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The Late Miocene is known to have been a time of profound global climate change. Attempts to reconstruct the Late
Miocene climate of the Pannonian Basin and its vicinity and to quantitatively estimate the mean annual temperature (MAT)
and mean annual precipitation (MAP) were based on the botanical, palynological, and vertebrate record. 

The Late Miocene climate of the Pannonian Basin is unequivocally described as warm temperate. With the application
of the Coexistence Approach (MOSBRUGGER & UTESCHER 1977) to the Bükkábrány, Rózsaszentmárton, and Visonta floras
and to the Hidas palynological record (all based on former literature), the MAT is estimated to have been 14–16 °C (BRUCH

et al. 2006). From the comparison of Sarmatian and Pliocene floras, ERDEI et al. (2007) suggested that the MAT gradually
decreased during the Late Miocene from 15 °C to 13 °C. NAGY (2005) also calculated 13 °C based on the palynological
record from several boreholes in Hungary. The flora of the Early Pannonian Mataschen section from the Styrian basin,
Austria, however, is inferred to indicate significantly higher temperatures (15–19 °C, KOVAR-EDER & HABLY 2006). 

Estimates for the MAP in the Late Miocene Pannonian Basin show a considerably wide range, and sometimes include
the interpretation of a temporal trend. BRUCH et al. (2006) calculated 1020–1130 mm for the floras of the Bükkalja sequence.
ERDEI et al. (2007) predicted a slow decrease through the Late Miocene from 1000 to 900 mm. The Mataschen flora indi-
cates extremely high MAP for the earliest Pannonian (1280–1950 mm, KOVAR-EDER & HABLY 2006). Based on the present-
day relations between small-mammal community structure and rainfall, van DAM (2006) predicted the Late Miocene MAP
of the Pannonian Basin as generally decreasing from 1235 mm to 589 mm between 10 and 6 Ma, showing a temporary peak
of 1057 mm at 7 Ma. A similar aridification trend was outlined by BÖHME et al. (2008) on the basis of the ecophysiological
structure of herpetological assemblages (amphibians and reptiles). They found that in the early Late Miocene, the MAP
gradually increased in the Pannonian Basin up to 1766 mm, then after 10 Ma a long-lasting decrease followed with 354 mm
at the end of the Miocene. 

Non-quantified changes in the Late Miocene climate (especially precipitation) of the Pannonian Basin were also
inferred from patterns observed in large mammal hypsodonty (FORTELIUS et al. 2006), mammal diversity (NARGOLWALLA et
al. 2006), land snail communities (LUEGER 1978), and stable isotope records from mollusc shells (MÁTYÁS et al. 1996,
HARZHAUSER et al. 2007). Cyclic sedimentation in Lake Pannon and in the surrounding freshwater environments is often
assigned to Milankovitch-scale climate changes (e.g. JUHÁSZ et al. 1997, SPROVIERI et al. 2003, SACCHI & MÜLLER 2004,
HARZHAUSER et al. 2004, JUHÁSZ et al. 2007, LIRER et al. 2009). 

The Pannonian Basin is covered mainly by intrazonal, edaphic associations (see chapter “Pannonian vegetation of the
Pannonian Basin”), which are less relevant for the estimation of climate variables. At the same time, intrazonal elements are
not independent of climate, and numerous taxa may be applied for the reconstruction of temperature variables. On the other
hand floras comprising zonal elements were also recorded from the basin margin. 

The Coexistence Approach method (MOSBRUGGER & UTESCHER 1997) follows the nearest living relative concept. Based
on the climatic requirements of the nearest living relatives (NLRs) of fossil plant taxa in a fossil assemblage, it calculates
“coexistence intervals” for various climate parameters allowing a maximum number of NLR taxa that co-exist. By means of
parameter ranges the palaeoclimate can be characterized. 

Two taxa, Glyptostrobus europaeus and Byttneriophyllum tiliifolium, dominating vegetation in swamp habitats are defi-
nitely thermophilous. Another species, “Magnolia” szakmanycsabae, which was recorded only sporadically, is presumed to
require warm climate, as well. Similarly, some Quercus species, Q. kubinyii, Q. pontica-miocenica and Q. sp., showing rel-
atively high abundance are also assumed to represent thermophilous elements. Records of Mastixia amygdalaeformis and
Daphnogene sp. in Rudabánya and Engelhardia macroptera in Rózsaszentmárton indicate definitely warm periods. Based
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on the occurrence of Mastixia, the flora of Rudabánya is a member of the “younger mastixioid” floras, and a humid, warm
temperate climate seems to be supported unambiguously.

Warm climatic conditions are also indicated by Zelkova zelkovifolia, Parrotia pristina and Quercus kubinyii (GÖPPERT

1855, ILJINSKAJA 1968, SITAR 1969, KOVAR-EDER & HABLY 2006), appearing still with high number of specimens in margin-
al floras. The most convincing evidence of warm climatic conditions is provided by the flora of Mataschen (KOVAR-EDER &
HABLY 2006), in which a diverse set of thermophilous elements and numerous evergreen taxa were described. Records of
Magnolia liblarensis, Daphnogene polymorpha, Laurophyllum pseudoprinceps, L. pseudovillense, Laurus abhasica,
Laurophyllum sp., Distylium heinickei, Symplocos rara, Gordonia emanuelii, G. pannonica and G. stiriaca, all give support
to prevailing warm climatic conditions. Based on this assemblage, climate analysis estimates a mean annual temperature of
15–19 °C, average temperature of the coldest month well above zero, and 1280–1950 mm mean annual rainfall. Along the
southern marginal areas, in Serbian floras, the abundance of thermophilous elements was recorded, e.g. Magnolia,
Daphnogene and Sassafras (MIHAJLOVIČ & LAZAREVIČ 1999). 

According to the climate reconstruction based on most of the published fossil floras in the Pannonian Basin and nearby
marginal areas, the mean annual temperature is estimated between 10–16 °C. The broad intervals are attributable to the rela-
tively low diversity of the assemblages. Values of the mean temerature of the coldest month indicate a frostless climate and
an annual range of temperature less than 20 °C. Mean annual rainfall was reconstructed between 700–1300 mm (ERDEI et al.
2007, 2013). Thus, climate must have been warming temperate, a much warmer one than today.

Consequently, changes of the Pannonian flora and vegetation must have been evoked primarily by the significant habitat
change related to the development of Lake Pannon, and not by the deterioration of climate. This is corroborated by the reap-
pearance of numerous mesophytic elements during the Pliocene (HABLY & KVAČEK 1997), which following the shrinkage of
Lake Pannon could spread from refuges and reoccupy their former habitats inside the basin, e.g. Zelkova zelkovifolia and
Quercus kubinyii in the Pliocene floras of Gérce and Pula (HABLY & KVAČEK 1997). Nevertheless, the former species-rich
Sarmatian flora and vegetation of the Pannonian Basin could not reappear with the same level of diversity after the late
Miocene.


