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Synopsis

� Biogeographical setting of the Palaearctic forest-steppe zone:
The sub-Mediterranean and the continental type of the 
forest-steppe zone

� Case studies from Eastern Palaearctic semi-arid belts:
Turkmenistan, Kazakhstan and Mongolia

� Compositional traits of Pannonian forest-steppe: dynamics 
of faunal types

� Case studies: Habitat types of steppic forests and forest-steppe
sigmeta: Insect flagship species and assemblages

� Recent dynamics of sigmeta: fringe structures (”Versaumung”)

� Vegetation and faunal history and phylogeography of the
Pannonian region – examples and preliminary conclusions
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In the Pannonian region different In the Pannonian region different species compositionsspecies compositionsand different and different 
habitat structureshabitat structures overlap. General ecological rule: overlap. General ecological rule: ecotones evolve ecotones evolve 
along the environmental gradientsalong the environmental gradients.  .  

At the contactAt the contact zonezones of extended zonobiomes s of extended zonobiomes macromacro--ecotonesecotonescan be can be 
observed and also the observed and also the texturetexture of the vegetation is patchy in largeof the vegetation is patchy in large--scale scale 
(e.g. in Eastern European table(e.g. in Eastern European table--land). land). 

Oppositely, in the Pannonian region the Oppositely, in the Pannonian region the zonal setting is strongly zonal setting is strongly 
modified according to the different landscapesmodified according to the different landscapes. Thus, diverse . Thus, diverse micromicro--
ecotonesecotonesemerge not only at the fringes of woody habitats but also emerge not only at the fringes of woody habitats but also at the at the 
inner gapsinner gaps of lightof light --penetrated steppic forestspenetrated steppic forests. . 

These habitat skirts are characterised by a These habitat skirts are characterised by a finefine--scalescalepatchy dynamics of patchy dynamics of 
herbaceous and chamaephytic herbaceous and chamaephytic polycormonspolycormons, , tall forbstall forbs (mostly Apiaceae (mostly Apiaceae 
and Asteraceae) and and Asteraceae) and lower scrubslower scrubs(mostly Rosaceae), e.g. in sand steppic (mostly Rosaceae), e.g. in sand steppic 
oak forests or in lanuginose oak scrub forests.oak forests or in lanuginose oak scrub forests.

These fringe structures appear, however, also in formerly traditThese fringe structures appear, however, also in formerly tradit ionally ionally 
used but abandoned steppic and semiused but abandoned steppic and semi--dry grasslands (dry grasslands (”” VersaumungVersaumung”” )), , 
mimicking the physiognomical traits of the meadow steppes. mimicking the physiognomical traits of the meadow steppes. 

Fekete GFekete Gáábor bor –– Varga ZoltVarga Zoltáánn (2003)(2003): Pannon: Pannonianian vegetvegetationation
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VegetationVegetationgeographicalgeographicalregionsregionsand and thethe subdivisionsubdivision of Europeof Europe

The The biogeographicalbiogeographicalsubdivisionsubdivisionof Europe of Europe inin thethe HabitatsHabitats DirectiveDirective is a is a 
simplifiedsimplified version of version of thethe vegetationvegetationgeographicalgeographicalsystemsystemofof H. Walter.H. Walter.
TheseTheseregionsregionscancanbe be characterisedcharacterisedbyby habitathabitat typestypes((AnnexAnnex I) and I) and byby
somesomefloralfloral andand faunalfaunal typestypes, i.e. , i.e. byby setssetsof species of species whichwhich havehavetheirtheir corecore
areasareasof of distributiondistribution inin a a focalfocal biogeographicalbiogeographicalregionregion, , e.ge.g. . AtlanticAtlantic , , 
MediterraneanMediterranean, , ContinentalContinental, Pannonian, , Pannonian, SteppicSteppic,  ,  EuxinicEuxinic, , BorealBoreal,  ,  
ArcticArctic ,  Alpine, etc. ,  Alpine, etc. 
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The Pannonian The Pannonian regionregion inin EuropeEurope
�� The The generalgeneralzonalzonal settingsetting of of 

Europe is Europe is transformedtransformed inin SESE
Europe and Europe and CarpathianCarpathian basinbasin

�� The Pannonian The Pannonian regionregion occupiesoccupiesaa
CentralCentral positionposition withinwithin thethe
CarpathianCarpathian basinbasin

�� ItIt is is nearlynearly completelycompletelysurroundedsurrounded
byby highhigh mountainsmountains

�� The The AlpsAlps and and CarpathiansCarpathians filterfilter
butbut alsoalsotransmittransmit diversediverse floralfloral
and and faunalfaunal elementselements

�� In the Carpathian Basin theIn the Carpathian Basin the
forestforest--steppe, typical in the centralsteppe, typical in the central
lowland and hilly parts of the lowland and hilly parts of the 
basin, is represented by basin, is represented by numerousnumerous
regional variationsregional variations withwith distinctdistinct
geological, geological, edaphicedaphicand climaticand climatic
characters. characters. 
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(1) (1) ArcticArctic (2) (2) BorealBoreal (3) European (3) European nemoralnemoral (4) (4) AtlanticAtlantic (5) (5) SubSub--MediterraneanMediterranean
(6) (6) MediterraneanMediterranean (7) (7) EuxinicEuxinic (8) (8) PontoPonto--CaspicCaspic (9) (9) SouthSouth--SiberianSiberian (10) (10) TuranicTuranic
(11) (11) AnatolianAnatolian--IranianIranian (12) (12) CentralCentral--AsiaticAsiatic (13)  (13)  NN--MongolianMongolian (15) (15) PacificPacific

Overlap of Overlap of floristicfloristic regionsregionsinin thethe
PontoPonto--PannonianPannonian forestforest steppesteppe
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E from Urals Mts, in S Siberia extended contact of 
light taiga (Larix-Betula) with the meadow steppes



The western Palaearctic forest steppe belt is subdivided by the The western Palaearctic forest steppe belt is subdivided by the Carpathians Carpathians 
into a into a PannonianPannonian(sub(sub--Mediterranean) and a Continental subMediterranean) and a Continental sub--zone, zone, 
differentiated in differentiated in biogeographicalbiogeographicalconnections, vegetation structure and connections, vegetation structure and 
composition, and also in composition, and also in phylogeographicphylogeographicdynamics.dynamics. InIn European part European part 
mixed (mixed (inin Pannonian: Pannonian: lightlight --penetratedpenetrated) ) deciduousdeciduousforestsforestsareare contactingcontacting
withwith meadowmeadowsteppessteppes. . EE fromfrom UralsUrals thethe lightlight --penetratedpenetrated(svetlohvojnaya(svetlohvojnaya) ) 
taigataiga predominatespredominateswithwith birchbirch ((kolykikolyki ) and ) and larchlarch standsstands, , combinedcombinedwithwith
thethe verticalvertical zonationzonation ((StufenfolgeStufenfolge) ) inin highhigh mountainsmountains ((examplesexamplesbelowbelow).).
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The belt of deciduous forests is The belt of deciduous forests is 
distinctly marked in the distinctly marked in the 
middle part of the E European middle part of the E European 
plain where deciduous species plain where deciduous species 
((Q. robur, Tilia cordata, Acer Q. robur, Tilia cordata, Acer 
campestrecampestre) are dominants and ) are dominants and 
edificators. The smalledificators. The small--leaved leaved 
forests of Western Siberia are forests of Western Siberia are 
original forests which form an original forests which form an 
ecotone between taiga and ecotone between taiga and 
forestforest--steppe.  The foreststeppe.  The forest--
steppe extends as unintersteppe extends as uninter--
rupted zone from Carpathians rupted zone from Carpathians 
to the Altay and becomes to the Altay and becomes 
fragmented further east.fragmented further east.
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Forest-steppes represent a mosaic of 
meadow steppe and woodlands. 
Steppes and forest-steppes have been 
transformed by human activities. In 
European part the biogeography of 
the European steppes and forest-
steppes is now cultural rather than 
natural. 
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The E The E PalearcticPalearctic forestforest--steppesteppe: : thethe forestforest –– meadowmeadowsteppesteppecontact:contact:
ExamplesExamplesfromfrom TurkmenistanTurkmenistan toto MongoliaMongolia TurkmenistanTurkmenistan: : KopetKopet DaghDagh

ImportantImportant geneticgeneticcorecore areaarea of of wildwild
and and cultivatedcultivated sppspp.: .: RosaceaeRosaceae
((PrunusPrunus, , CerasusCerasus, , AmygdalusAmygdalus), ), VitisVitis, , 
AcerAcer, , UlmusUlmus, , wildwild TriticumTriticum andand
relatedrelated gengen. . TallTall grassgrass–– talltall forbforb
((FerulaFerula!) !) meadowmeadowsteppessteppesonon
plateausplateaus, , forestsforestsinin protectedprotected
((humidhumid!) !) ravinesravines. Strong . Strong influenceinfluence
of (over)of (over)grazinggrazing. Rich . Rich inin endemicendemic
generageneraand and sppspp. (. (e.ge.g. . flightlessflightless
OrthopteraOrthoptera , , NoctuidaeNoctuidae).).
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The E The E PalearcticPalearctic forestforest--steppesteppe: : thethe forestforest –– meadowmeadowsteppesteppecontactcontact
ExamplesExamplesfromfrom TurkmenistanTurkmenistan toto MongoliaMongolia KazakhstanKazakhstan

TransiliTransili --AlatooAlatoo: : talltall --grassgrass
meadowmeadowsteppessteppeswithinwithin and and 
aboveabovethethe PiceaPicea schrenckianaschrenckiana--
zonezone. . DominantDominant species species areare
partlypartly S S SiberianSiberian, , partlypartly
transtrans--PalaearcticPalaearcticsppspp. . asas
BrachypodiumBrachypodium pinnatumpinnatum, , 
FestucaFestuca rupicolarupicola, , KoeleriaKoeleria
cristatacristata, , IrisIris ruthenicaruthenica, , 
CampanulaCampanula glomerataglomerata, , GaliumGalium
verumverum, , FilipendulaFilipendula vulgarisvulgaris, , 
PhlomisPhlomis tuberosatuberosa, , PulsatillaPulsatilla
patenspatens, , PrunellaPrunella grandifloragrandiflora, , 
SalviaSalvia nemorosanemorosa, , TrifoliumTrifolium
montanummontanum, , VeronicaVeronica spicataspicata, , 
inin xericxeric slopesslopes: : ArtemisiaArtemisia sppspp., ., 
StipaStipa lessingianalessingiana, , PoaPoa bulbosabulbosa, , 
CaraganaCaragana sppspp., ., ephemeroideephemeroide: : 
EremurusEremurus sppspp., ., TulipaTulipa sppspp..
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The E The E PalearcticPalearctic forestforest--steppesteppe: : thethe borealboreal forestforest –– meadowmeadowsteppesteppecontactcontact
ExamplesExamplesfromfrom TurkmenistanTurkmenistan toto MongoliaMongolia

KazakhstanKazakhstan: : DzhungarianDzhungarian AlaAla--tootoo
TwoTwo typicaltypical semisemi--aridarid habitathabitat typestypes::
(i)(i) TallTall forbforb meadowmeadowsteppesteppewithwith PeucedanumPeucedanum, , 

LibanotisLibanotis, , PrangosPrangos sppspp. (. (ApiaceaeApiaceae) and ) and 
AsterAster ((sectsect. . GalatellaGalatella) ) sppspp., ., compostioncompostionandand
structurestructure likelike Pannonian Pannonian PeucedanoPeucedano--
AsteretumAsteretum ((similarsimilar associationsassociationsalsoalsoinin
European S European S RussiaRussiaand S and S SiberiaSiberia..

(ii)(ii) RosariaRosaria: : dwarfdwarf scrubbyscrubby vegetationvegetationwithwith
Rosa, Rosa, SpiraeaSpiraea
CotoneasterCotoneaster,,
AmygdalusAmygdalus sppspp., ., 
RosaRosa sectsect. . 
spinosissimaspinosissima..
withwith inclusedincluseddrydry
grassygrassypatches +patches +
chamaephytachamaephyta
((DracocephalumDracocephalum,,
ZizyphoraZizyphora sppspp.).)
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The E The E PalearcticPalearctic forestforest--steppesteppe: : thethe borealboreal forestforest –– meadowmeadowsteppesteppecontactcontact
ExamplesExamplesfromfrom TurkmenistanTurkmenistan toto MongoliaMongolia MongoliaMongolia –– northernnorthern lightlight taigataiga

LightLight --penetratedpenetratedLarixLarix sibiricasibirica
withwith inclusedinclusedtalltall grassgrass–– talltall forbforb
meadowmeadowsteppessteppes: : extremelyextremely highhigh
species species diversitydiversity inin plantsplants
((AconitumAconitum barbatumbarbatum,, ArtemisiaArtemisia
laciniatalaciniata,, CampanulaCampanula glomerataglomerata,,
DelphiniumDelphinium elatumelatum, , DianthusDianthus
superbussuperbus, , LathyrusLathyrus versicolorversicolor, , 
SchizonepetaSchizonepeta multifidamultifida, , TrifoliumTrifolium
lupinasterlupinaster) ) butbut alsoalsoinin insectsinsects, , e.ge.g. . 
butterfliesbutterflies and and noctuidnoctuid mothsmoths
((ParnassiusParnassius nomionnomion, , BrenthisBrenthis inoino, , 
NeptisNeptis rivularisrivularis, , ErebiaErebia nerieneneriene, , 
AriciaAricia eumedoneumedon, A. , A. artaxerxesartaxerxes, , 
PseudohermonassaPseudohermonassa cicatricosacicatricosa, P. , P. 
melancholicamelancholica, , NoctuaNoctua chardinyichardinyi, , 
PrognorismaPrognorisma albifurcaalbifurca, , 
LedereragrotisLedereragrotis difficilisdifficilis, , 
PanchrysiaPanchrysia divesdives, P. , P. ornataornata, , 
PolychrysiaPolychrysia esmeraldaesmeralda,, etcetc..))
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The E The E PalearcticPalearctic forestforest--steppesteppe: : thethe borealboreal forestforest –– meadowmeadowsteppesteppecontactcontact
ExamplesExamplesfromfrom TurkmenistanTurkmenistan toto MongoliaMongolia
MongoliaMongolia
DiverseDiversetypestypesof mountain of mountain steppessteppesfromfrom N N 
((ChentejChentej MtsMts.) .) toto W (W (ChasagtChasagtChajrchanChajrchan), ), 
substratesubstrate--dependentdependent((graniticgranitic vs. vs. calcareouscalcareous
rocksrocks) ) withwith largelarge elevationalelevationalgradientsgradients ––
manymany W W PalaearcticPalaearcticconnectionsconnections((Echinops Echinops 
ruthenicus, Galiumruthenicus, Galium verumverum, , PhlomisPhlomis tuberosatuberosa, , 
Pulsatilla patens, Pseudolysimachion Pulsatilla patens, Pseudolysimachion 
incanum, Dracocephalum ruyschianaincanum, Dracocephalum ruyschiana).).



HighHigh diversitydiversity of of faunalfaunal typestypes. . 

The The EastEast Alpine, Alpine, IllyrianIllyrian , , 
Dacian, Dacian, CarpathianCarpathian, , HoloHolo--
and and PontoPonto--MediterraneanMediterranean andand
PontoPonto--PannonianPannonianinfluencesinfluences
mostlymostly overlap overlap atat thethe edgesedgesof of 
thethe lowlandlowland and and hillyhilly areasareasinin
SW and NE SW and NE partsparts of of thethe
CarpathianCarpathian basinbasin..
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The organisation of The organisation of communitycommunity--complexescomplexesof the of the PannonianPannonianforestforest--
steppe connected by steppe connected by habitat habitat ecotonesecotonesresulted in the overlap of several resulted in the overlap of several 
different faunal types, e.g. Mediterranean, different faunal types, e.g. Mediterranean, BalkanicBalkanic, Siberian, Ponto, Siberian, Ponto--
Caspian, PontoCaspian, Ponto--PannonianPannonian, , TuranoTurano--EremicEremic and and XeromontaneXeromontane
elements. Especially the hilly areas of transitional climatic coelements. Especially the hilly areas of transitional climatic conditions, nditions, 
surrounding the surrounding the PannonianPannonianlowland are populated by numerous, lowland are populated by numerous, 
biogeographically important species and communities, e.g. the biogeographically important species and communities, e.g. the 
lanuginose and Turkey oak forestslanuginose and Turkey oak forests, and also the , and also the steppicsteppicoak forests of oak forests of 
sandy ridgessandy ridges. . 
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Southern continental speciesSouthern continental speciesin hardwood gallery in hardwood gallery 
forests: example forests: example –– Euphydryas maturnaEuphydryas maturna VU VU --
Connected with fringe structures with young Connected with fringe structures with young Fraxinus Fraxinus 
angustifoliaangustifolia, with scrubs of Ligustrum (larval food , with scrubs of Ligustrum (larval food 
plants), plants), Cornus sanguinea, Acer tataricumCornus sanguinea, Acer tataricum (nectar (nectar 
sources).sources).The populations need The populations need 
complex habitat structures, thuscomplex habitat structures, thus
its occurrence signalises a highits occurrence signalises a high
species diversity  (umbrella sp.)!species diversity  (umbrella sp.)!
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The Pannonian lowland steppic forests usually The Pannonian lowland steppic forests usually 
are lightare light--penetrated stands with inclused penetrated stands with inclused 
edaphic (alkali, sandy, loess) grasslands.edaphic (alkali, sandy, loess) grasslands.
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The lowland steppic forests have a broad contact zone withThe lowland steppic forests have a broad contact zone with
the subthe sub--MediterraneanMediterranean--Balkanic TurkeyBalkanic Turkey--sessile oak woods.sessile oak woods.
Thus, they have similar species composition. Flagship sp.:Thus, they have similar species composition. Flagship sp.:
Dioszeghyana sch. schmidtii Dioszeghyana sch. schmidtii (Di(Dióószeghy, 1935)szeghy, 1935)
Habitats:Habitats: PannonianPannonian--Balkanic TurkeyBalkanic Turkey--sessile oak forests. sessile oak forests. 
Range: Marginal areas of Pannonian lowland, zonal Turkey Range: Marginal areas of Pannonian lowland, zonal Turkey 
oak forests of suboak forests of sub--Mediterranean hilly regions at the N Mediterranean hilly regions at the N 
Middle range, S Slovakia, Romania (Banat), Balkans, Asia Middle range, S Slovakia, Romania (Banat), Balkans, Asia 
Minor. Umbrella sp.: coMinor. Umbrella sp.: co--occurs with numerous suboccurs with numerous sub--
Mediterranean species: Mediterranean species: Paraboarmia viertlii, Marumba Paraboarmia viertlii, Marumba 
quercus, Asphalia ruficollis, Catocala nymphagoga, quercus, Asphalia ruficollis, Catocala nymphagoga, etc.etc.



Biogeographical connectionsBiogeographical connectionsof Pannonian steppic woodsof Pannonian steppic woods

••

•

Pannonian lanuginose oak forests are the northernmost 
„foreposts” of a Balkanic light penetrated formation.
Numerous species reach in this region a N-most boundary! 
A flagship species: Erannis a. ankeraria Staudinger, 1861
Habitat: Lanuginose oak scrub forests. Life cycle: early 
spring flying period, ♀♀ flightless. Range: S slopes of 
Middle Range with sub-Mediterranean climatic influences; 
S Slovakia, Balkans, S Italy. Taxonomically isolated relict 
sp. of the Mediterranean ”winter fauna”. Umbrella spp.: 
co-occur with numerous sub-Mediterranean spp.: Phalera 
bucephaloides,  Rileyana fovea,  Asteroscopus syriacus 
decipulae, etc.
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The lanuginose oak steppic forests The lanuginose oak steppic forests 
belong to the subbelong to the sub--Mediterranean  Mediterranean  
collinecolline--submontane level of the submontane level of the 
Middle Range. Usually, they are Middle Range. Usually, they are 
forming typical mosaic complexes forming typical mosaic complexes 
with the Pannonian rupicolous with the Pannonian rupicolous 
and steppic grasslands or even and steppic grasslands or even 
with Pannonian semiwith Pannonian semi--dry swards. dry swards. 
Thus, they belong to the habitats Thus, they belong to the habitats 
with the highest species diversity.with the highest species diversity.
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The Pannonian steppic oak forests are forming habitat mosaics wiThe Pannonian steppic oak forests are forming habitat mosaics with Pannonian th Pannonian 
grasslands: Pannonian rupicolous grasslands, subgrasslands: Pannonian rupicolous grasslands, sub--Pannonian steppic grasslands Pannonian steppic grasslands 
and Pannonian semiand Pannonian semi--dry grasslands.dry grasslands.
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Endemic subspecies of a Ponto-Mediterranean-Turkestanic sp.: Melitaea ornata
kovacsi Varga 1967, specialised on Cirsium pannonicum. This endemic subsp. needs 
mosaic habitats with semi-shadowed patches for aestivation of larvae in hot 
summer period. The habitat is also an endemic Pannonian habitat type: Cirsio-
Brachypodion alliance, with structural similarity t o continental meadow steppes.
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The steppicThe steppic-- and semiand semi--dry sward mosaic habitats with abundant fringe structures dry sward mosaic habitats with abundant fringe structures 
usually have an extreme high biodiversity with cousually have an extreme high biodiversity with co--occurrence of several Pontooccurrence of several Ponto--
Pannonian spp., incl. also some endemic subspecies or Pannonian spp., incl. also some endemic subspecies or ”” micromicro”” --species. Some of species. Some of 
these steppic spp. are important tools of biodiversity as foodthese steppic spp. are important tools of biodiversity as food--plants of special plants of special 
herbivorous insects, as: herbivorous insects, as: Astragalus exscapus, A. dasyanthus, Cirsium pannonicum, Astragalus exscapus, A. dasyanthus, Cirsium pannonicum, 
Onobrychis arenaria. Onobrychis arenaria. The food plant specialists often have narrower range than The food plant specialists often have narrower range than 
their food plants, e.g. their food plants, e.g. Cupido osiris, Polyommatus admetus, Zygaena brizae.  Cupido osiris, Polyommatus admetus, Zygaena brizae.  



Some of these food plant specialists have a high biogeographicalSome of these food plant specialists have a high biogeographicalimportance as importance as 
the allopatric siblings of the allopatric siblings of Plebejus pylaonPlebejus pylaon (Fischer(Fischer--Waldheim,1832) superspeciesWaldheim,1832) superspecies
with the Pannonianwith the Pannonian--Balkanic Balkanic P. sephirusP. sephirus (Frivaldszky, 1835) and further spp.(Frivaldszky, 1835) and further spp.
in Iberia, SW Alps, Asia Minor and Levant.in Iberia, SW Alps, Asia Minor and Levant.
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PontoPonto--Pannonian biogeographical Pannonian biogeographical 
connectionsconnections

TheThe rangesrangesof of severalseveralsteppicsteppicspecies extendspecies extend
toto thethe SS Ural Ural MtsMts., ., but theybut they dodo notnot reachreach toto
KazakhstanKazakhstan,  ,  S SiberiaS Siberiaand N and N MongoliaMongolia. . 
TheseThesespecies canspecies canbe be characterisedcharacterisedasas
PontoPonto--Pannonian Pannonian spp.,spp.,richly representedrichly represented
inin thethe steppic habitatssteppic habitatsof of thethe Pannonian Pannonian 
regionregion..

TypicalTypical representantsrepresentantsof of thisthis typetype areare
e.ge.g.  .  IrisIris aphyllaaphylla, , PulsatillaPulsatilla grandisgrandis,,
Linum Linum flavumflavum, , RanunculusRanunculus illyricusillyricus,,
ThymusThymus kosteleckianuskosteleckianus, , etcetc..

Linum Linum flavumflavum

RanunculusRanunculus illyricusillyricus
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Idealised section of a loess medow steppe from Idealised section of a loess medow steppe from 
SE part of Pannonian lowland (Kistompapuszta). SE part of Pannonian lowland (Kistompapuszta). 
Vertical scale: about 10 cm. species from L to R: Vertical scale: about 10 cm. species from L to R: 
Festuca rupicola, Thymus marschallianus, Festuca rupicola, Thymus marschallianus, 
Centaurea spinulosa, Dianthus pontedeae, Centaurea spinulosa, Dianthus pontedeae, 
Salvia  nemorosa, Koeleria cristata, Galium Salvia  nemorosa, Koeleria cristata, Galium 
verum, Thalictrum minus, Festuca rupicola, verum, Thalictrum minus, Festuca rupicola, 
Cruciata glabra,  Phlomis tuberosa,  Cruciata glabra,  Phlomis tuberosa,  
Taraxacum  serotinum, Stipa capillata, Taraxacum  serotinum, Stipa capillata, 
Pseudolysimachion spicatum.Pseudolysimachion spicatum.

Idealised section of a semiIdealised section of a semi--dry sward of Aggtelek karst dry sward of Aggtelek karst 
(J(Jóósvafsvafőő). Vertical scale about 10 cm. Species from L to ). Vertical scale about 10 cm. Species from L to 
R: R: Lathyrus pannonicus, Hypochoeris maculata, Briza Lathyrus pannonicus, Hypochoeris maculata, Briza 
media, Polygala maior, Dianthus pontederae, Jurinea media, Polygala maior, Dianthus pontederae, Jurinea 
mollis, Festuca rupicola, Stipa  joannis, Polygala mollis, Festuca rupicola, Stipa  joannis, Polygala 
maior, Cirsium pannonicum, Adonis vernalis,  Linum maior, Cirsium pannonicum, Adonis vernalis,  Linum 
flavum, Brachypodium pinnatum, Pseudolysimachion  flavum, Brachypodium pinnatum, Pseudolysimachion  
spicatum, Thesium linophyllon, Echium maculatum, spicatum, Thesium linophyllon, Echium maculatum, 
Danthonia alpina.Danthonia alpina.
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Fringe structures often appear in formerly mowed, abandoned orchFringe structures often appear in formerly mowed, abandoned orchards ards 
((StreuobstwiesenStreuobstwiesen, s. L pictures) or on abandoned hayfields (R). The light , s. L pictures) or on abandoned hayfields (R). The light 
relations are often similar to the naturerelations are often similar to the nature--like forestlike forest--steppe (semisteppe (semi--shadow).shadow).



Natural, light penetrated steppic forest withNatural, light penetrated steppic forest with
edaphic gaps and edaphic gaps and ”” inner fringesinner fringes””

Closed, semiClosed, semi--cultural forest with narrow fringe  cultural forest with narrow fringe  
contacted with traditionally used grasslandcontacted with traditionally used grassland

After abandoning extension of fringeAfter abandoning extension of fringe--like structures (like structures („„VersaumungVersaumung”” ) ) 
patchy dynamics of tall forbs and polycormons (examples below) patchy dynamics of tall forbs and polycormons (examples below) 

Change of vegetation in a colline forest steppe sigma-community
due to traditional use and after abandoning
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The earlier The earlier ‘‘‘‘ treetree--less tundraless tundra’’’’ models for Europe north of the transverse mountain ranges of models for Europe north of the transverse mountain ranges of 
the Pyrenees, Alps and Carpathians have been questioned by survethe Pyrenees, Alps and Carpathians have been questioned by surveys of the Late Pleistocene ys of the Late Pleistocene 
Mammalian faunaMammalian fauna. T. The he carrying capacitycarrying capacity adequate to feed the herds of large herbivores adequate to feed the herds of large herbivores 
demands a rather productive environment, like the colddemands a rather productive environment, like the cold--continental meadow steppes in continental meadow steppes in 
southern Siberia and northern Mongolia.southern Siberia and northern Mongolia.The tundroThe tundro--steppic areas of E Europesteppic areas of E Europe
and the mountain belts of Central Asia were connected and and the mountain belts of Central Asia were connected and nonanalogue communitiesnonanalogue communities
have establishedhave establishedby mixing of tundral, steppic and eremicby mixing of tundral, steppic and eremic--oreal elementsoreal elements(e.g. (e.g. Lemmus Lemmus and and 
Dicrostonyx Dicrostonyx spp. together with spp. together with Citellus,Citellus, Allactaga, Sicista, Lagurus, Marmota Allactaga, Sicista, Lagurus, Marmota and and OchotonaOchotona). ). 
This habitat type appears to have included also species from decThis habitat type appears to have included also species from deciduous woodland, e.g. iduous woodland, e.g. 
Clethrionomys glareolus Clethrionomys glareolus and and Apodemus sylvaticusApodemus sylvaticus..

Paleoecological setting of the LGMPaleoecological setting of the LGM
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Between 22,000 and 20,000 yr BP: Between 22,000 and 20,000 yr BP: decline of thermophilous speciesdecline of thermophilous species
and expansion of a and expansion of a kryokryo--xerophilousxerophilous, , xeromontane xeromontane element, element, Vallonia Vallonia 
tenuilabris tenuilabris was shown,  together with the boreowas shown,  together with the boreo––Alpine/montane Alpine/montane 
Columella columellaColumella columella. The dominance of the kryophilous gastropods . The dominance of the kryophilous gastropods 
reached values of 80% in the northern parts of the Carpathian bareached values of 80% in the northern parts of the Carpathian basin sin 
while dominance of the same group was about 40% in the southern while dominance of the same group was about 40% in the southern parts. parts. 
The The ″″gastropodgastropod--thermometerthermometer″″ developed by Krolopp and Sdeveloped by Krolopp and Süümegi showsmegi shows
a mean July temperature about 11a mean July temperature about 11--12oC in the northern and 1312oC in the northern and 13--14oC in 14oC in 
the the southern part of the basin during the southern part of the basin during the LGMLGM..

Würm interstadial Last Glacial Maximum
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E and S Carpathians have been repeatedly pointed out as an E and S Carpathians have been repeatedly pointed out as an important glacial important glacial 
refuge arearefuge area, from which trees started to migrate at the beginning of the Ho, from which trees started to migrate at the beginning of the Holocene locene 
(e.g. Huntley (e.g. Huntley && Birks 1983; Bennett Birks 1983; Bennett et al.et al. 1991; Huntley 1993; Willis 1994). 1991; Huntley 1993; Willis 1994). 
Dynamic change and mixture of taiga, steppe Dynamic change and mixture of taiga, steppe 
and tundra species has repeatedly occurredand tundra species has repeatedly occurred
along a zonealong a zone--ecotone of ecotone of „„mammouthmammouth--steppesteppe
and boreal forest withand boreal forest withhigh biodiversity andhigh biodiversity and
primary productionprimary production(Kretzoi 1977!).(Kretzoi 1977!).
″″GastropodGastropod--thermometerthermometer″″ (Krolopp (Krolopp && SSüümegi ): megi ): 
mean July temperature: 11mean July temperature: 11--1212ooC in the N and C in the N and 
1313--1414ooC in the S part of the basin during the C in the S part of the basin during the LGMLGM..

wildfireswildfires

Podzolic soilPodzolic soil
Spruce forestSpruce forest

Temperature decreasedTemperature decreased
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Dark green fields: European coniferous forest Dark green fields: European coniferous forest refugiarefugia ((Schmitt Schmitt && HaubrichHaubrich 2008)2008). . 
Light green field with brown arrows: the Northern Carpathian arbLight green field with brown arrows: the Northern Carpathian arboreal oreal refugiumrefugium
with expansion routes of boreal species (coniferous trees, with expansion routes of boreal species (coniferous trees, BBrownrown BBear, ear, Bank Bank VoleVole, , 
etcetc.). .). Grey circles with blue arrows: Grey circles with blue arrows: refugiarefugia of the of the BBeecheechwith important postwith important post --
glacial expansion routes (glacial expansion routes (MagriMagri et alet al.. 2006; 2006; MagriMagri 2007)2007). . Light brown patches: Light brown patches: 
Eastern European boreal forest Eastern European boreal forest refugiarefugia during the LGM (from various sources)during the LGM (from various sources)..
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Extra-Mediterranean refugia:
1 Dogger-, Channel-, Atlantic land (Beirne)
2 W of the W Alps (Erebia medusa)
3 Black Forest (Microtus arvalis)
4 Southern Moravia (Pollen + Macrofossils)
5 Northern Carpathians (Vipera berus,

Ursus arctos, Chlethrionomys glareolus, 
Parnassius mnemosyne, etc.)

6 Bátorliget (Pollen + Macrofossils)
7 Mti Apuseni (Lumbricidae, 
8 SE Carpathians (Bombina variegata)

Sorex araneus, Ursus arctos, Chlethrionomys 
rutilus, Cricetus cricetus

9 S Carpathians (Bombina variegata)
10 Stara Planina – Thracian Massiv
11 SE Alps – Illyrian (Bombina variegata,

Rana arvalis, Erebia medusa, Vipera 
berus …)

12 Moesicum (Cricetus cricetus,  Mus
spicilegus,  

13 W Greece – Macedonia (Quercus spp.,
14 S Urals (Sorex araneus, Cricetus

cricetus, Chlethrionomys glareolus)
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The eastern main clade of the Clouded Apollo 
(Parnassius mnemosyne) is subdivided into four
(2 + 2 : BGCT/W and EN/EEER) main groups of 
mtDNS CO1 haplotypes. Outgroup: the W 
European main clade of the species (A)
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From the four main mtDNA haplogroups of the eastern main cladeof the
Clouded Apollo (Parnassius mnemosyne) three occur in the Carpathian basin:
a western subgroup expanding fromthe eastern margin of the Alps (blue), 
an eastern central European (red/pink), and also a northern subgroup expanding
northwards from the Carpathian basin (orange/yellow). They are geographically
and also ecologically separated fromthe southern Balcanic populations

GrattonGratton et et alal.. 20082008
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AnatomyAnatomy of of thethe rangerange

Long Long distancedistanceexpansionexpansion
FounderFounder eventsevents
PopulationPopulation growthgrowth
ColdCold stressstress

MergingMerging of of evolutionaryevolutionary
lineslines

StabilityStability of of populationspopulations
geneticgeneticdriftdrift
Local Local adaptationsadaptations
AridityAridity stressstress

AllopatricAllopatric speciationspeciationis is generallygenerally a a slowslow processprocess, , thusthus stronglystrongly differentiateddifferentiated
taxa taxa cancan onlyonly evolveevolveinin refugiarefugia withwith survivalsurvival potentialpotential bothboth inin coldcold and and warmwarm
climaticclimatic phasesphases((”” doubledouble refugialrefugial effecteffect”” ). ). PhylogeographicPhylogeographicsurveyssurveyshavehaveshownshown
shallowshallow diffentiationsdiffentiations onlyonly, , contrastingcontrasting withwith thethe stronglystrongly differentiateddifferentiated
populationspopulations of of lowerlower latitudeslatitudes. . 

Hampe & Petit 2003
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Steppic woods and their contact grassland types Steppic woods and their contact grassland types 
are essential components of the Pannonian are essential components of the Pannonian 
natural and traditional cultural landscape. natural and traditional cultural landscape. 
They are habitat types with high national They are habitat types with high national 
responsibility of Hungary as parts of our responsibility of Hungary as parts of our 

natural and cultural heritage.natural and cultural heritage.



Thank you for your attention!Thank you for your attention!


