
Acta Palaeobotanica 47(1): 237–251, 2007

Podocarpium A. Braun ex Stizenberger 1851
from the middle Miocene of Eastern China,

and its palaeoecology and biogeography

QI WANG 1, DAVID L. DILCHER 2 and TERRY A. LOTT 2

1  State Key Laboratory of Systematic and Evolutionary Botany, Institute of Botany, the Chinese Academy
of Sciences, Beijing 100093, P. R. China; email: happyking@ibcas.ac.cn;

2  Florida Museum of Natural History, University of Florida, Gainesville, Florida 32611-7800 USA;
e-mail: dilcher@fl mnh.ufl .edu, lott@fl mnh.ufl .edu.

Received 2 August 2006; accepted for publication 28 February 2007

ABSTRACT. Fruit and leaf impressions of the legume genus Podocarpium A. Braun ex Stizenberger 1851 (for-
merly Podogonium Heer 1857) from the middle Miocene Shanwang Formation of Shandong Province, eastern 
China were reinvestigated. The results suggest that these specimens, previously identifi ed as Podogonium 
oehningense (Koenig) Kirchh. and P. knorrii (A. Braun) Heer, actually belong to the same taxon, which can be 
assigned to a common species Podocarpium podocarpum (A. Braun) Herendeen from Miocene fl oras of Europe. 
Its leafl et architecture and fruit morphology are comparable with related genera in the subfamily Caesalpini-
oideae of the family Leguminosae, but all the characters of Podocarpium do not conform to any single extant 
legume genus. The fruits and/or leaves of Podocarpium have been discovered from the early Oligocene to the 
Pliocene of Eurasia. Based upon the megafossil and possibly related pollen records, paleoecology and biogeogra-
phy of Podocarpium through the Neogene of Eurasia are discussed, with special reference to the fl oristic regions 
and climatic zones in the Miocene of China. The origin of Podocarpium may have been in the early Paleogene of 
eastern Asia, then spread into non-arid middle latitudes of Eurasia during the Miocene. Podocarpium gradually 
became restricted to “East Asia” and “East, South, and Central Europe” during the latest Oligocene and early 
Miocene due to climate deterioration, Asian Monsoon systems, and Asian interior desertifi cation. It may have 
become extinct during the Pleistocene in the eastern Mediterranean.
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INTRODUCTION

The genus Podocarpium A. Braun ex Sti-
zenberger 1851 (formerly Podogonium Heer 
1857) is one of the most common legume meg-
afossils in the Neogene of Eurasia (Herendeen 
1992a,b, Liu et al. 2001, Wang et al. 2005, 
Wang 2006). Its characteristic fruits and leaf-
lets are well known from some Miocene fl oras 
of Switzerland and southern Germany (Heer 
1857, Hantke 1954, Kirchheimer 1957, Rüffl e 
1963, Gregor & Hantke 1980, Gregor 1986), 
Austria (Kovar-Eder et al. 2004), Czech Repub-
lic (Bůžek 1971), Poland (Zastawniak 1980), 
Thai land (Endo & Fujiyama 1966), Japan (Ish-
ida 1970, Hayashi 1975, Tanai 1978) and east-
ern China (Hu & Chaney 1940, WGCPC 1978, 

Sun 1999, Wang 2006). The systematic rela-
tionship of Podocarpium has long been contro-
versial and was fi rst illustrated as an uniden-
tifi ed fruit (Knorr 1755), then assigned to 
Cabomba Aublet. (Koenig 1825), Gleditschia 
or Gleditsia L. (Braun 1845, Gregor & Hantke 
1980, Gregor pers. comm.), Dalbergia L. (Unger 
1851), Copaifera L. (Kováts 1856), Podocar-
pium Braun ex Stizenberger (Stizenberger 
1851), and Podogonium Heer (Heer 1857). 
While Herendeen (1992b) noted similarities 
between Podocarpium and several genera in 
the tribes Detarieae and Amherstieae (Cae sal-
pinioideae, Leguminosae), Liu et al. (2001) 
could not assign Podocarpium specifi cally to 
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Caesalpinioideae. A close association with the 
pollen species Fupingopollenites (Tricolporo-
pollenites) wackersdorfensis (Mohr & Gregor 
1984, Liu et al. 2001) has been postulated, 
however, recent palynological studies suggest 
that F. wackersdorfensis may be related to 
Verbenaceae from the middle Eocene to early 
Pleistocene of Eurasia (Song et al. 1999) or an 
enigmatic extinct dicotyledonous plant (Song 
et al. 2004, Wang & Harley 2004). Therefore, 
an accurate appreciation for the botanical 
affi nities of Podocarpium and possibly related 
pollen is at present uncertain.

In China, Podogonium (i.e. Podocarpium) 
megafossils were fi rst reported by Hu and 
Chaney (1940) from the Miocene Shanwang 
Formation of Shandong Province (Fig. 1), and 
subsequently from other numerous localities 

(Guo 1980, Li 1981, Li et al. 1984, 1987, Guo 
& Zhou 1992, Liu et al. 2001). Furthermore, 
Leguminosites climensis, described by Chaney 
(1933) from the Pliocene of Shanxi Province, 
while known as Podogonium (Sun 1999), 
should be re-assigned to Podocarpium (Wang 
2006). Specimens deposited at the Institute 
of Botany (Beijing, P. R. China) from the 
Shanwang Formation of Shandong Province 
were previously identifi ed as Podogonium 
oehningense (Koenig) Kirchh. (WGCPC 1978, 
Sun 1999) or P. knorrii (Braun) Heer (Hu 
& Chaney 1940). The purpose of this paper 
is to re-investigate the taxonomy of these 
specimens and to discuss the palaeoecology 
and biogeography of Podocarpium through the 
Neogene of Eurasia based on megafossil and 
possibly related pollen records.

Fig. 1. A – The location at Shanwang Basin, about 22 km east 
of Linqu County, Shandong Province, eastern China. B – The 
stratigraphy of the Shanwang Formation in Shandong Province
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NOMENCLATURAL NOTES

Podocarpium A. Braun ex Stizenberger 
1851 used in this paper is entirely different 
from the other two superfi cially similar 
generic names, Podocarpium (Benth.) Yang 
& Huang 1979 and Podocarpium Unger 1864 
(for a detailed discussion see Wang 2006). 
The name Podocarpium was once regarded 
as two infrageneric ranks (i.e. a section or 
a subgenus) within an extant legume genus 
Desmodium Desv. (Ohashi & Mill 2000), but 
it was recognized by Yang and Huang (1979) 
as an independent genus, i.e. Podocarpium 
(Benth.) Yang & Huang. Recently, Ohashi and 
Mill (2000) have proposed a replacement name 
Hylodesmum Ohashi & Mill for Podocarpium 
(Benth.) Yang & Huang, which is a later 
homonym of two earlier names, Podocar-
pium A. Braun ex Stizenberger 1851 and 
Podocarpium Unger 1864. Podocarpium Unger 
was used for a gymnospermous wood fossil in 
the Podocarpaceae (Unger 1864, Herendeen 
1992a, b). Podogonium Heer 1857 was once 
suggested to be a conserved name  for legume 
fossils assignable to Podocarpium A. Braun 
ex Stizenberger 1851 (Bůžek 1971, Li et al. 
1987). After a thorough re-evaluation of the 
taxonomy of Podogonium knorrii, however, 
Herendeen (1992b) rejected this conserved 
name  and validated Podocarpium A. Braun 
ex Stizenberger 1851.

MATERIAL AND METHODS

The Podocarpium fossils used in this study were 
collected from diatomaceous shales of the Shanwang 
Formation, Shandong Province in eastern China 
(36°54′N. Lat., 118°20′E. Long.). Shanwang is famous 
for exquisitely preserved fossil insects, ostracodes, spi-
ders, fi sh, amphibians, reptiles, birds, mammals and 
plants since the 1930’s onwards (Skvortzov 1937, Hu 
& Chaney 1940, Yang & Yang 1994, Sun 1999). The 
Shanwang fossil biota is considered to be middle Mio-
cene (Li 1981, Yang & Yang 1994) or late Early to early 
Middle Miocene (Liu & Leopold 1992). At present, most 
palaeontologists and geologists have accepted a middle 
Miocene age for the Shanwang Formation of Shandong 
Province in eastern China (Sun et al. 2002, Liang et al. 
2003, Wang 2006, Wang et al. 2006).

Fossil specimens were preserved as impressions of 
leaves, leafl ets, and fruits. Photographs were taken 
using a digital camera (Sanyo VPC-J2EX). Figures 
were drawn using CorelDraw 10.0 software. Terminol-
ogy used in the specimen description is from Hickey 
(1973), Dilcher (1974) and the Leaf Architecture Work-
ing Group (LAWG 1999).

SYSTEMATICS

In this paper, subfamily and tribe are not 
given for the genus Podocarpium A. Braun 
ex Stizenberger 1851 due to previous incon-
sistent viewpoints and lack of new evidence. 
The following is a systematic scheme for 
Podocarpium from the Miocene Shanwang 
Formation of Shandong Province in eastern 
China.

Leguminosae

Podocarpium A. Braun ex Stizenberger 1851 

S y n o n y m. Podogonium Heer, 1857 

Podocarpium podocarpum
(A. Braun) Herendeen 1992

B a s i o n y m. Gleditschia podocarpa A. Braun 
1845 

Synonyms  

1940 Podogonium knorrii (Braun) Heer; Hu & Chaney, 
p. 76, pl. 50, fi gs 4, 5, 7, 10, 11.    

1978 Podogonium oehningense (Koenig) Kirchh.; 
WGCPC, p. 112, pl. 88, fi g. 5, pl. 90, fi g. 2, pl. 
93, fi gs 4, 5, 7, non pl. 88, fi g 7, pl. 89, fi g 7.

1999 Podogonium oehningense (Koenig) Kirchh.; Sun, 
p. 42, 71, pl. 28, fi g. 5.

S p e c i m e n s  e x a m i n e d. Leaves: 50483a 
(Pl. 1, fi g. 1), 50483b (Pl. 1, fi g. 2), 50483c (Pl. 
1, fi g. 4), 52463 (Pl. 1, fi g. 6), 50508a (Pl. 1, fi g. 
8), 50489a, 50489b, and 52058c. Fruits: 2860 
(Pl. 2, fi g. 1), 52913 (Pl. 2, fi g. 2), 51706 (Pl. 2, 
fi g. 3), 52058a (Pl. 2, fi g. 4), 201a (Pl. 2, fi g. 5), 
51868 (Pl. 2, fi g. 6), 51989 (Pl. 2, fi g. 7), 1569 
(Pl. 2, fi g. 8), 51721, and 50373.

R e p o s i t o r y. Institute of Botany, the Chinese 
Academy of Sciences, Beijing, P. R. China.

L o c a l i t y. Shanwang Basin, ca. 22 km east of 
Linqu County, Shandong Province, P. R. China 
(36°54′N. Lat., 118°20′E. Long., Fig. 1A).

S t r a t i g r a p h i c  h o r i z o n. Diatomaceous 
shales of the Shanwang Formation (Fig. 1B.).

G e o l o g i c a l  a g e. Middle Miocene.

D e s c r i p t i o n. The leaves are paripinnate 
with at least 5 pairs of opposite leafl ets, up 
to 7.5 cm long. The petiole has a wrinkled 
pulvinus, and the rachis is 0.6–1.1 mm wide. 
The leafl ets are sessile or short petioluled (ca. 
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0.5 mm), with a pulvinus, lamina lanceolate, 
oval to oblong-oval, 2–4.4 cm long and 0.6–
1.1 cm wide, apex obtuse, rounded, emargina-
ted to rarely mucronate, base asymmetrical, 
oblique, acute to obtuse, margin entire. The 
midvein is stout, straight or slightly curved. 
The leafl ets have 1–2 prominent basal veins, 
arising from the midvein base at acute angles 
and extending parallel to the leafl et margin. 
Secondary veins are numerous, over 12 pairs, 
at 30–70º angles, pinnately brachidodromous, 
irregular, forming polygonal network, and 
course extends to near the leafl et margin, 
forming angular loops. Intersecondary veins 
are parallel to the secondary veins, exten-
ding to near the leafl et margin. The tertiary 
veins are fi ne, dense, irregular, and form 
a polygonal network. The texture is thin and 
membranaceous. The cuticle is unavailable. 
The fruits are dehiscent or indehiscent, sin-
gle seeded, with a straight or slightly curved 
stipe, at least 2–4 cm long and about 1 mm 
wide. The seeds are oblong, 12–15 mm long 
and 8–10 mm wide. Valve venation is indis-
tinct, the shape is elliptic, 1.8–2.8 cm long by 
0.8–1.1 cm wide. Valve apex is acute, base 
acute or attenuate, slightly oblique, and mar-
gins not winged.

DISCUSSION

Comparison. Leaf, leafl et and fruit char-
acters of the fossils presented here provide 
evidence for a relationship to the family 
Leguminosae. The leaf bears a prominent 
wrinkled pulvinus on its petiole base (Pl. 
1, fi gs 1–3) or on its petioluled leafl et base 
(Pl. 1, fi gs 4, 5), which is one of the most 
important characters of the families Legumi-
nosae and Connaraceae. However, the leafl et 
architecture of these fossils is similar to the 
Leguminosae but not found in the Connara-
ceae, and the tertiary venation of the Con-
naraceae is more prominent. The fruit con-
sists of a single carpel dehiscent along two 
sutures (Pl. 2, fi gs 4–8), which is also charac-
teristic of the Leguminosae. Based on leafl et 
architecture and fruit morphology, these 
fossils can be attributed to a common spe-
cies, Podocarpium podocarpum (A. Braun) 
Herendeen (Herendeen 1992b), from the 
Miocene fl oras of Europe. Here, a detailed 
comparison between Chinese and European 

Podocarpium is presented (Tab. 1) showing 
few morphological differences.

Previously, fossil leaf and fruit assignable 
to Podocarpium podocarpum from Europe 
(Fig. 2: 1–5) were often described as various 
species under the generic name Podogo-
nium (Heer 1857, Hantke 1954, Kirchheimer 
1957, Rüffl e 1963, Bůžek 1971, Zastawniak 
1980). Podocarpium fossils presented here 
from the Shanwang Formation of Shandong 
Province in eastern China were formerly 
described as Podogonium oehningense (Koe-
nig) Kirchh. (WGCPC 1978, Sun 1999) or 
P. knorrii (Braun) Heer (Hu & Chaney 1940). 
In this paper, we adopt Herendeen’s (1992b) 
treatment Podogonium as a later synonym of 
Podocarpium (see Nomenclatural Notes in this 
paper).

The fossils from China did not show 
a direct association between leaves and fruits, 
but a similar specimen from the Miocene 
fl ora of Switzerland does indicate an organic 
connection (Fig. 2: 1). Thus, the fossil leaves 
and fruits presented here are described under 
a single name, i.e. Podocarpium podocarpum 
(A. Braun) Herendeen, which originated from 
a population in the Miocene age Shanwang 
fl ora of eastern China.

A f f i n i t y. The generic affi nity of Podocar-
pium, based upon leaves, leafl ets, fruits, and 
fl owers, has previously been referred to Gle-
ditsia, Dalbergia, Copaifera, the Detarieae/
Amberstieae complex, or an extinct genus in 
the Leguminosae (Unger 1851, Kováts 1856, 
Gregor & Hantke 1980, Herendeen 1992a, Liu 
et al. 2001). We support Herendeen’s (1992a,b) 
viewpoint that Podocarpium A. Braun ex Sti-
zenberger 1851 does not conform to any single 
extant legume genus.

The affi nity of the tricolpate pollen species 
Fupingopollenites (syn. Tricolporopollenites) 
wackersdorfensis from the Cenozoic of Eurasia 
was thought to be closely associated with the 
fl owers of Podocarpium podocarpum, or to 
Verbenaceae, or with an unknown affi nity 
(Mohr & Gregor 1984, Song et al. 1999, 2004 
Liu et al. 2001, Wang & Harley 2004). Similar 
tricolpate pollen was also discovered from the 
Miocene Shanwang Formation, which was once 
identifi ed as Convolvulus sp. (Convolvulaceae; 
Song et al. 1964, Wang 1991, Sun 1999). Based 
upon a comparative study of modern and 
Cenozoic pollen in Convolvulus and related 
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Fig. 2. Sketch of leaves and fruits of Podocarpium A. Braun ex Stizenberger 1851 (formerly Podogonium Heer 1857) from the 
Miocene fl oras of Europe. Scale bars – 1 cm. 1 – Organic connection between leaves and fruits from the Miocene fl ora of Swit-
zerland (from Heer 1857, Plate 134, Figure 25), 2 – leafy shoot from the Miocene fl ora of Switzerland (from Heer 1857, plate 
135, fi gure 1), 3–5 – fruits from the Miocene fl ora of Switzerland (from Heer 1857, plate 135, fi gures 14, 20, 21), 6 – partial 
reconstruction of the parent plant of Podogonium (from Heer 1857, Monograph cover of „Die Tertiäre Flora der Schweiz, Flora 
Tertiaria Helvetiae“), 7 – leafl et architecture of Podogonium from the Miocene Öehningen of the Upper Freshwater Molasse 
sequence near the border of southern Germany and Switzerland (from Herendeen 1992a)

genera, Martin (2001) demonstrated that 
Convolvulaceae might have evolved in the 
tropical latitudes of Africa-South America by 
the early Eocene. Also, pollen of Convolvulus 
are larger than the tricolpate pollen found in 
the Shanwang fl ora of eastern China.

PALAEOECOLOGY
AND BIOGEOGRAPHY

The climatic and edaphic conditions are 
the most important ecological factors for land 
plants. Indications or proxies of these factors 
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can be refl ected in the palynofl ora  and fl oristic 
assemblage, and sedimentary facies from 
a given fossil locality. Based on the fl oristic 
assemblage, Tao (1992) suggested a scheme 
for the Neogene fl oristic regions of China, 
and the fruits and/or leaves of Podocarpium 
primarily occurred in those fl oristic regions 
of eastern and southern China. Song et al. 
(1983) proposed three fl oristic regions for the 
Miocene fl oras of China, which are subdivided 
into fi ve provinces based mainly upon their 
palynofl oras (Fig. 3A). The fruits and/or leaves 
of Podocarpium have been discovered from two 
of these fl oristic regions. They occur mainly in 
the two provinces that have warm temperate-
subtropical and tropical conditions (Fig. 3A). 
Therefore, the range of ecological tolerances of 
Podocarpium is moderate. Judging from their 
frequent occurrence and abundance in specifi c 
local fl oras, the parent plants of Podocarpim 
lived predominantly under temperate to 
subtropical climatic conditions. Recently, the 
palaeoenvironment and palaeoclimate of the 
Shanwang Formation have been studied in 
detail (Sun et al. 2002, Liang et al. 2003) and 
the climate of this fl ora is hypothesized to be 
subtropical. The parent plant of Podocarpium 
has been considered to be a thermophilous, 
moisture-loving plant (Rüffl e 1963, Li et al. 
1987) and may be one element of gallery 
forests (Herendeen 1992a, Liu et al. 2001) or 
semi-arid habitats (Kovar-Eder pers. comm.) 
The Miocene climatic zone of China (Fig. 3B) 
further demonstrates that the geographic 
distribution of Podocarpium megafossils in 
the Miocene of China matches well with 
the humid and humid / arid transitional 
zones. Overall, the terrestrial vegetation 
in the Eurasian Cenozoic underwent the 
replacement of evergreen subtropical forests 
by deciduous woodlands and, progressively 
in the late Miocene, more seasonal warm 
temperate woodlands with more open habitats 
or grasslands fl ourished (Tanai 1967, Wolfe 
1975, 1985, Tao 1992, Kovar-Eder 2003). The 
fruits and/or leaves of Podocarpium have been 
discovered from the early Oligocene to the 
Pliocene in Eurasia (Fig. 3C) and are especially 
abundant in numerous late early and middle 
Miocene fl oras (Heer 1857, Bůžek 1971, Gregor 
1986, Sun 1999, Liu et al. 2001, Kovar-Eder et 
al. 2004, Wang 2006). Therefore, it is possible 
that the parent plant of Podocarpium enjoyed 
favorable environmental circumstances in the 

late early and middle Miocene intervals over 
much of Eurasia.

Land-sea relations and global climatic 
circulation patterns underwent signifi cant 
changes due to the Alpine-Himalayan orogeny 
in the Cenozoic era. Phased uplift of the 
Himalayan-Tibetan plateau and changes in 
land-sea distribution have been regarded 
as driving forces behind long-term Cenozoic 
climate deterioration (Ruddiman & Kutzbach 
1991, Broccoli & Manabe 1992, Ramstein 
et al. 1997, An et al. 2001, Molnar 2005). 
The northern hemisphere Cenozoic climatic 
evolution included stepped global cooling 
events (Barron 1985, Miller et al. 1987, Zachos 
et al. 2001, Tiffney & Manchester 2001) and 
climate fl uctuations (Tanai 1967, Wolfe 
1971, 1978). Evolution of the Asian monsoon 
system (Sun & Wang 2005, Wang et al. 2005) 
and interior desertifi cation (An et al. 2001) 
directly affected land vegetation in Eurasia. 
The onset of the Asian monsoon system might 
have occurred in the latest Oligocene (Sun 
& Wang 2005). The initial desertifi cation in 
the Asian interior was inferred to have taken 
place by the early Miocene (Guo et al. 2002). 
Therefore, we can assume that Podocarpium 
might have extended its maximum geographic 
range under more favorable environmental 
circumstances during the Miocene, and then 
became geographically restricted to refugia 
due to tectonic and regional environmental 
changes during the Neogene.

The stratigraphic range of Fupingopol-
lenites (Tricolporopollenites) wackersdorfensis 
is from the early Eocene of eastern China 
(Zhang & Qian 1992) to the Pleistocene of 
the eastern Mediterranean region (Liu et al. 
2001). If we assume that partial fossil records 
of pollen species F. wackersdorfensis, and pos-
sibly related taxa represents the existence 
of its parent plant Podocarpium since the 
Palae ogene as Liu et al. (2001) suggested, 
then the fi rst appearance of Podocarpium 
might be during the early Eocene. Fupin-
gopollenites wackersdorfensis was inferred 
to be a mesophyte that lived under warm 
temperate to subtropical climatic conditions 
(Liu 1985, Wang & Harley 2004). Based upon 
leaf physiognomy, fruits, and pollen records, 
Kovar-Eder (2003) emphasized that the Med-
iterranean region constituted a warm and 
humid refuge suitable for subtropical taxa, 
which are called “Central European relicts”, 
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Fig. 3. A – the distribution of megafossils of Podocarpium A. Braun ex Stizenberger 1851 in the fl oristic regions and climatic 
zones in the Miocene of China (after Song et al.1983, modifi ed ); I – Qihai-Xizang Quercus-Betula-thicket fl oristic region. I1 – 
Qihai-Xizang Plateau fl oristic province; I2 – Hengduan Mountain fl oristic province; II – inland forest-meadow and steppe fl oris-
tic region; III – eastern monsoon broad-leaved forest fl oristic region; III1 – northern temperate fl oristic province; III2 – Central 
warm temperate-subtropical fl oristic province; III3 – southern south-subtropical and tropical fl oristic province. B – the Miocene 
arid and humid zones in China (after from Sun & Wang 2005, modifi ed). C – the distribution of Podocarpium megafossils and 
the Neogene of Eurasia (references from Endo & Fujiyama 1966, Ishida 1970, Hayashi 1975, Guo 1980, Zastawniak 1980, 
Li 1981, Li et al. 1987, Guo & Zhou 1992, Sun 1999, Tao 2000, Liu et al. 2001, Kovar-Eder et al. 2004, Wang 2006)
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since the late Miocene-Pliocene onwards. This 
perspective may explain why F. wackersdor-
fensis persisted in the eastern Mediterranean 
region until the early-middle Pleistocene, 
although climatic deterioration had begun 
during the Oligocene in the northern hemi-
sphere. An ancestral population of Podocar-
pium might have originated in the early 
Paleogene of eastern Asia and then spread to 
most of non-arid middle latitude areas in Eur-
asia during the Miocene, and primarily lived 
under warm temperate-subtropical, humid 
and semi-arid conditions. Later, with Asian 
interior desertifi cation during the Miocene, 
Podocarpium gradually became restricted to 
the two disjunct regions of “East Asia” and 
“East, South and Central Europe”, fi nally 
becoming extinct during the Pleistocene in 
the eastern Mediterranean.
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Plate 1

Leaves of Podocarpium A. Braun ex Stizenberger 1851 from the Miocene Shanwang Formation
of Shandong Province in eastern China

1–2. Part and counterpart of a comparative complete leaf. Specimens: 50483a, 50483b
3. Partial enlargement of the leaf petiole in Figure 2, showing some transverse coaly impressions, which 

imply that there may be a wrinkled pulvinus
4. An incomplete leafl et. Specimen: 50483c
5. Partial enlargement of the leafl et basal part in Figure 4, showing a pulvinate petiolule
6. A complete leafl et with a straight midvein and a basal vein. Specimen: 52463
7. Partial enlargement of the leafl et apical part in Figure 6, showing an slightly emarginated apex
8. A complete leafl et with a curved midvein and an oblique base. Specimen: 50508a

Scale bar – 1 cm

P L A T E S
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Plate 2

Fruits of Podocarpium A. Braun ex Stizenberger 1851 from the Miocene Shanwang Formation
of Shandong Province in eastern China

1–3. Indehiscent fruits with a straight or slightly curved stipe (incomplete). Specimens: 2860, 52913, 51706
4–7. Dehiscent fruits with an incomplete stipe. Specimens: 52058a, 201a, 51868, 51989
8. A fruit and an associated seed. Specimen: 1569

Scale bar – 1 cm
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