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Abstract: This papers deals with the description of the
ferns found in the recently discovered Anisian locality of
Kithwiesenkopf (Monte Pra della Vacca). A revision of the
genera and species involved has been undertaken where
necessary. Because of transitional material found at Kiih-
wiesenkopf, the number of Neuropteridium species found
in the European Middle Triassic floras is reduced from
five to three: N. voltzii (Brongniart) Schimper, N. elegans
(Brongniart) Schimper and N. grandifolium (Schimper et
Mougeot) Compter. The fertile material attributed to this
genus is transferred from the illegitimately published genus
Crematopteris Schimper and Mougeot to the genus Scolo-
pendrites  Goeppert, in two species: S. scolopendrioides
(Brongniart) comb. nov. and S. grauvogelii sp. nov. Ano-
mopteris mougeotii Brongniart is unequivocally recorded for
the first time from Italy. Gordonopteris lorigae gen. et sp.
nov. is described for tripinnate fern fronds without the

aphlebiae typical for the bipinnate genus Anomopteris but
in which both sterile and fertile pinnule resemble closely
those from that genus. Two probable marattialean ferns
are described and recorded for the first time from the
Middle Triassic of Italy: Marattiopsis sp. and Marantoidea
sp. The nomenclature of the latter genus is discussed.
Some ferns attributed to morphogenera are also described,
namely: Sphenopteris schoenleiniana (Brongniart) Presl,
Cladophlebis remota (Presl) comb. nov. and Cladophlebis
sp. Moreover, two specimens from Kithwiesenkopf are des-
cribed under gen. et sp. indet. as we are unsure if they
are ferns or seed ferns. Similar material has been described
from the Scythian of China as Neuropteridium curvinerve
Wang and Wang.

Key words: fossil ferns, Dolomites, Italy, Middle Triassic,
Anisian.

LowER Triassic to lower Middle Triassic floras from the
German Basin have long been known (e.g. from France:
see Schimper et al. 1844; Fliche and Berger-Levrault 1910;
Grauvogel-Stamm 1978; from Germany: see Blanckenhorn
1886; Schimper 1869; Frentzen 1914; Migdefrau 1931;
Gothan 1937; Fuchs et al. 1991) but contemporary floras
from the Alpine Basin are rare. Apart from the flora of
Recoaro (de Zigno 1862; Schenk 1868) only younger Tri-
assic floras have been described, such as the Ladinian
flora from the Dolomites (e.g. Leonardi 1953; Wachtler
and van Konijnenburg-van Cittert 2000; Kustatscher et al.
2004) and Carnian floras from Austria (e.g. the wel-
known Lunz flora: see, e.g. Dobruskina 1994, 1998), Swit-
zerland (e.g. Neue Welt: Leuthardt 1903-04; Kriusel
1955, 1959; Krdusel and Schaarschmidt 1966) and Italy
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(e.g. Raibl: Stur 1885; Monte Pora: Passoni and van Kon-
ijnenburg-van Cittert 2003).

In 1999, a rich stratiform plant level was discovered
by one of us (MW) in the Anisian (lower Middle Trias-
sic) succession of Kiithwiesenkopf (= Monte Pra della
Vacca in Italian; the area is bilingual) in the Pragser
(= Braies in Italian) Dolomites, northern Italy (in the
rest of the manuscript we refer simply to Kithwiesenkopf
and Prags). It is contained in the Dont Formation,
a hemipelagic carbonate-terrigenous succession of a
marginal basin environment, and traditionally dated as
Pelsonian—Illyrian (Delfrati et al. 2000, and references
therein). Biostratigraphical analyses, based on foramini-
fers, palynomorphs, brachiopods and ammonoids, indi-
cate a Pelsonian age for the bed (I m thick) in which
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fossils are concentrated in several cm-thick layers (Bro-
glio Loriga et al. 2002). The fossil assemblage contains a
terrestrial biota, with very abundant plant remains and a
single reptile, as well as a marine biota (fishes, bivalves,
brachiopods and ammonoids).

The first report on the macroflora (Broglio Loriga
et al. 2002) provided a preliminary list of macrofloral
remains. The current paper deals in detail with the ferns
from the locality. The ferns comprise approximately 25
per cent of the fossil plant assemblage, a percentage that
is roughly the same for conifers and cycadophytes as
well; the remainder of the assemblage consists of about
10 per cent lycophytes and about 10 per cent seedferns,
while horsetails occur but are rare (< 2 per cent); some
unidentified taxa also occur in small quantities. Some
of the ferns are common in the assemblage (e.g. two
Neuropteridium species with their fertile fronds named
Scolopendrites, Anomopteris mougeotii and Gordonopteris
lorigae), some are more scarce (e.g. the Sphenopteris and
Cladophlebis species) and some are very rare (e.g. ?Ma-
rattiopsis sp. and Marantoidea). We have had to deal
with a number of nomenclatorial problems, mainly rela-
ted to some of the old publications that appeared almost
at the same time. With the help of the IAPT (Interna-
tional Association of Plant Taxonomists), we have tried
to solve these problems and apply the correct names to
all the species.

MATERIAL AND METHODS

The plant horizon crops out for several hundred metres
along steep gullies furrowing the western slope of Kiih-
wiesenkopf mountain, inside the Natural Park of Prags
(Text-fig. 1). Stratigraphically it is located in the lower
part of the Anisian basinal succession (Text-fig. 2), now-
adays called the Dont Formation (for details, see Broglio
Loriga et al. 2002). The Dont Formation of the Dolomites
is traditionally considered to be Pelsonian—Illyrian in age
(Delfrati et al. 2000, and references therein). In this sec-
tion, studied in detail by Bechstiddt and Brandner (1970),
the Dont Formation is more than 200 m thick, and the
plant-bearing beds are about 75 m above a massive car-
bonate platform previously known as ‘Algenwellenkalk’
(Bechstddt and Brandner 1970), and now assigned to the
Gracilis Formation (De Zanche et al. 1992; Gianolla et al.
1998). According to De Zanche et al. (1993), the lower
part of the Dont Formation is equivalent to the Voltago
Conglomerate of the Dolomites and to the Voltzia beds
of Recoaro.

The plant horizon is about 1 m thick and situated
just above bed K11 of Bechstidt and Brandner (1970)
(Text-fig. 2). Plants are concentrated in several cm-thick
layers of siltstone, marly siltstone and carbonate silt-
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TEXT-FIG. 1. Map indicating the location of the
Kithwiesenkopf locality.
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stone, which are lens-shaped, and change in number
and thickness laterally. They alternate with silty and
marly limestone layers, in which only sparse terrestrial
plant remains occur. Marine biota (e.g. bivalves, brachi-
opods, ammonoids and fishes) are present, though not
abundant, throughout the horizon (Broglio Loriga et al.
2002).

The specimens have been studied with the aid of a dis-
secting microscope, and when possible, in situ spore prep-
arations were made. For this purpose, single sporangia or
clusters of sporangia were macerated in Schulze’s reagent
(KClO; and 30 per cent HNO;) and neutralized with 5
per cent ammonium hydroxide. The sporangia were then
separated into single or groups of spores (depending on
the maturity of the spores) with the aid of needles. The
spores were mounted in glycerine jelly and sealed with
paraplast. Some of the sporangia and spores were exam-
ined under a scanning electron microscope (SEM) at the
University of Utrecht.
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TEXT-FIG. 2. Stratigraphic column of the section (modified
from Broglio Loriga et al. 2002). The main plant horizon occurs
just above bed K11 of Bechstddt and Brandner (1970). Plant
debris is also present in several other layers in the section and
their location is indicated in the stratigraphic column.

The majority of the macrofossil plant collection from
Kithwiesenkopf, including all figured specimens, and the
palynological preparations, are stored at the Natural His-
tory Museum in Bolzano (Italy). They all have the speci-
men code KUH followed by a number. The remainder of
the collection is in Wachtler’s Museum Dolomythos at
Innichen (San Candido, Italy).

SYSTEMATIC PALAEONTOLOGY

Order FILICALES Bower, 1899
Family?OSMUNDACEAE Bercht. and Presl, 1820

Genus NEUROPTERIDIUM Schimper, 1879

Remarks. Brongniart (1828a—c) attributed two species
from the famous Triassic Gres bigarré in the Vosges to
the genus Nevropteris, namely N. elegans and N. voltzii. In
1844, Schimper and Mougeot described three new species
from this flora, changing the genus name to Neuropteris:
N. grandifolia, N. imbricata and N. intermedia, and inclu-
ded all these Neuropteris species in the subgenus Neurop-
teridium to distinguish them from the Carboniferous
Neuropteris species, which are characterized by bipinnate
fronds. Later, Schimper (in Schimper and Schenk 1879)
raised the subgenus Neuropteridium to the rank of a
genus without indicating a type species (Farr et al. 1979).
In most of the literature (see Andrews 1970), N. grandi-
folium is indicated as the type species; however, Grauvo-
gel-Stamm  (1978) considered Neuropteridium voltzii
(Brongniart) Schimper (the species first described by
Brongniart 1828) to be the type species.

Neuropteridium is characterized by a globular—ovoid
rhizome with simply pinnate fronds; the pinnules, which
show typical neuropterid venation, arise more or less per-
pendicularly from the rachis, and are usually contracted
at their base or have an auriculate base. Of the five spe-
cies mentioned above, N. grandifolium is distinguished by
its large, obtuse pinnules (average length around 5 cm,
width 2-5 cm); the upper basal angle of the pinnules is
auriculate while the lower one is decurrent; veins dicho-
tomise up to four times. We have not encountered sim-
ilar forms in the Anisian flora from Kithwiesenkopf, but
intend to maintain the species as it seems to be different
in size and shape from all the other material.

Neuropteridium voltzii has long fronds reaching a length
of almost 1 m (according to Blanckenhorn 1886) with a
broad rachis (up to 1 cm wide) and pinnules that can be
even longer (perhaps up to 8 cm but usually 4-5 cm long)
but their width is usually only 1 cm; pinnules are attached
almost by their whole base and are only slightly auriculate;
their apex is rounded-acute and the venation is character-
ized by a distinct midrib and a large number of secondary
veins that fork several times. In 1886 Blanckenhorn des-
cribed N. bergense from the Buntsandstein of the neigh-
bourhood of Floisdorf (Germany). This species consists of
fronds that are 30—45 cm long and have a rachis ¢. 5 mm
wide; the imbricate (overlapping) pinnules are around
3 cm long and 5-6 mm wide with an obtusely acute apex.
They are much longer than wide (4-6 times). The pinn-
ules, which are slightly constricted at their base, are some-
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what auriculate, especially at the lower angle. The midrib
is often slightly decurrent and the dense secondary veins
fork up to three times. In our opinion, N. voltzii and
N. bergense are conspecific (the latter being simply an
imbricate form of the first). Previously, Blanckenhorn
(1886, p. 129) stated that the two species (and indeed also
N. intermedium) are difficult to distinguish. Both forms
also occur in the Anisian flora of Kiithwiesenkopf. As
N. voltzii (Brongniart) Schimper has priority over N. ber-
gense, the latter species becomes a junior synonym.

Neuropteridium intermedium (Schimper and Mougeot)
Schimper has (according to Blanckenhorn 1886) fronds c.
65 cm long with a thinner rachis than the two species
mentioned above (maximum width ¢. 6 mm, usually nar-
rower), and obtuse pinnules that are up to 25 cm long
and 6-8 mm wide, and slightly contracted at their base.
The length of the pinnules may reach 1-3 times their
width. The pinnules are usually crowded and therefore it
is quite possible that N. imbricatum (Schimper and Mou-
geot) Schimper (1844, p. 77, pl. 36, figs 2-5), just differ-
ing in overlapping pinnules, is only the middle part of a
frond of N. intermedium. This view is strengthened by the
fact that there are only two fragments of N. imbricatum
known, while N. intermedium is quite common. N. ele-
gans (Brongniart) Schimper has small fronds (up to
15 cm long according to Schimper and Mougeot 1844)
with a narrow rachis (c. 2 mm wide) and densely placed
obtuse pinnules. Schimper and Mougeot (1844, p. 81)
mentioned that this species is very like N. intermedium,
differing only in the smaller size of both fronds and pinn-
ules, and by the fact that the pinnules almost always
either overlap or lack any space between them. As the
two forms occur together, not only in the Vosges (e.g.
Schimper and Mougeot 1844; Grauvogel-Stamm 1978),
but also in the Buntsandstein flora of Germany (Blanc-
kenhorn 1886, pls 18-19) and in the Anisian flora of
Kithwiesenkopf, we believe that they are conspecific,
N. elegans being young fronds of N. intermedium. As
N. elegans (Brongniart, 1828) Schimper, 1879 has priority
over N. intermedium (Schimper and Mougeot, 1844)
Schimper, 1879, the latter becomes a junior synonym. It
is the same for N. imbricatum (Schimper and Mougeot,
1844) Schimper, 1879, as discussed above.

The original figures of N. elegans in Brongniart (1828b;
pl. 74, figs 1-2) show pinnules that are intermediate in
size between N. elegans and N. intermedium in Schimper
and Mougeot (1844, pls 39 and 38, respectively). In par-
ticular Brongniart’s plate 74, figure 1 shows a frond frag-
ment that is over 12 cm long without any trace of the
base or apex. Therefore, the frond must have been longer
than the 15 cm given by Schimper and Mougeot (1844)
in their diagnosis of N. elegans.

In conclusion, we think that we are dealing with only
two Neuropteridium species in the flora from Kithwiesen-
kopf, N. elegans and N. voltzii, differing from one another
in the width of the rachis (much thicker in N. voltzii than
in N. elegans) and the shape of the pinnules, including
the length/width ratio.

Not many other species have been correctly assigned to
Neuropteridium. Most come from Carboniferous—Permian
sediments and could be better placed in Neuropteris or Bot-
rychiopsis, also because no fertile foliage of the Scolopend-
rites-type has been found associated with it (see below).
These plants are almost certainly not ferns but seed-ferns
(see Archangelsky and Arrondo 1971). From Scythian and
Anisian layers (Early and Middle Triassic) in China definite
Neuropteridium material has been described: N. voltzii with
Crematopteris (= Scolopendrites) sp. (Meng 2000), Neurop-
teridium sp. associated with Crematopteris sp. (Wang and
Wang 1990), and N. curvinerve Wang and Wang, 1990,
which we discuss in a later section of this paper as its
assignment to Neuropteridium is equivocal. Zhou and Li
(1979) described Neuropteridium marginatum from the
Scythian flora of Hainan Island, China. This species differs
from all other Neuropteridium species in having pinnules
with a thick texture and a narrow thin marginal zone.

Neuropteridium elegans (Brongniart, 1828) Schimper, 1879
Plate 1, figures 1-2, 8; Text-figure 5A

Selected synonymy
1828a Nevropteris elegans Brongniart, p. 54 (name only).
1828b Nevropteris elegans Brongniart, p. 247, pl. 74,
figs 1-2.
1828¢ Nevropteris elegans Brongniart, p. 441.

EXPLANATION OF PLATE 1

Figs 1-2, 8. Neuropteridium elegans (Brongniart) Schimper and Mougeot. 1, frond fragment showing the transition between the
elegans and the intermedium form, KUH970; x 1. 2, fronds attached to a rhizome fragment, KUH220; x 0-5. 8, detail of venation,

KUH557; x 15.

Figs 3, 5-7. Neuropteridium voltzii (Brongniart) Schimper. 3, frond fragment, KUH973; X 1. 5, poorly preserved fragment resembling
Asplenites palmetta (Brongniart) Goeppert, KUH516; X 1. 6, detail of venation, KUH522; X 1. 7, frond fragment with detail of

venation, KUH818; x 1.
Fig. 4. Ovoid rhizome of Neuropteridium sp., KUH244; X 0-5.
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1844 Neuropteris imbricata Schimper et Mougeot sub-
genus Neuropteridium Schimper; Schimper and
Mougeot, p. 77, pl. 36, figs 2-5.

1844 Neuropteris intermedia Schimper et Mougeot sub-
genus Neuropteridium Schimper; Schimper and
Mougeot, p. 79, pl. 38.

1844 Neuropteris elegans Brongniart subgenus Neuropteri-
dium Schimper; Schimper and Mougeot, p. 80,
pl. 39.

1869 Neuropteris elegans Brongniart subgenus Neuropteri-
dium Schimper; Schimper, p. 449.

1879  Neuropteridium elegans (Brongniart) Schimper;
Schimper and Schenk, p. 117.

1886 Neuropteridium intermedium Schimper et Mougeot;
Blanckenhorn, p. 127, pl. 17, figs 3—6; pls 18-19.

1890 Neuropteridium elegans (Brongniart) Schimper;
Schimper and Schenk, p. 117.

1910 Neuropteridium intermedium Schimper; Fliche,

p- 99.

1910 Neuropteridium elegans Schimper; Fliche, p. 100.

1910 Neuropteridium intermedium Schimper; Seward,
p- 521, fig. 349.

1928 Neuropteridium intermedium Schimper; Schmidt,
p. 70, fig. 77.

1928 Neuropteridium elegans Schimper; Schmidt, p. 70,
fig. 78.

1928 Neuropteridium imbricatum Schimper; Schmidt,

p- 70, fig. 79.

1931 Neuropteridium elegans Schimper; Magdefrau,
p. 301.

1937 Neuropteridium elegans Schimper; Gothan, p. 355,
pl. 31, fig. 4.

1956  Neuropteridium intermedium Schimper; Magdefrau,
p- 214, fig. 200.

1956  Neuropteridium imbricatum Schimper; Magdefrau,
p. 217, fig. 204b.

1978 Neuropteridium elegans (Brongniart) Schimper
et Mougeot; Grauvogel-Stamm, p. 26, pl. 2,
fig. 3.

1978 Neuropteridium cf. intermedium Schimper et
Mougeot; Grauvogel-Stamm, p. 26, pl. 2, fig. 4.

1994 Neuropteridium intermedium; Sander and Gee,

p- 120, fig. 12.6.

2002 Neuropteridium elegans (Brongniart) Schimper et
Mougeot; Broglio Loriga et al., p. 385.

2004 Neuropteridium elegans (Brongniart) Schimper;
Kustatscher, p. 134, pl. 3, fig. 1.

Description. Neuropteridium elegans is a relatively common fossil
in the flora of Kithwiesenkopf (over 100 specimens), occurring
usually as small frond fragments (up to 10 cm long), but several
specimens show (round to ovoid) rhizomes with frond frag-
ments attached (e.g. KUHO050, 219, 220, 243, 684), and several
other specimens demonstrate longer fronds, often with the trans-
ition between the N. elegans and N. intermedium form (e.g.
KUH223, 505, 532, 771, 970).

Rhizomes with attached frond fragments (Pl 1, fig. 2) are
more or less global in shape with a diameter of around 5—

6 cm, although some of the rhizomes found are ovoid (PL
1, fig. 4). The number of petioles or frond fragments attached
to the rhizomes is usually small. Petioles are usually not
much wider than the rachis in the lower part of the frond (3—
5 mm). The rachis in the middle part of the frond is ¢. 3 mm
thick while it decreases to 1 mm towards the apex. How-
ever, no complete frond was found. The petiole is usually
c. 2-3 cm long before pinnules begin to arise. Basal pinn-
ules are small (c. 4 x2-3 mm; see Pl 1, fig. 1); pinnule
size increases rapidly up to c. 15-20 X 67 mm but decreases
again towards the apex. The venation is typically neuropte-
rid with a clear midrib that extends about one-half to two-
thirds of the pinnule length and the
that diverge and fork up to three times (Pl 1, fig. 8; Text-
fig. 5A).

secondary veins

Discussion. As mentioned in the discussion of Neuropteri-
dium, and according to our observations on the Neurop-
teridium material from Kuhwiesenkopf, we believe that
the three species, N. elegans, N. intermedium and N. im-
bricatum, as described by Schimper and Mougeot (1844)
from the Anisian of the Vosges fall within the natural
variability of one species, and should therefore be merged
into N. elegans, which has nomenclatural priority. In fact
several specimens in our collection demonstrate the trans-
ition from the elegans form to the intermedium form
(PL 1, fig. 1).

Apart from the Vosges (from where Brongniart’s type
material also originated) the species has been recorded
from Buntsandstein floras at various localities in
Germany. For example, Blanckenhorn (1886) described
N. intermedium from the region around Kommern in the
text of his paper but some of his figures (e.g. pl. 17, figs
3-6) resemble the elegans form closely. Gothan (1937)
described a small fragment of N. elegans from Udingen,
and discussed the possibility that N. elegans and N. inter-
medium are conspecific, but he could not demonstrate
this with his own material.

Blanckenhorn (1886) described and figured in his
plate 18 a large specimen with a small (diameter c. 6 cm)
globose rhizome with at least five fronds attached to it.
Sander and Gee (1994) refigured the specimen, as did
Seward (1910) and Migdefrau (1956). We never found
more than three fronds attached to a rhizome but this
may be owing to lack of preservation. Grauvogel-Stamm
(1978, p. 27, pl. 2, fig. 4) indicated that several entire
plants have been found with a rhizome. Her plate 2, fig-
ure 4 is the counterpart of a specimen showing a trunk
with 10-12 fronds (Grauvogel-Stamm, pers.
2003).

It is not clear if the more ovoid rhizomes encountered
at Kithwiesenkopf (e.g. KUH241, 244; PL 1, fig. 4) also
belong to this species or may have belonged to N. voltzii
or to another plant.

comim.
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Neuropteridium voltzii (Brongniart, 1828) Schimper, 1879
Plate 1, figures 3, 5-7

Selected synonymy

1828a Nevropteris voltzii Brongniart, p. 54 (name only).

1828b ?Sphenopteris palmetta Brongniart, p. 211, pl. 55,
fig. 1.

1828b Nevropteris voltzii Brongniart, p. 232, pl. 67,
figs 1-2.

1828¢ Neuropteris voltzii Brongniart, p. 440.

1836 ?Asplenites palmetta (Brongniart) Goeppert, p. 283,
pl. 15, fig. 6.

1844 Crematopteris typica Schimper et Mougeot; Schimper
and Mougeot, pl. 35, figs 1-2.

1844 Neuropteris voltzii Brongniart subgenus Neuropteri-
dium Schimper; Schimper and Mougeot, p. 78,
pl. 37.

1869 Neuropteris voltzii Brongniart subgenus Neuropteri-
dium Schimper; Schimper, p. 448.

1886 Neuropteridium voltzii Brongniart; Blanckenhorn,
p. 125, pl. 15; pl. 16, figs 1-3; pl. 17, figs 1-2a.

1886 ?Neuropteridium voltzii var. latifolium; Blanckenhorn,
p. 127, pl. 16, fig. 4.

1886  Neuropteridium bergense Blanckenhorn, p. 129,
pl. 20, figs 1-6.

1910 Neuropteridium voltzii Brongniart; Fliche, p. 96,
pl. 9, fig. 2.

1928 Neuropteridium voltzii Brongniart; Schmidt, p. 69,
fig. 75.

1928 Neuropteridium bergense Blanckenhorn; Schmidt,
p- 70, fig. 80.

1978 Neuropteridium bergense Blanckenhorn; Grauvogel-
Stamm, p. 26.

1978 Neuropteridium voltzii (Brongniart) Schimper;
Grauvogel-Stamm, p. 26.

2002 Neuropteridium voltzii (Brongniart) Schimper;
Broglio Loriga et al., p. 385, pl. 1, fig. 4.

2004 Neuropteridium voltzii (Brongniart) Schimper;
Kustatscher, p. 136, pl. 3, fig. 2.

Description. Although this species is less common than N. elegans
in the Kithwiesenkopf flora, we still have about 35 specimens, all
consisting only of frond fragments. Some of the best ones are
KUH522, 816, 818 and 973. None of these is attached to a rhizome
and most fragments are only between 5 and 10 cm long (Pl 1,
fig. 3). The rachis of the fronds is usually broader than in N. ele-
gans, with a width of 3-6 mm in the frond fragments. Pinnules are
longer (up to ¢. 5 cm) than in N. elegans with more or less the
same width (4-9 mm), resulting in a much greater length/width
ratio (PL 1, fig. 6). The pinnule base is slightly contracted; the
apex is roundly acute. The venation is neuropterid, with a clear
midrib extending about two-thirds of the pinnule length. Secon-
dary veins are numerous and fork 2-3 times (Pl 1, figs 6-7).

Discussion. Brongniart’s holotype (Brongniart 1828b, pl.
67, fig. 1) from the Vosges is a frond fragment over
20 cm long with a rachis ¢. 5 mm wide and pinnules that
arise more or less perpendicularly. The pinnules are 4—

5 cm long and 8-10 mm wide with a constricted base
and a pointed apex. Schimper and Mougeot (1844) fig-
ured a frond fragment c. 25 cm long that includes the
apical region. The width of the rachis decreases from
8 mm basally to 3 mm apically, and the apical pinnules
arise at a smaller angle and also diminish in size. This
material originates from the Upper Buntsandstein of the
Vosges. Blanckenhorn (1886) also described and figured
material from the surroundings of Floisdorf (Berg) near
Kommern that consists of long frond fragments (up to
1 m long according to Blanckenhorn) with a rachis vary-
ing from 1 cm in width at the base to 2 mm at the apex.
The pinnules are usually 4-5 cm long and 8-12 mm wide.
The venation is in all cases the same as in our material.
Blanckenhorn also described and figured one broad pinn-
ule fragment (his pl. 16, fig. 4) as N. voltzii var. latifolium.
This fragment is too small to be sure of its identification.
As discussed above, Blanckenhorn created the species
N. bergense from the same locality, which is characterized
by shorter fronds (30-45 cm long), a rachis 5 mm wide,
and pinnules 28 X 5-6 mm with an obtusely acute apex.
Earlier he stated that the species were difficult to distin-
guish and we believe that N. bergense is actually a smaller
variety of N. voltzii. We have both forms in our collection
as well.

Brongniart (1828b) described and figured the species
Sphenopteris palmetta based on a specimen from the same
beds in the Vosges as N. voltzii, stating that the pinnules
resemble those of N. voltzii that were dissected during
preservation, but that he thought these incisions were so
regular that it was probably a different species. Goeppert
(1836) transferred the species to his new genus Asplenites.
Schimper (1869, p.449) considered that Sphenopteris
palmetta was based on a poorly preserved Neuropteris
intermedia frond. Fliche (1910), p. 90) decided that the
specimen would be better placed in the genus Acrostichites
and that it was probably a poorly preserved specimen of
A. densifolius Fontaine. However, we agree with Schimper
(1869) that it is quite possible that the specimen is indeed
a poorly preserved specimen of N. voltzii. A specimen of
this type is illustrated here in Plate 1, figure 5.

Genus SCOLOPENDRITES Goeppert, 1836

Remarks. The nomenclatural history of this fertile fern
genus, characterized by hanging pinnules on which the
lower surface is completely covered with sporangia,
is rather complicated. Brongniart (1828b, ¢) described
material from the Vosges in the general fern genus Fili-
cites Schlotheim, 1820 under the name Filicites scolopend-
rioides. Goeppert (1836, p. 276) created the generic name
Scolopendrites for this material, but with the new epithet
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S. jussieui (Brongniart) Goeppert, which is nomenclatural-
ly illegitimate (Greuter et al. 2000; International Code of
Botanical Nomenclature, art. 11.4). Presl in Sternberg
(1838, p. 125), without having seen Goeppert’s work,
transferred the same material to the genus Reussia, with
the correct epithet, Reussia scolopendrioides (Brongniart)
Presl. However, this new generic name is not valid as it
was published after Goeppert’s. Therefore, the legitimate
name is Scolopendrites scolopendrioides (Brongniart) comb.
nov.

Schimper and Mougeot (1844, p. 73) created the gen-
eric name Crematopteris with the epithet typica for the
same material, but this new taxon is also illegitimate (see
above). Nevertheless, all subsequent authors (e.g. Blanc-
kenhorn 1886; Fliche 1910; Frentzen 1914; Grauvogel-
Stamm 1978) used the name Crematopteris typica for this
type of fertile fern. Indeed, Schimper and Mougeot (1844,
p. 73) stated that the name Scolopendrites was inappropri-
ate as the fossils are not related to the living fern genus
Scolopendrium as Brongniart (1828b) and Goeppert
(1836) had thought. However, this is no reason to create
a new genus (Greuter et al. 2000; International Code of
Botanical Nomenclature, art. 51.1), and the generic name
Scolopendrites Goeppert has priority.

Moreover, close examination of the fertile Scolopend-
rites material in the Anisian flora from Kithwiesenkopf
demonstrated that we are dealing with two species of this
genus (S. scolopendrioides and S. grauvogelii sp. nov.) that
are difficult to distinguish. The main difference lies in the
shape and size of the sporangia (see below), and the
width of the rachis to which the fertile pinnules are
attached.

The connection between Scolopendrites and Neuropteri-
dium was not recognized until Schimper and Schenk
(1879, 1890) stated that the former might be the fertile
part of Neuropteridium imbricatum (a junior synonym of
N. elegans; see above). Since then the general opinion has
been that Scolopendrites material represents fertile fronds
of Neuropteridium Schimper. However, it is difficult to
understand why Schimper and Mougeot (1844, pl. 35,
fig. 2) did not recognize earlier the relationship between
Scolopendrites and Neuropteridium since they figured a
specimen (named Crematopteris typica) split in two parts
that shows several fronds in organic connection, two of

which bear basally Scolopendrites scolopendrioides and ap-
ically Neuropteridium pinnules. Moreover, we believe that
this sterile foliage corresponds to N. voltzii whereas
Schimper and Schenk (1879, 1890) suggested that it rep-
resented N. imbricatum. Grauvogel-Stamm (1978, pl. 2,
fig. 2) figured a specimen that shows N. elegans and
Scolopendrites sp. nov. on one slab and according to her
(pers. comm. 2002) they were once organically connected
but preparation work destroyed this connection. In our
collection there is a specimen (KUH222) that also shows
basal Scolopendrites grauvogelii sp. nov. pinnules in con-
nection with apical Neuropteridium elegans pinnules (PL
2, fig. 9).

Therefore, we believe that Scolopendrites scolopendrioides
is the fertile foliage of Neuropteridium voltzii (as proved
in Schimper and Mougeot 1844, pl. 35, fig. 2) and Scolo-
pendrites grauvogelii sp. nov. that of Neuropteridium ele-
gans (proof in KUH222). The two Scolopendrites species
are difficult to distinguish, especially in small fragments
and when well-preserved sporangia are not present.
Indeed, the main difference lies in the shape and size of
the sporangia (oval and twice as large in S. scolopendrio-
ides as in S. grauvogelii sp. nov. where they are circular).
The second difference is in the width of the rachis, which
is narrower in S. grauvogelii (usually 1-3 mm wide) than
in S. scolopendrioides (usually 4-6 mm); and thirdly, the
pinnules in S. grauvogelii are usually somewhat shorter
than in S. scolopendrioides. Therefore, we propose to use
Scolopendrites sp. for all those frond fragments that are
not absolutely unequivocal in their characters. Moreover,
when the fertile and sterile material is in organic connec-
tion, we believe that we can call the whole plants Neuro-
pteridium voltzii or N. elegans, respectively.

On the basis that the whole lower surface of the fertile
pinnules is covered with sporangia, we may attribute the
genus Scolopendrites probably to the family Osmundaceae.

Scolopendrites scolopendrioides (Brongniart, 1828) comb.
nov.
Plate 2, figures 1-3, 5-6

1828a Filicites scolopendrioides Brongniart, p. 190 (name
only).

EXPLANATION OF PLATE 2

Figs 1-3, 5-6. Scolopendrites scolopendrioides (Brongniart) comb. nov. 1, single sporangium SEM, KUH216; x 100. 2, KUH810; x 1. 3,
KUH356; x 1. 5, a few almost isolated spores, KUH216; x 500. 6, detail of sporangium showing some spores with trilete mark,

SEM, KUH216; x 500.

Figs 4, 7-9. Scolopendrites grauvogelii sp. nov. 4, single sporangium, SEM, KUH201; X 100. 7, one almost isolated spore,
KUH201; x 800. 8, paratype, KUH201; x 2-5 9, holotype, KUH222; x 1'5.

Fig. 10. Scolopendrites sp., frond fragment, KUHO010; x 1.
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1828b Filicites scolopendrioides Brongniart, p. 388, pl. 137,
figs 2-3.

1828c¢ Filicites scolopendrioides Brongniart, p. 443, pl. 18,
fig. 2.

1836  Scolopendrites jussieui Goeppert, p. 276.

1838 Reussia scolopendrioides Presl in Sternberg, p. 125.

1844 Crematopteris typica Schimper et Mougeot, p. 74, pL
35, figs 1-2, in organic connection with
N. voltzii.

1879  Crematopteris typica Schimper; Schimper and
Schenk, p. 129.

1886 ?Crematopteris typica Schimper et Mougeot;
Blanckenhorn, p. 129, pl. 21, figs 1-7 (associated
with Neuropteridium voltzii).

1890 Crematopteris typica Schimper; Schimper and
Schenk, p. 129.

1910 ?Crematopteris typica Schimper et Mougeot; Fliche,
p. 103.

1915 2Crematopteris typica Schimper et Mougeot;
Frentzen, p. 24, pl. 13, figs 4-5.

2002 Crematopteris typica Schimper et Mougeot; Broglio
Loriga et al., p. 385.

2004 Crematopteris scolopendrioides (Brongniart) nov.
comb.; Kustatscher, p. 137, pl. 4, figs 1-3.

Description. As explained above, unequivocal specimens of Scolo-
pendrites scolopendrioides are rare in most floras. In our flora we
have many Scolopendrites specimens (just under 100) that can
only be classified as Scolopendrites sp. Only KUH205, 208, 216,
810, 812, 912 and 936 have yielded the typical oval sporangia of
this species (length 500-600 pm, width 200 um). Various other
specimens (e.g. KUH356, 359, 412, 425, 587, 1020) might belong
to the species on the basis of their rachis, which is over 4 mm
wide, but this cannot be proven.

Most specimens are frond fragments c¢. 10 cm long with a
broad rachis (at least 4 mm wide, often 5-6 mm, e.g. in Bron-
gniart 1828b, pl. 137, fig. 3) and hanging pinnules with the
whole lower side covered with sporangia. That the pinnules
hung down was not recognized by Brongniart (1828b, c), who
figured them standing up in his type specimen (1828b, pl. 137,
fig. 2; 1828c¢, pl. 18, fig. 2). Schimper and Mougeot (1844,
pl. 35, figs 1-2) were the first to demonstrate this feature. In
some specimens the pinnules are occasionally folded together
giving the impression that they are quite narrow (Pl 2, figs 2—
3). Specimens in which the complete lower side of the pinn-
ules is visible are relatively rare (e.g. Blanckenhorn 1886,
pl. 21, figs 3-4). Sporangia are oval, c. 600 X 200 um (Pl 2,
fig. 1), and cover the whole lower surface of the pinnules.
Spores are trilete, circular in equatorial outline, with a diam-
eter of 35-45 um and the exospore is scabrate to granulate
(PL 2, figs 5-6).

Discussion. As stated earlier, many specimens can only be
classified as Scolopendrites sp. (PL. 2, fig. 10). Blancken-
horn’s (1886) specimens probably belong to S. scolopend-
rioides as only Neuropteridium voltzii has been recorded
from the assemblage. Fliche (1910) discussed several spec-

imens of Crematopteris described in the literature and
their relationship with Neuropteridium but he did not fig-
ure any of them. The two specimens figured by Frentzen
(1914) are so small and fragmentary that it is not possible
to attribute them to either Scolopendrites or Neuropteri-
dium.

Scolopendrites grauvogelii sp. nov.
Plate 2, figures 4, 7-9; Text-figure 3

1928 Crematopteris typica Schimper et Mougeot, fertile
part of Neuropteridium imbricatum; Schmidt, p. 70,
fig. 79b.

2002 Crematopteris sp.; Broglio Loriga et al., p. 385, pl. 1,
fig. 3.

2004 Scolopendrites sp. nov.; Kustatscher, p. 138, pl. 3,
figs 34, pl. 4, fig. 4.

Derivation of name. In honour of Dr Lea Grauvogel-Stamm for
all the work she has done on the Anisian flora of the Vosges.

Holotype. KUH222 (PL. 2, fig. 9), because of the organic connec-
tion with Neuropteridium elegans.

Paratype. KUH201 (Pl. 2, fig. 8), because of the details of spor-
angia and spores.

Material. Many specimens (c. 50) probably belong to this spe-
cies. Because of the globular shape of the sporangia the following
are unequivocal: KUHSO, 200, 203, 217, 221, 238, 410, 414, 688,
800, 980, 1022, 1116, 1121.

Diagnosis. Simply pinnate, fertile fern fronds arising from
a rhizome; fronds with relatively narrow rachis and hang-
ing pinnules. Complete lower side of pinnules covered
with globular sporangia c. 300 yum in diameter. Spores
trilete, circular in equatorial outline, ¢. 35-45 ym in
diameter, exospore scabrate to granulate.

Description. The holotype (KUH222; Pl 2, fig. 9; Text-fig. 3)
shows a frond fragment 7-5 cm long with a basal Scolopendrites
part and an apical Neuropteridium elegans part. This specimen
proves that the two belong to one natural species. However, no
sporangia and spores were obtained from this specimen and
therefore KUH201 was chosen as paratype (Pl 2, fig. 8). This
specimen has only a small S. grauvogelii fragment (33 mm long)
but shows all the other details of the species. In all specimens
the rachis is generally narrow (0-6-3:0 mm) and the pinnules
are hanging, as in S. scolopendrioides. They are usually slightly
smaller than in S. scolopendrioides, with a mean length of 4—
8 mm (8-11 in S. scolopendrioides), and a mean width of 2-
3 mm as in S. scolopendrioides. The sporangia are more or less
circular in outline, with a diameter around 300-400 um, whereas
in S. scolopendrioides they are oval and c. 600 X 200 um. Just as
in S. scolopendrioides, the spores are trilete, circular in equatorial
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TEXT-FIG. 3. Scolopendrites grauvogelii sp. nov., holotype,
KUH222; x2.

outline, with a diameter of 3545 um, and the exospore is sca-
brate to granulate (Pl 2, fig. 7).

Discussion. S. grauvogelii is macromorphologically diffi-
cult to distinguish from S. scolopendrioides, as the main
distinguishing character in this respect is the thickness of

the rachis (narrower than in S. scolopendrioides). The
pinnules also are smaller than in S. scolopendrioides, but
there is an overlap in length. When sporangia are present,
the difference is easy to observe, as the sporangia in
S. grauvogelii are circular (Pl. 2, fig. 4) and those in
S. scolopendrioides are oval and twice as large (PL 2,
fig. 1). Spores of the two species are indistinguishable.

Most Scolopendrites specimens that have been figured
in the literature (as Crematopteris) can only be deter-
mined as Scolopendrites sp. if they are either not organic-
ally connected with Neuropteridium remains or not
closely associated with them. Neither sporangia nor
spores have been described or figured from any of the
specimens in the literature concerning French and Ger-
man assemblages (Brongniart 1828b, ¢; Schimper and
Mougeot 1844; Blanckenhorn 1886; Fliche 1910; Frentzen
1914; Schmidt 1928; Grauvogel-Stamm 1978).

Wang Zi-qiang (1996) figured Crematopteris brevipin-
nata from Scythian (Lower Triassic) sediments in China,
using data in Wang and Wang (1990) for the description.
The latter paper, however, contains figures of only a few
fragments of Crematopteris cf. typica and Crematopteris
sp., and these cannot be identified above the level of
Scolopendrites sp. In the same beds some Neuropteridium
fragments occur that are comparable with N. elegans.
Wang and Wang (1990) also described a new Neuropteri-
dium species, N. curvinervis, but this will be discussed
later. Meng (2000) discussed Middle Triassic plants from
the Yangtze Valley in China, and mentioned the presence
of Scolopendrites (Crematopteris) sp. and Neuropteridium
voltzii in Anisian assemblages from that area.

Distribution. Anisian (lower Middle Triassic).

Order FILICALES Bower, 1899
Family unknown, possibly OSMUNDACEAE Bercht. and Presl,
1820

Genus ANOMOPTERIS Brongniart 1828

Remarks. Brongniart (1828a—c) created the genus Amno-
mopteris from the Anisian flora of the Vosges with the type
species A. mougeotii. The frond is bipinnate, with a broad
rachis and long, linear and crowded pinnae. The short
pinnules are perpendicularly attached to the pinna rachis;
in the basal part of the pinnae they are sterile, in the more
distal part usually fertile. In their revision of Anomopteris,
Grauvogel-Stamm and Grauvogel (1980) emended the gen-
eric diagnosis to include a very important and unusual
character of the genus, the presence of an aphlebia at the
base of each pinna. They also demonstrated that Pecopteris
sulziana Brongniart, 1828b from the same layers is the
juvenile form of Anomopteris mougeotii.
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Anomopteris mougeotii Brongniart, 1828
Plate 4, figures 1, 3

Selected synonymy
1828a Anomopteris mougeotii Brongniart, p. 60, 190 (name
only).
1828b Anomopteris mougeotii Brongniart, p. 258, pls 79—
81.
1828b Pecopteris sulziana Brongniart, p. 325, pl. 105, fig. 4
(juvenile form).
1828c Anomopteris mougeotii Brongniart, p. 439.
1844 Anomopteris mougeotii Brongniart; Schimper and
Mougeot, p. 71, pl. 34.
1844  Pecopteris sulziana Brongniart; Schimper and
Mougeot, p. 82, pl. 40.
1869 Amnomopteris mougeotii Brongniart; Schimper,
p. 598.
1871 Anomopteris mougeotii Brongniart; Weiss, p. 363,
text-figs 1-3.
1891 Anomopteris mougeotii Brongniart; Schimper and
Schenk, p. 125.
1910 Anomopteris mougeotii Brongniart; Fliche, p. 93,
pl. 6, fig. 4.
1915 Anomopteris mougeotii Brongniart; Frentzen, p. 22,
pl. 13, figs 1-3.
1928 Anomopteris mougeotii Brongniart; Schmidt, p. 67,
fig. 68.
1953  Pecopteris sulziana Brongniart; Migdefrau, p. 211,
fig. 179.
1978 Anomopteris mougeotii Brongniart; Grauvogel-
Stamm, p. 25, pl. 2, fig. 5.
1978  Pecopteris sulziana Brongniart; Grauvogel-Stamm,
p. 26, pl. 2, fig. 1.
21978 cf. Anomopteris mougeotii Brongniart; Wang, Xie
and Wang, p. 210, pl. 4, figs 1-2.
1980 Anomopteris mougeotii Brongniart; Grauvogel-Stamm
and Grauvogel, p. 55, pls 1-6, text-figs 1-2.
1991 Anomopteris mougeotii Brongniart; Fuchs, Grauvo-
gel-Stamm and Mader, p. 99, pl. 8, figs 4-7.
1999 Anomopteris mougeotii Brongniart; Gall and
Grauvogel-Stamm, p. 293, fig. 22.
2002 Anomopteris mougeotii Brongniart; Broglio Loriga
et al., p. 385.
2004 Anomopteris mougeotii Brongniart; Kustatscher,
p. 133, pl. 2, fig. 3.

Description. Just over 30 specimens of Anomopteris mougeotii
have been found at Kithwiesenkopf, especially in the upper layers
of the plant beds. Most are frond fragments showing a thick
rachis (¢. 5-10 mm) with long, almost perpendicular pinnae (Pl
4, fig. 1). In some specimens (e.g. KUH1159, 1197) aphlebia are
visible, which are characteristic for the genus and species (Pl. 4,
fig. 3). The largest frond fragment is KUH1197, which is
337 cm long with a main rachis 9 mm wide. The pinnae are
incomplete, but at least 11-5 cm long and 5 mm wide. They are
closely spaced but never in contact; their rachis is c. 1 mm wide.
The pinnules arise perpendicularly and vary in size between
1'5x 2 mm and 2 X 3 mm. Sterile pinnules often have a basal

lobe. The venation is usually difficult to observe; the midrib
forks in the apical part of the pinnule. Secondary veins arise at
an angle of 60-90 degrees and usually fork only once, but the
basal ones may fork twice. In only a few specimens are the distal
pinnules fertile (lower surface covered with sporangia); the basal
part of the pinnae is always sterile (as described by Grauvogel-
Stamm and Grauvogel 1980). This may be one of the reasons
why we have so little fertile material, since only the frond rachis
with the sterile basal parts of the pinnae are usually preserved.
None of our specimens yielded spores, but Grauvogel-Stamm
and Grauvogel (1980) described them: spores circular, trilete,
25-40 pum in diameter with a punctate exospore.

Discussion. Our material is indistinguishable from that
recorded from the Vosges (see Grauvogel-Stamm and
Grauvogel 1980 for detailed descriptions). Apart from the
Vosges, Anomopteris mougeotii has been described from
various other Lower and Middle Triassic localities in
France (see Fliche 1910; Grauvogel-Stamm and Grauvogel
1980), Germany (Frentzen 1915; Mader 1990) and as
Anomopteris cf. mougeotii from the Lower Triassic of
China (Wang et al. 1978). Wachtler and van Konijnen-
burg-van Cittert (2000) recorded pinna fragments from
the Ladinian flora of the Dolomites, but as these are only
small fragments without the main rachis and the typical
aphlebiae, we believe that this determination may not be
correct, although one of the fragments (their pl. 1, fig. 4)
shows a pinna fragment with pinnules that have a ven-
ation that is typical of the juvenile form of A. mougeotii
(formerly recorded as Pecopteris sulziana by Grauvogel-
Stamm and Grauvogel 1980). These fern fragments are
better considered as incertae sedis.

None of the fronds from Kithwiesenkopf is attached to
a rhizome. However, several large rhizomes (about 1 m
long and 20 cm wide) have been found in the Triassic of
the Vosges, on one side of which several frond rachises
depart. These rhizomes very likely belong to A. mougeotii
(Grauvogel-Stamm, pers. comm. 2003). Similar rhizomes
have so far not been encountered in our material.

The botanical affinity of Anomopteris is not clear. The
fertile pinnules including the spores have all the charac-
ters of the Osmundaceae, but an aphlebia at the base of
each pinna, a terminal sporangial annulus and a W-
shaped frond trace have never been recorded from the
Osmundaceae. Therefore, we only attribute A. mougeotii
provisionally to this family.

Very few other species of Anomopteris have been
recorded. Fuchs et al. (1991) described an Anomopteris
sp. from the Lower Triassic of Lammersdorf in the
Eifel (Germany) with fronds that are much smaller
than those of A. mougeotii. Most are isolated fragments
but some are attached to globose rhizomes. Complete
fronds of this Anomopteris sp. are bipinnate and are
only 15-30 cm long (those of A. mougeotii may reach a
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length of 1-2 m) and 3-6 cm wide (A. mougeotii fronds
can be 30-50 cm wide). Each pinna has an aphlebia at
its base, and the pinnae arise at an angle of c¢. 60-80
degrees. Pinnules are small and the venation is invisible.
Because of the poor preservation of the material, the
authors did not give the species a name. Similar mater-
ial was described by Wang and Wang (1990) as Ano-
mopteris minima from Scythian (Olenekian) beds in
North China. According to these authors, this species
(refigured in Wang 1996) differs from A. mougeotii in
having much smaller mono- to bipinnate pinnae. Com-
plete fronds have an estimated length of only 15 cm
and a width of 3-5 cm. This material may, however, be
conspecific with the material described by Fuchs et al.
(1991) as Anomopteris sp. from Germany.

Order FILICALES Bower, 1899
Family unknown, possibly OSMUNDACEAE Bercht. and Presl|,
1820

Genus GORDONOPTERIS gen. nov.

Diagnosis. At least tripinnate fern frond. Aphlebia absent
from the bases of the pinnae of the first and second
order. Pinnules relatively small, attached with their whole
base, rounded in outline with a short midrib and forking
secondary veins (neuropterid venation). Fertile pinnules
with a reduced, completely rounded lamina, sporangia on
the lower side, circular. Spores circular, trilete, with a
punctate exospore.

Derivation of name. After Dr Marie Ogilvie Gordon who was
one of the pioneers of Triassic palaeobotany in the Dolomites.

Type species. Gordonopteris lorigae sp. nov. (see below).

Remarks. As mentioned above, Wachtler and van Konij-
nenburg-van Cittert (2000) described fragments from the
Ladinian assemblage in the Dolomites as Anomopteris mou-
geotii based on venation (their pl. 1, fig. 4) or pinnule
shape (their pl. 1, fig. 5). However, in the Anisian assem-
blage at Kithwiesenkopf numerous specimens of the same
nature as that shown in their plate 1, figure 5 were
encountered but they are much larger. Fertile material
was also found at Kithwiesenkopf. In none of these speci-
mens could aphlebia typical for Anomopteris be demon-
strated. Another difference from A. mougeotii is that the
frond is at least tripinnate and not bipinnate, and that
the pinnae of the last order do not arise almost perpen-
dicularly as is the case in A. mougeotii but at much smal-
ler angles (usually 45-60 degrees). They are also much
shorter than in Amnomopteris. Fertile pinnules have the
same morphology as in Anomopteris. Therefore, we have

created Gordonopteris, which is probably related to Ano-
mopteris, for this material.

Gordonopteris lorigae sp. nov.
Plate 3; Text-figures 4, 5D

22000 Anomopteris mougeotii Brongniart; Wachtler and
van Konijnenburg-van Cittert, p. 108. pl. 1, fig. 5.

2002 Anomopteris nov. sp.?; Broglio Loriga et al., p. 385,
pl 1, fig. 5.

2004 Filicales indet.; Kustatscher, p. 140, pl. 5, fig. 2.

Derivation of name. After the late Prof. Dr Carmela Loriga Bro-
glio, who stimulated research on the fossil flora of Kiithwiesen-
kopf and was the leader of the project on the fossil fauna and
flora from this locality.

Holotype. KUH633 (Text-fig. 4; Pl. 3, fig. 3).

Material. This fern is one of the common elements in the flora.
About 170 sterile and fertile specimens have been encountered
so far.

Diagnosis. At least tripinnate fern frond. Rachis of first
order broad, smooth. First-order pinnae arising alter-
nately to suboppositely at angles of 45-60 degrees, relat-
ively long, neighbouring pinnae in close contact, but
never overlapping. Rachis of second order c. 2 mm wide,
smooth; second-order pinnae arising at 60-90 degrees,
relatively short (longest 4-5 cm), in close contact, but
never overlapping. Pinnules relatively small (c. 2-3 x 2—
3 mm), attached with whole base, rounded in outline,
containing a short midrib and forking secondary veins
(neuropterid venation). Fertile pinnules with a reduced,
completely rounded lamina, sporangia on lower side.
Spores globose, trilete, around 45-60 ym in diameter,
exospore finely punctate.

Description. The holotype (KUH633; Text-fig. 4) is a large frag-
ment of a fern frond (base and apex are missing), dimensions
46 x 37 cm. The rachis tapers from a width of 10 mm basally to
5 mm apically and is smooth. The pinnae of the first order arise
alternately to suboppositely at angles of 4560 degrees. The pin-
nae are long, none is complete but even then they vary in length
between 18 and 25 cm. The distance between neighbouring pin-
nae is between 3 and 5 cm on the rachis. The rachis of the sec-
ond order is ¢. 2 mm wide, and also smooth; the pinnae of the
second order arise usually suboppositely at 60-90 degrees, and
are relatively short (20-45 mm long and 4-5 mm wide) (PL 3,
fig. 4). The pinnules are small (usually c¢. 2-3 X 2-3 mm),
attached with their whole base, rounded in outline with a neuro-
pterid venation (Text-fig. 5D). Fertile pinnules have an even
more reduced, completely rounded lamina with more or less cir-
cular sporangia (annulus unknown) on the lower side (Pl 3,
fig. 4). Three specimens (KUH102, 483 and 1073) yielded many



956 PALAEONTOLOGY, VOLUME 49

sporangia with good (almost) mature spores. The spores are
globose, trilete, 4362 um in diameter, with a finely punctate
exospore (PL. 3, figs 1-2).

Discussion. This fern is one of the more common ele-
ments in the Anisian flora of Kithwiesenkopf. Most of the
material consists of fragments of pinnae of the first order
but there are quite a few larger, more complete specimens
(PL 3, fig. 3). As mentioned above, the Ladinian fossil fig-
ured by Wachtler and van Konijnenburg-van Cittert
(2000, p. 108. pl. 1, fig. 5) also belongs to Gordonopteris.

So far, similar fern material has not been found in
Early and Middle Triassic floras from other areas, with
the exception of a specimen described and figured by Kel-
ber and Hansch (1995) as Phlebopteris sp. from a lower
Keuper (probably Ladinian) locality near Kreuzthal in
Franken (Germany). That specimen is certainly not a
Phlebopteris. It shows a frond fragment with a rachis and
pinnae that are 2-3 cm long and around 4 mm wide, and
arise almost perpendicularly, exactly like the secondary
pinnae of Gordonopteris lorigae. The pinnules are small
and attached with their whole base as in Gordonopteris,
but the venation is not visible. Kelber and Hansch com-
pared it with A. mougeotii, stating that, although the spe-
cimen has a similar gross morphology, it cannot be
attributed to that species because of the absence of
aphlebiae.

An assignment at family level can only be provisionally
suggested since there is no information on the rhizome
and sporangia of the genus. Because of its resemblance,
especially of the fertile pinnules, to Anomopteris mougeotii,
including the arrangement of the sporangia on the lower
surface of the fertile pinnules, we think that a relationship
with the Osmundaceae is possible.

Distribution. Anisian and Ladinian (Middle Triassic).
Order MARATTIALES Prantl, 1874
Family MARATTIACEAE Bercht. and Pres|, 1820
Genus MARATTIOPSIS Schimper (1869)

Marattiopsis sp.
Plate 5, figures 1-2

2002 ?Marattiopsis sp.; Broglio Loriga et al., p. 384.
2004 ?Marattiopsis sp.; Kustatscher, p. 141, pl. 5, fig. 1.

Description. There are a few specimens that may represent pinna
fragments of Marattiopsis. KUH215 especially resembles this
genus. It is an apical pinnae fragment 58 cm long and 06 cm
wide basally, tapering towards the apex. The midrib is distinct,
c. 1 mm wide at the base. Secondary veins arise at an angle of
about 60 degrees, then curve outwards and fork once in the
middle part of the lamina. The secondary veins reach the margin
almost perpendicularly except in the apical area where the angle
is smaller (Pl 5, figs 1-2).

Discussion. Although the other pinna fragments in the
collection are even shorter than KUH215, they are attrib-
uted to Marattiopsis sp. because of their similar venation.
The shape of the pinna of KUH215 and its venation
resembles closely that of other Late Triassic and Jurassic
Marattiopsis (or Marattia) species such as M. intermedia
(Muenster) Kilpper and M. asiatica Kawasaki, but the
present material is narrower and as fertile material has
not been found so far, we can only compare our speci-
mens to Marattiopsis.

Genus MARANTOIDEA Jaeger, 1827

Marantoidea sp.
Plate 4, figures 2, 4

2004 Marantoidea sp.; Kustatscher, p. 141, pl. 5, fig. 3.

Description. Just over ten fragments of fern leaves that can be
attributed to this genus were found in the Kiithwiesenkopf
assemblage. There are only relatively small fragments of pinn-
ules, none of which is complete; more and better material has
been found at another, slightly younger, locality in the Dolo-
mites (Furkelpass) that will be described later. The largest frag-
ment (KUH907A, B) reaches a length of 115 cm but the
venation is badly preserved. It is better in KUH555 (length of
the fragment 8 cm, width 2-5 cm) where secondary veins arise
from a broad midrib (2:5-4 mm wide) at an angle of c¢. 70
degrees, then bend downwards and fork, usually once, near the
midrib (Pl 4, fig. 2). Sometimes the veins fork more in the mid-
dle part of the lamina. They reach the margin more or less per-
pendicularly at a concentration that varies in the specimens
from between 8 and 12 cm.

Discussion. Marattialean fern fragments like those des-
cribed above have usually been attributed to the genus
Danaeopsis Presl, 1838 (often as D. marantacea or
D. arenacea; see Kelber and Hansch 1995). However, Presl

EXPLANATION OF PLATE 3

Figs 1-5. Gordonopteris lorigae sp. nov. 1, sporangium with spores, KUH102; X 200. 2, spores, KUH102; X 500. 3, detail of holotype,
KUHG633; x 1. 4, fertile leaf fragment, KUH483; x 1'5. 5, frond fragment, KUHO089; x 1.
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TEXT-FIG. 4. Gordonopteris lorigae sp. nov., holotype, KUH633; x 0-4.

(1838) created this genus illegitimately for material that
had previously been described as Marantoidea arenacea by
Jaeger (1827), as Webb (2001) rightly pointed out (it is
the type species of the genus Marantoidea and originates
from the Middle Triassic of Germany). Therefore, follow-

ing Webb, we also attribute our material to the valid
genus Marantoidea.

We cannot attribute our specimens to any species of
Marantoidea because they are too fragmentary, and
none is fertile. They resemble specimens of M. arenacea
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in venation, but differ in being of slightly narrower
width.

Mojsisovics (1879) mentioned that material identified
as Danaeopsis marantacea by Stur was found in the Wen-
gener Schichten from Corvara (Ladinian). However,
descriptions and illustrations are lacking, and because the
specimens were not found during an extensive search by
one of us (EK) of various museum collections, we cannot
compare our material with that from the Ladinian of the
Dolomites. It is the only other record of Marantoidea
material in northern Italy.

PTERIDOPHYTA incertae sedis
Genus SPHENOPTERIS Sternberg, 1825

Sphenopteris schoenleiniana (Brongniart, 1835) Presl, 1838
Plate 5, figures 3-4, 7

1835  Pecopteris schoenleiniana Brongniart, p. 364, pl. 126,
fig. 6.

1838 Sphenopteris schoenleiniana (Brongniart) Presl in
Sternberg, p. 132.

1850 Sphenopteris schoenleiniana (Brongniart) Presl;
Unger, p. 125

1864 Sphenopteris schoenleiniana (Brongniart) Presl;
Schenk, p. 80, pl. 2, figs 2, 2a.

1922a Sphenopteris schoenleiniana (Brongniart) Presl;
Frentzen, pp. 7, 10.

1922b Sphenopteris schoenleiniana (Brongniart) Presl;
Frentzen, p. 30, pl. 3, fig. 3.

1928  Pecopteris schoenleiniana Brongniart; Schmidt, p. 65,
fig. 63.

1990 Sphenopteris schoenleiniana (Brongniart) Presl;
Kelber, p. 40, fig. 72.

1995 Sphenopteris schoenleiniana (Brongniart) Presl;
Kelber and Hansch, p. 58, figs 123, 125-126.

2004 Sphenopteris schoenleiniana (Brongniart) Presl;
Kustatscher, p. 142, pl. 5, fig. 5.

Description. There are c. 15 specimens of this relatively rare, tri-
pinnate fern species, most of which are only pinna fragments.
KUHG668 shows part of a rachis (2-3 mm wide) and several
pinna fragments, and KUH1171 demonstrates the remains of
five parallel pinnae, although the rachis has not been preserved
(Pl 5, fig. 4). The longest specimen is KUH524 (Pl 5, fig. 3),
which is an apical fragment c. 15 cm long with several pinnae
attached to the 1-2-mm-wide rachis. Pinnae usually vary in
length between 5 and 7 cm, and have a width of ¢. 1 cm. Pinn-
ules (usually 1 cm long and 3 mm wide) are usually attached
with only part of their base at an angle of 30-60 degrees, and
are sometimes slightly falcate, giving an undulating margin. The
venation consists of a midrib that does not reach the apex, and
once forking secondary veins arising at c. 60 degrees.

Three fertile specimens of this species have been found for the
first time (KUH1083, 1084 and 1085; Pl 5, fig. 7). Of these,

KUH1085 is the largest, showing a rachis 3 mm wide with three
parallel pinna fragments. However, details of the sporangia are
indistinct. Although only a small pinna fragment, KUH1083
shows the fertile pinnules; the ¢. 1-cm-long, undulating pinnules
have sporangial attachment areas at the end of the secondary
veins. Since the sporangia themselves have not been preserved,
no attribution to a fern family can be made.

Discussion. Until now Sphenopteris schoenleiniana has only
been recorded as a rare element in Europe from the
‘Lettenkohle’ (Ladinian) and ‘Schilfsandstein’ (Carnian)
from Germany (Schenk 1864; Frentzen 19224, b; Schmidt
1928; Kelber and Hansch 1995) and never from Anisian
assemblages. Nevertheless, our material resembles that spe-
cies so much that we have to attribute it to S. schoenleini-
ana, which was first described by Brongniart (1835) as a
species of Pecopteris. Indeed several specimens in the litera-
ture demonstrate a pinnule attachment with a more or less
complete base and an almost straight pinnule margin as in
that genus (e.g. Kelber 1990, fig. 72; Kelber and Hansch
1995, figs 125-126). Other specimens (Schenk 1864, pl. 2,
figs 2—2a; Schmidt 1928, fig. 63; Kelber and Hansch 1995,
fig. 123, and the present material) show a sphenopterid
type of pinnule attachment and an undulating pinnule
margin. Frentzen (1922b) stated that both pinnule types
occur and might represent sun and shade fronds. The
‘pecopterid’ form resembles Cladophlebis ruetimeyeri rather
closely. Often both species occur in the same localities, as
is also the case with our material, but as long as they have
never been found in one frond or attached to one rhi-
zome, we maintain them as separate species (see below).

Genus CLADOPHLEBIS Brongniart, 1849

Remarks. Cladophlebis-type ferns are relatively rare in the
Kithwiesenkopf flora, and indeed in general in Middle and
early Late Triassic floras in Europe. Most of the material
has been described under the name Cladophlebis distans
(Presl, 1838) Frentzen, 1922, or Anotopteris distans (Presl,
1838) Schimper, 1869 (see e.g. Schmidt 1928, p. 63, fig. 58;
Kelber 1990, p. 40, figs 23b, 70-71, 78; Kelber and Hansch
1995, p. 66, figs 136-139). However, the original basionym
Neuropteris distans Presl, in Sternberg 1820 (part 1, p. 17)
refers to a specimen from ‘the mines in Eschweiler, Ger-
many’ and is almost certainly Carboniferous in age, and
may indeed be a Neuropteris rather than Cladophlebis (see
also Brongniart 1828b, p. 250). However, Presl (in Stern-
berg 1838, part 8, p. 136, pl. 40, fig. 4), discussed Neuro-
pteris distans from the Triassic (Keuper) of Germany, and
on p. 220 in the same volume he wrote (apparently seeing
his mistake in nomenclature) that one should read Neurop-
teris remota for the Triassic material instead of Neuropteris
distans. Schimper (1869, p. 470, pl. 33) took this latter
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Neuropteris distans Presl as a basionym, and stated that the
material came from the Upper Triassic of Stuttgart, Sins-
heim, Estenfeld and Erlach near Wiirzburg and possibly
Kronungen near Schweinfurt. Indeed some of our speci-
mens (e.g. KUH493, 579-581, 1072) resemble especially the
specimen in his plate 33, figure 2. Schimper takes into his
synonymy of Anotopteris distans material described and fig-
ured by Schenk (1864, p. 75, pl. 1; pl. 2, fig. 3), stating that
they are without doubt identical. The latter author com-
bined the Triassic Neuropteris distans Presl with Neuropteris
remota Presl in Sternberg (1838, p. 220), naming the species
correctly as Neuropteris remota, and figuring material from
the surroundings of Wiirzburg, although without indica-
ting the exact localities or age. He stated that the specimen
in his plate 2, figure 3 was ‘the original specimen’, and that
Neuropteris ruetimeyeri Heer from the Keuper flora of Neue
Welt, Basel differed only in the direction in which the pinn-
ules pointed, but that he knew it only from the original
illustration of Heer (1865, pl. 2, fig. 6) who figured only an
apical pinna fragment. Matters are further complicated
because Fontaine (1889, p. 77, pl. 13, figs 4-5) described a
species as Cladophlebis distans, which is generally used for
Cretaceous Cladophlebis material.

Frentzen (19225, p. 22, pl. 1, figs 4, 6) described and
discussed Anotopteris (Cladophlebis) distans in detail, sta-
ting that Schenk’s Neuropteris distans and N. remota are
indeed one species, and that N. schoenleiniana as des-
cribed by Schenk (1864, p. 74) from Germany is conspe-
cific as well. He also stated that Pecopteris ruetimeyeri
(Heer) Heer, 1877 is a different species, although it
resembles Anotopteris distans closely. According to Frent-
zen the differences are narrower pinnules, a more acute
pinnule apex and sometimes a slightly contracted pinnule
base in P. ruetimeyeri. Compter (1918, p. 440, figs 2-5)
described three different Pecopteris species from the Keu-
per flora of Apolda, Germany that might be partly or
entirely conspecific: first, his new species P. parvifolia,
then P. ruetimeyeri (Heer) Heer and finally P. augusta
Heer. In the last of these, the pinnules are adnate up to
about half of their length, so this species might indeed be
different (see also Schmidt 1928, p. 66, fig. 66). The other
two occur on the same slab and might well belong to the
same species, in which case P. parvifolia is the basal part
of pinnae from P. ruetimeyeri. Cladophlebis ruetimeyeri
(Heer) Leonardi, 1953 has been recorded from Ladinian
strata in the Dolomites (Leonardi 1953, p. 10, pl. 1,
figs 1, 15; pl. 3, fig. 6).

Stur (1885) created the genus Speirocarpus for this type
of pecopterid fossil of Triassic age. In it he included
P. ruetimeyeri (Heer) Heer and six new species from the
Late Triassic flora of Lunz, which Krasser (1909) later
revised. The Lunz species do not bear any resemblance to
the Anisian material from Kithwiesenkopf described here
and is therefore not discussed further. The genus Speiro-
carpus is not in common use, and we prefer to use the
general morphogenus Cladophlebis until fertile material
has been discovered that can lead to a definite taxonomic
attribution of this material. We believe that Cladophlebis
ruetimeyeri might be conspecific with Cladophlebis (Neu-
ropteris) remota, but the material is so fragmentary that
we cannot be absolutely sure. Therefore, all references to
Cladophlebis (Pecopteris) ruetimeyeri in the synonymy are
accompanied by a question mark.

It is clear that the specific name Cladophlebis distans can-
not be used for Triassic material of this type as the basio-
nym Neuropteris distans Presl, in Sternberg (1820, p. 17)
was first used for a Carboniferous fossil, and Presl (1838, p.
220) himself corrected his second, invalid (Greuter et al.
2000; ICBN art. 34) submergence of N. distans (for Triassic
material, p. 136) into N. remota. In other words, Neurop-
teris distans Presl, 1838 does not exist. For the same reason
Anotopteris distans (Presl, 1838) Schimper, 1869 cannot be
used. Frentzen (1922b) used a heading Anotopteris (Clado-
phlebis) distans Schimper in his paper, but in the text he
simply used Schimper’s illegitimate (ICBN art. 52.1) name
Anotopteris distans. In other words, he did not recognize
the combination Cladophlebis distans. Since about 1910 no
author has used the epithet remota, but this appears to be
the correct epithet and we formally propose the new com-
bination Cladophlebis remota here.

From the Triassic of France, a number of Cladophlebis
species have been described (see Fliche 1910), most of
which are based on poorly preserved material and are,
therefore, indeterminable (see Grauvogel-Stamm 1978,
p- 38). Some of these might resemble our material, but
the figures in Fliche (1910) are of insufficient quality to
permit sensible comparison.

Cladophlebis remota (Presl) comb. nov.
Plate 5, figures 5-6; Plate 6, figure 4; Text-figure 5B

Selected synonymy
non 1820 Neuropteris distans Presl, in Sternberg, p. 17.

EXPLANATION OF PLATE 4

Figs 1, 3. Anomopteris mougeotii Brongniart. 1, frond fragment, KUH1197; x1. 3, frond fragment with aphlebia (see arrow),

KUH1159; x 1.

Figs 2, 4. Marantoidea sp. 2, frond fragment showing in detail the venation, KUH555; x 2. 4, two frond fragments, KUH575; x 1-5.
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1838 Neuropteris distans Presl, in Sternberg, p. 136, pl. 40,
fig. 4, nom. inval. (ICBN art. 34).
1838 Neuropteris remota Presl, in Sternberg, p. 220.
1864 Neuropteris remota Presl = Neuropteris distans Presl;
Schenk 1864, p. 75, pl. 1; pl. 2, fig. 3.
21865 Neuropteris ruetimeyeri Heer, p. 53, pl. 2, fig. 6.
1869 Anotopteris distans (Presl) Schimper, p. 470, pl. 33,
nom. illeg. (ICBN art. 52.1).
1874 Neuropteris remota Presl; Compter, p. 6.
21877 Pecopteris ruetimeyeri (Heer) Heer, p. 70, pl. 25,
figs 10-12.
1918  Pecopteris parvifolia Compter, p. 440, figs 2a, 3.
21918 Pecopteris ruetimeyeri (Heer) Heer; Compter, p. 442,
figs 2b, 4.
1922b Anotopteris (Cladophlebis) distans (Presl) Frentzen,
p. 22, pl. 1, figs 4, 6.
21928 Cladophlebis ruetimeyeri Heer; Schmidt, p. 58,
fig. 41.
1928 Anotopteris distans Presl; Schmidt, p. 63, fig. 58.
21953 Cladophlebis ruetimeyeri (Heer) Leonardi; p.10, pl. 1,
fig. 15; pl. 3, fig. 6.
21968 Cladophlebis ruetimeyeri (Heer) Leonardi, p. 176, pl.
28, fig. 6.
21968 Cladophlebis cfr. denticulata Brongniart, p. 176,
pl. 28, fig. 7.
1990 Cladophlebis distans; Kelber, p. 40, figs 23b, 70-71,
78.
1995 Cladophlebis distans; Kelber and Hansch, p. 66,
figs 136-139.
2004 Cladophlebis sp. 1; Kustatscher, p. 139, pl. 2, fig. 4.

Description. There are c. 25 specimens of this relatively rare, at
least bipinnate fern species, most of which are only small pinna
fragments under 10 cm long. KUH574 (Pl 5, fig. 5) is by far the
largest specimen; it is an apical frond fragment c¢. 20 cm long.
The rachis is narrow (2-3 mm wide) and pinnae arise alternately
at an angle of 45 degrees or even less near the apex. The longest
complete pinna is ¢. 10 cm long and basally it is just under
2 cm wide. The rachis is 15 mm wide and the pinnules arise
alternately. They are attached with their whole base but are not
adnate, and they measure 3-16 X 2-8 mm. Venation (Text-
fig. 5B) is obscure but tends to be intermediate between a typical
pecopterid venation with a clear midrib and secondary veins,
and a more neuropterid one in which the midrib extends to c.
two-thirds of the pinnule length. The secondary veins fork twice
in the basal part of the pinnules, and only once more apically.
In some specimens (e.g. KUH580) the pinnules tend to have a
more acute apex, and a midrib that extends to almost three-
quarters of the pinnule length.

There are a few small Cladophlebis fragments that appear to
be fertile (e.g. KUH732, 1155; PL 6, fig. 4) but it is not clear that
they belong to C. remota. No details of sporangia can be seen
and no in situ spores could be obtained.

Discussion. It is clear that this type of Triassic fern foliage
is difficult to classify. It has been attributed to genera
such as Pecopteris, Neuropteris and Cladophlebis, and even
new genera have been made (e.g. Anotopteris, Speirocar-
pus). We think that it is best attributed to the Mesozoic
morphogenus Cladophlebis until its fertile frond is well
known. This attribution is based mainly on the morphol-
ogy of the slightly falcate pinnules and the venation,
which is more or less intermediate between a pecopterid
and a neuropterid type. The nomenclatural problems con-
cerning this taxon were discussed in the introductory
paragraph on Cladophlebis. We believe our sterile material
might be conspecific with C. ruetimeyeri from the Neue
Welt flora near Basel, but the material is so fragmentary
that we cannot be absolutely sure.

The fertile specimens resemble material that has been
described as Pecopteris latepinnata Leuthardt, 1904 from
the Keuper flora of Basel (see e.g. Schmidt 1928, p. 65,
fig. 64), but we cannot definitely attribute these fertile
specimens to the same species as our sterile material.

Cladophlebis sp.
Plate 6, figures 1, 3, 5; Text-figure 5C

2004 Cladophlebis sp. 2; Kustatscher, p. 139, pl. 2, fig. 5.

Description. There are about eight specimens of a pecopterid
type of fern foliage, demonstrating at least bipinnate frond frag-
ments with a relatively thick rachis (2-4 mm wide) from which
pinnae arise perpendicularly. In KUH1147 16 pinnae arise from
one side of the rachis (distances between them 6-8 mm); the
longest of these is ¢. 7 cm, but it is incomplete, and only 5 mm
wide. The pinna rachis is 1-1-5 mm wide and small, triangular-
like pinnules (2—4 x 1-5-2-5 mm) arise perpendicularly from it.
The venation consists of only a midrib; no secondary veins can
be seen (Pl 6, fig. 1; Text-fig. 5C). KUH1075 is the most com-
plete specimen. It is a 3-cm-long rachis fragment with six
attached pinna fragments, and eight more parallel pinna frag-
ments continuing but without the presence of a rachis. There
are parts of 11 more or less parallel pinna fragments oblique to

EXPLANATION OF PLATE 5

Figs 1-2. Marattiopsis sp. 1, pinnule, KUH215; x 1. 2, venation, KUH1242; x 1.
Figs 3—4, 7. Sphenopteris schoenleiniana (Brongniart) Presl. 3, apical frond fragment, KUH1171; x 1. 4, frond fragment, KUH524; x 1.

7, fertile frond fragment, KUH1083; x 2.

Figs 5-6. Cladophlebis remota (Presl) comb. nov. 5, apical frond fragment, KUH574; X 0'5. 6, frond fragment with pinnules showing an

acute apex, KUH874; x 1.
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TEXT-FIG. 5. Line drawings of venation in the pinnules of some of the fern species. A, Neuropteridium elegans (Brongniart)
Schimper and Mougeot. B, Cladophlebis remota (Presl) comb. nov. C, Cladophlebis sp. D, Gordonopteris lorigae sp. nov. Scale bars

represent 1 cm.

this frond fragment. All of these fragments may have belonged
to one large bipinnate frond (Pl 6, fig. 3).

Two specimens (KUH1155 and 1269) show similar pinna
fragments with apparently fertile pinnules attached to them.
However, because of poor preservation these fragments do not
show any details of the sporangia (Pl 6, fig. 5).

Discussion. This type of fern frond also superficially
resembles Anomopteris mougeotii fronds because of the
relatively broad rachis and perpendicularly arranged pin-
nae. However, the triangular pinnule shape is different
from the more rounded one in Amnomopteris, and no
aphlebia have been found at the base of the pinnae.
Because the preservation of all the material is rather poor,
we attribute these fragments here to the morphogenus
Cladophlebis as Cladophlebis sp. We have not seen any
records of comparable Middle Triassic fern foliage in the
literature.

PTERIDOPHYTA incertae sedis

Gen. et sp. indet.
Plate 6, figure 2

21990 Neuropteridium curvinerve Wang and Wang, p. 121,
pl. 20, figs 9-13; pl. 22, fig. 9; pl. 23, figs 1-3.

21996 Neuropteridium curvinerve Wang and Wang; Wang,
pl. 3, figs 1-3.

2004 ?Pteridophyta gen. et sp. indet.; Kustatscher, p. 143,
pl. 5, fig. 4.

Description. Two specimens (KUH444 and 583) in the collec-
tion show small fragments of a fern-like plant with rhomboid
pinnules. The best specimen (KUH444; Pl. 6, fig. 2) is 83 cm
long and 3-3 cm wide. In it the rachis is ¢. 3 mm wide and
bears rhomboid pinnules varying in size from 17 X 14 mm to
20 X 16 mm. The venation arises from the lower basal angle

EXPLANATION OF PLATE 6
Figs 1, 3, 5. Cladophlebis sp. 1, frond fragment, KUH1147; x 1. 3, frond fragment, KUH1075; x 1. 5, fertile pinna, KUH1269; X 1°5.
Fig. 2. Pteridophyta gen. indet. sp. indet., frond fragment, KUH444; x 15.
Fig. 4. Cladophlebis remota (Presl) comb. nov., fertile frond fragment, KUH732; x 3.
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of the pinnules as an undeveloped midvein that forks several
times, and some veins below this ‘midvein’ arise directly from
the rachis. The secondary veins end near the margin. The
apex of the pinnules is relatively acute.

Discussion. This is the rarest fern-like foliage in the
whole assemblage. We are not even sure if the specimens
belong to ferns or seedferns. Maceration of the coaly sub-
stance that was preserved did not yield any cuticle.
Therefore, although it is possible that we are dealing with
a fern, the type of venation is more like that found in
seedferns.

In the literature on Early and Middle Triassic floras,
only Neuropteridium curvinerve described by Wang and
Wang (1990) from Scythian sediments in China is similar
to the present fossils. Their material obviously consists of
more specimens (?seven) than ours. Wang and Wang des-
cribed the pinnules as triangular (as is illustrated in their
pl. 20, figs 9-13) with an obtusely pointed apex and wide
base. Not all of their specimens are similar to our mater-
ial but especially those on their plate 22, figure 9 and
plate 23, figures 1-3 (partly re-figured in Wang 1996)
show more or less rhomboidal pinnules with basically the
same venation as in our specimens. Wang and Wang
(1990) stated that this species is easily distinguished from
the Early Triassic Neuropteridium species from Europe by
its decurrent pinna base, pointed apex and venation.
Since this is indeed the case, we hesitate to assign our
material and the Chinese material to Neuropteridium,
which is for probable osmundaceous ferns with a totally
different pinnule morphology. As the material is very lim-
ited, we hesitate to create a new genus and/or species
for it.

Acknowledgements. Thanks are first of all due to Dr Gea Zijlstra
for her advice on nomenclatural matters. Dr Lea Grauvogel-
Stamm kindly permitted us to study material from the Vosges,
and provided many fruitful discussions. Drs Carole Gee and
Georg Heumann (Bonn) and Dr Helmut Mayr (Munich) are
thanked for giving us the opportunity to examine the original
Blanckenhorn material. Prof. Zhou Zhiyan provided us with
Chinese literature and translations of some descriptions, for
which we are very grateful. The manuscript benefited from the
constructive remarks of the two reviewers. We thank Rachele
Adreetta for preparing the line drawings, and especially Mr Paol-
o Fedele, Cortina, for his part in collecting the material. Sebas-
tian and Fabian Pfeithofer and Giorgio Zardini also provided us
with specimens.

REFERENCES

ANDREWS, H. N. 1970. Index of generic names of fossil
plants, 1820-1965. Bulletin of the United States Geological Sur-
vey, 1300, 1-354.

ARCHANGELSKY, S. and ARRONDO, O. G. 1971. Estu-
dio sobre el genero Botrychiopsis Kurtz (=Gondwanidium Go-
than) del Carbonico y Permico Gondwanico. Ameghiniana, 8,
189-227.

BECHSTADT, T. and BRANDNER, R. 1970. Das Anis zwis-
chen St. Vigil und dem Hoéhlensteintal (Pragser-und Olanger
Dolomiten, Siidtirol). Festband des Geologischen Institutes, 300-
Jahr-Feier Universitit Innsbruck, 9-103.

BERCHTOLD, F. and PRESL, J. 1820. O Prirozenosti Rostlin
1. Praha, 322 pp.

BLANCKENHORN, M. 1886. Die fossile Flora des Buntsand-
steins und des Muschelkalks der Umgegend von Commern.
Palaeontographica, 32, 117-153.

BOWER, F. O. 1899. Studies on the morphology of spore-pro-
ducing members. Philosophical Transactions of the Royal Soci-
ety of London, B, 192, 29-138.

BROGLIO LORIGA, C, FUGAGNOLI, A,, VAN KON-
IJNENBURG-VAN CITTERT, J. H. A, KUSTAT-
SCHER, E,, POSENATO, R. and WACHTLER, M. 2002.
The Anisian macroflora from the Northern Dolomites (Monte
Pra della Vacca/Kithwiesenkopf, Braies): a first report. Rivista
Italiana di Paleontologia e Stratigrafia, 108, 381-390.

BRONGNIART, A. 1828a. Prodrome d’une histoire des végét-
aux fossiles. Levrault éd., Strasbourg, 223 pp.

—— 1828b—38 Histoire des végétaux fossiles, ou Recherches bota-
niques et géologiques sur les végétaux renfermes dans les divers
couches du globe. 1. Paris, 488 pp.

—— 1828¢. Flore du gres bigarré. Annales des Sciences Nature-
lles, 15, 435-460.

—— 1849. Tableaux des genres de végétaux fossiles considerés sous
le point de vue de leur classification botanique et de leur distri-
bution géologique. Paris, 127 pp.

COMPTER, G. 1874. Ein Beitrag zur fossilen Keuperflora.
Nova Acta Kaiserliche Leopold-Carolingischen Deutschen Akade-
mie der Naturforscher, 37 (10), 1-10.

—— 1918. Ein Nachtrag zur fossilen Keuperflora Ostthiiringens.
Zeitschrift fiir Naturwissenschaften, 1918, 439-449.

DE ZANCHE, V., FRANZIN, A, GIANOLLA, P,
MIETTO, P. and STORPAES, C. 1992. The Piz da Peres
Section (Valdaora-Olang, Pusteria Valley, Italy): a reappraisal
of the Anisian stratigraphy in the Dolomites. Eclogae Geologi-
cae Helveticae, 85, 127—-143.

—— GIANOLLA, P, MIETTO, P, SIORPAES, C. and
VAIL, P. R. 1993. Triassic sequence stratigraphy in the Dolo-
mites (Italy). Memorie di Scienze Geologiche, 45, 1-27.

DE ZIGNO, A. 1862. Sulle piante fossili del Trias di Recoaro
raccolte dal Prof. A. Massalongo. Memorie Reale dell’Istituto
Veneto di Scienze, Lettere et Arti, 2, 1-31.

DELFRATI, L, BALINI, M. and MASETTI, D. 2000.
Formazione di Dont. In DELFRATI, L., FALORNI, P.,
GROPPELLI, G. and PAMPALONI, R. (eds). Carta
Geologica d’Italia — 1: 50.000. Catalogo delle Formazioni,
Fascicolo I — Unita Validate, Quaderni Serie 3, no. 7, Servi-
zio Geologico Nazionale, Accordo di programma SGN -
CNR, pp. 89-99.

DOBRUSKINA, L A. 1994. Triassic floras of Eurasia. Osterrei-
chische Akademie der Wissenschaften, Schriftreihe der Erdwis-
senschaftlichen Kommissionen, 10, 1-422.



VAN KONIJNENBURG-VAN CITTERT ET AL.: TRIASSIC FERNS FROM NORTHERN ITALY 967

—— 1998. Lunz flora in the Austrian Alps — a standard for Car-
nian floras. Palaeogeography, Palaeoclimatology, Palaeoecology,
143, 307-345.

FARR, E. R, LEUSSINK, J. A. and STAFLEU, F. A. 1979.
Index Nominum Genericorum (Plantarum), Vol. II. Eprolithus-
Peersie. Ed. Bohn, Scheltema and Holkema, Utrecht; dr W.
Junk bv., publishers, the Hague, 1276 pp.

FLICHE, P. 1910. Flore fossile du Trias en Lorraine et Franche-
Comté. Ed. Berger-Levrault, Paris, Nancy, 297 pp.

FONTAINE, W. M. 1889. The Potomac or Younger Mesozoic
flora. United States Geological Survey, Monograph, 15, 1-377.

FRENTZEN, K. 1914. II. Die Flora des Buntsandsteins Badens.
Mitteilungen der Grossherzoglichen Badischen —Geologischen
Landesanstalt, 8, 63—162.

—— 1922a. Beitrdge zur Kenntnis der fossilen Flora des Siid-
westlichen Deutschland III. Jahresbericht Mitteilungen Ober-
rheinische Geologische Vereinigung, Neue Folge, 11, 1-14.

—— 1922b. Die Keuperflora Badens. Verhandlungen des Natur-
wissenschaftlichen Vereins Karlsruhe, 28, 1-76.

FUCHS, G, GRAUVOGEL-STAMM, L. and MADER, D.
1991. Une remarquable flore a Pleuromeia et Anomopteris
in situ du Buntsandstein moyen (Trias Inférieur) de I’Eifel
(R. F. Allemagne), morphologie, paléoécologie et paléogéo-
graphie. Palaeontographica, B, 222, 89-120.

GIANOLLA, P., DE ZANCHE, V. and MIETTO, P. 1998.
Triassic sequence stratigraphy in the Southern Alps (Northern
Italy): definition of sequences and basin evolution. 719-747.
In DE GRACIANSKY, P. C. H, JACQUIN, T. and
VAIL, P. R. (eds). Mesozoic and Cenozoic sequence stratigra-
phy of European basins. SEPM (Society for Sedimentary Geol-
ogy), Special Publication, 60, 825 pp.

GOEPPERT, H. R. 1836. Die fossilen Farrnkrauter. Nova Acta
Leopoldina, 17, 1-486.

GOTHAN, W. 1937. Uber eine Buntsandsteinflorula von Udin-
gen bei Diren (Rheinland). Jahrbuch Preussische Geologische
Landesanstalt, 58, 352—360.

GRAUVOGEL-STAMM, L. 1978. La flore du Gres a Voltzia
(Buntsandstein supérieur) des Vosges du Nord (France). Sci-
ences Geologiques, Mémoire, 50, 225 pp.

and GRAUVOGEL, L. 1980. Morphologie et anatomie
d’Anomopteris mougeotii Brongniart (synonyme: Pecopteris
sulziana Brongniart), une fougeére du Buntsandstein supéri-
eur des Vosges (France). Sciences Géologiques, Bulletin, 33,
53-66.

GREUTER, W., McNEILL, J., BARRIE, F. R, BUR-
DET, H. M,, DEMOULIN, V., FILGUEIRAS, T. S,
NICOLSON, D. H, SILVA, P. C, SKOG. J. E,
TREHANE, P, TURLAND, N. J. and HAWKS-
WORTH, D. L. 2000. International Code of Botanical
Nomenclature (Saint Louis Code). Koeltz Scientific Books,
Konigstein, Germany, 474 pp.

HEER, O. 1865. Die Urwelt der Schweiz. Verlag Friedrich Schul-
thez, Zurich, 622 pp.

—— 1877. Flora fossilis helveticae. Die vorweltliche Flora der
Schweiz. Wurster und Companie, Ziirich, 182 pp.

JAEGER, G. F. 1827. Uber die Pflanzenversteinerungen welche in
dem Bausandstein von Stuttgart vorkommen. J. B. Metzler’schen
Buchhandlung, Stuttgart, 40 pp.

KELBER, K.-P. 1990. Die versunkene Pflanzenwelt aus den
Mainsiimpfen Mainfrankens vor 230 Millionen Jahren. Berin-
geria, Sonderheft 1, 1-67.

and HANSCH, W. 1995. Keuperpflanzen. Die Entritse-
lung einer tiber 200 Millionen Jahre alten Flora. Museo, 11, 1-
157.

KRASSER, F. 1909. Die Diagnosen der von Dionysius Stur in
der obertriadischen Flora der Lunzerschichten als Marattiacee-

narten unterschiedene Farne. Sitzungsbericht der Akademie der
Wissenschaften Wien, Abteilung, 1, 13—43.

KRAUSEL, F. 1955. Die Keuperflora von neue Welt bei Basel.
I. Koniferen und andere Gymnospermen. Schweizer Palionto-
logische Abhandlungen, 71, 1-27.

—— 1959. Die Keuperflora von neue Welt bei Basel. III. Equise-
taceen. Schweizer Paliontologische Abhandlungen, 77, 1-19.

KRAUSEL, R. and SCHAARSCHMIDT, F. 1966. Die Keu-
perflora von neue Welt bei Basel. IV. Pterophyllen und Taenio-
pteriden. Schweizer Paliontologische Abhandlungen, 84, 1-64.

KUSTATSCHER, E. 2004. Macroflore terrestri del Triassico
Medio delle Dolomiti e loro inquadramento bio-crona strati-
grafico e paleoclimatico mediante palinomorpfi. Thesis, Uni-
versity of Ferrara, 220 pp.

—— WACHTLER, M. and VAN KONIJNENBURG-
VAN CITTERT, J. H. A. 2004. Some additional and revised
taxa from the Ladinian Flora of the Dolomites, Northern Italy.
Geologie Alpine, 1, 57-70.

LEONARDI, P. 1953. Flora continentale Ladinica delle Dolo-
miti. Memorie dell’Istituto di Geologia e Mineralogia, 18, 1-20.
LEUTHARDT, F. 1903. Die Keuperflora von neue Welt bei
Basel. I. Phanerogamen. Abhandlungen der Schweizer Palionto-

logischen Gesellschaft, 30, 1-25.

—— 1904. Die Keuperflora von neue Welt bei Basel. II. Kryp-
togamen. Abhandlungen der Paliontologischen
Gesellschaft, 31, 24-48.

MADER, D. 1990. Palaeoecology of the flora in Buntsandstein
and Keuper in the Triassic of Middle Europe, Vol. 1. Buntsand-
stein. Gustav Fischer Verlag, Stuttgart, 936 pp.

MAGDEFRAU, K. 1931. Die fossile Flora von Singen in Thur-
ingen und die Pflanzengeographie in Mitteleuropa zur Bunt-
sandsteinzeit. Berichte der Deutschen Botanischen Gesellschaft,
49, 298-308.

—— 1956. Palaeobiologie der Pflanzen. Twenty-third edition. G.
Fischer Verlag, Jena, 443 pp.

MENG, F. 2000. Advances in the study of Middle Triassic
plants of the Yangtze Valley of China. Acta Palaeontologica
Sinica, 39, 154—-166.

MOJSISOVICS, E. 1879. Die Dolomit-Riffe von Siidtirol und
Venetien: Beitrige zur Bildungsgeschichte der Alpen, A. Holder
Verlag, Wien, 551 pp.

PASSONI, L. and VAN KONIJNENBURG-VAN CITT-
ERT, J. H. A. 2003. New taxa of fossil Carnian plants from
Mount Pora (Bergamasc Alps; Northern Italy). Review of
Palaeobotany and Palynology, 123, 321-346.

PRESL, K. 1820-38. In STERNBERG, C. voN. Versuch einer
geognostisch-botanischen Darstellung der Flora der Vorwelt.
Parts 1-8. Leipzig and Prague, 220 + 71 pp.

SANDER, M. and GEE, G. T. 1994. Der Bundsandstein der
Eifel. 117-124. In KOENIGSWALD, K. and MEYER, W.

Schweizer



968 PALAEONTOLOGY, VOLUME 49

Erdgeschichte im Rheinland. Verlag Dr Friedrich Pfeil, Munich,
151 pp.

SCHENK, A. 1864. Beitrige zur Flora des Keupers und der
rhaetischen Formation. VIL. Bericht der Naturforscher Gesell-
schaft zu Bamberg, 51-142.

—— 1868. Uber die Pflanzereste des Muschelkalkes von Reco-
aro. Beneckes Geognostische-Paliontologische Beitrige, 2, 71-87.

SCHIMPER, W. P. 1869. Traité de Paléontologie végétale ou la
flore du monde primitif dans ses rapports avec les formations
geéologiques et la flore du monde actuel. 1. J. B. Baillere et Fils
éd., Paris, 738 pp.

—— and MOUGEOT, A. 1844. Monographie des Plantes fos-
siles du Gres Bigarré de la Chaine des Vosges. Ed. G. Engel-
mann, Leipzig, 83.

—— and SCHENK, A. 1879. In ZITTEL, K. A. Handbuch
der Palaeontologie, Teil II. Palaeophytologie. Lief. 1. Ed. Olden-
bourg, Leipzig, 152 pp.

—— ——1890. In ZITTEL, K. A. Handbuch der Palaeontolo-
gie, Teil II. Palaeophytologie. Ed. Oldenbourg, Leipzig, 947 pp.
SCHLOTHEIM, E. F. 1820. Die Petrefactenkunde auf ihrem
jetzigen Standpunkte durch die Beschreibung seiner Sammlung
versteinerter und fossiler Uberreste des Thier und Pflanzenreichs

der Vorwelt erldutert. Gotha, Ixii + 437 pp.

SCHMIDT, M. 1928. Die Lebewelt unserer Trias. Hohen-
lohe’sche Buchhandlung, F. Rau, Oehringen, 461 pp.

SEWARD, A. C. 1910. Fossil plants 1I. Cambridge University
Press, Cambridge, xxi + 624 pp.

STUR, D. 1885. Die obertriadische Flora der Lunzer Schichten
und des bituminosen Schiefers von Raibl. Sitzungsbericht der

Kaiserlichen Akademie der Wissenschaften, Wien, Mathemati-
sch-Naturwissenschaftliche Klasse, 111, 92—103.

STERNBERG, C. von 1820-38. Versuch einer geognostisch-
botanischen Darstellung der Flora der Vorwelt. Leipzig and
Prague, 220 pp.

UNGER, F. 1850. Genera et species plantarum fossilium. Vind-
obonae, xl + 627 pp.

WACHTLER, M. and VAN KONIJNENBURG-VAN
CITTERT, J. H. A. 2000. The fossil flora of the Wengen For-
mation (Ladinian) in the Dolomites (Italy). Beitrige zur Pald-
ontologie, 25, 105-141.

WANG, L., XIE, Z. and WANG, Z. 1978. On the occurrence
of Pleuromeia from the Qinshui Basin in Shanxi Province.
Acta Paleontologica Sinica, 17, 195-212.

WANG, Z. 1996. Recovery of vegetation from the terminal Per-
mian mass extinction in North China. Review of Palaeobotany
and Palynology, 91, 121-142.

—— and WANG, L. 1990. Late Early Triassic fossil plants from
upper part of the Shigianfeng Group in North China. Shanxi
Geology, 5, 97-154. [In Chinese, English summary].

WEBB, J. A. 2001. A new marattialean fern from the Middle
Triassic of eastern Australia. Proceedings of the Linnean Society
of New South Wales, 123, 215-224.

WEISS, Cu. E. 1871. Uber Anomopteris mougeoti. Neues Jahr-
buch fiir Mineralogie, Geologie, Paliontologie, 1871, 363—368.
ZHOU, Z. and LI, B. 1979. A preliminary study of the Early
Triassic plants from the Qionghai district, Hainan Island. Acta
Palaeontologica Sinica, 18, 444-464. [In Chinese, English sum-

mary].



