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The Triassic is an exceptionally interesting period from the point of view of conifer evolution. The oldest repre-
sentatives of somemodern families appear in the fossil record in the Upper Triassic and all recent conifer families
probably originatedduring this time. The stageswhereby the primitiveVoltziales transformed into the evolution-
arily advanced families of modern conifers in the Triassic are yet to be fully documented. A newly discovered
Upper Triassic (Norian) locality in Patoka (SW Poland, Upper Silesia) with a unique fossil record offers us a
rare opportunity to fill this gap. In this paper, we describe the very well preserved remains of a new conifer
from this locality. We have been able to reconstruct the whole plant and propose a new taxon, Patokaea silesiaca
gen. et sp. nov., on the basis of organic attachment and similar cuticular details on leaves, ovuliferous cones, seed
scale-bract complexes, ovules and mature seeds as well as polliniferous cones containing pollen grains of the
Enzonalasporites type in situ. This plant combines shoots bearing Brachyphyllum-Pagiophyllum-type leaves with
a new type of seed scale-bract complex clearly derived from evolutionary advanced Voltziales and polliniferous
cones somewhat similar to the Cheirolepidiaceae (Classostrobus) type. Based on this distinctive and hitherto
unique combination of features, a new conifer family – Patokaeaceae – has been proposed. The ovuliferous
cones of this conifer are lax and borne singly at the end of leafy twigs. Ovule-bearing scales are stalked and trilo-
bate with two lateral oval lobes, each bearing one ovule, and one sterile reduced lobe between them, all in one
plane. The bract is small and leaf-like. Polliniferous cones are simple with helically arranged microsporophylls.
Five to seven pollen sacs are arranged around the microsporophyll stalk. Polliniferous cones are borne singly at
the end of leafy twigs. This is also the first evidence of a relationship between Enzonalasporitespollen and the par-
ent plant. The pollen occurs in the polliniferous cones, in the micropyle inside the ovule and in the micropylar
region inside the seed of this new conifer. This plant expands our view of voltzialean conifer diversity at the
roots of modern conifer families.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

The Triassic is especially interesting from the point of view of conifer
evolution (Miller, 1977; Grauvogel-Stamm, 1978; Rothwell et al., 2012).
Modern conifer families originated at this time, as shown by the fossil
record and phylogenetic data (Quinn et al., 2002; Rothwell et al.,

2012). Older, evolutionary less advanced conifers, traditionally referred
to as Voltziales, reached their peak of diversity in the Triassic, in terms of
both taxa number and their wide adaptation to different environments
(e.g., Rothwell et al., 2000; Taylor et al., 2009). Ovuliferous scale-bract
complexes in ovuliferous coneswere very diversified among Triassic co-
nifers, but one general evolutionary tendency is identified inmost taxa–
the flattening of seed scales and reduction of their lobes (Florin,
1938–1945, 1951; Schweitzer, 1963). At this same time, polliniferous
cones were probably more diverse, varying from simple to compound
cones, than at any other period in conifer history (Roselt, 1956;
Schaarschmidt and Maubeuge, 1969; Grauvogel-Stamm, 1969, 1972,
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1978; Grauvogel-Stamm and Grauvogel, 1973; Grauvogel-Stamm and
Schaarschmidt, 1979; Meyen, 1987; Grauvogel-Stamm and Galtier,
1998). The stages of transformation from the primitive Voltziales to
evolutionary advanced families of modern conifers in the Triassic have
been insufficiently documented to date (Miller, 1977, 1982, 1988;
Rothwell et al., 2012). Such families as the Podocarpaceae have uncon-
tested representatives in the Triassic, but the occurrence of members of
other families, e.g. the Pinaceae, is still open to question (Delevoryas and
Hope, 1973, 1987; Miller, 1976; Rothwell et al., 2012).

The Triassic conifers described thus far from Poland are poorly pre-
served and still imperfectly known (Goeppert, 1845, 1846; Kunisch,
1886; Raciborski, 1890; Reymanówna, 1986; Brzyski and Heflik, 1994;
Dzik and Sulej, 2007; Pacyna et al., 2013; Pacyna, 2014). Some newly
discovered localities provide an exceptional opportunity to supplement
this scanty information. Krasiejów, Patoka, Poręba, Marciszów-
Zawiercie, Woźniki, Lipie Śląskie-Lisowice (all in South Poland and
Upper Silesia), contain yet to be described well-preserved floras rich
in conifer taxa, with forms which can shed new light on conifer evolu-
tion during the Late Triassic (Brzyski and Heflik, 1994; Szulc et al.,
2006; Dzik and Sulej, 2007; Dzik et al., 2008; Racki, 2010; Sulej et al.,
2011, 2012; Sadlok and Wawrzyniak, 2013; Kubik et al., 2015;
Philippe et al., 2015; Racki and Szulc, 2015). The material is from the
Patoka locality, which is Norian in age, and contains a flora that is not di-
verse, but very well-preserved and dominated by conifers. It is worth
noting that worldwide Norian plant fossils are extremely rare
(Dobruskina, 1988, 1994; Mader, 1990; Petti et al., 2013). Nearby local-
ities provide older (Carnian – Krasiejów) and younger (upper Norian?–
Rhaetian – Lipie Śląskie-Lisowice) floras together with exceptional ver-
tebrate assemblages containing dinosaurs and dicynodonts (Dzik, 2001,
2003; Dzik et al., 2008; Wawrzyniak, 2010; Sulej et al., 2011, 2012;
Niedźwiedzki et al., 2012; Pacyna et al., 2013; Pacyna, 2013, 2014).

The purpose of this paper is to describe the very well preserved re-
mains of a new conifer from Patoka (Fig. 1). The whole plant has been
reconstructed on the basis of organic connections and cuticle details
on leaves, ovuliferous cones, seed scale-bract complexes, ovules and de-
veloped seeds as well as polliniferous cones with pollen grains of the
Enzonalasporites type in situ (Fig. 2). Such fully documented plants
have been used successfully for developing phylogenetic hypotheses
about fossil-conifer relationships (Rothwell et al., 2005).

2. Geological setting, materials, and methods

2.1. Geological setting

The specimens described in this study were collected in the northern,
lowest part of the Patoka clay pit (northern part of Upper Silesia, Fig. 1).
Fossil bearing strata belong to uppermost part of the marly mudstone-
sandstone Patoka Member of the Grabowa Formation (Szulc and Racki,
2015; Racki and Szulc, 2015; Szulc et al., 2015a, 2015b). This formation
is the main lithostratigraphic unit of the Upper Silesian Keuper and a lat-
eral equivalent of the GermanWeser and Arnstadt formations within the
Triassic Germanic Basin, which extends from France in the West across
Germany to Poland in the East (Mader, 1997; Szulc et al., 2006; Szulc
and Becker, 2007; Franz, 2009; Racki, 2010; Lucas, 2015). The first de-
scription of Upper Triassic strata in the Patoka region was provided by
Römer (1870), but plant remains were observed for the first time by
Znosko (1955) in a currently-flooded old clay pit. The plant fossils de-
scribed here derive from greenish-yellowish, sometimes grey, layers of
mudstone and siltstone with sandstone lenses and occur in few very
thin layers containing mainly new, leafy conifer twigs. Small fern frag-
ments and sporadic leaves of other gymnosperms have also been found.
Numerous associated tree trunks preserved as coalified remains and
charcoal fragments have already been described (Philippe et al., 2015).

Palynological data were used to determine the age of the Patoka
Member as Norian, the local Polish Corollina meyerana Palynozone, Sub-
zone b (Orłowska-Zwolińska, 1983, 1985; Fijałkowska-Mader et al.,

2015), which is correlated with the Middle European
Granuloperculatipollis rudis zone (Cirilli, 2010; Kürschner and
Herngreen, 2010; Fijałkowska-Mader et al., 2015). The nearby Patoka
1 borehole probably failed to penetrate the fossil-bearing level exposed
in the pit, but it has been well documented palynologically
(Fijałkowska-Mader et al., 2015). Unfortunately, in the locality where
the fossils have been found, clay pit works have strongly disturbed the
section. Palynological analysis of samples containing macrofossils of
the new conifer shows that themiospore assemblages are taxonomical-
ly impoverished in comparison with the Corollina meyeriana b Subzone
andmainly consist of Ovalipollis, Vallasporites and Corollina. It is difficult
to correlate these spectra with the subzones (within the Corollina
meyerana Zone) distinguished by Orłowska-Zwolińska (1983, 1985) as
she did not mention Vallasporites. According to Pacyna (2014), the
flora from Patoka can be correlated with the German
Stubensandstein-Burgsandstein Flora of Kelber (1998) and he referred
it to the local Brachyphyllum Assemblage Zone.

2.2. Material

The plant remains are preserved as coalified compressions with
well-preserved cuticles. Leafy shoots (up to 50 mm long) predominate
in the material associated with ovuliferous scale-bract complexes,
ovuliferous and polliniferous cones, ovules, mature seeds and dispersed
pollen grains. All organs undoubtedly belong to the same plant species.
Ovuliferous and polliniferous coneswere found attached to leafy shoots.
One seed was found attached to a seed-scale. Vegetative and reproduc-
tive structures have cuticles of the same type. The pollen grains found in
the polliniferous cone are the same as those observed in the micropylar
canal of the ovule, in the micropylar region inside the seed and dis-
persed in the source sediment.

The specimens are stored at the Institute of Botany, Jagiellonian Uni-
versity, under the palaeobotanical collection number KRA-PALEO 104.

2.3. Methods

The compressed remains were separated from the sediment by
treatment with 40% hydrofluoric acid for one to several days, then
washed with distilled water. Prepared remains are partly stored in
water containing thymol and partly in the dry state in test tubes. Bulk
sampleswere examined inwater using a Leica stereomicroscope and in-
dividual specimens were selected for further study.

Some leaves, ovule and seeds were macerated in Schulze solution
(Schulze, 1855) and then washed with 3% KOH after which permanent
slides were prepared. These were examined using Nikon Eclipse E 600
and Axio Scope A1 Carl Zeiss light and fluorescent microscopes. Some
specimens (separate seeds, polliniferous cone cuticles, polliniferous
cone fragments with pollen sacs, pollen grains) were only treated with
hydrofluoric acid (and someweremacerated afterwards in Schulze solu-
tion) for SEM examination. They were sputter-coated with gold and ob-
served with a Hitachi S-2360N scanning electron microscope at 22 kV
accelerating voltage and secondary electron detection.

For the pollen wall ultrastructure investigation, pollen grains were
soaked with propylene oxide, infiltrated and embedded in Durcupan
resin. Ultrathin sections (70 nm)were cut with a Reichert-Jung Ultracut
E ultramicrotome. Sections stained with uranyl acetate and lead citrate
(Reynolds, 1963) were observed with a Hitachi 7100 transmission elec-
tron microscope at 75 kV accelerating voltage.

3. Results

3.1. Systematics

Division - Pinophytina
Class - Pinopsida
Order - Voltziales
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