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Abstract

Biogeographic classifications of Hungary in pastatkes were based on qualitative data,
and since than, data have increased significantdynaore efficient methods become
available. | used UTM based distribution data df Ighd snail species to quantitatively
assess biogeographic patterns in Hungary. Hieratbiuster analysis identified two main
clusters of areas: highlands and lowlands. Thisatmmy can be attributed to mainly
climatic and altitudinal differences. One fourthtlhé species were present in the whole
country (general species), one fourth was chaiatiteto highlands, and half of the
species (including all the endemics) were localimesinaller regions. The distribution of
localized species revealed historical effects giaeal faunas: Carpathian influences in the
Northern Mountains, Alpine influences in the Westbtarginal Area, and southern-lllyric
influences in Southern Transdanubia. Biotic elenagatysis revealed that clustering of
species ranges did not differed significantly fridva null model, but species’ areas were
significantly more nested that under the null mo&alsed on the high degree of
nedtedness in species’ areas and the compositigarious biogeographical influences,

representativeness can be achieved with relatii@ezfcy in Hungary.

Key words: biodiversity, biotic elements, endenpeaes, nestedness, species groups
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Introduction

Biogeography aims to describe and interpret theepat of biodiversity from a historical
point of view and on a large spatial scaleH{WAKER et al.2005). Developing regional
classifications of landmasses on Earth's surfaceanteaditional activity of early
biogeographers since the time oRM/ACE (1876), and it has also remained a fundamental
step in modern biogeographic analysesX@001). Originally its emphasis was on
continental level that shifted to smaller, i.e.ioe@l, spatial level by time (ENGEVELD
1999,HEIKINHEIMO et al.2007).

S00s(1934,1943) was among the firsts to characterise thesfafithe Carpathian
Basin (and Hungary as part of it) and his work beea milestone in Hungarian
biogeographic literature. He based his qualitaéind descriptive assessment on the
distribution of molluscs. In the next decades,ribstion data of molluscs have increased,
but unfortunately the Mollusc Collection of the Hyamian Natural History Museum was
almost completely destroyed in the fights of 195#fer these, data collection has restarted
and resulted in the works ofNTER et al. (1979)andPINTER & SZIGETHY (1979,1980).
These publications listed detailed distributionadait the species in 10 x 10 km UTM grid
system. Based on these datagB (1981,1982) has analysed the similarity of regional
faunas within Hungary and tried to explain the hsswithin an area-analytical framework
(DE LATTIN 1967 ,VARGA 1977). He defined these regions a priori basetthemesults of
plant geography, thus his work was semi-quantigatdecause he did not use mollusc
distribution data directly to delineate and class#gions, but adopted other botanical and
zoological works in this field (for references $&&aA 1981,1982).

Since that time, more sophisticated methods hagerhe available and the use of

personal computers has been a standard tool intddanalysis. Besides these, data have
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increased considerablyERER& GUBANYI 2001,PINTER & SUARA 2004). Based on the
data, conservation priorities have been set upgecies (EHER et al.2006,S0LYMOS
2004,2007) and areas ¢(bYmos & FEHER 2005) as well. Biogeographic studies may help
in the long term conservation of the mechanismspaodesses that maintain diversity
(WHITTAKER et al 2005).

Here | use quantitative (UTM based) distributi@tedof Hungarian land snails to
hierarchically classify spatial units and idensfyatially coherent regions. Further, |
identify species groups (indirectly by species Hratcharacteristic to these hierarchical
units and directly by biotic elements) and | assasge size relations of these species. |
also discuss these results in a general biogeoigraphtext and outline conservation

implications.

Materials and Methods

| used the distribution data of land snails base®@®TER et al.(1979),PINTER &

SZIGETHY (1979,1980) and EHER& GUBANYI (2001). Invasive and introduced species
were excluded because their conservation implinasaoubtful (RTTEN & ERICKSON
2001). Slugs were also excluded due to collectimjidentification problems (WTOR &
SZIGETHY 1983,CAMERON & POKRYSzKO 2005). In total, 121 species were involved in the

analysis, for nomenclature | followedNPER (1984).

Out of the 1052 10 km x 10 km UTM cells coveringridary, 704 (66.9%)
contained distribution data. For analysis, | mertpede 10 x 10 km grid cells into 50 x 50
km to account for uneven sampling coverage anchsitie (S5LYmMoOs 2005). In some
cases, it was necessary to unite more 50 x 50 Ks) ti’o, because of the shape of the

country border and the arrangement of empty c&ll®ain criterion in merging was, that
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the resulting units should contain at least fivex10 km UTM cells containing
distribution data. As a result, | used pooled @49 approximately 50 x 50 km grid cells
(Fig. 1). Mean area of the explored area in théyéinal units (excluding empty cells) was

1415.4 + 581.1 SD kfn

Species were grouped according to range sizedlmasthe range size scores listed
by SoLYMOS (2004). The geographic range size scores werallasvs: 1, beyond Europe
(e.g., Eurosiberian, western Palearctic, Paleardttarctic species). 2, large within
Europe (in more biogeographic regions, e.g., ceRineopean, boreo-montane, Alpine-
Carpathian species). 3, restricted to one wellrgefibiogeographic region (e.qg.,
Carpathian endemic species). 4, narrow within aogdmgraphic region (e.g., endemic to
northern Carpathians) (Appendix). These scoreslinast biogeographic interpretation,
although they do not represent faunal types ordmggaphic elements @dsporrF2002).
HAUSDORF& HENNIG (2004) grouped the northwest European land simadseight groups
based on recent distribution (after filtering noéements): 1, widespread species
(Holarctic, Palaearctic, European), 2, western Wdgipolycentric) species, 3, Alpine-
Carpathian, 4, Pyrenean, 5, western Europeanu) #dpine, 7, east Alpine, and 8,
Carpathian species. The first faunal group cornedpdo range size score 1, faunal groups
1-2 correspond to range size score 2, faunal grétpsorrespond to range size score 3-4.
Although the classification of *USDORF& HENNIG (2004) apparently excludes south

European (Balcanic) and Pontic species, that atsaran Hungary.

| did not use faunal types in this study, becdaseal type categorization of
Hungarian land snails worked out by#\ (1982)is not fully accepted in Hungary and
can be criticized on several grounds: the resdaroht reproducable because it lacks a full
reference list, it is statistically questionablesome points, and applies centers of

endemism based on other taxa, i.e. Lepidopterdgymer plants, instead of investigating
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directly the available mollusk distribution datdeffirst step in this area analytical method
was also the identification of areas of extensiverlap of narrow range speciesAfia\
1981,1982,HAUSDORF2002,VARGA 1971), because these species can be associated wit
certain centers of endemism. My aim was not to igeea revision of faunal type
categorization of the species, but to categorieasabased on faunal similarities, and to

explore zoogeographical patterns.

| used the Sgrensen index of similarity and Warlb€) fusion method in
hierarchical cluster analysis to study the relatiop among the 49 spatial units. For
clustering | used the SYNTAX softwareqBaNI 1993).

| identified characteristic species of the resgjtcluster hierarchy indirectly by the
IndVal method (DFRENE& LEGENDRE1997). | used relative frequency of occurrence of
each species in the 49 spatial units. The IndVahoteconsiders both the specificity and
fidelity of the species, and the IndVal index isxinaal, when a given species occurs in
only a certain group of the classification hierarcind it occurs in all sites within that
cluster group. These species are called symmeti@hcter species (IndVal < 55%)
because their occurrence is specific and can blepnealicted. A species is called
asymmetrical character species when it is spettifeertain partition of the classification
but it occurs infrequently and thus can not be weddicted in that partition. IndVal index
of a species is independent that of other specises. Significance values were
calculated based on 1000 random permutations byafeare IndVal2. This program can
handle only 25 partitions thus | used the lowesin2&rnal nodes closest to terminal nodes

of the classification tree instead of original teval nodes.

| checked the data set for general trends in spextustering by using the distance
ratio test based on the Kulczynski distances afd Smulated data sets AHSDORF&

HENNIG 2004). The test statistic is the ratio betweer2hfs smallest and the 25% largest
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Kulczynski distances between the ranges of the sahtaxa is used. The null model
simulates the case in which all inhomogeneitiegstelring) of the data can be attributed to
the range size distribution, to varying numbersagh per geographic unit and to the
spatial autocorrelation of the occurrences of anaausDORF& HENNIG 2003a, 2003b).

| also tested the nestedness of species rangéssamutl modell. The test statistics was the
number of strict inclusions (supersets) in the E®eby-species nestedness matrix based

on the regions-by-species matrixAltsDORF& HENNIG 2003a).

For the Hungarian range data | obtained the disjoin probability for original data
was 0.0485. This low value of indicates that theuoences of the examined land snail
species are highly clumped. This underlines thessty to consider spatial
autocorrelation in the null model. For this tesséd the PRABCLUS packageHkNIG

2006).

| identified biotic elements based on model baSadssian clustering applied on
the outcome of a metrical multidimensional scalygusing the package MCLUST
(FRALEY & RAFTERY 2007). This method provides decisions about thelar of
meaningful clusters and the number of points, wisethnot be assigned adequately to any
cluster. Initial estimation of noise was done by gfackage NNCLEAN (BERS&
RAFTERY 1998). All mentioned packages are add-ons fostatstical software R (R

DEVELOPMENTCORE TEAM 2007).

| grouped species according to the IndVal categtion. Species were cross
tabulated according to IndVal species groups andaaize groups and biotic elements.
The associations between the three cross-tabusatvene evaluated by the Chi-squared

test (simulated p values with with 10000 replicates
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Results

Hierarchical clustering revealed the separatiolowfand and highland areas based on
faunal similarity among the 49 spatial units (Figj. Highlands further separated into
mountain areas (Western Marginal Area forming eustin Fig. 1, and the Northern
Mountains forming cluster 2 in Fig. 1) that areipkeral parts of high mountain systems
(i.e. the Alps and the Carpathians respectively), mountains and hills of Transdanubia
that are relatively independent from high mountistems (the Transdanubian Mountanis,
the Mecsek Mountain and the GoddHills forming cluster 3 in Fig. 1, and other hills
forming cluster 4 in Fig. 1). Separation within fbe/land cluster did not revealed spatially

coherent units at lower hierarchical levels.

Based on the IndVal analysis, 33 species wererghyneharacteristic to the whole
country (general species, labelled with A in Figrd the Appendix), 26 species were
characteristic to highland areas (highland spetésglled with B in Fig. 1 and the
Appendix). The remaining 62 species were localidearacter species in smaller

geographical areas (localized species, labelled ftoto U in Fig. 1 and the Appendix).

The Western Marginal Area and the Northern Mounstgéclusters 1 and 2 in Fig. 1)
had two joint specie®erforatella bidentatandEna montanglabelled with C in Fig 1
and Appendix)Semilimax semilima®erforatella umbrosgAegopis verticillusand
Aegopinella ressmannvere characteristic to the Western Marginal Atebglled with D
in Fig 1 and Appendix)Pagodulina pagodulaCochlodina fimbriataPseudofusulus
variansandMacrogastra densestriataere characteristic to the Soproni andsKegi
Mountains (labelled with E in Fig 1 and Appendiielicigona planospiraandPomatias
eleganswvere characteristic to the south-western Trandaglan(labelled with F in Fig 1 and

Appendix).Aegopinella nitensTrichia striolataandCochlicopa nitensvere characteristic
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to the Szigetk6z (labelled with G in Fig 1 and Apge).

Joint character species of the Northern Mountaimsthe Szatmar-Bereg Plain
(which is part of the Great Plain in the upper @iszgion) werderforatella vicina
Ruthenica filogranaBulgarica canaHelix lutescengndVertigo substriatgalthough the
latter species does not occur in the lowlands){lad with H in Fig 1 and Appendix).
Perforatella dibothrionrandPomatias rivularevere characteristic to the Szatmar-Bereg
Plain and the Nyirség region (labelled with I ig Biand Appendix). The Matra, BUKK,
Aggteleki and Zempléni Mountains had several jolmracter specie€ochlodina
orthostomaOxychilus orientalisHelicigona faustinaHygromia transsylvanica
Cochlodina ceratalsognomostoma isognomostarmxychilus depressu$richia

unidentataandMacrogastra latestriatglabelled with J in Fig 1 and Appendix).

Trichia lubomirskij Balea stabilisandDiscus ruderatusvere characteristic to the Matra
and the Zempléni Mountains (labelled with K in BEignd Appendix). The speci¥gstia
gulooccurred in the Zempléni Mountains, however, it wiagracteristic to the cluster S
because border of neighbouring cells divided th@@éni Mountains into two parts in
clusters K and S. The speciékusilia cruciata Vestia turgidaSpelaeodiscus triariys
Phenacolimax annulariandChondrina clientavere characteristic to the Bikk Mountain

and the Aggteleki Karst area (labelled with L iig BEiand Appendix).

Joint character species of the Transdanubian Minsjtthe Mecsek and the
Cserhat Mountains, and GodalHills were Pupilla triplicata, Truncatellina claustralis
T. callicratis, Zebrina detrita Orcula doliolum Discus rotundatusndOrcula dolium
(labelled with M and N in Fig 1 and AppendiXcicula polita Macrogastra plicatula
Pyramidula rupestrisVertigo alpestrisBulgarica vetustaCepaea nemoraljlausilia
parvula andBalea perversavere characteristic to the Transdanubian Mount@aielled

with O and P in Fig 1 and Appendixjrichia filicina, Acicula banaticaandTrichia
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erjaveciwere characteristic to the Mecsek Mountains (l&gelith Q in Fig 1 and

Appendix).

Lowland areas lacked any higher level joint chemaspecies (except for the
general species of the country). Localizes charagtecies in the lowlandsiélicigona
banatica, Hygromia kovacsiCecilioides petitianandOxychilus hydatingswere

associated to smaller areas (labelled with R, Tlmu Fig 1 and Appendix).

The cross tabulation of species according to rmaial groups and range size
scores revealed significant association betweevtbgrouping factors (Chi 50.8, p <
0.001). The majority of the general species wedegpread in the Palaearctic, majority of
the highland species had European distributionaliped species were Palaearctic in only
one caselfiscus ruderatus the majority was European, and all the endemdtraarrow

endemic species (20 species) belonged to this dakge 1).

The test statistic of the distance ratio testherHungarian land snail species data
set was 0.232. The statistic varied between 0.840a848 for 1000 artificial data sets
generated under the null model (mean 0.258). Tieislbserved value fell within the 95%

percentile range of the values generated underuhenodel (p = 0.183).

There are 3119 cases in which a range of a Huergéand snail species is a subset
of the range of another species. Such a high nuoftmrpersets has not been observed in
any of 1000 data sets obtained by Monte Carlo sitraris (1421-2947 supersets were
observed, mean 2021.66). Thus, the test indich&gghe ranges of the Hungarian land

shail species are significantly nested (p < 0.001).

Besides noise (n = 23), four meaningful clustérspecies (biotic elements) were
identified by model based Gaussian clustering basesutcome of a metric

multidimensional scaling (Appendix). Element 1 uaéd highland species (n = 30),

10
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element 2 included general species (n = 24), elearcluded localized species
distributed mainly in the north (n = 24), and elet# included localized species

distributed mainly in the south-western part of gary (n = 20) (Figs. 2-3).

The association between bioticelemnts and rarmgessiores revealed was
significant (Chf = 58.05, p < 0.001). Species in elemnts 1 and @&o be
widelydistributed in Europe and beyond, specieslé@ments 3 and 4 were European or

endemic with all endemic species in these elemamdshe noise category (Table 1).

The agreement between the indirect (IndVal baaed)direct (PRABCLUS based)
grouping of the species was high (83.7% excludigrioise component) and significantly
associated (Chi= 130.19, p <0.001) (Table 1). In congruences Vi@uad in 16 cases

(18%) (Appendix).

Discussion

The first biogeographic synthesis of the molluamtain the Carpathian Basin was made
by S00s5(1926,1928,1934,1943). He put great emphasis on endemics and atréss
importance of historical factors operating on etiolary time scale. According to his
qualitative analysis, “the mollusc fauna in the fizdhian Basin is allochtonous with
widespread and central European species, and maiakeby southern, Alpine and Dinaric
species” (80s1943). Similar conclusions were made earlier HkLY (1918) on

merely qualitative and intuitive basis. He alsoegbtthat central European species send to
occur in the mountains. These conclusions werenfeated by the present quantitative
analysis. “Widespread” (range size score = 1) amahtral European” (range size score =
2) species comprise 81.5% of the studies specdsdit of 121 species), comprising the

“general” and “highland” species groups based ah bre IndVal and PRABCLUS

11
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classification.

S00s(1943) pointed out that “the fauna formed and geanmainly in situ, and is
a resultant of changing environment and the intemadetween organisms reacting to
environmental change”, and “outline of the mollfesgna was formed before the glacial,
and the glacial has made only minor changes thrthuglextinction of few species” ¢®s
1943). These correspond to latest quarter-malamabgvidence (IRoLoPP1995,
KrRoLoPP2003), namely that during and after the Pleistecanly 14 testaceous snail
species have gone extinct, 16 have became locdilyce (their ranges shifted to north and
east or west). Besides of these, 29 species hdweised Hungary in post Pleistocene
times, out of which 13 have been introduced ingast decades. Total number of species
has remained almost the same for long time, amd dithe fauna turned over. Two third
of the fauna has continuous or temporarily diseargus presence in Hungarian
Quaternary deposits (KOH et al. 1995,KroLoPP2003) with some species dating back to
the Tertiary ($0s1926). These species are termed as “members ahttient tribe” (not

in a taxonomical sense) and “central European” ®9s31934,1943).

Directions of historical influences can be idertifbased on the distribution of
endemic species (range size scofy. Alpine influence is most expressed in the Sopr
and K szegi Mountains with occurrences of the spe@godulina pagodulaCochlodina
fimbriata, Pseudofusulus varianpsacrogastra densestriatd hese areas can be defined as
“Praenoricum” following the terminology of ARGA (1964). East Alpine and Dinaric
influences are diffuse throughout the Transdanubraa with the specigsegopis
verticillus, Aegopinella ressmanrilruncatellina claustralisT. callicratis Bulgarica
vetusta Dinaric influences are sharply present alongRher Drava (with occurrences of
Helicigona planospirgand in the Mecsek Mountains (with specieghia filicina,

Acicula banaticaTrichia erjavec), and these areas can be defined as “Praeillyficum

12
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following the terminology of XRGA (1964).

Based on the occurrences of many Carpathian sp@aeforatella vicina
Oxychilus orientalisHelicigona faustinaHygromia transsylvanica&Cochlodina cerata
Macrogastra latestriataTrichia lubomirskij Balea stabilis Vestia guloV. turgida
Spelaeodiscus triarigsn the Northern mountains it can be defined as gfethe
Carpathicum region accepting the classificatio®@bs (1943). The number of endemic
species was highest here that indicates the prdfeigmificance of historical effects in this
region. KaszAB (1961) noted that the Northern Carpathians arentbst species poor
regionamong the Carpathian chains, thus the fatitteedNorthern Mountains with its high

endemicity must be treated as a part of this radgtispecies poor Carpathian region.

The results presented here results support thethggis of BLI & SUMEGI (1999)
which states that the Bereg-Szatmar plain, thegdgiregion (both in north-east Hungary)
and the plain along the Koros Rivers are fluctuationes of Carpathian species (e.g.
Perforatella vicina Perforatella dibothrionHelicigona banatica DELI & SUMEGI (1999)
identified these parts of the Great Plain as “Pagsthicum”, where number of species
belonging to the same faunal group decreases gha@arca 1971,2002)due to
differential dispersal from centers of endemismybborF& HENNIG 2003a). For ground
beetles, KDOBOCZ& MAGURA (1999) also identified the hills in the Bereg aasgart of
the “Praecarpathicum”. These alluvial plains altmgrivers originating from high-
diversity areas function as “green corridors” anohpote the transfer of different faunal

elements (BrI et al. 1995,0BRDLIK et al.1995).

Regional classification based on land snail dstion data corresponds reasonably
well with geographical classification (e.gAROSI& SomMoGYI 1990). Although minor
deviations were also identified. The north-easpart of the Great Plain (Nyirség,

Szatmar-Bereg Plain) was more similar to the NorttMdountains (with joint occurrences

13
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339

of the speciePerforatella dibothrionPerforatella vicina Balea stabilis cf. S00s1928)
than to other parts of the Great Plain. The fadrtheCserhat Mountains and the Godill
Hills resembled at a higher degree to Transdanudnieas than to the other parts of the
Northern Mountains. This disagreement between liggohic and pure geographical
classification was also identified by ARGA 1964) for mactolepidoptera. On the contrary,

BABA (1981) found the Godali Hills more similar to the Great Plain.

BABA (1981,1982,1986) used the area analytical method developed for
macrolepidopteradg LATTIN 1967, VARGA 1977) on land snail distribution dataid\
(1981,1982) used data of 17 well studied regions basdti@data of RTER et al.(1979).
He grouped the species according to faunal types, lhe studied the correlation between
frequency of faunal types in regions and climatadables. He found that the fauna of the
regions were differentiated, and the pattern cpoeded to results of plant geographical
classification. He failed to identify clear relatghip between regions because of

inadequate data and methods.

The main dichotomy of highlands and lowlands fobede can be attributed to
mainly climatic and altitudinal differences. Thersarid continental climate in the Great
Plain precludes the occurrence of many specie®(8Y 1965). The general forest-steppe
vegetation of the plains enables the occurrence @niidespread and xerotolerant species
(general species group). Those rare species that otthe plains are associated with
wetlands (e.gVertigo moulinsianaVallonia enniensisand riparian forests (e.qg.

Helicigona banatica Forests in the highlands serve adequate habiaspecies of the
highland species group. The fauna shows nesteerpationg climatic and altitudinal
gradient with many widespread general and hightpeties, and than localized and
endemic species in the Northern Mountains and Westarginal Area. This corresponds

to the general pattern found in north-western EermaijpHaUSDORF& HENNIG (2003a),

14
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which analysis involved the area of Hungary, too.

The agreement between the indirect (IndVal baaad)direct (PRABCLUS based)
representation of the species groups was highoAgh indirect methodology lacks the
power of testing the deviation from a null modBl. using direct biotic element analysis,
the spatially autocorrelated nature of speciesngsl and species’ occurrences can be
modelled. Species’ ranges were significantly masted than in the null modell, but
clustering of species’ ranges did not differed fritva null modell. This indicates that
differential dispersal of the species is an imparfaocess in shaping regional land snail
faunas (USDORF& HENNIG 2003a). Species clusters were obscured by thieal
process, which underlines the “biogeographic cazdt (S ECTOR2002) effect (multiple

mass effect, SMIDA & WILSON 1985) in the Carpathian Basin.

The pattern of land snail distribution is drivenldmth contemporary environmental
and historical effects. General highland-lowlanttgra of species composition is
influenced primarily by climate and elevation. Tiistorical effects result in the faunal
dissimilarities between highland regions through dlacurrence of endemic species. These
are of two main sources, Alpine-Carpathian andrseatlllyric influences. The land snail
fauna of the Northern and Transdanubian Mountai@slistinct, the border between them
is termed as “middle Danube floristic (biotic) bart (ZOLyomi 1942). Transdanubian
areas are influenced primarily by species with lseut distribution, while Northern
Mountains are influenced primarily by Carpathiae@ps. This separation can be
attributed to the fact, that the Northern Mountans direct continuation of the Northern
Carpathians, and as such, is part of a high maustatem. Contrary to this, mountains in

Transdanubia are independent of such high mountains

Here, | used UTM based distribution data of 12fdlanail species and quantitative

methods to assess the biogeographic classificafibtungary. The results reconfirmed,
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that regions in Hungary possess different enviramaiéiistories from the Pleistocene up

to the present (FKOH et al. 1995 KroLoPP& SUMEGI 1995,RUDNER & SUMEGI 2001) and
different biogeographic influences make up a fawita unique composition (MRGA
1995,VARGA 2002) and relatively high species richness contparéuropean standards

as a result of mass effect{{®DA & WILSON 1985). In such areas, representativeness can
be achieved with relative efficiency in such ar€ving the biota requires greater efforts
to preserve not only the pattern of biodiversity &lso the processes and mechanisms that

generate and maintain it.
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517 Table 1. Cross-tabulation of the species groupsrdaty to the IndVal and biotic element

518 analysies, and their geographic range size digioibut

Biotic Range size IndVal species groups Total
elements A B C-U
1 1 3 7 - 10
2 3 13 4 20
3-4 - - - -
Total 6 20 4 30
2 1 16 1 - 17
2 7 - 7
3-4 - - - -
Total 23 1 - 24
3 1 - - - -
2 - 1 15 16
3-4 - - 8 8
Total - 1 23 24
4 1 - 1 - 1
2 3 - 12 15
3-4 - - 4 4
Total 3 1 16 20
Noise 1 - 1 1 2
2 1 2 10 13
3-4 - - 8 8
Total 1 3 19 23
Total 33 26 62 121

519 *Biotic elements are indicated in Appendix and igs- 2-3; range size scores follow
520 SOLYMOS (2004),1: widespread beyond Europe, 2: widespread withimoge, 3-4:
521 endemicindVal groups are labelled in Appendix and in Hig.

522
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Fig. 1. Biogeographic classification of Hungary &sn distribution data of land snails
according to the (a) hierarchical clustering of ghespatial units (ca. 50 km x 50 km). For
clustering, the Sgrensen-index and Ward-Orl6coiusnethod was used. Shades of grey
indicate main partitions of the cluster hierarotiygled numbers 1-6 indicate lower level
partitions mentioned in the text, numbers 1-49 tidgspatial units (a) in the cluster foot
and (b) in the map. Capital letters corresponchtt/al species groups listed in the text
and in Appendix, lines associated to letters refespatially coherent clusters with

character species (a) encircled also in the map (b)

Fig. 2. First two dimensions of the metric multidnsional scaling of the range data of the
Hungarian land snail species. 1-4: biotic eleménad by PRABCLUS; N: noise

component.

Fig. 3. Distribution maps of four biotic elementaihd by PRABCLUS: (a) highland
species, (b) general species, (c) localizes spdashuted in the northern and (d) south-
eastern parts of Hungary. The different shadingsaie the areas where >70%, >30%,

and >0% of the species of an element was present.
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541 Appendix. Characteristics of species used in thidys

Species Occurrence in  IndVval Biotic Range si
clustef % p groupelementS  scoré
Succinella oblong®RAPARNAUD, 1801 1,2,3,4,56 100 ns A 2 1
Pupilla muscorungLINNE, 1758) 1,2,3,4,56 100 ns A 2 1
Zonitoides nitidugO. F. MULLER, 1774) 1,2,3,4,5,6 100 ns A 2 1
Cepaea vindobonenglBERUSSAG 1821) 1,2,3,4,5,6 100 ns A 2 2
Cochlicopa lubricaO.F.MULLER, 1774) 1,2,3,4,5,6 98 ns A 2 1
Vallonia pulchella(O.F.MULLER, 1774) 1,2,3,4,5,6 98 ns A 2 1
Monacha cartusian§O.F.MULLER, 1774) 1,2,3,4,5,6 98 ns A 1 2
Perforatella rubiginosgA. ScHmIDT, 1853) 1,2, 3,4,5,6 98 ns A 2 1
Vallonia costatgO.F. MULLER, 1774) 1,2,3,4,5,6 95.Ns A 2 1
Chondrula tridengO.F.MULLER, 1774) 1,2,3,4,5,6 95.%hs A 2 2
Helix pomatial INNE, 1758 1,2,3,4,5,6 95.Ns A 2 2
Oxyloma eleganfRisso, 1826) 1,2,3,4,56 93.%Ns A 2 1
Truncatellina cylindrica FERUSSAG 1807) 1,2,3,4,5,6 93.%s A 2 2
Cochlicopa lubricella(PORRQ, 1837) 1,2,3,4,5,6 91.&s A 2 1
Punctum pygmaeu(DRAPARNAUD, 1801) 1,2,3,4,5,6 91.&s A 2 1
Vitrina pellucida(O. F. MULLER, 1774) 1,2,3,4,5,6 91.&s A 2 1
Helicella obvia(MENKE, 1828) 1,2,3,4,5,6 91.&s A 2 2
Carychium minimun®. F. MULLER, 1774 1,2,3,4,5,6 87.&8s A 2 1
Bradybaena fruticunfO.F.MULLER, 1774) 1,2,3,4,5,6 87.&81s A 1 1
Succinea putrigLINNE, 1758) 1,2,3,4,56 85hs A 2 1
Vertigo pygmaeéDRAPARNAUD, 1801) 1,2,3,4,5,6 85hs A 2 1
Granaria frumentun{DRAPARNAUD, 1801) 1,2,3,4,5,6 83.hs A 4 2
Euomphalia strigelldDRAPARNAUD, 1801) 1,2,3,4,5,6 83.hs A 2 2
Vertigo antivertigo) DRAPARNAUD, 1801) 1,2,3,4,5,6 8l.ths A 1 1
Vitrea crystallina(O.F. MULLER, 1774) 1,2,3,4,5,6 8l.ts A 2 1
Euconulus fulvugO. F. MULLER, 1774) 1,2,3,4,5,6 8las A 2 1
Aegopinella mino(STABILE, 1864) 1,2,3,4,5,6 8l.ts A 2 2
Cecilioides aciculgO.F.MULLER, 1774) 1,2,3,4,5,6 77.6hs A 1 2
Nesovitrea hammon{STROM, 1765) 1,2,3,4,56 77.6s A 1 1
Oxychilus draparnaudiBEck, 1837) 1,2,3,4,5,6 75.ms A 1 2
Helicopsis striatgO. F. MULLER, 1774) 1,2,3,4,5,6 67.40s A 4 2
Cepaea hortensi®. F. MULLER, 1774) 1,2,3,4,5,6 49 ns A 4 2
Helicigona arbustorunfLINNE, 1758) 1,2,3,4,5,6 46.!Mms A N 2
Acanthinula aculeat§O.F.MULLER, 1774) 1,2,3,4,5,6 856 B 1 1
Perforatella incarnatgO. F. MULLER, 1,2,3,4,56 83 * B 1 2
1774)

Carychium tridentatunfRissq, 1826) 1,2,3,4,6 829 B 1 1
Vitrea contracta( WESTERLUND, 1871) 1,2,3,4,6 81.8 B 1 1
Trichia hispida(LINNE, 1758) 1,2,3,4,56 817 B 1 1
Cochlodina laminatdMONTAGU, 1803) 1,2,3,4,5,6 815 B 2 1
Balea biplicatalMoONTAGU, 1803) 1,2,3,4,56 81 * B 1 2



(o]

Vallonia enniensi$§GREDLER, 1856)
Laciniaria plicata(DRAPARNAUD, 1801)
Vertigo angustiodEFFREYS 1830

Discus perspectivudMEGERLE VON
MUHLFELD, 1816)
Oxychilus glabe(RossMASSLER 1838)

Daudebardia ruf DRAPARNAUD, 1805)
Clausilia pumilaC. PFeIFFER 1828

Macrogastra ventricoS@DRAPARNAUD,
1801)
Clausilia dubiaDRAPARNAUD, 1805

Oxychilus inopinatugUuLi Ny, 1887)
Aegopinella purgALDER, 1830)
Columella edentul@DRAPARNAUD, 1805)
Vertigo pusillaO. F. MULLER, 1774

Ena obscurgdO.F. MULLER, 1774)

Daudebardia brevipe€DRAPARNAUD,
1805)
Vitrea diaphang STUDER, 1820)

Helicodonta obvolutfO.F. MULLER, 1774)
Vitrea subrimatg REINHARDT, 1871)
Vertigo moulinsiangDuPuy, 1849)
Perforatella bidentatd GMELIN, 1788)

Ena montangdDRAPARNAUD, 1801)
Semilimax semilimaFERUSSAG 1802)
Perforatella umbros4C. PFEIFFER 1828)
Aegopis verticillugLAMARCK, 1822)

Aegopinella ressmanfWESTERLUND,
1883)
Pagodulina pagodul@DEsMouLINS, 1830) 1

Cochlodina fimbriatg ROSSMASSLER 1
1835)
Pseudofusulus varian(€. PFEIFFER 1828) 1

Macrogastra densestriatlROSSMASSLER 1
1836)
Helicigona planospirdLAMARCK, 1828)

Pomatias elegan@. F. MULLER, 1774)
Aegopinella nitengMICHAUD, 1831)
Trichia striolata(C. PFEIFFER 1828)
Cochlicopa niten§GALLENSTEIN, 1848)
Perforatella vicina(ROSSMASSLER 1842)
Ruthenica filograndROSSMASSLER 1836)
Bulgarica canaHELD, 1836)

Helix lutescenfROSSMASSLER 1837
Vertigo substriatd JEFFREYS 1833)
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Perforatella dibothrionM. Kimakowicz,
1884)
Pomatias rivularg EICHWALD, 1829)

Cochlodina orthostom@ViENKE, 1830)
Oxychilus orientaligCLESSIN, 1887)

Isognomostoma isognomostomos
(SCHROTER 1784)
Helicigona faustingROSSMASSLER 1835)

Macrogastra latestriatd A. SCHMIDT,
1857)

Hygromia transsylvanicQVESTERLUND,
1876)

Cochlodina ceratd ROSSMASSLER 1836)

Oxychilus depressySTeRrKI, 1880)
Trichia unidentatag DRAPARNAUD, 1805)
Trichia lubomirskii(SLOSARSKI, 1881)
Balea stabiligL. PFEIFFER 1847)
Discus ruderatu$FERUSSAG 1821)
Clausilia cruciata(STUDER, 1820)
Vestia turgida(ROSSMASSLER 1836)

Spelaeodiscus triariUlROSSMASSLER
1839)
Phenacolimax annulariéSTUDER, 1820)

Chondrina client WESTERLUND, 1883)
Pupilla triplicata (STUDER, 1820)
Truncatellina claustrali§GREDLER, 1856)
Truncatellina callicratis(ScaccHi, 1833)
Zebrina detrita(O.F. MULLER, 1774)
Orcula doliolum(BRUGUIERE, 1792)
Discus rotundatugO. F. MULLER, 1774)
Orcula dolium(DRAPARNAUD, 1801)
Acicula polita(HARTMANN, 1840)

Macrogastra plicatulgd DRAPARNAUD,
1801)

Pyramidula rupestri§DRAPARNAUD, 1801)

Vertigo alpestrisALDER, 1838
Bulgarica vetustdROSSMASSLER 1836)
Cepaea nemoralif_INNE, 1758)
Clausilia parvula(FERUSSAG 1807)
Balea perversgLINNE, 1758)

Trichia filicina (L. PFEIFFER 1841)
Acicula banaticd ROSSMASSLER 1842)
Trichia erjaveci(BRUSINA, 1870)
Cecilioides petitiangdBENOIT, 1862)
Vestia gulaE. A. BIELZ, 1859)
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Helicigona banaticd ROSSMASSLER 1838) 2,5, 6 353ns T N

Hygromia kovacsVARGA etL. PINTER, 6 35 ns U N
1972
Oxychilus hydatinuRossMASSLER 1838) 4,5, 6 27.8ns U N

'Species names follow PrER 1984).

’IndVal species groups refer to clusters in Fig.ithwapital letters.

%0ccurrences are given according to clusters wittledl numbers 1-6 in Fig. 1.

“Biotic elements are indicated in Appendix and igsFi2-3.

®Range size scores followoSrmos (2004). 1: beyond Europe, 2: large within Eurdge,
restricted to one well-defined biogeographic reg@amarrow within one biogeographic

region.
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