The ginkgophytes from the German Kupferschiefer
(Permian), with considerations on the taxonomic
history and use of Baiera and Sphenobaiera
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Ginkgophyte foliage fossils (impressions and compressions lacking cuticle) from several of the historical
Kupferschiefer localities in Germany have been re-studied using macromorphometry. Baiera digitata is by far the most
common ginkgophyte in the Kupferschiefer, while other taxa are relatively rare. A new taxon, for which the name Baiera
mansfeldensis is proposed, differs from B. digitata in having a much thinner, curved petiole and a curved lamina, as well
as a narrow basal angle. Esterella gracilis, a taxon previously known exclusively from France, is reported for the first
time from Germany. The foliage genera Baiera and Sphenobaiera have a complicated taxonomic history, and the problematic contiguity that exists between the two taxa has lead to considerable confusion. It appears that the radiation of the
ginkgophytes started well before the end-Permian mass-extinction, and that Permian ginkgophytes were more diverse
than previously believed. • Key words: Esterella, Ginkgophyta, late Permian, radiation, foliage fossil, macromorphometry, Central European Basin, Germany.
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The ginkgophytes are a group of gymnosperms that probably originated in the late Palaeozoic. However, persuasive fossils of Palaeozoic ginkgophytes are rare (Taylor et
al. 2009). Apart from the enigmatic Permo-Carboniferous
taxa Ginkgophytopsis, Ginkgophyllum, and Dicranophyllum (Gothan & Kukuk 1933, Barthel 1977, Yao 1989,
Zhou 2007), several putative ginkgophytes or ginkgophyte
precursors have been described from the Permian (for details, see Zalessky 1912, Meyen 1988, Zhou 2009, Taylor
et al. 2009). The only bona fide Permian ginkgophyte from
Angara is Kerpia-like leaves associated with Karkenia-type ovulate organs (Naugolnykh 2007). Other Angaran foliage taxa such as Ginkgophyllum Saporta, 1875,
Ginkgopsis Zalessky, 1912, Glotophyllum Zalessky, 1912,
Meristophyllum Zalessky, 1937, Nepheropsis Zalessky,
1912, Psygmophyllum Schimper, 1870, and Rhipidopsis
Schmalhausen, 1879 remain insufficiently understood
or are of uncertain systematic attribution (Seward 1919,
Meyen 1988, Taylor et al. 2009). Permian putative ginkgophytes from the southern hemisphere include Polysper-
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mophyllum Archangelsky & Cúneo, 1990 from Argentina,
as well as Ginkgoites-type foliage from India (Bajpai 1991,
Maheshwari & Bajpai 1992) and the Permo-Carboniferous
of Argentina (Dijkstra 1973, Cúneo 1987), South Africa
(Plumstead 1961), and the Congo (Høeg & Bose 1960).
However, information on the epidermal anatomy that could
be used to positively identify the affinities of these fossils is
lacking. Finally, Sphenobaiera-type leaves have been described from the lower Permian of Antarctica (Taylor & Taylor
1993) and possibly also from the Permian of South Africa
(Zhou 2009). All late Palaeozoic ginkgophyte foliage fossils
from Europe have been assigned to either Baiera digitata or,
after Florin introduced the new name Sphenobaiera for nonpetiolate ginkgophyte foliage from Franz-Joseph-Land (Florin 1936a, b), to Sphenobaiera digitata. However, the use of
both names has not been consistent in the past and has varied
between different authors (see below).
Late Permian ginkgophytes are generally believed to be
poorly diversified (1 genus, 3 species; Zhou & Wu 2006),
although a newly described flora from the Bletterbach

539

Bulletin of Geosciences  Vol. 88, 3, 2013

gorge in northern Italy appears to provide evidence to the
contrary (Kustatscher et al. 2012). According to this study,
at least two additional leaf types co-occur with Baiera
digitata or Sphenobaiera digitata in the Bletterbach flora.
Moreover, several late Permian wood types with probable
affinities to the ginkgophytes have recently been reported
from China, including Proginkgoxylon Zheng & Zhang,
2008 (in Zheng et al. 2008) and Palaeoginkgoxylon zhoui
Feng et al., 2010 (Zheng et al. 2008, Feng et al. 2010).
Nevertheless, the generally poor and fragmentary preservation of most Palaeozoic ginkgophytes or ginkgophyte-like fossils renders assessment of ginkgophyte diversity during this period of time a challenging task. As a
result, little is known about the early diversification of this
group of plants. Moreover, no consensus exists with regard
to the classification and phylogenetic relationship of the
Palaeozoic ginkgophytes (for details see Zhou 2009, Taylor et al. 2009).
Late Permian floras are generally rare, especially in Europe and North-America, and our knowledge about these
floras is largely based on the Kupferschiefer of the Central
European Basin. Although Kupferschiefer fossils have
been studied intensively since the mid-19th century (e.g.,
Germar 1840, Althaus 1847, Solms-Laubach 1884, Gothan
& Nagalhard 1921, Schweitzer 1960), the ginkgophyte fossils preserved in this important deposit remain incompletely understood. All ginkgophyte remains from the German Kupferschiefer have historically been assigned to
either Baiera digitata (Brongniart) Heer, 1876 (Weigelt
1928, 1932) or Sphenobaiera digitata (Brongniart) Florin,
1936 (e.g., Haubold & Schaumberg 1985, Schweitzer
1986), primarily because of the presumption that the leaves
of these fossil taxa exhibit a similarly high intraspecific
variability as the leaves of the extant Ginkgo biloba. However, most of the fossils are fragmentary impressions or
compressions lacking cuticle that render a clear discrimination of macromorphologically similar taxa difficult.
In this study, we use morphometrical analyses to re-assess the ginkgophyte leaves from the German Kupferschiefer. This approach has been employed because mathematical and trigonometrical analyses can help to
reconstruct the leaf shape even if only fragments are preserved. Our results suggest that a higher ginkgophyte diversity than previously assumed existed in the Central European late Permian (at least two bona fide and one
putative taxa). Moreover, we demonstrate that morphometry represents a valuable tool for safely identifying fragmentary foliage fossils that do not yield cuticles.

Historical background
When the first fossils of ginkgophyte leaves were discovered in the early 19th century, it was widely believed that
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they represented fossilized algae; this is reflected in names
such as Zonarites Sternberg 1833; Fucoides Brongniart,
1828 (today used for ichnofossils; Taylor et al. 2009) and
Cyclopteris Brongniart, 1828 (today used for basal pinnules in certain neuropterid pteridosperms; Taylor et al.
2009). Braun (1843) introduced the name Baiera for fossils
from the Rhaetio-Liassic of Bayreuth (Germany) that he
interpreted as ginkgophytes. In the generic diagnosis this
author included descriptions of the leaves and female fructifications: The genus Baiera is characterized by repeatedly dichotomizing primary veins. The sporocarps form
capsules with pedunculate ovaries and are arranged ternarily or bi-ternarily. Although mentioned in the original diagnosis of the genus, the female fructification was not included in the specific diagnosis of the only taxon described by
Braun (1843), nor was it figured. The fructification mentioned by Braun probably corresponds to Stachyopitys preslii
Schenk, 1867, a male reproductive structure later attributed
to Schmeissneria Kirchner & Van Konijnenburg-van Cittert, 1994 (Van Konijenburg-van Cittert, pers. comm.
2012).
A few years earlier, Sternberg (1825, p. 28, pl. 47,
fig. 2) described Bajera scanica from the Cretaceous of
Sweden. However, Halle (1908) assigned the specimens on
which B. scanica was founded to Equisetites scanicus
(Sternberg) Halle, 1908, and thus the genus Bajera Sternberg, 1825 was left without types and therefore subsequently rejected (Kilpper 1969). The genus Baiera Braun,
1843 was thereafter emended and used in various ways.
For example, Heer (1876) emended Braun’s (1843) original diagnosis to include the presence of fine veins between
the vascular strands as an important character. According
to Renault (1888), Baiera leaves are deeply dissected into
linear segments with numerous fine veins that run parallel.
Frentzen (1922) used the name for more or less petiolate
leaves with narrow-linear dichotomous segments that may
possess a dissected margin. On the other hand, Harris
(1935) used Baiera for wedge-shaped leaves lacking a distinct petiole, but without emending the diagnosis of Braun
(1843). Harris (1935) proposed usage of the genus
Ginkgoites Seward, 1919 for all leaves characterized by a
distinct petiole (Harris 1935). In 1936, Florin emended the
original diagnosis (i.e. Braun 1843), and used Baiera for
leaves with a distinct petiole and a semicircular to broadly
triangular shape. The lamina is deeply dissected into several primary segments, which may be arranged into two
groups. The primary segments are deeply bifurcated at
least once, but normally more than once. All segments are
more or less linear and do not contain more than 2–4 parallel veins. The type species of Baiera Braun, 1843 is Baiera
muensteriana (Presley) Heer, 1876 from the Jurassic of
Bavaria (Germany). Since the illustration of the original
specimen figured by Braun (1843, B. dichotoma, pl. 7,
figs 1–5) shows a broadly triangular and petiolate leaf with
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Figure 1. Kupferschiefer localities in Germany
(black asterisks).

segments arranged into two groups and deep bifurcation,
we suggest to follow the emended diagnosis as proposed by
Florin (1936).
Moreover, Florin (1936a, b) introduced the genus
Sphenobaiera for certain Mesozoic ginkgophytes from
Franz-Joseph-Land (Russia) originally described as
Baiera. According to Florin’s diagnosis of Sphenobaiera,
leaves assignable to this taxon lack a distinct petiole, but
rather are wedge-shaped down to the base. The lamina is
more or less broadly triangular and deeply dissected into
2–5 primary segments, which may be arranged into two
groups and are again at least once bifurcate. As type species, Florin (1936a) designated Sphenobaiera spectabilis
(Nathorst) Florin, 1936. Unfortunately, the genus Sphenobaiera was subsequently used widely without paying attention to the presence or absence of a distinct petiole, despite
the fact that the absence of a petiole is an important diagnostic character. For example, Stoneley (1958) described
late Permian ginkgophyte remains from England as
Sphenobaiera digitata (Brongniart) Florin, 1936 although
the leaves have a distinct petiole. Also the petiolate
ginkgophyte remains from the Kupferschiefer of Germany
initially described as Baiera digitata Brongniart, 1828
were later variously referred to Sphenobaiera digitata
(e.g., Haubold & Schaumberg 1985). Harris & Millington
(1974) emended the diagnosis of Florin (1936a) to include
more or less broadly wedge-shaped leaves that are “shed
separately”. A petiole does not exist and the lamina is forking at least once, while the veins are forking repeatedly and
run parallel to the distal margin.
In conclusion, Sphenobaiera should be used exclusively
for deeply dissected and wedge-shaped leaves with dichotomous venation that lack a distinct petiole, while Baiera
should be used only if a distinct petiole (part below the lamina
that is more axis-like and consistent in width) is present.

Material and methods
Stratigraphical setting and age
The depositional area of the Kupferschiefer developed after the Variscan orogeny by the formation of the Central
European Basin, also known as the Southern Permian Basin (Doornenbal & Stevenson 2010), extending from England to Poland. During the Zechstein (Wuchiapingian,
late Permian) nearly the entire area from the North Sea to
southern Germany was covered by this epicontinental basin. The central part of the basin was situated north of Hamburg (Germany) with a sedimentary succession of about
3.5 km for the whole 7–8 Zechstein cycles (Bachmann
2008a). Repeated transgressions and regressions, as well as
tectonically-caused closures of the connection to the open
sea during the Zechstein, caused the cyclic building of evaporites (Bachmann 2008b, Radzinski 2008). The Kupferschiefer has an age of 258–257 Ma (Bachmann 2008a). It
represents the lowermost part of the first cycle, the Werra
Formation (lower Lopingian, Wuchiapingian). Near Merseburg (Saxony-Anhalt) the Kupferschiefer reaches its
greatest thickness of approximately 4 m, while in other
parts of the Southern Permian Basin it reaches only between 0.5 (Calvörde, Saxony-Anhalt; Radzinski 2008) and
1 m (Thuringia; Langbein & Seidel 2003) in thickness. The
finely laminated black marl clays are indicative of a lack
of freshwater supply and the development of anoxic conditions during sedimentation. The water depth must have
been between 200 and 300 m (Radzinski 2008).
The fossil sites Mansfeld and Sangerhausen (see Fig. 1)
are located on the southern margin of the Southern Permian
Basin. In these two areas the Kupferschiefer is approximately 0.3–0.6 m thick and yields copper- and other nonferrous heavy metal sulphides (Radzinski 2008). Due to the
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Figure 2. Measurements of ginkgophyte leaves (A)
and trigonometrical analyses (B).

A

B

euxinic depositional conditions the sediments became an
important fossil Konservatlagerstätte (Bachmann 2008b).
Fishes (e.g., Palaeoniscum freieslebeni Blainville, 1818)
and vertebrates, including Coelurosauravus (Weigeltisaurus) jaekeli Weigelt, 1930 and Protorosaurus speneri
Meyer, 1832, as well as plant remains and various invertebrates (e.g., bryozoans, gastropods, cephalopods, corals;
Haubold & Schaumberg 1985, Bachmann 2008b, Paul
2006) have been reported from these deposits.

Material and methods
During the first half of the 20th century Johannes Weigelt studied the plant fossils from the Mansfeld Kupferschiefer and
surrounding areas (Saxony-Anhalt) that were (and still are)
housed in the collections of the Martin-Luther Universität at
Halle-Wittenberg (Weigelt 1928, 1930, 1931, 1932), one of
the most important collections for plant fossils from the German Kupferschiefer (Hauschke 2002). Other collections from
the Mansfeld and Sangerhausen area are housed at the Technische Universität (TU) Bergakademie Freiberg and the
Humboldt Museum für Naturkunde in Berlin, as well as at the
Senckenberg Natural History Collections in Dresden and the
Museum of the Geoscience Centre of the University of Göttingen. Plant fossils from the Thuringian Kupferschiefer (surrounding areas of Gera, Thuringia) are housed at the Museum
für Naturkunde, Gera. For the present study, we analyzed a
total of 103 ginkgophyte specimens from these collections.
Abbreviations. – MB.PB. – Humboldt Museum für Naturkunde, Berlin; MLU and Me – Institut für Geowissenschaften, Martin-Luther-Universität Halle-Wittenberg, Halle
(Saale; Saxony-Anhalt, Germany); FG and P – Palaeontological and stratigraphical collection of the TU Bergakademie
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Freiberg (Saxony, Germany); D-EP-S – Lithothek Reiche
Zeche, TU Bergakademie Freiberg (Saxony, Germany);
GZG.PB – Museum of the Geoscience Centre of the University of Göttingen; AnP – Senckenberg Natural History Collections Dresden; MfNG – Museum für Naturkunde, Gera.
The fossils are preserved as compressions; nevertheless, cuticles cannot be obtained from the specimens because they are too strongly carbonised. Taxonomic identification therefore relies exclusively on macromorphology
(see above). The dimensions of the leaves (see Fig. 2A)
were measured with a digital calliper, the length of the petiole (SL) up to the basis of the lamina, as well as the width of
the widest part of the petiole (SW). The length of the lamina
(L) was taken from the symmetry axis in the prolongation
of the petiole (from the basis of the lamina to the apex of
the longest segment), the width of the lamina (W) was measured at the widest part of the leaf. Moreover, the angle between the outer segments (α) with the derivation at the basis of the lamina was measured. For the morphometrical
analyses the different measurements were divided against
each other (see Table 1). The width of the lamina (exclusive petiole) was divided against the length of the lamina
(W/L); the basal angle was divided against the length of the
lamina (α/L) and the width of the lamina (α/W). Additionally, the width of the lamina segments was measured in
the widest area to test as to whether this might be a useful
parameter for the discrimination of leaf types. In many instances, the leaves are fragmentarily preserved, which obstructs, or even renders impossible, assignment to a particular genus or species. In these cases, we tested as to
whether macromorphometry and trigonometrical analyses
can help to reconstruct a general shape of the leaf that
would then allow for safe determination. For this purpose,
the distance from the base to the point of the greatest width
of the lamina (L1), or, if possible, the distance of the outer
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Table 1. Selected measurements and calculated ratios of Kupferschiefer ginkgophytes. Abbreviations: SL – length of petiole; SW – width of petiole;
L – length of lamina exclusive petiole; W – width of lamina; α – angle between outer segments; α-calc – calculated angle; L1 – distance from basis up to
point of greatest width of lamina; LS – distance of outer segment up to point of greatest width of lamina; Wx – segment width; n.m. – not measurable;
n.c. – not calculable; LT – leaf type, only for Baiera digitata.
Taxon

Number

Code

L

L1

W

α

α-calc

Baiera digitata

461006

MLU

79.99

69.96

51.01

38

40

Baiera digitata

2008/96

MB.PB

62.02

n.m.

61.55

87

n.c.

Baiera digitata

1799/2004

FG

44.6

37.5

40

58

56.1

Baiera digitata

335/2002

FG

49.7

n.m.

31.63

51

Baiera digitata

unlabeled

MLU

44.42

28.72

33.18

61

Baiera digitata

59

Me

49.75

n.m.

39.99

45

Baiera digitata

1981/227

MB.PB

64.08

38.3

59

Baiera digitata

1981/228

MB.PB

63.33

48.33

n.m.

Baiera digitata

2008/97

MB.PB

23.04

13.73

Baiera digitata

2008/141

MB.PB

57.63

Baiera digitata

2872/2004

FG

40.5

Baiera digitata

2008/81

MB.PB

111.69

Baiera digitata

2008/99

MB.PB

47.39

Baiera digitata

47603

D-EP-S

Baiera digitata

50304

Baiera digitata

03/2012

Baiera digitata
Baiera digitata

W/L

α/L

α/W

Wx

LT

3.67

0.6

0.5

0.7

2.4–5.7

A

19.27

4.1

0.99

1.4

1.4

2.8–4

B

3.16

2.68

0.9

1.3

1.5

2–2.5

B
B

n.m.

n.m.

0.6

1.03

1.6

1.5–3

4.92

0.75

1.4

1.8

2–2.5

B

n.c.

25.78

n.m.

0.8

0.9

1.1

1.2–1.8

B

77

75.2

21.76

3.95

0.9

1.2

1.3

3.5–3.7

B

47

n.c.

13.25

5.78

n.c.

0.7

n.c.

3.7–6.7

A

28

90

91.1

8.33

3.47

1.2

3.9

3.2

4.2–5.9

A

49.47

32.72

37

36.6

n.m.

n.m.

0.6

0.6

1.1

n.m.

31

32

n.c.

19.97

2.54

0.7

0.9

1

n.m.

n.m.

52

n.c.

19.85

4.04

n.c.

0.5

n.c.

2–3.5

B

n.m.

39.97

38

n.c.

18.58

3.41

0.8

0.8

0.95

2–2.5

A

43.68

30

34

61

n.m.

n.m.

0.8

1.4

1.8

2.2

B

D-EP-S

97.86

n.m.

n.m.

40

n.c.

n.m.

n.m.

n.c.

0.4

n.c.

3.7–4.2

B

FG

36.39

n.m.

30.81

51

n.c.

26.33

2.95

0.8

1.4

1.65

2.05

B

2863/2004

FG

33.25

n.m.

29.24

48

n.c.

23.24

3.73

0.9

1.4

1.6

1.9–3

B
B

5240

GZG.PB.

n.m.

n.m.

48.5

63

AnP

60–70

n.m.

30

Esterella gracilis

02/2012

FG

77.52

Esterella gracilis

462204

MLU

106.51

Esterella gracilis

1435

MfNG

Esterella gracilis

2008/84

MB.PB

79.14

n.m.

63.38

36

47600

D-EP-S

64.22

n.m.

32.78

34

MB.PB

71.69

n.m.

20.46

18

Baiera mansfeldensis

SW

13.89

Esterella gracilis

Baiera mansfeldensis 2008/137

90

n.c.

SL
25.28

60

59

4.5–6

B

5.3–5.8

A

70

n.c.

11

3.9

n.c.

n.c.

1.4

1.8–3

n.m.

n.c.

n.m.

n.m.

0.4–0.5

n.c.

n.c.

2

n.m. 134.52

60

n.c.

43.81

3.73

1.7

0.8

0.45

1.5

n.m. 120.77

43

n.c.

14.49

5.3

1.1

0.4

0.4

2.65–3

n.m.

n.c.

n.m.

n.m.

0.6

n.c.

n.c.

2.2–3

n.c.

n.m.

n.m.

0.8

0.45

0.6

1.8

n.c.

19.72

3.42

0.5

0.5

1.03

3.5–9.3

n.c.

34.11

2.45

0.3

0.25

0.9

5.6–4.8

n.m.

60

Baiera mansfeldensis

462777

MLU

127.17

n.m.

22.9

15

n.c.

n.m.

n.m.

0.2

0.1

0.65

10.6

Baiera mansfeldensis

463034

MLU

57.31

n.m.

n.m.

30

n.c.

n.m.

n.m.

n.c.

0.5

n.c.

3.2–5.9

segment to the point of the greatest width of the lamina (LS)
were measured. An overall triangular shape of the
ginkgophyte leaf is assumed (see Fig. 2B) and, therefore,
from a combination of the lamina width or the basal angle,
the missing parameters can be calculated with the following
formulas: tan(0.5α) = 0.5W/L1; sin(0.5α) = 0.5W/LS or
cos(0.5α) = L1/LS. However, it is very important to take exact measurements because otherwise this method only produces approximations. Images of the fossils were captured
with Canon EOS 450D and EOS 550D digital cameras following the procedures outlined in Kerp & Bomfleur (2011).

Systematic palaeobotany
Genus Baiera Braun, 1843 emend. Florin, 1936
Type species. – Baiera muensteriana (Presley) Heer, 1876.

Baiera digitata (Brongniart) Heer, 1876
Figures 3, 4A–G, 5A–C
1828 Fucoides digitatis Brongniart, p. 69, pl. 9, fig. 1.
1862 Zonarites digitatus Brongniart. – Geinitz, p. 336,
pl. 26, figs 1–3.
1876 Baiera digitata Brongniart. – Heer, p. 7, pl. 21, fig. 1.
1908 Baiera digitata (Brongniart) Heer. – Sellards, p. 460.
1909 Baiera digitata (Brongniart) Heer. – Tuzson, p. 35.
1928 Baiera digitata Brongniart. – Weigelt, p. 476, pl. 11,
figs 1, 4; pl. 12, fig. 2.
1930 Baiera digitata (Brongniart) Heer. – Zimmermann,
p. 361.
1936 Sphenobaiera digitata, Florin, p. 108.
1960 Sphenobaiera digitata (Brongniart) Florin. – Schweitzer,
p. 11, pl. 2, fig. 2.
1958 Sphenobaiera digitata (Brongniart) Florin. – Stoneley, p. 319, text-fig. 10.
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Figure 3. Baiera digitata (Brongniart) Heer, 1876; schematic drawing
of shoot fragment from Halle-Wittenberg collection (Me 59; Eisleben).

1961 Baiera digitata (Brongniart) Heer. – Greguss, p. 139,
pl. 61, fig. 12.
1980 Sphenobaiera digitata (Brongniart) Florin. – Daber,
p. 268, text-figs 101–102.
1985 Sphenobaiera digitata (Brongniart) Florin. – Haubold & Schaumberg, p. 86, text-fig. 44.
2005 Sphenobaiera digitata (Brongniart) Florin. – Hrouda
& Brandt, p. 150, text-fig. 6.

Neotype. – MB.PB.2008/96 (Fig. 4C), Humboldt Museum
für Naturkunde in Berlin.
Comment. – A neotype has been designated because the
holoptype is lost. MB.PB.2008/96 has been selected because it is very similar to the holotype specimen. Moreover, it is coeval (Kupferschiefer) and comes from the same
area (Mansfeld) as the original specimen figured by Brongniart (1828).
Description. – The leaves are 30–152 mm long and characterized by a wedge-shaped lamina that is 23–120 mm long
and 18–80 mm wide, meaning that the leaf is in most instances distinctly longer than wide (W/L < 1). The petiole
is 4–40 mm long and 3–6 mm wide, and the lamina is subdivided into at least two symmetrical segments, each up to
11.6 mm wide. The dichotomous branching is regular, i.e.
the individual lamina segments each fork at approximately

the same distance from the base. Segments are linear (e.g.,
MLU 461006; Fig. 4A), elliptical (e.g., FG 2872/2004;
Fig. 4B) or slightly wedge-shaped (e.g., MB.PB. 2008/96;
Fig. 4C) and have a somewhat convex apex. The basal
angle between the outer segments may reach 90°, but usually is between 40° and 65°, and thus the α/L : α/W ratio
consistently is < 2, which means that the basal angle is at
maximum twice as wide as the length or width of the lamina. Because of the preservation, the venation is not recognizable; cuticles cannot not be obtained.
Two morphotypes are distinguished within the
Kupferschiefer specimens of B. digitata based on morphometry: Type A is characterized by wedge-shaped or distally broadened segments (e.g., MB.PB. 1981/228,
2008/97; Fig. 4D, F). The lamina is somewhat smaller (up
to 80 mm in length, 58 mm in width) than that of type B
(i.e. up to 114 mm long and 79 mm wide). The W/L ratio is
0.6–1.2, α/W 0.7–3.2, and α/L 0.5–3.9; within a given
specimen, all three ratios are either < 1 or > 1. Type B
leaves are characterized by linear segments (e.g., MLU
461006; FG 05/2012; D-EP-S 50304; Fig. 4A, F–G;
Fig. 5B). The basal angle usually is < 87°, and thus is in
most cases wider than the basal angle in type A leaves
(< 90°, usually 30–47°). Moreover, in each type B specimen one of the three ratios (i.e. W/L, α/W, or α/L) differs
clearly from the other two values.
One specimen from the collection of the Martin-Luther-Universität (MLU) consists of a portion of a shoot with
at least ten closely spaced type B leaves in organic connection (Me 59; length 47.1 mm, width 9.2 mm; Figs 3, 5C).
The shoot portion is 47 mm long and 9 mm wide. Unfortunately, the shoot is too small and ill-preserved to reveal
whether it represents a long or short shoot. Each leaf is
characterized by a wedge-shaped to triangular lamina up to
75.5 mm long and up to 40 mm wide that consists of 4 linear segments with slightly convex tips. The leaves are arranged into two symmetrical groups and show a regular bifurcation pattern. The basal angle of the leaves between the
outer segments measures approximately 45°. The venation
pattern is not recognizable. Another interesting specimen
comes from the Senckenberg Natural History Collections
at Dresden (AnP63; Fig. 5A). This fossil shows several
petiolate leaves that are arranged in a way suggestive of attachment to a shoot. The shoot itself, however, is not preserved. The leaves undoubtedly also belong to B. digitata
morphotype B, having a wedge-shaped to triangular
lamina that is 60–70 mm long and ~30 mm wide. Due to the

Figure 4. A – Baiera digitata (Brongniart) Heer, 1876; leaf type B; MLU 461006; Eisleben. • B – Baiera digitata (Brongniart) Heer, 1876; leaf type A;
FG 2872/2004; Eisleben. • C – Baiera digitata (Brongniart) Heer, 1876; neotype; leaf type B; MB.PB. 2008/96; Mansfeld). • D – Baiera digitata
(Brongniart) Heer, 1876; leaf type A; MB.PB. 2008/97; Mansfeld. • E – Baiera digitata (Brongniart) Heer, 1876; leaf type B; GZG.PB. 5240; Eisleben.
• F – Baiera digitata (Brongniart) Heer, 1876; leaf type A; MB.PB. 1981/228; Eisleben. • G – Baiera digitata (Brongniart) Heer, 1876; leaf type B;
FG 05/2012; Eisleben. Scale bar – 1 cm.
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dense spacing of the leaves and the partial covering with
sediment the basal angle cannot be determined. The venation pattern is not recognizable.
Remarks. – Florin (1936a, b) introduced the name Sphenobaiera for Baiera-like ginkgophyte leaves that lack a distinct petiole. However, no consensus exists regarding the
generic attribution of the most common ginkgophyte foliage taxon in the late Permian Kupferschiefer flora from the
Central European Basin. Some authors assign all specimens to Baiera digitata, while others refer to them as Sphenobaiera digitata, but without taking the absence or presence of a petiole into consideration (e.g., Haubold &
Schaumberg 1985). As a result, both names occur in the literature on the Kupferschiefer ginkgophytes, although
none of the specimens in fact closely resembles the typical
Sphenobaiera foliage as, for example, described by Barthel
(2007) from the lower Permian of Thuringia (Germany).
The absence of an axis-like petiole distinctly offset from
the lamina can be used to separate Sphenobaiera from Baiera. Since a distinct petiole is present in all specimens from
the Kupferschiefer flora displaying the basal portion of the
leaf, we suggest that the name Baiera digitata should be
used for these fossils, rather than Sphenobaiera digitata.
Within Baiera digitata from the German Kupferschiefer are two macromorphometrically different
morphotypes: morphotype A is slightly smaller than type B
and characterized by wedge-shaped to elliptical or inversely ovate segments, while type B has linear segments.
It is possible that these differences lie within the natural
intraspecific variability of B. digitata since a high intraspecific variability with regard to leaf size and morphology
is also characteristic for the extant Ginkgo biloba (e.g.,
Kräusel 1917). If this is accurate, then the leaves with
wedge-shaped segments perhaps were produced by younger
plants, while leaves with linear segments belong to adult individuals (Seward 1919). On the other hand, the two leaf
morphotypes may belong to different species. Arguing in favor of this hypothesis is perhaps the fact that leaves of younger G. biloba plants are typically more profoundly dissected
than the leaves of adult plants (Seward 1919). Moreover,
Heer (1876) included only leaves with linear segments in his
emended diagnosis of B. digitata. In order to determine
whether both leaf morphotypes belong to the same biological species, it would be necessary to study the epidermal
anatomy from cuticles or discover a specimen that shows
both leaf morphotypes attached to the same shoot.
Material. – FG 1224/1996, 335/2002, 1786/2004,

1799/2004, 2863/2004, 2869/2004, 2872/2004, 2873/2004,
03/2012, 04/2012, 05/2012; P1157; D-EP-S47603, 47606,
47607, 47608, 47612, 50304, 50305; MLU 461006; Me 59;
Me 130; MB.PB. 1981/227, 1981/228, 1984/313, 1984/314,
1984/804, 2008/81, 2008/91, 2008/96, 2008/97, 2008/99.
2008/133, 2008/138, 2008/141, 2008/146, 2008/148,
2008/150, 2008/152; 1436, 4760; MfNG IX/IG2475; AnP
42, 58, 63, 79; GZG.PB 5240, 5253, two unnumbered specimens in the collection of the Martin-Luther-Universität
Halle-Wittenberg.
Distribution. – Baiera digitata has been reported from the
late Permian Kupferschiefer of Germany (Weigelt 1928,
1932; Schweitzer 1960) and the Marlslate of Middridge
(Durham, England; Stoneley 1958), as well as the Permian
of Hungary (Tuzson 1909, Greguss 1961, Heer 1876). The
taxon has also been recorded for the late Palaeozoic of
Kansas (North America; Sellards 1908).

Baiera mansfeldensis sp. nov.
Figure 6A, B, D
1928 Baiera digitata Brongniart. – Weigelt, p. 476, pl. 11,
figs 7, 19; pl. 30, fig. 18.
1932 Baiera digitata Brongniart. – Weigelt, p. 148, pl. 3,
fig. 2.
1980 Sphenobaiera digitata (Brongniart) Florin. – Daber,
p. 268, text-fig. 101.

Derivation of name. – After the locality Mansfeld in Germany from where the specimens were discovered.
Holotype. – MB.PB.2008/137, Humboldt Museum für Naturkunde in Berlin, here designated (Fig. 6A).
Type horizon. – Kupferschiefer, Wuchiapingian, upper
Permian.
Type locality. – Wolfschacht, Mansfeld, Saxony-Anhalt,
Germany.
Material. – D-EP-S 47600, 47605; MLU 462777, 463034,
463047; MB.PB. 2008/135, 2008/137; 1451.
Diagnosis. – Curved, broadly triangular leaf with bent petiole. All segments bent in one direction. Lamina distinctly
longer than wide, W/L ratio < 0.5. Petiole long and slender,
consistently thinner than lamina segments. Lamina subdi-

Figure 5. A – Baiera digitata (Brongniart) Heer, 1876; shoot fragment; AnP63; Eisleben. • B – Baiera digitata (Brongniart) Heer, 1876; leaf type B;
D-EP-S 50304; Mansfeld. • C – Baiera digitata (Brongniart) Heer, 1876; shoot fragment; Me 59; Eisleben. Scale bar – 1 cm.
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Table 2. Comparison of late Permian ginkgophytes.
Taxon

Lamina

Petiole

Baiera digitata A

wedge-shaped

straight

Baiera digitata B

wedge-shaped

straight

Baiera mansfeldensis broadly triangular curved

Number of Shape of segments
segments

Apex

>2

wedge-shaped, elliptical
or inversely lanceolate

rounded

>2

linear

rounded

widening towards apex

rounded

2(–4)

Basal angle Branching Veins
regular

not visible

< 87°

regular

not visible

< 35°

regular

not visible

30–47°

Baiera plumosa

plume-like

?

up to 24

very fine and linear

?

?

?

not visible

Baiera virginiana

wedge-shaped

?

numerous

linear

slightly rounded

?

regular

several

Baiera tartarica

wedge-shaped

?

6

slightly bent and linear

slightly pointed

50°

regular

8 per segment

Baiera raymondii

wedge-shaped

straight

16

linear

rounded

?

regular

numerous

Esterella gracilis

wedge- to
star-shaped

straight

up to 16

linear, progressive
degrease of width

rounded

irregular

not visible

vided into at least two segments. Segments widening towards apex. Apex slightly convex. Basal angle < 35°.
Description. – The leaves are between 56–130 mm long
and characterized by a curved lamina that is broadly triangular; all leaf segments are bent in one direction. The lamina is 48–127 mm long and 14–33 mm wide, which gives
a W/L ratio of < 0.5. The petiole is axis-like, 7–34 mm
long, and relatively narrow (less than 3.4 mm), i.e. much
thinner than the individual lamina segments (Fig. 6A). The
lamina is subdivided into at least two segments. In one specimen (MLU 463034; Fig. 6D), at least three segments are
present. Since the rest of the leaf is missing, the original
number of segments of this leaf cannot be determined.
However, it cannot be excluded that, in this taxon, the lamina can be subdivided more than once. Each segment is
up to 8 mm wide and widened toward the rounded tip
(Fig. 6B). The basal angle lies at less than 35° with a ratio
α/L < 0.5, which results in an elongated and very narrowtriangular shape. The venation is not recognizable.
Comparison. – Baiera mansfeldensis differs from Baiera
digitata in the shape of the lamina that is broadly triangular
in B. mansfeldensis (Fig. 6A), but more or less wedgeshaped in B. digitata (Fig. 4A–G). The petiole of B. mansfeldensis is consistently thinner than the proximal segments, while in B. digitata the petiole is at least as thick as
the segments itself. The basal angle in B. mansfeldensis is
also much smaller (< 25°) than in B. digitata (> 40°). Moreover, the ratio between the width and length of the lamina
are much smaller (W/L < 0.5) in the new taxon than in
B. digitata, in which the width of the lamina reaches at least
half the length (W/L > 0.5). Baiera mansfeldensis differs
from Baiera plumosa Hoeg & Bose, 1960 from the Permian of Kisulu (Luena, Democratic Republic of the
Congo) with regard to segment number (i.e. up to 24 in
B. plumosa). Moreover, the latter is more or less plumelike in shape. In Baiera virginiana Fontaine & White, 1880
from the Permian of the Upper Barrens (West Virginia) the
548

36–60°

numerous segments fork again once or twice, while more
than two bifurcations (Fig. 6D) have not been observed in
B. mansfeldensis. Additionally, the lamina of B. virginiana
is wedge-shaped in contrast to the broadly triangular
B. mansfeldensis. Baiera tartarica Zalessky, 1929 from the
Permian of the Republics Bachkire and Tatare (both Russia) has a much larger basal angle (i.e., 50°) than B. mansfeldensis, and the segments fork more than once. This form
also differs from B. mansfeldensis in the wedge-shaped lamina (broadly triangular in B. mansfeldensis). Baiera raymondii Renault, 1888 from the Permian of Charmoye
(France) differs from B. mansfeldensis in its wedge-shaped
lamina and different number of bifurcations (i.e., 16 secondary segments in B. raymondii). Moreover, the petiole of
B. raymondii is as wide as the segments, while in B. mansfeldensis it is considerably thinner than the segments
(Fig. 6A, B). Baiera leptophylla Harris, 1935 from the
Rhaetian of Greenland differs from B. mansfeldensis by its
widely triangular to wedge-shaped lamina. The segments
fork repeatedly, which is not the case in B. mansfeldensis.
At least 6 segments occur in B. leptophylla, while B. mansfeldensis has only 2(–4?). Baiera amalloidea Harris, 1935
from the Rhaetian of Greenland differs from B. mansfeldensis with regard to lamina shape (i.e. gradually widening
towards the basis in B. amalloidea) and has segments that
fork more often. Baiera simmondsii (Shirley) Seward,
1919 from the Rhaetian of Queensland (Australia) differs
from B. mansfeldensis in the number of segments (up to 38
in B. simmondsii) and shape of the lamina, which is similar
to that seen in leaves of the extant Ginkgo biloba. As a result, the basal angle of B. simmondsii is much wider
(> 160°) than in B. mansfeldensis. Additionally, the petiole
is as wide as the lamina segments in B. simmondsii. Baiera
geinitzii Nathorst, 1878 from the Rhaetian of Sweden differs from B. mansfeldensis in the shape of the lamina,
which is subtriangular, whereas B. mansfeldensis is broadly triangular. Moreover, the B. geinitzii is characterized by
4–6 lamina segments, while B. mansfeldensis only has
2(–4?). Likewise, Baiera marginata Nathorst, 1878 from
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the Rhaetian of Sweden differs from B. mansfeldensis with
regard to lamina shape, which is fan-shaped in the former
taxon and has a larger number of segments (6–8). Baiera
mansfeldensis differs from all other leave types currently
accommodated in the genus Baiera in its curved petiole,
which is consistently narrower than the basal segments.
Moreover, all leaf segments are bent in one direction,
which stands in contrast to the other forms, in which lamina
and petiole are straight and the petiole is least as wide as the
basal segments (see Table 2).
Remarks. – Most of the specimens assigned to Baiera
mansfeldensis in this paper were initially referred to Baiera
digitata (i.e. MB.PB. 2008/135, MLU 463034, Weigelt
1928; MB.PB. 2008/137, MLU 462777, Weigelt 1932) and
later to Sphenobaiera digitata (Haubold & Schaumberg
1985). The shape of the leaf, characterized by a conspicuously curved lamina and very narrow petiole, together with
the completely different macromorphometric values, cannot be regarded as falling under the natural intraspecific variability of Baiera digitata. As a result, we propose that
B. mansfeldensis represents a separate species, rather than
simply another morphotype of B. digitata.

segments are linear and have a slightly convex tip. The petiole (14–44 mm long and 3–6 mm wide) is at least as wide
as but may also be wider than the proximal lamina segments (Fig. 6E). The proximal portion of the lamina is subdivided dichotomously into two segments, which may be
as wide as the petiole, but higher-order segments are gradually becoming narrower (Fig. 6C). The second forking usually is dichotomous as well. Beginning with the third order
forking, however, branching becomes more anisotomous.
Segments may be subdivided into two parts, as is typical
for ginkgophytes, but there are also segments that do not
show further division. In the proximal portion of the leaf,
the outer lamina segments fork at angles between 36 and
60°, and the ratio α/L lies between 0.4 and 0.8. The ratio
α/W is between 0.4–0.6. The venation pattern and a distinctly striate surface, two features that have been reported
from the material from France (Boersma & Visscher
1969), are not recognizable in our specimens.
One of the specimens at hand (MfNG 1435; Fig. 7) consists of two wedge-shaped leaves (lamina up to 90 mm long
and 60 mm wide) that apparently are attached to the same axis
(not preserved) at angles of ~45–50°. Both leaves are characterized by irregular forking. The segments are at maximum
1 mm wide and slightly tapering towards the tip. One of the
leaves is characterized by > 22 ultimate lamina segments.

Genus Esterella Boersma & Visscher, 1969
Type species. – Esterella gracilis Boersma & Visscher,
1969.
Esterella gracilis Boersma & Visscher, 1969
Figures 6C, E, 7
1928 Baiera digitata Brongniart, Weigelt, p. 476, pl. 12, 1,
7, 11.
1969 Esterella gracilis Boersma & Visscher, p. 58, pl. 1, 1,
pl. 2, 1.
1977 Trichopitys (al. Esterella) gracilis Boersma & Visscher. – Remy & Remy, p. 129, text-fig. 38.

Emended diagnosis. – (Modified after Boersma & Visscher 1969.) Petiolate leaf (> 50 mm long) with wedgeshaped to palmate lamina. Petiole wider or as wide as base
of lamina segments. Lamina repeatedly forked dichotomously; beginning with third order forking anisotomous.
Individual lamina segments linear with rounded tip. Segments progressively decreasing in width towards leaf margin. Segments longitudinally striate (veins?).
Description. – The leaves are wedge-shaped (e.g., MLU
462204; Fig. 6E) to palmate (e.g., FG 02/2012; Fig. 6C)
and 79–122 mm long. The lamina is at least 75–107 mm
long and 55–135 mm wide, i.e. the lamina may be longer or
shorter than wide (W/L >1 or < 1). The individual lamina

Remarks. – Boersma & Visscher (1969) describe two specimens of Esterella gracilis from the late Permian of southern France. According to these authors, the systematic
position of Esterella remains unclear, but since the first
two forkings of the lamina are dichotomous, they suggest
that the affinities of these leaves probably lie with the ginkgophytes. Based on morphological features, including the
small width of the lamina segments, presence of multiple,
dichotomous forkings, and insertion to the axis at angles of
~45° (see specimen A in Boersma & Visscher, 1969, pl. 2,
fig. 3; MfNG 1435), Remy & Remy (1977) affiliated
E. gracilis with the genus Trichopitys. Trichopitys is an
enigmatic fossil from the Carboniferous and early Permian
that has been attributed to the ginkgophytes based primarily on the morphology of the female reproductive structures (Florin1949). However, fructifications or cuticles of the
plant that would allow for a more precise assessment of the
systematic position and relationships of E. gracilis have
not been discovered to date. As a result, we retain E. gracilis in the genus Esterella.
Comparisons. – Esterella gracilis differs from all species
accomodated in the genera Baiera and Sphenobaiera by its
irregular forking pattern; the forkings of the lamina in Baiera and Sphenobaiera are quite regular. Esterella gracilis
differs from T. heteromorpha Saporta, 1875 in the number
of ultimate segments, i.e. 4–8 in T. heteromorpha and > 8
in E. gracilis. Moreover, T. heteromorpha leaves are not
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subdivided into lamina and petiole, while a distinct petiole
is present in E. gracilis.
Trichopitys heterophylla Saporta mentioned in
Doubinger (1956) in her inventory of Carboniferous-Permian floras from France is probably a typographic error
since, as far as we could ascertain, Saporta only introduced
Trichopitys heteromorpha but not T. heterophylla.
Trichopitys whitei Read, 1931 from the Pennsylvanian of
Colorado differs because the segments are narrower at the
base, expand rapidly toward the apex, and fork once to
form two unequal lobes. Trichopitys milleryensis Renault,
1896 from the Permian of France differs from E. gracilis in
the number of ultimate segments (up to 10 in T. milleryensis). Moreover, the tapering of the segment tips is
more prominent than in E. gracilis.
Material. – FG 02/2012; MLU 462105, 462204, 462288;
MB.PB. 2008/84; 1435; AnP 65.
Distribution. – Esterella gracilis has been recorded for the
late Permian of southern France (Boersma & Visscher
1969) and the Kupferschiefer (late Permian) of Germany
(this paper).

Discussion
The origin and diversification of the ginkgophytes during
the late Palaeozoic continues to be incompletely understood. The oldest fossils variously speculated to represent
ginkgophytes or ginkgophyte precursors include the foliage taxa Ginkgophytopsis Høeg, 1967 (Permo-Carboniferous of Eurasia; Gothan & Kukuk 1933, Zhou 2007) and
Ginkgophyllum Saporta, 1875 (Permo-Carboniferous of
Eurasia, Zhou 2007; Middle Permian of China, Yao 1989).
However, virtually nothing is known to date about the parent plants, and consequently these leaf types have also
been discussed as belonging to other plant groups such as
the ferns, seed ferns, tree ferns or even cordaites (Taylor
et al. 2009). The morphology and growth habit of Dicranophyllum Grand’Eury, 1877 (Pennsylvanian-Cisuralian of
Germany; Barthel 1977) are well-understood based on
large specimens from the Rotliegend of SW Germany
(early Permian; Remy & Remy 1959, Barthel & Noll 1999,
Barthel 2007). Barthel & Noll (1999) interpret this taxon as
a conifer, but others have also assigned it to the ginkgophytes (e.g., Němejc 1959). More clarity exists regarding Trichopitys Saporta, 1875 (early Permian of Lodève, southern
France; Florin 1949, Taylor et al. 2009) and Polyspermophyllum Archangelsky & Cúneo, 1990 (early Permian of
Argentina; Taylor et al. 2009), which are generally viewed
as representing primitive ginkgophytes (Archangelsky &
Cúneo 1990). Florin (1949) considered Trichopitys as a putative sister group to all Mesozoic ginkgoaleans.
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According to Zhou & Wu (2006) the radiation of the
ginkgophytes started during the Middle Triassic, and the
group reached its peak diversity during the Late Triassic,
with 12 genera in 6 families. Moreover, these authors state
that the Middle Triassic ginkgophyte radiation was characterized by the establishment of important innovations
within this lineage, including short-shoots and the differentiation of the leaves into lamina and petiole. Our re-examination of the Kupferschiefer ginkgophytes from Germany
presented in this paper provides evidence indicating that
petiolate leaves were present in ginkgophytes already during the late Permian. Unfortunately, too few shoot fragments are currently available to determine as to whether
some Permian ginkgophytes may already have evolved
dwarf shoots.
One bona fide ginkgophyte genus (i.e., Baiera) has been
documented from the late Permian Kupferschiefer flora of
Germany. Together with the Sphenobaiera-type leaves from
the lower Permian of Germany (Barthel 2007) and
Antarctica (Taylor & Taylor 1993), Kerpia-like leaves from
the Permian of Angara (Naugolnykh 2007) and
Ginkgoites-type leaves of India, Argentina, South-Africa
and the Congo, at least four distinct foliage genera of indisputable ginkgophytes are present in the Permian worldwide.
Moreover, several other Permian taxa have been described
with possible affinities in the ginkgophytes, including
Polyspermophyllum (e.g., Plumstead 1961, Dijkstra 1973,
Bajpai 1991, Naugolnykh 2007), Trichopitys (Saporta
1875), Ginkgophyllum (Zalessky 1912), Meristophyllum
(Zalessky 1937) or Dicranophyllum (e.g., Gothan & Kukuk
1933, Barthel 1977). This may suggest that a first diversification of the ginkgophytes occurred during the Permian and
not, as previously believed, during the Triassic. It is also interesting to note that all bona fide ginkgophyte genera from
the Permian survived the end-Permian mass extinction and
persisted into the Middle and Late Triassic.
It has been assumed that the intraspecific leaf size and
shape variability in fossil ginkgophytes is similar to that
seen in the extant Ginkgo biloba. Our macromorphometrical analysis reveals that at least two (B. digitata,
B. mansfeldensis) or perhaps even three (if the two morphotypes of B. digitata represent separate taxa) different
Baiera species occurred in the German Kupferschiefer
flora, together with one putative ginkgophyte, Esterella
gracilis. Moreover, there appears to be a trend with regard
to the ratios within all three taxa: W/L is mostly < 1,
which means that the lamina of the Baiera and Esterella
leaves is longer than wide. α/L and α/W are always < 2,
which means that the basal angle is at best twice as high as
the length or width of the lamina. The close values
of these three ratios might reflect the degree of natural
variability within Permian ginkgophyte foliage. With the
help of trigonometrical analyses, even if only fragments
of the leaves are preserved, the theoretical maximum
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Figure 6. A – Baiera mansfeldensis sp. nov.; holotype; MB.PB. 2008/137; Mansfeld. • B – Baiera mansfeldensis sp. nov.; MLU 462777; Eisleben.
• C – Esterella gracilis (Boersma & Visscher, 1969) Remy & Remy, 1977; FG 02/2012; Eisleben. • D – Baiera mansfeldensis sp. nov.; MLU 463034;
Mansfeld. • E – Esterella gracilis (Boersma & Visscher, 1969) Remy & Remy, 1977; MLU 462204; Eisleben. Scale bar – 1 cm.

of the length, width, or the basal angle of a leaf fragment
can be calculated. Additionally, it is possible to create
an image of the shape of the lamina by using trigonometrical analyses. Other measurements such as the width of
the segments seem to be more or less taxon independent.

With the exception of E. gracilis, in which the ultimate
segments are narrower than the proximal ones, a distinct
trend with regard to segment width is not recognizable.
Ginkgophyte leaves are often used for palaeoenvironmental and palaeoclimate reconstructions in the Mesozoic
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Figure 7. MfNG 1435: Esterella gracilis (Boersma & Visscher, 1969)
Remy & Remy, 1977; Trebnitz. Scale bar – 1 cm.

and Cenozoic; especially popular are stomatal index and
isotope analyses (e.g., Chen et al. 2001, Royer et al. 2001,
Retallack 2001, Beerling & Royer 2002, Sun et al. 2003,
Taylor et al. 2009). All these studies are based on the Nearest Living Relative (NLR) approach, which operates with
the presumption that the climatic tolerance of a fossil taxon
is similar to that of its NLR. This approach depends, however, on the ability to identify as accurately as possible
the systematic affinities of fossils and understand their
morphology, growth habit, as well as the conditions of
the habitat(s) of growth. The optimum growing area of
the extant G. biloba is characterized by mean temperatures
of 10–18 °C and an annual mean precipitation of
600–1000 mm, although in cultivation the climatic range is
much higher (e.g., He et al. 1997, Zhou 2009). For the late
Palaeozoic ginkgoaleans with non-petiolate leaves and
lacking reduced vegetative shoots, a warm to hot, nearly
uniform climate with long growing seasons has been proposed (Zhou 2009). The radiation of the ginkgophytes
during the Triassic is believed to be related to the variable
climate and the establishment of different environments
following the end-Permian mass extinction (see also
Ziegler et al. 1996, Zhou & Wu 2006, Zhou 2009). It has
been suggested that ginkgophytes during the Mesozoic
thrived in stable environments (Zhou 1994, 1997), in warm
to temperate and coastal humid to inland near-shore or ri552

parian/swamps (see Zhou 2009, table 1), in the early Cretaceous (Wealden flora of England) in hot and warm coastal
environments with long seasonal drought (Watson 1969,
Watson & Sincock 1992, Zhou 2009). On the other hand,
during the late Cretaceous and Cenozoic these plants occurred in disturbed streamsides and levee environments
(Ginkgo adiantoides; Royer et al. 2003). Zhou & Wu
(2006) suggested that the group did show a broad adaptability, with some forms that even grew in halophytic conditions (Kvaček et al. 2005). Nonetheless, ginkgophytes
were more abundant and diversified in mesic, warm to temperate climates similar to the relictual area of their living
representative G. biloba. During the Late Cretaceous and
Early Palaeogene these plants in fact became an important
component of the floras at high latitudes (Zhou 2009).
However, the Kupferschiefer flora (late Permian) of Germany does not represent a low latitude flora. Moreover,
arid conditions have been suggested for the Kupferschiefer
that again changed during the Zechstein to more humid
conditions (Grebe 1957, Daber 1960, Haubold & Schaumberg 1985, Bechtel & Püttmann 1997). As a result, the distribution and climatic adaptations of the ginkgophytes
from the Kupferschiefer do not correspond to those of the
Mesozoic ginkgophytes from Laurasia, and even less to
G. biloba. Additionally, as pointed out by Preto et al.
(2010, and references therein), the Middle and Late Triassic were characterized by humid periods such as the
Carnian Pluvial Event, but not generally by a warm and humid climate.

Summary
Documented evidence of late Permian floras from Europe
and North America is rare; the most important evidence
comes from the Kupferschiefer of Germany (e.g., Mansfeld, Trebnitz/Gera, etc.). All ginkgophyte leaves from the
German Kupfeschiefer have traditionally been assigned
to Sphenobaiera/Baiera digitata, a taxon characterized
by high intraspecific variability. Our re-analysis of the
material from several historical Kupferschiefer localities indicates that the ginkgophytes are represented by
two different representatives of the genus Baiera (B. digitata, B. mansfeldensis sp. nov.) and possibly Esterella
gracilis.
While Baiera digitata is quite common in the Kupferschiefer, Baiera mansfeldensis and Esterella gracilis are
rare elements of the flora. Our morphometrical analysis of
the German Kupferschiefer ginkgophytes underscores the
general value of this methodological approach in contributing to a more sharply focused concept of ancient floras and
ecosystems. Since confusion still exists with regard to the
use of the names Baiera and Sphenobaiera, many Permian
and Triassic fossils assigned to these taxa are in need of
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revision. Some of them may belong to Baiera, rather than
Sphenobaiera, based on the presence of a distinct petiole
(e.g., Sphenobaiera raymondii from the Permian of
France). Our results indicate that macromorphometry represents a useful tool for the discrimination of taxa if cuticles cannot be extracted and the specimens exhibit similar
macromorphological features. In order to improve the
method and to better understand the palaeodiversity of the
ginkgophytes, this macromorphometry should be applied
to a larger set of ginkgophyte foliage fossils, including Mesozoic and Cenozoic representatives. The method should
also be used with fossils yielding cuticles, as for example
those from the upper Permian of the Dolomites (Kustatscher et al. 2012) to compare the results of both approaches.
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