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Abstract: The late Miocene (Pannonian) flora of Pécs-Danitzpuszta was first studied and published
by HABLY & SEBE (2016). Recent collections, however, revealed additional foliage remains, some
also providing epidermal details. A well-preserved leaf fragment assigned to Laurophyllum based
on its micromorphology proves the presence of Lauraceae. A frequent element of European Mi-
ocene floras, Laurophyllum pseudoprinceps, is first described from the late Miocene (Pannonian) of
Hungary. In addition, a leaflet of Engelbardia orsbergensis is also first reported as a thermophilous
element in the Hungarian late Miocene.
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INTRODUCTION

The late Miocene flora of Pécs-Danitzpuszta yielding many thermophilous
elements was studied by HABLY & SEBE (2016). Fossil taxa were identified based
on macromorphological traits since preservation did not allow for cuticular stud-
ies. The reported taxa were as follows, cf. Chara sp., Pinus sp., Pinaceae gen. et sp.,
Glyptostrobus europaeus (Brongniart) Unger, Tetraclinis salicornioides (Unger) Kva-
¢ek, Daphnogene pannonica Kvacek et Knobloch, Lauraceae gen et sp. indet., Quercus
kubinyii (Kovats ex Ettingshausen) Berger, Myrica lignitum (Unger) Saporta.

The importance of the flora is confirmed by the occurrence of leaf remains
identified as Daphnogene pannonica Kvatek et Knobloch and Lauraceae gen.
et sp., which have not been described from any other floras of the Hungarian
Pannonian heretofore. A cupressaceous gymnosperm, Tetraclinis salicornioides,
was also described as a new element in the Pannonian of Hungary. The frequent
occurrence of lauraceous taxa and other thermophilous elements, e.g. Myrica lig-
nitum, implies the warmest climate conditions among the Pannonian floras of
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Hungary. The vegetation formed by taxa, such as Quercus kubinyii, Tetraclinis
salicornioides, and laurel forests presumably occupied upland areas indicating a
terrestrial Mecsek region emerging from the lake and the surrounding swamps
11-10 million years ago (HABLY & SEBE 2016).

MATERIAL AND METHODS

Specimens are deposited in the Hungarian Natural History Museum
(HNHM-PBO). Epidermal details were studied using a Nicon Eclipse E600 mi-
croscope equipped for fluorescence microscopy. Epifluorescence was applied on
the leaf material intact in the fossiliferous matrix and on cuticle fragments ob-
tained from the specimen. Fragments were cleaned with hydrogen fluoride and
covered with distilled water for study.

Geological settings

The sand pit of Pécs-Danitzpuszta, an outcrop of calcareous marls and overly-
ing coarse sands of Lake Pannon, is located to the east of the city of Pécs (Fig. 1; the
location of the sediments preserving the macroflora is 46.10139° N, 18.28667° E).

Fig. 1. Map showing the locality. Shading represents the extension of Lake Pannon (after Sebe in
HaBLY & SEBE 2016).
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Intra- and post-Pannonian movements heavily tectonised the succession, thus the
boundary between the two rock types is vertical, and younger sediments occur
dominantly towards the south and not only upwards (KONRAD & SEBE 2010). The
calcareous marls include grey and brown clay, light-coloured sand and gravel inter-
beds and gradually get silty upwards, towards the overlying coarse sands.

Plant remains are preserved in the uppermost, silty levels of the marls, where
an increase of terrigenous sediment influx is observable. Abundant mollusc shells
identified by Imre Magyar include Lymnocardium schedelianum (Fuchs), L. ma-
jeri (M. Hornes), Paradacna abichi (R. Hornes), P. cf. syrmiense (R. Hornes),
“Pontalmyra” otiophora (Brusina), Caladacna steindachneri (Brusina), Congeria
czjzeki M. Hornes, C. banatica R. Hornes, C. partschi Czjzek, Gyraulus tenuistria-
tus Gorj.-Kramb., and various species of Orygoceras and Socenia. Molluscs refer
to the Lymnocardium schedelianum zone, suggesting an age of ~11-10 Ma and
sublittoral conditions (SEBE et 4l. 2015).

A detailed description of the geological settings of the locality is given by
HABLY & SEBE (2016). The relatively old age within the Pannonian emphasizes
the significance of the locality. The other two plant fossil sites in SW Hungary,
Aranyosgadany and Pécs-Nagyarpad, are younger, approximately 8-7 Ma old
based on mollusc biostratigraphy (MAGYAR 2013).

RESULTS
Systematic descriptions

Laurophyllum pseudoprinceps Weyland et Kilpper (Lauraceae)

1963 Laurophyllum pseudoprinceps Weyland et Kilpper; Weyland et Kilpperp. 100, text.-fig. 6, pl.
23, fig. 14-19.

1976 Laurophyllum pseudoprinceps Weyland et Kilpper; Knobloch et Kvacekp. 51, pl. 11, fig. 6, pl.
12, fig. 9, pl. 24, fig. 1, 36, pl. 26, fig. 1-8.

1999-2000 Laurophyllum pseudoprinceps Weyland et Kilpper; Erdei et Lesiak, p. 14, fig. 12—15.

2006 Laurophyllum pseudoprinceps Weyland et Kilpper; Kovar-Eder et Hably, p. 163, pl. 1, fig. 9-12,
pl. 3, fig. 9, pl. 4, fig. 5-8.

Material: HNHM-PBO 2018.368.2. (see Figs 2, 3)

Description: Leaf fragmentary, width of the leaf lamina 3.0 cm, length of
lamina fragment 3 cm, original length unknown, apex and base not preserved.
Margin entire. Venation camptodromous, brochiodromous, midvein strong, sec-
ondaries thin, join each other forming loops.

Adaxial cuticle not preserved, abaxial cuticle strongly cutinized, ordinary epi-
dermal cells polygonal, anticlinal walls thickened, highly undulate. Characteristic
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Fig. 3. Abaxial cuticle of Laurophyllum pseudoprinceps (HNHM-PBO 2018.368.2.) (scale bar 50 um).
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bead-like thickenings observable. Stomata randomly arranged, paracytic (amphi-
brachyparacytic). Diameter of stomata 20-35 um, outer stomatal ledges thickened.

Discussion: Trichome bases or oil cells usually observable on L. pseudoprinceps
cuticles were not recognized in this case probably due to poor preservation. Modern
affinity of the species is unclear (KVACEK et al. 2011), however, based on stomat-
al structure a relation to the genus Ocotea was also assumed (BUZEK et al. 1996).
Although the species was a common element of Miocene floras in Europe, mem-
bers of Lauraceae were very rare elements in the late Miocene flora of Hungary. In
addition to Pécs-Danitzpuszta, L. pseudoprinceps was described from the early late
Miocene flora of Sopron-Piuszpuszta (dispersed cuticles; ERDEI & LESIAK 1999-
2000) and Daphnogene belonging to Lauraceae have been found only at the Ruda-
béanyalocality (HABLY 2013). From the western margin of the Pannonian Basin, the
flora of Mataschen comprises five species of Lauraceae described and confirmed by
cuticle (KovaR-EDER & HABLY 2006), including L. pseudoprinceps. The appear-
ance of lauraceous elements confirms that a thermophilous flora existed during the
late Miocene in higher elevated and marginal areas of the Pannonian Basin.

cf. Engelbardia orsbergensis (Wessel et Weber) Jahnichen, Mai et Walther
(Juglandaceae)

Material: HNHM-PBO 2018.367.1. (see Fig. 4)

Description: Apical fragment of a leaflet, lamina 2.6 cm wide. Apex acute,
margin serrate, teeth small, tooth apex acute, acuminate. Apical side of teeth
shorter than basal side. Venation not visible.

Discussion: This is the first record of the leaves of Engelhardia orsbergensis in
the late Miocene of Hungary, but the fruit, Engelhardia macroptera (Brongniart)
Unger had already been published from the late Miocene of Rézsaszentmarton in
northern Hungary by PALFALVY (1952, 1981). Engelbardia orsbergensis appeared
in the Hungarian Cenozoic during the Eocene (HABLY 19854), and became dom-
inant in the early Oligocene flora of the Tard Clay. In the late Oligocene it was
a significant member of some floras, i.e. Kesztolc (HABLY 1988), Pomaz (HABLY
1994), and became dominant in the extreme thermophilous, early Miocene flora of
Ipolytarnéc (HABLY 19855). Its latest, relict occurrence is known from the Pliocene
flora of Gérce (HABLY & KVACEK 1997). Engelbardia orsbergensis was a widespread
element of warmer floras of Europe during the Oligocene and Miocene.

Flora, vegetation and palaeoclimate

The frequent occurrence of the members of Lauraceae in the flora of Pécs-
Danitzpuszta is noteworthy. The species Daphnogene pannonica has not been re-
corded from any other localities in Hungary (HABLY & SEBE 2016). Moreover,

Studia bot. hung. S0(1), 2019



14 HABLY L. ERDEI B. & SEBE K.

the genus Daphnogene was extremely rare in the Hungarian Pannonian floras, a
single specimen assigned to the genus was documented from Rudabénya (HABLY
2013). The specimen described here as Laurophyllum pseudoprinceps is the first
record of the species in the Pannonian of Hungary. The occurrence of lauraceous
elements implies that laurel forests covered higher, elevated areas of the Mecsek
Mts during the early Pannonian. Members of Lauraceae require mild climate
with only shorter frost periods, freezing temperatures may persist no longer than
1-2 days. The youngest occurrence of plant remains in the Pannonian of the
Mecsek Mts is recorded from Aranyosgadény (7-6 Ma; MAGYAR 2013), the old-
est remains are from Pécs-Danitzpuszta (10-11 Ma). This implies that the area
was elevated from the lake and its surrounding swamps, and served as a refuge of
thermophilous taxa similarly to basin marginal areas (HABLY 2013).

Despite the low diversity of the assemblage the climate can be outlined as
subtropical without considerable frost periods based on the occurrence of ther-
mophilous elements. Quantitative climate analysis adopting the Coexistence
Approach method (MOSBRUGGER & UTESCHER 1997) was applied to Neogene
and Palaeogene fossil floras of the Pannonian domain (ERDEI et al. 2007). The
authors estimated a mean annual temperature (MAT) of 16 °C, mean temper-
ature of the coldest month (CMT) of 5 °C, mean temperature of the warmest

Fig. 4. Leaf fragment of cf. Engelbardia orsbergensis (HNHM-PBO 2018.367.1.) (scale bar 1 cm).
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month (WMT) of 24 °C, and a mean annual precipitation (MAP) of 1000 mm for
the time slice 11-10 Ma (ERDEI et 4l. 2007).

An extremely thermophilous flora was documented from the early Pannonian
locality in Mataschen (Styria, Ausztria) (KOVAR-EDER & HABLY 2006). The flora
comprises five species of Lauraceae, four species of Theaceae and two species were
assigned to the family Hamamelidaceae. Although Mastixia was not represented
in the flora, its composition recalls that of the “Younger Mastixioid” floras, which
presumably required a climate with a MAT of 15-19 °C, a MAP of 1280-1950 mm,
and a CMT above 0 °C, only short frost periods must have occurred.

Another “Younger Mastixioid” flora was documented from the early Pan-
nonian flora of Hungary, from Rudabdnya (10 Ma). The presence of this ther-
mophilous flora type supported by the fossil record of Mastixia in Rudabanya
(HaBLy & ERDEI2013) indicates that the climate was frostless and warm enough
for the survival of the mastixioid flora in a refuge area.

CONCLUSIONS

New thermophilous elements were described from the early Pannonian
(late Miocene) flora of Pécs-Danitzpuszta, in the Mecsek Mts. The significance
of Lauraceae is further supported by the record of Laurophyllum pseudoprinceps
confirmed also by cuticular studies. The occurrence of Engelbardia orsbergensis
is proved by its leaflet remain. This species appeared during the warm periods of
the early Cenozoic of Europe, and it is a relict species in the late Miocene of the
Mecsek Mts. The area must have served as a refuge for many species as attested
also by the occurrence of Tetraclinis salicornioides, which is the only record of the
genus in the late Miocene of Hungary (HABLY & SEBE 2016). Further support of
a Mecsek refuge area is provided by the record of Quercus kubinyii, which nearly
disappeared from the Pannonian Basin during the Pannonian and its occurrence
is evidenced by only a couple of records from marginal areas and the Mecsek Mts.
These pieces of evidence support that the Mecsek Mts was an elevated area, an
upland in the Pannonian Basin about 11-10 million years ago and hosted sub-
tropical forests composed also of members of Lauraceae. The area served as a
refuge for many species, some of which survived up to the Pliocene.
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Osszefoglalé: Pécs-Danitzpusztardl, a Mecsek-hegység késd-miocénjébél, a pannéniai kor-
szakbdl 0j termofil névényfajok keriiltek eld. A flérdban eddig is fontos szerepet betdltd Lauraceae
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csalad tovabbi fajjal, a Laurophyllum pseudoprinceps-szel egésziilt ki, amelynek jelenlétét kutikula-
vizsgélat is aldtdmasztja. Mellette az Engelbardia orsbergensis levélkemaradvanya is el6keriilt, amely
makromorfolégiai médszerekkel azonosithaté. Ez a faj is a tercier meleg periédusaiban jelent meg
Eurépa-szerte, a mecseki késé miocénben mar reliktumnak tekinthetjiik. A teriilet ebben a korszak-
ban minden bizonnyal refigium teriilet volt szimos névényfaj szamara. Ezt timasztja ala a Tetraclinis
salicornioides el6fordulasa, amelynek ez az egyetlen késé miocén leléhelye Magyarorszagon. Ugyan-
csak ezt erésiti a Quercus kubinyii itteni el6forduldsa is, amely a pannéniai korszakban csaknem tel-
jesen kiszorult a Pannon-medencébél a peremteriiletekre és a tébdl kiemelkedd magaslatokra, és a
Mecseken kiviil csak kevés el6forduldsat ismerjitk a pannonbdl. A Mecsek egy, a Pannon-t6bdl ki-
emelked? teriilet lehetett 10-11 millié évvel ezel6tt, amelyen fenyéerdékkel védett babérerdSk éltek
szubtrépusi kérilmények kozott, és ahol tobb faj még egy ideig menedéket talalt.
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