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The fossil plant assemblage of Steinheim am Albuch, reference locality of mammal Neogene zone MN 7, is revised.
The plant-bearing calcareous marls (sulcatus-beds) were deposited in an impact crater lake underlying the mammal-
bearing strata (frochiformis- and oxystoma-beds). Currently, MN7-8 are correlated chronostratigraphically to the
Serravallian and to the Sarmatian (Central Paratethys stage). The plant fossils are preserved as mere impressions,
very poor in contrast. The assemblage includes aquatic plants from the lake and its margin as well as mainly leaves
of woody taxa from the terrestrial surroundings. Aquatic plants include Characeae, Cladiocarya trebovensis, Phyllites
sp. — ?floating leaf, Equisetum, ?Lythraceae, ?Potamogeton geniculatus, ?Trapa, and reed and sedge-like foliage
(“Typha” latissima, Monocotyledoneae). In the terrestrial flora oaks are most diverse (Quercus drymeja, Q. ?gigas,
Q. kubinyii, Q. mediterranea, Q. pseudocastanea). Foliage of ?Quercus sp. is more numerous than that of all other
oak species but its systematic position remains unclear. Celtis japeti, C. lacunosa, Podocarpium podocarpum, Populus
balsamoides, Zelkova zelkovifolia, and Sapindales leaflets of compound leaves (Sapindales fam., gen. et sp. 1 and 2)
are well documented. Acer pseudomonspessulanum vel A. integrilobum, vel Acer angustilobum, ?Carpinus sp., Buxus
pliocenica, Chaneya oeningensis, cf. Daphnogene polymorpha, Leguminosites cf. hesperidum, and “Parrotia” pristina
are documented based on single specimens only. Not confirmed are, among others, the following taxa described
by Schweigert (1993) which would be ecologically and/or climatically relevant: Isoétes braunii recognised here as
indeterminable remain, Isoétes sp. as leaf rhachis and petiole of compound leaves, Smilax which is Celtis japeti,
Pistacia miochinensis determined here as Sapindales fam., gen. et sp. 2, Zanthoxylum as ?Sapindales fam., gen. et
sp. 1, “Dikotylenrest (Phyllocladium)” as fragment of a damaged leaf, and Eichhornia as indeterminable remain.
The plant assemblage at Steinheim is peculiar in several respects: it lacks conifers as well as winged fruits except
for Chaneya oeningensis and a poor fragment (?A4ilanthus sp.). Lauraceae are practically absent except for a single
specimen (cf. Daphnogene polymorpha). Betulaceae are documented by a single leaf (?Carpinus sp.) only, while
taxa otherwise characteristic of this time interval like beech, elms and willows are completely absent. Assuming that
the terrestrial plant record represents the close lake surroundings, the composition of taxa, leaf physiognomy and
assumed autecology indicate subhumid sclerophyllous forest environment and seasonal changes in precipitation under
warm-temperate climatic conditions. The Steinheim flora is compared to the regional floristic record and to selected
European plant assemblages. « Key words: leaf flora, impact crater lake, vegetation reconstruction, middle Miocene.
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The Steinheim Basin is an almost circular crater structure
in the eastern part of the Swabian Alb (SW Germany),
close to the town of Heidenheim an der Brenz (Fig.1). It
has a diameter of ¢. 3.5 kilometres and is characterised
by a remarkable uplift (“Zentralhiigel”) in its centre. In
the surroundings of the Steinheim Basin, Upper Jurassic
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(Kimmeridgian) limestones crop out, whereas in the central
uplift, Middle Jurassic clays and ferruginous sandstones
occur. Originally interpreted as a cryptovolcanic structure,
the Steinheim Basin is today recognised as a meteoritic
impact crater. This is confirmed by drillings, planar
elements in quartzes from Middle Jurassic sandstones
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in the central uplift area and by shatter cones diagnostic
for impact structures (Buchner & Schmieder 2017). Most
recently, a fragment of the meteorite was discovered
included in a shatter cone (Buchner et al. 2017) Details
of the geological setting of the Steinheim Basin and
a geological map of the area were provided by Reiff
(2004). The geological and palaeontological research
activities concerning the Steinheim Basin, dating back as
far as the 17™ century, were compiled by Adam (1980).
The sedimentary filling of the Steinheim Basin
consists of a basal brecciated bed followed by lacustrine
deposits of the crater lake, which later developed within
the basin. These lacustrine deposits are extremely rich
in well-preserved fossils, especially freshwater snails.
The latter comprise an endemic evolutionary lineage of
the planorbid genus Gyraulus, the oldest one recorded in
palaecontological science (e.g. Hilgendorf 1867; Reif 1983;
Mensink 1984; Gorthner 1992; Nitzel & Bandel 1993;
Povel 1993; Rasser 2006, 2013a, b). The succession of
Gyraulus species provided the names for the succession
of beds; from bottom to top the following beds occur
(Reiff 1992): kleini-beds, steinheimensis-beds, sulcatus-
beds, trochiformis-beds, oxystoma-beds, revertens-beds,
supremus-beds. The lowermost available lake deposits of
the Steinheim Basin, the kleini-beds, are not permanently
exposed, whereas the higher beds (especially the
trochiformis- and oxystoma-beds), were formerly exploited
in large sand pits along the western margin of the central
uplift. The underlying platy beds of the sulcatus-beds were
temporarily exposed as well. They contain abundantly
articulated fish remains and the herein described plants.
The bulk of the lake deposits exposed at the hillside of
the central uplift consist of poorly consolidated material,

420

which is, however, locally better cemented and formed
a girdle of firm carbonate rocks along the top margins
of the central uplift (Wolff & Fiichtbauer 1976). Today
these limestones, which interfinger with the low-cemented
sands, occur only as relics due to former quarrying. Both
geochemical studies and isotopic data suggest that the
isolated Steinheim freshwater lake became alkaline under
the prevailing climatic and environmental conditions
(Bajor 1965, Tiitken et al. 2006).

Besides numerous autochthonous ostracod taxa
(Janz 1992, 1997) and two taxa of fish (Gaudant 1989),
a very rich allochthonous terrestrial fauna was washed
into the lake, e.g. land snails (Finger 1998, Holtke &
Rasser 2015, and references therein) along with a diverse
vertebrate fauna (e.g. Heizmann 1992, Heizmann &
Hesse 1995, Heizmann et al. 1996). The rich mammalian
fauna recovered from the Steinheim Basin was used to
define the Neogene Mammal Unit MN7 (Mein 1975,
1989; Heizmann 1992; Steininger 1999). It includes
Insectivora (Mioechinus intermedius, Galerix socialis,
Heterosoricinae, Soricinae, Dinosorex sansaniensis),
Chiroptera (Vespertilionidae, Eptesicus campanensis),
Lagomorpha (Prolagus oeningensis, Lagopsis verus,
Eurolagus fontannesi), Rodentia (Spermophilinus
bredai, Microdyromys complicatus miocaenicus,
Miodyromys aegercii, Myoglis meini, Megacricetodon
minor, Megacricetodon germanicus, Democricetodon
mutilus, Democricetodon gaillardi, Eumyarion cf.
latior, Anomalomys gaudryi, Steneofiber depereti,
Trogontherium minutum), Carnivora (Paralutra jaegeri,
Ischyrictis mustelinus, Martes cf. filholi, Proputorius
sp., Trochotherium cyamoides, Trocharion albanense,
Amphicyon steinheimensis, Amphicyonopsis? serus,
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Hemicyon goeriachensis, Ursavus cf. intermedius, Pseu-
daelurus quadridentatus, Pseudaelurus lorteti, Sansanos-
milus jourdani, Semigenetta sansaniensis), Perissodactyla
(Anchitherium aurelianense, Alicornops simorrense,
Lartetotherium sansaniense, Dicerorhinus steinheimensis,
Metaschizotherium fraasi), Proboscidea (Gomphotherium
steinheimense), and Artiodactyla (Listriodon splendens,
Conohyus simorrensis, Albanohyus pygmaeus, Micro-
meryx flourensianus, Euprox furcatus, Heteroprox larteti,
Palaeomeryx eminens, Dorcatherium crassum) (Mein
1989, modified after Heizmann in Heizmann & Reiff
2002). Most recently, an additional moschid species,
?Micromeryx eiselei, was recognised within the Steinheim
fauna (Aiglstorfer ez al. 2017).

The Steinheim Basin is usually interpreted as being
coeval with the formation of the nearby Ries Impact Crater
(Reiff 1988, 1992; Heizmann & Reiff 2002) although
direct proof is lacking. The Ries impact was dated by
various radiometric methods at ~14.9 Ma (Buchner et al.
2013).

The fossil plant assemblage of Steinheim is of major
interest: It derives from the lake-filling of this meteoritic
impact crater where surface influx by streams has not
been recorded; thus, the flora probably stems from the
immediate surroundings of the lake. The mammal fauna
from the superimposed trochiformis- and oxystoma-beds
serves as a reference for Neogene Mammal Unit MN 7.
Plant assemblages dated to this time interval by means
other than plant remains (independent dating) are rather
rare in the European record. The flora from Steinheim has
been treated taxonomically by Gregor (1983) and later by
Schweigert (1993), both with rather scanty descriptions.
The plant remains are poorly preserved and diagnostically
relevant features are difficult, if at all, to discern. This
very poor preservational state hampers the systematic
treatment. Nonetheless, this revision is essential for
several reasons: (1) to provide proper descriptions of
the reported taxa as a sound basis for the ecological
interpretation; (2) to contribute to our knowledge about
the development of the flora and vegetation in Europe
during the Miocene; (3) this plant taphocoenosis provides
essential complementary information on the unique
ecosystem of the Steinheim impact crater lake; (4) it
complements the record from Randeck Maar (Mammal
Neogene Unit MN 5).

Material and methods

The large collection of plant material from Steinheim
at the State Museum of Natural History Stuttgart,
which comprises more than 400 specimens, was rein-
vestigated including also a few specimens from the
Meteorkratermuseum Steinheim. This material was the

main source for previous studies by Gregor (1983) and
Schweigert (1993). The poorly preserved plant material —
impressions in calcareous marls — is very poor in contrast.
Often, the leaf margin and even the secondary venation
are hardly traceable, accounting for several taxa whose
systematic position is questionable. Descriptions largely
follow Ellis et al. (2009). Most material was already in-
ventoried prior to this investigation. However, specimens
numbered P2227 have been inventoried in the course of
this study. Material numbered P2231 has been collected
most recently. For description of calcified remains of
Characeae, Cladiocarya trebovensis (Buzek) Mai and
Celtis lacunosa (Reuss) Kirchheimer we refer to Gregor
(1983).

In the description section, information on secondary
vein spacing refers to the central part of the lamina;
measurement values in brackets represent the estimated
full length or width after reconstruction of a leaf
fragment. Abbreviations: 1 — length; w — width; SMNS —
State Museum of Natural History Stuttgart; MKM —
Meteorkratermuseum Steinheim. All inventory numbers
of SMNS start with “P”.

Systematic Palaeontology

The systematics of angiosperms follows Heywood et al.
(2007).

Algae
Characeae

“Chara zolleriana Heer” vel “Characeenstengel”
Remarks. — See Gregor (1983, pl. 4, figs 3-5).
Chara sp.

Remarks. — See Gregor (1983, pl. 4, figs 1, 2).
Equisetaceae

Equisetum sp.
Figure 2A, B, E

1993 Phragmites oeningensis A. Braun. — Schweigert, p. 81,
partim.

Material. —P1674/2, 5-8, 12.

Description. — Articulate shoot fragments, vascular strands
alternating at nodia; specimen P1674/7: axis with tele-
scope-like apex, specimen P1674/8 with several articulate
shoots arising at a single base.
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Remarks. — Specimens P1674/1-22, all assigned to
Phragmites oeningensis (Schweigert 1993), partly unam-
biguously represent Equisetum sp. due to the articulate and
telescope-like organisation and the alternating position
of the vascular bundles at the nodia. The latter feature is
visible weakly on the specimens at hand.

Angiosperms
Laurales
Lauraceae

Daphnogene cf. polymorpha (A. Braun) Ettingsh.
Figure 3N

1983 Dicotylophyllum sp. (Sapotaceae). — Gregor, p. 17,
pl. 2, fig. 1.

1993 Daphnogene polymorpha (A. Braun) Ettingshausen
1851. — Schweigert, p. 64, sine fig.

Material. — P1243/5.

Description. — Elliptic, probably coriaceous leaf, petiole
not preserved, 1 x w =38 (?40) x 20 mm, ratio 1/w about 2,
base shape probably straight, base angle acute, apex
?complete, shape convex, ?blunt, margin entire; midvein
straight, basal secondaries faintly visible, suprabasal
acrodromous.

Remarks. — The suprabasal lowermost secondaries along
with the probably firm texture and the entire margin
account for the assignment. In the figure captions, Gregor
(1983) listed this specimen as Dicotyophyllum sp. (aff. Rho-
domyrtophyllum). The fossil-genus Rhodomyrtophyllum
(Myrtaceae) is, however, restricted to the Eocene.

Monocotyledons
?Potamogetonaceae

?Potamogeton geniculatus A. Braun in Heer
Figure 21

1993 Potamogeton geniculatus A. Braun in Heer. —
Schweigert, p. 80, pl. 5, fig. 4.

Material. — P1675/1 (Schweigert 1993, pl. 5 fig. 4), 3,
5-11, 13, 14, 16-26, 31, 32.

Description. — Multiply-branched fragments of herbaceous
plants; axis slender, zig-zag course induced by forking or
leaf insertion respectively, about 1 mm wide, lineal foliage

adherent, leaves up to 45 mm long, up to 1 mm wide near
the base, tapering along length into a linear acute apex,
occasionally a central vein visible which is stronger than
further parallel-running veins.

Remarks. — These remains very likely represent vegetative
structures of an aquatic plant. Although in the fossil
record Potamogeton fruits are by far more common than
vegetative remains, not a single fructification is available
at Steinheim. This fact and the scarcity of morphological
features of these remains account for the uncertainty of
the generic assignment.

Cyperaceae

Cladiocarya trebovensis (BuZek) Mai
Remarks. — See Gregor (1983, pl. 4, figs 6, 7).
?Typhaceae

“Typha” latissima A. Braun
Figure 2F, G

1851 Typha latissima; A. Braun in E. Stitzenberger,
p- 75.

1993 Phragmites oeningensis A. Braun. — Schweigert, p. 81,
partim.

Material. —P1674/1.

Description. — Linear leaf fragment, 490 mm long (incom-
plete) and 20 mm wide with densely spaced venation,
paralleling the length axis; less strong veins are inter-
calated between stronger ones; occasional faint transversal
veins present.

Remarks. — The transversal veins account for the assign-
ment to this taxon.

Monocotyledoneae gen. et sp. indet.
Figure 2C, D, H

1993 Isoétes braunii (Unger) Heer 1855. — Schweigert,
p. 64.

1993 Phragmites oeningensis A. Braun. — Schweigert, p. 81,
partim.

Material. — P1674/20, P2215, P2227/8, numerous spe-
cimens sine no.

Figure 2. A, B, E — Equisetum sp.; A, B — P1674/7; E — P1674/8. « C, D, H — Monocotyledoneae gen. et sp. indet.; C, D — P2215; H — P2227/8. «
F, G —“Typha” latissima A. Braun, P1674/1. « I — ?Potamogeton geniculatus A. Braun in Heer, P1675/1. Scale bar = 10 mm.
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Description. — Fragments of lineal, parallel-veined foliage
and a basal cluster of narrow, lineal foliage (P2227/8).

Remarks. — Critically, these specimens cannot be assigned
even to the family level. Schweigert (1993) described
Isoétes braunii as a whole plant consisting of a cluster
of very narrow leaves and a very short axis numbered
P1670/1, but left this specimen unfigured. In the SMNS
collection, specimen P1670/1 is a problematic remain,
probably a leaf petiole but definitely not the specimen
described by Schweigert as Isoétes braunii. The specimen
Schweigert (1993) had at hand is on display in MKM. It is
an indeterminable remain.

Eudicots
Buxaceae

Buxus pliocenica Saporta & Marion
Figure 30

1876 Buxus pliocenica Sap. et Mar.; Saporta & Marion,
p. 144, pl. 32, figs 6-8.

1993 Buxus cf. pliocenica Saporta et Marion 1876. —
Schweigert, p. 74, partim, non pl. 1, fig. 4.

Material. — P1650/2.

Description. — Elliptic, entire-margined leaf, | x w =
28 (30) x 15mm, ratio 1/w about 2, petiole lacking, base
shape straight to somewhat convex, base angle acute,
apex shape convex, uppermost part not preserved,
midvein stout, straight, secondaries very densely spaced,
originating at angles of 40—45°.

Remarks. — Under strongly oblique light the densely
spaced secondary veins characteristic of Buxus are visible.
In contrast, specimen P1650/1, which was figured by
Schweigert (1993, pl. 1, fig. 4), cannot be assigned to
Buxus due to the lack of diagnostically relevant characters.

Saxifragales
Hamamelidaceae

“Parrotia” pristina (Ettingsh.) Stur
Figure 51

1851 Styrax pristinum Ettingsh.; Ettingshausen, p. 19, pl. 3
fig. 9.

1867 Parrotia pristina Ett. — Stur, p. 192, pl. 5,
figs 2, 3.

1993 Parrotia pristina (Ettingshausen) Stur 1867. —
Schweigert, p. 65, pl. 2, fig. 3.

Material. — P1649/1 (Schweigert 1993, pl. 2, fig. 3).

Description. — Fragment of an elliptic to slightly obovate
leaf, petiole bent, 6mm long, 1 x w = 60 x 30 mm, ratio
I/w = 2, base shape rounded, base angle obtuse, apex
shape convex, apex angle obtuse, margin entire to apically
?distantly crenate, midvein slender, rather straight,
secondaries ascending steeply, the first pair arising directly
and opposite at the base, secondaries rather parallel among
each other, widely spaced, in the middle part of the lamina
up to 20 mm, tertiaries percurrent.

Remarks. — The generic affinity of such leaves is ambiguous
because, among Hamamelidaceae, leaves of Fothergilla
and Hamamelis resemble that of Parrotia.

Myrtales
?Lythraceae

?Trapa sp.
Figure 9G

Material. —P2227/1.

Description. — Fragment 26 mm long, 5-6 mm wide,
widened (8-?9 mm) and rim-like thickened at the top,
surface with several rugulae paralleling the length axis;
at the top, somewhat offset, densely spaced bristles, about
3mm long.

Remarks. — The true outlines of this remain are unclear.
The top (?apex) is reminiscent of the neck and corolla of

a rather large-sized Trapa fruit.

?Lythraceae gen. et sp.
Figure 9A, B

1993 “Sapindus” falcifolius A. Braun 1845. — Schweigert,
p. 73, non pl. 1, fig. 3.

Material. — P1667/25.

Description. — Short-petiolate, ?coriaceous, entire-mar-

Figure 3. A, B, D-F — Quercus drymeja Unger; A — P1667/8; B — P2227/12; D — P1655/13; E — P1664/47; F — P1664/26. « C, G — ?Quercus
drymeja Unger; C — P1664/33; G — P1664/52. « H-L — Quercus mediterranea Unger; H — P1678/12; 1 — P1243/11; J — P1666/2; K — P1678/1;
L—P2227/9. * M — Quercus ?gigas Goppert emend. Walther & Zastawniak, P1666/3. « N — cf. Daphnogene polymorpha (A.Braun) Ettingsh., P1243/5. «
O — Buxus pliocenica Saporta & Marion, P 1650/2. P, Q — Quercus kubinyii (Kovats ex Ettingsh.) Czeczott; P —P1243/3; Q — P1666/1. « R — Chaneya

oeningensis (Heer) Teodoridis & Z. Kvacek, P1657/1. Scale bar = 10 mm.
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gined leaf, petiole 2 mm long (?complete), laminar
shape slender oblong, | x w = 50 x 10mm, ratio I/w =5,
base shape asymmetric, convex, angle acute, apex
attenuate; midvein straight, secondary veins very densely
spaced, ascending steeply, originating at an angle of about
40°, weakly brochidodromous, forming a composed
intramarginal vein, intersecondaries dense, secondaries
only slightly stronger than other veins, all forming a very
dense network of elongated meshes.

Remarks. — The dense venation and the intramarginal
vein may indicate Lythraceae affinity. The rather steeply
ascending secondaries, the base shape, and the relatively
small size of this leaf distinguish it from Decodon gibbosus
(Kvacek & Sakala 1999), Decodon sp. (Kovar-Eder et al.
2002) and Apocynophyllum neriifolium (cf. Lythraceae)
(Kunzmann & Walther 2007). Lythraceae from Randeck
Maar (Rasser et al. 2013) differ by less dense secondary
venation. Although the occurrence of Lythraceae foliage
would be reasonable in the Steinheim assemblage,
another affinity cannot be ruled out. Similar venation
patterns occur, e.g. among Moraceae, Apocynaceae, and
Myrtaceae (Kvacek & Sakala 1999).

Fabaceae

Leguminosites cf. hesperidum (Unger) Kovar-Eder &
Kvacek
Figure 8A

1993 Leguminocarpon sp. — Schweigert, p. 72, pl. 4,
fig. 3.

Material. — P1661/1 (Schweigert 1993, pl. 4, fig. 3).

Description. — Elongated, slightly S-shaped, pluriloculate
pod, acute at base and apex, 85 mm long, maximum
width 15 mm, base and apex acute, irregularly contracted,
venation weakly preserved, probably transversal, pla-
centation marginal, one almost mature seed in the centre,
diameter 9 x 15 mm; additionally ?abortive seeds one near
the base and two towards the apex.

Remarks. — This pod differs by size and number of seeds
from those of Podocarpium podocarpum (A. Braun)
Herendeen which is also represented in Steinheim (see
below). It resembles Leguminosites hesperidum, but more
material would be desirable to confirm this assignment.

L. hesperidum is a fructification type that occurs abun-
dantly in some time intervals such as the middle Miocene,
e.g. Ohningen (Heer 1859), Hungary (Hably 1992),
Parschlug (Kovar-Eder et al. 2004).

Podocarpium podocarpum (A. Braun) Herendeen
Figure 8B-F, 1

1845 Gleditsia podocarpa. — A. Braun, p. 173.

1983 Gleditsia knorrii (Heer) Gregor. — Gregor, p. 15,
pl. 3, figs 2—4.

1983 Gleditsia lyelliana (Heer) Hantke. — Gregor, p. 15,
pl. 3, fig. 1.

1992a Podocarpium podocarpum (A.Braun) Herendeen
comb. nov. — Herendeen, p. 41.

1993  Gleditsia knorrii (Heer) Gregor et Hantke 1980 sensu
novo. — Schweigert, p. 71, pl. 4, figs 1, 2.

Material. — Leaflets: P1660/1 (Schweigert 1993, pl. 4,
fig. 2),2-5,9, 11-16, 18, 20, 22-27,29-42, 45, 46, 48-50,
56-62, 65-69, 73, 74, 77, 78, 80-97, 101, 102, 104-106,
108, 109.

Fragments of compound leaves: P1660/47, 98,
107, 113, 116, 117.

Pods and seeds: P1243/8-10 (Gregor 1983, pl. 3,
figs 2-4), 9, P1659/1 (Schweigert 1993, pl. 4, fig. 1),
2-15,17, 18,22, 23, 25-30, 32, 33, 35-37, 39; P2227/2, 3.

To be excluded due to poor preservation or
problematic identification: P1659/16,20,21,24,31;
P1660/7, 8, 10, 17, 19, 21, 28, 38, 43, 44, 70-72, 75, 76,
79,99, 100, 103, 110-112.

Description. — For description we refer to Riiffle (1963,
p. 205) and restrict it to P1660/113 and 116, fragments
of compound leaves: fragments of compound, paripinnate
(P1660/113) leaves with up to at least 5 pairs (fragments)
of opposite leaflets; leaflets slender oblong, parallel-
sided, 1 x w = up to 30 x 10mm, ratio 1/w = 3, sessile,
entire-margined, base strongly asymmetrical, base
shape convex, base angle acute to obtuse, apex slightly
emarginate; secondaries delicate, only faintly discernable;
in P1660/113 lower leaflet to the right with prolonged
basal secondary vein.

Remarks. — This is one of the most common fossil species
at Steinheim and, except for Celtis, it is the sole one of
which both leaves and fructfications (pods and seeds)
are doubtlessly available. Besides numerous isolated

Figure 4. A-M — ?Quercus sp.; A — P1664/31; B — P1664/38; C, D — P1243/1 part and counterpart; E — P1664/11; F — P1664/48; G — P1664/1;
H-P1243/2; 1-P1664/57; ] —P1664/25; K — P1664/39; L — P1664/51; M — P1664/15. « N — Myrica sp., P1668/3. « O — ?Myrica sp., P1668/6. « P — cf.
Quercus pseudocastanea Goppert, P1663/3. « Q, R — Quercus pseudocastanea Goppert; Q — P1663/2; R — P1663/1. Scale bar = 10 mm.
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leaflets, even some fragments of compound leaves are
available. Few fossil species are as well understood as
P. podocarpium and there are no doubts that this foliage
and pods derive from a single plant species (Herendeen
1992a, b). In Figure 8D, E the diagnostically valuable
venation details are well visible.

Fagales
Betulaceae

?Carpinus sp.
Figure 5J

1993 Alnus gaudinii (Heer) Knobloch & Kvacéek. —
Schweigert, p. 65, pl. 5, fig. 1.

Material. — P1676/1 (Schweigert 1993, pl. 5, fig. 1).

Description. — Petiolate leaf, petiole straight, 9 mm long,
about 1 mm wide, basally slightly swollen, laminar shape
elliptic, | x w = 40 (?45) x 18 mm, ratio I/w about 2.5;
base shape straight to slightly convex, base angle acute,
apex?, margin minutely probably double serrate but teeth
indistinct; midvein straight, slender, secondaries delicate,
almost straight, dehiscence angle 30—45°.

Remarks. — This single remain may point to the pres-
ence of Carpinus rather than A/nus in the Steinheim
assemblage. The serration details and the terminal course
of the secondaries near the leaf margin are obscure, and the
tertiaries are not preserved, accounting for the ambiguous
assignment.

Fagaceae

Quercus drymeja Unger
Figure 3A-G

1847 Quercus drymeja; Unger, p. 113, pl. 32, figs 1, 2, 4,
(non 3).

1993 Quercus drymeja Unger 1847. — Schweigert, p. 66,
partim, non pl. 2, fig. 5.

1993 Zelkova zelkovaefolia (Unger) Buzek et Kotlaba in
Kotlaba 1963. — Schweigert, p. 69, partim, (P1655/13),
non pl. 3, fig. 1.

1993 “Sapindus” falcifolius A. Braun 1845. — Schweigert,
p. 73, partim, (P1667/8).

2004 Quercus drymeja Unger. — Kovar-Eder et al., p. 61,
pl. 4, figs 1-7.

Material. — P1655/13, P1664/?16, 22, 26, 733, 47, 752,
P1667/8, P2227/?11, 12.

Description. — Long-petiolate leaves, petiole up to 16 mm
long (P2227/12), laminar shape slender, elliptic to oblong
to slightly ovate or obovate, | x w =40 (?42) — 67 (?70) x
9-20 mm, ratio 1/w between (?3.1) 3.5-4.7; base shape
cuneate to somewhat convex, base angle acute, apex
shape acuminate, attenuate, apex angle (narrow) acute;
margin simple serrate starting not directly at the base but
in the upper part of the lower third of the lamina, teeth
regularly spaced, 4-6 mm, shape variable, acute, spiny to
a bit hook-shaped, usually one above a secondary vein,
basal side long, straight to convex, apical side very short,
straight to concave, sinus rounded, apex acute; midvein
straight to sightly bent, secondaries mainly straight,
simple craspedodromous, ending in the teeth, secondary
spacing 4-6 mm in the central part of the lamina, angle of
origin 45-50°, tertiaries probably percurrent (P2227/12).

Remarks. — These specimens were assigned by Schweigert
(1993) to different taxa (see synonymy). Based on the
handwritten label, specimen P1664/47 (Fig. 3E) firstly
was assigned to aff. Fagus attenuata by Gregor, whereas
Schweigert (1993) included it in his group of Q. drymeja
which partly conforms to ?Quercus sp. in this paper. This
specimen differs, however, from the latter group by its
larger size, less dense secondaries and the shape of the
teeth. Although the shape of specimen P1667/8 (Fig. 3A)
is somewhat asymmetrical, the spiny marginal tecth
do not point to “Sapindus” falcifolius as Schweigert
(1993) supposed. For specimen P1664/52 (Fig. 3G) the
assignment to Q. kubinyii cannot be excluded. If details
of the secondary and tertiary venation and serration are
unclear, it may be difficult do differentiate Q. drymeja
from Myrica, e.g. P1664/16, 33 (Fig. 3C), P2227/11.

Quercus ?gigas Goppert emend. Walther & Zastawniak
Figure 3M

1993 Quercus czeczottiae Hummel 1983. — Schweigert,
p. 66, partim, non pl. 2, fig. 1.

Material. — P1666/3.

Figure 5. A-D — Celtis japeti Unger; A—P1648/1A; B — P1648/1B; C — P1648/2; D — P1652/1. « E — cf. Celtis japeti Unger, P1243/7. « F-H — Zelkova
zelkovifolia (Unger) Buzek & Kotlaba; F — P1655/1; G — P1655/10; H — P1655/16. « 1 — “Parrotia” pristina (Ettingsh.) Stur, P1649/1. « J — ?Carpinus
sp., P1676/1. « K — Acer tricuspidatum Bronn vel A. angustilobum Heer, P1653/1. « L — Acer pseudomonspessulanum Unger emend. Strobitzer-
Hermann vel Acer integrilobum Weber sensu Walther, P1653/2. « M — Populus balsamoides Goppert, P1669/1. Scale bar = 10 mm.
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Description. — Leaf fragment of a large blade lacking base,
apex and margin; 1 x w = 70 x 40mm (both length and
width incomplete); midvein almost straight, secondaries
arising at about 45-50°, secondary vein spacing 5-9 mm,
rather regular, directly after their origin approaching the
midvein (right side), otherwise straight, almost parallel
and somewhat diverging towards the margin; tertiaries
percurrent/mixed opposite to alternate (forked) percurrent,
angle to midvein obtuse.

Remarks. — Although this specimen is rather incomplete,
the secondary venation and tertiaries clearly point to
Quercus. The size of the blade and the relatively dense
secondary spacing are indicative of Q. gigas. In Q. pseu-
docastanea the distance between secondaries is usually
wider.

Quercus kubinyii (Kovats ex Ettingsh.) Czeczott
Figure 3P, Q

1856 Castanea kubinyii Kov.; Kovats, p. 25, pl. 3, figs 1-7.

1951 Quercus kubinyii (Kov.) comb. nov. — Czeczott, p. 368.

1983 Zelkova praelonga Berger. — Gregor, p. 14, pl. 1, fig. 4.

1993 Quercus czeczottiae Hummel 1983. — Schweigert,
p. 66, partim, pl. 2, fig. 1.

1993 Zelkova zelkovaefolia (Unger) Buzek et Kotlaba in
Kotlaba 1963. — Schweigert, p. 69, partim, (P1243/3),
non pl. 3, fig. 1.

Material. — P1243/3; P1666/1 (Schweigert 1993, pl. 2,
fig. 1).

Description. — P1243/3: Petiole almost straight, 7mm long,
1 x w =38 x 13mm, ratio I/w = 2.9, laminar shape ovate,
base shape convex, assymmetrical, base angle obtuse,
margin simple serrate, teeth regularly spaced, narrow, basal
and apical side variable, apex acute to attenuate, sinus
rounded to acute; midvein slender, somewhat sinuous,
secondaries weakly preserved, simple craspedodromous,
ending in the teeth apices.

P1666/1: Petiole straight, 10 mm long, 1 x w = 41
(complete length?) x 29 mm, laminar shape ?oblong or
?elliptic, base shape convex, base angle obtuse, margin
simple serrate, teeth regularly spaced, narrow, sometimes
hook-shaped, apices acute to acuminate, sinus wide,
rounded, basal side straight to somewhat convex (only
few teeth preserved); midvein straight, secondaries simple
craspedodromous, originating at angles of about 40-50°
running straight to minimally recurved into the marginal
teeth, tertiaries percurrent to forked percurrent, 4™ order
veins can still be differentiated from 5™ order veins, both
random reticulate.

Remarks. — Specimen P1666/1 (Fig. 3Q) differs from
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Q. drymeja by the wide leaf base, the serration which starts
shortly above the base and spinous teeth not apressed to
the leaf margin. Specimen 1243/3 (Fig. 3P) is a tiny leaf
not showing marginal serration characteristic of Zelkova
as proposed by Gregor (1983) and Schweigert (1993) (see
also Z. zelkovifolia).

Quercus mediterranea Unger
Figure 3H-L

1847 Quercus mediterranea; Unger, p. 114, pl. 32, figs 1,

7,9, ?figs 5, 6, 8.

1983 Quercus spec. (aff. Qu. mediterranea). — Gregor, p. 11,
pl. 4, fig. 9.

1993 Quercus mediterranea Unger 1847. — Schweigert,
p. 67, pl. 2, fig. 2.

1993 Quercus czeczottiae Hummel 1983. — Schweigert,
p. 66, partim.

Material. — P1243/11 (Gregor 1983, pl. 4, fig. 9), P1666/2,
P1678/1 (Schweigert 1993, pl. 2, fig. 2), 2, 5, 6, 8, 29,
10-14, 16, 23, 24, 28; cf. P 1678/3, 15, 17, 21, 22, 25;
P2227/9, 10, 20.

Description. — Probably coriaceous leaves, petiole often
curved, relatively short, mainly up to 5mm, rarely up to
10mm long, leaf base often somewhat asymmetric, base
shape convex, sometimes slightly cordate, base angle
wide acute to obtuse, apex rarely preserved, ?acute to
slightly ?acuminate, laminar shape elliptic to obovate,
1 x w mainly 30-50 x 18-30mm, occasionally up to
?60mm long or small (21 x 15mm, P2227/9), ratio /w
= 1.4-2.2; margin simple serrate, sometimes ?entire
(P1666/2), teeth very narrow, spiny, sometimes slightly
hook-shaped, sinus rounded, basal side mainly straight,
apical side more variable, straight or concave, tooth
spacing more or less regular, in distances of several mm
also in small leaves; midvein straight, sometimes curved,
apically sometimes slightly sinuous, secondaries arising
at angles of up to at least 60°, apically steeper than
basally, craspedodromous, secondaries often forking
once, entering marginal teeth, tertiaries percurrent (rarely
preserved), higher-order veins reticulate (P1678/1).

Remarks. —Although the presence of Q. mediterranea
is undisputable in Steinheim, the differentiation of
some specimens from other Quercus species remains
ambiguous. Specimen P2227/9 (Fig. 3L) is a small leaf
with relatively big teeth. Specimen P1666/2 (Fig. 3J),
which is a relatively large-sized, well-preserved specimen,
is ?devoid of teeth but otherwise matches Q. mediterranea.

Quercus pseudocastanea Goppert
Figure 4P-R
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1852 Quercus Pseudo-Castanea Gopp.; Goppert, p. 74, pl.
35, figs 1, 2.

1993 Quercus pseudocastanea Goppert 1852. — Schweigert,
p. 657, pl. 2, fig. 4.

Material. — P1663/1 (Schweigert 1993, pl. 2 fig. 4), 2, ¢f.
3, 4 (counterpart to P1663/1).

Description. — Long-petiolate leaves, laminar shape
oblong-obovate, | x w =up to at least (114) 120 x 40 mm,
petiole 14 mm long, basally somewhat swollen, almost
straight; base shape (narrow) rounded, base angle obtuse,
apex narrow rounded, margin simple dentate/lobate,
sinus rounded, apex rounded or shortly acute/acuminate,
secondaries craspedodromous, regularly spaced at
distances between 7-13 mm, angle to midvein about
45°, near their origin converging to the midvein then
curving towards the leaf margin (P1663/2), terminating
in the tooth apices, tertiaries sinuous, percurrent to forked
percurrent.

Remarks. — Although rare, Q. pseudocastanea is present
at Steinheim. This makes it one of the earliest occurrences
of roburoid oaks in western parts of Central Europe.
Specimen P1663/3 is not characteristic and could also be
grouped with Q. mediterranea.

?Quercus sp.
Figure 4A-M

1983 Tremophyllum integerrimum (Web.) Riiffle. — Gregor,
p. 13, pl. 1, figs 2, 3.

1993 Quercus drymeja Unger 1847. — Schweigert, p. 66,
partim, pl. 2, fig. 5.

Material. — P1243/1, 2 (Gregor 1983, pl. 1, figs 2, 3);
1664/1 (Schweigert 1993, pl. 2, fig. 5), 11, 13, 15, 217,
18-20, 723, 24, 25, 31, 38-43, 744, 45, 46, 48-51, 53, 54,
57.

Description. — Petiolate leaves, petiole up to 12mm long
and less than 1 mm wide, straight or curved, basally
somewhat swollen; laminar shape slender, mainly slightly
ovate, oblong or slightly elliptic, 1 x w = 30-70 x 9-15
(rarely 19) mm, , ratio I/w = 3.3-5.6; base shape often some-
what asymmetric, mainly (weakly) convex, in rare cases
minimally truncate, base angle mainly obtuse, otherwise
widely acute or acute, apex shape attenuate, apex angle
narrow acute; margin simple serrate, teeth regularly spaced,
one above each secondary vein, occasionally additionally
a single tooth between two adjacent secondaries,
basal side long, mostly convex, more rarely straight to
apically minimally retroflexed, apical side very short,
concave to straight, apex blunt to acute, hook-shaped,

sinus rounded; midvein slender, often bent, secondaries
mainly craspedodromous, rarely semicraspedodromous
(P1664/1), rather closely and regularly spaced, 3—7 mm
in the central part of the lamina, weakly curved or almost
straight, sweeping upwards, mainly unforked, in rare cases
forked (1664/48), intersecondaries sometimes present,
tertiaries mainly random reticulate but exceptionally also
percurrent (P1664/1).

Remarks. — This leaf type is common at Steinheim. The
variety of determinations found on collection labels,
including not only already published assignments (see
synonymy) but also Zelkova praelonga and even Gleditsia
lyelliana, reflects the difficulties to assign these leaves
systematically.

Compared to Cedrelospermum — C. ulmifolium (Unger)
Kovar-Eder, Kvacek (former Tremophyllum tenerrimum)
(Hably & Thiébaut 2002, Kovar-Eder et al. 2004),
C. lineatum (Lesquereux) Manchester and C. nervosum
(Newberry) Manchester, (Manchester 1989) — the leaves
are larger, the length/width ratio is higher, the petiole is
longer, the angle of the teeth apices is narrower and the
apices are often slightly hook-shaped. Quercus drymeja
from the type locality Parschlug (Unger 1850, Kovar-
Eder et al. 2004) as well as from other sites such as Kumi
(Evia Island) and Vegora (Greece; Kvacek et al. 2002,
Velitzelos et al. 2002) differs by bigger size of the blades,
lower length/width ratio, longer petiole, mainly cuneate
leaf base, serration starting in further distance from the
leaf base, long attenuate teeth and less densely spaced
secondaries. The foliage of Zelkova differs in wider
leaf shape (lower length/width ratio), short petiole, less
numerous secondaries and teeth, as well as in bigger tooth
size and different tooth shape.

Morphologically, none of the modern oaks mentioned
by Schweigert (Q. libani, Q. serrata, Q. acutissima) may
serve for comparison because their leaf physiognomy
differs considerably from the fossil material. Currently,
we are not aware of any modern oak species with closely
resembling leaves. Only Q. handeliana A. Camus is
similar in size (1 X w = 2047 x 7-15mm) (Menitsky
1984) but the secondaries and number of teeth are less
numerous and the marginal serration starts higher up than
in the leaves from Steinheim. These facts account for the
hesitation to assign this fossil material unambiguously to
Quercus.

Myricaceae

Mpyrica sp.
Figure 4N, O

1993 Lonicera studeri (Heer) comb. nov. — Schweigert,
p. 78, partim, pl. 3, fig. 7.
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Material. — P1668/3, 76, 7.

Description. — Petiolate leaves, petiole 8 mm long
(P1668/6), laminar shape obovate, | x w = 34-53 (about
55) x 15-19mm, ratio I/w = 2.3-2.9, base shape cuneate,
base angle acute, apex shape straight to somewhat convex,
utmost apex acute or acuminate, margin basally (?)entire,
then more or less minutely serrate, sinus acute, apex
(bluntly) acute, ?two teeth per interval between secondary
veins; midvein straight to bent (P1668/6), secondaries
probably (weakly) brochidodromous but very indistinct
near the leaf margin, arising at about >45°, more rarely
under steeper angles, ascending somewhat bent or almost
straight towards the margin, secondary spacing 4—7 mm
(P1668/3), some secondaries forked, intersecondaries
present.

Remarks. — These leaves are very poor in contrast. The
differentiation between Myrica and Quercus drymeja
is a challenge if the leaf margin and marginal venation
are unclear (see also paragraph Q. drymeja). The here-
described specimens are evidently serrate in the apical half
of the lamina, contrary to Schweigert’s (1993) description,
and bear more than one tooth per secondary vein and faint
intersecondaries. These features point to Myrica because
Q. drymeja usually bears one tooth above each secondary
vein, its secondary venation is craspedodromous to
weakly brochidodromous, and the intersecondaries are
absent. Nevertheless, the assignment of specimen P1668/6
(Fig. 40) to Quercus cannot be ruled out.

The here-described leaves share with Myrica studeri
Heer [Heer 1856, pl. 70, figs 21-24, basionym of Lonicera
studeri (Heer) Schweigert] only the overall laminar
shape. Due to the cuneate leaf base and the marginal
serration, the assignment to Lonicera (Schweigert 1993)
is not plausible, nor may the here-described leaves be
conspecific with Heer’s Myrica studeri. The specific
assignment, however, remains open.

Malpighiales
Salicaceae

Populus balsamoides Goppert
Figure SM

1855 Populus balsamoides G.; Goppert, p. 23, pl. 5, 6.
1993 Populus balsamoides Goeppert 1855. — Schweigert,
p.- 70, pl. 1, fig. 1.

Material. — P1669/1 (Schweigert 1993, pl. 1, fig. 1), cf. 2,
P2231/9.

Description. — Long-petiolate leaves, petiole 62—64 mm
long, straight or gently bent, laminar shape broad ovate,
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I xw=110 (113) x 93mm (P1669/1) and 61 x 48 (?50)
mm (P2231/9), ratio I/w = 1.2, base shape widely rounded
to minimally cordate (P1669/1) or truncate (P2231/9),
base angle obtuse, apex shape straight to acuminate, apex
angle acute, margin regularly minutely crenate/serrate,
serration starting near the base, tooth apex and base
rounded, basal and apical side straight to convex; main
vein straight, secondary vein spacing irregular, wide, up
to 18 mm, secondaries weakly semicraspedodromous to
brochidodromous, ascending in wide and smooth curves,
forking and releasing abmedial veinlets which loop near
the margin, occasionally intersecondaries present, tertiaries
percurrent, sinuous.

Remarks. — Two specimens unambiguously document this
poplar at Steinheim. Specimen P1669/2 is much more
poorly preserved; therefore, its assignment remains more
ambiguous.

Rosales
Cannabaceae

Celtis japeti Unger
Figure SA-E

1852 Celtis japeti; Ung., p. 116, pl. 43, figs 25, 26.
? 1983 Byttneriophyllum tiliaefolium (Al. Br.) Knobl. &
Kvac. — Gregor, p. 16, pl. 2, fig. 4.
1993 Celtis begonioides Goeppert 1855. — Schweigert, p. 68,
partim, pl. 3, fig. 4.
1993 Smilax weberi Wessel in Wessel et Weber 1855. —
Schweigert, p. 81, sine fig.

Material. — P1648/1 (Schweigert 1993, pl. 3, fig. 4), 2, cf.
P1243/7 (Gregor 1983, pl. 2, fig. 4), P1652/1.

Description. — Petiolate, mainly strongly asymmetrical
leaves, petiole up to 10 mm long at least, | x w up to
60—65 x 52 mm, ratio I/w = 1-3.5, base shape variable,
rather straight, convex to somewhat cordate (P1243/7), base
angle acute, obtuse (P1243/7), apex shape attenuate, often
with one side convex the other concave, apex angle usually
narrow acute, margin simple serrate, serration starting
somewhat above the base, tooth apex sharply acute,
sinus mainly acute, both basal and apical sides variable;
midvein usually bent or straight (P1243/7), lowermost
pair of secondaries originating directly at the base (basal
acrodromous), secondaries rather widely spaced, angle of
origin <30° to about 50°, semicraspedodromous, agrophilic,
tertiaries sinuous, percurrent to forked percurrent, tertiary
vein angle obtuse to almost perpendicular.

Remarks. — While the assignment of specimens P1648/1, 2
(Fig. 5A—C) is unambiguous, specimen P1243/7 (Fig. SE)
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differs by bigger size, less asymmetrical laminar shape,
slightly cordate base and minute serration. Specimen
P1652/1 (Fig. 5D), formerly assigned to Cinnamomum
(i.e. Daphnogene, handwritten label by Gregor) and later
to Smilax sp. (Schweigert 1993), definitely bears teeth on
the left side, though weakly visible, and, under oblique
light, some details of the secondary and tertiary venation
are discernable. This specimen doubtlessly represents
C. japeti.

The differentiation of Celtis foliage from Parschlug
(C. japeti Unger 1850), Sosnica (C. begonioides Goppert
1855) and from Tokay (C. trachytica Ettingsh. 1853) is
highly ambiguous. The epitethon japeti, therefore, has
priority (Kovar-Eder ef al. 2004).

Celtis lacunosa (Reuss) Kirchheimer
Remarks. — See Gregor (1983).
Ulmaceae

Zelkova zelkovifolia (Unger) Biizek & Kotlaba
Figure SF-H

1843 Ulmus zelkovaefolia; Unger, pl. 24, figs 7 (right),
9-13.
1963 Zelkova zelkovaefolia (Unger 1843) Buzek et Kotlaba
in Kotlaba 1963. — Kotlaba, p. 59, pl. 3, figs 7, 8.
non 1983 Zelkova praelonga Berger. — Gregor, p. 14, pl. 1, fig. 4.
1993 Zelkova zelkovaefolia (Unger) Buzek et Kotlaba in
Kotlaba 1963. — Schweigert, p. 69, partim, pl. 3, fig. 1.

Material. — P1655/1 (Schweigert 1993, pl. 3, fig.1), 5, 6,
10, 11, 15, 16.

Description. — Shortly petiolate leaves, petiolus up to 5 mm
long and about 1 mm wide, often with dense horizontal
wrinkles; laminar shape ovate, elliptic to obovate, small
leaves sometimes almost orbicular, 1 X w = 20-56 mm,
w = 15-24 mm, ratio I/w = 1.1-3.4, base usually
asymmetrical, base shape mainly convex, sometimes
straight or at the very base concave, base angle obtuse
or acute, apex shape straight, a bit convex or acuminate,
apex angle acute to narrow acute, margin simple serrate,
teeth rather big, only few teeth on each side of the lamina,
basal side mainly convex, apical side variable, convex,
straight to concave, sinus mainly acute, apex bluntly
acute to rounded; midvein straight, secondaries arising at
angles of 40-50°, slender, ascending straight or somewhat
bent across the lamina, terminating in the tooth apices,
tertiaries random reticulate.

Remarks. — Although leaves of this taxon are not numer-
ous at Steinheim, they represent its characteristic vari-

ability. Remarkable is the dense horizontal grooving on
most specimens with preserved petiole. The thick and
short petiole, leaf shape as well as the big marginal teeth
are discriminant features compared to leaves of ?Quercus
sp. The specimen assigned to Zelkova by Gregor (1983)
and later included in Z. zelkovifolia by Schweigert (1993)
definitely has to be excluded. Neither tooth shape nor the
dense tooth spacing match Zelkova. Instead, this specimen
likely represents a small leaf of Quercus kubinyii (see
chapter Quercus kubinyii).

?Rosaceae

?Rosaceae gen. et sp. indet.
Figure 9J

1993 Rosa lignitica Heer 1869. — Schweigert, p. 71, pl. 5,
fig. 2.

Material. — P1651/1 (Schweigert 1993, pl. 5, fig. 2).

Description. — Simple, petiolate leaf, petiole bent, 5 mm
long, laminar shape slightly obovate, 1 x w = 40 (42) x
18 mm, ratio I/w = 2.3, base shape rounded, angle acute,
apex shape acute to slightly acuminate, margin finely
dentate or crenulate, midvein slender, almost straight,
secondaries ? semicraspedodromous, single secondaries
weakly visible only, exmedial veinlets (originating from
the secondaries) running towards the leaf margin.

Remarks. — This specimen is characterised by its minute
marginal dentation/crenulation, which is not characteristic
of Rosa but may occur among other Roscaceae. In Rosa
the leaf margin is sharply serrate, lateral leaflets are
usually (sub)sessile and the terminal one is straightly
petiolulate.

This specimen resembles Dicotylophyllum heeri
(Engelhardt) Kvacek & Walther (Kvacek & Walther 1998)
and D. ungeri (Engelhardt) Walther & Kvacéek (Walther
& Kvacek 2007), for which the authors assume a possible
Rosaceae affinity. Both, D. heeri and D. ungeri, have,
however, been described from the Early Oligocene.

Sapindales
Sapindaceae

Acer pseudomonspessulanum Unger emend. Strobitzer-
Hermann vel Acer integrilobum Weber sensu Walther

Figure 5L

1993 Acer tricuspidatum Bronn 1838. — Schweigert, p. 75,
partim.

Material. —P1653/2.
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Description. — Very faint impression of a probably three-
lobed palmate leaf, central lobe 45mm long, near the
apex somewhat constricted, one lateral lobe incompletely
preserved, margin mainly entire, sinus between lobes
acute, angle almost 90°; main veins slender, secondaries
slender, alternate, arising on the central lobe at about
40-50°.

Remarks. — This leaf is too fragmentarily preserved for
an exact specific assignment. Acer tricuspidatum Bronn
definitely has to be excluded because the margin of that
species is serrate.

Acer tricuspidatum Bronn vel Acer angustilobum Heer
Figure 5K

1993 Acer tricuspidatum Bronn 1838. — Schweigert, p. 75,
partim.

Material. — P1653/1.

Description. — Leaf fragment consisting of two elongated,
narrow lobes, 60 and 30 mm long, respectively, base not
preserved, apex shape of lobes straight, angle narrow
acute, sinus between lobes ?rounded, angle about 50°;
near the apex of the longer lobe, the leaf margin is finely,
sharply serrate; main veins slender, secondaries alternate,
curved, ?semicraspedodromous.

Remarks. — This fragment probably represents a palmate
leaf. The marginal serration may point to A. tricuspidatum
or A. angustilobum. This leaf differs not only by the
marginal serration from the afore-described but also by
the narrow shape of the lobes.

Rutaceae vel Simaroubaceae

Chaneya oeningensis (Heer) Teodoridis & Kvacek
Figure 3R

1847 Getonia oeningensis. — Unger, p. 140.

1993 Astronium oeningense (A. Braun) Iljinskaja et Akhme-
tiev, 1989. — Schweigert, p. 75, pl. 4, fig. 6.

2005 Chaneya oeningensis (Heer) comb. nov. — Teodoridis
& Kvacek, p. 98, pls 1, 2, pl. 3, figs 1-5.

Material. — P1657/1 (Schweigert 1993, pl. 4, fig. 6).

Description. — Pentamerous perianth, with indistinct
remains of the gynoecium in the centre, corolla 22 mm in
diameter, single petals about 10 mm long and 5 mm wide,
shape elliptic to somewhat obovate, narrowing near the
base, apex rounded, with distinct venation, several main
veins arising at the base, running subparallel across the
lobes, secondaries ascending steeply towards the apex,
further veins forming areoles.

Remarks. — This single remain is rather well preserved
and available from Steinheim as part and counterpart. The
petal size matches well with that of Chaneya oeningensis,
whereas C. membranosa (Goppert) Manchester &
Zastawniak (So$nica, Poland, Late Miocene) differs by
larger-sized petals. Accessorically, Chaneya occurs at
different European sites (Teodoridis & Kvaéek 2005) and
is known across the Northern Hemisphere. Its Rutalean
affinity was discussed by Wang & Manchester (2000);
later, it was assigned to Rutaceae vel Simaroubaceae by
Teodoridis & Kvaéek (2005), who favoured the Rutaceae
relationship. Manchester & Zastawniak (2007) assign
it to the Rutaceae but discuss the systematic affinity of
Chaneya again, stressing that molecular analysis places
Rutaceae, Simaroubaceae along with Meliaceae closely
adjacent within Sapindales. Manchester & Zastawniak
(2007) refer to similarities in the phytogeography of
Ailanthus (Simaroubaceae) but stress that oldest European
records of Chaneya derive from the Late Oligocene
whereas Ailanthus is known already from the Eocene.
This ongoing discussion about the systematic position
of Chaneya within Sapindales is relevant in the context of
the Steinheim assemblage, which yields numerous large-
sized leaflets and some remains of petiole and rhachis of
large-sized compound leaves (see chapter ?Sapindales
fam., gen. et sp. — Petiole and rhachis of compound leaf).

?Simaroubaceae

?Ailanthus sp.
Figure 6C

1993 Ailanthus confucii Unger 1850. — Schweigert, 76,
pl. 3, fig. 6.

Material. — P1658/1 (Schweigert 1993, pl. 3, fig. 6).

Description. — Fragmentarily preserved infructescence

Figure 6. A, B, G-I — Sapindales fam., gen. et sp. 1; A — P1243/6; B — P1662/12; G — 1662/5; H — 1667/2; 1 — P1662/3. « F, J — ?Sapindales fam.,
gen. et sp. 1; F — P1672/1; J — MKM sine no. compound leaf. « C — ?4ilanthus sp., P1658/1. « D, E — modern Ailanthus altissima; D — endocarp after
removal of the enveloping samara; E — broken envelope showing the hierarchical venation pattern on the external surface and the smooth internal
surface; the venation turns into strong parallel veins upon the wing (from Herbarium sheet Ailanthus altissima, L.J. Novara 8403, 31.12.1988, STU). If

not noted otherwise, scale bar = 10 mm.
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bearing a single endocarp; size 6 x 4 mm, endocarp oval,
narrowed into a rounded apex, endocarp surface distinctly
reticulate but not hierarchically organised; endocarp
embedded by remains of a ?wing/envelope; a single vein
discernable on the wing, paralleling the wing and entering
the endocarp surface.

Remarks. — This specimen is not only incompletely
preserved but covered by varnish, obviously applied to
increase the contrast but obscuring the true outline of
the ?wing/envelope. Schweigert’s (1993) assignment
was based on the reticulate surface and the surrounding
structure, which he interpreted as wing. The discernable
single vein, paralleling the wing/envelope and entering
the endocarp, may represent the intramarginal ventral vein
as it occurs in Ailanthus (Corbett & Manchester 2004).

In modern Ailanthus altissima (Mill.) Swingle, wing
tissue forms an envelope covering the endocarp. Upon
the outer envelope surface, the venation forms a very
distinct and hierarchically organised reticulum while the
inner surface of the envelope is smooth. The venation
continues in the same prominent manner on the wing
but turning into rather parallel veins (Fig. 6E). Devoid
the envelope (after mechanical removal), the endocarp
shows a skin-like marginal edge, its base is broad, slightly
retracted, showing sub-parallel folding in which the folds
converge towards the insertion point of the funiculus, but
is devoid of a reticulate structure (Fig. 6D). Comparing
this situation with the fossil at hand, the surface of the
endocarp should be interpreted as the outer surface of the
envelope. In the fossil specimen, the reticulate pattern is
not hierarchically organised and the structure surrounding
the fossil endocarp does not bear the characteristic
vein pattern present in modern Ailanthus. The generic
assignment remains, therefore, ambiguous.

Sapindales

The Steinheim assemblage includes numerous specimens
likely representing entire-margined leaflets of compound
leaves of probable Sapindalean affinity. The systematic
resolution of such fossil foliage is a general problem (not
only restricted to Steinheim) for several reasons: Both
intraspecific leaf and leaflet variability need to be taken into
account, while the fossil record rarely contains compound
leaves. Instead, leaflets are common or, respectively, their
fragments. Within several families, different genera bear
entire-margined compound leaves, e.g. Sapindaceae —
Sapindus, Koelreuteria, Simaroubaceae — Picrasma,
Meliaceae — Cedrela, Toona, Rutaceae — Zanthoxylum,
Fagaropsis, to mention a few. Finally, cuticles, which may
contribute to a better systematic resolution, have been
reported only rarely. For further discussion on this matter
we refer to Walther (1999). The poor preservational
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state of the Steinheim material is unsuitable for better
resolution. Therefore, only morphotypes are characterised
here.

Sapindales fam., gen. et sp. 1
Figure 6A, B, F-J, 7A, B

1983 Persea princeps (Heer) Schimper. — Gregor, p. 14,
partim.

1983 Sapindus falcifolius A. Br. — Gregor, p. 15, pl. 1,
Migs 1, 6, pl. 2, fig. 3.

1993 Juglans acuminata A. Braun 1845. — Schweigert, p. 78,
partim, pl. 1, fig. 2.

1993 “Sapindus” falcifolius A. Braun. — Schweigert, p. 73,
partim, non pl. 1, fig. 3.

71993 Zanthoxylum sp. — Schweigert, p. 77, pl. 3, fig. 2.

Material. — P529/2, P1243/4 (Gregor 1983, pl. 1, fig. 6), 6
(Gregor 1983, pl. 2, fig. 3), P1662/1 (Schweigert 1993, pl. 1,
fig. 2), 3, 5-8, 11-13, 15, 19, 20, 25-27, 30, 32, 36, 38,
38 X, 40-43, 45, 46; P1667/2, 9, 10, 12, 26; cf. P1667/3,
5, 11, 17, 22; ?7P1672/1 (Schweigert 1993, pl. 3, fig. 2);
?MKM sine no. compound leaf (counterpart in MKM).

Description. — Large, long petiolate leaves or leaflets,
petiole/petiolule up to 20 mm long, mainly straight,
basally sometimes slightly widened, laminar shape ovate,
oblong somewhat asymmetrical to almost symmetrical,
rather variable in size, 1 x w = 80-140 x 25-60 mm, ratio
I/w = 2.4-4, base shape rounded or convex, more or less
asymmetrical, base angle obtuse, apex shape straight,
utmost apex sometimes long acuminate, apex angle
(narrow) acute, margin entire to slightly undulate, midvein
distinct, straight to gently bent, secondaries delicate,
mostly faintly if at all visible, ascending smoothly and in
wide curves, weakly brochidodromous, secondary spacing
(6) 815 (17) mm, dehiscence angle of secondaries (45)
50-70°, intersecondaries occasionally present, short,
tertiaries random reticulate to weakly percurrent, only
exceptionally visible.

MKM sine no.: Fragment of a large, imparipinnate
leaf, with at least 5 pairs and a terminal leaflet; leaflets
already detached except for terminal one; leaflet shape
elliptic to somewhat ovate or obovate, base angle wide
acute, apex?, secondary spacing up to 8 mm.

Remarks. — This foliage is rather distinct in the Steinheim
assemblage due to its large-sized blades. The somewhat
asymmetrical shape points to leaflets rather than leaves.
If this assumption is correct, the compound leaves must
have attained considerable size.

Specimen MKM sine no. (Fig. 6J) assigned to
Sapindus falcifolius A. Br. by Gregor (1983) and included
into Juglans acuminata by Schweigert [1993, specimen
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“1 Beleg o. Nr. (Dauerleihgabe Gemeinde Steinheim)”]
represents an imparipinnate leaf. Its leaflets differ in so far
as the base angle is narrower and the secondary spacing
is closer. Possibly it represents a relatively smaller
compound leaf of this type and therefore did not fall apart
completely prior to sedimentation.

Schweigert’s (1993) Zanthoxylum sp. was based on
a single specimen (P1672/1, here Fig. 6F). Except for the
smaller size, this specimen matches the here-described
foliage rather well. It may simply represent a leaflet of
a smaller blade or the smaller basal leaflet of a compound
leaf.

Schweigert’s assignment of most of the here-summar-
ised material to Juglans acuminata was based on Juglans
acuminata Heer (1859). The specimens figured by Heer
(1859, pl. 128, figs. 2, 5, 6, 8) are distinctly petiolate
and closely resemble the specimens from Steinheim. In
Juglans the leaflets are very shortly petiolate to sessile
and the tertiary venation is percurrent. Already Knobloch
& Kvacek (1976) excluded Heer’s plate 128 from
J. acuminata. Later, lljinskaya (1994) proposed the new
combination Cedrela acuminata (A.Br.) lljinskaja for
J. acuminata (Heer 1859, pl. 128, figs 3, 6, 8). Cedrela
sarmatica (Kovacs, 1957) resembles the Steinheim
material including the random reticulate tertiaries (Kovacs
1957, p. 440: “reticulum irregularem formantes”) though
these leaflets are shortly petiolate. Moreover, the generic
assignment to Cedrela may be disputable. To conclude,
this type of foliage is likely of Sapindalean affinity. Large
pinnate, sometimes distinctly petiolate leaflets do occur in
different families of the Sapindales (see above). A more
precise scientific assignment of this material is, however,
currently not possible.

Sapindales fam., gen. et sp. 2
Figure 7C-G

1993 Pistacia miochinensis Hu & Chaney 1940. — Schweigert
1993, p. 75, pl. 3, fig. 5.

1993 “Sapindus” falcifolius A. Braun 1845. — Schweigert,
p. 73, partim, pl. 1, fig. 3.

Material. — P1665/1 (Schweigert 1993, pl. 3, fig. 5), 22, 3,
24, 5; P1667/1 (Schweigert 1993, pl. 1, fig. 3), 15, cf. 21,
23,27, 29; P2227/14, 15.

Description. — Subessile to shortly petiolulate, distinctly
asymmetrical leaflets, laminar shape slender oblong
(minimally ovate, elliptic or obovate), | x w = 41-87 x
1020 mm, ratio 1I/w = 4 up to at least 4.5, petiolule up to
Smm long, base shape distinctly asymmetrical, one side
often straight while the other convex, base angle acute,
apex shape often straight to slightly acuminate, apex angle
narrow acute, margin entire; midvein mainly straight,

secondaries brochidodromous, delicate, angle of origin
>45°, secondary spacing 4-8 mm in the central part of
the lamina, secondaries curving slightly sinuous upwards,
forking at least once or give rise to looping abmedial
veins, intersecondaries present.

Remarks. — Specimens P1665/1 and P1667/1 (Fig. 7E, G)
are complete but hardly show venation details, contrary
to specimens P1665/3 and 5 (Fig. 7D), which are less
complete, yet bear visible secondary venation. Further
specimens assigned by Schweigert (1993) to “Sapindus”
falcifolius (no P1667/) and to Pistacia miochinensis
(P1665/6) and not listed under “Material” here, largely
lack diagnostic features, and specimen P1665/7 is
petiolate: all are therefore not included.

Sapindales fam., gen. et sp. 2 differs from the afore-
described taxon by smaller size, distinct asymmetry,
especially of the base, higher 1/w ratio, short or absent
petiolule, the rather straight shape and acute angle of
the base as well as the delicate and irregularly sinuous
secondaries. It resembles “S.” falcifolius but the
poor preservational state hinders a more precise assign-
ment.

?Sapindales fam., gen. et sp. — Petiole and rhachis of
compound leaf
Figure 8G, H, J

1993 Isoétes sp. — Schweigert, p. 64.
Material. —P1671/2; 7P1671/1, 3.

Description. — Specimen 1671/2: Petiole and rhachis,
150 mm long (incomplete), petiole basally swollen (6 mm)
into an oblique pulvinus, petiole tapering (3—2 mm) into
the rhachis, rhachis basally about 2mm wide, gradually
further tapering along length, gently bent, with opposite
to sub-opposite abcission marks of leaflets at distances of
23-28 mm.

Specimen P1671/1: Petiole and incomplete
rhachis, 180 mm long, petiole basally widened into
a somewhat oblique pulvinus, 15 mm wide, petiole and
rhachis tapering, 6-3 mm wide.

Remarks. — None of the here listed remains show a central
vein as is known from Isoétes.

The presence of abcission marks accounts for the
undisputable identification of specimen P1671/2 as petiole
and main axis of a compound leaf (Fig. 8G, H). Specimen
P1671/1 (Fig. 8J) is even thicker, the presence of leaflet
scars is disputable there. P1671/3 is the basal fragment
of a very similar petiole. In the Steinheim collection of
SMNS, further uninventoried specimens of leaf petioles
with a pulvinus were found labeled as Isoétes.
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The Steinheim assemblage includes numerous more or
less large leaflets assigned here to Sapindales fam., gen. et
sp. 1 and 2. Especially in Sapindales fam., gen. et sp. 1, the
whole blades must have attained considerable size, while
blades of Sapindales fam., gen. et sp. 2 were probably
smaller. Possibly, the here-described fossils represent
the central axes of Sapindales blades. In Podocarpium
podocarpum, leaflet spacing is closer due to the small
leaflet size, and the rhachis (and petiole) are more slender.

Incertae sedis

Dicotylophyllum sp. 1
Figure 91

1983 Dicotylophyllum sp. (Sapotaceae?). — Gregor, p. 17,
partim, non pl. 1, fig. 5, non pl. 2, fig. 1.

1993 Leguminosites sp. — Schweigert, p. 79, partim, pl. 4,
fig. 5.

Material. — P1677/1 (Schweigert 1993, pl. 4, fig. 5), 2, 4,
5,9-12; ?P1677/3, 7, 8, 13, 14, 16.

Description. — Small, petiolate, entire-margined, sym-
metrical leaves, 1 x w = 20-45 x 7-20 mm, ratio 1I/w =
2-2.7, laminar shape obovate to elliptic, base cuneate
(base shape straight, angle acute), apex more or less
distinctly emarginate; midvein straight, secondaries only
rarely visible (P1677/3), rather widely spaced compared
to the small size of the blade: 7-8 mm, steeply ascending,
angle of origin <30°.

Remarks. — The venation is visible in a specimen lacking
the apex (P1677/3, Fig. 91). Therefore, its assignment
to this group is somewhat ambiguous. Schweigert
(1993) considers leaves and leaflets for these specimens
though they are petiolate and symmetrical, thus lacking
features indicative of leaflets. Gregor (1983) described
Dicotylophyllum sp. (?Sapotaceae). Unfigured specimens
in the SMNS collection determined by Gregor belong to
this group but both figured ones are to be excluded. They
are too large and the apex seems incomplete (Gregor
1983, pl. 1, fig. 5) or rounded (pl. 2, fig. 1).

Dicotylophyllum sp. 2
Figure 9E

1859 Robinia Regeli. — Heer, p. 99, pl. 132, figs 20-26, non
34-41.

1993 “Robinia” regeli Heer 1859. — Schweigert, p. 73,
pl. 4, fig. 4.

Material. — P1654/1 (Schweigert 1993, pl. 4, fig. 4).

Description. — Orbicular, symmetrical, tiny leaf, lacking
petiole, 1 x w = 12 x 13 mm, base shape slightly rounded,
base angle wide obtuse, apex shape convex, utmost apex
emarginate, margin probably entire, midvein straight,
on each side of the midvein five secondaries smoothly
ascending across the lamina, dehiscence angle wide at the
base, narrower towards the apex.

Remarks. — The assignment not only to Robinia is am-
biguous, as has been recognised by Schweigert (1993),
but also that to the Fabaceae. Nothing points to the nature
of a leaflet instead of a leaf. Lacking evidence of physical
connection, the pods included in this fossil species by
Heer (1859, pl. 132, figs 35-41) have to be separated.

Dicotylophyllum sp. 3
Figure 9K

1993 Populus mutabilis Heer 1856. — Schweigert, p. 70,
pl. 3, fig. 3.

Material. — P1656/1 (Schweigert 1993, pl. 3, fig. 3).

Description. — Petiolate leaf, petiole 2mm long, in-
complete, laminar shape broad elliptic, somewhat asym-
metrical, | X w =55 (?56-58) x 34mm, ratio 1/w about
1.7, base shape slightly rounded, base angle wide acute,
apex shape rather straight, apex angle acute, uppermost
apex ?rounded, margin with few small and smoothly
rounded teeth in the apical half on the right side and one
tooth near the apex on the left side; midvein straight,
secondaries vaguely preserved, ascending in wide curves
across the lamina, probably weakly brochidodromous,
78 secondaries on the right side of the lamina.

Remarks. — The fact that the basal secondaries do not
differ from the others argues against the assignment
to P. mutabilis (Schweigert 1993); in Populus these
secondaries are usually stronger. Furthermore, in Populus
the secondary vein spacing is relatively wide and thus the
number of secondaries is low, while the specimen at hand
shows at least 8 pairs of secondaries. The other specimens
listed by Schweigert (1993) were not detected in the
collection of SMNS. An assignment to Vitaceae (terminal

Figure 7. A, B — Sapindales fam., gen. et sp. 1, P1662/7; B — venation details. * C—G — Sapindales fam., gen. et sp. 2; C — P1665/4; D — 1665/5;
E - P1665/1; F - P1667/23; G — P1667/1. « H-J — Dicotylophyllum sp. 4; H — P1662/9A; 1 - P1662/16; J — P1662/2A. Scale bar = 10 mm.
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leaflet of a compound leaf) appears more reasonable
though still ambiguous.

Dicotylophyllum sp. 4
Figure 7H-J

1983 Persea princeps (Heer) Schimper. — Gregor, p. 14,
partim.

1993 Juglans acuminata A. Braun 1845. — Schweigert, p. 78,
partim.

Material. — P1662/2,9, 16.

Description. — Long-petiolate leaves, petiole 14 and
16 mm long, straight or slightly bent, swollen at the base
(pulvinus), laminar shape broad ovate to elliptic, rather
symmetrical, | x w = 115 (?120)-117 (?125) x 50 — 35
(52) mm, ratio l/w about 2.4; base shape rounded, in the
lowermost part concave, angle obtuse (P1662/2) and
base shape straight, angle acute (P1662/16), apex shape
straight to somewhat acuminate, angle acute, margin
entire, slightly undulate (P1662/16); midvein straight or
gently bent, secondaries ascending in wide curves, angle
of dehiscence >45°, ?brochidodromous, intersecondaries
?present, likely in P1662/2.

Remarks. — These leaves differ from Sapindales fam.,
gen. et sp. 1 by their rather symmetrical and broader
ovate to elliptic shape (1 x w = 2.4) and the swollen
petiole. The assignment to any Lauraceae (Gregor 1983)
must definitely be rejected, and that to J. acuminata
(Schweigert 1993) is very unlikely for this foliage due to
the deltoidic laminar shape which, instead, is reminiscent
of Populus. Diagnostic features are, however, too poor for
a systematic assignment.

Dicotylophyllum sp. 5
Figure 9L

1993 Lonicera studeri (Heer) comb. nov. — Schweigert,
p. 78, partim.

Material. — P1668/2.

Description. — Petiolate, most likely coriaceous leaf,
petiole at least 4 mm long, about 1 mm thick, basally
somewhat swollen, angular to the midvein, laminar shape

broad elliptic, 1 x w = 40 x 26 mm, ratio I/'w = 1.5, base
cuneate, base angle acute, apex shape rounded, apex angle
obtuse, uppermost apex missing, margin simple serrate,
teeth widely spaced, narrow, distinct but tiny, midvein
straight, secondaries not preserved.

Remarks. — The thick petiole and the wide elliptic shape
of this probably coriaceous leaf characterise this specimen
and distinguish it from those described here as Myrica
sp. and Dicotylophyllum sp. 6, both formerly assigned to
Lonicera studeri by Schweigert (1993).

Dicotylophyllum sp. 6
Figure 9M

1993 Lonicera studeri (Heer) comb. nov. — Schweigert,
p.- 78, partim.

Material. — P1668/4.

Description. — Leaf lacking petiole, laminar shape
asymmetrical, ovate, | X w = 34 (35) x 17mm, ratio l/w =
2.1, base shape rounded, base angle obtuse, apex shape
rather straight, at the uppermost apex acuminate, apex
angle acute, margin entire; midvein straight, secondaries
delicate, brochidodromous, ascending at angles <45°,
near the leaf margin forming elongated, narrowing and
somewhat acute loops with the adjacent secondary vein.

Remarks. — The shape of the looping secondaries forming
elongated, narrowing and acute meshes is characteristic of
this leaf remain. It differs not only by this peculiar venation
pattern but also by the ovate and somewhat asymmetrical
laminar shape from the leaves that were previously
ascribed to Lonicera studeri by Schweigert (1993).

Dicotylophyllum sp. 7
Figure 9H

1993 Dikotylenrest (Phyllocladium) gen. et sp. indet. —
Schweigert, p. 79, pl. 5, fig. 3.

Material. — P1679/1 (Schweigert 1993, pl. 5, fig. 3).
Description. — Basal fragment of a slender leaf, petiole

incomplete, 1 mm long, blade fragment 16 mm long,
complete length?, 5Smm wide, on both sides distinctly

Figure 8. A — Leguminosites cf. hesperidum (Unger) Kovar-Eder & Z. Kvacek, P1661,1. * B-F, I — Podocarpium podocarpum (A. Braun) Herendeen;
B — fragment of a compound leaf, P1660/113; C — fragment of a compound leaf, P1660/116; D —isolated leaflet, P1660/93; E — isolated leaflet, P1660/27,
F — petiolate pod, P1659/2; 1 — isolated leaflet, P1660/86. « G, H — ?Sapindales fam., gen. et sp. — Petiole and rhachis of compound leaf, with abcission
marks of leaflets; H — detail of G, P1671/2. « J — ?Sapindales fam., gen. et sp. — Petiole and rhachis of compound leaf, base developed as pulvinus,
P1671/1. « K — twig with brachyblasts, P2227/4. « L — twig with buds or abcission marks, P2227/7. « M — spiny branch, P2216/1. Scale bar = 10 mm.
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constricted, constrictions situated almost opposite to each
other.

Remarks. — Contrary to Schweigert’s (1993) view, the
lateral constrictions may be caused by leaf damage already
during leaf development, resulting in their opposite
position. Similar contractions occur, in aberrant Myrica
foliage for example.

Dicotylophyllum sp. 8
Figure 9F

Material. — P2227/6.

Description. — Ovate-elliptic leaf, 1 x w = 95 x 37mm,
ratio | x w = 2.6, base shape concave, base angle acute,
apex shape straight, apex angle acute, margin probably
entire except for a distinct single lobe in the upper third of
the right side, length and apex of the lobe not preserved,
sinus rounded; midvein straight, otherwise only the main
vein entering the lateral lobe is visible, arising about
35 mm above the base, angle of origin about 35°.

Remarks. — This specimen was found determined as
Populus mutabilis and was only inventoried in the course
of this study. The single lateral lobe accounts for the
asymmetry of this blade, which is rather large compared to
most of the material from Steinheim. Similar asymmetrical
leaves do occur in Sassafras and Nyssa. In Sassafras
the shape of the lobes are usually convex, thus different
from the here-described specimen. Due to the scarcity
of charcteristics, this leaf remains unassigned taxonom-
ically.

Phyllites sp. — ?floating leaf
Figure 9C

Material. — P2227/13.

Description. — Petiolate, flabellate blade, petiole 11 mm
long, ?complete, leaf base shape concavo-convex, base
angle wide obtuse, | x w =26 x 50 (60—-70) mm, margin
probably entire, veins generally delicate, several primary
veins (at least 6) arising at the base, diverging and forking
during their course across the lamina.

Remarks. — This specimen was found labeled “?Alangium
sp.”. It may also remind of Chaneya (side view, imper-

fectly preserved), but the size exceeds markedly the
variability of Chaneya (compare Teodoridis & Kvacéek
2005). More likely, it represents a floating leaf of unknown
affinity. Fan-shaped leaves of Mikia (?Trapaceae) differ
by a thick petiole, the dentate-crenate distal leaf margin,
and probably thick primary veins (Kovar-Eder et al.
2002). In Limnobiophyllum (Arales) the leaf shape is
subcircular and secondary and higher-order veins form
a network (Kvacek 1995a). In Hydrochariphyllum Kvacek
(Hydrocharitaceae) the laminar shape is suborbicular to
reniform (Kvacek 1995b). The leaf venation also differs
from that of the here-described specimen. More material
would be desirable to more definitively determine whether
this is a so far unknown aquatic plant.

Spiny branch
Figure 8M

Material. —P2216/1, P2227/16, 19.

Description. — Thorn-like twig fragments, tapering along
their length; with thorns up to 70 mm long, alternately
arranged (P2216/1), suboppositely arranged in P 2227/16.

Remarks. — Among the described taxa, spiny twigs do
occur among the Fabaceae.

Twig with brachyblasts
Figure 8K

Material. —P2227/4.

Description. — Terminal twig fragment, 34 mm long,
3.5mm wide in the lowermost part, quickly narrowing to
a thorn-like apex, two alternately inserted brachyblasts in
the bedding plane, 4 and 5.5 mm long, the upper one with
a deepening at its base, two further deepenings along the
twig.

Remarks. — The holes may derive either from spines or
further brachyblasts. In the latter case the brachyblast
arrangement would be helical. In the collection, this
remain was labelled as Gleditsia.

Twig with buds or abcission marks
Figure 8L

Material. —P2227/7.

Figure 9. A, B — ?Lythraceae gen. et sp.; A — details of venation, P1667/25. « C — Phyllites sp. — ?floating leaf, P2227/13. » D — remain indet. formerly
assigned to Eichhornia (Schweigert 1993), P1673/1. « E — Dicotylophyllum sp. 2, P1654/1.« ¥ — Dicotylophyllum sp. 8, P2227/6. « G — ?Trapa sp.,
neck and corolla, P2227/1. « H — Dicotylophyllum sp. 7, P1679/1. 1 — ?Dicotylophyllum sp. 1, P1677/3. « J — ?Rosaceae gen. et sp. indet., P1651/1. ¢
K — Dicotylophyllum sp. 3, P1656/1. « L — Dicotylophyllum sp. 5, P1668/2. « M — Dicotylophyllum sp. 6, P1668/4. Scale bar = 10 mm.
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Description. — Pluri-branched twig, 60 mm at longest,
surface ribbed, with numerous, helically arranged ?scars
or ?buds; twig width undulate in which the scars or buds
cause thickenings, whereas regions lacking scars are
narrower, twig width 2—4 mmy; scar shape round to elliptic,
up to 1.5mm at widest.

Remarks. — This is a further distinctive type of a woody
branch. Its systematic affinity is open.

Remain indet.
Figure 9D

Material. — Specimen P1673/1 assigned to Eichhornia
sp. (Schweigert 1993, pl. 5, fig. 5) is a robust remain of
unknown affinity.

Discussion
Taphonomy

In the Steinheim impact crater the sediments lack evidence
of surface influx (Janz 1992). Thus, quiet conditions are
assumed and transport of plant debris probably played, if
at all, a minor role. Except for ?Potamogeton geniculatus
which sometimes covers bedding planes, plant remains
occur only sporadically, neither being concentrated
in lenses nor in beds. Shoot bases of Equisetum sp.
(Fig. 2E) and rhizome fragments of Monocotyledoneae
gen. et sp. indet. (Fig. 2C, D ) as well as roots indicate
parautochthonous deposition for aquatic plants and such
growing at the edge of the Steinheim lake.

Terrestrial plants mainly comprise leaves, leaf petioles,
petioles and rhachis of compound leaves as well as
different types of twigs. Due to the absence of winged
fruits and flowering remains, except for ?Ailanthus sp.
and Chaneya oeningensis (single specimens of both),
we infer that wind transport played a minor role in the
accumulation of plant debris and that terrestrial plant
material probably stems from the vegetation in the lake’s
immediate surroundings. This interpretation is supported
by the presence of parts of still compound leaves of
Podocarpium podocarpum and of Sapindales fam., gen. et
sp. 1 with leaflets still physically connected to the rhachis.
Furthermore, we assume that most woody taxa in the
closest lake surrounding were not anemochorous.

Floristic composition
The floristic spectrum of Steinheim (Tab. 1) is char-

acterised by some remarkable pecularities that distinguish
it from other plant assemblages: Not a single fern remain
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has been reported and this assemblage lacks any conifers.
Daphnogene, which is probably the most common leaf type
in fossil floras until the middle Miocene, is documented by
a single, somewhat ambiguous leaf only (cf. Daphnogene
polymorpha). Anemochorous taxa, i.e. with winged fruits,
are largely absent except for Acer pseudomonspessulanum
vel A. integrilobum, A. tricuspidatum vel A. angustilobum,
2Ailanthus sp., ?Carpinus sp., and Chaneya oeningensis,
each documented by a single specimen only. Steinheim
lacks further wind-dispersed taxa which are well known
from many other sites similar in age, e.g. Betula,
Ulmus, Tilia. Oaks are fairly diverse with 5 to 6 species
(Q. drymeja, Q. ?gigas, Q. kubinyii, Q. mediterranea,
0. pseudocastanea, and maybe ?Quercus sp.). Among
these, leaves of ?Quercus sp. are most abundant, while
0. ?gigas is represented by a single leaf fragment only.
Remarkably, Steinheim yields at least three taxa with
compound leaves: Podocarpium podocarpum, Sapindales
fam., gen. et sp. 1 and 2 and possibly Ailanthus (?Ailanthus
sp.). The findings of petioles and rhachis (?Sapindales
fam., gen. et sp. — Petiole and rhachis of compound leaf)
may derive from large compound leaves of possible
Sapindales affinity. Celtis (C. japeti, C. lacunosa) and
Podocarpium podocarpum are the only components that
are documented both by leaves and fructifications.

This revision does not confirm, among others, the
following taxa described by Gregor (1983) and/or
Schweigert (1993) which would be ecologically and/
or climatically relevant: Isoétes braunii — (recognised
here instead as) indeterminable remain, Isoétes sp. —
leaf rhachis and petiole of compound leaves, Persea
princeps — Dicotylophyllum sp. 5, Smilax — Celtis japeti,
Pistacia miochinensis — Sapindales fam., gen. et sp. 2,
Zanthoxylum — ?Sapindales fam., gen. et sp. 1, Diko-
tylenrest (Phyllocladium) — fragment of a damaged leaf,
Eichhornia — indeterminable remain.

The Steinheim assemblage yields both taxa character-
istic in Central Europe during the late early and middle
Miocene (P. podocarpium, Quercus drymeja, Q. mediter-
ranea) as well as taxa characteristic of the late Miocene
such as Quercus pseudocastanea and probably Quercus
gigas (here Q. ?gigas) and Trapa (here ?Trapa sp.).

Vegetation reconstruction (Tab. 2)

The Steinheim taphocoenosis documents aquatic plants
from the crater lake with both a submerged (Characeae,
?Potamogeton geniculatus,) and floating (Phyllites sp. —
loating leaf, ?Trapa sp.) lifestyle as well as reed and
sedge-like plants from the edge of the lake (Cladiocarya
trebovensis, Equisetum sp., possibly ?Lythraceae gen. et
sp., Monocotyledoneae gen. et sp. indet., “Typha” oenin-
gensis).
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Table 1. The revised floristic spectrum and the spectrum according to the treatment by Gregor (1983) and Schweigert (1993).

This paper

Schweigert 1993 Gregor 1983

Characeae

Equisetum sp.

cf. Daphnogene polymorpha
?Potamogeton geniculatus
Cladiocarya trebovensis
“Typha” latissima

Monocotyledoneae gen et sp. indet.

Buxus pliocenica

“Parrotia” pristina

?Trapa sp.

?Lythraceae sp.
Leguminosites cf. hesperidum
Podocarpium podocarpum
?Carpinus sp.

Quercus drymeja
Quercus gigas

Quercus kubinyii

Quercus mediterranea

Quercus pseudocastanea
?Quercus sp.

Myrica sp.

Populus balsamoides
Celtis japeti

Celtis lacunosa

Zelkova zelkovifolia
?Rosaceae gen. et sp. indet.

Acer monspessulanum vel A. integrilobum
Acer tricuspidatum vel A. angustilobum

Chaneya oeningensis
?Ailanthus sp.
Sapindales sp. 1
?Sapindales sp. 1
Sapindales sp. 2

?Sapindales — petiole and rhachis
of compound leaves

Dicotylophyllum sp. 1
Dicotylophyllum sp. 2
Dicotylophyllum sp. 3
Dicotylophyllum sp. 4
Dicotylophyllum sp. 5
Dicotylophyllum sp. 6
Dicotylophyllum sp. 7
Dicotylophyllum sp. 8
Phyllum sp. — Mloating leaf
Spiny branch

Twig with brachyblasts
Twig with buds or abcission marks
Plant remain indet.

Characeae Chara zolleriana
Phragmites oeningensis p.p.
Daphnogene polymorpha Dicotylophyllum sp. (Sapotaceae?) p.p.
Potamogeton geniculatus
Cladiocarya trebovensis Cladiocarya trebovensis
Phragmites oeningensis p.p.

Phragmites oeningensis p.p.,

Isoétes braunii

Buxus cf. pliocenica p.p.

Parrotia pristina

“Sapindus” falcifolius p.p.
Leguminocarpon sp.
Gleditsia knorrii Gleditsia lyelliana, G. knorrii
Alnus gaudinii

Q. drymeja p.p., Zelkova zelkovaefolia p.p.,

“Sapindus” falcifolius p.p.

Q. czeczottiae p.p.

Quercus czeczottiae p.p.,

Zelkova zelkovaefolia p.p. Zelkova praelonga

gflzzgor;fj:g;?nea p-p-, Quercus spec. (Q. aff. mediterranea)
Quercus pseudocastanea p.p.
Quercus drymeja p.p. Tremophyllum tenerrimum
Lonicera studeri p.p.

Populus balsamoides

Celtis begonioides, Smilax weberi cf. Byttneriophyllum tiliaefolium
Celtis lacunosa Celtis lacunosa
Zelkova zelkovaefolia p.p.

Rosa lignitica

Acer tricuspidatum p.p.

Acer tricuspidatum p.p.

Astronium oeningense

Ailanthus confucii

Juglans acuminata p.p., Sapindus falcifolius p.p.

Zanthoxylum sp.

Pistacia miochinensis, Sapindus falcifolius p.p.

Isoétes sp. p.p.

Leguminosites sp. p.p. Dicotylophyllum sp. (Sapotaceae ?) p.p.
“Robinia” regelii
Populus mutabilis
Juglans acuminata p.p. Persea princeps p.p.
Lonicera studeri p.p.

Lonicera studeri p.p.

Dicotylophyllum (Phyllocladium) gen. et sp. indet.

Eichhornia sp.
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The terrestrial taxa represent the woody vegetation,
forests and scrubs in the adjoining lake surroundings.
Based on physiognomy and supposed autecology,
Buxus pliocenica, Quercus drymeja, Q. kubinyii, Q. me-
diterranea, ?Quercus sp., and Dicotylophyllum sp. 3 may
have grown preferably on south exposed slopes, on
shallow, relatively dry soils or rocky underground prone
to dryness. Celtis (C. japeti, C. lacunosa), Podocarpium
podocarpum, Sapindales fam., gen. et sp. 2 and Zelkova
zelkovifolia may also be grouped here.

Taxa with comparably large blades such as “Parro-
tia” pristina, Populus balsamoides, Quercus ?gigas,
Q. pseudocastanea, Sapindales fam., gen. et sp. 1,
and Dicotylophyllum sp. 4 may have preferred north
exposure and more stable humid soil conditions. Contrary
to floras from the early to early middle Miocene,
the floristic record does not provide evidence that
Lauraceae were essential components in these habitats.
Acer pseudomonspessulanum vel A. integrilobum, Acer
tricuspidatum vel A. angustifolia, ?Carpinus sp., Chaneya
oeningensis, cf. Daphnogene polymorpha, Leguminosites
cf. hesperidum, and Dicotylophyllum sp. div. — mostly
documented by single specimens only — complement the
composition of forests and scrubs covering the crater
wall. Accordingly, the assumed communities may be
characterised as subhumid sclerophyllous to broad-leaved
deciduous forest types. This interpretation was tested
by the application of the Integrated Plant Record (IPR)-
Vegetation Analysis (Kovar-Eder & Kvacek 2007, Kovar-
Eder et al. 2008, refined by Teodoridis et al. 2011). This
semiquantitative method was developed to assess overall
zonal vegetation types. The results for Steinheim indicate
subhumid sclerophyllous forests as most likely vegetation
type and corroborate the empirical interpretation. The
percentages of the main components are as follows:
broad-leaved deciduous component 61%, broad-leaved
evergreen component 6%, sclerophyllous + legume-like
component 32% (Appendix).

Schweigert’s (1993) assumption of wet alluvial forests
is problematic not only because proof of above-ground
aquatic influx is not available but also due to the floristic
composition, i.e. the diversity and abundance of oaks not
characteristic of alluvial environments, the near absence
of Betulaceae except for a single specimen (?Carpinus
sp.), and the lack of Ulmus or Salix. As Schweigert (1993)
recognised correctly, the flora of Steinheim lacks any
indications of a (taxodioid) swamp environment near the
lake.

Kirchner (1987) studied the pollen profile of a drilling
from the Steinheim Basin. Although the composition did
not undergo major changes along the profile, Kirchner
distinguished three zones: Glyptostrobus dominance
(34-20 m), Ulmus/Zelkova dominance (20—11 m), Abies
dominance (11-6 m). The palynomorph record is poor in
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ferns but yields a diverse conifer and angisperm spectrum.
Azonal taxa indicating wet environments are recorded,
e.g. Taxodium/Glyptostrobus, Sequoia/Cryptomeria,
Alnus, Populus, Salix, Ulmus as well as hinterland
and higher altitude taxa, e.g. Abies, Picea. Among
angiosperms, Juglandaceae (5), Ulmaceae (4), Betulaceae
(3), Fagaceae (2), Salicaceae (2) are represented by more
than one genus. The pollen record reflects a wider range
of habitats than present in the macro record reflecting also
farer distance influx. This divergence between pollen and
macro record is not unusual. It was observed when the
European pollen and macro record was studied to assess
vegetation types (Kovar-Eder & Kvacek 2007). Thus, the
results from both sources are not in conflict, but rather are
complementary to each other.

Climate

Based on isotopes (C, O, Sr) of skeletal fossils of both
aquatic and terrestrial animals, Titken et al. (2006)
derived a MAT of 18.8+3.8 °C and a water temperature
of the lake of 17 to 22 °C; they further conclude a warm-
temperate and humid climate but “evaporation around the
Steinheim Basin during the middle Miocene”. The floristic
composition of the Steinheim taphocoenosis points
towards warm-temperate climatic conditions. The almost
complete absence of Lauraceae and other laurophyllous
foliage indicates cooler and/or drier conditions compared
to previous periods. Quercus drymeja, Q. mediterranea,
?0. sp., and the small-sized foliage of Dicotylophyllum
sp. 1 — all of which are documented not only by single
specimens but by several to numerous remains — as well as
the vegetation interpretation as subhumid sclerophyllous
forest (based on the IPR-vegetation analysis) point to
probably seasonal fluctuations in humidity, conforming
with “evaporation around the Steinheim Basin” as
expressed by Tiitken et al. (2006). The presence of Buxus,
Celtis, and Zelkova, which at least tolerate periodic
drier climatic conditions today, further support this
interpretation. In the diverse land snail fauna, Granaria is
most abundant indicating warmer and drier conditions than
in previous periods (Mammal Neogene Unit 5) (Holtke &
Rasser 2017). The landscape and climate reconstruction
for the impact region and the impact period by Buchner
& Schmieder (2013) argues, however, for a subtropical-
humid climate. That interpretation, however, ignores
completely not only the fossil plant record available from
this region, but lacks differentiation of the hydrological
regime of the relief and soils from climate and does not
consider seasonal climatic fluctuations. Unfortunately, the
poor preservation of the material hampers the application
of CLAMP (Climate Leaf Analysis Multivariate Program)
and the high taxonomical uncertainities hinder the
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Table 2. Floristic spectrum, abundance of taxa, inferred autecology, growth form, and fruit dispersal mode. Abundance classes: 1 = 1 specimen,
2 =2-5 specimens, 3 = 610 specimens, 4 > 10 specimens.

Taxon abundance class autecology growth form fruit dispersal mode
Characeae 1 aquatic herbaceous

Equisetum sp. 3 lake margin herbaceous

cf. Daphnogene polymorpha 1 surrounding woody zoochorous-fleshy
?Potamogeton geniculatus 4 aquatic herbaceous hydro-/zoochorous-nonfleshy
Cladiocarya trebovensis 2 lake margin herbaceous ?

“Typha” latissima 1 lake margin herbaceous anemochorous
Monocotyledoneae gen et sp. indet. 4 lake margin herbaceous anemochorous
Buxus pliocenica 1 surrounding woody auto-/zoochorous-nonfleshy
“Parrotia” pristina 1 surrounding woody anemo-/autochorous
?Trapa sp. 1 aquatic herbaceous hydrochorous
?Lythraceae 1 lake margin herbaceous/woody ?
Leguminosites cf. hesperidum 1 surrounding woody zoochorous-nonfleshy
Podocarpium podocarpum 4 surrounding woody zoochorous-nonfleshy
?Carpinus sp. 1 surrounding woody anemochorous
Quercus drymeja 3 surrounding woody zoochorous-nonfleshy
Quercus ?gigas 1 surrounding woody zoochorous-nonfleshy
Quercus kubinyii 2 surrounding woody zoochorous-nonfleshy
Quercus mediterranea 4 surrounding woody zoochorous-nonfleshy
Quercus pseudocastanea 2 surrounding woody zoochorous-nonfleshy
?Quercus sp. 4 surrounding woody ?zoochorous-nonfleshy
Myrica sp. 2 surrounding woody zoochorous-fleshy
Populus balsamoides 2 surrounding woody anemochorous
Celtis japeti 2 surrounding woody zoochorous-fleshy
Celtis lacunosa 4 surrounding woody zoochorous-fleshy
Zelkova zelkovifolia 3 surrounding woody anemochorous
?Rosaceae gen. et sp. indet. 1 surrounding woody ?zoochorous-fleshy
Acer pseudomonspessulanum vel A. integrilobum 1 surrounding woody anemochorous
Acer tricuspidatum vel A. angustilobum 1 surrounding woody anemochorous
Chaneya oeningensis 1 surrounding woody anemochorous
?Ailanthus sp. 1 surrounding woody ?anemochorous
Sapindales sp. 1 4 surrounding woody ?
Sapindales sp. 2 3 surrounding woody ?
?Sapindales — petiole and rhachis of compound leaf 2 surrounding woody ?
Dicotylophyllum sp. 1 4 surrounding woody ?
Dicotylophyllum sp. 2 1 surrounding woody ?
Dicotylophyllum sp. 3 1 surrounding woody ?
Dicotylophyllum sp. 4 2 surrounding woody ?
Dicotylophyllum sp. 5 1 surrounding woody ?
Dicotylophyllum sp. 6 1 surrounding woody ?
Dicotylophyllum sp. 7 1 surrounding woody ?
Dicotylophyllum sp. 8 1 surrounding woody ?

Phyllum sp. — Mloating leaf 1 aquatic herbaceous ?

Spiny branch 2 surrounding woody

Twig with brachyblasts 2 surrounding woody

Twig with buds or abcission marks 2 surrounding woody
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application of the Coexistence Approach to assess further
climatic signals.

Comparison of the flora from Steinheim with
relevant early/middle Miocene sites in Europe
(Tab. 3)

Randeck Maar, Baden-Wiirttemberg, Germany (late early/
early middle Miocene, MN 5)

This sediment sequence of the Randeck Maar (RM)
represents the filling of a maar lake, recently the subject
of an ecosystem reconstruction (Rasser et al. 2013).
The RM lake and the Steinheim impact crater lake were
characterised by quiet sedimentation conditions mainly
devoid of stream discharges. Both plant assemblages lack
indications of a forested swamp environment in the lake
surroundings.

Among aquatic plants, both sites share Characeae
and possibly Potamogeton as well as monocotyledons as
representatives of the lake margin. In RM, Sideroxylon
salicites (Web.) Weyland, (Riiffle 1963) was recently
recognised as Lythraceae foliage (Rasser ef al. 2013)
and ?Lythraceae gen. et sp. indicates the presence of
the loosestrife family (except for ?7rapa sp.) also in
Steinheim.

Among the terrestrial flora, both sites share the
scarcity of both conifers and Betulaceae. The number of
common taxa is rather limited, including Celtis, Populus
balsamoides, Podocarpium podocarpum (abundant at
both sites), Sapindales fam., gen. et sp. 2 (i.e. Sapindus
falcifolius from RM), Zelkova zelkovifolia, and possibly
Acer integrilobum. Both sites share the presence of
further legumes [Leguminosites cf. hesperidum in
Steinheim, Leguminocarpon bousqueti (Sap.) Riiffle in
RM]. Sapindales taxa with compound leaves do occur
in both assemblages though partly with different taxa,
e.g. Koelreuteria (Simaroubaceophyllum picrasmoides
Riiffle only at RM). Contrary to Steinheim, the Fagaceae
record from RM is rather poor, in which Castanea atavia
Ung. may represent an oak similar to Q. drymeja or
0. kubinyii from Steinheim. Also in contrast with
Steinheim, Lauraceae are well represented at RM.

While winged fruits are almost absent at Steinheim,
such fruits are diverse at RM, representing Acer, Ailan-
thus, Cedrelospermum, Craigia, Engelhardia, Hydrangea,
Saportaspermum, and Ulmus.

For RM, the assumed habitat reconstruction postulates
subhumid sclerophyllous and mixed-mesophytic forests
on the crater slopes and adjacent hinterland depending
on soil conditions and sun exposure (Rasser ef al. 2013).
This differentiation is partly in agreement with Steinheim,
where we assume subhumid sclerophyllous forests.
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Engelswies, southern Baden-Wiirttemberg, Germany (late
early/early middle Miocene, MN 5)

The plant assemblage from Engelswies (Schweigert
1992) developed under a very different ecological setting.
Terrestrial plants include Glyptostrobus, Magnolia,
Liquidambar, Daphnogene, Acer tricuspidatum (non
Symplocos cf. hallensis Barthel, Kvacek & Riiffle in
Schweigert 1992), and a fan palm. Except for Daphnogene
and Acer (single remains only) these taxa do not occur
at Steinheim. Vice versa, Engelswies lacks any oaks
and Podocarpium podocarpum, which are common at
Steinheim. Any further comparison would have little
scientific basis because the flora from Engelswies deserves
revision as well.

Schrotzburg, southwestern Baden-Wiirttemberg, Germany
(late middle Miocene)

The Schrotzburg plant assemblage (Hantke 1954) belongs
to the Oningen complex, which is of fluvial lacustric
origin. The taxa characteristic of riparian environments
such as Daphnogene, Platanus, Liquidambar, Ulmus,
Acer angustilobum, Populus balsamoides, and Salix
are most common, thus distinguishing this flora from
Steinheim. The following similarities to Steinheim may be
recognised: the absence of conifers except for few findings
of Glyptostrobus and the presence of Podocarpium
podocarpum and Quercus mediterranea.

Cypris Shale, Western Bohemia, Czech Republic (early
Miocene)

The Cypris Shale flora (Buzek ef al. 1996) is dated to
MN 4b and 5 based on mammals in the Cheb Basin. It
yields taxa that are characteristic of the Early Miocene
such as Platanus neptuni (Ettingsh.) Buzek, Holy & Kva-
¢ek, Trigonobalanopsis and several Lauraceae but lacks
taxa characteristic to later periods such as Quercus pseudo-
castanea. The floristic spectrum is rich both in conifers
and angiosperms covering different habitats from aquatic
facies, lignite swamps, riparian settings to wider upland
habitats. Remarkable shared taxa of both sites are Quercus
kubinyii, Podocarpium podocarpum, Zelkova zelkovifolia,
possibly Acer pseudomonspessulanum and Celtis lacunosa
and, on the generic level, Buxus and possibly Ailanthus.

Parschlug, Styria, Austria (late early/early middle
Miocene)

Based on mammals and the floristic composition,
Parschlug is assigned to the Karpatian/early Badenian
(Central Paratethys stages) (Kovar-Eder et al. 2004).
The assemblage is a mixture in which a limited number
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of taxa characteristic of lignite swamps is dominant
[mainly Glyptostrobus europaeus (Brongniart) Unger,
Liquidambar europaea A. Braun, Myrica lignitum
(Unger) Saporta], while numerous taxa, probably rep-
resenting the hinterland flora, are far less common or
even documented by few or single specimens only.
Generally, the flora of Parschlug is far more diverse than
the assemblage from Steinheim. Parschlug and Steinheim
share Celtis japeti, Podocarpium podocarpum, Zelkova
zelkovifolia, and possibly also Acer monspessulanum,
Chaneya and Leguminosites hesperidum. Oaks are more
diverse in Steinheim than in Parschlug (Steinheim 5-6
species, Parschlug 4) but represented by different species
except for Q. drymeja and Q. mediterranea. Both sites
share also Buxus but with differences at the species level
(B. cf. egeriana Kvacéek, Buzek & Holy in Parschlug).
Based on the number of small-sized, probably evergreen
sclerophyllous taxa, a less humid climate than in earlier
and later periods, with seasonal changes in precipitation,
was assumed for Parschlug (Kovar-Eder et al. 2004); this
conforms with the Steinheim record.

Tiirkenschanze, Vienna Basin, Austria (late middle
Miocene, Sarmatian)

This plant assemblage derives from marine to brackish
sediments at the northwestern margin of the Pannonian
Lake, the Vienna Basin (Berger & Zabusch 1953). It
represents the vegetation along streams as well as from
the nearby hinterland and is characterised by a stronger
allochthonous influence than the Steinheim assemblage.
Both sites share the presence of Buxus pliocenica, Quercus
mediterranea, Zelkova zelkovifolia, and probably Acer
integrilobum, Podocarpium podocarpum, Q. drymeja,
and Myrica. Daphnogene polymorpha [there as Cinnamo-
mum scheuchzeri (Heer) Kriausel & Weyland] is rare
at Tirkenschanze as is cf. Daphnogene polymorpha
at Steinheim. Populus is represented by P. populina
(formerly P. latior A. Braun) at Tiirkenschanze while
by P. balsamoides at Steinheim. Numerous taxa are
small-leaved and taxonomic assignment is difficult at
Tirkenschanze. Among these, “Persoonia” tusca Gaudin
(Berger & Zabusch 1953) reminds of Dicotylophyllum sp.
1 from Steinheim. Contrary to Steinheim, pine needles
are quite common at Tirkenschanze. Among others, this
assemblage differs further by the presence of Crataegus,
Ulmus, and possibly of Juglans. Based on the overall
character and numerous relatively small-sized leaf taxa
Berger & Zabusch (1953) assumed rather dry climatic
conditions. Their vegetation interpretation “Macchia and
Hartlaubgehdlze” and “Savanna und Buschsteppe” has not
been confirmed by any further palacobotanical study in this
part of Europe. It is by far exagerated. A sclerophyllous
impact in mesophytic hinterland forests due to drier

climatic conditions may, however, be assumed for
Tiirkenschanze and Berger & Zabusch (1953) recognised
a relationship to the flora of Erdébenye (Hungary).

Erdébenye, Tallya, Hungary (middle Miocene, middle
Serravalian)

The flora from Erdébénye (Kovats 1856, Andreanszky
1959) is early Sarmatian in age (Central Paratethys
stage) and stems from marine deposits. Thus, both
sites underwent very different taphonomical processes:
the Erdébénye plant assemblage has a much stronger
allochthonous impact than the Steinheim taphocoenosis.
This at least partly accounts for the higher diversity at
Erddébénye than at Steinheim. Although this flora deserves
revision, and therefore the comparison is limited, it
is evident that Steinheim and Erdébénye share oaks
indicating different ecological requirements: Q. kubinyii,
0. mediterranea, Q. pseudocastanea, but oak diversity is
lower in Erdébénye than in Steinheim. Both sites further
share Celtis japeti (formerly C. trachytica Ettingsh., see
Kovar-Eder et al. 2004), Zelkova zelkovifolia and possibly
Acer integrilobum (Acer inaequilobum Kovats partim,
see synonymy Strobitzer-Hermann 2002). Sapindus
erdobenyensis Kovats is reminiscent of Sapindales fam.,
gen. et sp. 2. Otherwise, Erdébénye differs among others
by the presence of conifers (both Pinaceae and Taxo-
dioideae) as well as the occurrence of Fagus, Carpinus,
Ulmus, and Juglandaceae to mention a few.

Kymi, Evia Island, Greece (early Miocene, Aquitanian)

A rough revision of this famous flora, which was studied
monographically by Unger (1867), has been presented by
Velitzelos, E. et al. (2002). The assemblage of Kymi is
more diverse than Steinheim, including both evergreen
and deciduous taxa from different settings such as swamp
facies (Glyptostrobus europaeus and Myrica div. sp.)
and hinterland forests. Remarkably, Kymi and Steinheim
share Q. drymeja and Q. mediterranea as well as Zelkova
zelkovifolia. Lauraceae at Kymi are documented by three
species at least including Daphnogene polymorpha,
which is the only one that may be present at Steinheim.
Kymi differs from Steinheim by the occurrence of several
species of Betulaceae, Fagus and Trigonobalanopsis
(Fagaceae), and Engelhardia, to mention some. Vice versa,
Kymi lacks roburoid oaks. Differences in taphonomical
settings, geographic position as well as in age account for
the differences.

Vegora, Macedonia, Greece (late Miocene)

The flora of Vegora (Kvacek et al. 2002) derives from
marles superimposed on lignites. These sediments were
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dated based on mammals to the Ruscinian. The plant
assemblage is characterised by a mixture of woody taxa
from azonal settings (swampy to riparian) and zonal
environments (hinterland forests). Thus, it is rather
diverse. Steinheim and Vegora share the diversity of oaks,
which is even higher in Vegora including Q. sosnowskyi
Kolakovskii, in addition to the oak species present at
Steinheim. In Vegora, Q. mediterranea and sosnow-
skyii, which likely were evergreen, are interpreted as
part of sclerophyllous scrub-like woodland along with
Cupressaceae and pines. In Steinheim, none of these Q. me-
diterranea-accompanying taxa have been discovered.
Vegora differs further by the diversity of conifers (both
Taxodioideae and Pinaceae), Betulaceae (4/nus, Betula,
Carpinus), and maples, as well as by the presence of
Ginkgo, Fraxinus, Lauraceae (Sassafras, Daphnogene,
Laurophyllum), Pterocarya, Ulmus, among others.
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Appendix. Score list for the Integrated Plant Record (IPR) Vegetation Analysis according to (Teodoridis ez al. 2011).

TAXONOMIC-PHYSIOGNOMIC COMPONENTS / GROUPS

ZONAL AZONAL ©]
= | :

[~ = - S

= | £ | B | 2 |Z58|2.8 & |3

219 |3 g |g |2 |85 5 8383 8|83

o] @ @ %) 3 N < A = <z |<zB3| < e e
Characeae 1.00 1.00
Equisetum sp. 1.00 1.00
cf. Daphnogene polymorpha 1.00 1.00
?Potamogeton geniculatus 1.00 1.00
Cladiocarya trebovensis 1.00 1.00
Typha latissima 1.00 1.00
Monocotyledoneae gen et sp. indet. 1.00 1.00
Buxus pliocenica 1.00 1.00
Parrotia pristina 1.00 1.00
?Trapa sp. 1.00 1.00
?Lythraceae 1.00 1.00
Leguminosites cf. hesperidum 1.00 1.00
Podocarpium podocarpum 1.00 1.00
?Alnus sp. 1.00 1.00
Quercus drymeja 0.50 0.50 1.00
Quercus ?gigas 1.00 1.00
Quercus kubinyii 0.50 0.50 1.00
Quercus mediterranea 0.50 0.50 1.00
Quercus pseudocastanea 1.00 1.00
?2Quercus sp. 0.50 0.50 1.00
Myrica sp. 0.33 0.33 0.33 0.99
Populus balsamoides 0.50 0.50 1.00
Celtis japeti 0.50 0.50 1.00
Celtis lacunosa 0.50 0.50 1.00
Zelkova zelkovifolia 0.33 0.33 0.33 0.99
?Rosaceae gen. et sp. indet. 1.00 1.00
Acer piveudor'nunspessulanum 075 025 1.00
vel A. integrilobum
Acer tricuspidatum vel A. angustilobum 0.50 0.50 1.00
Chaneya oeningensis 1.00 1.00
?Ailanthus sp. 1.00 1.00
Sapindales sp. 1 1.00 1.00
Sapindales sp. 2 1.00 1.00
?Sapindales — petiole and rhachis of
compound leaves 0.00
Dicotylophyllum sp. 1 1.00 1.00
Dicotylophyllum sp. 2 1.00 1.00
Dicotylophyllum sp. 3 1.00 1.00
Dicotylophyllum sp. 4 1.00 1.00
Dicotylophyllum sp. 5 0.50 0.50 1.00
Dicotylophyllum sp. 6 1.00 1.00
Dicotylophyllum sp. 7 1.00 1.00
Dicotylophyllum sp. 8 1.00 1.00
Phyllum sp. — Mloating leaf 1.00 1.00
Spiny branch 1.00 1.00
Twig with brachyblasts 1.00 1.00
Twig with buds or abcission marks 1.00 1.00
Sum of taxa 0.00 | 17.41 1.83 5.08 4.00 0.00 0.00 0.00 0.00 2.66 5.00 4.00 4.00 | 43.98
Sum zonal taxa 28.32
Percentage of zonal taxa 0.00 | 61.48 6.46 17.94 | 14.12 0.00 0.00 0.00 0.00
Sum zonal woody angiosperms 28.32
Eﬁgz‘s‘g’efn ‘;fz‘ma' woody 6148 | 646 | 17.94 | 14.12 | 0.00
test for percentage zonal taxa 100.00
test for percentage zonal wood,
angiospgrms y ' 100.00

Result; BLD 61%, BLE 6%, SCL + LEG 32% — subhumid sclerophyllous forest

456



