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Early Miocene records of Craigia (Malvaceae s.l.) in the Most Basin,

North Bohemia — whole plant approach

Spodnomiocenni doklady rodu Craigia (Malvaceae s.l.) v mostecké panvi

v severnich Cechach — celostni pristup
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Fossil records of Craigia bronnii (Malvaceae, Tilioideae) including fruits, flower buds and a flower as well as associated foliage of Dombeyopsis
lobata are summarised from the Early Miocene Most Basin, northern Bohemia, the type area of the species. The typification and local
synonymies are provided. The reconstructed plant is compared with the nearest living relative Craigia yunnanensis from southern China
and northern Vietnam considering the floral, fruit, and leaf morphology and epidermal anatomy as well as autecology.

Key words: Malvaceae s.l1.; northern Bohemia; Early Miocene; taxonomy; sociology

Introduction

The North-Bohemian brown-coal basin, i.e. the Most
Basin according to the present geological terminology in
the Czech Republic, has yielded the richest fossil record
of Craigia (Malvaceae s.l.). Its fruits have been long
known from the European Tertiary and misidentified with
various genera and families (e.g., Ulmus, Abronia, Ru-
taceae, Zygophyllaceae etc.). A wider comparative study
resulted in assigning these very characteristic fossils to
the genus Craigia (Kvacek et al., 1991, 2002), today rep-
resented by two relictual species in southern China and
northern Vietnam. Reviewing the sieved compression
fruit and seed collections left by late C. Bizek, the au-
thor found a number of unripe fruits and flower buds
from the coal facies of the Most Basin. These represent
young flowering stages of Craigia bronnii, as earlier rec-
ognised for the same kind of mesofossils in the Rhenish
Miocene (Pingen et al., 2001). Craigia occurred in the
past throughout the Northern Hemisphere starting with
the early Palacogene in Sakhalin as shown by a wider
review prepared by a team of Akhmetiev, Kvacek —
Manchester. The present contribution provides a more
detailed integrated evaluation of all records of Craigia
within the Most Basin and a reconstruction of the whole
plant based on co-occurrence of the detached organs, as
already suggested by Kvacek (1993).

Material and methods

The newly recognised flower buds and immature fruits
preserved as carbonised mesofossils were sieved from lig-
nite clay sediments by routine micropalacontological pro-
cedure in labs of the former Central Geological Institute
(now Czech Geological Survey), Prague and in the Na-
tional Museum, Prague (personally by F. Holy). These
mesofossils, tentatively identified by Holy and Buzek as
“Tilia”, were collected in the 1960s (Buzek — Holy,
1964) and put aside for later studies. The coal matter is

permineralized by pyrite in most cases. Commercial
bleach “SAVO” was applied for maceration of a flower
bud in order to obtain cuticles and pollen in situ, but this
attempt failed. The second specimen macerated by
Schulze procedure yielded a few clumps of pollen. Larger
fossils representing fruit valves, rarely complete fruits of
Craigia bronnii, and associated leaf remains of Dombe-
yopsis lobata, are partly coalified compressions allowing
preparation of cuticles, which come mostly from the Bili-
na Mine (see Buzek et al., 1989 — as Pteleaecarpum,
Sakala, 2000). Other macrofossils studied are impressions
of detached valves, rarely more complete fruits, and
leaves, which are preserved in silt, clay or baked rocks.

The records of Craigia in the Most Basin belong to
the richest of this age in Europe and come from ca. 20
sites, mostly in open-cast mines or cores (Fig. 1). They
are concentrated in the HoleSice and the lowermost part
of the Libkovice Member of the Most Formation, and
dated into the middle part of the Early Miocene (lower
Burdigalian, Eggenburgian, lower Orleanian), as the un-
derlying mammal faunas of MN 3 zone from the seam
base at Ahnikov — Merkur-North mine (MN 3a) and the
isolated limestone of Tuchofice (MN 3b) indicate (for
details of stratigraphy see Kvacek et al., 2004b).

New collections from the environs of Bilina were gath-
ered by the late Cestmir Bazek, recently by Zdengk
Dvorak, the author, and their co-workers and friends. This
material is mostly housed in the Bilina Mine Headquar-
ters, Bilina (DB), Faculty of Science, Charles Universi-
ty (PRC) and the National Museum, Prague (NM). Ma-
terial from several other sites from various parts of the
basin is also housed in the Geological Survey, Prague
(UUG) and the Regional museum, Most (MM). The pub-
lished type and figured specimens described by previous
authors in the 19" century have been recovered mainly
in the Hungarian Natural Museum, Budapest (BP), part-
ly in the Geologische Bundesanstalt, Vienna (BA), Na-
tional Museum, Prague (NM), State Museum of Miner-
alogy and Geology in Dresden (MMG) and elsewhere.
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Fig. 1. Geographical position of the cited fossil localities in the Most Basin (see also Buzek — Holy, 1964, Buzek et al., 1992, Hurnik — Kvacek, 2000).

1991 Craigia bronnii (Unger) Kvacek — Buzek — Manchester,
p. 522.

1999 Craigia bronnii (Unger) Kvacek — Buzek — Manchester; Hur-
nik — Kvacek, p. 653, fig. 5 (Skyfice, Marianna Mine, MM).

2000 Craigia bronnii (Unger) Kvacek — Buzek — Manchester;
Kvacek — Hurnik, p. 13, pl. 5, fig. 11, text-fig. 1.12 (Zelén-
ky, Svincice, MiroSovice, VrSovice and Necichy at Louny,
DB, NM).

2000 Craigia bronnii (Unger) Kvacek — Blizek — Manchester; Sa-
kala, p. 63, pl. 6, fig. 6 (Bilina Mine, DB).

2001 Craigia bronnii (Unger) Kvacek — Buzek — Manchester;
Hably — Erdei — Kvacek, p. 62, 75, pl. 84, figs 3-4, pl. 103,
fig. 3, pl. 104, figs 2-3 (Bilina area, BP — including lectoty-
pe and paratypes).

2004a Craigia bronnii (Unger) Kvacek — Buzek — Manchester;
Kvacek et al., p. 120, fig. e (Bilina Mine, DB).

The repositories, as far as known, are indicated in the
systematic part below.

The photo-documentation has been prepared partly
earlier by Mr. Skala working in the Geological Survey
(most pictures of mesofossils), partly by the author (includ-
ing type and original specimens from the 19" century).

Systematic part

Family Malvaceae Juss.s.l
Subfamily Tilioideae Arn.

Genus Craigia W. W. Smith — Evans

Lectotype selected here: BP 55.2308.1, Unger, 1845, pl. 26,

Craigia bronnii (Unger) Kvacek — Biizek —
Manchester (fruits, flower buds, flower)
Figs 2-3

Synonymy of the records from the Most Basin

18371838 Ulmus (? Europaea); Bronn, p. 14 (explanations of at-
las), pl. 35, fig. 12; p. 864, nom. inval. (? Commo-
tau=Chomutov, missing).

18451847 Ulmus bronnii Unger, p. 100, pro parte, pl. 26, figs
2-4 (Bilin=Bilina, BP — including lectotype and paratypes).

1866 Ulmus bronnii Unger; Ettingshausen, p. 62, pro parte, pl. 18,
figs 1-5 (Prisen=Btezanky, BP, BA).

1866 Ulmus longifolia Unger; Ettingshausen, p. 62, pro parte,
pl. 18, fig. 8 (Prisen=Bfezanky, missing).

1881 Ulmus longifolia Unger; Velenovsky, p. 25, pro parte, pl. 3,
figs 24-25 (VrSovic= VrSovice at Louny, NM).

1971 Pteleaecarpum europaeum (Bronn) Buzek — Knobloch; Bu-
zek, p. 70, pl. 31, figs 1-21 (Cermniky, UUG).

1989 Pteleaecarpum bronnii (Unger) Weyland; Buzek — Kvacek
— Manchester, p. 484, pro parte, figs 3—6, 27 (Biestany,
Cermniky, Bfezno, NM, UUG).

fig. 2 — re-figured in Hably et al., 2001, pl. 103, fig. 3 and in this
paper, Fig. 3.1 (Bfestany Clay, Bilina area).

Paratypes selected here: BP 55.2297.1, 55 2301.1, Unger,
1845, pl. 26, figs 4 left and right, re-figured in Hably et al., 2001,
pl. 104, figs 2-3 and in this paper Figs 3.2-3 (Bfestany Clay, Bili-
na area).

Because the type specimens published by Unger (1845-
1947) have been recovered by the author in the Hungar-
ian Natural History Museum, Budapest, the neotype se-
lected for Pteleaecarpum bronnii by Buzek et al. (1989)
must be replaced by a lectotype selected above.

Material: strongly compressed carbonised mesofos-
sils isolated by sieving — more than 10 flower buds, 1
flower and more than 5 carpels and very young imma-
ture fruits, compressions of an immature fruit and a great
number of isolated valves, partly closely grouped and
with adhering seeds, impressions of a fruit and a great
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number of isolated valves, partly folded, occasionally two
valves adhering together.

Description: Flower buds (Figs 2.1-4) broadly el-
lipsoidal to globular, rarely conical, 1.5-2 mm wide and
1.2-2.3 mm long, usually rugulose, attached to stout short
stalks, demarcations of 5 tightly closed sepals visible as
small ribs on the surface. Pollen in situ of the Intratri-
poropllenites-type. An undeveloped, permineralised (py-
ritised) flower (Fig. 2.12) ca. 5 mm wide and 2.5 mm
high, laterally compressed, attached to a 4 mm long stout
stalk, sepals widely open, rugulose on outer surface, cres-
cent-shaped, ca. 2 mm long, probably 5 in number, in-
side the flower a few spindle-shaped bodies, probably
remains of enveloped bundles of stamens. No other floral

a4

organs preserved. Immature fruits or carpels (Figs 2.5-10)
ovoid to obovoid, 1.5-2 mm long and 1.2-2 mm in diam-
eter, S-angular to deeply winged, exceptionally attached
to a short stalk, smooth on the surface. Compressions/
/impressions of small fruits (Figs 2.11, 3.4-5) 5-10 mm
in diameter with longer stalks preserved, laterally strong-
ly compressed, originally globose, with wings well com-
pressed into coal matter, in the case of an impression with
starting dehiscence of the wings, covering and overlapping
each other. Detached valves (Figs 3.1-3) and groups of
valves (Fig. 3.6) usually spreading, sub-orbicular to obo-
vate, reaching a length of 24 mm, in the mean 17-18 mm
in diameter, showing a prominent fusiform locular area
divided by the medial suture. Remains of aborted seeds

Fig. 2. 1-12 — Craigia bronnii (Unger) Kvatek — Biizek — Manchester. 1—4 — four flower buds, 1 — specimen destroyed by maceration, core JU
218, depth 132.4 m, 2 — NM G 8469, core Sr 53, depth 55 m, 3 — NM G 8471, core Sr 53, depth 55 m, 4 — NM G 8463, core JU 218, depth
132.4 m, all scale bar = 1 mm, 5 — stalked immature fruit, NM G 8462, core JU 218, depth 132.4 m, scale bar = 1 mm, 6 — deeply ribbed de-
tached carpel, lateral view, NM G 8464, core JU 224, depth 149.7 m, scale bar = 1 mm, 7 — flattened immature fruit, NM G 8467, core Cht 10,
depth 10.33 m, scale bar = 1 mm, 8 — deeply ribbed detached carpel, NM G 8466, core Co 225, depth 57.8 m, scale bar = 1 mm, 9 — detached
carpel shown in fig. 2.6 from below, scale bar = 1 mm, 10 — immature 5-winged fruit compressed from above, NM G 8461, core JU 218, depth
132.4 m, scale bar = 1 mm, 11 — shortly stalked undeveloped fruit showing fine radial venation of wings, NM G 8476, Bilina Mine, Horizon 30,
scale bar = 2 mm, 12 — laterally compressed undeveloped flower with crescent-shaped sepals and spindle-shaped bodies inside, NM G 8465, core
Sr 53, depth 55 m, scale bar = 1 mm.
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Fig. 3. 1-6 — Craigia bronnii (Unger) Kvacek — Blizek — Manchester. 1 — lectotype (Unger, 1845-1847, pl. 26, fig. 2), BP 55.2308.1, Bfezank:

5 2, 0

>

scale bar = 5 mm, 2 — paratype, (Unger, 18457, pl. 26, fig. 4 left), BP 55.2297.1, Biezanky, scale bar = 5 mm, 3 — paratype, (Unger, 1845-1847,
pl. 26, fig. 4 right), BP 55.2301.1, Bfezanky, scale bar = 5 mm, 4 — a young fruit on the stalk thickened in its upper part with scars of sepals,
NM G 8474a, Bilina Mine, Horizon 24, scale bar = 5 mm, 5 — counter-impression of fig. 3.4 showing margins of several overlapping dehiscing
valves, NM G 8474b, Bilina Mine, Horizon 24, scale bar = 5 mm, 6 — a back-folded valve with attached and slightly dislocated seeds, NM G 8475,

Bilina Mine, Horizon 30, scale bar = 5 mm.

biserial, attached to the suture, mature seeds (Fig. 3.6)
attached or dispersed nearby the valves, dark carbonised,
ca. 3 mm long, not showing details of the hilum and sur-
face structure. Venation of the valves reticulate, in radi-
al rows, typically steeper in the apical part. Multiradial
trichomes on the outer surface of the valves (see also
description in Buzek et al., 1989).

Discussion: Similar flower buds and immature de-
tached fruits/carpels along with mature capsules have
been recovered by Pingen (Pingen et al., 2001) in the
Hambach Mine, Lower Rhine Embayment, in much bet-
ter state of preservation. The same layers yielded also
leaves of Dombeyopsis lobata (coll. Utrecht Univ., au-
thor’s observation). The sieved specimens from the Most
Basin are smaller, partly strongly pyritised and not con-
nected with transitions to ripe fruits. This may be due to

rough sieving technique, which damaged delicate winged
capsules. Very similar, but also slightly larger fossils with
tilioid pollen in situ and identical in shape and sculpture
have been described from Saxony as Burretia insculpta
(Mai, 2000). The identity with the Czech material is high-
ly probable, although fruits of Craigia bronnii are un-
known from these deposits at Brandis, only accumula-
tions of Dombeyopsis lobata foliage in coal facies (Mai
— Walther, 1991). The fruit valves from the Most Basin
are among the largest in Europe, competing in the size
with those from Rott (Weyland, 1948), although varia-
tion in the size occurs; like in the extant Craigia yun-
nanensis (Kvacek et al., 2002). The mean size cannot be
easily applied for discrimination of small taxonomic en-
tities, even during the whole geological history of
Craigia, while differences in associated foliage may help
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in this respect (Kvacek — Akhmetiev — Manchester in
prep.). The morphological and anatomical structure of the
fruits remains very conservative and survives almost un-
changed to the present except subtle differences, e.g. in
the position of the hilum (Kvacek et al., 2002).
Occurrence: mesofossils of flower buds and imma-
ture fruits — Bilina area, cores Jenistv Ujezd JU 217,
depth 72.6, 132.7 m, JU 218, depth 132.4—5 m, JU 224,
depth 149.7 m, Zatec—Chomutov area, cores Chomutov,
Co 225, 57.8 m, Chotébudice, cores Cht 10, depth 33 m,
Strupcice, Sr 53, depth 55 m, Vr$any, Vrs 22, depth 79—
80 m, Most area, Jan Sverma Mine; fruits and detached
valves — Bilina—Duchcov area, Bfestany, Bfezanky,
Jenisiv Ujezd, former Maxim Gorkij Mine, now Bilina
Mine, Zelénky—Zabrusany, Svin¢ice, Mirosovice; Louny
area, Vrdovice, Necichy; Most area, Skyfice; Zatec—Cho-
mutov area, Cermniky, Biezno, ?Chomutov.

Morpho-genus: Dombeyopsis Unger

Dombeyopsis lobata Unger (foliage)
Fig. 4

Synonymy of the records from the Most Basin

1850a Dombeyopsis lobata Unger, p. 447 (Bilin=Bilina, BP).

1850a Dombeyopsis grandifolia Unger, p. 447, pro parte (Bi-
lin=Bilina, non Prevali, Kainberg, Leoben, ? BP).

1850a Dombeyopsis sidaefolia Unger, p. 448. (Bilin=Bilina, BP).

1850a Dombeyopsis tiliaefolia (A. Braun) Unger, p. 447, pro parte
(Bilin=Bilina, non Ochningen, coll. ?).

1850b Dombeyopsis tiliaefolia (A. Braun) Unger; Unger, p. 174, pro
parte, pl. 25, fig. 3 (non figs 1-2, 4) (Bilin=Bilina, missing).

1850b Dombeyopsis grandifolia Unger; Unger, p. 175, pro parte,
pl. 27, fig. 2 (non fig. 1 nec pl. 26) (Bilin=Bilina, missing).

1860 Ficus tiliaefolia (A. Braun) Heer; Unger, p. 14, pl. 6, fig. 2
(Bilin=Bilina — type of Dombeyopsis sidaefolia Unger, BP).

1860 Ficus dombeyopsis Unger, p. 13, pl. 5, figs 1-5, pl. 6. fig. 1,
nom. illegit. superfl. (Salzhausen, Bilin=Bilina, pl. 6, fig. 1
type of Dombeyopsis lobata Unger, BP, partly missing).

1866 Cecropia europaea Ettingshausen, p. 82, pl. 28, figs 1-2
(Priesen=Bfezanky, missing).

1866 Cecropia heerii Ettingshausen, p. 82, pl. 27, pl. 28, fig. 7
(Priesen=Bftezanky, BP).

1866 Ficus tiliaefolia (A. Braun) Heer; Ettingshausen, p. 80,
pl. 25, figs 4, 5, 7, 10 (lectotype) (Preschen= Biestany, Prie-
sen=Bfezanky, Sobrussan=Zabrusany, BP, BA).

1874 Sterculia dombeyopsis (Unger) Schimper, p. 102.

1881 Ficus tiliaefolia (A. Braun) Heer; Velenovsky, p. 28, pl. 6,
figs 1-4 (VrSovic=Vrsovice at Louny, NM).

1891 Ficus tiliaefolia (A. Braun) Heer; Engelhardt, p. 162, pl. 9,
fig. 25, pl. 10, fig. 9 (Schellenken=Zelénky, missing).

1965 Dombeyopsis lobata Unger; Knobloch — Kvacek, p. 134,
text-fig. 10 (Zelénky, missing).

1971 Dombeyopsis lobata Unger; Buzek, p. 70 (Cermniky, Dola-
ny, UUG).

1999 Dombeyopsis lobata Unger; Hurnik — Kvacek, p. 653, pl. 4,
figs 2-3 (Skytice, MM).

2000 Dombeyopsis lobata Unger; Kvacek — Hurnik, p. 13, pl. 5,
fig. 12, text-figs 1.17, 3.7 (Vrovice at Louny, Zelénky, Ji-
rasek Mine, Dobr¢ice, Svincice, Dolany, DB, NM, MM, part-
ly missing).

2000 Dombeyopsis lobata Unger; Sakala, p. 62, pl. 6, fig. 5 (Bili-
na Mine, DB).

2001 Dombeyopsis lobata Unger; Hably — Erdei — Kvacek, p. 77—
78, pl. 67, fig. 1, pl. 90, fig. 2 (Bilina area, BP — lectotype).

2004a Dombeyopsis lobata Unger; Kvacek et al., p. 120, fig. d (Bi-
lina Mine, DB).

Lectotype selected here: BP 59.686.1, Unger, 1850a, p.
447, figured as Ficus dombeyopsis Unger, 1860, pl. 6, fig. 1; re-
figured as Ficus tiliaefolia sensu Ettingshausen, 1866, pl. 25, fig.
10 and in Hably et al., 2001, pl. 67, fig. 1 and pl. 110, fig. 1, in the
present paper Fig. 4.1 (Bfestany Clay, Bilina area).

Material: compressions and impressions of complete leaves and
fragments, cuticle preparations.

Description: Leaves simple, long petiolate, petiole
thick, usually attaining half to full length of the lamina,
attached from the underside of the lamina, lamina circu-
lar to broadly oval, unlobed (Fig. 4.2) to shallowly trilo-
bate (Figs 4.1, 3 and 4), ca. 35 to 300 mm in diameter,
margin entire to wavy to fine dentate (dentate forms more
frequent in drier habitats outside the Most Basin, e.g. in
the Oligocene of Bechlejovice), base symmetrical, shal-
lowly to deeply cordate, apex and lobes wide triangular,
blunt, rarely acuminate or apiculate, texture thin. Vena-
tion palmate, 5 to 7 primaries radiating from the base,
giving off very regular and curved secondaries on either
side on the mid-vein and lateral primaries; three inner
primaries reaching lobes, secondaries often also on either
side of the lateral primaries partly forked near the mar-
gin, tertiaries percurrent or once forked, dense, arranged
in a spider net manner between the primaries, and per-
pendicularly to the secondaries, higher order venation
regularly reticulate. Cuticles thin, lamina chartaceous.
Stomata anomocytic, glandular trichomes barrel-shaped,
composed of more cells arranged in equatorially oriented
segments, non-glandular trichomes rarely simple, much
more frequently fasciculate to stellate, with (2—) 4—6 (rare-
ly more) rays, those on veins fasciculate, with stronger
rays up to 300 mm long, in intercostals areas thin-walled,
adpressed, with ca. 75 mm long rays, rarely preserved.

Discussion: This type of peculiar large foliage has
been reported under various names from nearly all sites
of Europe, where Craigia fruits occur. The type locality
of both Craigia bronnii and Dombeyopsis lobata is Bili-
na, namely the clay-pits for ceramic clay (called Bfestany
Clay) formerly situated between Bilina and villages
Biestany, Bezanky and Jenisiv Ujezd (today removed
by mining). The above characteristic, particularly the
cuticular structure, is mainly based on the topotypical
specimens from the new exposures in the Bilina Mine
(Sakala, 2000, Kvacek — Worobiec — Worobiec in prep.).
The newly obtained cuticles correspond in the structure
with those described in detail in Knobloch — Kvacek
(1976) and Walther (in Mai — Walther, 1991). The varia-
tion in shape of the lamina, which is simple to mostly
trilobate, but symmetrical, is not so great as the varia-
tion in size from small to extremely large leaves (Figs
4.3-4), and particularly in the character of the margin.
As noted at several occasions (Knobloch — Kvacek, 1976,
Knobloch, 1998), the margin can be entire, wavy, but also
very distinctly simple dentate. Such transitions occur par-
ticularly in the sites outside brown-coal basins, e.g., in
the Early Oligocene diatomite of Bechlejovice (Kvacek
— Walther, 2004) or the Pliocene maar-fill of Willershaus-
en (Knobloch, 1998). The leaf forms without lobes,
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Fig. 4. 1-4 — Dombeyopsis lobata Unger. 1 — lectotype (Unger, 1860, pl. 6, fig. 1, as Ficus dombeyopsis Unger), BP 59.686.1, Bfezanky, scale
bar = 10 mm, 2 — type of Dombeyopsis sidaefolia Unger (Unger, 1860, pl. 6, fig. 2, as Ficus tiliaefolia (A. Braun) Heer), BP 64.300.1, Bfezanky,
scale bar = 10 mm, 3 — extremely small leaf, UUG Ce 155a-1015, Cermm’ky, scale bar = 10 mm, 4 — larger leaf, UUG Ce 155a-1014, Cermniky,
scale bar = 20 mm.
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which were assigned originally to Dombeyopsis sidae-
folia Unger and Ficus tiliaefolia auct. [non (A. Braun)
Heer], recall two other leaf taxa known from European
Tertiary. The first one, “Ficus” truncata Heer, differs by
thinner and less regular venation, but coincides in the
shape of the lamina, which is also symmetrical, the base
varies from cuneate to truncate (rarely to cordate). The
apex is usually elongate and strikingly narrowed and
acuminate (Buzek, 1971). There are also subtle differenc-
es in epidermal structure (Kvacek — Worobiec — Woro-
biec in prep.). The second morpho-species, Byttneriophyl-
lum tiliaefolium (A. Braun) Knobloch — Kvacek, formerly
known as Ficus tiliaefolia (A. Braun) Heer and often mis-
identified with Dombeyopsis lobata, differs in strongly
asymmetrical leaf base (Knobloch — Kvacek, 1965). This
leaf morpho-type is in Europe and rarely in East Asia
associated with the fruits of “giant maple” Banisteriae-
carpum giganteum (Goeppert) Krausel and occurs only
later in the Miocene to Pliocene, not in the Most Basin.

The views on the affinities of Dombeyopsis lobata
have changed since the first description by Unger (1850a)
was published. He was in fact near the truth comparing
it with foliage of Dombeya of the Malvaceae, Dombey-
oideae. Later on, under the influence of Heer, he reject-
ed this idea and turned to the Moraceae. At this occasion
he renamed it into Ficus dombeyopsis Unger, nom. ille-
git. superfl. (Unger, 1860). This idea was later followed
by Ettingshausen (1866), who misinterpreted Dombey-
opsis lobata for Ficus tiliaefolia (A. Braun) Heer (= By1t-
neriophyllum tiliaefolium (A. Braun) Knobloch —
Kvacek) and maintained it as a representative of Ficus
(Moraceae). Besides, he assigned its extremely large
leaves to Cecropia of the same family. According to a
large size and shape of leaves, Laurent (1904—-1905)
believed to find in this foliage type a new fossil Pau-
lownia. The most other palacobotanists returned to the
original interpretation and matched (recombined) Dombe-
yopsis lobata with Sterculia, Firmiana, or Bombax of the
Malvales (for the review see Knobloch, 1969).

The cuticular structure proves the affinity to Malvales.
The combination of fasciculate to stellate and glandular
barrel-shaped trichomes is typical of many malvalean
genera (e.g. Hainania, Tilia, Colona, Brownlowia, and
also Craigia). However, the generic distinction is diffi-
cult on the basis of epidermal anatomy due to uniform
structural traits and their variation within one genus.
Craigia yunnanensis does not deviate from this general
type of epidermal structure. However, stellate to fascic-
ulate trichomes are only on veins, while scattered sim-
ple and paired trichomes prevail in intercostals areas;
leaves of the population from Tonkin are hairless (Kvacek
— Worobiec — Worobiec in prep.). Only by a regular as-
sociation of Dombeyopsis lobata with Cragia fruits we
can assume that this is the foliage of the same plant. The
extant species of Craigia differ in mostly truncate
(Craigia yunnanesis) to narrow cuneate leaf basis
(Craigia kwangsiensis) and always non-lobed ovate lam-

ina. There is a variation in leaf margin from distinctly to
indistinctly simple dentate (most populations of C. yun-
nanesis) to sub-entire (C. yunnanensis from Tonkin —
Fig. 5). The latter, which is the southernmost population
of this species, has also slightly cordate leaves and match-
es best simple leaf forms of Dombeyopsis lobata. The
petiole is also quite long in comparison with the lamina,
like in Dombeyopsis lobata.

Occurrence in the Most Basin: Bilina—
Duchcov area, Bestany, Bfezanky, Jenistv Ujezd, former
Jirasek Mine, former Maxim Gorkij Mine, now Bilina
Mine, Zelénky—Zabrusany, Svinéice, Dobréice; Louny
area, VrSovice, Necichy; Most area, Skyfice; Zatec—Cho-
mutov area, Cermniky, Dolany.

Craigia bronnii & Dombeyopsis lobata whole plant
concept
Fig. 6

Like the taxonomic position of the Craigia fruits, the as-
sociated leaves remained long time misinterpreted, all
previous authors, even meeting them on the same spot,
never thought that they might have come from the same
plant. Unger (1850a) first recognised malvalean affini-
ties of the foliage but was in error, when he identified
the fruits with Ulmus. Laurent (1904—-1905) studying an-
other concentration of Craigia in the Late Miocene vol-
canoclastics at La Mougudo, Cantal, was sure that the
fruits belonged to Abronia, and assigned the abundantly
co-occurring leaves to Paulownia. Buzek et al. (1989) in-
terpreted the fruits as 3-winged capsules of Sapindaceae
and did not suggest any associated foliage that would fit
in this concept. Only after the malvalean affinities of the
fruits were recognised it has become clear that Dombey-
opsis lobata is the best candidate, at least for the Euro-
pean populations, to be combined into the whole plant
of Craigia bronnii as a morpho-taxon of leaves (Kvacek,
1993). Now the European sites of Craigia fruits number-
ing over 70 (Kvacek — Akhmetiev — Manchester in prep.)
yielded in 80% cases also leaves of Dombyeopsis loba-
ta. The same phenomenon is clearly seen in the Most
Basin, where fruits and leaves of this plant are usually
bound to coal facies, i.e. in parautochthonous assemblag-
es, where no other tilioid leaves co-occur. It is true that
abundance of the two organs may vary from site to site
and there are cases that sometimes one or the other is
absent. This is, of course, valid for other deciduous trees
as well, for which the combination of fruits and leaves
is well apparent — maple, elm, alder, or birch. Taphonom-
ic processes and various time of ripening/leaf shedding
are surely responsible for these irregularities. Large
leaves of Dombeyopsis lobata were usually not transport-
ed for long distances while wind-dispersed valves of
Craigia could easily reach depositional sites far from the
tree. It is particularly the case of allochthonous delta de-
posits in the Bilina area (higher fossiliferous horizons in
the Bilina Mine), where fruit valves are common, but they
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Fig. 5. 1-3 — Craigia yunnanensis W. W. Smith — Evans, Pételot 3810, Herb. Paris, Tonkin. 1 — flower buds and immature flowers & carpels,

;‘ i:‘ :

scale bar = 10 mm; 2 — flower showing calyx, five groups of enveloped stamens and a carpel, scale bar = 10 mm; 3 — twig with long petiolate,

entire-margined leaves, scale bar = 20 mm.

are rarely accompanied with Dombeyopsis lobata. The
accumulation of leaves in coal swamp settings is a good
argument that Craigia was, at least within the Most Ba-
sin, a member of Early Miocene swamp forests close to
well-inundated mires. The other populations outside Eu-
rope are mostly not of this kind. The Craigia fruits in
the Tertiary of East Asia and western North America are
accompanied with strongly asymmetric foliage of the
Plafkeria type and obviously belong to a different spe-
cies (Kvacek — Akhmetiev — Manchester in prep.). In this
respect, Buzek et al. (1989) were wrong to include into

their concept of Pteleaecarpum bronnii also all records
from East and Central Asia. It is also the reason, why the
foliage should be maintained in separate morpho-taxa.
The flower buds known only from Europe have yield-
ed pollen of the Intratriporopollenites-type. Zetter (in
Kvacek et al., 2002) showed a great similarity between
the fossil pollen obtained from flower buds of Craigia
bronnii and that of Craigia yunnanensis and arrived to a
conclusion that SEM studies are necessary for safe iden-
tifications of such pollen morpho-types. As most of the
fossil pollen taxa have not been revised in this respect,
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Fig. 6. Reconstruction of the Craigia bronnii & Dombeyopsis lobata plant according to co-occurrence of fruits and leaves in the Most Basin,

scale bar = 20 mm.

it is difficult to decide what morpho-taxon of dispersed
pollen belongs to Craigia bronnii. As stressed by
Krutzsch (2004), the Craigia type of pollen is mostly
concentrated in the Late Eocene deposits of Europe,
which is in strong discrepancy with the occurrence of the
fruits. However, the tilioid type of pollen is well repre-
sented in the Malvaceae s.l. and transitions between the
genera or even variation within a genus and species
(Krutzsch, 2004, Zetter’s observation in Craigia yunnan-
ensis) may thwart attempts of a very precise splitting of
this pollen group. The most common morpho-taxon of
dispersed pollen, which is identified in connection with
Craigia bronnii is Intratriporopollenites insculptus (i.e.
Burretia insculpta), which is typified by the specimens
from Brandis and Altmittweida in Saxony, i.e. from the
deposits equivalent to the Most Formation (Mai, 1961,
Mai — Walther, 1991). The flower buds with the same pol-
len (Mai, 2000) are very similar to those from the Most
Basin described above. A separate study is being prepared
(Kvacek — Worobiec — Worobiec) devoted to the dis-
persed and in situ pollen, accompanying the Craigia
megafossils in the Most Basin and elsewhere. Accumu-

lations of Intratriporopollenites insculptus were described
from various horizons of the Main Coal Seam in the Most
Basin (Konzalova, 1976).

Associated vegetation and autecology

In the flora of the Most Formation almost 200 plant spe-
cies based on mega- and mesofossils have been recogn-
ised and recorded to date. Craigia records are all con-
centrated in the middle part of the formation. Two
depositional centres, called the Zatec and Bilina deltas,
were two major sources of plant fossils and represent lat-
eral equivalents of the brown coal deposits, i.e. the
Holesice Member, and the lowermost levels (Bfestany
Clay) of the Libkovice Member. The floras of both ar-
eas contain Craigia. They are very similar to each other,
the former having more frequent ferns (Woodwardia, Pro-
nephrium — Buzek, 1971), the latter including more ther-
mophile elements, particularly sabaloid and calamoid
palms (Kvacek et al., 2004b). The index fossil Schenk-
iella credneri (syn. “Trapa” credneri), which occurs in
the Bilina area, suggests a direct correlation with the
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Brandis flora (Third Lusatia Coal Seam) in Saxony (see
Mai — Walther, 1991, Kvacek et al., 2004b).

The regular association of Craigia bronnii & Dombe-
yopsis lobata plant with Taxodium, Quasisequoia, Glyp-
tostrobus and a number of deciduous broad-leaved trees
and other plants of moist habitats, e.g. Alnus, Nyssa, Acer
tricuspidatum, Fraxinus, Decodon, leads to a conclusion
that Craigia thrived at that time on emergent mineral
periphery of deep peat swamps (Kvacek, 1998). Mach (in
Kvacek et al., 2004a, b) characterised such stands as wet-
land forest vegetation in back swamp along streams and
in deltas on clayey and silt fat soils with an irregular sup-
ply of nutrients and the groundwater level near or above
the earth surface. This vegetation type corresponds to the
Taxodium-Nyssa association sensu Bizek — Kvacek (in
Boulter et al., 1993). The mixture of the above-mentioned
swamp vegetation with other deciduous (Ulmaceae, Bet-
ulaceae, Comptonia, Parrotia, Podocarpium) and ever-
green elements (Quercus rhenana, Myrica lignitum, Lau-
raceae, Irigonobalanopsis) as well as frequent pine
fossils is typical of the Biestany Clay, the type horizon
of Craigia bronnii and also Dombeyopsis lobata. Palae-
oclimatic conditions can be estimated as humid subtrop-
ical to warm-temperate, with the mean annual tempera-
ture about 13—16°C and with the coldest month mean
above 0°C (Kvacek et al., 2004b). Thus in all occurrences
within the Most Formation, the fossil Craigia slightly
differs from its living relative Craigia yunnanensis in
autecology. Extant stations of the latter fall into the para-
tropical to subtropical zones of SE Asia within upland
notophyllous forests dominated by evergreen Fagaceae or
thickets in valleys between 1000 to 2700 m alt. Only rare-
ly, Craigia entered forests in southern China with more
extensive representation of deciduous arboreal elements
and was never found in the present vegetation in lowland
swamps (e.g., in relictual stands of Glyptostrobus in the
Zhu Jiang delta in Guangdong). We may speculate that
the European Tertiary populations of Craigia found nich-
es in the landscape more suitable for deciduous arboreal
elements, after having arrived from high latitudes during
the Palacogene to Central Europe from the ancient Arc-
tic deciduous forests. As comparative studies of the near-
est living relatives progress, similar cases of such Ter-
tiary relics have been found, which possibly changed
autecology during the Cenozoic (Kvacek submitted).
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Spodnomiocenni doklady rodu Craigia (Malvaceae s.l.) v mostecké panvi v severnich Cechach — celostni p¥istup

Mostecka panev je mistem nejvétsi koncentrace fosilnich nalezii reliktniho rodu Craigia, dnes prezivajiciho jen na nékolika mistech v jizni Cing a
severnim Vietnamu. Také odtud byl poprvé popsan druh Craigia bronnii (jako Ulmus bronnii) zalozeny na plodnich zbytcich podobnych jilmovym
nazkam. Tato konvergence i s fadou jinych kiidlatych ploda vedla v minulosti k mnoha mylnym systematickym interpretacim. Po objeveni celych plodi
— pétikiidlych tobolek a soub&znych nalezti kvétnich poupat neni dnes pochyb o jejich pfislusnosti k zminénému reliktnimu rodu z ¢eledi Malvaceae,
podceledi Tilioideae. Casté soub&zné vyskyty listd, fazenych k morfologické jednotce Dombeyopsis lobata, dovoluji dnes charackterizovat celou tuto
fosilni rostlinu véetné detailii kvétl, objevenych v mostecké panvi a pylu. Spodnomiocenni evropsky zastupce rodu Craigia, alespon podle nahromadéni
jeho fosilnich zbytkll v uhelné facii, byl strom snésejici bazinné prostiedi spiSe opadavych porostii vroubicich uhlotvorné mocaly. Tim se vyrazné
odlisoval od dnesniho nejblize pribuzného Zijiciho zastupce, Craigia yunnanensis, prezivajiciho v horach jizni Ciny a severniho Vietnamu v sussich
podminkach paratropického az subtropického klimatu v lesich slozenych ptevazné ze vzdyzelenych zastupci bukovitych.






