-königlich geologischen Reich-
sanstalt 59, 1–26.

References
1871 Pterophyllum riegeri Stur, Geologie der Steier-
mark, p. 250, (nom. nud.)
1885 Pterophyllum riegeri Stur, Flora Lunzer-Schich-
ten, p. 99, (nom. nud.)
1888 Pterophyllum riegeri Stur, Lunzer Flora in
Virginia“, p. 8, (nom. nud.)
1909 Pterophyllum riegeri Krasser, Kenntnis Flora
Lunzer Schichten, pp. 119–121, no ill.

Lectotype: GBA 1909/003/0589 (Plate II, 5)
Comment: The name Pterophyllum riegeriwas introduced
by Stur (nomen nudum) and validated by Krasser (1909),
who gave a very brief diagnosis but did not illustrate the
specimens. Because no holotype was designated, the
specimen GBA 1909/003/0589 is here selected as the
lectotype. This specimen belongs to the original set of
fossils studied by Stur (1885) and Krasser (1909);
originally labelled Pterophyllum riegeri by Stur (1885).

Repository: Palaeobotanical Collection of the Geolo-
gische Bundesanstalt, Vienna.

Diagnosis
Leaves slender pinnate, overall outline lanceolate;
lamina subdivided into narrow segments of equal
width, tapering towards their apex, apices rounded;
leaf segments insert to the upper side of the rachis; each
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segment with several simple, delicate parallel veins.
Leaves amphistomatic with delicate cuticles; costal and
intercostals fields distinguishable on the abaxial, but not
on the adaxial side of the leaf. Epidermal cells narrow,
polygonal to rectangular, cell walls straight; stomata
haplocheilic, arranged in intercostal fields; guard cells
with prominent dorsal thickenings; abaxial epidermis
with short hollow papillae.

Description
Leaves are oblong to lanceolate in outline, pinnate, leaf
segments densely spaced. Lamina subdivided into numer-
ous, irregularly faced, narrow and lanceolate segments;
(Plate II, 4–5). Segments attached to the upper side of the
rachis. They covermost of the adaxial surface of the rachis
(Plate II, 6). Individual segments gradually decrease in
length towards the apex of the leaf; individual segments
taper towards their apex, resulting in an irregular outline
of the leaf. Leaf segments narrow, basally slightly
expanded, apex rounded. Segments almost equal in
width, bent slightly towards the leaf apex, more than
five times as long as broad. Five to eight parallel, non-
bifurcated veins enter the segments at a somewhat acute
angle (Plate II, 4–6). Petiole not preserved.
Incomplete leaves are up to 16.0 cm long and 8.9 cm
wide. The length of the leaf segments varies depending
on their position within the leaf; they are up to 5.2 cm
long; their width ranges from 1.7 mm to 3.3 mm.
Leaves are amphistomatic with delicate cuticles. Costal
and intercostals fields are distinguishable on the abaxial,
but not on the adaxial side of the leaf.
Adaxial cuticle — Epidermal cells are polygonal or
rectangular, elongate with acute or pointed ends. The
adaxial cuticle of Nilssonia riegeri is largely similar to
that of Nilssonia sturii, morphologically as well as with
regard to cell sizes, but N. riegeri differs from N. sturii
in having a few stomata on the adaxial side. Hollow
papillae occur occasionally but in some instances may
be reduced to thickenings of the periclinal walls.
Abaxial cuticle — Cells over veins are narrow,
rectangular or polygonal to isodiametric in shape, slightly
elongate, acute. Costal fields are composed of about 2 to 3
lines of cells. The abaxial cuticle of Nilssonia riegeri is
largely similar to that ofNilssonia sturii, morphologically
as well as with regard to cell sizes. Periclinal walls are
smooth; short, thick-walled, hollow papillae-bearing
cells are scattered regularly between the normal epider-
mal cells. The monocyclic stomata are regularly
distributed within the intercostal fields and oriented
irregularly. Stomata are surrounded by an actinocytic ring
of 6 to 8 trapezoid to rectangular subsidiary cells. The
kidney-shaped guard cells are surficial. The central parts
of the dorsal walls are strongly cutinized, whereas their
ventral parts and the polar ends are onlyweakly cutinized.

Locality: Lunz-am-See, Lower Austria.
Source Strata: Lunzer Schichten, Julian, middle Car-
nian, Triassic.
Material studied: Five specimens from the following
collections: GBA, NRM

Remarks
Krasser (1909) originally described the specimens
studied here and gave a short diagnosis. Although he
noticed some characteristic features (insertion of the leaf
segments, venation) that are typical for Nilssonia, he
assigned the material to Pterophyllum riegeri, thereby
following Stur (1885). Cuticular analysis clearly demon-
strates that the specimens cannot be retained in Ptero-
phyllum, a genus for bennettitalean foliage, but rather
belong to the Cycadales. Based on the pinnate nature of
the leaf, the insertion of the individual leaf segments, the
venation pattern and the epidermal anatomy, this species
is assigned to Nilssonia.
Cuticles of Nilssonia riegeri are very similar to those of
Nilssonia sturii and it is difficult to distinguish both
species based on the cuticles. However, N. riegeri
leaves are amphistomatic, whereas those of N. sturii are
hypostomatic. Moreover, the overall morphology of the
leaves is quite different in that N. riegeri leaves are
much smaller and possess narrower leaf segments.
Nilssonia riegeri appears to be a relatively rare species.
Only five specimens have been recorded to date.
Unfortunately, not all of these specimens yield well
preserved cuticles, because some are covered with var-
nish and cuticles are strongly oxidized.
Nilssonia riegeri is quite similar to Nilssonia feriziensis
Fakhr from the Rhaeto–Jurassic flora of the Kerman
Basin, Iran (Schweitzer et al., 2000), but much smaller;
cuticles of the latter species are not known.

Nilssonia lunzensis Stur ex Pott, Kerp and Krings nov.
spec.
Plates IV and V, 1–2

Selected references
1885 Ctenis lunzensis Stur, Flora Lunzer-Schichten, p.
98 (nom. nud.)
1885 Ctenis angustior Stur, Flora Lunzer-Schichten, p.
98 (nom. nud.)
1909 Ctenis lunzensis Krasser, Kenntnis Flora Lunzer
Schichten, p. 113 (nom. nud.)
1909 Ctenophyllum lunzense Krasser, Kenntnis Flora
Lunzer Schichten, p. 113 (nom. nud.)
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Holotype: GBA 1909/003/0196 (Plate IV, 6)
Epitype: NRM, S148602 (Plate IV, 5)

Repository: Palaeobotanical collection of the Geolo-
gische Bundesanstalt, Vienna

Diagnosis
Leaves imparipinnate, broad-lanceolate to acute-oval in
outline; leaf subdivided into tongue-shaped segments of
unequal width. Leaf segments strongly decurrent at the
base, tapering towards the apices, apices rounded; leaf
segments inserted to the upper side of the rachis, several
delicate veins enter each segment and run straight towards
the apex. The leaf apex consists of a large terminal
segment, rhomboidal in outline. Leaves amphistomatic,
cuticles delicate. Epidermal cells elongate, rectangular to
isodiametric in outline; anticlinal cell walls straight;
stomata sunken; stomatal apparati monocyclic, arranged
in intercostal fields.

Description
Leaves imparipinnate, individual segments attached to
the upper side of the rachis, strongly decurrent basisco-
pically and tapering towards the apices, resulting in a
rather open appearance of the leaf (Plate IV, 1–2, 4–9).
The unequal widths of the individual segments, some
twice as wide as the adjacent ones, create an irregular
Plate V. Nilssonia lunzensis nov. spec. (see on page 208)

1. adaxial cuticle, overview of cell pattern (NRM, S148241/0006),
2. abaxial cuticle, overview of cell pattern with stomata (NRM, S1
3. adaxial cuticle, overview with densely arranged epidermal cells
4. adaxial cuticle, with haplocheilic stoma (NRM, S148241/0006),
5. adaxial cuticle, showing cuticular bars (NRM, S148241/0002), s
6. abaxial cuticle, sunken stoma (NRM, S148241/0006), scale bar=
7. adaxial cuticle, epidermal cells with solid cell walls (NRM, S14
8. adaxial cuticle, sunken stoma (NRM, S148241/0002), scale bar=
9. adaxial cuticle, sunken stoma (NRM, S148241/0002), scale bar=
10. adaxial cuticle, stoma with monocytic arranged subsidiary cells
11. adaxial cuticle, epidermal cells with solid cell walls (NRM, S14
12. adaxial cuticle, epidermal cells with solid cell walls (NRM, S14

Plate IV. Nilssonia lunzensis nov. spec. (see on page 207)

1. detail of central part of a leaf, epitype (NRM, S148602), scale b
2. large and well preserved leaf showing characters of the leaf segm
3. detail of a leaf, showing vein courses of overlapping leaf portion
4. central part of a well preserved leaf (GBA, 1909/002/0208), scal
5. excellently preserved leaf with recognisable apical region, epityp
6. central part of a well preserved leaf, holotype (GBA, 1909/003/0
7. a part of an excellently preserved leaf (NHM, 1883/C/5900), sca
8. detail of a leaf, with leaf segments inserted at the upper side of the

bar=5 mm;
9. upper part of a leaf showing vein courses (GBA, 1909/003/0195
appearance (Plate IV, 1–2, 5–7, 9). The overall outline of
the leaf is oblong to pointed-oval. Segment length grad-
ually decreases towards the leaf apex. The leaf apex
consists of a large terminal segment that is rhomboidal in
outline (Plate IV, 5, arrow). Leaf segments are more than
twice as long as wide and bent towards the leaf apex. The
apices of the individual segments are obtuse-rounded.
Numerous parallel veins enter the segments at an angle of
ca. 80°, and run straight towards the apex without bi-
furcating (Plate IV, 3, 8); each vein consists of two thin
vascular strands. The petiole is unknown.
Incomplete leaves are up to 24.6 cm long and 13.9 cm
wide. Individual leaf segments are up to 85 mm long and
16.8 to 42.1 mm wide; their length varies depending to
their position within the leaf.
Leaves are amphistomatic; cuticles are very delicate and
difficult to macerate. A differentiation into costal and
intercostal fields occurs in the adaxial and abaxial epidermis.
Adaxial cuticle — Cells over veins are elongate,
rectangular to isodiametric in outline, occasionally ending
acutely, 55–105 μm long and 25–37.5 μm wide.
Anticlinal cell walls are smooth. Cells of intercostal fields
are isodiametric, polygonal to broadly rectangular in
outline, ending acutely, 45–95 μm long and 30–60 μm
wide. Anticlinal cell walls are smooth and heavily
cutinized (Plate V, 3, 7, 11–12). The periclinal walls
sometimes show faint longitudinal striae. Stomata are
scale bar=100 μm;
48241/0006), scale bar=100 μm;
(NRM, S148241/0001), scale bar=100 μm;
scale bar=50 μm;
cale bar=10 μm;
10 μm;

8241/0001), scale bar=50 μm;
10 μm;
10 μm; 1

(NRM, S148241/0002), scale bar=20 μm;
8241/0001), scale bar=10 μm;
8241/0001), scale bar=10 μm.

ar=1 cm;
ents (NHM, 2006B0008/0031), scale bar=1 cm;
s, cf. text (GBA, 1909/003/0196), scale bar=5 mm;
e bar=1 cm;
e (NRM, S148602), scale bar=1 cm;
196), scale bar=2 cm;
le bar=1 cm;
rachis and well recognisable vein courses (NHM, 1885/D/4020), scale

), scale bar=5 mm.



Plate IV (caption on page 206).
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Plate V (caption on page 206).
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confined to the intercostal fields, irregularly oriented, 55–
80 μm long and 22.5–32.5 μmwide; they are monocyclic
with a ring of 6 to 7 polygonal subsidiary cells. The
stomata are slightly sunken, with pores of 15–22.5 μm in
length. Papillae and trichomes are absent (Plate V, 1, 4, 5).
Abaxial cuticle — Costal fields are composed of about 3
to 4 lines of cells. Epidermal cells are similar in outline
and size to those of the adaxial side; however, cutinisation
of the anticlinal walls is weaker. Cells are narrow, elon-
gate, rectangular in outline, with straight anticlinal walls
(Plate V, 2, 4), 50–115 μm long and 20–40 μm wide.
Periclinal walls are normally smooth, but longitudinal
striae may occasionally be present. Intercostal fields are
200–225 μm wide, cells rectangular to acutely ending,
polygonal or isodiametric, irregularly oriented (Plate V,
2), 35–80 μm long and 17.5–45 μm wide. Anticlinal cell
walls are straight. Stomatal apparati irregularly oriented,
monocyclic, 45–65 μm long and 20–35 μm wide, with 6
to 7 polygonal subsidiary cells encircling the stomatal pit;
stomata sunken (Plate V, 6, 8–9, 10), stomatal pores 12.5–
17.5 μm long. Papillae may occur in the proximal portion
of the segments; trichome bases are absent.

Locality: Lunz-am-See, Lower Austria.
Source Strata: Lunzer Schichten, Julian, middle Car-
nian, Triassic.
Material studied: Approximately 30 specimens from the
following collections: NHM, GBA, NRM, RUU, JOA

Remarks
The leaf morphology and epidermal anatomy, especially
the shape of the stomatal apparati, justify the accommo-
dation of this species in the genus Nilssonia. Many of the
specimens included here in Nilssonia lunzensis were
originally labelled as Ctenis lunzensis by Stur (1871,
1885) and Krasser (1909). However, this latter name is a
nomen nudum because the species was never validly
described. The assignment to Ctenis was based on the
presumed anastomosing venation (Krasser, 1909). How-
ever, careful re-examination of Stur's and Krasser's
original material revealed that the specimens do not show
anastomosing veins. Some of the leaf segments were
folded during embedding in the sediment and, as a result,
leaf parts overlap each other (Plate IV, 3). The veins of the
underlying leaf portion are often still visible in the
overlying leaf segment, which suggests the presence of
anastomosing veins. Therefore, these anastomoses are
regarded as a taphonomic feature, which does not allow
assignment of the material to the genus Ctenis. Several
specimens from the collection of the Geologische
Bundesanstalt in Vienna were labelled by Stur as Cteno-
phyllum lunzense. However, the genusCtenophyllum is no
longer used and, according to Seward (1917), is a synonym
of Pseudoctenis Seward. According to Krasser (1909),
these are the specimens referred to as C. lunzensis by Stur
in his 1885 paper. Ctenis differs from Nilssonia in having
laterally inserted leaf segments.
Nilssonia lunzensis differs from the other Nilssonia
species from Lunz in having more loosely arranged leaf
segments; a comparison of the Nilssonia species from
Lunz is presented in Table 1.
A species closely resembling Nilssonia lunzensis is Nils-
sonia kendallii Harris from the Middle Jurassic of
Yorkshire, UK (Harris, 1964). Although N. kendallii
shows a similar gross morphology and the cuticles also are
superficially similar, this species has much smaller leaves
and the resin bodies and papillae mentioned by Harris
(1964) for N. kendalii are missing in N. lunzensis.
Nilssonia acuminata Göppert from the Rhaeto–Liassic
of Franconia (Germany) is another species that shows
some similarity to Nilssonia lunzensis (Schenk, 1867).
However, leaves of this species apparently also have
resin bodies, which were interpreted as sporangia by
Schenk (1867).

Nilssonia neuberi Stur ex Pott, Krings and Kerp nov.
spec.
Plate VI

Nomenclatural remarks: The name Pterophyllum neu-
beri, from which the specific epithet is derived, was
introduced by Stur (1885) as a nomen nudum. Krasser
(1909) gave a very brief description and placed this
species in the synonymy of Ctenophyllum grandifolium
Fontaine (1883), thereby transferring the latter species to
Pterophyllum. Cornet and Olson (1990), and probably
not aware of Krasser's (1909) paper, again transferred C.
grandifolium to Pterophyllum. Cornet and Olson (1990)
refigured one of the very schematic drawings of Fontaine
(1883). Because Fontaine's illustrations are schematic
and do not show essential details such as the venation, we
feel that a comparison of the Lunz material to Fontaine's
specimens, which have never been illustrated photo-
graphically, is not possible. Therefore, a new species
based on the material studied by Stur (1885) and Krasser
(1909) is formally proposed here.

Selected references
1885 Pterophyllum neuberi Stur, Flora Lunzer-Schich-
ten, p. 99, (nom. nud.)
1909 Pterophyllum grandifolium Krasser, Kenntnis
Flora Lunzer Schichten, p. 115–120, no ill.
1990 non Pterophyllum grandifolium Cornet and Olson,
Flora Richmond and Taylorsville Basins, p. 52, pl. 18.



Table 1
Macromorphological and epidermal features of the Nilssonia species from Lunz
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Holotype: GBA 1909/003/0576 (Plate VI, 1)
Epitype: GBA 2006/004/0014 (Plate VI, 5)

Repository: Palaeobotanical collection of the Geolo-
gische Bundesanstalt, Vienna

Diagnosis
Leaves large, robust, subdivided into long, parallel-sided,
irregularly alternating segments with rounded apices.
Leaf segments insert to the upper side of the rachis. Each
segment with several, non-bifurcated, parallel, delicate
veins. Leaves hypostomatic, cuticles thin. Epidermal
cells on both leaf sides elongate to rectangular with
straight anticlinal cell walls. Epidermis of the abaxial side
differentiated into costal and intercostals fields; stomata
restricted to the intercostal fields. Stomatal apparati
haplocheilic; guard cells with prominent dorsal thicken-
ings and radial striae. Abaxial epidermis with a few short
hollow papillae.

Description
Leaves are large and robust, regularly pinnate; leaf
segments widely spaced (Plate VI, 1–3, 5); individual
leaf segments slightly decurrent, insert to the upper side
of the rachis, long and narrow, hardly tapering towards
their tips. The striate rachis is remarkably thin. Leaf
petiole and apex unknown. Venation dense, consisting
of a large number of parallel, non-bifurcated veins that
enter the leaf segments at 90° angles (Plate VI, 5).
Incomplete leaves are up to 52.5 cm long and 39.3 cm
wide. The length of the leaf segments varies depending
on their position within the leaf; leaf segments may be up
to 23.3 cm long and 12.3–26.4 mm wide.
The leaves are hypostomatic and have very delicate
cuticles. Costal and intercostals fields are distinguish-
able only on the abaxial side.
Adaxial cuticle—Unfortunately, cuticles are rather poorly
preserved. Cells are rectangular, elongate, 67.5–142.5 μm
long and 27.5–32.5 μm wide. Anticlinal cell walls are
smooth as far as visible. Periclinal walls are smooth.
Abaxial cuticle — Cells over the veins are narrow,
rectangular or elongate to isodiametric in outline;
dimensions are difficult to ascertain, cells are about
20–30 μm wide (Plate VI, 6, 9). Costal fields are
composed of 9 to 10 lines of cells (Plate VI, 9). Anticlinal
cell walls are straight, periclinal walls smooth, some
bearing a thick-walled hollow papilla. Intercostal fields
are 350–375 μmwide, individual cells not recognizable.
Stomata are regularly distributed in the intercostal fields,
randomly oriented, monocyclic, 40–50 μm long and 17–
25 μm wide (Plate VI, 4, 6–9). Stomata are slightly
sunken, guard cells with radial striae on the dorsal walls
(Plate VI, 4, 8). Dorsal walls are strongly cutinized in the
central part, but the small polar ends are only weakly
cutinized.

Locality: Lunz-am-See, Lower Austria.
Source Strata: Lunzer Schichten, Julian, middle Car-
nian, Triassic.
Material studied: About 30 specimens from the
following collections: GBA, NRM

Remarks
The leaf architecture and epidermal anatomy, particularly
the insertion of the leaf segments and the morphology of
the stomatal apparati justify the accommodation of this
species in the genus Nilssonia. Nilssonia neuberi can
easily be distinguished from otherNilssonia species by its
large dimensions (Plate VI, 1, 5).
The material from Lunz originally labelled as Ptero-
phyllum neuberi cannot be assigned to Pterophyllum
because this latter genus is a type of bennettitalean
foliage. The material here assigned to Nilssonia neuberi
has haplocheilic stomata that are typical for cycadalean
leaves (Florin, 1933; Watson and Cusack, 2005).
Although only cuticles can give definite proof for the
generic assignment of this type of pinnate foliage, it
cannot be denied that some Pterophyllum species are
superficially similar to N. neuberi. If no cuticles are
available, generic assignments remain speculative. This
latter category includes several species from the Upper
Triassic and Jurassic, which either have been assigned to
Pterophyllum, Pseudoctenis or Nilssonia.
Pterophyllum braunsii Schenk looks somewhat similar but
the insertion of the leaf segments is not clear and cuticles are
unknown (Schenk, 1867). Leaf segments attached to the
upper side of the rachis and non-bifurcated veins that are
typical features for Nilssonia characterize Pterophyllum
robustum Compter from the Keuper (Upper Triassic) of
Franconia, southern Germany (Compter, 1894; Rühle von
Lilienstern, 1933; Kelber and Hansch, 1995). The size of
the leaves (Compter, 1874, 1894;Kelber andHansch, 1995,
Fig. 155) is similar to that of Nilssonia neuberi. Compter
(1894) discussed the assignment of P. robustum to Ptero-
phyllum,whereas Kelber (1998) suggested that this species
might be assignable to Pseudoctenis.
Nilssonia princepsOldham et Morris from the Rajmahal
Group (Jurassic) of India is another species that is very
similar to Nilssonia neuberi (Seward, 1917; Sahni and
Rao, 1931, 1934). This species was originally described
as Pterophyllum princeps (Oldham and Morris, 1863;
Feistmantel, 1877) and assigned to the cycads. Menen-
dez (1952) gave a detailed description of N. princeps
from the Rhaetian Llantenes flora of Argentina.
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Nilssonia princeps is characterized by very large leaves
with segments that insert to the upper side of the rachis
and non-bifurcated, densely spaced veins. The epider-
mal anatomy of N. princeps is unknown. However, the
leaf segments of N. princeps are always shorter than
those of N. neuberi.

4. Discussion

As has already been mentioned before, only cuticles
can give definite proof for the assignment of isolated
pinnate foliage to the Cycadales or Bennettitales. If cu-
ticles are unavailable, assignments remain speculative and
result in an artificial system of morphotaxa that do not
necessarily reflect biological relationships. The assign-
ment of several foliage morphotypes previously accom-
modated in the bennettialean foliage morphogenus
Pterophyllum to the cycadalean foliage morphogenus
Nilssonia based on a complement of macromorphological
and epidermal characters demonstrates the value of cutic-
ular analyses in more accurately depicting the systematic
position of compression foliage fossils based on biolog-
ical criteria.

However, even if the generic assignment to Nilssonia
is clear, individual species within this genus are often
difficult to discriminate because they are highly variable
(Nathorst, 1909; Harris, 1932; Boyd, 2000; Schweitzer
et al., 2000). Moreover, morphologically very similar
species may show distinct differences in the epidermal
anatomy (Schweitzer et al., 2000). According to these
latter authors, species can only be adequately character-
ized by studying several complete leaves. The Carnian
flora of Lunz includes a considerable number of large
leaf remains with well preserved cuticles, and thus en-
ables the characterisation of the four Nilssonia species
described above.

The Lunz flora is dominated by bennettitaleans, e.g.,
Pterophyllum. In addition, cycadaleans such as the here
described species ofNilssonia are common. Other typical
elements include marattialean and osmundalean ferns
(e.g.,Asterotheca Presl ex Corda, Speirocarpus Stur), and
Plate VI. Nilssonia neuberi nov. spec.

1. central part of a well preserved leaf, holotype (GBA, 1909/003/0
2. part of an excellently preserved leaf (NRM, S148579), scale bar
3. detail of a leaf, with leaf segments inserted at the upper side of t
4. abaxial cuticle, stoma with strongly cutinized dorsal walls of the
5. very large and excellently preserved leaf, epitype (GBA, 2006/0
6. abaxial cuticle, overview showing arrangement pattern of stoma
7. abaxial cuticle, stoma with strongly cutinized dorsal walls of the
8. abaxial cuticle, stoma with strongly cutinized dorsal walls of the
9. abaxial cuticle, overview showing arrangement pattern of stoma
sphenopsids (Equisetites Sternberg, Neocalamites Halle).
Conifers have been recorded, but are rare. More than 70
taxa have to date been reported from the Lunz flora
(Dobruskina, 1998). Although several other rich floras
have been reported from the Carnian [e.g. Neuewelt near
Basel, Switzerland (Heer, 1865; Leuthardt, 1901, 1903;
Kräusel and Leschik, 1955, 1959; Kräusel and Schaarsch-
midt, 1966), Raibl, NE-Italy (Bronn, 1858; Schenk, 1866;
Stur, 1885), Franconia, S-Germany (Kelber and Hansch,
1995)], the Lunz flora still remains the richest and most
diverse Late Triassic flora of the Northern Hemisphere
(Dobruskina, 1989, 1994, 1998).

The here reported species of Nilssonia are the
oldest well-documented representatives of the genus.
Nilssonia is known from Lunz, but has not been
recorded for more or less coeval floras such as
Neuewelt and Raibl. However, cuticular studies with
regard to coeval floras primarily focussed on fertile
organs and not on sterile foliage. Without cuticles, it is
difficult, if not impossible, to distinguish between
bennettitalean and cycadalean leaves. Broglia Loriga
et al. (2002) briefly mentioned the occurrence of
Nilssonia in the Anisian flora from the Kühwiesen-
kopf in the Dolomites (N-Italy). Schenk (1867)
reported two Nilssonia species from the Upper Keuper
(Rhaetian) of Franconia, and Ash (2001) mentioned a
Nilssonia species from the Upper Triassic Chinle
Formation of North America. Nilssonia is very
common in the Jurassic, and known from various
parts of the world, e.g., Europe (Nathorst, 1879, 1909;
Lundblad, 1950; Harris, 1964; Kvacek, 1995; Kelber,
1998; Watson and Cusack, 2005), Iran and Afghani-
stan (Sadovnikov, 1989; Schweitzer et al., 2000), India
(Sahni and Rao, 1931, 1934), Japan (Yabe, 1925),
Greenland (Harris, 1932, 1946; Boyd, 2000).

Within the Triassic of the paratropics several phases
in the development of the flora can be recognized.
Earliest Triassic floras were dominated by lycopsids
(Pleuromeia Corda ex Giebel). In the early Anisian a
conifer-dominated flora with Voltzia Brongniart, Pe-
lourdea Seward and Aethophyllum Brongniart appeared.
576), scale bar=1 cm;
=1 cm;
he rachis, epitype (GBA, 2006/004/0014), scale bar=1 cm;
guard cells (NRM, S148579/0007), scale bar=10 μm;
04/0014), scale bar=3 cm;
ta (NRM, S148579/0004), scale bar=100 μm;
guard cells (NRM, S148579/0004), scale bar=10 μm;
guard cells (NRM, S148579/0004), scale bar=10 μm;
ta and vein courses (NRM, S148579/0007), scale bar=100 μm.
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Ladinian floras include a number of elements also
known from the Anisian, e.g., the lycopsid Annalepis
zeilleri Fliche, the fern Anomopteris mougeotii Brong-
niart, together with Pelourdea vogesiaca Schimper et
Mougeot and several species of Voltzia. New elements
include the conifer Elatocladus Halle, the fern Cla-
dophlebis Brongniart and several types of cycadalean
foliage, e.g., Bjuvia Florin and Sphenozamites (Brong-
niart) Miquel (Kerp, 2000). Although the earliest
unequivocal bennettitalean fossils (Pterophyllum jae-
geri [Schlotheim] Brongniart) have been reported from
the Ladinian, it is a rare element (Kelber and Hansch,
1995). Bennettitaleans did not become common until
the Carnian, when they were dominant, at least locally
like in Lunz (Kelber, 1998; Pott et al., subm.).

The major floristic change took place after the Carnian
and before the Rhaetian. Rhaetian floras show a much
more modern aspect than Carnian floras, and are char-
acterized by the first major occurrence of a number of
leptosporangiate ferns, e.g., Dipteridaceae and Matonia-
ceae, and conifers, e.g., Cheirolepidiaceae (Hirmeriella-
ceae) (Kelber and Hansch, 1995; Kerp, 2000). Putative
Cheirolepidiaceae have been reported from the Chinle
Formation (Carnian) of North America, e.g., Pagiophyl-
lum (Ash, 1970), but Cheirolepidiaceae are never
common before the Rhaetian (Cleal, 1993). This is also
evidenced by the palynological record. Although cheir-
olepidiaceous pollen is known from older Triassic strata,
the first real abundance of Corollina (Classopollis) has
been recorded for the Rhaetian (Visscher and Brugman,
1981; Traverse, 1988).

The earliest Dipteridaceae (e.g.,Clathropteris Brong-
niart) have been described from the middle Carnian of
Franconia (Kelber and Hansch, 1995), and this genus is
also known from Lunz (Stur, 1885). The earliest
Matoniaceae (Phlebopteris Brongniart) are known
from the Carnian Chinle Formation of North America
(Ash et al., 1982; Ash, 2005). However, altogether
Rhaetian floras are much more similar to Jurassic floras
than to older Triassic floras (Kelber and Hansch, 1995,
Kelber, 1998). Unfortunately, very little is known about
the Norian vegetation because diverse Norian macro-
floras are very rare, and most Norian floras are dom-
inated by conifers (Kelber and Hansch, 1995; Ash,
1999).

Although the fossils Nilssonia from Lunz do not
represent the earliest record of the genus it is noteworthy
that Nilssonia, a genus traditionally regarded as a
typically Jurassic group, is represented by four different
species. In addition, Nilssonia is relatively common in
the Lunz flora. The earliest Cycadales have been
described from the Lower Permian of China (Zhu and
Du, 1981; Gao and Thomas, 1989a,b). Nevertheless,
cycadalean foliage is relatively rare in pre-Carnian
strata.

During the Carnian, Lunz was positioned at a
palaeolatitude of c. 30° N (Scotese, 2003; Blakey,
2005). According to reconstructions of Scotese (2003),
the climate in this region was cool temperate to locally
arid. Palaeogeographical reconstructions show that the
Lunz flora grew in a lowland setting. The coal-bearing
beds are intercalated between fully marine beds. The
presence of coal seams indicates that the environment
was stable for longer periods of time, enabling the
accumulation of large amounts of plant material (Kerp,
2000). The preservation of the large amounts of peat,
which were later altered into coal, requires special
conditions, including minimal oxidation and bacterial
decay. These latter conditions are usually reached in
peat bogs with a high groundwater table, reduced
oxygen supply and low pH values. The abundance of
ferns and sphenophytes, the latter often occurring in
monotypical associations, indeed indicate humid to very
humid environments. The abundance of very large
randomly oriented and well preserved leaves suggests
minimal transport of the plant material.

The Lunz flora contains a number of elements that are
regarded as typical for younger Mesozoic floras, i.e.
Rhaetian (Nathorst, 1876, 1878–1886; Johansson, 1922;
Harris, 1946; Lundblad, 1950; Kelber, 1998) and
younger. Lunz is one of the earliest occurrences of the
bennettitaleans, notably the morphogenus Pterophyllum
(Cleal, 1993; Kelber, 1998, 2005). Moreover, the Lunz
flora contains very early representatives of the bennetti-
talean genus Nilssoniopteris Nathorst (Pott et al.,
subm.). The description of the cycadalean foliage
morphogenus Nilssonia further substantiates the signif-
icance of the Lunz flora with regard to a more complete
understanding of the vegetational changes and evolu-
tionary innovations that occurred during the Middle to
Late Triassic, especially the first appearances of genera
that are very common and widespread in the Rhaetian–
Jurassic.

As a result, the Lunz flora obviously represents a
mixture, in which typical elements of older Mesozoic,
i.e. pre-Rhaetian, floras co-occur with forms that are
characteristic constituents of younger and more modern,
post-Carnian floras. A number of recent studies indicate
that several plant groups and genera evolved much
earlier in the Triassic than previously thought (Wachtler
and Van Konijnenburg-van Cittert, 2000; Broglia Loriga
et al., 2002; Passoni and Van Konijnenburg-van Cittert,
2003; Kustatscher et al., 2004; Kustatscher and Van
Konijnenburg-van Cittert, 2005). Therefore, it may be
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concluded that, within the Triassic, a major floral
turnover did not occur, but rather the floral composition
changed gradually.
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CHAPTER 6 

Pseudoctenis cornelii nov. spec. (cycadalean 
foliage) from the Carnian (Upper Triassic) of 
Lunz, Lower Austria 
 
Christian Pott, Hans Kerp & Michael Krings 
 
Annalen des Naturhistorischen Museums Wien 108 
A: 39–55 (2007) 
 
Abstract.—Pseudoctenis (cycadalean foliage) is a 
characteristic element of Rhaetian (uppermost 
Triassic) and Jurassic floras from Europe. Here 
we describe a new species, Pseudoctenis cornelii, 

from the Carnian flora of Lunz in Lower Austria 
that provides the earliest persuasive evidence 
for this genus in the European Triassic. The new 
species is included in Pseudoctenis based on ma-
cromorphology and epidermal anatomy; a parti-
cularly significant feature is sunken, haplochei-
lic stomata, partially closed by overarching papil-
lae. Pseudoctenis cornelii displays features that 
are consistent with those extant plants adap-
tated to life in (seasonally) dry environments. 
 
Keywords.—Cuticular analysis, Cycadales, folia-
ge, Carnian, Triassic flora, palaeoecology. 
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Zusammenfassung
Die Gattung Pseudoctenis (Cycadeenbeblätterung) ist ein charakteristisches Element rhätischer (oberste 
Trias) und jurassischer Floren in Europa. Aus der Flora von Lunz in Niederösterreich wird eine neue Art, 
Pseudoctenis cornelii, beschrieben, die den ältesten sicheren Nachweis der Gattung Pseudoctenis aus 
der europäischen Trias darstellt. Die neue Art wird auf der Basis makromorphologischer und epidermal-
anatomischer Merkmale zu Pseudoctenis gestellt; besonders wichtig sind die eingesenkten, haplocheilen 
Spaltöffnungen, die von Papillen der umgebenden Nebenzellen überdeckt sind. Pseudoctenis cornelii 
weist Merkmale auf, die in ganz ähnlicher Weise bei heutigen, an ein Leben in (saisonal) trockenen  
Lebensräumen angepassten Pflanzen ausgebildet sind.
Schlüsselwörter: Kutikularanalyse, Cycadales, Beblätterung, Karn, Triassische Flora, Paläoökologie

Abstract
Pseudoctenis (cycadalean foliage) is a characteristic element of Rhaetian (uppermost Triassic) and Jurassic  
floras from Europe. Here we describe a new species, Pseudoctenis cornelii, from the Carnian flora of Lunz 
in Lower Austria that provides the earliest persuasive evidence for this genus in the European Triassic.  
The new species is included in Pseudoctenis based on macromorphology and epidermal anatomy; a 
particularly significant feature is sunken, haplocheilic stomata, partially closed by overarching papillae. 
Pseudoctenis cornelii displays features that are consistent with those extant plants adaptated to life in 
(seasonally) dry environments.
Keywords: Cuticular analysis, Cycadales, foliage, Carnian, Triassic flora, palaeoecology

Introduction

The famous Carnian flora from Lunz in Lower Austria is one of only a few well-preserved  
floras from the Alpine Triassic (CLEAL 1993; DOBRUSKINA 1998). One of the remark-
able features of this flora is the abundance of compressed cycadophyte (i.e. Cycadales 
and Bennettitales) reproductive structures and foliage. While several detailed studies 
exist that focus on the fertile cycadophyte remains (KRASSER 1917, 1919; KRÄUSEL 1948, 
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1949, 1953), the innumerable foliage specimens have not received much scholarly atten-
tion to date. This is due in part to the fact that the fossils are spread among collections 
throughout Europe. Moreover, the various 19th and early 20th century collectors, traders, 
and curators, who labelled most of the fossils, along with the early scholars studying the 
material, unintentionally created considerable confusion with regard to the scientific 
names given to the different foliage types based on macromorphology. This confusion 
remains to date and renders establishing a trustworthy inventory of the plants that lived 
in the Lunz area during the Carnian a difficult task.
Cuticles are known to provide a wealth of information useful in the taxonomy of com-
pression seed plant fossils, but also important with regard to paleobiological and paleo-
ecological considerations (e.g., KERP 1990; MCELWAIN & CHALONER 1996). Although 
cuticular analysis has long since proven to provide a more complete understanding of 
many ancient seed plants, it has largely been neglected in studies of the cycadophyte 
foliage from Lunz. To fill this gap, we have initiated a research project that focuses on 
seed plant cuticles from Lunz. In the course of the last two years, detailed information 
on the epidermal anatomy of most of the proposed "species" has been gathered. As a 
result, we now have an extensive set of heretofore largely unavailable data based on 
epidermal features to interpret this famous flora.
Our cuticle studies of the Lunz cycadophytes revealed that the status of many of the 
foliage "species", which were established based exclusively on macromorphological 
features, is not supported by the epidermal anatomy. On the other hand, the studies also 
produced evidence for the occurrence in the Lunz flora of a few taxa that are new to  
science. We here describe the macromorphology and epidermal anatomy of Pseudoctenis  
cornelii, a new cycadalean foliage species from Lunz. This species provides the earliest  
persuasive evidence for the genus Pseudoctenis SEWARD in the European Triassic. 
Pseudoctenis cornelii is compared to other species in the genus, and some hypotheses 
with regard to the palaeoautecology are offered based on the adaptative significance of 
macromorphological and epidermal features.

The genus Pseudoctenis SEWARD

The cycadalean foliage genus Pseudoctenis is a common element of several Rhaetian 
(uppermost Triassic) and many Jurassic floras in Europe (SEWARD 1911, 1917; HARRIS 
1932, 1964). SEWARD (1911) introduced the genus for Zamites-type leaves from the 
Jurassic of Sutherland, Great Britain. However, this author did not provide a generic 
diagnosis, but only a comparison to Ctenis LINDLEY et W. HUTTON (cycadalean foliage). 
Although Ctenis and Pseudoctenis are similar in macromorphology, SEWARD (1911) 
notes that they are easily distinguishable based on the occurrence of anastomoses in the 
venation of Ctenis. HARRIS (1950) concurs with SEWARD in that the Ctenis-Pseudoctenis 
series consists of two distinct groups. 
Nevertheless, the genus Pseudoctenis historically often was used in an arbitrary way 
because no valid generic diagnosis existed. As a result, through the years, numerous 
foliage specimens were accommodated in genera such as Pterophyllum BRONGNIART, 
Ctenophyllum SCHIMPER, and Zamites BRONGNIART, although they actually belonged to 
Pseudoctenis. However, this changed when HARRIS (1932) described epidermal features 
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of Pseudoctenis spectabilis HARRIS, P. depressa HARRIS, and P. lanei THOMAS from the 
Jurassic of Yorkshire. The epidermal anatomy establishes the cycadalean affinities of 
Pseudoctenis based on the presence of haplocheilic stomata, a feature that generally dis-
criminates cycadalean from bennettitalean foliage (FLORIN 1933). Stomatal morphology 
is especially valuable in distinguishing Pseudoctenis leaves from those bennettitalean 
foliage types that are similar in macromorphology, e.g., certain taxa in Pterophyllum 
and Zamites. HARRIS (1932, 1964) provides a diagnosis for Pseudoctenis that includes 
both macromorphological and epidermal characters. Nevertheless, the validity of Pseu-
doctenis SEWARD remains technically problematical because the original study (SEWARD 
1911) does not include a diagnosis, and useful cuticles cannot be obtained from the type 
specimen (cf. HARRIS 1964). 

Geological setting, material and methods

The material comes from Lunz in the Northern Calcareous Alps of Lower Austria, and 
was collected during the late 19th century from several coal mines in the area around 
Lunz-am-See, approximately 100 km west of Vienna (fig. 1). Coal mining in the Lunz 
area ceased after World War II., and collection of new material is today limited to the old 
spoil tips; however, spoil tip fossils are usually strongly weathered. The fossils occur in 
the "Lunzer Sandstein", which is part of the Lunz beds. The Lunz Formation (= Lunzer 
Schichten) consists of sandstones at basis, followed by marine marls gradually grading 
upwards into terrestrial sands, shales, and coal. The coal-bearing part of the sequence 
is overlain by marls and with a sandstone layer at the top. The plant fossils occur in 
the shales associated with the coal beds. The exact age of the Lunz Formation remains 
a problem to date since adequate biomarkers such as ammonoids and conodonts are 
missing. However, a recent correlation of biostratigraphically well-established sections 
in the Hallstatt and Reifling Intraplatform Basins (HORNUNG & BRANDNER 2005) sug-
gests that the Lunz Formation may be correlated with the upper part of the Reingraben 
Formation (T. HORNUNG, pers. comm.). Taking this into account, the Lunz Formation is 
approximately late Julian (Julian 2/II) in age. Palynological studies indicate a Carnian 
(BHARADWAJ & SINGH 1964) and Julian age (DUNAY & FISHER 1978). The Opponitzer 
Limestone, the upper sub-unit of the Lunzer Schichten, has been dated as Tuvalian by 
DUNAY & FISHER (1978).
The Pseudoctenis cornelii specimens are kept in the collections of the Natural History 
Museum Vienna (NHMW), and the Geological Survey of Austria (GBA), Vienna, 
under accession numbers NHMW 1887/0001/0032 and 1887/0001/0033, and GBA 
1909/002/0355, 1909/003/0195, and 1909/003/0783. 
Cuticles were prepared according to procedures outlined in KERP (1990), and KERP & 
KRINGS (1999). Pieces of rock with identifiable plant remains were dissolved in hydro-
flouridic acid (HF), and subsequently macerated according to the standard procedure 
using Schulze's reagent (HNO3 with a few crystals of KClO3) and 5–10 % Potassium 
hydroxide. Macerated cuticles were washed in distilled water, gently dehydrated in pure 
glycerine, and finally mounted in permanent glycerine-jelly microscope slides. Slides 
are deposited in the collection of the Natural History Museum Vienna (Austria); acces-
sion numbers are indicated in the figure captions. 
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 Fig. 1: Geographical position of Lunz- 
am-See in the Northern Calcareous 
Alps of Lower Austria.

Hand specimens were photographed with a Nikon D 100 digital camera; in order to 
increase contrast, cross-polarization (i.e. polarized light sources together with a polar-
izing filter over the camera lens) was used. Cuticles were analysed with a Leitz Diaplan 
microscope and photographed with a Nikon DS-5M digital camera.

Abbreviations:
NHMW – Naturhistorisches Museum Wien, Österreich
GBA – Geologische Bundesanstalt, Wien, Österreich

Systematic part

Division Gymnospermophyta (= Gymnospermae, auct.)
Subdivision Cycadophytina sensu CLEAL & REES, 2003

Class Cycadopsida MEYEN, 1984
Order Cycadales DUMORTIER, 1829

Genus Pseudoctenis SEWARD, 1911 emend. HARRIS, 1964

Pseudoctenis cornelii nov. spec. 
Plates 1–3

H o l o t y p e :  NHMW 1887/0001/0033 (pl. 1, fig. 1)
P a r a t y p e s:  GBA 1909/002/0355 (pl. 1, fig. 4), GBA 1909/003/0195 (pl. 1, fig. 5),  
GBA 1909/003/0783 (pl. 1, fig. 3), NHMW 1887/0001/0032.
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T y p e  l o c a l i t y :  Lunz-am-See, Lower Austria.
S t r a t u m  t y p i c u m :  Lunzer Schichten, Carnian (Upper Triassic).
D i a g n o s i s :  Leaves pinnate; lamina subdivided into narrow, tongue-shaped leaf 
segments, oppositely positioned and inserted laterally to the rachis, tapering, tips 
rounded; each leaf segment with several parallel veins; veins may fork once; leaves with 
delicate cuticles, hypostomatic, epidermal cells rectangular to isodiametric, cell walls 
undulate; stomata sunken, haplocheilic, occurring in intercostal fields; guard cells with 
prominent dorsal thickenings; subsidiary cells bear small hollow papillae that partially 
cover the guard cells; normal abaxial epidermal cells may bear short hollow papillae.
E t y m o l o g y :  The specific epithet is proposed in honour of the biologist Arne 
CORNELIUS (1980–2001), a friend and colleague of the first author, who was murdered 
during a research trip to Sabah, Borneo, Malaysia.
D e s c r i p t i o n :  The material consists of leaf fragments up to 14.5 cm long; based on the 
material at hand we estimate that adult leaves of Pseudoctenis cornelii were up to 70 cm  
long. The pinnate blade is elliptical, with its widest spread reaching well over 15 cm. 
The blade has a somewhat lax appearance because spacing of the leaf segment is rela-
tively loose (pl. 1, figs 1–5). The rachis is massive and straight, up to 10 mm wide and 
roughly marked with longitudinal striae. Tongue-shaped leaf segments extend from the 
rachis at angles between 80° and 90°. They are oppositely to sub-oppositely positioned, 
polymorphous (size and shape strongly depend on the position in the leaf), generally 
oblong in outline, tapering, and with rounded tips. The largest leaf segments occur in 
the middle portion of the blade where they may be > 70 mm long and up to 6.5 mm  
wide. In the proximal portion of the blade, the leaf segments are shorter, up to 25 mm 
long, and 4–5.3 mm wide, and narrower in proportion to their length. Toward the leaf 
tip, leaf segment size gradually decreases. The segments are wholly adherent to the 
rachis and basiscopically decurrent. The venation is conspicuous. Seven to twelve par-
allel veins enter each leaf segment from the rachis (pl. 1, figs 2, 4). The veins may fork 
once, shortly after entering the leaf segment. Further forking of the veins in more distal 
portions of the leaf segments does not occur (pl. 1, fig. 2). 
The leaves are hypostomatic and produce fine cuticles. Both the adaxial and abaxial 
epidermis are differentiated into costal and intercostals fields. The adaxial epidermal 
cells overlying the veins are rectangular or elongate to isodiametric in outline, and 
55–140 µm long and 32.5 to 47.5 µm wide. The anticlinal walls are slightly undulated 
(pl. 3, figs 4–8, 10). The epidermal cells in the adaxial intercostal fields are rectangular 
in outline, isodiametric, and generally smaller (between 50 and 87.5 µm long and 30 to 
42.5 µm wide) than those seen in the costal fields. The anticlinal cell walls are slightly 
undulated to sinuous (pl. 3, figs 4–8, 10). Surface ornamentations are not visible, but 
cuticular thickenings may occur within the individual curves of the sinuous anticlinal 
walls. The outer periclinal cell walls are delicate and possess a smooth surface. Papillae 
or trichome bases are absent from the adaxial epidermis. 
The abaxial costal fields are composed of 4 to 6 rows of epidermal cells. The epidermal 
cells over the veins possess delicate walls. The cells are narrow, rectangular or elongate  
to isodiametric in outline, typically ending acutely, 55–98 µm long and 20–33 µm  
wide. The anticlinal cell walls are slightly sinuous (pl. 2, figs 2, 9); the outer periclinal 
walls are smooth. The intercostal fields are broad, between 350 and 450 µm wide, and 
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composed of polygonal to broadly rectangular, isodiametric cells (pl. 2, figs 1, 2, 9) that 
are up to 55 µm long and between 20 and 37.5 µm wide. Some of the cells bear a small 
hollow papilla (12–16 µm in diameter). Stomata are confined to the intercostal fields 
(pl. 2, figs 2, 9). They are haplocheilic, 40-55 µm long and 16–25 µm wide, regularly 
scattered across the intercostal fields, randomly oriented, and surrounded by 4 to 6 
subsidiary cells forming a ?monocyclic stomatal apparatus. The exact form of the sub-
sidiary cells is not discernible. Each subsidiary cell bears a small hollow papilla that 
overarches the pit mouth and covers the sunken guard cells (pl. 2, figs 1, 3–8, 10).
R e m a r k s :  A variety of names, including Pterophyllum longifolium BRONGNIART, 
1828, P. riegeri STUR ex KRASSER, 1909, and "Ctenophyllum lunzense STUR", occur 
on the historic labels attached to the five Pseudoctenis cornelii hand specimens, and 
indicate that different opinions existed with regard to the affinities of the specimens. 
However, macromorphology and epidermal anatomy do not support placement of the 
specimens in either of these taxa. Rather, the new species can be referred to the genus 
Pseudoctenis based on a complement of macromorphological and epidermal features, 
including laterally inserting narrow leaf segments with parallel venation that lacks 
anatomoses and haplocheilic stomata with sunken guard cells, partly covered by papil-
lae extending from the subsidiary cells. However, P. cornelii differs from the typical 
Jurassic Pseudoctenis species in that sinuous anticlinal walls characterize the epidermal 
cells. Moreover, heavily cutinized rings produced by the subsidiary cells typically sur-
round the sunken guard cells in Pseudoctenis (cf. HARRIS 1964); such rings are not de-
veloped in P. cornelii. Apart from these distinguishing features, the epidermal anatomy 
of P. cornelii closely resembles that seen in Pseudoctenis sp. A from the Jurassic of 
Yorkshire (HARRIS 1964: fig. 38). This author obtained cuticles from an isolated leaf 
segment, which is nearly identical in size and shape to the leaf segments of P. cornelii. 
HARRIS (1964) states that Pseudoctenis sp. A differs from all other Pseudoctenis spe-
cies from the Jurassic of Yorkshire. As a result, this author eventually (HARRIS 1974) 
assignes Pseudoctenis sp. A to Eretmophyllum whitbiense THOMAS, 1913 (a member of 
the Ginkgoales, cf. THOMAS 1913). However, the ginkgoalean affinities of Pseudoctenis 
sp. A remain questionable based on the fragmentary nature of HARRIS' specimen.
With regard to macromorphology, Pseudoctenis cornelii closely resembles Pterophyllum  
braunianum GÖPPERT, 1843 var. α from the Rhaeto-Liassic of Franconia (SCHENK 1867: 
pl. 38). This poorly understood taxon is characterized by loosely spaced, crescent-
shaped leaf segments with slightly widened bases that insert laterally into the rachis. 
However, vein density of P. braunianum var. α is apparently slightly lower than that of 
P. cornelii (i.e. 7–12 veins in P. cornelii [see above] vs. 5–6 veins in P. braunianum 
var. α [according to SCHENK 1867]). Unfortunately, SCHENK (1867) does not provide a 
detailed description of the stomata. This aspect would be highly significant since the 
epidermal anatomy of P. braunianum var. α (SCHENK 1867: pl. 38, fig. 9) generally cor-
responds well to that seen in P. cornelii. 
A second, superficially very similar form is Pseudoctenis harringtoniana BONNETTI, 
1968 from the lower Carnian of the Molteno Formation of South Africa (ANDERSON & 
ANDERSON 1989: pls 169–172). However, documentation of the epidermal anatomy of P. 
harringtoniana remains incomplete to date, and hence a closer comparison of this form 
to P. cornelii is impossible at present.



POTT & al.: Pseudoctenis cornelii nov. spec. from the Carnian of Lunz, Lower Austria 7

The epidermal anatomy of Pseudoctenis cornelii resembles that seen in Nilssonia syllis 
HARRIS, 1964 and N. compta (PHILLIPS, 1829) BRONN, 1848 (HARRIS 1964: figs 19, 23). 
Nevertheless, P. cornelii cannot be assigned to Nilssonia BRONGNIART based primarily 
on the fact that the leaf segments arise laterally in P. cornelii, while Nilssonia leaf seg-
ments are attached to the upper side of the rachis (cf. SCHWEITZER & KIRCHNER 1998; 
VAN KONIJNENBURG-VAN CITTERT et al. 2001; WATSON & CUSACK 2005).

Discussion

The discovery of a new foliage type in the Lunz flora, and subsequent assignment of 
this type to the cycadalean foliage morphogenus Pseudoctenis based on a complement 
of macromorphological and epidermal characters clearly demonstrates the value of 
cuticular analyses in more accurately depicting the systematic position of compression 
foliage fossils. 
The genus Pseudoctenis is a common element in several Rhaetian (uppermost Triassic) and  
many Jurassic floras from Europe (SEWARD 1911, 1917; HARRIS 1932, 1964; LUNDBLAD 
1950; SCHWEITZER & KIRCHNER 1998), but has to date not been documented persuasively  
from older deposits. As a result, the new species P. cornelii from the Carnian of Lunz 
represents the earliest unequivocal evidence for the genus from the European Triassic, 
with the possible exception of Pterophyllum braunianum var. α (SCHENK, 1867). How-
ever, one putative Pseudoctenis species, i.e. P. middridgensis STONELEY, 1958, comes 
from the Upper Permian (Thuringian) of England (STONELEY 1958). Pseudoctenis mid-
dridgensis is based on a single specimen that yields only small, ill-preserved cuticle 
fragments from the rachis, and STONELEY (1958: p. 323) notes that, in the absence of  
adequate knowledge of the epidermal anatomy, assignment of this fossil to Pseudoctenis  
must be considered provisional. While the oldest compelling Pseudoctenis fossils in 
the northern Hemisphere come from the upper Carnian, the earliest evidence for this 
genus in the southern Hemisphere is from the lower Carnian (e.g., from the Molteno 
Formation, cf. ANDERSON & ANDERSON 1989). Reports of Pseudoctenis from other early 
Late Triassic floras (e.g., from the Santa Juan Formation, cf. LEPPE & MOISAN 2003; 
NIELSEN 2005) are questionable because the macromorphology of the fossils closely 
corresponds to that of certain Pterophyllum species, and data on the epidermal anatomy 
are missing. 
It is interesting to note that the Lunz flora contains a number of elements that are re-
garded as typical for modern Mesozoic (i.e. Rhaetian, Jurassic, and Cretaceous) floras. 
Foremost among these are the bennettitaleans. The representatives from Lunz of the 
bennettitalean foliage morphogenus Pterophyllum are among the oldest in the fossil 
record (CLEAL 1993; KELBER 1998, 2005). Moreover, the Lunz flora contains very 
early representatives of the cycadalean genus Nilssonia (POTT et al., 2007a) and the 
bennettitalean genus Nilssoniopteris NATHORST (POTT et al., in press). The discovery 
of the cycadalean foliage morphogenus Pseudoctenis at Lunz adds yet another typical 
Jurassic element to this list, and, as a result, further substantiates the significance of the 
Lunz flora with regard to a more complete understanding of the vegetational changes 
and evolutionary innovations that occurred in this area during the Mid- to Late Trias-
sic/Early Jurassic transition. 
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The foliage macromorphology and epidermal anatomy of Pseudoctenis cornelii display 
several features that may have been effective as adaptations to life under conditions 
with (seasonal) moisture limitation. The strong linear venation of P. cornelii, along with 
a markedly striate rachis, may have been effective in directing rainwater (freshwater) 
toward the base of the frond. Unfortunately, no supporting microstructures in the form 
of leaf surface micro-reliefs (cf. POTT et al., 2007b) are recognizable from the cuticles. 
Moreover, the excellent preservation of the cuticles may suggest that the leaves of P. 
cornelii were coriaceous and perhaps similar to the leaves of modern cycads, oleander, 
sea lavender, or rubber trees, which are adapted to life in moisture limited and/or saline 
environments (FAHN & CUTLER 1992). The sunken stomata, partly closed by a ring of 
densely spaced papillae that extend from the subsidiary cells, suggest windy and dry 
conditions because, in extant plants, sunken stomata that are partially covered by papil-
lae, are often associated with a xeromorphic epidermis, and found in plants that live 
under arid conditions (HUTCHINGS & SAENGER 1987). It is interesting to note in this con-
text that, in P. cornelii, the stomatal apparati are characterized by papillae that overarch 
the stomatal pit, whereas all Jurassic Pseudoctenis species possess a heavily cutinized 
ring produced by the subsidiary cells around the stomatal pits. HARRIS (1964) regards 
this ring as a characteristic feature of the Jurassic representatives of Pseudoctenis. It is 
possible to envisage that the densely spaced papillae may have fused over time to form 
a massive ring, which was perhaps more effective as an adaptation.
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Plate 1

Pseudoctenis cornelii nov. spec.
Fig. 1:  NHMW 1887/0001/0033 (Holotype) 

Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Mid portion of a leaf – scale bar = 1 cm

Fig. 2:  NHMW 1887/0001/0033 (Holotype) 
Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Detail of fig. 1 – scale bar = 5 mm

Fig. 3:  GBA 1909/003/0783 
Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Proximal portion of a leaf – scale bar = 1 cm

Fig. 4:  GBA 1909/002/0355 
Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Detail of a mid portion of a leaf, showing vein courses – scale bar = 5 mm

Fig. 5:  GBA 1909/003/0195 
Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Detail of a median portion of a leaf, showing vein courses – scale bar = 5 mm
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Plate 2

Pseudoctenis cornelii nov. spec. – abaxial cuticle
Fig. 1:  NHMW 2007B0002/0005 (from holotype) 

Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Abaxial cuticle, detail of intercostal field – scale bar = 50 µm

Fig. 2:  NHMW 2007B0002/0005 (from holotype) 
Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Abaxial cuticle, overview – scale bar = 100 µm

Fig. 3:  NHMW 2007B0002/0005 (from holotype) 
Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Abaxial cuticle, stoma with overarching papilla, view from inside – scale bar = 10 µm

Fig. 4:  NHMW 2007B0002/0005 (from holotype) 
Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Abaxial cuticle, papillae overarching a stoma – scale bar = 10 µm

Fig. 5:  NHMW 2007B0002/0005 (from holotype) 
Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Abaxial cuticle, stoma, view from the inside – scale bar = 10 µm

Fig. 6:  NHMW 2007B0002/0005 (from holotype) 
Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Abaxial cuticle, two adjacent stomata with papillae – scale bar = 10 µm

Fig. 7:  NHMW 2007B0002/0005 (from holotype) 
Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Abaxial cuticle, papillae overarching stoma – scale bar = 10 µm

Fig. 8:  NHMW 2007B0002/0005 (from holotype) 
Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Abaxial cuticle, stoma, view from the inside – scale bar = 10 µm

Fig. 9:  NHMW 2007B0002/0005 (from holotype) 
Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Abaxial cuticle, overview with costal and intercostal fields – scale bar = 50 µm

Fig. 10:  NHMW 2007B0002/0005 (from holotype) 
Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Abaxial cuticle, detail of intercostal field – scale bar = 20 µm
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Plate 3

Pseudoctenis cornelii nov. spec. – adaxial cuticle
Fig. 1:  NHMW 2007B0002/0005 (from holotype) 

Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Adaxial cuticle, overview – scale bar = 100 µm

Fig. 2:  NHMW 2007B0002/0005 (from holotype) 
Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Adaxial cuticle, showing the sinuous anticlinal cell walls – scale bar = 20 µm

Fig. 3:  NHMW 2007B0002/0005 (from holotype) 
Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Adaxial cuticle, epidermis with sinuous anticlinal cell walls – scale bar = 20 µm

Fig. 4:  NHMW 2007B0002/0005 (from holotype) 
Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Adaxial cuticle, epidermal cells with sinuous anticlinal cell walls – scale bar = 10 µm

Fig. 5:  NHMW 2007B0002/0005 (from holotype) 
Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Adaxial cuticle, epidermal cell with sinuous anticlinal walls – scale bar = 10 µm

Fig. 6:  NHMW 2007B0002/0005 (from holotype) 
Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Adaxial cuticle, detail with sinuous anticlinal cell walls – scale bar = 20 µm

Fig. 7:  NHMW 2007B0002/0005 (from holotype) 
Upper Triassic, Carnian, Lunz-am-See, Lower Austria 
Adaxial cuticle, overview – scale bar = 20 µm
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SECTION III — ECOLOGY 

SECTION III — ECOLOGY 

Inferring ecological implications from fossil 
plants is always to be done carefully, since the 
fossil record of a palaeoecosystem is always in-
complete, and a variety of factors has to be con-
sidered in reconstructing relevant palaeoecosys-
tems or the ecological background of the plants. 
Information on the environment and ecological 
interactions of plants with their environment or 
plant/animal-interactions are provided not only 
by the plants themselves or the cuticles, but also 
by palaeontological, sedimentological and paly-
nological data. 

The reconstruction of the palaeoecology (i.e. 
biotic and abiotic habitat conditions) of the plants 
by means of analysis of fossil cuticles is mainly 

based on the examination of epidermal and idi-
ocuticular features. Numerous adaptations to di-
stinct environmental conditions are recognisa-
ble in epidermal patterns or cause obvious epi-
dermal adaptations. 

Therefore, the adaptive relevance of these cha-
racters, their adaptive qualities and distribution a-
mong the individual plant, within the species and 
among genera needs to be pointed out. The kno-
wledge of these aspects within extant plants is 
an evident factor to reason the way of living of 
fossil plants and their ecological requirements. It 
has also to be considered that differrent patterns 
of life may cause different ecological require-
ments even if plants thrive in the same ecosystem. 
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CHAPTER 7 

A surface micro-relief on the leaves of Glosso-
phyllum florinii (?Ginkgoales) from the Upper 
Triassic of Lunz, Austria 
 
Christian Pott, Michael Krings & Hans Kerp 
 
Botanical Journal of the Linnean Society, 153: 87–
95 (2007) 
 
Abstract.—The cuticles of many extant seed 
plants display distinct surface microreliefs, which 
represent adaptations to certain habitat condi-
tions or mechanical defences against herbivo-
res and phytopathogenic microorganisms. Al-
though micro-reliefs have variously been noted 
in fossil cuticles, hypotheses relating to the 
effectiveness of these structures in fossil plants 

have not been advanced to date. A surface mi-
crorelief composed of longitudinally orientted 
idiocuticular striae occurs on the leaves of the 
enigmatic Carnian (Late Triassic) gymnosperm 
(?ginkgophyte) Glossophyllum florinii Kräusel from 
the Northern Calcareous Alps of Lower Austria. 
Most striae originate from the tips of the pa-
pillae on the stomatal subsidiary cells. The G. 
florinii surface micro-relief may have 1) reduced 
leaf wettability; 2) produced or enhanced the 
self-cleaning effect of the leaf; 3) prevented the 
formation of a water film on the leaf surface; 
and/or 4) mechanically stabilised the leaf. 
 
Keywords.—Adaptation, Carnian, cuticular ana-
lysis, ecology, idiocuticular striae, Northern Cal-
careous Alps, papillae, stomata. 
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The cuticles of many extant seed plants display distinct surface microreliefs, which represent adaptations to certain
habitat conditions or mechanical defences against herbivores and phytopathogenic microorganisms. Although
microreliefs have variously been noted in fossil cuticles, hypotheses relating to the effectiveness of these structures
in fossil plants have not been advanced to date. A surface microrelief composed of longitudinally orientated idiocu-
ticular striae occurs on the leaves of the enigmatic Carnian (Late Triassic) gymnosperm (?ginkgophyte) 

 

Glossophyl-
lum florinii

 

 Kräusel from the Northern Calcareous Alps of lower Austria. Most striae originate from the tips of the
papillae on the stomatal subsidiary cells. The 

 

G. florinii

 

 surface microrelief may have (1) reduced leaf wettability, (2)
produced or enhanced the self-cleaning effect of the leaf, (3) prevented the formation of a water film on the leaf sur-
face, and/or (4) mechanically stabilized the leaf. © 2007 The Linnean Society of London, 

 

Botanical Journal of the
Linnean Society

 

, 2007, 

 

153

 

, 87–95.
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INTRODUCTION

 

The cuticle is a critical element in the controlled
exchange of substances between the outside world and
the internal tissues of vascular plants; especially
important is its protective effectiveness against
excessive water loss. Moreover, the cuticle provides
protection from various deleterious environmental
influences, including UV-radiation, mechanical inju-
ries, dust particles, and phytopathogenic microorgan-
isms (Martin, 1964; Campbell, Huang & Payne, 1980;
Allen 

 

et al

 

., 1990). A heavily cutinized epidermis may
also function in herbivory abatement by prohibiting
piercing-and-sucking arthropods from penetrating the
surface. In addition, the cuticles of many extant plants

display special structures either in the form of wax
adcrustations (epicuticular waxes) or as surface
microreliefs (i.e. ornamentations of the cuticle) that
may also function in protecting the plant. The former
are found in all vascular plants (Neinhuis & Barthlott,
1997), whereas the latter occur primarily in
angiosperms (Barthlott & Ehler, 1977; Barthlott,
1980; Barthlott & Ziegler, 1981) and some gymno-
sperms (e.g. Florin, 1936). Epicuticular waxes are pro-
duced either exclusively during leaf development and
expansion, or during the entire lifetime of the leaf
(Rentschler, 1971; Neinhuis, Koch & Barthlott, 2001).
Surface microreliefs are formed during the growth of
the leaf (Barthlott, 1980) or develop as a result of con-
tinued growth of the cuticle after cell expansion has
ceased. Both epicuticular waxes and surface microre-
liefs are effective as passive defences against herbi-
vores and phytopathogenic microorganisms, and can
serve as adaptations to particular (extreme) abiotic
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habitat conditions (e.g. Chapman, 1976; Suzuki, 1980;
Hutchings & Saenger, 1987; Western, 1988).

The cuticles of many ancient seed plants are highly
resistant, and often survive fossilization and diagene-
sis almost unchanged morphologically. It has been
established that cuticles provide a wealth of informa-
tion useful in the taxonomy of fossil seed plants (e.g.
Cleal & Shute, 1995; Krings & Kerp, 2000; Kerp &
Krings, 2003), and are also important with regard to
palaeobiological and palaeoecological considerations
(e.g. Krings 

 

et al

 

., 2003a, 2003b). As a result, the anal-
ysis of fossil cuticles has become a major focus of
palaeobotanical research (Kerp, 1990). Although the
occurrence of surface microreliefs has variously been
noted in fossil cuticles (e.g. Florin, 1936; Dobruskina,
1998; Denk & Velitzelos, 2002), detailed descriptions
of these ornaments and their spatial arrangement are
scarce, and hypotheses relating to the mechanical and
ecological function(s) in fossil plants have not been
advanced to date.

Here we describe a surface microrelief in the form
of longitudinally orientated idiocuticular striae that
occurs on the leaves of the enigmatic Late Triassic
leaf taxon 

 

Glossophyllum florinii

 

 Kräusel 1943
[

 

=

 

 

 

Arberophyllum

 

 Doweld (Doweld, 2000)] from the
Lunzer Sandstein in the Northern Calcareous Alps of
lower Austria. Compressed leaves and leaf fragments
of 

 

G. florinii

 

 (Figs 1, 2) are common in the Lunzer
Sandstein and usually yield excellently preserved
cuticles (Figs 2, 3). The macromorphology and epider-
mal anatomy of 

 

G. florinii

 

 were originally described
and reconstructed by Kräusel [1943: fig. 4 (re-illus-
trated in Fig. 1)]. This author assigned the species to
the gymnosperm order Ginkgoales based on epidermal
anatomy. It is possible, however, that there are also
other groups of plants where these leaves might be
housed, e.g. conifers [such as 

 

Pelourdea

 

 Seward
(

 

=

 

 

 

Yuccites

 

 WP Schimper et Mougeot)] or early gneto-
phytes. 

 

Glossophyllum

 

 forms an isolated taxon that
differs in various morphological traits from other
members in the Mesozoic ginkgophytes, including

 

Ginkgoites

 

 Seward, 

 

Baiera

 

 Braun and 

 

Sphenobaiera

 

Florin (Tralau, 1968; Dobruskina, 1998). The most
characteristic features of 

 

Glossophyllum

 

 are tongue-
shaped leaves that lack petioles and subepidermal
secretory cavities. The occurrence of a surface microre-
lief in 

 

G. florinii

 

 represents the first record for cuticle
ornamentation in a Triassic putative ginkgophyte. The

 

G. florinii

 

 microrelief is discussed with regard to
mechanical and ecological function(s).

 

GEOLOGICAL SETTING, MATERIAL AND 
METHODS

 

The specimens of 

 

Glossophyllum florinii

 

 come from
the famous Late Triassic flora of Lunz in the Northern

Calcareous Alps of lower Austria. They were collected
during the late 19th and early 20th centuries from
several localities (mostly spoil tips of coal mines) in
the area around Lunz-am-See, 

 

c.

 

100 km west of
Vienna (cf. Dobruskina, 1998: fig. 2). The Lunz flora is
one of the most important fossil floras of the Carnian
(early Late Triassic) in Europe (Dobruskina, 1989).
The plant fossils (impressions and compressions) come
from the so-called Lunzer Sandstein, which is part of
the Lunz beds (Verloop, 1908: fig. 1). Based on the
marine invertebrates that occur in the strata posi-
tioned directly above and below the Lunzer Sandstein
(the Reingrabener Schiefer and Opponitzer Schichten,
respectively) the Lunzer Sandstein was correlated
with the stratotype of the Carnian; Krystyn (1978)
places the Lunzer Sandstein in the upper part of the
early Carnian (i.e. Julian). The Lunz flora is palaeo-
botanically significant because it represents one of
only a few well-preserved floras of the alpine Triassic,
and is one of the oldest fossil floras with bennettitale-
ans (Cleal, 1993). The flora is diverse, including sphe-
nophytes, ferns, ginkgophytes, coniferophytes, and
cycadophyte foliage; the most remarkable aspect is the
abundance of fertile cycadophyte remains (Krasser,
1909a, 1909b, 1917, 1919). Additional information on
the composition of the Lunz flora can be found in
Dobruskina (1989, 1998).

 

Figure 1.

 

Reconstruction of a 

 

Glossophyllum florinii

 

 twig.
Scale bar 

 

=

 

 1 cm. From Kräusel (1943: fig. 4) with permis-
sion; http://www.schweizerbart.de.

http://www.schweizerbart.de.
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Figures 2–8.

 

Habitus and epidermal surface features of 

 

Glossophyllum florinii

 

 from the Upper Triassic of Lunz, lower
Austria. Fig. 2. Leafy branch of 

 

G. florinii

 

; specimen no. 1889-VI-08. Scale bar 

 

=

 

 5 mm. Fig. 3. Piece of cuticle on the surface
of a 

 

G. florinii

 

 leaf fossil; specimen no. S148334. Scale bar 

 

=

 

 5 mm. Fig. 4. Surface view of an abaxial cuticle segment,
showing idiocuticular striae radiating from a stoma (arrows). Scale bar 

 

=

 

 100 

 

µ

 

m. Fig. 5. Adaxial cuticle viewed from the
inside. Scale bar 

 

=

 

 200 

 

µ

 

m. Fig. 6. Edge of a piece of cuticle, showing the idiocuticular nature of the striae. Fig. 7. Surface
view of a cuticle segment from the adaxial side, showing well-defined striae and sunken stomata in the upper part (arrows).
Scale bar 

 

=

 

 200 

 

µ

 

m. Fig. 8. Surface view of an abaxial cuticle segment, showing delicate striae (arrow) and cuticular striae
radiating from a stoma (arrow). Scale bar 

 

=

 

 200 

 

µ

 

m.
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Figures 9–19.

 

Epidermal anatomy of 

 

Glossophyllum florinii

 

 from the Upper Triassic of Lunz, lower Austria. Fig. 9.
Abaxial epidermal cell pattern (intercostal field), overview; slide no. 0–0005. Scale bar 

 

=

 

 50 

 

µ

 

m. Fig. 10. Three stomatal
complexes; slide no. 0–0005. Scale bar 

 

=

 

 20 

 

µ

 

m. Figs 11, 12. Stomatal complex with radiating cuticular striae (arrow); slide
no. 0–0012. Scale bars 

 

=

 

 20 

 

µ

 

m. Figs 13, 14. Stomatal complexes displaying papillae (arrow) and striae; slide no. 0–0005.
Scale bars 

 

=

 

 20 

 

µ

 

m. Figs 15–17. Stomatal complexes; slide no. 0–0005. Scale bars 

 

=

 

 20 

 

µ

 

m. Fig. 18. Two adjacent stomatal
complexes interconnected by bundles of striae (arrows); slide no. 0–0005. Scale bar 

 

=

 

 20 

 

µ

 

m. Fig. 19. Stomatal complex
displaying papillae and striae (arrow); slide no. 0–0005. Scale bar 

 

=

 

 20 

 

µ

 

m.
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The material used in this study comes from the
collections of the Laboratory of Palaeobotany and
Palynology, University Utrecht, the Netherlands
(accession numbers 243, 17858A, 17930), the Museum
of Natural History Vienna, Austria (accession num-
bers A6025, 1883-C-5923, 1885-D-3893, 1885-D-3969,
1885-D-3971, 1885-D-4055, 1886-I-4, 1886-I-22, 1887-
I-24, 1889-VI-08, 1889-VI-20, 1944-I-4), and the
Museum of Natural History Stockholm, Sweden
(accession numbers S148223, S148234, S148334,
S148522, S148596, S148660).

Cuticles were prepared according to procedures out-
lined in Kerp (1990), and Kerp & Krings (1999). Plant
remains were picked from the rock surface using a
preparation needle, and macerated according to the
standard procedure using Schulze’s reagent (HNO

 

3

 

with a few crystals of KClO

 

3

 

). Macerated cuticles were
washed in distilled water, gently dehydrated in pure
glycerine, and subsequently mounted in permanent
glycerine-jelly on microscope slides. In order to
increase contrast, some cuticles were stained with
Sudan III. Permanent cuticle slides are deposited in
the slide collection of the Forschungsstelle für Paläo-
botanik am Geologisch-Paläontologischen Institut,
Universität Münster, Germany, under accession num-
bers PBO0-0005, PBO0-0006, PBO0-0009, and PBO0-
0012. For SEM analysis, small pieces of cuticle were
picked from the rock, dried on a precision heating
plate, and subsequently sputter-coated with coal. The
cuticles were analysed with a Leitz Diaplan light
microscope and JEOL 840 scanning electron micro-
scope and photographed digitally. Images were pro-
cessed in Photoshop 7.0.

 

DESCRIPTION

 

Glossophyllum florinii

 

 leaves posses a thick and leath-
ery appearance and are amphistomatic. On the abax-
ial side, stomatiferous costal and nonstomatiferous
intercostal fields are well-defined. The costal fields are
between 60 and 90 

 

µ

 

m wide, and consist of 2–3 rows of
isodiametric, polygonal to rectangular epidermal cells.
The intercostal fields (Fig. 9) are between 120 and
140 

 

µ

 

m wide, and consist of 4–10 rows of isodiametric
to rectangular cells. The anticlinal cell walls are
straight and the outer periclinal walls smooth, produc-
ing only faint idiocuticular striae. Stomata are distri-
buted regularly in the costal fields; stomatal pores are
randomly orientated. Stomatal density on the abaxial
side measures up to 35–48 stomata mm

 

−

 

2

 

. The sto-
matal density of the adaxial side is considerably lower,
up to 22–36 stomata mm

 

−

 

2

 

. The adaxial cuticle is
thicker than the lower cuticle, and composed of well-
defined longitudinally orientated rows of elongate, iso-
diametric or polygonal epidermal cells (Fig. 5), up to
50 

 

µ

 

m wide and 80 

 

µ

 

m long. The outer periclinal walls

of the ordinary epidermal cells are smooth. The anti-
clinal cell walls are straight. Stomata are scattered
across the epidermis, and stomatal complexes are sim-
ilar in structure to those seen on the abaxial side
(Fig. 5); however, orientation of the stomatal pores is
more regular. The individual stomatal complexes on
the adaxial and abaxial side are separated from one
another by one to several ordinary epidermal cells
(Figs 9, 10, 18). However, they are usually intercon-
nected by idiocuticular striae. The stomatal complex is
oval to round in shape, 30–35 

 

µ

 

m wide and 48–55 

 

µ

 

m
long. The guard cells are sunken, 8–15 

 

µ

 

m wide and
45–50 m long, and possess prominent circum-poral
thickenings (Figs 13–17). Apertures are typically slit-
like and shorter (usually some 40 

 

µ

 

m in length) than
the length of the pit mouth (Figs 16, 17). The guard
cells are surrounded by 5–7 subsidiary cells, which are
regular in shape and size; it is not possible to distin-
guish polar from lateral subsidiaries. The subsidiary
cells are more heavily cutinized than the normal
epidermal cell (Fig. 17). A distinct and solid papilla
extends from each subsidiary cell and overarches the
pit mouth [Figs 13–15, 19 (arrow)]. For more details on
the epidermal anatomy of 

 

G. florinii

 

, refer to Kräusel
(1943).

 

Glossophyllum florinii

 

 leaves show a surface
microrelief consisting of elevated striae and depres-
sions (Figs 9, 11, 12, 18); the relief is typically much
more prominent on the adaxial side of the leaf (Figs 7,
8). SEM reveals that the striae are composed exclu-
sively of cuticle material (Figs 4, 6), and hence repre-
sent idiocuticular structures (cf. Barthlott & Ehler,
1977: fig. 63c). The width of the individual striae
ranges between 3 and 10 

 

µ

 

m. Virtually all striae are
primarily orientated in longitudinal direction (i.e. par-
allel to the leaf lateral margins; Figs 4, 7, 8 [arrow]),
and thus form a very regular pattern (Figs 8, 11, 12);
bifurcating striae are rarely observed. The distance
between two neighbouring striae (i.e. the depression)
is between 1 and 3 

 

µ

 

m wide. Most striae originate from
the tips of the papillae on the stomatal subsidiary cells
[Figs 12, 14, 15, 17, 19 (arrows)], and, from there, radi-
ate in an outward direction across the subsidiary cells.
Striae that initially do not run longitudinally, curve
after a short distance and, as a result, also become ori-
entated parallel to the lateral leaf margins (Fig. 12).
Adjacent stomatal complexes are usually intercon-
nected by up to 3 bundles of ornaments, each consist-
ing of 4–5 parallel striae [Figs 8, 11 (arrow), 18
(arrows)]; these striae are not necessarily orientated
parallel to the lateral leaf margins. The striae that
originate from stomatal complexes in the proximal por-
tion of the leaf usually fuse with those that are given
off from above positioned stomatal complexes (Figs 4,
7, 9). As a result, the total number of longitudinally ori-
entated striae on the leaf surfaces remains more or less
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constant. The striae are never restricted to individual
epidermal cells, but instead consistently continue
across the borders of the cells, even where different cell
types (e.g. stomatal subsidiary and normal epidermal
cells) occur next to one another (Figs 9, 12).

 

DISCUSSION

 

The surface microrelief on the leaves of 

 

Glossophyllum
florinii

 

 represents the first account for cuticle surface
ornaments in a Triassic putative ginkgophyte.
Although the epidermal anatomy of 

 

G. florinii

 

 has
been studied in detail by Kräusel (1943), this surface
feature has not previously been recorded. Surface
ornaments have been noted in a number of other fossil
ginkgophytes. For example, Florin (1936) describes
surface ‘striations’ on a number of ginkgophyte cuti-
cles from the Wealden (lower Cretaceous) of the Franz-
Josef-Land archipelago that are similar to the striae
seen in 

 

G. florinii

 

. This author compares the striations
with the cuticular foldings that occur on the pinnules
of the extant cycad 

 

Stangeria

 

 Moore and the fossil

 

Ctenis

 

 Lindley et Hutton. Denk & Velitzelos (2002)
report ‘striations’ from Cenozoic representatives of the
Ginkgoales. However, neither of these studies offers
hypotheses with regard to the ecological and mechan-
ical functions of the surface microreliefs. The sole
extant representative of the ginkgophytes, 

 

Ginkgo
biloba

 

 L., displays a distinct surface microrelief in the
form of longitudinally orientated striae (pers. observ.).
Along with acute epicuticular wax structures, the
striae are effective in reducing leaf wettability (Nein-
huis & Barthlott, 1997). We are not aware of any study
that records cuticle ornaments similar to those seen in

 

G. florinii for a fossil or extant representative of the
other two plant groups (e.g. conifers or the gneto-
phytes) that have variously been considered as a
repository for G. florinii.

Modern plants with thick leathery foliage, compara-
ble to that seen in G. florinii, grow predominantly in
(seasonally) arid regions (i.e. xeromorphic plants) or in
environments characterized by elevated to high soil
and ground water salinity (i.e. salt-resistant glyco-
phytes and halophytes). The Late Triassic palaeolati-
tudinal position of the Lunz area (c. 30°N) in the
Northern Calcareous Alps of Austria suggests that the
Lunz flora grew in a paratropical environment (Sco-
tese, 2003). According to Stur (1885), the Lunz flora
was located in a hillside region of the Bohemian moun-
tains; there, close to the coast of the Tethys Ocean, it
was influenced by marine climate. The occurrence of a
heavily cutinized epidermis and deeply sunken sto-
mata that are partially covered by papillae extending
from the subsidiary cells [Figs 7, 10, 11–19 (arrows)] in
several plant taxa from the Lunz flora, support the
hypothesis that the Lunz flora grew in a (seasonally)

dry and/or coastal (i.e. salinity-affected) environment.
Moreover, it is likely that the Lunz palaeoecosystem
was subjected to sustained wind, which often occurs in
coastal and near-coast environments, and was an
open-canopy, high-light habitat. The fact that the
leaves of G. florinii are amphistomatic may be posi-
tively correlated with their thick, leathery nature. It
has been noted that amphistomy tends to be more com-
mon amongst extant plants that possess thick leaves
and thrive in xeric habitats (Parkhurst, 1978; Fahn &
Cutler, 1992). The presence of stomata on both sides of
the leaf is interpreted as an adaptation to reduce the
internal diffusion distance of CO2 in thick leaves (e.g.
Parkhurst et al., 1988). On the other hand, Mott, Gib-
son & O’Leary (1982) state that amphistomy is char-
acteristic for plants living in high-light environments
(e.g. coastal areas) and possessing high photosynthetic
capacities, and may represent an adaptation to allow
the high stomatal conductances necessary to take
advantage of high photosynthetic capacities. Stomatal
conductance is a numerical measure of the rate of pas-
sage of either water vapour or carbon dioxide through
the stomata. It plays an important role in the plant-
atmosphere water exchange. Diffusion of CO2 into the
mesophyll of leaves and water vapour from the leaf to
the atmosphere is mainly driven by the stomatal aper-
ture, which is controlled by a complex system of phys-
iological processes. An increased uptake of CO2 may
cause higher photosynthetic rates for a more effective
exploitation of the high-light conditions.

Several considerations can be offered on the effec-
tiveness of the G. florinii surface ornamentation. One
particularly interesting aspect with regard to the
protective effectiveness of cuticle surface ornaments
concerns the reduction of leaf wettability (Barthlott &
Neinhuis, 1997). Water droplets possess a high surface
tension due to the strong intermolecular forces of the
water molecules that cause their spherical shape. It
has been established from extant plants that the
minute, air-filled spaces between surface ornaments
or epicuticular wax crystals reduce the contact zone
between a water droplet and the leaf surface. As a
result, in leaves with surface ornaments, the contact
area is reduced considerably because the water drop-
lets only contact the upper tips of the ornaments, but
do not adhere firmly to the leaf surface, and thus the
surface tension of the droplets is retained and they are
much easier repelled (Rentschler, 1971; Juniper,
1991). Thus, it is possible to envisage that the
G. florinii surface microrelief functioned in reducing
the wettability of the leaves. This hypothesis is sup-
ported by the presence of microrelief on the entire leaf
surface that is especially well-developed on the adax-
ial side. Moreover, the ornamented leaves of the extant
Ginkgo biloba are effective in reducing leaf wettability
(see above).
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A significant side effect of surface microreliefs in the
form of parallel striae is the cleaning of the leaf surface.
Dust particles that continuously accumulate on all leaf
surfaces are washed off by water running off the leaf
(Barthlott & Ehler, 1977; Campbell et al., 1980; Bar-
thlott & Neinhuis, 1997). On smooth surfaces, dust par-
ticles are usually only rearranged by effluent water,
whereas on ornamented surfaces these contaminants
are washed off by the water droplets rolling off the
leaves. Because this phenomenon was noted in the
Sacred Lotus (Nelumbo nucifera Gaertn.), it is com-
monly termed ‘the Lotus effect’ (Barthlott & Neinhuis,
1997). The self-cleaning effect is of great significance
because dust particles on leaf surfaces adversely affect
plants (Pal et al., 2002). For example, dust may raise
the surface temperature of the leaves, which consider-
ably increases the transpiration rate (Eller, 1977). In
xeric and windy environments in particular, dust con-
tamination is a major adverse effect on plant life. In
addition, the air in coastal habitats is saline. In com-
bination with sustained wind and a high evaporation
rate, salt particles remaining on the leaves can cause
injuries to the tissue. Plants affected by high salt con-
centrations often appear dark green in the early stages,
but rapidly develop marginal yellowing and necrosis of
older leaves (Delahaut & Hasselkus, 1999). Salt cry-
stals on the leaf surfaces may cause, among other
things, dehydration of the epidermis and internal
tissues. It is possible that the self-cleaning effect of
leaves removes not only dust particles, but also salt
crystals. Pioneer plants with self-cleaning leaves grow-
ing in dusty, coastal environments would have a com-
petitive advantage over those without. The G. florinii
surface microrelief may have been effective in self-
cleaning of its leaves. However, it is likely that this
effect was not as sophisticated as the well-known con-
summate structures in Nelumbo nucifera Gaertn.,
Brassica oleracea L., or Tropaeolum majus L., based on
the structure and spatial arrangement of the surface
ornaments in G. florinii.

The surface microrelief of G. florinii may also have
provided some protection from phytopathogenic micro-
organisms, especially fungi. Fungal spores are dissem-
inated by air and accumulate on leaf surfaces where
they germinate and eventually infest the internal
tissues directly through the cuticle and epidermis or
through stomatal pores (Martin, 1964; Cowling &
Horsfall, 1980; Suzuki, 1980; Juniper, 1991). Self-
cleaning leaves may protect the plant from phytopatho-
genic fungi by removing the spores from the surface. It
is interesting to note that epiphyllous fungi have been
discovered on Pterophyllum Brongn. leaves from the
Lunz flora (Schaarschmidt, 1966). However, epiphyl-
lous fungi have not yet been documented for G. florinii.

The idiocuticular striae on the G. florinii leaves are
almost exclusively orientated in a longitudinal direc-

tion, parallel to the lateral leaf margins. This may
have facilitated the flow of rainwater longitudinally
from all areas of the lamina to the leaf base and tip. If
the striae were arranged differently (e.g. in transverse
direction or forming a reticulate pattern), water would
not be directed to the leaf base and tip, but would
rather run off laterally (striae arranged in transverse
direction) or remain on the surface (reticulate pat-
tern). As a result, the surface microrelief in G. florinii
may have prevented the formation of a water film on
the surface, and thus ensured continuous CO2 uptake
(Barthlott & Neinhuis, 1997). It is known from extant
plants that the presence of a water film on the leaf sur-
faces and liquid water in the antechambers of sunken
stomata may reduce the uptake of CO2 by up to four
times (Smith & McClean, 1989).

Apart from the effectiveness in protecting the
plant from deleterious environmental influences, the
G. florinii surface microrelief may also have possessed
a mechanical function. For example, it is known
from extant plants that certain surface ornaments
strengthen the leaf (Kurer, 1917; Barthlott & Ehler,
1977). This may be especially significant in plants that
thrive in areas where considerable changes in water
availability result in alterations of the leaf shape. For
example, if G. florinii lived in a seasonally dry envi-
ronment, it is possible that shrinkage of the leaves
occurred due to turgor loss during periods of water
limitation. Here the surface ornament may have
enabled leaves to reestablish their turgid form once
water became available again.

It is impossible at present to assign a particular eco-
logical or mechanical function to the surface microre-
lief of G. florinii leaves, but comparisons with extant
plants provide at least some general ideas about the
possible effectiveness of this feature. Further studies
of the epidermal anatomy of seed plants from the
Lunzer Sandstein will provide insights into the dis-
tribution among the taxa and diversity of surface
ornaments in this flora. Along with data on the epi-
dermal anatomy of the plants and information gath-
ered from palaeozoological and sedimentological
studies, this may ultimately lead to a more complete
understanding of the adaptative significance of sur-
face ornaments in this Late Triassic flora, and the
quality of the biotic and abiotic ecological parameters
that shaped the environment in which the Late
Triassic plants from the Lunzer Sandstein lived.
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CHAPTER 8 

Fossil insect eggs and egg imprints on ben-
nettitalean leaf cuticles from the Carnian (Up-
per Triassic) of Austria 
 
Christian Pott, Michael Krings & Hans Kerp 
 
Journal of Paleontology 82: 778–789 (2008) 
 
Abstract.—Small eggs and egg imprints on Nils-
soniopteris (bennettitalean foliage) leaf cuticles 
from the Carnian of Austria provide a rare in-
sight into insect egg morphology and ovipo-
sition in the Late Triassic. The eggs are attached 
to the abaxial leaf surface, arranged in circles, 
and may have been produced by beetles or 
sawflies, wasps or allied basal Hymenoptera. 

The imprints are rhomboidal in outline and sur-
rounded by a narrow elevated margin. They 
occur on the ad- and abaxial cuticle and coin-
cide when both cuticles are superimposed, 
which indicates that the eggs were injected 
into the interior of the leaf. It is likely that these 
structures result from dragonfly or damselfly 
oviposition. The eggs exclusively occur on N. 
haidingeri leaves, while egg imprints are only 
found on N. angustior. This suggests that some 
kind of host specificity existed, perhaps related 
to specific preferences in larval diet. 
 
Keywords.—Mesozoic insects, Odonata, Coleo-
ptera, Symphyta, plant/insect interactions, Lunz, 
cuticular analysis. 
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FOSSIL INSECT EGGS AND OVIPOSITIONAL DAMAGE ON
BENNETTITALEAN LEAF CUTICLES FROM THE CARNIAN

(UPPER TRIASSIC) OF AUSTRIA
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Geologie und GeoBio-CenterLMU, Richard-Wagner-Straße 10, D-80333 Munich, Germany, �m.krings@lrz.uni-muenchen.de�

ABSTRACT—Two types of evidence for insect ovipositional activity (i.e., actual egg chorions and ovipositional damage) occur on Nilssoniopteris
(bennettitalean foliage) leaf cuticles from the Carnian of Austria and provide a rare direct insight into insect egg morphology and oviposition
in the Late Triassic. The egg chorions have exclusively been found on N. haidingeri leaves, where they are attached to the outer surface of the
abaxial cuticle; one specimen suggests that the eggs were arranged in circles. It is impossible at present to determine the affinities of the eggs;
possible producers may be beetles, dragonflies, sawflies, or other allied basal Hymenoptera. Ovipositional damage occurs on N. angustior leaves
in the form of lenticular egg impressions surrounded by a narrow, elevated margin. The impressions are visible on the ad- and abaxial cuticle,
and coincide when both cuticles are superimposed, which indicates that the eggs producing these impressions were injected into the interior of
the leaf. Producers of eggs that may have caused these damages are perhaps dragonflies or damselflies. The restricted occurrence of the two
types of ovipositional activity suggests that some kind of host specificity existed, perhaps related to specific preferences in larval diet.

INTRODUCTION

PLANTS AND animals today display a wide variety of more or
less intimate direct interactions. For example, plants serve as

habitat, diet, shelter, and mating arenas for animals, and as hosts
for eggs, larvae, and pupae, especially of arthropods. On the other
hand, insects and several other groups of animals such as bats
and birds are essential in the reproductive biology and dispersal
of many plants. With this recognition of the biological and eco-
logical significance of extant plant/animal interactions, a sound
understanding of the evolutionary history of these interactions,
including the roles they have played in biological and ecological
processes in the past, is critical in documenting the complexity
and evolution of both ancient and modern ecosystems. Moreover,
fossilized plant/animal interactions may offer insights into the be-
havior of ancient animals and provide information on the aut-
ecology of ancient plants (e.g., Krings et al., 2003).

A wealth of information about plant/insect interactions in the
fossil record has been gathered to date. However, most of the
reports focus on insect damage on plants (e.g., chew marks, stylet
probes, and wood borings; e.g., Labandeira, 1997, 2005), which
is often easily recognizable in compression specimens or permi-
neralizations, and on feeding specializations indicated by external
insect structure such as mouthpart morphology (e.g., Labandeira
and Beall, 1990). Documentation of aspects relative to the repro-
ductive biology of ancient insects is comparatively rare. This is
particularly true of egg morphology and ovipositional behavior.
Although fossil insect eggs and egg remains (e.g., egg impressions
or scars on plant stems and leaves) have occasionally been re-
corded (e.g., Grauvogel-Stamm and Kelber, 1996; Van Konijnen-
burg-van Cittert and Schmeißner, 1999; Béthoux et al., 2004),
these structures are not normally preserved well enough to permit
detailed evaluation. Ovipositional behavior is generally difficult
to reconstruct based on fossils.

The Mesozoic fossil record has yielded numerous examples of
plant/animal interactions in the form of damage on plants caused
by phytophagous or polleniphagous insects (e.g., Kelber and Gey-
er, 1989; Grauvogel-Stamm and Kelber, 1996; Ash, 1997, 1999,
2005) Labandeira, 1997, 2002; Scott et al., 2004). Moreover, dis-
tinctive lenticular scars on Mesozoic plant fossils caused by ovi-
positor insertion of insect eggs (ovipositional scars) have been
described from various stems of Equisetites Sternberg, 1833 and
Calamites Brongniart, 1828; the eggs are generally interpreted as
having been produced by Protodonata or Odonata (Kelber and
Geyer, 1989; Grauvogel-Stamm and Kelber, 1996; Béthoux et al.,

2004; Ash, 2005). Similar ovipositional scars have been recorded
for Taeniopteris Brongniart, 1828 leaves from the Ladinian of
France and Lower Keuper of Germany, and interpreted as caused
by Odonata (Grauvogel-Stamm and Kelber, 1996). Schmeissneria
(Presl, 1833) Kirchner and Van Konijnenburg-van Cittert, 1994
leaves from the Jurassic of Germany display surface structures
that have been interpreted as Odonata egg remains (Van Koni-
jnenburg-van Cittert and Schmeißner, 1999). These latter two re-
cords are based on impression fossils and hence do not permit
detailed analysis. As a result, insect egg morphology and ovipo-
sitional behavior in the Mesozoic remains poorly understood.

In this paper we provide a detailed evaluation and photographic
documentation of insect eggs and ovipositional damage in the
form of egg impressions on Late Triassic Nilssoniopteris Nathorst,
1909 emend. Pott, Krings, and Kerp, 2007 (Bennettitales) leaf
cuticles from the Carnian of Lunz in Lower Austria. These fossils
represent the first record for actual insect eggs and egg impres-
sions obtained by means of cuticular analysis, and offer rare in-
sights into insect egg morphology, ovipositional behavior, and
host responses to oviposition in the Late Triassic. Although insect
diversity is believed to have been high during the Late Triassic
(Labandeira and Sepkoski, 1993; Scott et al., 2004; Ash, 2005;
Béthoux et al., 2005; Grimaldi and Engel, 2005, p. 46) and prob-
ably akin to today (Anderson et al., 1998), no fossil insect remains
have previously been documented from the Lunz paleoecosystem.
Thus, the fossils presented here also represent the first record of
insects from this famous Carnian paleoecosystem.

GEOLOGY, MATERIAL, AND METHODS

The fossils containing the insect eggs and egg impressions on
bennettitalean foliage come from the area around Lunz-am-See in
the Northern Calcareous Alps of Lower Austria, approximately
100 km west of Vienna, and were collected in the late 19th and
early 20th centuries from several active coal mines (Fig. 1). The
Lunz flora represents one of the richest and most diverse Late
Triassic floras of the Northern Hemisphere and is one of the ear-
liest Triassic plant assemblages of the Northern Hemisphere dom-
inated by Cycadales and Bennettitales (Dobruskina, 1989, 1998).

The fossils occur in the ‘Lunzer Sandstein,’ which is part of
the Lunz beds. The Lunz Formation (�Lunzer Schichten) consists
of sandstones at its base, followed by marine marls gradually
grading upwards into terrestrial sands, shales, and coal. The coal-
bearing part of the sequence is overlain by marls and displays a
sandstone layer at the top. The plant fossils occur in the shales
that are associated with the coal beds. Determination of the exact
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FIGURE 1—Outcrops and locations from where the Lunz plant fossils have been collected during the 19th and early 20th centuries.

age of the Lunz Formation remains difficult due to the lack of
adequate biomarkers such as ammonoids or conodonts. Recent
studies of the Hallstatt and Reifling Intraplatform Basins (Hor-
nung and Brandner, 2005) suggest that the Lunz Formation cor-
relates with the upper part of the Reingraben Formation (T. Hor-
nung, personal commun.), and thus is approximately upper Julian
(Julian 2/II; Lower Carnian; c. 225 Ma) in age (Gradstein et al.,
2004; Hornung, 2006).

The plant fossils from Lunz are usually preserved as compres-
sions, often with excellently preserved cuticles. Cuticles were pre-
pared according to procedures outlined in Kerp (1990), and Kerp
and Krings (1999). Rock samples with plant remains are dissolved
in hydrofluoric acid (48% HF) in order to remove the sediment.
Cuticles are macerated according to standard procedure using
Schulze’s reagent (35% HNO3 with a few crystals of KClO3) and
5–10% potassium hydroxide (KOH). Macerated cuticles are
washed in distilled water, gently dehydrated in pure glycerin, and
finally mounted in permanent glycerin-jelly microscope slides.
Slides are stored in the relevant museum collections; accession
numbers are indicated in the figure captions.

Hand specimens were photographed with a Nikon D 100 digital
camera; in order to increase contrast, cross-polarization (i.e., po-
larized light sources together with a polarizing filter over the cam-
era lens) was used. Cuticles were analyzed with a Leitz Diaplan
microscope and photographed with a Nikon DS-5M digital cam-
era.

RESULTS AND DISCUSSION

The morphogenus Nilssoniopteris accommodates foliage in the
gymnosperm order Bennettitales, an extinct group of seed plants
characterized by cycad-like leaves and complex reproductive
structures that was widespread and diverse in the Late Triassic

and Jurassic but vanished during the Cretaceous (Kelber, 1998).
A detailed description of the macromorphology, cuticles, and epi-
dermal anatomy of the Nilssoniopteris species considered here can
be found in Pott, Krings, and Kerp (2007). The descriptions given
below of the leaf morphology and epidermal anatomy are limited
to a brief summary of features significant in the context of insect
oviposition.

INSECT CHORIONS ON LEAVES OF NILSSONIOPTERIS HAIDINGERI (STUR

EX KRASSER, 1909) POTT, KRINGS AND KERP, 2007
Figures 2.1–2.2, 3.1–3.7, 4, 5.1

Leaves.⎯Leaves of Nilssoniopteris haidingeri are up to 60 cm
long and 15 cm wide, almost regular broadly oval or oblong to
lanceolate in outline, entire-margined or partially pinnate (Fig.
5.1). The lamina is usually coarsely divided into oppositely to
sub-oppositely positioned squarish segments that insert laterally
to the rachis. Numerous proximally bifurcating parallel veins en-
ter each lamina segment and run straight to the margin. The leaves
have robust cuticles. Costal and intercostal fields are distinct on
the abaxial, but indistinct on the adaxial side of the leaf. Inter-
costal fields are characterized by epidermal cells that bear solid
papillae.

Chorions.⎯A total of 15 small, dorsiventrally compressed cho-
rions have been discovered on cuticles of three different Nilsson-
iopteris haidingeri specimens. All chorions display approximately
the same size and morphology, which indicates that they were
produced by the same kind of insect. In the following description,
the micropylar end of the chorions to the leaf surface is called
‘proximal tip,’ while the opposite represents the distal tip; the
surfaces of the chorions are termed ventral (i.e., the side oriented
toward the leaf surface) and dorsal. The chorions are oval in out-
line, slightly compressed dorsiventrally, between 280 and 310 �m
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FIGURE 2—Eggs on cuticles of leaves of Nilssoniopteris haidingeri (Stur ex Krasser, 1909) Pott, Krings et Kerp, 2007 (†Bennettitales). 1, Large cuticle
segment. Note the small oval eggs arranged in a circle. Slide GBA 1909/002/0250/0006 deposited in the Geological Survey of Austria, Vienna (Austria).
Scale bar � 100 �m. 2, Detail of Fig. 2.1, focusing the morphology of the eggs. Note the heavy cutinizations around the lateral margin of the egg and the
well-recognizable micropyle (arrow). Scale bar � 50 �m.

long and 150–180 �m wide (Figs. 2.1–2.2, 3.1, 3.3). They are
attached to the outer surface of the abaxial (lower) cuticle. Eggs
attached to the adaxial (upper) leaf surface have not been found
to date. The chorions possess a massive lateral rim that is cren-
ulate and characterized by prominent intercalary septae (Figs.
3.5–3.6, 4). Between the individual septae, the lateral rim shows
shallow depressions (Figs. 2.2, 3.5–3.6, 4). The dorsal and ventral
surfaces of the chorion are less massive (e.g., Fig. 2.2) and
marked by distinct longitudinal striae that occur on the inner side
of the chorion (Figs. 2.2, 3.1). The ventral side displays a near-
rectangular proximal area that is thin-walled and surrounded by
a stronger cutinized ‘‘wall’’ (Figs. 3.3, 3.3–3.4, 4). On the op-
posite dorsal side, the massive lateral rim is proximally inter-
rupted and displays a distinct aperture, which is embraced by two
lips formed by the lateral rim (Figs. 2.2, 3.2, 3.4, arrows, 4).

Around the lateral margins of the eggs, a narrow and incom-
plete ring composed of accumulated cutin occurs on the leaf sur-
face (Figs. 2.2, 3.1, 3.3, 3.5, arrows, 4). Focusing through the
objects reveals that, beneath the eggs, the papillae of the normal
epidermal cells and stomatal subsidiary cells are either dissolved
or the entire space between leaf surface and chorion is filled with
cutin or another substance secreted by the leaf (Fig. 3.7).

The spatial distribution of the chorions on the leaf surface is
preserved in one of the cuticle preparations: This specimen (Fig.
2.1) suggests that the eggs are arranged in circles of approxi-
mately 1.5 mm in diameter; all eggs are oriented with their mi-
cropylar tips towards the centre of the circle (Figs. 2.1, 3.1). Ar-
rangement of the eggs does not concur with structural details of
the leaf epidermis and cuticle (i.e., no arrangement along the
veins); the eggs may occur on costal and intercostal fields (Fig.
2.1).

Comments.⎯The thin-walled trapezoidal proximal area visible
on the ventral side of the chorions is interpreted as the hatching
aperture (e.g., Figs. 3.3–3.4, 4). The surrounding ‘‘wall’’ is com-
posed of the remains of the chorion that were folded apart by the
hatchling during hatching (Fig. 3.4, arrow). Presence of this fea-
ture indicates that the eggs have already hatched and only the
chorions are preserved as fossils. The eggs were oriented hori-
zontally on the leaf surface, rather than perpendicularly (i.e.,
standing upright) based on the fact that massive cutinization oc-
curs around the entire outer margin (Figs. 3.3, 3.4, 3.7, 4) and in
the spaces between the eggs and leaf surface. The massive cutin-
ization beneath and around the eggs suggests that the eggs re-
mained on the leaf surface for a longer period of time, and were
gradually incorporated into the leaf cuticle. This may reflect a
response of the leaf epidermis to the presence of the eggs. Alter-
natively, adcrustration of additional cuticular materials may have
been induced by certain chemicals on the chorion in order to more
firmly glue the eggs to the leaf surface during development of the
hatch. The massive lateral crenulate flange with intercalary septae,
along with the longitudinal striae on the inner surfaces of the
dorsal and ventral sides of the chorion, supports the hypothesis
that the eggs remained on the leaf for a longer period of time
since they indicate that the chorions were relatively robust. Ro-
bustness of the chorions could not be explained if hatching of the
larvae occurred after only a few days. Moreover, the fact that the
chorions are robust strengthens the interpretation that they were
deposited onto the outer surface of the leaf (Wesenberg-Lund,
1943, p. 79). The orifice embraced by lips occurring proximally
on the dorsal side (Figs. 3.2, 3.4, 4) may represent a gas-exchange

device (aeropyle) for the encapsulated embryo, and/or may form
part of the hatching aperture.

Affinities.⎯Detailed evidence for egg morphology and ovipo-
sitional behavior of ancient insects is virtually absent from the
fossil record. Moreover, no insect imago or larva has been doc-
umented from Lunz to date that could provide insights into insect
abundance and diversity in this Late Triassic paleoecosystem. As
a result, we are confined in assessing the affinities of the chorions
from Lunz to comparisons with extant insect groups for which
egg morphology and ovipositional behavior have been docu-
mented, along with information about the fossil record of these
extant insect groups. Assignment of the chorions to a particular
insect family or genus is impossible at present. However, mor-
phology, size, and spatial arrangement on the leaf surface permit
speculation about affinities with basal Hymenoptera (i.e., Sym-
phyta) or Coleoptera, two orders of insects that were well estab-
lished and diverse by the Late Triassic (Rasnitsyn, 1969; Pono-
marenko, 1977, 1992; Labandeira and Sepkoski, 1993; Grimalid
and Engel, 2005).

During the Late Triassic, four major clades of insects had ovi-
positors capable of piercing plant tissue, particularly stems and
leaves. These were the Odonata, particularly zygopteran damsel-
flies; the Orthoptera such as phytophagous members of the Sal-
tatoria; the basalmost clade of the Hymenoptera, the sawflies of
the Tenthredinoidea; and the Coleoptera, especially some early-
derived clades of the Polyphaga (Labandeira, 2006). All of these
taxa have been recorded for Triassic strata, and thus may have
occurred in the habitats, in which Nilssoniopteris haidingeri lived.

In the following paragraphs, we discuss each of these four
groups and present a hypothesis with regard to the producers of
the chorions based on plant damage features, ovipositor structure,
and general habitat type frequented by each of the four ovipositor-
bearing insect clades.

Several extant species in the basal Hymenoptera (e.g., members
of the Tenthredinidae and Pamphilidae), are known to attach their
eggs to abaxial leaf surfaces (Hinton, 1981, p. 705). Others, such
as the Xyelidae and Tenthredinidae, have laterally compressed
ovipositors with sawtooth ridges or rows of cutting denticles that
are used to insert eggs endophytically (Burdick, 1961; Labandei-
ra, 2006). The majority of the latter forms inject the eggs into
leaves, rachides, and twigs. The Symphyta form the basal grade
of the Hymenoptera (Rasnitsyn, 1988, 2000; Schulmeister, 2002,
2003a, 2003b; Grimaldi and Engel, 2005, p. 409). They are prim-
itive phytophages, widespread in cool to temperate regions. The
phylogenetically oldest family in the suborder Symphyta, the
Xyelidae, still exists today with some 50 species; it represents one
of the eight oldest insect families. Xyelidae are abundant in the
fossil record; the group can be traced into the Late Triassic (Ras-
nitsyn, 1969; Carpenter, 1992; Grimaldi and Engel, 2005, p. 409).
During the Mesozoic, xyelids apparently were more widely dis-
tributed, and occurred in distinctly warmer climates, than seen in
the extant species of this family (Grimaldi and Engel, 2005, p.
410). Most extant xyelids liberate their eggs into staminate cones
or needles of Pinaceae (Burdick, 1961; Blank et al., 2005), and
the larvae subsequently feed on pollen or within buds (Burdick,
1961). It is possible that oviposition in cones is a derived mode,
and the earliest forms generally deposited their eggs on leaves.
Blank (2002) suggests that the earliest Xyelidae did not exclu-
sively feed on pollen, but they were at best facultatively pollen-
iphagous. However, no feeding traces (cf. Ash, 2005) were ob-
served on or in any of the Nilssoniopteris leaves from Lunz.
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FIGURE 4—Schematic line drawing of an egg based on Figs. 2.1–2.2 and
3.1–3.7. Abbreviations: cc—central chamber; ch—chorion; cu—accumulated
cutinizations around the chorion; ha—hatching aperture; ic—inner chorionic
layer; mi—micropyle; ml—micropylar lips; sr—shell remains of hatching ap-
erture folded apart during the hatching process; for details see text. Scale bar
� 50 �m.

←

FIGURE 3—Eggs on cuticles of leaves of Nilssoniopteris haidingeri (Stur ex Krasser, 1909) Pott, Krings et Kerp, 2007 (†Bennettitales). 1, Detail of Fig.
2.1, focusing on some of the eggs. Scale bar � 50 �m. 2, Close up of hatching aperture and micropyle (arrow) embraced by two lips. Slide GBA 1909/002/
0250/0006 deposited in the Geological Survey of Austria, Vienna (Austria). Scale bar � 10 �m. 3, Details of Fig. 2.1, showing the morphology of the eggs.
Note heavy cutinizations around the lateral margin of the eggs (arrow). Scale bar � 50 �m. 4, Close up of hatching aperture with putative shell remains
folded apart by the hatching embryo (arrow). Slide GBA 1909/002/0250/0006 deposited in the Geological Survey of Austria, Vienna (Austria). Scale bar �
20 �m. 5, Close-up, focusing on the crenulate margin. Arrows indicate heavy cutinizations around the margins of the chorion. Slide GBA 1909/002/0250/
0006 deposited in the Geological Survey of Austria, Vienna (Austria). Scale bar � 10 �m. 6, Structure of crenulate margin, overview. Slide GBA 1909/002/
0250/0006 deposited in the Geological Survey of Austria, Vienna (Austria). Scale bar � 50 �m. 7, Two stomata (arrows) that occur in the leaf epidermis
beneath one of the eggs. Slide GBA 1909/002/0250/0006 deposited in the Geological Survey of Austria, Vienna (Austria). Scale bar � 10 �m.

Blank (2002) also suggests that larvae of the earliest Hymenop-
tera did not feed endobiontically like the larvae of most derived
xyelids. Eggs of some extant Xyelidae (e.g., Pleroneura Konow,
1897) are similar in size to the chorions from Lunz (Burdick,
1961).

Besides Hymenoptera, the eggs on the Nilssoniopteris haidin-
geri leaf cuticles may also have been produced by Coleoptera
(beetles). Coleoptera today represent the largest order of insects.
Most beetles liberate their eggs into soil, soil burrows, or wood,
or attach the eggs to the abaxial surfaces of leaves (Crowson,
1981, p. 360–362). A few species are known that inject their eggs
into living leaf tissues, but these are mostly members of the Phy-
tophaga group (Cerambycidae, Chrysomelidae, Curculionidae and
related lineages). Phytophagan beetles are a relatively derived
group that is believed to have originated during the earlier Jurassic
(Carpenter, 1992; Zherikhin and Gratshev, 1995; Gratshev and
Zherikin, 2003). Thus, it is rather unlikely that they produced the
eggs on N. haidingeri.

The Coleoptera is an ancient insect lineage, depicted by an
extensive fossil record that can be traced into the late Paleozoic
(Lawrence and Newman, 1982). The major radiation, however,
occurred after the Permo-Triassic extinction event (Carpenter,
1992; Labandeira and Sepkoski, 1993; Grimaldi and Engel, 2005,
p. 360). Many extinct groups of beetles, most belonging to the
Archecoleoptera and Myxophaga, have been described based on
well-preserved fossils. Some of these lineages survived the Perm-
ian/Triassic boundary and became extinct toward the end of the
Jurassic (Crowson, 1981, p. 661–664; Carpenter, 1992; Grimaldi
and Engel, 2005, p. 361). A comparison of the material from Lunz
with the eggs and ovipositional behavior of these ancient groups
of beetles is impossible because only imagines and/or larvae of
these forms have been described. On the other hand, a number of
extant beetle families can be traced into the Middle Triassic. For
example, the earliest representatives of rove beetles (Staphylino-
idea, Polyphaga group) have been recorded for the Middle Tri-
assic (Fraser et al., 1996). Rove beetles thrive on the ground and
feed on small arthropods or other soil-inhabiting animals. Al-
though egg size and egg morphology in extant Staphylinus Lin-
naeus, 1758 (Szujecki, 1966; Hinton, 1981, p. 117) correspond
well with that seen in the fossils, it is rather unlikely that these
insects produced the eggs from Lunz because most extant staph-
ylinids liberate their eggs into soil.

The Trachypachidae include six extant species, but the group
was more diverse in the Late Triassic to Late Jurassic (Ponomar-
enko, 1977, 1992; Grimaldi and Engel, 2005, p. 366). Trachy-
pachids are small, carabid-like animals with ancestral adephagan
characters. They represent a basal sister group to the Carabidae.
Trachypachid beetles live in riparian to dry habits and feed on
the ground. Little is known about their biology. Nevertheless,
based on the fact that they were present in the Late Triassic, and
the extant species live in habitats comparable to that interpreted
for the Lunz paleoecosystem, it cannot be excluded that members
of this group produced the eggs on Nilssoniopteris haidingeri.
However, the larvae of extant trachypachids usually live on the
ground.

The Cupedidae (reticulated beetles) are related to the Archos-
temata, a taxon commonly regarded as the basal suborder of the

beetles (Crowson, 1962; Grimaldi and Engel, 2005, p. 363–365;
Jingjing Tan et al., 2006). The extant Cupedidae represent relicts
of a once diverse lineage. The fossil record indicates that the
group was particularly diverse during the Late Triassic to Early
Cretaceous (Carpenter, 1992). Today the reticulated beetles in-
clude some 30 species in nine genera. Larvae are wood-borers
that typically live in moderately firm and dry, fungus-infested
woods; adults live beneath the bark of trees or on leaves. Extant
reticulated beetles occur in forests and woodland; they can be
found in rainforest as well as arid grassland and open woodland
ecosystems. The eggs of extant reticulated beetles (Crowson,
1962) closely resemble the fossils from Lunz with regard to size
and surface structures. Unfortunately, Hinton (1981, p. 649 ff.),
in his fundamental work on the biology of insect eggs, does not
detail the morphology of either Cupedidae or Trachypachidae
eggs.

It has variously been suggested that cupedid beetles played a
major role in the reproductive biology (i.e., as pollinators) of the
Bennettitales (Crowson, 1981, p. 600 and 665; Lawrence and
Newton, 1982), because the diversity pattern through time of the
Cupedidae seems parallel to that seen in the Bennettitales (cf. Sitte
et al., 1998; Grimaldi and Engel, 2005, p. 361). Moreover, the
morphology of certain flower-like bennettitalean reproductive
structures (e.g., Wieland, 1916; Delevoryas, 1968; Rothwell and
Stockey, 2002; Stockey and Rothwell, 2003) strongly suggests
insect rather than wind pollination (Stockey and Rothwell, 2003).
Interactions between bennettitaleans and cupedids were perhaps
not restricted to pollination. Rather, the beetles may also have
benefited from other parts of the plants (i.e., wood, leaves). This
hypothesis is supported by the fact that Jurassic representatives
of cupedid beetles have been shown to have lived in the wood of
certain Bennettitales (Ponomarenko, 2003).

Other possible producers of the eggs include dragonflies. Most
modern odonatan taxa, particularly zygopterans such as the Coen-
agrionidae, insert eggs into plant tissue with laterally compressed
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FIGURE 5—Leaves of Nilssoniopteris haidingeri (Stur ex Krasser, 1909) Pott, Krings et Kerp, 2007, and Nilssoniopteris angustior (Stur ex Krasser) Pott,
Krings et Kerp, 2007 (†Bennettitales). 1, Nilssoniopteris haidingeri, Specimen NHM 2006B0008/0042; deposited in the Museum of Natural History, Vienna
(Austria). Scale bar � 10 mm. 2, Nilssoniopteris angustior. Specimen NHM 1887/I/0009; deposited in the Museum of Natural History, Vienna (Austria).
Scale bar � 10 mm. 3–5, Rhomboidal impressions on leaves of Nilssoniopteris angustior. View from the adaxial side, showing the raised outer margins of
the imprint areas. Specimens NHM 1884/0015 (Fig. 5.3), and NHM 1884/0015 (Fig. 5.4), deposited in the Museum of Natural History, Vienna (Austria), and
GBA 1909/002/0185 (Fig. 5.5), deposited in the Geological Survey of Austria, Vienna (Austria). Scale bars � 5 mm (Fig. 5.3, 5.4), and 10 mm (Fig. 5.5).
6, Rhomboidal impressions on Nilssoniopteris angustior. View from the abaxial side; carbonaceous material removed. Specimen RUU 17895 deposited in the
Laboratory of Palaeobotany and Palynology, Utrecht (The Netherlands). Scale bar � 5 mm.

sawtooth ovipositors that superficially resemble that of tenthre-
dinids (Labandeira, 2006). The eggs are inserted either completely
into plant tissue, foliar or stem, or partially with about half of the
egg emergent. A few groups in the Anisoptera, however, attach
their eggs to plant surfaces. Eggs partially inserted or attached to
surfaces usually leave characteristic ellipsoidal to ovoidal marks
surrounded by callus or other scar material, with disorganized
tissue within, often appearing as a shallow crater (Labandeira,
2002). The shape and general appearance of the chorions is sim-
ilar to that of exophytic Odonata. Endophytic eggs are typically
more elongate (roughly four times longer than wide) and often
slightly curved. The chorion from Lunz appear to have only a
single terminal micropyle, assuming the dorsal structure alluded
to is in fact an aeropyle or related to the hatching process; its
position is certainly very different from the micropyle in modern
odonatan eggs. In all extant Odonata, the eggs have at least two
terminal or subterminal micropyles, and the more plesiotypic taxa
have numerous micropyles (e.g., Sahlén, 1994, 1995). Hatching
usually involves complete or nearly complete separation of a ter-
minal ‘ cap,’ not a longitudinal split. No odonatan eggs have been
described that have a lateral crenulate flange as seen in the cho-
rions from Lunz. Finally, arrangement of the eggs in a partial
circle (Fig. 2) is not typical of the modern Odonata species laying
eggs externally on leaves; these are most often deposited in ir-
regular masses (Corbet, 2004, p. 36). Eggs inserted into plant
tissue usually are much larger (i.e., 1.5 to 2.0 mm long) than the
eggs from Lunz, but eggs produced by species that deposit onto
plant surfaces typically are only about 0.5 mm long (Schiemenz,
1957), and thus similar in size with the eggs from Lunz. In ad-
dition, the arrangement of the eggs in circles adds support to the
hypothesis that dragonflies produced the eggs (Wesenberg-Lund,
1943, p. 70–71). Some, but not all, endophytic species, including
some Lestidae (Matushkina and Gorb, 2000) place their eggs in
a radial pattern, but neither the morphology nor position on the
leaf suggests that the eggs from Lunz were endophytic.

Size, morphology, and ovipositional marks surrounded by cal-
lus or other scar material with disorganized tissue, along with the
insect groups present during the Late Triassic, it is possible to
speculate that a cupedid or related beetle most likely produced
the chorions on Nilssoniopteris haidingeri.

EGG IMPRESSIONS ON LEAVES OF NILSSONIOPTERIS ANGUSTIOR (STUR

EX KRASSER, 1909) POTT, KRINGS AND KERP, 2007
Figures 5.2–5.6, 6.1–6.8

Leaves.⎯Leaves of Nilssoniopteris angustior (Fig. 5.2) are ob-
long to lanceolate in outline, up to 30 cm long and 5 cm wide.
The lamina is usually entire-margined and inserts laterally to a
prominent rachis. Numerous basally bifurcating parallel veins en-
ter the lamina and run straight to the margin. The leaves have
delicate to massive cuticles; an alternation of stomatiferous and
non-stomatiferous areas occurs on the abaxial side. Stomata occur
sporadically in adaxial lamina areas close to the midrib. Stomata
and subsidiary cells of the abaxial lamina are arranged in rows
that alternate with non-stomatiferous bands of cells; however, this
alternation is irregular and does not concur with the venation pat-
tern.

Impressions.⎯Of the 65 specimens at hand of Nilssoniopteris

angustior, 22 specimens are marked by one to several regularly
rhomboidal impressions (Fig. 5.3–5.6), which are 3–6 mm long
and 1–2 mm wide. Impressions may occur on the adaxial (upper)
and abaxial (lower) side of the leaf. However, in compressions
that expose the adaxial side of the leaf, the impressions are sur-
rounded by a narrow raised margin, and hence clearly demarcated
from the surrounding epidermis (Fig. 5.3–5.5), while impressions
on the abaxial side lack this feature (Fig. 5.6). The impressions
are consistently oriented parallel to the lateral veins and perpen-
dicular to the rachis (Fig. 5.3–5.5). They usually occur near the
rachis (Fig. 5.5–5.6), but impressions close to the leaf margin
have also been found (Fig. 5.4).

Cuticle preparations of individual impressions and vicinity re-
veal that the impressions congruently occur on both the adaxial
and abaxial side (Fig. 6.1), i.e., ad- and abaxial imprint areas
coincide when both cuticles are superimposed. However, ad- and
abaxial impressions display characteristic structural differences
(Fig. 6.1–6.6), which are especially well recognizable in the mir-
ror-inverted imprint shown in Fig. 6.1 (grey and white arrows).
On the adaxial side, the leaf cuticle is distinctly thinner along the
margin of the impression, which is also recognizable in the com-
pression specimens (e.g., Fig. 5.4), whereas the central region of
the impression area is normally cutinized (Fig. 6.3, 6.5). Cell
forms and sizes, as well as spatial arrangement of the epidermal
cells, correspond to those seen outside the imprint area, and the
individual epidermal cells within the impression area are not un-
naturally distorted (Fig. 6.5). Delicateness of the cuticle along the
margin of the adaxial impressions often causes tearing of the cu-
ticle (Fig. 6.1, grey arrow). On the other hand, the abaxial imprint
area is characterized by a considerably thinner cuticle within the
rhomboid (Fig. 6.1, white arrow, 6.2, 6.4). A narrow band con-
sisting of heavily cutinized epidermal cells marks the border line
of the impression area (Fig. 6.4, 6.6). Close to this marginal scar,
the epidermal cells within the imprint area are distinctly deformed
(Fig. 6.6); the general epidermal cell pattern, however, is not af-
fected.

Comments.⎯The impressions described here are structurally
similar to the rhomboidal impressions or lenticular scars docu-
mented on Schmeissneria leaves from the Lower Jurassic of Ger-
many by Van Konijnenburg-van Cittert and Schmeißner (1999).
These authors interpret the impressions as egg impressions. How-
ever, detailed analyses of the leaf cuticle and epidermal anatomy
within and outside of the imprint area, have not been provided
because these fossils are preserved as impressions. Nevertheless,
based on the corresponding in basic structure and spatial arrange-
ment between the impressions described here and the structures
detailed by Van Konijnenburg-van Cittert and Schmeißner (1999),
we interpret the impressions on Nilssoniopteris angustior leaves
from Lunz as impressions caused by insect eggs. With regard to
the lenticular shape, prominent marginal scar and comparatively
flat center, and arrangement parallel to venation, the impressions
from Lunz are similar to impressions seen on various leaves from
the Upper Triassic Molteno Formation (South Africa), and on
glossopterid leaves from the Clouston Farm Site (Permian) in
South Africa.

The fact that the impressions are visible on both surfaces of
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FIGURE 6—Ovipositional damage on leaf cuticles of Nilssoniopteris angustior (Stur ex Krasser) Pott, Krings et Kerp, 2007 (†Bennettitales). 1, Overview
of a large cuticle segment. The cuticle segment is opened with the interior side up; for orientation background columns are given, indicating (from left to
right) right adaxial cuticle (grey); central vascular bundle (white); left adaxial cuticle (grey); leaf margin (white); left abaxial cuticle (grey); central vascular
bundle (white); right abaxial cuticle (grey). The grey and white arrows indicate mirror-inverted imprint areas on the adaxial (grey arrow, inner area of the
imprint torn off) and abaxial cuticle (white arrow); black arrows indicate additional imprint areas on the adaxial cuticle). Slide NHM 1884/0015/0003 deposited
in the Museum of Natural History, Vienna (Austria). Scale bar � 1 mm. 2, Abaxial cuticle, showing a rhomboidal imprint characterized by a weakly cutinized
inner and normally cutinized outer area. Slide NHM 1884/0015/0016 deposited in the Museum of Natural History, Vienna (Austria). Scale bar � 100 �m.
3, Adaxial cuticle, showing a rhomboidal imprint; note the differences in cuticle thickness. Slide NHM 1884/0015/0007 deposited in the Museum of Natural
History, Vienna (Austria). Scale bar � 200 �m. 4, Abaxial cuticle, showing a rhomboidal imprint. Detail of the inner area and heavily cutinized margin of
the imprint area. Slide NHM 1884/0015/0003 deposited in the Museum of Natural History, Vienna (Austria). Scale bar � 100 �m. 5, Close up of a detail of
Fig. 6.3. Scale bar � 50 �m. 6, Detail of a rhomboidal imprint, showing the epidermal cell pattern with distorted cells and heavily cutinized outer margin.
Slide NHM 1884/0015/0003 deposited in the Museum of Natural History, Vienna (Austria). Scale bar � 50 �m. 7, Abaxial cuticle, showing a rhomboidal
imprint (arrow) and a circular injury perhaps caused by an insect ovipositor. Note the wound-callus formation around the damaged area. Slide NHM 1884/
0015/0002 deposited in the Museum of Natural History, Vienna (Austria). Scale bar � 100 �m. 8, Close-up on one of the circular injuries in the leaf surface.
Slide NHM 1884/0015/0002 deposited in the Museum of Natural History, Vienna (Austria). Scale bar � 50 �m.

the leaf, and coincide when both cuticles are superimposed, in-
dicates that the eggs were deposited into the interior leaf tissues.
Moreover, one specimen suggests that insertion of the eggs into
the leaves occurred from the abaxial side: Several circular inju-
ries, 70–300 �m in diameter, occur in the cuticle close to the
impressions (Fig. 6.7–6.8). These injuries may have been caused
by an insect ovipositor (cf. Wesenberg-Lund, 1943, figs. 63–65).
Each of the injuries is surrounded by heavily cutinized epidermal
cells (Fig. 6.8), which likely represent a post-trauma wound re-
sponse of the leaf (i.e., wound callus formation).

The abnormal shape of the epidermal cells within the abaxial
impression area is indicative of mechanical distortion as a result
of oviposition or egg growth. Moreover, the plant cuticle within
the abaxial impression area became considerably thinner in re-
sponse to the presence of the eggs in the interior. The mechanisms
underlying the alteration of the cuticle thickness cannot be deter-
mined. It is possible that certain chemicals exuded from the eggs,
or injected during oviposition, have dissolved part of cuticle. This
may eventually have facilitated hatching of the naiads or larvae.
However, leaf surface openings produced by the escaping larvae,
or evidence for larval feeding activity in the interior of the leaves,
have not been observed. The heavily cutinized marginal scar,
which occurs around the abaxial impression areas (e.g., Fig. 6.4)
may represent a form of defense reaction of the plant, or was
produced by the plant to protect and stabilize the epidermis in
this area of the leaf (Peeters, 2002).

Affinities.⎯Van Konijnenburg-van Cittert and Schmeißner
(1999) attribute the egg impressions on Schmeissneria leaves from
the Lower Jurassic of Germany and on leaves of various plants
from the Carnian of South Africa, respectively, to the Odonata
(dragonflies and damselflies). This is based primarily on the char-
acteristic distribution pattern and macroscopic appearance of the
structures. However, since the Triassic and Jurassic impressions
are larger (i.e., 0.8 � 3 mm in diam.) than those caused by extant
members in the Odonata, they are interpreted as having been
caused by representatives in this group of insects that were larger
than the extant species. The egg impressions from Lunz corre-
spond well to those described by Van Konijnenburg-van Cittert
and Schmeißner (1999).

The impressions from Lunz are up to 5 times larger than those
described by Van Konijnenburg-van Cittert and Schmeißner
(1999). Taking this into account, it is likely that they were pro-
duced by still larger members in the Odonata. Two suborders of
the Odonata are known from the Triassic: the Archizygoptera,
which survived the Permian/Triassic boundary, and the Triasso-
lestoidea (Anisozygoptera), which first appeared in the Late Tri-
assic (Carpenter, 1992). Both groups are extinct today. The latter
group is related to the extant damselflies and characterized by a
transversely elongate head and absence of epiprocts in adults (Gri-
maldi and Engel, 2005, p. 184). Extant damselflies inject the eggs
into leaves of aquatic plants or plants overarching inshore waters

(Wesenberg-Lund, 1943, p. 70–71; Hinton, 1981, p. 486 ff.). Sev-
eral species in the Odonata (e.g., emerald damselflies of the genus
Lestes Leach, 1815) exclusively inject the eggs into plants grow-
ing above or outside the water (e.g., Alisma Linnaeus 1753 spe-
cies) (Wesenberg-Lund, 1913). After hatching, the naiads drop
into the water. Eggs of extant Odonata are considerably smaller
than the eggs outlined by the impressions on N. angustior from
Lunz. Nevertheless, the mode of oviposition displayed by extant
Odonata, along with the typical spatial arrangement of the eggs,
may suggest that the egg impressions from Lunz have been
caused by eggs belonging to Odonata (Schiemenz, 1957; Wes-
enberg-Lund, 1943, p. 70–71; Hinton, 1981, p. 486 ff.; Hellmund
and Hellmund, 1996; Corbet, 2004, p. 21–22; Van Konijnenburg-
van Cittert and Schmeissner, 1999). However, it cannot be ruled
out that the damages have other origins, but pupae or mining is
less likely because evidence for mines or other external damage
is lacking in the hand specimens as well as in the cuticles.

These egg impressions provide additional information regard-
ing the ecology of the plants producing Nilssoniopteris angustior
foliage: the hatching naiads of dragonflies have to reach water
immediately to complete development, which implies that these
plants have grown near inshore waters, perhaps with branches or
leaves overhanging the water surface.

DISCUSSION AND CONCLUSIONS

Insect eggs and/or egg impressions have variously been de-
scribed from the Mesozoic fossil record. However, evidence based
on cuticular analysis has not been produced to date. The material
presented here provides the first detailed documentation of fossil
insect eggs and egg impressions based on cuticle preparations.

It is impossible at present to determine the affinities of the eggs
and egg impressions from Lunz, due primarily to the fact that
detailed information on the morphology and distribution on/in
leaves of other fossil and extant insect eggs is rare. The material
at hand demonstrates that insect eggs liberated onto or into leaves
characteristically affect the structure of the plant surface, espe-
cially with regard to cuticle thickness. Such characteristic alter-
ations in cuticle thickness may be used in future studies to detect
insect oviposition activity from plant cuticles, even if the eggs
themselves are not preserved, and thus provide an innovative
means to gather data about the composition and ecology of an-
cient ecosystems.

The fossils from Lunz also demonstrate that different modes of
oviposition can be reconstructed based on how the presence of
the eggs has affected the leaf cuticle. The coinciding ad- and
abaxial impressions on leaves of Nilssoniopteris angustior (Fig.
6.1) suggest that insect eggs were placed into interior leaf tissues
by an insect with an elongate ovipositor or abdomen as seen in
extant dragonflies (Wesenberg-Lund, 1943, p. 70–71, figs. 56–
57). Circular injuries occurring in the abaxial cuticle may have
been inflicted by a penetrating long ovipositor (Fig. 6.7–6.8).
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Wound callus formation around the injuries indicates that the sur-
faces were pierced while the leaf was alive. On the other hand,
the eggs deposited onto the abaxial leaf surfaces of N. haidingeri
(Fig. 2.1–2.2) are suggestive of an insect that did not pierce the
leaf surface for oviposition, and thus might have had a reduced
ovipositor. If these eggs were not preserved, the characteristic
alteration of the abaxial cuticle in the form of massive cutiniza-
tions beneath and around the eggs would still document deposi-
tion of the eggs onto the abaxial leaf surface.

It is interesting to note that the eggs and egg impressions on
Nilssoniopteris seem to display host-specificity. During the last
two years, we have analyzed cuticles of all taxa of Cycadales and
Bennettitales from Lunz based on a large sample set consisting
of approximately 2,500 cuticle preparations of about 350 leaves
of 10 species of the genera Pterophyllum, Nilssoniopteris, Nils-
sonia, and Pseudoctenis (Pott et al., 2007a, 2007b; Pott, Krings,
and Kerp, 2007; Pott, Van Konijnenburg-van Cittert et al., 2007).
However, egg impressions were found exclusively on leaves of
N. angustior (Fig. 5.2), while the eggs only occur on cuticles of
N. haidingeri (Fig. 5.1). It is possible to envisage that this host-
specificity reflects certain preferences in larval diet or differences
in the spatial (topographical) distribution of the host plants. For
example, the hatch of extant Odonata that emerges from eggs
deposited outside the water immediately drops down into the wa-
ter where the naiads further develop (Corbet, 2004, p. 69–71);
naiads that fail to reach the water shortly after hatching will perish
after only a short period of time. Therefore, successful reproduc-
tion in Odontata requires that the eggs are liberated on plants that
grow close to open water. If the impressions on N. angustior were
produced by Odonata eggs, these plants must have grown in close
proximity to a body of water. Assuming a cupedid origin of the
actual eggs on leaves of N. haidingeri, those plants may have
grown elsewhere but accessible for arboreal or ground beetles.
Host plant specificity is stated to have been manifest in all pos-
sible degrees in herbivorous beetles (Crowson, 1981, p. 585).

Although cuticular analysis is long since known to represent a
valuable means of extracting biological information from com-
pression fossils that is useful in taxonomy but also important with
regard to paleobiological and paleoecological considerations, cu-
ticular analysis has rarely been applied in the decipherment of
plant/animal interactions. The results presented here document
that fossil cuticles may provide features with regard to the repro-
ductive biology of ancient insects such as egg morphology, spatial
arrangement of eggs, modes of oviposition, and host-specificity.
Because compression fossils are much more abundant than per-
mineralizations, they represent a copious source of information
about plant/insect associations (e.g., Anderson et al., 1998; Scott
et al., 2004; Labandeira, 2005). This source, however, has re-
mained largely untapped to date. The cycadophytes from Lunz
may serve as template for future studies of ancient insect activities
on foliage based on fossil cuticles.
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BÉTHOUX, O., F. PAPIER, AND A. NEL. 2005. The Triassic radiation of the
entomofauna. Comptes Rendus Palevol, 4:609–621.

BLANK, S. M. 2002. Biosystematics of the extant Xyelidae with particular
emphasis on the Old World taxa: (Insecta: Hymenoptera). Ph.D. disserta-
tion, Freie Universität, Berlin, 200 p.

BLANK, S. M., A. SHINOHARA, AND B.-K. BYUN. 2005. The East Asian Xyela
species (Hymenoptera: Xyelidae) associated with Japanese Red Pine (Pinus
densiflora; Pinaceae) and their distribution history. Insect Systematics &
Evolution, 36:259–278.

BRONGNIART, A. 1828. Prodrome d’une histoire des végétaux fossiles. Lev-
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Boghandel, Copenhagen, and Springer, Berlin, VIII�682 p.

WIELAND, G. R. 1916. American Fossil Cycads, Volume II—Taxonomy. Car-
negie Institution, Washington, VII � 277p., 58 pls.

ZHERIKHIN, V. V. AND V. G. GRATSHEV. 1995. A comparative study of the
hind wing venation of the superfamily Curculionoidea with phylogenetic
implicatons, p. 634–777. In J. Pakaluk and S. A. Slipinski (eds.), Biology,
Phylogeny, and Classification of Coleoptera. Papers celebrating 80th Birth-
day of Roy A. Crowson, Volume 2, Muzeum i Instytut Zoologii PAN,
Warszawa.

ACCEPTED 8 JANUARY 2008



152 GYMNOSPERM FOLIAGE FROM THE UPPER TRIASSIC OF LUNZ, LOWER AUSTRIA 

 

DISCUSSION 

 
 
 
  



GYMNOSPERM FOLIAGE FROM THE UPPER TRIASSIC OF LUNZ, LOWER AUSTRIA 153 

 

DISCUSSION 

DISCUSSION 

The broad range of topics presented in the pre-
ceding chapters reflects the value of cuticular 
analyses in the study of compressed foliage 
fossils, not only with regard to the taxonomy of 
many fossil plants from Lunz, but also with 
regard to the phylogenetic consequences. The 
latter, in turn, may affect considerations about 
the reconstruction of the evolutionary history 
and relationships of Late Triassic seed plants. 
The consequences thereof are not restricted to 
the Lunz flora or the Carnian period. They also 
may affect other taxa and groups as well as the 
correlation of different organ morphotaxa of 
the same deposit (i.e. sterile leaves and repro-
ductive structures), and thus the reconstruction 
of natural taxa (“natural units”). Moreover, our 

view of the floral development in the Late Tri-
assic and younger periods may change. Com-
parisons of the Lunz flora to other coeval floras 
may add to the phytogeographical trends that 
occurred in the early–middle Mesozoic. 

Plant cuticles may reflect various aspects rela-
tive to environmental interactions or influences 
that control the plants in their ecosystem. Com-
parisons of the ecological features of the cuticles 
of extant plants with fossil cuticles may provide 
the possibility to interpret the palaeobiology 
and -ecology of the fossil plant and environment 
in which they lived. Palaeoecological interpret-
tation of the Lunz flora based on the results ob-
tained from cuticular analysis is one of the main 
aspects addressed in the following sections. 

 
 
THE FLORA FROM LUNZ AND ITS ECOLOGICAL AND ENVIRONMENTAL IMPLICATIONS 

Lunz at Carnian times.—Reconstructions by Sco-
tese (2003) and Blakey (2005) suggest that the 
Lunz flora was situated at the northern shore of 
the Tethys seaway, distinctly north of the equa-
tor, at palaeo-latitudes between the Tropic of 
Cancer and about 30° N. Today, the regions of 
the Tropics are covered by deserts, which de-
limit the tropics north- and southwards; the 
adjacent sub-equatorial areas represent semi-
humid tropics. 

The extreme land-sea distribution during 
the Carnian produced a climate characterised 
by “mega-monsoons” (Kutzbach & Gallimore 
1989). Monsoons primarily are large-area air 
circulation processes accompanied secondarily 
by high humidity transported by strongly direc-
tional winds. The dry climates that were typical 
for the Early and Middle Triassic became gradu-
ally more influenced by strong seasonal rainfall, 
and developed more distinct climatic zonation. 
However, Late Triassic deposition of evaporites 
is interpreted as indicative of arid climatic regi-
mes (Hay et al. 1982; Olsen 1997). This has to be 
regarded questionable, since these areas were 
either located near to the equator or in the rift 

valley of the western Tethys (Olsen & Rainforth 
2001), and may thus only represent local or 
regional climatic conditions. Hence, they may 
cause a bias in the interpretation of overall Car-
nian climates. In contrast, it may be considered 
that the Carnian climate was possibly charac-
terised by only seasonal aridity (which may 
have supported the production of evaporites, 
but mainly is evidenced by the presence of red 
beds; Sheldon 2005), alternating with seasonal 
rainfalls, particularly if the climate is believed to 
have been more zonal in the Late Triassic (Wing 
& Sues 1992). According to reconstructions pro-
vided by Scotese (2003), the climate in the rift 
region was warm temperate to locally arid. 

The Carnian seas were characterised by ex-
tremely low and relatively stable sea levels, which 
persisted since the end of the Permian (Haq et 
al. 1987). In the late Carnian, first signs occur of 
a constant rise of the sea level reaching its 
maximum in the Middle Cretaceous (Haq et al. 
1987; Olsen 1997). The seas in the region were 
shallow, and intensive and large-area evapora-
tion may have occurred due to (seasonally) hi-
gher temperatures of the water surface, which 
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result in extensive deposition of evaporites. The 
drying-out may not generally indicate an arid 
or dry climate but may, on the other hand, have 
increased the salinity of the seaway. 

Despite of everything mentioned above a-
bout Carnian climate and its discussion, several 
features suggest an overall humidity of the en-
vironment in the period and the region where 
the Lunz flora grew (e.g. Bharadwaj & Singh 
1964; Hochuli & Frank 2000; Roghi 2004). First, 
the composition of the Lunz flora includes a 
number of ferns and sphenophytes, which re-
quire humid environments, and often occur in 
monotypical associations. Moreover, ferns re-
quire liquid water for reproduction. A humid 
environment has also been suggested for the 
flora from the Raibl Group in the Southern Alps 
based on the composition of the spore assem-
blage (Roghi 2004). Palaeogeographical recon-
structions show that the Lunz flora may have 
grown in a lowland setting (Blakey 2005). The 
coal-bearing beds are intercalated between 
fully marine beds. This suggests that marine 
and freshwater periods alternated in this area 
that may be interpreted as a paralic basin. In 
fact, Stremme (1911) hypothesised that the 
coals from Lunz are paralic. Continental (fluvial) 
deposition close to marine sedimentation is to-
day widely present in large, tidal-influenced es-
tuaries (or deltas) with meandering riverbeds 
and decreased flow velocities or lentic water 
bodies (Chu Wang 1984). The development of 
tidal blind channels or lagoons that have had a 
similar appearance to recent delta systems 
(Hood 2006) is a typical character of estuarine 
systems. The abundance of very large randomly 
oriented and well-preserved leaves in the Lunz 
flora suggests minimal transportation of the 
plant material. The plants consequently may 
have grown close to (inshore) waters where the 
leaves directly were shed into water, and did 
not drift far away. The rifting seaway may have 
produced estuarine systems with temporary 
marine flooding and evaporation that did not 
have any sound influence on the climate. 

 

Dipnoans.—The occurrence of flying dipnoans 
(lungfishes) in the marine layers of the Lunz 
Formation (Teller 1891; Abel 1906), whose mo-
dern relatives, however, dwell in distinct shal-
low freshwater habitats, supports the periodical 
presence of seawater and a paralic basin that 
periodically provided environmental conditions 
for those specially adapted fish species (Sawyer 
1972). Lungfishes can survive for longer periods 
of time in very little or even without water. 
They can periodically stay out of water and 
breathe in the air, and thus are adapted to la-
goonal environments. Both marine and fresh-
water fossils of dipnoans (lungfishes) are known 
(Abel 1906; Dasch & Campbell 1970). 
 
Adaptations of the plants.—The presence of xero-
phytic epidermal and cuticular features in most 
of the plants from the Lunz flora may suggest 
that the plants lived in xeric habitats. This may 
at first not be consistent with the inferred over-
all humidity in the Carnian Lunz region. How-
ever, these features may also be interpreted as 
stress-induced adaptations that indicate the 
presence of sustained winds and/or saline air 
(Krings & Kerp 1998), which are typical in coa-
stal or estuarine areas. Plants that do not grow 
directly in tidal flats but close to seawater may 
also be adapted to salinity transported by wind. 
Moisture availability in coastal habitats may 
have been further reduced by intensive solar 
radiation (high-light environment) and the os-
motic effect of elevated soil and ground water 
salinity. The strong linear venation of the leaves 
of some plants (i.e. Glossophyllum florinii and 
Pseudoctenis cornelii), along with striate rachi-
des, may have been effective in directing rain-
water (freshwater) toward the base of the leaf. 
The preservation of the cuticles and their ro-
bustness may suggest that the leaves of several 
of these plants were coriaceous and perhaps 
similar to the leaves of modern cycads, olean-
der, sea lavender or rubber trees. The latter are 
adapted to a drier or saline environment (Fahn 
& Cutler 1992). 
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Nearly all of the taxa described in the pre-
ceding chapters display sunken or slightly sun-
ken stomata. Moreover, several have stomata 
that are covered by overarching papillae. The 
papillae provide for the reduction of excessive 
water loss through the stomata, which may be 
caused by persistent wind. Sunken stomata 
that are partially covered by papillae are often 
associated with other xeromorphic features in 
extant plants, and found in plants that live un-
der arid conditions (Hutchings & Saenger 1987). 
Papillae are present on the leaf surfaces of 
nearly all analysed taxa, and may additionally 
have reduced wind speed directly on the leaf 
surface. It is very likely that the adaptations to 
xeric habits also have been developed due to 
the seasonal aridity, which is suggested to have 
affected the plants in the Lunz ecosystem. For 
example, many extant epiphytic orchids also 
display certain xeric adaptations (sunken sto-
mata, robust cuticles), but often lived in humid 
environments of the tropics and sub-tropics. 
They are exposed to seasonal aridity or drought 
stress due to their epiphytic pattern of living. 

Today, the regions of the Tropics, where the 
Lunz flora was located during the Carnian, are 
characterised by a distinct seasonal climate with 
a long dry season and a short rainy season. This 
climate may be considered to have also been 
present comparatively in the Carnian. Hence, 
adaptations to seasonal aridity, independent 
from duration, are inevitable for the plants but 
do not exclude the presence of a more humid 
environment in general. 

The formation of micro-relief structures on 
the leaves of several plants (e.g. Pterophyllum 
filicoides, P. brevipenne and Glossophyllum flori-
nii) may then again represent an adaptation to 
increased humidity and seasonal rainfall. The 
surface ornaments may have reduced leaf wet-
tability to prevent the formation of a water film 
on the leaf surfaces, which could adversely affect 
the uptake of CO2 (Barthlott & Neinhuis 1997), 
and thus decrease the efficiency of the photo-
synthetic activity. The longitudinal orientation 
of the striae possibly enabled the directed 

water run-off of the leaf. The water was either 
directed to the plant (apex) if the leaves were 
positioned upright or oriented to the leaf apex 
and away from the plant if the leaves were han-
ging down. In addition, surface ornaments may 
have provided for or enhanced the self-clea-
ning effect of the leaves (Barthlott & Ehler 1977; 
Pal et al. 2002). Remaining dust particles may 
increase the surface temperature of the leaves 
(Eller 1977), while salt particles may cause ir-
reparable injuries to the leaf tissue (Delahaut & 
Hasselkus 1999). If the running-off of water drop-
lets is facilitated, the harmful effects of such 
particles remaining on the leaf surface are re-
duced because they were washed off by the re-
pelling water droplets. The latter is, in turn, an 
adaptation to air contamination caused by wind, 
wave spume or marine evaporation. 

Another aspect contributing to the sugges-
tion of an estuarine or tidal habit is the presen-
ce of matoniaceous and gleicheniaceous ferns 
(Stur 1885; Krasser 1909a). They are construed 
to indicate pioneer plant vegetation in coastal 
areas due to their comparable adaptations (Van 
Konijnenburg-van Cittert 2002). The presence 
of ferns in the Lunz flora indeed may be inter-
preted as pioneer plant vegetation in a lagoo-
nal lowland setting. 
 
Insects.—The presence of possible odonate eggs 
on the leaves of Nilssoniopteris plants suggests 
that these leaves overhang open water surfaces 
because odonate larvae must drop directly into 
water after hatching. Hence, these plants must 
have been more or less tree-like (possibly mem-
bers of the Williamsoniaceae) with longer bran-
ches that overhung the water surface. Larvae of 
extant Odonata develop in freshwater. This may 
indicate that freshwater bodies must have been 
present in the region. Imagos of Odonata are 
also mainly confined to humid environments or 
open waters, respecttively. Though the detec-
tion of egg shells assigned to reticulated beetles 
on leaves of another species of Nilssoniopteris 
does not directly point to a humid environment, 
it substantiates the presence of humidity be-
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cause cupedid beetles are today often found in 
large numbers on rainforest trees. Moreover, it is 
interesting to note that the eggs and imprints 
on Nilssoniopteris leaves seem to display a kind 
of host specificity. Host specificity (e.g. in herbi-
vorous beetles) is today particularly abundant in 
the Tropics (Ødegaard 2003). 
 
Bennettitalean ecology.—The exact ecological re-
quirements of bennettitaleans remain unknown. 
Bennettitaleans are quite similar to cycads in 
overall morphology. Extant cycads grow in the 
more arid regions of the tropics and sub-tropics 
with cold winters; they are able to grow on 
sand or rock, one species even as an epiphyte. 
They are mainly adapted to xeric habits. Some 
species are halophytic or accept Salinity in their 
environment (Norstog & Nicholls, 1997). Pre-
supposed that the macromorphological simila-
rity is an adaptation to surrounding climatic 
and environmental factors, it is possible to en-
vision that bennettitaleans may have had si-
milar ecological requirements as cycads. The 
analysis of the Lunz flora yielded several results 
suggesting that bennettitaleans may have had 
other, perhaps more advanced demands on 
their environment (as mentioned above: seaso-
nal humidity, swampy habits or habits close to 
inshore waters, acceptance of direct salinity- or 
periodical water-stress in lowland coastal 
habitats) (cf. Cleal & Rees, 2003). 

 
Stability of the environment.—Presence of coal 
seams indicates that the environment in the 
Carnian Lunz area was stable for longer periods 
of time, which enabled the accumulation of lar-
ge amounts of plant material. Today the most 
stable (continental) environments are found in 
the Tropics. Large amounts of coal originate 
from peat, which may be formed mainly in non-
marine environments but also may undergo 
marine ingressions. Formation of peat requires 
special conditions, including minimal oxidation 
and bacterial decay. The latter usually occur in 
swamps or peat-bogs with a high groundwater 
table, reduced oxygen supply and low pH values. 

Species in an unstable environment must first 
adapt to the changing environment before they 
can specialise. As a consequence, the community 
initially is relatively poor in species number. Un-
der stable environmental conditions, which may 
include regular seasonal changes, species may 
adapt to one another. This process effects spe-
cialisation and occupation of many almost non-
overlapping ecological niches, and allows the 
coexistence of many species (Sanders 1968). 
Hence, stable environments favour specialisa-
tion and increasing biodiversity. The Lunz flora 
shows a relatively high species diversity and 
number of individual species of different plant 
groups along with relatively high intrageneric 
diversity concerning ferns, seed plants, ginkgo-
phytes and conifers (Stur 1885, 1888; Krasser 
1909a, 1909b; Kräusel 1943, 1949, 1952; Dobru-
skina 1998). It may indicate that relatively stable 
environmental conditions have perhaps con-
trollled the Lunz ecosystem.  

 
Conclusive remarks.—Summarising the various 
aspects concerning adaptation of the plants and 
the surrounding parameters (i.e. climate, habi-
tat, environmental and ground conditions and 
plant/environment-interactions), and relating 
these aspects to comparable extant ecosystems 
in similar latitudes, it may be suggested that 
the Lunz flora grew in a relatively stable envi-
ronment. This environment may have been 
characterised by a humid climate with intermit-
tent or seasonal periods of drought. It is sug-
gested that the plants thrived in an estuarine 
lowland setting close to a lentic freshwater la-
goon. The lagoonal site may have been part of 
a riverine delta system with aerial marine influ-
ences and sustained windy conditions. 

In modern semi-arid to arid areas, wetlands 
are particularly significant with regard to pre-
serving biodiversity (Bacon 1997). This function 
is important not only within wetlands, but also 
surrounding ecosystems (cf. Greb et al. 2006). 

Interpretation of the flora from Lunz as kind 
of sub-tropical rainforest-like floras is unsup-
ported. However, Burnham and Johnson (2004) 
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compiled a set of parameters that characterise 
tropical rainforests, and may be recognisable in 
fossil plant assemblages. Several of these para-
meters are present in the Lunz flora and its in-
ferred palaeoecology. The parameters of Burn-
ham and Johnson (2004) include (1) plants gro-
wing in low elevations; (2) relatively high spe-
cies diversity within the flora; (3) a higher abun-

dance of large-leaved plants along river (fresh-
water!) meanders; (4) high abundance of large-
leaved plants in general and plants with entire-
margined mesophyllous leaves; and (5) increa-
sed diversity of plant/animal-interactions. High 
biomass production and sequential shedding 
of leaves are the only two parameters that can-
not be directly documented in fossil floras. 

 
 

THE HIGH ABUNDANCE OF BENNETTITALEANS IN LUNZ AND THE RADIATION OF THE BENNETTITALES  

What makes the Lunz flora even more signify-
cant is the high abundance of bennettitaleans. 
This is reflected by several species at least two 
genera (i.e. Pterophyllum and Nilssoniopteris) 
that depict an abrupt mass occurrence of ben-
nettitaleans. Stratigraphically older deposits 
have to date only sporadically contributed to 
the fossil record of these two genera. The ben-
nettitaleans from Lunz are not only represent-
ted by one or two fossils; rather, the leaves of 
Pterophyllum and Nilssoniopteris are the most 
abundant fossils in the Lunz assemblage. This 
suggests that several bennettitaleans locally 
became relevant elements of the vegetation 
early in their evolutionary history. However, 
the factors that caused or facilitated this sud-
den success of the bennettitaleans remain elu-
sive. It seems that the contemporaneous flora 
from Neuewelt produces similar abundances 
(personal observation). The early evolutionary 
history or the high abundance of bennettita-
leans may produce a biased picture, since it 
may be related to the relatively poor record of 
plant fossils from lower Triassic deposits. It 
cannot be excluded that earlier representa-
tives of the bennettitaleans may be discove-
red in future, but to date no certain fossils or 
similar mass occurrences are known. Misinter-
pretation or misidentification of fossils from 
earlier floras may perhaps add to this problem. 

On the other hand, biological factors may 
have played a major role in the sudden success 
of the bennettitaleans in the Late Triassic:  

 

Flowers.—Certain changes in the biology or eco-
logy of some bennettitaleans may have occur-
red during the Late Triassic that enabled the 
sudden local high abundance. This possibly re-
sulted in an “explosive adaptive radiation” that 
may form the basis for rapid evolutionary chan-
ges in the Bennettitales. Alternative or impro-
ved reproduction and dispersal strategies may 
have evolved that allowed rapid colonisation of 
new habitats, ecological niches or regions by 
large numbers of individuals. One important 
hypothesis with regard to the sudden increase 
of bennettitaleans concerns the appearance of 
bisexual bennettitalean “flowers”. In bisexual 
plants, both male and female reproductive 
structures co-occur in one individual. Thus, this 
individual plant is twice as effective as, for in-
stance, a dioecious cycad. Bisexuality may the-
reby considerably increase the rate of repro-
duction. The work on the fructifications in the 
Lunz flora, their relation to Bennettitales as well 
as their adaptive functionality is still in progress. 
Wind-pollination is suggested to be the ances-
tral mode of pollination in gymnosperms, but 
the derived mode in angiosperms (Owens et al. 
1998). Hence, wind-pollinated bennettitalean 
“flowers” may be an additional indicative for 
the Bennettitales from Lunz to be one of the 
earliest occurrences of bennettitaleans. 
 
Beetles.—It has been hypothesised that, since 
the Late Triassic, beetles became increasingly 
important as pollinators for several groups of 
bennettitaleans (Crowson 1981; Lawrence & 
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Newton 1982). This is based primarily on the 
fact that the earliest representatives of the 
modern beetles appeared in the early Late Tri-
assic, and subsequently diversified during the 
middle and late Late Triassic (i.e. Cupedidae, 
Trachypachidae and Staphylinoi-dea; cf. Grimal-
di & Engel 2005; Labandeira 2006). Since the 
pattern of the early evolution of modern bee-
tles, especially the reticulated beetles (Cupedi-
dae), seems parallel to that seen in the Bennet-
titales, it seems plausible to suggest that closer 
co-evolutionary relationships existed between 
the beetles and Bennettitales (Sitte et al. 1998; 
Grimaldi & Engel 2005). Noteworthy in this con-
text is the discovery of small insect eggs on se-
veral leaf fossils from Lunz. The egg shells are 
structurally similar to eggs produced by mo-
dern reticulated beetles. The increasing diver-
sity of cupedids and other beetles during the 
Late Triassic may have provided beetle-pollina-
ted bennettitaleans with a reproductive advan-
tage over wind-pollinated forms that may have 
been common in Cycadales. This advantage 
may eventually have resulted in contemporary 
evolutionary success of certain bennettitaleans. 
 

Vertebrates.—Larger plant-feeding land verte-
brates became increasingly abundant during 
the Late Triassic (e.g. Benton 2004). They may 
also have affected reproduction and dispersal 
of the Bennettitales. Some of these plant-fee-
ding animals might perhaps have fed on ben-
nettitalean “fruits”. Several of the reported 
“fruits” assigned to Bennetticarpus had the size 
of apples, and may have had a sarcotestal rind. 
One of the Bennetticarpus “fruits” shows a pos-
sible dehiscence area (Figure 5), and thus is as-
sumed to have been shed at maturity. Sarco-
testae in extant fruits are mostly colourful, and 
often produce a distinct odour to attract larger 
animals. It is possible that Bennetticarpus and 
other Carnian “fruits” of bennettitaleans may 
have profited from similar strategies. If the seeds 
remain intact after having passed through the 
digestive tract, plant-feeding vertebrates may 
have contributed to the long-distance dispersal 
of bennettitaleans, and thus assisted in the 
colonisation of new territories. 
 
Concluding hypothesis.—The presumed “explo-
sive adaptive radiation”, along with a repro-
ducetive and dispersal advantage of the ben-
nettitalean species, significantly may have affec-
ted the floristic composition of this region. Over-
all diversity of adjacent regions on several taxo-
nomic levels may have been increased. The se-
veral aspects summarised above including pos-
sible advantageous adaptations to the prevai-
ling environmental conditions may have affect-
ted the development of the bennettitaleans in 
their early history, and provided a basis for the 
evolutionary success of this group of plants. 
This may also have had phytogeographical con-
sequences for contemporary and later floral de-
velopments in the Late Triassic (Rhaetian) and 
the Lower–Middle Jurassic of Laurasia. 

 
 
 
 

 
Figure 5. Bennetticarpus wettsteinii with possible dehiscence area; specimen 
SPO F/0072; scale bar — 5 mm. 
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RESEMBLANCE TO YOUNGER MESOZOIC AND JURASSIC FLORAS  

The Lunz flora contains a number of elements 
that are regarded as typical for Rhaetian and Lo-
wer–Middle Jurassic floras (Nathorst 1876, 1878–
1886; Johansson 1922; Harris 1932a, 1932b, 1946, 
1961–1979; Lundblad 1950; Kelber 1998). Typi-
cally Rhaetian and Jurassic seed plants are repre-
sented by members of the Cycadales (i.e. Pseu-
doctenis, Nilssonia and Ctenis), Bennettitales (i.e. 
Pterophyllum, Anomozamites, Ptilozamites, Oto-
zamites and Nilssoniopteris, Ginkgoales (i.e. Gin-
kgo, Sphenobaiera and Baiera) and Coniferales 
(i.e. Brachyphyllum, Pagiophyllum and Stachyo-
taxus). Lunz provides to date the first unequivo-
cal appearances of genera, which are very com-
mon and widespread in the Rhaetian–Jurassic 
(i.e. Nilssonia, Pseudoctenis, Pterophyllum and Nils-
soniopteris). It is remarkable that some of these 
genera are each represented by several species 
in the Carnian from Lunz: Nilssonia is represent-
ted by up to four species, Nilssoniopteris is com-
prised of three sound species, and Pterophyllum 
is represented by two distinct species. Pseudocte-
nis cornelii, the only species of this genus from 
Lunz, represents the earliest unequivocal eviden-
ce for this genus from the European Triassic. 

Conifers, which have not been included in 
this study, are represented by one species of 
the genus Stachyotaxus in the flora from Lunz 
(Stur 1885; Kräusel 1949) and by another in the 
flora from Neuewelt (Kräusel 1952). Stachyo-
taxus is relatively common in the Rhaetian of 
Greenland and Scania (Harris 1935; Johansson 
1922). Unfortunately, the epidermal anatomy of 
Stachyotaxus from Lunz is poorly known to 
date. Thus, its systematic position remains un-
clear to date; Kräusel (1949, 1952) avoided the 
discussion, and only assigned the form to the 
conifers. The Lunz fossils macromorphological-
ly resemble extinct as well as extant members 
of the Araucarian tribe (Cantrill 1992; Jones et al. 
1995; Chambers et al. 1998). Araucarians had 
their maximum diversity in the Jurassic and 
Cretaceous, when they still were globally distri-
buted. The allocation of the reported ginkgo-

phytes from Lunz (Ginkgoites, ?Desmiophyllum; 
Kräusel 1943) remains also unclear, since their 
epidermal anatomies are also unknown to date. 

It was generally suggested that a major flo-
ristic change took place after the Carnian and 
before the Rhaetian (Kerp 2000) because Rhae-
tian floras show a much more modern aspect 
than Carnian floras. Rhaetian floras are much 
more similar to Jurassic floras than to older Tri-
assic floras (Kelber & Hansch 1995; Kelber 1998). 
This is also reflected in the evolutionary history 
of ferns and conifers: The first major occurrence of 
leptosporangiate ferns (e.g. Dipteridaceae and 
Matoniaceae) or conifers (e.g. members of the 
Cheirolepidiaceae) was in the Rhaetian (Alvin 1982; 
Kelber & Hansch 1995; Kerp 2000). This is also evi-
denced by the palynological record, as the first 
real abundance of cheirolepidiaceous pollen is 
recorded from the Rhaetian (Visscher & Brug-
man 1981; Traverse 1988). However, this may 
be weakened by the following observations: 

Earliest Dipteridaceae already occur in the 
Middle Triassic of eastern Australia (Herbst 1979; 
Webb, 1982) with the earliest European occur-
rences in the middle Carnian of Franconia (Kel-
ber & Hansch 1995). Representatives of this fa-
mily are also known from Lunz (Stur 1885). More-
over, other representatives of Gleicheniopsida 
have been recorded from the Carnian of Lunz 
(i.e. Matoniaceae and Gleicheniaceae; Stur 1885) 
as well as from the Carnian Chinle Formation of 
North America (Ash et al. 1982; Ash 2005). In 
addition, putative cheirolepidiaceous conifers 
have been reported from Carnian strata (i.e. Pa-
giophyllum form the Chinle Formation of North 
America; Ash 1970). Other conifers have already 
rarely been present in Carnian floras (see above). 
Consequently, there exist several indications 
for a more gradual floristic change in the Late 
Triassic floras that must not be overlooked. 

Unfortunately, Norian vegetation is only poorly 
known because Norian macrofloras are very rare. 
In addition, most Norian floras are dominated by 
conifers (Kelber & Hansch 1995; Ash 1999). 
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Depicting the analogies between the Lunz 
flora and its pre-Rhaetian and post-Carnian re-
latives reveals that a gradual change in the 
composition of Late Triassic (Carnian–Rhaetian) 
floras is more likely than a major floristic turn-
over that has been suggested by several scho-
lars (e.g. Kelber & Hansch 1995; Kelber 1998; 
Kerp 2000). To what extent the environmental 
changes in the Late Carnian contributed to 
these changes, can only be estimated based on 
comparisons with developments in compara-
ble extant ecosystems. Most studies on recent 
floristic changes mainly deal with invasions of 
dominating alien species, and therefore, are 
only sparsely suitable for comparison.  

The high abundance, not only of the ben-
nettitalean representatives but also of the Nils-
sonia species, and the relatively common oc-
currence of these species in the Lunz (and per-
haps Neuewelt) flora add another aspect to the 
significance of these floras concerning a more 
complete understanding of the vegetational 
changes, evolutionnary innovations and major 
phytogeographical and developmental proces-
ses in the Late Triassic. Local mass occurrence is 
a basis for the establishment of successfully re-
producing populations, which then, in a period 

of more stable environmental conditions, have 
the potential to colonise different ecological ni-
ches. Establishment of niches again provides fur-
ther diversification of the relevant plant groups. 
A comparison with several Rhaetian and Juras-
sic floras, in which, indeed, several genera show 
a greater diversity than in the Lunz flora, contri-
butes to the estimation of evolutionary and ad-
aptive processes that generated the outstan-
ding success of several groups of plants. 
 
Concluding remark.—As a result, the Lunz flora 
apparently represents a mixture, in which typi-
cal elements of older Mesozoic, i.e. pre-Rhae-
tian, floras co-exist with forms that are charac-
teristic elements of younger and more modern, 
post-Carnian floras. In addition, several recent 
studies suggest that several plant groups and 
genera evolved much earlier in the Triassic than 
previously thought (Wachtler & Van Konijnen-
burg-van Cittert 2000; Broglio Loriga et al. 2002; 
Passoni & Van Konijnenburg-van Cittert 2003; 
Kustatscher et al. 2004; Kustatscher & Van Ko-
nijnenburg-van Cittert 2005). Therefore, it may 
be concluded that, within the Triassic, the floral 
composition changed gradually instead of a 
major floral turnover. 

 
 
FUTURE PERSPECTIVES I: FRUCTIFICATIONS AND WHOLE-PLANT-TAXA 

Overview.—The most remarkable aspect of the 
Lunz flora is the relatively high portion and di-
versity of male and female fertile cycadophyte 
remains. The Lunz flora has yielded a wide va-
riety of well-preserved fossils described as fruc-
tifications assigned to cycadalean, bennettita-
lean and ginkgoalean species, respectively (Kras-
ser 1916, 1917, 1919; Kräusel 1943, 1948, 1949, 
1953; Langer 1943, 1945). The most reputed fos-
sils are Diooniticarpidium, Haitingeria, Westers-
heimia, Sturiella, Bennetticarpus, ?Pramelreuthia 
and ?Antholithus. A bias is recognised in the 
allocation of these fossils: Distinct cycadaleans 
are represented only by two species of macro-
sporophylls of the genus Dioonitocarpidium (i.e. 

D. keuperianum and D. liliensternii). This does 
not really concur with the very common occur-
rence of cycadalean foliage from Lunz. In con-
trast, bennettitalean reproductive structures are 
represented by a wider morphological diversity 
[i.e. distinct: Haitingeria krasseri (male), Bennetti-
carpus wettsteinii (female, “fruit”), Sturiella lan-
geri (bisexual “flowers”); putative: Westershei-
mia pramelreuthensis (male), Pramelreuthia ha-
berfelneri (male)], which much better matches 
the wide variety and high abundance of ben-
nettitalean leaf fossils. Antholithus is to date as-
signed to the Ginkgoales (Kräusel 1943; Xiu-Qun 
Liu et al. 2006), but its allocation is not accep-
ted throughout (Fry 1955; Taylor et al. 2006). 
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The allocation of the only admissible sterile gin-
kgophyte leaf morphotaxon Glossophyllum flo-
rinii remains elusive, too (Doweld 2000). 
 
Potentials.—The allocation of the fructifications 
from Lunz to the various plant groups is not en-
tirely clarified, and often continues to be deba-
ted (e.g. Langer 1943; Crane 1985; Ash & Litwin 
1996). The problem in assigning the reproduce-
tive structures to sterile foliage is due primarily 
to the facts that cuticles remain unknown for 
most of the reproductive structures. Others struc-
turally do not fit general bennettitalean fructify-
cation systems or represent isolated parts of “flo-
wers”. However, it has to be taken in account 
that the bennettitaleans from Lunz seem to be 
the earliest distinct record of this plant group, 
and thus their reproductive structures may re-
present precursory forms of the established 
bennettitalean reproductive structures that are 
known from several Jurassic deposits (e.g. Har-
ris 1932a, 1932b, 1969). There are several indi-
cations that most of the “fruits” and “flowers” 
were shed at maturity, and hence are found as 
isolated parts. The main focus of the forth-
coming studies and analyses of Lunz plants in-
cludes clarification of the epidermal anatomy 
of the reproductive structures. Based on these 
results, the isolated sterile and fertile parts will 
be combined and reconstructions of the repro-
ductive structures may be possible. Moreover, 
the exact knowledge of the structural composi-
tion of the cycadophyte fertilia contributes to 
or allows assumptions of reproductive modes 
(i.e. zoochoric or anemochoric) and strategies. 
 
Whole-plant-taxa.—When including the results 
from the cuticular analyses of the present study, 

it is also possible to reconstruct so-called whole-
plant taxa (Kerp 1990). The reconstruction of 
whole-plant-taxa is one of the most important 
aims of palaeobotanical research. Systematic as 
well as phylogenetic observations require the 
consideration of the individual species as com-
plete biological units. Therefore, “natural units” 
(i.e. sound species and not morphotaxa) are re-
quired. Since most of the parts of fossils plants 
are found isolated, a reconstruction of the sour-
ce plant is necessary. The reconstructions also 
allow different palaeobiological and -ecological 
implications of the individual plants, species 
and the entire flora. Because most of the seed 
plants display characteristic epidermal anato-
mies, the knowledge of the epidermal anatomy 
is inevitable. Affiliation of leaves and reproduc-
tive structures to one and the same individual 
plant or species is often only possible based on 
correspondences in the epidermal anatomy of 
leaves and reproductive structures.  

Assignments of the sterile leaves and the 
relating fructifications have never been con-
ducted for Lunz plant fossils before. This may 
be due to the fact that no detailed study of the 
sterile leaves was present to date, and epider-
mal anatomies of most of the plants remained 
unknown. The results of the present study now 
provide an extensive set of heretofore largely 
unavailable data for the reconstruction of seve-
al of the seed plants in the Lunz flora. In the 
light of the phylogeny and radiation of the Ben-
nettitales, the Lunz flora receives distinct signi-
ficance with regard to the knowledge of whole 
plants, their growth habit and reproductive mo-
des. Reconstructions may furthermore contribu-
te to the understanding of the phylogeny and 
the palaeobiology of other plants from Lunz. 
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FUTURE PERSPECTIVES II: SYSTEMATICS AND ECOLOGY 

Ferns.—The Lunz flora also comprises several 
ferns and fern allies (Stur 1885; Krasser 1909a, 
1909c) that are known to science in the form of 
Latin diagnoses, and contain several new gene-
ra and species. No figures illustrate these taxa 
to date, and consequently, they are practically 
unknown. The systematic clarification of the 
fern and sphenophyte taxa from Lunz is impor-
tant, and will be one of the forthcoming pro-
jects concerning the research of the Lunz flora. 
Moreover, the investigation of the fern flora 
may add additional details to the understand-
ding of the environmental conditions that af-
fected the growth and the interactions of the 

Lunz plant assemblage, since ferns have dis-
tinct environmental requirements (cf. Van Ko-
nijnenburg-van Cittert 2002). Moreover, most 
ferns and fern allies from Lunz represent herba-
ceous plants that colonised the ground where-
as most of the seed plants along with some 
putative tree ferns (e.g. Asterotheca merianii) or 
large sphenophytes (i.e. Neocalamites) seem to 
have been arborescent representatives. How-
ever, the size and habit of the cycadophytes 
from Lunz was not comparable to extant trees 
or large cycads, but rather to smaller shrubs or 
smaller to medium cycads like Encephalartos, 
Zamia or Chigua representatives. 

 
Table I. Synopsis of the taxa names given by Stur (1885) and Krasser (1909a, 1909b) with their previous affinities and their revised names and affinities by means of 
the present study. 
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The value of cuticular analyses.—Cuticular analy-
sis contributes considerably to the systematics 
of fossil plants, and may also be important in 
inferring the phylogeny of seed plants. The 
description of high-confidence bennettitalean 
species, the differentiation between cycadalean 
and bennettitalean species and the resulting 
discovery of the cycadalean representatives de-
monstrates the value of cuticular analysis. The 
phylogenetical significance of species is the hi-
gher the more complete the ascertainable in-
formation about the species is. Moreover, this 
study revealed that the information gathered 
from the cuticles produces the best results in 
combination with the macromorphological traits 
of the plants (i.e. the discrimination between 
Nilssonia and Pterophyllum species). 

The cuticle studies revealed that the status of 
many of the foliage “species”, which were estab-
lished based exclusively on macromorphological 
features, is not supported by the epidermal ana-
tomy. Stur (1871, 1885) and Krasser (1909a, 1909b) 
gave in their lists and descripttions 15–18 cycado-
phyte species (mainly Pterophyllum species; the 
name Pterophyllum at least suggests bennettita-
lean affinities of these fossils). Indications for the 
cycadalean nature of some of these fossils are 
only found in Krasser (1909b) with the renaming 
of Pterophyllum irregulare into Nilssonia sturii. 
Today, only two sound Pterophyllum species and 
five cycadalean species are present in the Lunz 
flora. The bennettitaleans are in turn completed 
by three distinct Nilssoniopteris species (Table I), 
which were previously classified as marattialean 
ferns (Stur 1885; Krasser 1909a). Former ferns (i.e. 
Macrotaeniopteris) are now accommodated in the 
bennettitaleans, several former putative bennetti-
talean species are now assigned to the cycada-
leans. The taxonomy of compression plant fossils 
has consequently to be treated very carefully 
without considering the cuticles, mainly if cuticles 
are obviously present. This is also reflected in the 
incongruity in defining distinct generic characters 
to discriminate foliage (morpho-)genera, which 
caused considerable confusion in the past. 

These changes may have distinct effects on 
derived phylogenies of gymnosperms when fo-
liage is included in the analyses (cf. Rayfield et 
al. 2005). Assessing the allocation of the fertile 
elements from Lunz to (1) different orders and 
genera and (2) to the foliage, may also contri-
bute to clarifying the origin and radiation of 
Late Triassic gymnosperms. The taxonomic and 
systematic changes will be included in forthco-
ming analyses inferring phylogenetic relation-
ships of the Lunz plants including the fertile 
elements and possible whole-plant-taxa. 

 
Juvenile leaves.—Another aspect that may have 
some influence on our understanding of the re-
lationship between bennettitaleans and cyca-
daleans may be the first ever record of the de-
velopment of a bennettitalean leaf. The mode 
of development is similar to that seen in extant 
cycads (e.g. Cycas circinalis). Development of 
leaves is an ontogenetically determined pro-
cess. The macromorphological similarities bet-
ween cycadalean and bennettitalean foliage 
raise the question as to whether the correspon-
dence is superficial and restricted to overall 
architecture, or the leaves of both groups of 
plants also display similar development, and 
consequently, a derived character (apomorphy). 
To what extent this apomorphy influences new 
phylogenies that infer the relationships of Ben-
nettitales and Cycadales in relation to other 
seed plant groups remains to be seen, when 
the feature is included in phylogenetic analyses. 
This again emphasises the importance of the 
Lunz flora itself as well as underlines the conse-
quences of cuticular analyses. Further cuticular 
investigations may possibly reveal additional 
information of the development of the leaves 
of other genera (e.g. Leguminanthus). 
 
Quality and quantity.—Several fossil floras show a 
high degree of generic diversity through different 
plant groups and orders. However, these genera 
often are represented by only a single or two spe-
cies, which in turn are often represented by one 
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or two fossils. It cannot be denied that this also 
applied to the (former) classification of fossils in 
the Lunz flora. Consequently, this depicts a biased 
view of the composition of the flora. The quantity 
and relative abundance of representatives of a 
distinct flora is often not mentioned, and thus 
diversity is inferred only based on counting repor-
ted and described genera and species that do of-
ten not reflect the real composition of the rele-
vant flora (cf. the abundance of the Pterophyllum 
and Nilssonia representatives in the Lunz). The 
consequence is that, for instance, for the Lunz 
flora, a high abundance of bennettitaleans can be 
documented even if the number of species is low. 
This will probably also be reflected in the flora 
from Neuewelt near Basel; the study of this 
flora will be included in the following investiga-
tions on the Lunz plant assemblage. Thus, con-
sidering of the number of fossils of each genus 
or species adds other useful information, i.e. 
before the background of assuming environ-
mental circumstances or the reproductive po-
tential of a fossil flora and its consequential im-
pacts on the floral composition of slightly youn-

ger floras. In addition, the possibilities to com-
pare several coeval floras or floras of different 
ages can be generally more standardised. 
 
Floral exploration.—The Tethys seaway was a 
part of the Mesozoic rifting within the super-
continent of Pangaea (Kent & Olsen 2000). Se-
veral other early Mesozoic rift or coastal basins 
from the northern hemisphere are well-known  
[i.e. the Newark Supergroup Basin along the 
United States east coast including the Fundy 
Basin of Nova Scotia (e.g. Fowell & Traverse, 1995; 
Wade et al. 1996; Olsen 1997; Kent & Tauxe 
2005), the Western Morocco Synrift Basin close 
to Essaouira in southern Morocco (e.g. Piqué & 
Laville 1993; Le Roy et al. 1997; Olsen 1997) and 
the Carnian successions in the Northern (Lunz, 
Neuewelt) and Southern Alps (Cave del Predil, 
Raibl)] (cf. Figure 6). All these successions are of 
comparable or related age (e.g. Traverse 1985), 
and some of them have yielded relatively well-
preserved plant fossils. Based on detailed syste-
matic and palaeoecological analyses of these 
floras an overall comparison can be inferred. 
Consequently, differences or similarities in the 
composition of the floras between and within 
groups of plants can be documented. Hence, 
the floras may biostratigraphically be compara-
ble and very useful in the correlation of North 
American and European sections. The compari-
son of the assumed environmental require-
ments of the individual floras contributes not 
only to the understanding of the floral develop-
ment during the early Late Triassic, but also to 
overall reconstructions of climatic situations 
within this period and region and the ongoing 
discussion of the “pluvial event” or the more 
zonal climate of the Julian–Tuvalian times. 
 
Neuewelt.—The most important flora that will 
be studied following the Lunz flora (cuticular 
analyses, taxonomic review, palaeoecological 
considerations) is the coeval flora from Neue-
welt near Basel, Switzerland (e.g. Heer, 1877; 
Leuthardt 1903, 1904; Kräusel & Leschik 1955, 
1959; Kräusel & Schaarschmidt 1966). This flora 

 
Figure 6. Mesozoic rifting area within the supercontinent Pangaea (mean 
Late Triassic), with the locations and localities mentioned in the text (modi-
fied after Kent & Olson 2000; Rayfield et al. 2005). a, Chinle Formation; b, Ne-
wark Supergroup; c, region of Essaouira; d, Raibl Group; e, Lunz Formation; f, 
Neuewelt; g, southern Germany; h, Scania, Sweden. 
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is also composed of several bennettitaleans, 
ferns, sphenophytes and ginkgophytes, partly 
with identical or very similar species as in Lunz. 
Additional relevant features of this flora are the 
apparent conformity of the sediment that pre-
served the fossils, the similar state of presser-
vation of the fossils and of the quite similar 
abundance of the material. For instance, cyca-
daleans from Neuewelt are similarly sparsely 
reported as they were previously from Lunz. 
Marattialean ferns are known from Neuewelt 
that resemble the Nilssoniopteris species from 
Lunz (Leuthardt 1904). The present re-investi-
gation conspicuously converted the picture of 
the Lunz flora. It will be interesting to see whe-
ther a re-investigation of the flora from Neue-
welt produces a similar shift in the depiction of 
that flora. The Neuewelt flora is also important 
because it comprises some of the earliest re-
ports on fossil plants from the Alpine realm (e.g. 
Brongniart 1828, 1849; Heer 1865; Leuthardt 
1903). 
 
Raibl.—The area of the ‘Raibler Schichten’, now 
the Raibl Group in north-eastern Italy, is one of 
the important objects of research regarding the 
stratigraphy and geology of the Southern Ju-
lian Alps (Roghi 2004). It is very suitable for the 
stratotype of the Carnian. Within the Raibl Group, 
a relatively rich and diverse fossil macroflora is 
known since Bronn (1858) provided the first 
release about the fossils from the Cave del Pre-
dil area near Raibl (Schenk 1866; Dobruskina et 
al. 2001). Stur (1885) already compared the 
Lunz flora with the Raibl flora, but further stu-
dies on the Raibl flora were not undertaken. 
Since the age of these strata is well-known, and 
palaeoclimatological considerations have al-
ready been made (Hochuli & Frank 2000; Roghi 
2004), it represents a slightly older flora that is 
suitable for comparison with the Lunz flora. 
Unfortunately, no cuticular information of Raibl 
plants is available to date. Other related floras 
that have to be consulted in this context are 
the recently discovered Triassic plant localities 
of Mount Pora (Passoni & Van Konijnenburg-

van Cittert 2003) and Monte Pra Della Vacca in 
the Dolomites, northern Italy (Kustatscher et al. 
2004; Kustatscher & Van Konijnenburg-van Cit-
tert 2005). 
 
Newark.—Floras of the same period that were 
found in North American deposits are also of high 
relevance. The floras from the Newark Super-
group Basin (Early Carnian) at the eastern coast 
of the United States were similarly located close 
to the Tethys seaway, but closer to the equator 
than the Lunz flora. Major works on the Newark 
Supergroup plant megafossils were done by 
Fontaine (1883), Bock (1969) and, more recently, 
by Ash (1980, 2005), Ash et al., (1982) and Ax-
smith and Kroehler (1989). The fossil floras of 
the north-eastern United States appear to be 
quite well comparable to the floras from Swi-
tzerland and Austria regarding composition 
and diversity. However, hardly any cuticular 
studies on the plant fossils from Newark have 
been carried out so far (Ash 1980). Investiga-
tions of the North American floras including cu-
ticular analyses will provide new insights main-
ly in systematics and palaeoecology of these 
floras, and make these floras more comparable 
to the floras of the European Alps. 
 
Chinle.—In contrast to the floras from the Ne-
wark Basin, the floras from the late Carnian–No-
rian Chinle Formation (Arizona, New Mexico, 
Utah and Colorado; Ash 1980) were located far 
away from the coast of the Tethys seaway (Ray-
field at al. 2005). Palaeobotanical work on the 
Chinle Formation was mainly conducted by Ash 
(1970, 1989, 1999, 2001, 2005) and Ash and Lit-
win (1996). The Newark Supergroup and the 
Chinle Formation can be well correlated via pa-
lynological data (Litwin & Traverse, 1991). The 
two locations with probably different environ-
mental influences (marine vs. continental, ripa-
rian) render both floras significantly interesting 
and their correlation to European Alpine floras 
an obvious task to infer environmental influen-
ces on the floral development within the Middle–
Late Triassic. A comparison to Rhaetian floras 
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from southern Germany and southern Sweden 
may complete the picture of the floral develop-
ment and perhaps diversification patterns. 

Some unconformity and systematic incon-
gruity aspects between North American and 
European Middle–Late Triassic plant megafossils 
render the comparison of the floras a difficult 
task (e.g. Rayfield et al. 2005), but highlights the 
need for a standardised systematic approach as 
a base for further comparisons. As Rayfield et al. 
(2005) pointed out, the correlation of North Ame-
rican and western European floras from Early Tri-
assic deposits fails due to unconformity and 
peerlessness in taxonomy and/or systematics. 
These authors did not find any megafloral gene-
ra that are spatially widespread or temporally 
restricted to Middle–Late Triassic stages across 
North America and Europe. This may perhaps 
change a little, if the representatives of the dif-
ferent genera may become more comparable 
when cuticular studies are included in the 
systematic analyses of the plants. 
 
Essaouira.—Unfortunately, no Triassic floras are 
known from the North African (i.e. Moroccan) 
deposits of the High Atlas to date because this 
area is only scarcely studied (e.g. Le Roy et al. 
1997). 
 
A standard flora?—If, as Dobruskina (1989, 1998) 
tried to establish, the Lunz flora may serve as a 
standard for Carnian (and perhaps slightly older 
and younger) floras of Laurasia as are the floras 
of the Molteno Formation for the Carnian of 
Gondwana (Anderson & Anderson 1989), a com-

plete inventory of this flora is required, and the 
comparability to other floras has to be ensured. 
The latter can only be successful if comparable 
information on all the relevant floras is made 
available. Compiling differentiated and detailed 
information of macromorphological and epi-
dermal characters of the individual species as 
well as of quantity and quality of the fossils in 
combination with a more or less synoptic cata-
logue will provide a crucial template for on-
going investigations on the floral development 
of the Middle–Late Triassic in Western Europe 
and south-central North America. If the Lunz 
flora may serve as a standard, will be revealed 
by the ongoing analyses of the Lunz flora itself 
and by the investigations of several adjacent 
and coeval floras. 
 
Conclusive remark.—The present study docu-
ments the importance and usefulness of cuticu-
lar analyses for the understanding of fossil floras 
and their constituents. Mainly the taxonomic or 
systematic revisions that became necessary after 
the analysis of the cuticles of the Lunz plant 
fossils demonstrate the significance of cuticular 
analysis. The excellent preservation of the cuti-
cles that contributed to several differrent envi-
ronmental (i.e. plant/animal-interactions and in-
teractions of plants with their unenlivened envi-
ronment) implications as well as to inferences of 
the local climate and habitats is in almost the 
same manner noteworthy. This becomes even 
more essential if plant fossils and floras are cons-
ulted in comparisons and interpretations that 
span continents or temporal periods. 
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The main object of this study was to produce a 
thorough re-investigation of the sterile foliage of 
gymnosperm seed plants (i.e. Cycadales and Ben-
nettitales) from the Upper Triassic of Lower Au-
stria by means of cuticular analysis. The previous 
taxonomic characters and systematic affinities of 
the Lunz fossils were hardly traceable. While the 
well-known fertile remains from the Lunz flora 
have already been intensively studied, the sterile 
remains, which are of excellent preservational 
condition, and yield well-preserved cuticles, did 
not receive much scholarly attention to date. 
Moreover, by the professional selling of the 
fossils in the late 19th century, the confusion in 
labelling of the fossils was even increased be-
cause no suitable detailed (and illustrated) work 
existed for classifying the fossils uniformly. 

The results obtained by cuticular analysis 
were used to (1) clarify the taxonomy of the leaf 
fossils that (2) revise the material and (3) recon-
struct aspects of the palaeoecosystem and pa-
laeoenvironmental conditions of the region 
where the Lunz flora thrived. 

In detail, several taxonomic revisions were 
conducted: The status of many of the foliage 
“species”, which were established based exclu-
sively on macromorphological features, is not 
supported by epidermal anatomy. The first 
scholars studying Lunz plant fossils, Stur and 
Krasser, listed 15–18 cycadophyte species that 
now are either assigned to Nilssonia and Pseudo-
ctenis (cycadalean foliage) or remain in Ptero-
phyllum (bennettitalean foliage). Bennettitalean 
and cycadalean foliage is primarily distinguished 
by the morpho-type of the stomata. As a result 
of the revision, only two clearly defined Ptero-
phyllum species (i.e. P. filicoides and P. brevipenne) 
and five cycadalean species (i.e. Nilssonia sturii, N. 
neuberi, N. lunzensis, N. riegeri and Pseudoctenis 
cornelii) are present in the Lunz flora. Pseudocte-
nis cornelii is a species that is new to science and 
represents the earliest record of this genus. The 

bennettitaleans are, in turn, completed by three 
distinct Nilssoniopteris species (i.e. N. haidingeri, 
N. angustior and N. lunzensis), which were previ-
ously classified as marattialean ferns. The taxo-
nomic work also proved the name of the genus 
Pterophyllum, which is one of the dominating 
cycadophyte morphogenera of the Mesozoic, 
being invalid. A proposal to conserve the name 
was posted during this study. 

Among various adaptations of the plants to 
distinct habitat and environmental conditions 
that became recognisable from the cuticles, se-
veral other aspects were revealed by the cuticu-
lar studies that may contribute to the reconstru-
ction of the assumed surroundings where the 
Lunz plants lived. A surface pattern of raised 
striae was discovered on the leaves of Glosso-
phyllum florinii. It is interpreted i.a. to reduce the 
wettability of the leaves, and thus enforce the 
controlled run-off of water droplets. Dragonflies 
and beetles are supposed to be the origin of 
insect eggs and impressions that were found on 
the cuticles of Nilssoniopteris representatives. The 
presence of these eggs allows conclusions on 
plant/insect-interactions that may have occur-
red during the Triassic as well as on the putative 
habitat of the plants, because dragonfly larvae 
have to drop into freshwater where they deve-
lop. Therefore, these leaves must have overhung 
open water surfaces of freshwater bodies. 

The cuticular investigations also revealed the 
first record of a juvenile (emerging) leaf of a ben-
nettitalean (i.e. Pterophyllum filicoides). The de-
velopment of the leaves of bennettitaleans was 
previously unknown. This aspect may influence 
our view of the relationships between Cycadales 
and Bennettitales if it is included in phylogenetic 
analyses of the higher seed plant groups. 

Summarising the several aspects of the adap-
tations of the plants and the surrounding factors 
including climate, habitat, environmental and 
ground conditions and interactions of the plants 
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with their environment (i.e. plant/animal-interac-
tions), and relating them to comparable extant 
ecosystems of similar latitudes, it may be sugge-
sted that the Lunz flora grew in a relatively stable 
environment characterised by a humid climate 
with seasonal droughts. The plants thrived in an 
estuarine lowland setting close to a freshwater 
lagoon. The lagoonal site was perhaps part of a 
riverine delta system with aerial marine influen-
ces and sustained windy conditions that enforced 
the xeric adaptations of the plants. 

Ongoing studies include the investigation 
of the fertile elements of Cycadales and Ben-
nettitales, that may contribute to the raise and 
radiation of the Bennettitales and the investiga-
tion and description of the ferns that are present 
in the Lunz flora. Comparison of the Lunz flora 
with other adjacent and coeval floras contribu-
tes to infer possible large area floral develop-
ments in the early Late Triassic as well as to the 
gradually floral changing in the Late Triassic–
Middle Jurassic. 
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Abbreviations used for the museums and collections mentioned in the text: 
 
GBA Geologische Bundesanstalt, Wien (Geological Survey of Austria, Vienna, Austria) 
JOA Landesmuseum Joanneum, Graz (State Museum Joanneum, Graz, Austria) 
MNB Museum für Naturkunde, Berlin (Museum of Natural History, Berlin, Germany) 
NAT Nationaal Naturhistorisch Museum Naturalis, Leiden (Museum of Natural History, Leiden, The 

Netherlands) 
NHM Naturhistorisches Museum, Wien (Museum of Natural History, Vienna, Austria) 
NRM Naturhistoriska Riksmuseet, Stockholm (Museum of Natural History, Stockholm, Sweden) 
PBO Forschungsstelle für Paläobotanik, Münster (Palaeobotany Research Group, Münster, 

Germany) 
RUU Laboratory of Palaeobotany and Palynology, University Utrecht, The Netherlands 
SNB Naturmuseum Senckenberg, Frankfurt am Main (Museum of Natural History, Frankfurt, 

Germany) 
SPO Niederösterreichisches Landesmuseum, St. Pölten (State Museum of Lower Austria, St. Pölten, 

Austria) 
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Table II. List of accession numbers of the specimens stored in the different collections that contributed to this study. 
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Table II. (condinued). 
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