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M-y dry grasslands (Mesobrometum) in S\ü' Germany are characterized by a high 7o of submediter-

ranean and subcontinental plant and animal species. A phenological analysis ({lovrering times of
entomophilous plants, flight activities of Hymenoptera: Apoidea and Lrpidoptera) yields 4 seasonal

periods named by the area-geographical centre of their species: eurosiberian period (II[, [V); submediter-

ranean period (V VI)t e"rosibirian period (Vtr); eurosiberian period with subcontinental and

submediterranean elements (VItr, D0. Vegetation, Apido- and kpidofauna of the same area tyPe

correspond in their phenology (co-phenology). The flower-visiting insects o{ the studied area prgfer

plants ofthe same geoele-ettt. The results are based on 1500 data of flovrer-visiting bees, 800 of butterflies

and many referenies from bibliographical data. It is shov,,n that the history of the flora and fauna is

imponant for the interpretation of the flovrer-visiting communities.

Key words: Hymenoptera: Apoidea, kpidoptera, Mesobrometum. - Flower visitor preferences,

biogeography.

1 Introduction

Many dry grasslands in SW'Germany are characterizrdby a high o/o of submediterranean [smt]l and

subcLntinental [sctf plant and animal species [Strohm 1933, Wilmanns 1977].In the study area (Fig 1)

459o of all entomophilous plant species are pan of the smt and 16"/o oI the sct flora element (Fig 2).

In the case of bees, 12 7o belong to the smt fauna element, 4 o/o to the sct, in the case of butterflies 18 7o

to the smt and l2o/o to the sct element (Fig 2); details in Kratochwil [198aa].
These species live here at the border of their area-geographicd centre of distribution. The occurrence

of r-t äd sct species in Central Europe can only be understood in the light of the history of flora and

fauna of the poitglacial period: in the late wuerm glacial period continental steppe species migratedto

Central Europe; then in the postglacial warm period smt species followed. These smt and the sct species

novr er<ist in Central Europe only in some microclimatically favoured habitat islands.

The following 2 questions are considered:
(a) Do plantip..i.r and flovrer-visiting insects of different systematical rank but of the same

^t"ityprhave 
an analogous phenology, and is it possible to correlate this phenology with

seasonal climatic conditions of their aree of origin and area-geographical centre?
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(b) Are there any indications of a co-adaptive system where flowering plant species are visited
by those insects which belong to the same geoelement and vice versaf

2 Methods and Materials

2.1 Study area

The study area has a size of 4000 m2 and is situated in the centre of the "Kaiserstuhl", a volcanic loess-
covered mountain island of about 100 km2 lying in the plains of the Rhine near Freiburg (Fig 1, 2). The
vegetation of the steep, southwards facing slope represents a fallow dry grassland complex surrounded
by shrubbery ("coat") communities of the Rhamno-Prunetea and by oak-hornbeam woods (Querco-
Carpinetum luzuletosum). Abandoned by farmers, these grasslands developed into a species-rich plant
community composed of grassland species and - by succession - tall herb ("hem") species [lüTilmanns
1975, Kratochwil 1983, Wilmanns Er Kratochwil 19831. Syntaxonomically the "hem" species belong to
the Trifolio-Geranietea, Glechometalia and Epilobietea. Prior to the abandonment of thi gnsslands such
"hem" species lived only on forest edges or inside thin forests. In phytosociological terminology the dry
grasslands in this study area are called Mesobrometum globularietosum and Mesobrometum
primuletosum, both with "hem" species [Kratochwil 1984a, b]. At the base of the slope grovrs a fallow
tall oatgrass meadovr (Arrhenatheretum with "hem" species).

2.2 Flower visitors

In the course of 2 years 3600 flower-visiting insects (Hymenoptera, lrpidopten, Diptera, Coleoptera)
were observed visiting 71 different plant species. The high diversity of species is demonstrated by the
fact that 128 bee species-and 56 butterfly species (Rhopalocera, Hesperiidae, Zygaenidae) were recorded
in an area only 4000 m2.
'We have analysed 1500 data of florrrcr-visiting bees observed in the study area, and many references from
bibliographical data. 800 flovver visits of butterflies from the study area were ev.aluated and references
to nectar plants, rare in the lepidopterological papers, were added.

3 Results and Discussion

3.1 Phenology of entomophilous plants, bees and butterflies

In the course of the year the entomophilous plant species reveal a continuous staggering of
flowering times. Over the 2 years the sequence was largely constant. The same facts can be
demonstrated concerning the phenology of bees and butterflies: The different genera of
Hymenoptera: Apoidea, as well as their species, show special flight activities, staggered in the
course ofthe year, too. Spring is characterized by the appearance of many solitary bees. For
o(ample, the genus Andrma is represented in the study area by 39 species, and the genus
Ovniaby 8 species. In summer social bee species dominate in very high individual numbers,
for example, Bornbus (10 species) and Halictusftzsioglossum (30 species including solitary
species). Most of the bees have their nesting sites within the study area or in the immediate
neighbourhood. Their home range (except Bombus) is limited.
Analogous to the bees, the butterflies also show a seasonal staggering of the flight and flower-
visiting activities.
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Fig l: The study area, 
" 

d.y gÄl"rrd in the centre of the Kaiserstuhl (S\fl' Germany). - (a) Meso-
brometum globularietosum, (b) Mesobrometum primuletosum, (c) Arrhenatheretum.

(tl
FAUNA ELEMENT

69v"
BUTTER-

FLI ES
n=56

Fig 2: The localization of the study area in Central Europe and the % of entomophilous plant species
and bee and butterfly species belonging to different geoelements [Hymenopten: Apoidea/kpidopten].

- (The species and their area-geogrephical centre of distribution are recorded in Kratochwil 1984a).
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3.2 Area-geognphical analysis of phenology

In combination with plant phenology the area-geographical analysis yields 4 seasonal periods
named by the area-geographical centre of their species: the flowering of eurosiberian lesb]3
species in March and April UI, IVl4, the flowering of smt species in vI. A flowering of other
esb plant species begins in vII, supplemented by sct speciis in vIII and IX (Tab r).
The question arises whether there are any correlations between the phenology of insects and
their area-geographical distribution as can be noted in the case of plant species In spring, only
esb bee and butterfly species are active, in V and VI smt species.From VII till VIII the fauna
elements are mixed, some smr and sct species appear aside esb species (Tab t).

Tab l: The phenology of vegetation (flowering time) and the seasonal flight activities of Apido- and
kpidofauna with respect to biogeographical aspects.

MARCH apRrL I ilay I JUNE I JULY I auGusr ISEPTEHBER

VE6€TATION

ttor€ring ot ftore.ing of floyering of
EUROSTAERIAN SUAMEDTfERRANEAN 6UP0S/BER|AN species

speci€s species supptem€nt€d bt
SUSCONfI NEN IAL
speci€s

APIDOFAUNA

EUROSIEERIAN SUAMEDIfERRANEAN Eurcs/B€PIAN
touno fquno touno eteneni

€len€nt etenent supplement€d by

SUAMEDII€RRANEAN

dnd SUBCoNIINENIAL
5pe(ies

TEPIOOFAUNA

EUROSIEERIAN SUAMEDIIERRANEAN EUROSI BERI AN
founq touno founo elenent

et€nent etement suppl€mented by

SU AMEDIfERRANEAN

ond SUgCONTINENfAL

sge(ies

esb esb I esb+smt+sctsml

The phenological analysis (flovrcring times of entomophilous plants, flight activities of bees
and butterflies) yields 4 seasonal periods named by the area-geographical centre of their
species: esb period (U, IV), smt period (V VD, esb period (VII), esb period with smt and sct
elements (VIII, D() (Tab 1). Vegetation, Apido- and kpidofauna of the same area rype corres-
pond in their phenology. It is a reasonable assumption to correlate these seasonal activities
of different plant species and flower-visiting insects with the predominant climatic conditions
in the geographicd centre of their distribution area due to the:

- long vegetation period in the temperate esb area,

- limitation of the vegetation period in the smt and sct area to spring, early summer and
autumn because of the high temperature and drought in the summer [\üalter & Lieth
19601.

3 eurosiberian; in further text: esb
a March, April; names of months in further torr: III, ry V ... XII
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It seems that even at the edge of their disribution area the phenological behaviour of the
studied plant and insect species is similar to their behaviour in their area-geographical centre.

The flowering period (V) of the following smt species is nearly identical in the study area and

in the centre of the smt area, for example Diantbus cartbusianorum L. (Caryophyllaceae),
Hitnantoglossurn hircinum (L.) Spreng. (Orchidaceae), Hippooepis cornosa L. (Fabaceae),

Onobrycbis aiciifolia Scop. (Fabaceae), Saloia pratmsis L. (Labiatae) (phenology in the smt
area based on Pignatti 1982).

3.3 The flower-visiting behaviour of bees and butterflies with respect
to biogeographical aspects

Phenological staggering of flowering periods and flight activities may be caused by climatic
factors which restrict the phenological behaviour of species occurring in the same geoele-

ment. Hov/ever, in such species-rich communities, the phenology could also be conceivably
caused by competition between species. Coexistence of many species of different area types
is possible, provided there are special adaptations leading to competitive exclusion. Such
features can be termed "preadaptations for coo<istence". One preadaptation could be the
preference of a plant species for a special group of flower-visiting insects of the same area type
and vice versa. The following is a brief representation of some flower-ecological results with
respect to biogeographical aspects and restricted m the esb, smt and sct element.

3.3.1 Eurosiberian element

The bee species as well as some butterfly species with esb distribution show a preference for
esb plant species despite the fact that some smt and sct plant species are flowering in the same

locality and at the same time. This does not only apply m stenanthic bees or butterflies, ie
species which show a preference for only a few pollen and nectar plants, but also to some
euryanthic species (species which visit a wide spectrum of plant species).

The esb entomophilous plant species which are visited by esb insects are (Tab 2):

(A) plant species living originally in river plains.

Some of the Anlrena species (oramples mentioned in Tab 2) te characterizcd by a preferen ce for Potm'
tilh tabenucmonani Aschers. (Rosaceae) which lived originally in drier pans of river plains, for oram-

ple, as in plant communities of river banks, and Veronica chamacdtyL. (Scrophulariaceae) which lived

ior o.-pl. itr *.rt€r parrs of river plains [Trlller 1954). Other Andrma species (Tab 2: examples) prefer

willovrs (Salrr). River plains are also the original habitats of many &/ir species.

The preference of bees for plant species which live under natural conditions on river plains suppons

the conclusion, that the rivers Rhine, Rh6ne and Danube represented important migration paths during
the postglacial recolonization of Central Europe [Stoeckhert 1954] (Fig. 2).

(B) plant species living originally in forests or in ecotones of forests (tall herb = "hem" com-

munities, shrubbery : "coat" communities).

Andrna latbyriAlfken 1899 prefers to visit the flowers of. lztbyus montantsBernh. (Fabaceae) grovring

in oak-hornbeam-woods (QuercoCarpinetum) but also in "hem" communities, or Vicia sepfum L.
(Fabaceae), a typical "hem" species. In beech-woods rich in Latbyr*s oenas (L.) (Lathyri-Fagetum)

Andretta ktlryi Nfken 1899 visits this plant.
The preferred nectar source of Iep tilea sinapisLinnaeus 1758 (Pieridae) is also latbyvs monunus Bernh.,

or species of thin forests (eg Viok ipinizna Rchb.) füfiklund l977J.In meadows this butterfly visits
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usually yellow Fabaceae, e g Lotas cornicaktus L. The larvae feed prefenbly on Lathyus pratensis L., a
species living in meadows but originally in ecotones of flood plain forests lZoller irs+1.
Many esb- butterfly species (Tab 2: examples) visit tall herb ("hem") and shrubbery ("coat") species as
sources of nectar. The original habitat ofthese plants are thin forests or the edges of woodland.'Tlre larvae
of Arascbnia hoana Linnaeus 1758, but also some Nymphalidae widespread in Europe like Inacbis io
Linnaeus 1758 and Aghis urticae Linnaeus 1758 feed monophagously on (Jrtica dioiiaL., which lives
originally in tall herb communities of river banks or in thin riparian alluvial forests. It could be possible,
that - as in group (A) - the original habitat of such butterfly species was also a river plain.

Tab 2: Bee and butterfly species of the esb fauna element and their flower-visiting preferences [Hymeno-
ptera: Apoidea/trpidopteral (area-geographical distribution of plant species in tab 2-6 according
Meusel, Jäger & Veinert [1965 ffl, Oberdorfer [1978] and Tnller[1964]). - a) examples of the srudy area,
b) o<amples of other study sites and habitats in Central Europe (references are mostly bibliographical
data).
1) occurs in Central and rJt'estern Europe,
2) occurs in Central Europe mainly, but also in the sct area (absent from the nofthern part of Europe),
3) widespread throughout Europe mainly Central Europe, its range not extending eastwards to Siberia,
4) grows in immediate neighbourhood of the dry gnssland,
5) widespread throughout Europe mainly Central Europe, its range extending eastward to Siberia,
6) occurs in Central Europe mainly, but also in the smt area (absent from the nonhern part of Europe),
7) visits also some Compositae,
8) visits also Labiatae,
9) occurs also in the sct region.

EUROSIBERIAN ELEMENT

euroslberlan flower vlsltors (Hymenoptefa Apoidea, Lepidoptera/imagines) preferring:
1) eurosLberlan pl-ant species llving orlginally in riverplains:

Potentilla toberuaont@i Aschels. / Vetonica chowdtys L.

al Andrerc faleifica Perkins 1915

And"ena B@nd,e?sella Perkirc 191\
( = aemilaetsie P'erez 1903)

Andzru etrolnelZa Stoeckhert 1928 1

Andrm anbopaca Nylmder 18\8

And,rerc oirid,eacens viereck 1916 2

Irt;aLe srj,

a) Andterc gwida rnnott t83z 2

Andrerc lamryhoa (Fabricius 1?81)

Andrerc helto'l.a (Linnaeus 1?58)

Andrew jacobi Perkins 1!21 5

( = eabuloea (scopol.i 1?63) )

Andxeru otrctnelZa Stoeckhert '1928 1

Andnaa subopaca Nylander 18118

Polggonia c-albwn Linnaets 1?58 5

(s. also 2)

bl Andrmd Labiata Fabricius t78t 3

eurosiberlan fttrer vlsltors (Hlmenoptera Apoidea, Lepldoptera,/inaglnes) preferrtng!
2) eurosiberlm plant specj.es livlng ln forests, in ecotones of forests or in fallow

grasslands (tall herb comunlties, shrubbery = "coat" comultles)

I4thyne nont@ua Bemt.. (tathgrue Enue (L.) \

al Andveru lathu"i l\7t\.e\ 1899 3

Ieptid.ea eiTapis Lin\deus 1?58 5 (s, also lb)

bl Andrna @icatd sni-tt' 1U17

Andtem clukella (Kirby 1802)

Andrena bimqlatd norüitzi fuoreon t8?z (t.oeo)5

Andnaa ngcthenera Idhoff 1855

Andrm pneeoa (scopori 1?53)

Andrena ruficrue Nyluder 18118

Andnaa oaga P&zer 1?99

Aildw rentrclis Inhoff 1832

col,letee miculnrius ( linnaeus t?6t ) 5
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Tab. 2. Eurosiberian Element (continued)

"coat" species: e.g. Rubua, Crctaegus, hwu|;
a) And,rerc fuloa (lylüttet t766) 1

Aglaie urtlcae Linnreus 1758

Aph@thowe hypemtlws Linnaeus 1758

Arceelmic Leom Lintaeue 1.lJB
AtgAwis pqhia Linnaeus lfJB 6

CoenqAnpha potphilue Lintraeus 17rB r,7

Heod.es titVrus poaa t T5t 6

fmchie io Linnaeus ,l?58

Lbliola iwtirc Lintraeus 1758 r,7
Pierie napi Limaeus 17rlr'7
Pol1goaia c-albwn Lintaets 1?58 5

Thyrelicue eylteatris poda t?51

"hen" species: e.g. Origam üLg@e L,

bl Andtena bueephala Stephens 18!5 1

tutdraa fenoa Snitb 1817 6

Andraa fucata Snith 18bT

Andnru fulvida schenck 1853

Andtqa siwillirc Snith 185j

Andzru eabuloaa t?imew (Kiruy 1802) 5

An&erc tuias (Rossi 1?92)

Apoyid crutaegi Linnaeus 1f!8
Fab"isim adippe Schiffetnü[er tT?5 5,7

'Meeo@idalia aglaja Linnaeus t75B 5

Celaat?irc ugiolue Linnaeus 1f!8 5

P@ege @geyia Limaeus 1?58

Thecl,a betulae Linn@us '1758

Vdesoa atal@ta Linnaeus 1?58 5

eurosiberlan flower visitors (Hlmenoptera Apoldea, Leptdoptera,/imagines) preferring:
3) eurosiberlan plant specles living ln meadws

a) wlth origlnal distributlon 1n foregts (especialty rlverplains)

Cudorine prctensia L. (ed. Alliryia petiolqta (M.8. )cav, et G.. )

a, klthochsis cqzdudnea Linneeus 1?58 5

Wimla-, Viol,a-species ( ait "heu"-species )

al Gdeptergs rhmi tiwreus t7585

bl Dtfurea datitntyis (rytoaer rgLg)
Duf,nrea inemis (Nytüder 1g\g)

bl An&w clwydopyga schenck 1853

Andrm dential,4üc ( Kilby 1 go2 )
Daepoda hi?tipea (reblicius 1?93) 5

eurosiberlan fl.wer visitors (Hymenoptera Apoideä, Leplcloptera/lmaglnes) preferrlng:3) euroslberid plant species livlng in meadtrs:
b) which are polyplold specles, orlglnated before postglacial from altproid specleE
Cary,@ul,a (Gewim)

a, Andreu cwtungul.a fhmon tg?O 2

Andrew pad.elii p.etez lgg.- 6

cheloetom conpaulaw (Kirby lgo2) 3 a"litto hamnlpidalie (Fabriciue 1?Tr)
Cheloetm dietinctm Stoeckbert 1929 2

( = cqtqbvia Benoi st .t 
9 3d )

Cheloetom futiginoem (ruzer t79g) L

Iae.iogLoeem coetalatm (rriechbamer tgT3) 6

2nia ritie Ntrluiter 1952

Nqautia

al Andtem hattorfiw (FabriciuE tT?5) 3 bl Mdrena wg"ircta Febricius t??5 6

Zggam fih:paötzaa Limaeus tTSg

yeIlov Conpositae (e.g. Eierrcim)
al Andrm fu\Mgo (chris:- .t791) 3

Andrerc latrilia Iühoff 1832 3

Dufowea ulgarie (schenck tg59)
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Tab 2. Eurosiberian Element (continued)

Lasioglolsw panulm (scnenct t853) 2

( = ninutm Schrmk 1781)

Laeiogloeem oiLloeuLm lrirtv tSoa) 5

osnia spinulox (Kirby 1802) 3

Pmwgus calca?atua (scopori 1163) 3

Fabaceae (e.g. tptue, Trifolim)

al Megachile citcwincta (Kitby 1802)

Megachlle oersicolot (saith 18!\)

fTvclaed bgssina lPuzer 1798)

Cyaniria serm)atgus Rottenburg 1?75

upido winims Fuessli l?75 ( ? )

Ergnnie tages Linnaeus 1758 
' ?,)

Leptidu sinapis Linnaeus 1758 5

Papilio rcelaon Linnaeus 1?58 5

PoLVoMtus ic@s Rottenburg 1775 5

Heriadee ttuncotw (Linnaeus 1758) 3

LaeiogLosem Leueozonim (scrrrmt t?8t) 5

Lastogloesm Lucid.ulm (scnenct< t859) )

olnia Leaiaru (ri.ly tSoa) 3

( = pentralis Panzer 1798)

Pffiurgus banksianus (Kirby 1802) 3

b\ Andtena geLriae vu der Vecht 192? 5

Andvena intenedia Ttromson t8?o 5

Andrena Ldbialis (rcirly t8oz1 5

Andtena wilkella (riruy tSoz) 5

Anthidim puctatw Latreille 1809 5

Anthidim strigatm (emzer t8o5) 5

Euce"a Langiconle (Linnaeus 1758) 5

Iasiogloenn punctatissinw (sctrencx t853) 3

Megaehile LeacheLLa curtis 1828 6

Ia6ioglos6@ Lati,entre (scnenct t853) 7

Iasiogloesw Wrctqtie|iw (sctrencr t 853 ) 3

Megachlle Lqchella curtis t8z8 6

( = a"geatata Fabricius 1?93)

MegrchiLe nigritentrts Schenck 1768

Megachile tillughbiella (Kilby 1802)

Melitta Leporina (Pezer 1?99)

MeLitwga elcoieonis (Latreilre 1806)

Eoeres @giades Palfas 1??1 5

3) eurosiberian plant specj-es living ln meadows:

conbination group a and b (original distribution i.n forests, polyploid species)

Fabaceae (e.g. Lotuee r'rifolim), Primla- ed yioz4-species

a, osryia amlenta (Pezer 1?99 ) 6 o) offiid claoiDent?ts (Thobson 1872 )

( = fwensis qmleatd (Pozer 1?99) , oswid coeruLescene (Li.nnaeus 1?58) 5

owia bieolon (schrek 1781 ) \mLa |euconelm (ri"uv tSoz) 5

oeria Puietirc curtis 1828

osfrid @tlDreLM (Kirby 1902)

(C) plant species living in meadov/s.
(a) species with original distribution in forests

Some plant species which live today in meadows are derived from woodland species. This is proved by

cybtaxonomical oraminations, for example, in the case of Cardarnine pratensis L. (Cruciferae) [Dersch
1'9691. Insects which prefer flowers of Cardamine should originally be woodland species, such as

Anthochais c4rdnmines Linnaeus 1758 (Pieridae).

This assumption is corroborated by the observation of lViklund 6c Ahrberg [1978], that the preferred

necrar sour;e in Sweden is the woodland and "hem" species Latfuts mont*nus Bernh. Funher indica-

tions that this butterfly is originally a woodland species are provided by the other nectar Plants of

Antbocbais cardaminesLinnaeus 1758 and by the fact that the caterpillars feed preferably onCardamine

pra.tensisl. and on "hem" species like Altiaria petiolau (M.8.) Cav. et Gr. [Viklund & Ahrbery 1978,

bennis 1982, Courtney & Duggan 19831. According rc Dennis ll982f Anthocharis cardzminesLinnaeus

1758 represents in its N' Part of distribution a riverside butterfly (Tab 2: group l).
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Similar preferences are shown by other butterflies, for er<ample Gonqteryx rhamniLinnaeus 1758. In
the study area this species visits Prinila oeris L. by preference, which is originally distributed in Euro-
pean woodlands [Zoller ß54] (Tab 2).

(b) plant species wich are polyploid and widespread and which originated prior to the
postglacial period from diploid species.

Many oligolectic esb bee species visit meadovr species, which are polyploid and widespread and which
originated prior to the postglacial period from diploid plant species, for o<ample the polyploid Knautia.
anensü (L.) Coult. (Dipsacacerc), Campanula (Campanulaceae) all.d Hicracinn species and many other
yellow Compositae [Ehrendorfer 1962a,b, 1970](Tab 3). These plant species, which have existed only
since the postglacial period, are derived from plant species (diploid, entomogamic) which represent relict
species living in the mountains of the mediterranean area (Tab 3). In the glacial period these mountains
were the most important refuges and residua of Central European plant and animal species. 'We assume

that the above mentioned bee species - today with a Central European distribution - preferred the
diploid ancestors in the glacial period. In the postglacial period many plant species originated from dif-
ferent diploid mediterranean species by allopolyploidy and hybridization. These plant species are

characterized by a wide ecological amplitude.
Plant species derived from diploid species in the postglacial period are frequently characterized by
apomixis. Contrary to their diploid ancestors they need no insect pollination. The stenanthic behaviour
of the bee species, which in the postglacial period followed these plant species into Central Europe, can
be interpreted as a relict of a former coevolution.

3.3.2 Submediterranean element

The oligolectic bees of the study area (including references of other study sites and habitats
in Central Europe), which srhibit a smt distribution, prefer blue and violet Compositae,
Cruciferae, Labiatae or Cistaceae (Tab a). These familiae include many plant species
widespread in the smt area. There many Cruciferae, for example, live in coastal regions, on
riversides or rock and ruderal habitats. Many oligolectic bee species have found an abundance
of such feeding sites in the old landscape of the Rhine plain which gives some indications of
the migratory possibilities in the postglacial period.
Bees, shovring a preference for a particular plant family, visit within this family especially
those plant species of the same geoelement. All investigated bee and butterfly species with
smt distribution avoid "hem", "coat" and woodland species when collecting pollen and/or
sucking nectar. These flower visitors prefer smt grassland species. They are furthermore
typical insects of open habitats.

3.3.3 Subcontinental element

Sct bee species prefer e g Boraginaceae (Tab 5). This plant family is represented by many
species in the sct region. In their flovrcr-visiting behaviour, the sct bee and butterfly species

resemble esb species in that they also visit "hem" species.

\üith regard to the spectrum of visited plant species, it seems that the vegetation of riversides
and rocky valley walls are of special importance. Therefore, the valley of the Danube could
have served as a migratory path for such sct species.

lasioglossum lineare (Schenck 1868) widespread in the sct region prefers in the study area

Pulsatilla oulgaris Mill. (Ranunculaceae) which has its area of origin in the sct geoelement.
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Tab 3: Polyploid and in some cases apomictic plant species derived from diploid ancestors by

allopolyploidy or hybridization and s(amples of stenanthic flower visitors [Hymenoptera: Apoidea].

stenethlc bee species Andzuna falaifica Perkins 1915, Andtena sawld.e?selza Perkins 191\ ( = seni\aeois
p6rez 1903), Andrerc sttatnella stoeckhert 1928, Afrd"ena saöopada {ylsder l8lr8,

Andrerc tt?ide9cer6 viereck 1916

preferreil pol-yplold Potentilh tdbetuercnt@i Aschets' ve?dica ch@aeihls L.

plant species (polyploid, alonictic) (polyploid, entonogeic)

diplold (tetraplolal) Potdtilla cine"ed chlix, Veronica pto't@ta L'

ancestors PotentiLLa tmiw F.w.schulz (diploid' entonoSeic)
( di-/tetralLoid, entonogMic ) i
subred. noutain species, and other subned./subcont. species

subnedl, /subcont. species

relict species ' species of glaciel refuges

Etenathlc bee species Andrtu wvrtlgu\4 ThoGon 1870, Andrm pottellei p'erez 1895, CheloetM c@tPa-

auLM (Ki.t\y 1Bo2), Chelostotu distinctm stoeckhert 1929 ( = cantabtica Benoist

1936), CheLoBtM fulig'ino'M (Pezer 1?98), IasiogLoe€M costulatm (KriechbaMer

18ß), osfria riti6 Nyl&iler 1852

preferreatpolyplolal c@rQ@ulamtwdifoliaagg.

plat species (tetlspfoid' ent@ogdic)

allploj.al ilcestors rrl,mceolatee" (thin forests, gr$sleds) (Pyrenees etc')

"sdicolae'r (subned. rock-/grasslsdcomnities)
"Pwillae" (virgia soil pioneer species of doutains)

relict 6pecies, species of glaciel refuges

stenanthlc bee gpeclea btdreu f,altdgo (christ t?91), Andrtuhwilis Inboff 1832' Dufou"ea üulgüi|
(Schenck 1851), Iaaiogloew pmln (Schenck 1853) ( = frinutulm schrek 1'f8l),

Iaaiogloeam villoeulm (Ki.$y 1802 ) ' 
P@wgus cdlc@tß scopori 1'163, osnia

eplnuloea (Kirby 18o2)

preferreal polyplotal Eieeciw
plat specles (!o\yploid' eponi.ctic)

dlploiil acestors frequently diploid species of Dealiterrses noutsinE (dipfoid' ento@gsic)

relict sl)ecies, species of Slacial !efuges

stenanthic bee Epecles Andrtu hatt@fitu (Fsbliciqs 'l??5)

preferreil polyPloltt lil@tia anenaia Esp. @enaie L.

pldt spectea (tetrBploid, etrtonogeic)

diploid ücestors Xtutia &Areia agg. (SE-luopee alecidluous nixed foreEts)
ywutia Ldgifoli4 agg. (teu herb coMity, nouitain grssledls)
l@tia @ensie agg. (subred, nountaineal rock-/grssfedl comwities)
(diploid, entonogeic)

!e1ict specieE, species of 81acial refuges
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Tab 4: Bee and butterfly species of the smt fauna element and their flower-visiting preferences [Hymeno-
ptera: Apoidea/Itpidopteral. - (a) ocamples of the study area, (b) examples of other study sites and
habitats in Central Europe (references are mostly bibliographical data) (footnotes see in to<t Tab 2).

SUBMEDITERRANEAN ELEMENT

submediterranean flower visitors (Hymenoptera Apoidea, Lepidoptera/imaglnes) preferring
mainly grassland species, avoiding "hem", "coat" or forest species

blue/violet Conpositae (e, g, Centawea)

al laeiogloesm qlboeinctw (Lucas 1819) b) Anthidiw litwtw (emzer t8o1 )

Iasioglossu rc.7'or (Ilytoaer t85z) I Heriddes erenulatue Nyteder 1g55

Iasiogloe€M scqbioeae (Rossi 1790)

Lasioglosem srcragdulus vachaf 1895

in conbination uith Labiatae, Dipsacaceae acl/or. Boraginaceae

a) HdLietus sinplee B:liltnget 1986 \?) b\ Ceratina qcwbitirc (Rossi 1792)

( = nuelali vachal 1891) LasiogLoesm quadrisigwtm (Schenck 1853)

Noria fercrclie (Pai.las 17?3)

Melitaeq patthenoides Keferstein 1 85 1

Cruc iferae

b, Andrena agiliseim (Scopoli 17?0)

Andrena distinguenda schenck 1871

( = obeoleta spongioea warncke 195?)

Andrena hgpopolia Schniedeknecht 1883 ( 1.cen. )

( = nmida hypopolia Schniedeknecht 1883)

Andrenanma (Kirby 1802) (t.cen. )

And."ena nipeata friese t88? 9

Andrena Pusilla P'elez 1903

( = sp"etq pusilla P'erez 1jo3)

Andrena suerineasie Friese t88lr 6

And"e@ techeki Moravitz 18?2 9

Lab i at ae

aJ Raphites trispircsue p'erez 1903 6 O) tasioglossw clypeane (Schenck 1853)
( = algiricue tr4spircsus P'erez 1903\ Iaeioglossm conuerlusqlm (sctrenct 1853) 6

2srmq @dtenoides Spinota 1808

Cistaceee

al Ardrena enelini Al'fken 1921

( = grmulosa enslini Alfken 1g2t)

Tab 5: Bee species of the sct fauna element and their flower-visiting preferences [Hymenoptera: Apoidea].

- (a) o<amples of the study area, (b) examples of other study sites and habitats in Central Europe
(references are mostly bibliographical data) (footnotes see in text Tab 2).

SUBCONTINENTAL ELEMENT

subcontj.nental flower visitors (Hymenoptera Apoidea' Lepi.dopterai/imagines) preferring

"hem" species or talL herbs of ruderal habltats' for exmple:

Boraginaceae

a) bl Andrqa nqsutq Girud 1863

Andreaq sVnphVti Schmiedeknecht 1883

Colletea nqsutua snith 1853
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3.3.4 Submediterranean/subcontinental element

pe9 and butterfly species of the study area (including references ro orher study sites and
habitats in Central Europe), which have a smt as well as a sct distribution, visit preferably
grassland species for pollen and nectar foraging and in some cases also "hem" speiies. Some
beeand butterfly species exhibit stenanthy for Dipsacaceae and Umbelliferae (Tab 6). In their
preference for blue Compositae and Labiatae they resemble smt flower visitors. For example
the preference of the butterfly Meliuea phoek Schiffermüller 1775 (Nymphalidae) ior
blue/violet Compositae is remarkable. The larvae feed preferably on Cmtaurea and the adults
suck its nectar [\üfeidemann 1985].

Tab 6: Bee and butterfly species of the smt/sct fauna element and their flower-visiting preferences

[Hymenoptera: Apoidea/L:pidoptera]. - (a) examples of the study area, (b) examples of other study sites
and habitats in Central Europe (references are mostly bibliogeographical data) (footnotes see in text Tab 2).

SUBMEDTTERRANEAN / SUBCONTINENTAL ELEMENT

fLower visitors (Hynenoptera Apoidea, Lepidopterai/inagines) with submediterranean and
subcontinental distribution preferring grassland species, "hem" species or taLl herbs
of ruderal habltats, for exmple:

Dipsacaceae / blue or violet conpositse

Labiatae / !'abaceae

a) Eucerc tuherql4ta (Fabricius 1?93) 3 b) Megaehile 
"otmdatq 

(rauricius t78?) 3

Megachile pilidens Aj-fken 192\

Hipparchia fagi scopoli 1763

in conbination vith Boragineceae

a) l4elru"gda gaT,athea Linnaeus 1?58

Melit@a phoebe sct'iffetuil].et 1'(75

a) )afria ddw@ (Pezer 1798)

Unbelliferee

a, And?erc @nbimta ( ctrist 179 t )

Andrerc nitidiuec4z4 Schenck 1853

b) DaiVpoda @gentata (Pezer 1809)

Andterc morio BruLl-ä 1832

bl Eucerq intezvpte Baer 1850

Nmia fenona|is (Palles 17'f3)

3.4 The area-geographical subsystems of the studied flower-visiting community

Many examples indicate that flovrer-visiting insects (here bees and butterflies) of special area
types prefer those plant species for collecting pollen or sucking nectar which occur in the
same geoelement. Different area-geographical subsystems with distinct entomophilous plant
species and flower-visiting insects can be distinguished in the study area (Fig 3). In many cases

the flower-ecological coincidences are based on interrelations and coevolutionary processes
developed in the biocoenosis of the area of origin. The area type spectrum of plants and in-
sects of the study area can only be understood with regard to the history of flora and fauna
of the postglacial period. Inborn foraging preferences of flower visitors (stenanthy) presup-
pose synchronization with distinct plant species. The scope of mutual phenology (co-
phenology) is fixed by the seasonal climatic conditions in the area of origin and area of main
distribution. The composition of the floral and faunal species in the study area (dry grassland
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with "hem" species), their phenologies, and the different interrelationships between the en-
tomophilous plants and the flower-visiting insects are perhaps best undirstood in light of
their histories.

biocoenoses of the oreo of origin

E****;;1 E;"rtr, t**;A är*;*;;1 6"r*r^*r* t

I etement ll erement ll "r",.nr ll .r",.nr 
I

oreo - geoqrophicot
su bsystem s

I

history of the
founo ond florq
ot postgtoriot
peri od

ur Es 
' tPc 5PE!il urx

ond phenotogy of + VEGETATTON pERloo +
subsvstems 

biocoenosis of the study oreo

Fig 3: The area-geographical subsystems of the plant/flower visitor community in the study area and
their phenology.
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