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Inlroduction

This stud] deals $ith thc snail assemblages of gallery forests along the Hungarian
scction of the Maros River. These forests have been little inlcstigated for snail
ass€mbla8es.

In the Hungarian section of thc Creat Plaiq ser.eral rc1v rcaords of Chilostoma
banatica hart been reported- eithcr in tecen or near reccnt state. Tlus sp€cies is
distflbuted from the southem Carpathians to thc Bihar (Bihor) Mts. and Miramaros
(Maramures) and has been knoM since the Miocene (Soos 194:l) as the lerding species of
interglacials (Lozek 1964) T}le spccics is distribuled along the rive$ in Hungary (Bdba
1979). In lhe plain the firs( rccod $€s lalen in thc CsAla foresl in l9l5 at Naglvdrad
(Oradca) bt Soos. In Hungan, lhe firsl occurcncc $as reponed by B6ba (1979) from
BaSrszag al the Upprr TisTa Rivcr. Only sh€lls $ere found in the alluvial dcposrts of the
Maros and Tisza rilers b! CTdgler and Rolandcs in 193E. A Horv6th found a single
li\ ing specimen in the drift at lhe conlluence of the Tisza and Maros rivcrs, Szeged.

Before ri\er rcgulations, the species Nas natire to the Fekclc and Fehdr Kttr66 are3.
Shells $€rc tound in ploughed land in sites formed! clvcrcd by gall€ry foresls. Living
specimcns $se found bl Domokos (1992) near Clula\riri, in thc Siltci forest. At the
Maros River near MalGlandor, a populalion $as discovered $hich tYas slbs€quendy
anal)zed bv Beba and Domokos (1992). Bagiszrg and Landor arc flow naturc r€senes

This sludl $ill also comparc lhe associated sp€cics of Chilostoma banatica ruth smd
assemblagcs in Romania

ll.lcrid rDd melhods

Quadol sampling rlas Frformcd in th€ locations ofchilostoma banatica bt B:iba at
Bagrszag bchleen 1967 and 1985. at MakGlandor (Marot betrreen 1986 and l99l and
ln the Csdh forest. Romania- in 1973 Between Lippa and Be/din, Romania, P.
Kondoross) nade collections at three locations. Quadrat size was 25 by 2i cm,l0
quadrals lrere takcn in each site. Seasonal investigations werc peformed at Bagiszrg loi
l0 \ears. and at Landor for lro )e3rs (thrce timcs a vear). ln th€ Laador site soil samples
nere also collcclcd to measrrre soil humidily. Al the Maros R er canop_v closure and
percentage co\!t of helbs nere rccorded al each site- For a biometric study of Chilostona
banadca. 50-50 indiliduals N€re collctrcd b.v Domokos, and lhe shell breadth dala l*€re
compared $ift climalic data (lemperaturc and pr€cipitation) as averaged for thc two
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previous years. The figures $e$ prepo&d using lhe data of the Nationai Meleorologicrl
Service, and are rcptoduced fiom Biba and Dornokos (1992).

The alat, werc aaluared b)'clu$ering and ordination medrcds. Shannon-Wicncr
diveFity indcx lrzs aho calclilared. Spccies associations u€re identified using regional
gassland and forcst sfudies from the plain (Podrni l99l). Block clustering. as follo$€d
by Feoli-Orl6ci's (1979) evaluation procedure, allowed determinalion of ecological species
groups, *herea6 nutdlional t!?es $€re dcfincd according to Frdmming (1951). The
habitat g?ology develop€d by l,ozek (1964) $as also uscd in thc analysis of commumrt_
structure. The perccntaS€ drst rbution of habikt !!cs rvas used to detect stluctural
changes caused by cxtcmal factors (floods, sylviculture). Tlrc results are generaliTed to
characterizc lhc currcnt cNironmmtal sLlus of forens along lhe Maros futer. The
foRsls Errc evaluat€d blr clustcring, bascd on the Czekano$ski lnde\ and b! Pdncipal
component analysis (Podani l99l)-

The ecological sFcies groups are ai follo$s:
A hygrophilous. mcoh] groph,lous. shade sp€cies
B. photophilous species of snamps and marshcs
c. photophilous mezohygrophilous and mesophilous species
D. xerophilous and xeromesophilous spcrics of open habitals
E. hygrophilour ubiquists along lakes and $Btercounes

The nutritional types are:
l- O. Omnivorous
2. H. Herbivorcus
l. Sz. SaprophaSous-

we rnade four groups out of Lorck's habitit tlpes. These arer L Forest d\ellers
(l,ozek's W, Wl, Wm), bush forest drvellers (Lozek's Srv. O\y. ws. wn\ m. Wf). Riparian
sp€cies (E P) and stcppc spccics (o, x, sf).

Macrcclinatic diferences $ere €valuated allcr Kakas (1960) and And6 (1992)
Nomenclaturc of plant communities follo\rs 506 ( I 980).

The study sitcs arc as follo\rs:
Salicetum albaefraSilis (Soo l93l) Issler 1926
L Lippa, | 992.08.25., Salicetum albae-f.agilis. t 5-20 km ftom the *ater.
2. Bcdi^, 1992.0E.26. at a sa?rmp on the floodplain, 200 m from the ri\€r. The

understorey is Xanlhium and Unica.
3. Bezdin.l992.08.28 Urtica stand at the same site as 2.
Fraxino pannonicae-Ulmetum (zol)omi 1934) Soo 1960.
4. Upp€r Tisza, Bagiszeg,l967.07.28. caricctosum subassociation
5. Bagisz€g. 1969.07.28. convallarictosurn subassoc., the $illoils stffounding the

foren $ill be cut.
6. Bagiszeg.l97l.07.28. aspcrulelo6un subass. CoYered b,v $ater for l\ro \r'ccks

during lhc l97o nood.
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7. Bagiszgg, 197 2.01.22. asperul€tosum.
8. Bagiszeg,l974.06.6. asp€ruletosun, canopy only one-fourth of the original due to

Llmanua gradation.
9. BagiszcB,Ig7 5 08 22. asperulcto$m.
10. Bagiszeg, 1978.07.15- aspenrlctosum.
I L Bagiszcg,l985.06.ll- asperuletosum. The forEst nas thinncd in 1984 lo pmmote

faster reproduction. Due to cirtting, the canopy cover has decreased considerably.
I2. Cs.ila forest, I 973 .08. I 5. brachpodietosum, treated by sylviculture.
I 3. Csrla forest, I 973 .08. I 5, asperulelosum, trcated by sylviculture
I {. Cs.ila forest, ) 992.07.28, rlirh sfulbs (Cralaegus monogyna)
15. C&ila forest.1992.07.28. Udca - Rubus facies, trcatcd W sylviq ore
I 6. Pccska,lggl. 08.20- Rubus - Unica OrachFodielo$m), trcated by sylvicnlture,

50 m lrom the rivcr.
17. CsAh forest,1992.07.28. Poor understorey. Forcsts 14-15 lie 3-400 n ftom the

18. Bezdin,1992.08.26. 200 m from water. only shells-
19. Landor 1987.09.26
20. Landor 198t.06.07.
21. Landor 1989.09.26
22. Landor 1990.05 11.
23. Landor 1990.07 10.
2,1. Landor 1990.09.18.
25. Landor 1991.05.08.
26. Landor 1991.07.12.
2?. tandor 1991.09.04.
28. Mak6, strand foresll986.l0.12. 50 m ftom water.
Thc Landor sit€ belongs 10 the brach'?odietosum subassociation, 100-150 m from the

river.

Spaaicr rccorded

From thc siles at Upper Tisza and Maros,l8Tl sp€cimens belonging to 35 species
$€r€ collected. Along lhc UpI,€r Tisza (Bagiszeg) 483 were found,l388 at the Maros
Rir€r. The sp€cies composition of th€ tqo sites is ilifrereot but both include Chilosloma
banatica. CaDchiun tridc aluq Oryloma elegans, Columella edentrl4 Arion honemis
and Vitrina p€llucida were not found al lhe Maros Rivcr, whercas Vitea subrinal4
Nesovitrea hammonis, Derocerar laeve, D. agreste, Clausilia pumila, Balea biplicaq
Hygromia transsylvanica, and tfuee . probably drited sp€cies (Vitrea transsylvanicE
Eucoflulus fuhus and Trichia hispida) arc absent from Bagiszeg. OfOe species found at
Bagiszeg, 85.7olo also occur at th€ Maro6 Ril€r, whereas ?1.4% of slecier at 6e Mrro6
fuver oclul also at the Upper Tis7a. There are prdably tuo fado.s responsiblc for the
diffetences. Based on Kakas'(1960) clirnatic classificatiol Bagisug has a clinute with
an oceanic charactc., raitl modemt€ly r€rm summcr (O?e B4), whereas most of the creat
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HunSarian Plain belonSs lo lhc aontinenlal typc wilh moderately dry climate (Al). The
Ronanian section is morc humid, b$ause thc arca is open to}ards thc norlhrcst. Duc to
impermeable layers and slope, th€ Maros Rivqr has a considerable gradient lts \ratcrshcd
includes 18 mountainous rcgions and cov€rs twicc as mu€h arca as the Tis/" River. lt
floods very rapidly (And6 1992) facililating transpoilation of the fauna. The numbcr of
specics per for€st rang€s betrrcen 6 and 14. The Balea- Clausilia and Hygrcmia spccics
and Vitrea rrinss'h"nica and Trichia hispid. rrcre found at lhe Romaniao s€.tion-

A$o.irt€d lpacle!

The gallery forests of thc Upper Tisza and lhe Maros hav€ a sp€cies group in
common. For the Gr*rt Hungarian Plain as a wholc, based on ihe abundance data o[ 39
species and 6 environmental variables, principal coordinates analvsis indicatcs four nain
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goups (Bdba 1992, Fig.l). L Species of open arear (xeromesophiloug and xerophilous
species afiected by pH). lI. Riparian ubiquists. III.IV subhygrophilous a.nd hygropbilous
sp€cieq hfluenced by h)drologicd conditions, fore$ age, canop)' closurq physical soil
B?e and climale. Of group IV, the presence ol Chilostoma is maiflained by lha large
water produclion of rivers coming flom Transylvania and thc mns_tarlt humidity of the
habitals. Group lV is char'acterized by dlc Dacic Chilocfona bonatica and lhe Carpathial
Perfontella vicina. The gallcry for615 descriH in tenns of group IV arc separat€d from
other gallery forests of Hungary, perhapg be.ause of the hear1 sylvicultural impact and
&y continental climatc.

Coenologicrl chrrrcterfutic lDecie! of gmup Mn grller? forfit!

The coerclogical character species in the gallery forest, considering the coGlancy
(Frcentage) and total dominanc€ percentages, can b€ divided into three groups: constant
(51- 10070 co[9ancy), sukuslant (2uJo'lo constanc]) and cooccurring slecies ( l- l97o).
The dominance values saongly varj in the first tr\o groups. Of the conslant species,
Chilostoma, Cochlodina, Perforatella. Helix and of the sukonsta species Arion
subfuscr$ bclong to group lV (Fig. I). Bradltaena. a riparian ubiquist, also belongs to the
group of constant sp€cies. Most of lhe constant species in other parts of thc Great
Hungarian Plain arc forest d\r€ll€rs ($oDp III) and riparian ubiquists (group II).
Perfontella vicina, and its subslitute P. incarnalr, H€lir porutia, Bradybaena and
occasionally Cochlodina remain coElant in the gallery forests ofthe Upper Tisza and the
Danube. Chilostoma banatica, coming ftom Tnnsylvania via the rivers Feh€r- and Fekete
Kdr6s, and Szmos before rrater regulations, is now charactedstic in the gallery forests
a.long rhe lcfl trib ary ofthe Tiszr.

SiDihriqv bctween th€ gdler-T forads of lhc Upper Tilzf, rnd tbe Mrrc3

These similarities $€re evalualed via cluster analysis using the Cz€kanowski Ind€x
as applied to the Mak6, l,andor and Bagiszeg data (Table l). Notc tbat numbering in tbc
fiSure difrcG Fom drc lin of locations. Bagirzeg is no$ l-8, Mak6 is 9, ard kndor is lG
18. The snail assemblaSes of thc three forcsts form three cluster seeds, connected tfuou8h
locahons 4, 9 and 10. The locations ll-lt ftom Landor are s€parated for trro reasons.
They belong to a differe humidity 9pe (Katas 1960): Bagiszeg has an oceanic
character, whereas Mako-lrndor arc morc @fiincntal. The other reason is the intensive
thiruing p€rformed in Landor in 1989.

The climatic dilTcrenGs in the tlro forcsls are iodicared ty the rne3n she brcadth
values of CNlosloma. The data rrtre obtained betir€eo l 8 and l99l in Letr(lor,1979-
1985 in Bagiszeg (Bdba & Domokos 1992).
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Fluclurtion rnd oscillation

The forests in Bagiszeg and Landor $crc idluenccd by natural and antiropogenic
efects during the study years. Thcse include: cut ofthc lrillow grorc in Baglsz-eg in 1969
so dut tlK agricultural land gels closc to the forest (i0% dccrease in abundancc): flood in
1970 (20olo decreasc); Ll_mantna dispar gradadon in | 97{ (63% decrerse); forcs1 thinning
to enhanc€ gro$h of young trees in 198.1 (lE% de€reasc). ln 1989 i[ Lardor sclecti\e
thinnrng (?t.38o'o decreasc). f'gure 4 sho$s lhc A m2 charl8es Thc propodon ofli\ing
and dead spccimens and the density data illustrale thal &e proportion of dcad animals
ste"di\' increas€s after stbiqrhural intencntion in Landor. In the foresl at Mak6. the
pefinanent anthropogenic effccts contnbute to the incr€ased proponion ot dead animals.
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In th€ figur€, arro\rs indicate the lime of impacl. Fig. 6 shows the changes of species
numbcr, species dcnsily (lnean sp€cies numbcr per quadral) and div€rsily-
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In BaSiszcg. the sp€cics number, spccics density and di\€rsity dccre{sed upon the
nalural and aDlhropogenic ellects. The total numbcr of specics decreased from 10-13 to 6-
8- The same holds tlue tor the hndor lorest aner the sylvicullural inlcrvcntion in 1989.
Th€ rcason fo! drc flatlcicd culrts for lhc lrrxlor dala is th€ decrease of campy clo6ur€,
nhich in tu.n led to decrc{scd soil humidity (Fig. 6). Consaquendy, ihc dotrdrunce of
major specics stcadily decrcascs betqE€n 1990-1991- Of thc threE dominant sp€cies,
Vallonia sullercd the least changes although its tolcrance linrits are the naffowcsl.
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Structurel chrdge! durlng fluctuNtion snd Gcillrtion

Structu'al changes in the trro forcsls are drfferent- Of the ecdogic{l species group6,
complement changes ofthe C-A group dominale (Tig 7). Follo$ing the rene\rEl of shrubs
a.fler the Llmantra gradation, the shad€ slccies (grcup A) increasr. At Landor,
s.ylvicultDral inlcn€ntion is follo$ed by the increased domirunce of riparian ubiqursts
(E) Group E is a complgment of groups A.C. Group E b€comes dominanl in the forest of
thc noodplain affcr disturbance. as earhcr rnreslgal|ons suggen

The nutntional lpes in thc t$o foresls also differ. ln BagisTe& the ornnivo.d$ (O)
and saprophagous (S) $pcs are complemcnting. \iith the dominance of ihe firsi. Afier th€
Llmantria gradation. the saprophagous bpe b€comes dominant. horicvcr (Fig. 7). At
Landor. increas€d amounls of forest litter and debris. produced by sylvilcultural
int€nention. lcad to the pcrmanent doninance of the saprophagous q!€ (Coahlodina,
Vallonia. Ca{chium). similar\ ro lhe trm$'Il pastures, irdicadng terreslrial
eutrophication (Fig. 8).

Table I shoris structural changes in terms ot constanc! and dominance relations of
the specics assemblages. At Bagiszeg. Pcrforilella ricrna a d Chilostoru are constant-
donrinant. and Arion subfuscus is tenrporarih subconstant aJler floods. AItcr the
Lvmantda gradalion. when the c?nop) has regeneralcd, lhe increased soil moislure led to
the conslant-dominanc€ ofCarychium tridcntahrm. The s\hicultural ireauncnt at Landor.
and ll|e stcady decreas€ of soil moisture (Fig. 6) $ere faromblc for mesophilous speci€s
$ith tcladr€lt nide tolcrance ranges (Vallonia pulchclla. Cocl iclpa lubrica) The
subconstant-dominants (Canchium minimun) and thc h,r_grophilous species
(Brad]baena. Cochlodina. Pcrforatella) becomc temporarily characteristic in the spring
and aulumn rcproductive periods.

Thc results porlra) cd by diagrans discuss€d ahve suggest that regcnemtion of snail
assenrblages is morc p@nouncd in moderately narm cliruttc{, both lry s€asons atrd
months. In drier climatcs minor $lvic-ultural irt€n€ntions (hindng) cause more changcs
lcading to eulrophication In morc humid climatcs struclural changes caused by c:\lemal
cffects afe morc easil-r compcnsaled thanks to thc closeness of $ater in gallery forcsls

S€rsonrl changes ir Lrndor

Seasonal changes are dcpiclcd br cluster anal}sis and thc rncan shell breadth dala of
Chilostoma for l99l (Fig. 9). After 1989, the seasonal changes are ch:uactenzed by
spring. summer and autmn periods. The spring aspects ofdifferent )ears are clos€r lo one
anolhcr than differcnl aspects of the sane !ear. Comparcd to pr€vious inr€stigations, such
s.asonal rclarionships devclop in strongly dcsiccated forcsts and dr] postures (B:iba
1993).
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The clustcring is confiImcd b,r Chilonoora shell brcadlh mcasuremenls pcrformd bv
Domokos in l99cl99l @eba & Domokoc t992). FiA. 9 sho$s data for 1991.
corresponding to the gradual thickenin8 of the ap€tural lip.

CrlIer-T forstr of th€ llrror River in Romrnir

Based on thc collected matcrial. the rclatoffhip berirten $illoir Eood5 and gatlery
forcsls $?s e\amincd using singlc linkage cluncdng. The objects are dirided inlo one
small and lrio large sftds.

Clustcr sacd I rncludG sp€lies-poor $illon'poplar stanG and galler] fo.csb slroryl]
ajlcclcd bl cullural effects (localilies I.l.18. 28. forcsb ar Csila_ Bezdin and MaI6).

Clusler se€d 3 falls inro thr.r pans. rhe firsl t\io including forests from BagisT€g.
Csila and Landor. thc latter also prcscnt in lhe thirdparr.

Cluster se€d:l includes the sFrics.poor galleD forest ofPecska (Pecica) Thc cluster
mcmberchip and the composrtion of seed parls indicates that thcre is no big quantilative
and qualitalivc diference bct}een tlle gallcr.r forests of thc Upper Tisza and tlrcs€ of
Hungan and Romann- not$ith$anding lhe largc gcographical differences. The
discrepancics are causcd rnain\- b r|atunl add andrcpogcnic efrecls of \rnous origin.
The differenccs caused t !_ c\tcmal factors ale sho$n o]_ fiuctural characterinics (Fig_ I l)
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and the sclrcrgram of Principal coordiMles anal!'sis Cig. l2). Tl€ sFcies arc
dislributed into three groups- as conlirm€d b]_ the PCoA diagram Accordingly. species of
ecological Sroup E (Succinca oblonga. Cochlicopa lubric-a. Vallonia pulchella)
characleri/c the Landor and Pc:cska foresls (Fig t2lll). Thc Iarge abundancc of lhese
spccies contribute to the percenage of bush forest (BW) and stcppe (S) iniabitants.
Espccialh large abundance is t\pical ol Bradlbacna fruticun- Irom goup BW. Tle
ilillo\r-poplar $oods and thc bushl CsAla forest bclong 10 grcup L Lo\v numbers oi
sp€cies and indiliduals and. as a consequence. lo\r spcrics densio are llpical. The
abs€nce of Chi lostoma characten/cs lhc $illo$.poplar slands. Balen and Clausilia pumila
occuronll in this forest ti?c at Bczdin (sile 2).

The drfferenlial spccics of Bagiszeg forcsls and the gallet forcsts in Romania are in
group lV (Fig l) Lima\ ciner€oniger and. in Romania. Euomphalia slrigella join thesc
spccies

Anlhropogenic cffcrls are erident in bo$ Hungary and Romania. The \illolr-poplar
slands (Localions l-:i) are less disturtred. In lhc Lippa foresr- close lo the ri1er. spccics of
bush forests do rinale. The Bezdion forcsts 2.1 sho$ lrallsition to$ards gallen forcsls via
the donrinancc of the photophilous s?cries grcDp The dislribution of ecological sp€cies
groups in silcs 12. ll. 15 and 17 corresponds $€ll \irh the Bagiszeg one Sites 14 and 17
at Cs6la forest 16 at Pdcska and l8 at Bczdin ar€ srrongh innuenc€d by rnan. Thc lory
spccics densin sholr lhis (Fig. I L A). and thc large dominance ot bush foren and riparian
spccies (Fig I I B) Especiall! striking is thc e\lernal effecr on forens l.l. l7 and 18. The
lrccs of forcst 18 arc mostl! dead. the) arc included in ihe diagram as conrol Thcsc
forcsts are clnractcriT.d b! lo$ sp€cjes numtler. lo$ di\ersitl and species dcnsitl_. The
propodon of BW- ripadan and steppc sp$ies is high The dccreas€ of rhc divcrsitv of
ecoloSical spccics groups and lhc Incrcas€d dominancc of goups E-C arc decisite. The
anlhropogcnic effects arc similar to those ancr s)-hicultural tealment in Landor and in
lhc forest at Mak6. lcading lo decreases in larious characteristics {Fig. 1lAB.C, locations
l8-28).

The distnbulion of nutritional llFs (Fig. llD) is characlerized b] the dominance of
omni\orous spccics in $illoi} slands and less-distDrbed forcsts (localities l. 2, 3, 12, 16.
nnd 19) In llrc disturbed forests. depcnding on rhe inlluential faclor, the eprophagous
(localities ll. 15. 21. and 26) or hcrbilorous !\?es ma! dominale. especially in forests
$ith poor herb later (sitcs l{- 17- 28).

summan

Thc results presenlcd in tl s pap€r ma] be concluded as follorrs. The snail
assen$la8cs of 28 forests from 7 gclgraphical localions ate Iinked $ilh an associated
sFtccies group T}lc stabiliq of this group is maintained bt fauna transport from
Tran$lvania through ri.|€rs. One constant-dominanl species of the group is Chilostoma
banatica. found in recent or subfossil slrte at thc Upp€r Tisza (as arrived lfuough the
Samos ri\cr). al the F€hir and Fckctc Kdrds and at thc Maros Riler.
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Flucluation and oscillalion studies shoirtd that in for€sG \ith a norc humid climat€
and with constanl intuence of water) the snail assemblages regcncralc fronl disturbed
states (Bagiszeg). In dry climatic arcas (corltinental clinale), at Landor, aJler lhinninS.
thc ccological groups A-C are oulmmpclcd by Sroups E-C. Th€ dominanc€ of forcst
dwcllers, according to invcsligations in Romania, nray bc charged upon anlhropogcnic
€fects, ho$clet vi. invasion by inhabilants of bush tor€srs, slepp€ communities and by
riparian sFcies.

5

r l & 1 5  1 6  t  ?  l ( 1 3 t  J 9  ? l  ? 6  2 '
I  I  A t  l t

^  l \

t t l

tie@ I l A E ftstr.l p'lFli6 of sllcdins sil6. A (upF): Ann', srEi6 m$. (lN), .tci6 {bEny (sD)

.rd diEnl' 0rI B (loqd)i n hiht \r€ orldt

In dry clinates the dorhinanff of omnivorous slrci€s ir gall€ry forcsts is rcplaced b,v
thc dominance of$prophagous elements. Similarly lo for€sls dcsicgat€d by fylvicnltural
intervention and to nrown grasslands. th€ s€asonal dlnanics of snail asscmblages is
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changcd. This is also reflectcd by the monthly avemge shell brcadth data of Chilostona

The forests can ta assigned inlo three gloups by PCA. This gmuping is influenced by
diJferenccs betn€en plant communities (Group I: witlolr"poplar slands) and cultural
cffccls. Aner sylvicultural tlcatment, the forests o[ Landor and Mal6 are separated (group
II). These diferences arc manjfesled in the spccics mmposition of groups as r€ll.
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