SNAIL ASSEMBLAGES OF GALLERY FORESTS BETWEEN LIPPA (LIPOVA)
AND MAKO

K. BABA and P. KONDOROSSY

Introduction

This study deals with (he snail assemblages ol gallery lorests along the | lungarian
section ol the Maros River. These lorests have been lille investigated [or snail
assemblages.

In the [Hungarian scetion ol the Greal Plain, several new records ol Chilostoma
banatica have been reported, aither in recent or near reeent state. 'This speeies s distributed
from the southern Carpathians to the Bihar (Bihor) Mts. and Maramaros (Maranmre™) and
has been known sinee the Miocene (Sods 1943) as the leading species ol interglacials
(Lovek 1964). The species 15 distnbuted along the rivers in Hungary (13aba 1979). In the
plain the first record was taken in the Csdla forest in 1915 at Nagvvarad (Oradea) by Sods.
In | ungary, the st occwrence was reporled by Baba (1979) [rom Bagiszeg al the Upper
Tisza River. Only shells were lound m the alluvial deposits ol the Maros and Tisza rivers
by Czogler and Rotarides in 1938, A TTorvdth found a single living specimen in the drift at
the conlluence ol the Tisza and Maros rivers, Sreged.

Belore niver regulalions, the species was nalive W the FFekete and Fehér Kords area.
Shells were found in ploughed land in sites formerly covered bv gallerv forests. Living
gpecimens were found by Domokos (1992) near Gyulavari, in the Sitkei [orest. AL the
Maros River near Makd-Landor, a populalion was discovered which was subsequently
analvzed by Baba and Domokos (1992). Bagiszeg and Landor are now nature reserves.

This study will also compare the associated specics ol Chilostoma banatica with snail
assemblages in Romania,

Material and methods

Quadral sumpling was perlormed in the locations ol Chilosloma banalica by Baba al
[3agiszeg between 1967 and 1983, at Mako-Landor (Maros) between 1986 and 1991 and in
the Csdla forest, Romania, in 1973, Between Lippa and Bezdin, Romania, . Kondorossy
made colleetions al (hree locations. Quadral size was 25 by 23 em, 10 quadrats were taken
m each site. Seasonal mvestigatons were performed at 13agiszeg Lor 10 vears, and at
Landor for two vears (three times a vear). In the Landor site soil samples were also
colleeted o measure soil humidity. AL the Maros River canopy closure and percentage
cover ol herbs were recorded al cach site. For a biometrie study ol Chilostoma banatica,
50-50 individuals were collected by Domokos, and the shell breadth data were compared
with climatie data (lemperature and preeipitation) as averaged Tor (he two previous vears,

203



The ligures were prepared wsing the data ol the National Melcorological Service, and are
reproduced [rom 13daba and Domokos (1992).

The data were evaluated by clustering and ordination methods. Shannon-Wiener
diversity index was also caleulated. Species associations were identilied using regional
grasslund and lorest studies [rom the plain (Podam 1991). Block clustering, as [ollowed by
Feoli-Orléei's (1979) evaluation procedure, allowed determination of ecological species
groups, whereas nutriional tvpes were delined according to Fromming (1954). The habital
typology developed by Lozek (1964) was also used i the analysis of commumty structure,
The percentage distribution of habitat tvpes was used to detect structural changes caused by
external [actors (Moods, svlviculure). ‘The results are generalized 1o characterize the
current environmental status ol forests along the Maros River. The Torests were evaluated
by clustering, based on the Czekanowski Index, and by principal component analysis
(Podani 1991).

The ecological species groups are as follows:

A hygrophilous, mesohy grophilous, shade species

13. photophilous species ol swamps and marshes

C. photophilous mezohvgrophilous and mesophilous species
1. xerophilous and xeromesophilows species ol open habitats
1i. hygrophilous ubiquists along lakes and watercourses

The nuiritional Lypes are:
L. O. Ommivorous

2. 11 Ilerbivorous

3. Sz, Saprophagous.

We made four groups out of Lozek's habitat tvpes. These are: |. Forest dwellers
(Lorck's W, Wh, Wm), bush lorest dwellers (Lozek's Sw, Ow, Ws, Wm, m, WI). Riparian
species (H, P) and steppe species (o, x, s,

Macroclimatic differences were evaluated after Kakas (1960) and Ando (1992).
Nomenelature of plant communities [ollows Soo (1980).

Locations

The study sites are as [ollows:

Salicetum albae-fragilis (Sed 1933) Issler 1926

1. Lippa, 1992.08.25., Salicctum albae-Tragilis, [53-20 km [rom the water.

2. Bevdin, [992.08.26. at a swamp on the Noodplam, 200 m from the river. The
understorev is Xanthium and Urtica.

3. Berdin, 1992.08.28. Urlica stand at the same sile as 2.

I'raxine pannonicac-Ulmetumn (Zolvomi 1934) So6 1960,

4. Upper Tisza, Bagiszeg, 1967.07.28. caricetosum subassociation.

5. Bagiszeg, 1969.07 28 convallariclosum  subassoc., the willows swrounding the
[orest wall be cut.

6. DBagiszeg 1971.07 28, asperuletosum subass. Covered by water for two weeks
during the 1970 Nood.
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7. Bagiszeg, 1972.07.22 asperulelosum.

8. Bagiszeg, 1974.06.6. asperuletosum, canopy only one-lourth ol the onginal due o
Lvmantra gradation.

9. Bagiszeg, 1975.08.22. asperuletosum.

10. Bagiszeg, 1978.07.15. asperulelosum.

L1, Bagiszeg, 1983.06.13. asperuletosum. The forest was thinned in 1984 to promote
[aster reproduction. Due lo cutling, the canopy cover has deercased considerably.

12. Csdla lorest, 1973.08.15. brachypodictosum, treated by svlviculture.

13. Csala forest,1973.08.15, asperuletosum, treated by svlviculture

14, Csila forest, 1992.07.28, with shrubs (Cralacgus monogyvna)

15. Csala lTores, 1992.07.28, Urtica - Rubus lacies, (reated by svlviculiure

I 6. Péeska, 1991, 08.20. Rubus - Urtica {brachvpedietosum), treated by svlviculture,
30 m lrom the river.

17. Csdla lores(,1992.07.28. Poor understorey. orests 14-15 lhie 3-400 m from the
river

18, Berdin, 1992.08.26. 200 m Irom waler, only shells.

19. Landor 1987.09.26.

20. Landor 1988.06.07.

21. Landor 1989.09.26.

22, Landor 1990.05.11.

23. Landor 1990.07.10.

24. Landor 1990.09.18.

25. Landor 1991.05.08.

26. Landor 1991.07.12.

27. Landor 1991.09.04.

28. Makd, strand lorest, 1986.10.12. 30 m [rom waler.

The Landor site belongs to the brachvpodietosum subasseciation, 100-150 m from the

river.

Species recorded

Trom the sites at Upper Tisza and Maros, 871 specimens belenging to 33 species
were colleeted. Along the Upper 'Tisza (Bagisseg) 483 were lound, 1388 al the Maros
River. The species composition ol the two sites 1s dilTerent, but both inelude Chilostoma
banatica. Carvchium tridentatum, Oxyvloma elegans, Columella edentula, Arion hortensis
and Virina pellueida were nol Tound at the Maros River, whercas Vitrea subrimata,
Nesovitrea hammonis, Deroceras laeve, D.oagreste, Clausiha purmla, Balea biplicata,
[Tvgromia transsvlvanica, and three - probably drifted species (Vitrea transsvlvanica,
Fuconulus Tulvus and ‘I'richia hispida) are absent [fom Bagiszeg. OF the species Tound al
3agiszeg, 85.7% also oceur al the Maros River, whereas 71.4% ol species at the Maros
River occur also at the Upper Tisza. There are probably two factors responsible for the
differences. Based on Kakas' (1960) climatic classilicalion, Bagiszeg has a climale with an
oceanie character, with moderately warm summer (lype 134), whereas most ol the Great
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Hungarian Plain belongs to the continental type with moderately dry climate (A3). The
Romanian section is more humid, because the area is open towards the northwest. Due to
impermeable layers and slope, the Maros River has a considerable gradient. Its watershed
includes 18 mountainous regions and covers twice as much area as the Tisza River. It
floods very rapidly (Ando 1992) facilitating transportation of the fauna. The number of
species per forest ranges between 6 and 14. The Balea, Clausilia and Hygromia species and
Vitrea transsylvanica and Trichia hispida were found at the Romanian section.

1 IL.

mr-1v.

Figure 1. Principal components ordination of species and abiotic factors.

Numbers of groups: L. species of open areas: 4. Cochlicopa lubricella; 6. Truncatellina cylindrica: 8. Granaria
frumentum; 9. Pupilla muscorum; 11. Vallonia costata; 12. Chondrula tridens; 20. Vitrina pellucida; 26.
Euconulus fulvus: 28. Helicella obvia: 29. Helicopsis striata; 30. Monacha carthusiana; 38. Cepaea
vindobonensis; IL. riparian Ubiquists: L. Carychium minimum;3. Cochlicopa lubrica; 10. Vallonia pulchella; 17.
Punctum pygmeum; 22. Vitrea crystallina; 27. Bradybena fruticum; 31. Perforatella bidentata; 32. Perforatella
rubiginosa; IIl. subhygrophylous and hygrophylous species: 5. Columella edentula; 7. Vertigo antivertigo; 14.
Succinea putris; 15. Succinea oblonga; 18. Aryon sylvaticus; 21. Zonitoides nitidus; 23. Aegopinella minor; 24.
Nesovitrea hammonis; 235. Deroceras agreste; 33. Perforatella incarnata; 35. Hygromia kovacsi; 2. Carychium
tridentatum; 13. Cochlodina tridentata; 16. Oxyloma elegans; 19. Arion subfuscus; 34. Perforatella vicina; 37.
Chilostoma banaticum: 39. Helix pomatia. Habitat parameters: 40. humidity; 41. hydrology: 42. forest age; 44.
canopy closure; 46. pH: 47. climatic district.

Associated species
The gallery forests of the Upper Tisza and the Maros have a species group in
common. For the Great Hungarian Plain as a whole, based on the abundance data of 39

species and 6 environmental variables, principal coordinates analysis indicates four main

206



groups (Baba 1992, Fig.1). 1. Specics ol open arcas (xeromesophilous and xerophilous
spectes allected by pH). 1L Ripanan ubiquists, 111-1V. subhy groplous and hy grophilous
species, influenced by hvdrological conditions, forest age. canopyv closure, physical soil
ype and ¢limate. OF group 1V, the presence of Chilostoma is maintained by the large water
production of nvers coming from Transylvania and the constant humidity of the habitats.
Group IV is characterized bv the Dacic Chilestema banatica and the Carpathian
Perloratella vicina. The gallery lorests deseribed in terms ol group [V are separaled [tom
other gullery Torests of Hungary, perhaps because of the heavy sylvieultural impact und dry
continental climate.

Cocnological characteristic species of group [V in gallery forests

The cocnological characler species i the gallery Torest, considermg the constancy
{percentage) and total dominance percentages, can be divided inte three groups: constant
(51-100% constancy), subconstant (20-30% constancy) and co-oceurring specics (1-19%).
‘The domninance values strongly vary i thie first two groups. O the constlanl species,
Chilostoma, Cochlodina, Perforatella, Ilelix and of the subconstant species Arion
subluscus belong 1o group IV (Fig. 1), Bradybacna, a riparian ubiquist, also belongs o the
group ol constanl species. Most of the conslanl species i olher parls of the Greal
[Tungarian Plain are forest dwellers (group III) and riparian ubiquists (group IT).
Perforalella vieina, and ils substitlule P incarnala, llelix pomalia, Bradvbacna and
oceasionally Cochloding remain constant in the gallery lorests of the Upper Tisza and the
Danube. Chilostoma banatica, coming from Transvlvania via the rivers I'ehér- and Fekete
Kords, and Szamos belore waler regulalions, is now characteristic in the gallery lorests
along the lelt inbutary of the Tisza.

Similarity between the gallery forests of the Upper Tisza and the Maros

These similaritics were evaluated via celuster analysis using the Crckanowski Index as
applicd 0 the Mako, Landor and Bagisseg data (Table 1), Nole thal numbering m the
figure differs from the list of locations. Bagiszeg is now |-8, Makd is 9, and Landor is 10-
18. The snail assemblages of the three lorests form three eluster seeds, conneeted (through
locations 4, 9 und 10, The locations 11-18 [ron Landor are separated lor lwo reasons. They
belong to a different humiditvy tvpe (Kakas 1960): Bagiszeg has an oceanic character,
whereas Mako-Landor are more continental. The other reason is the intensive thinning
performed 1n Landor in 1989,

The climatic differences in the two forests are indicated by the mean shell breadth
values ol Chilostoma. The dala were obtained between 1968 and 1991 in Landor,1979-
1985 1n1 Bagiszeg (13aba & Domokos 1992),
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Table 1. Coenological character species of Torests (rom the Upper ‘Tisza and Maros forests,

C% D%
Chilostoma banatica 90 13.140
Bradybachia futicum b1 10.936
Helix pomatia 80 2.832
Perloratella vicina 76 12.613
Cochlodina laminata 68 6.467
Carvehium minimum 48 8,551
Suecinea oblonga 44 3,580
Cochlicopa lubricata 44 7.322
Copaca vindobonensis 44 1.013
Vallonia pulchella 30 21.163
Arion subluscus 36 1.122
Zomitoides nitidus 32 0.801
[imax cincreoniger 28 0.748
Huomphalia strigella 24 1.636
Arjon sylvaticus 20) 1.173
Deroveras agreste 16 1.122
Suceinea pulris 16 0.320
[lelix lulescens 16 ).587
Perforatella rubiginosa 12 0.213
Carychium tridentatium 8 3.687
Clausilia pumila 8 0.106
Aegopinella minor 8 0.106
Punclum pyvemsum 8 0.106
Deroveras lasve i 0.106
Oxyloma clegany 4 0.160
Columella edentula 4 0.106
Vitrina pellucida 4 .033
DBalea piplicata 4 0.374
ITvgromia transsylvanica 4 0.213
Vitrea subrimata 4 0,053
Nesovitrea hammonis 4 0,053
Vitreea transsvlvanica () ().033
Arjon horlensis 4 0.033
Trichia hispida [C)] 0.033

Fluctuation and oscillation

The Torests i Bagiszeg und Landor were influenced by natural and anthropogeme
effects during the studyv vears. These include: cut of the willow grove in Bagiszeg in 1969
s0 that the agricultural Tand gets close Lo the Torest (30% deerease in abundinee); Tood in
1970 (20% deercase), Lymantria dispar gradation in 1974 (63% deercase); lorest Uhnnnmg
to enhance growth of voung trees in 1984 (18% decrease). In 1989 in Landoer selective
thinning (77-38% decrease). Figure 4 shows the A/m2  changes. The proportion of living
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and dead specimens and the density data illustrate that the proportion of dead animals
steadily increases after sylvicultural intervention in Landor. In the forest at Mako, the
permanent anthropogenic effects contribute to the increased proportion of dead animals. In
the figure, arrows indicate the time of impact. Fig. 6 shows the changes of species number,
species density (mean species number per quadrat) and diversity.

Czekanowski
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Figure 2. Cluster analysis by the group average method using the Czekanowski Index.
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Figure 3. The dependence of average shell breadth (W) from temperatures measured in the previous year (1.
Landor, Mako; 2. Bagiszeg) and from precipitation of the previous vear (3. Landor, Mako: 4. Bagiszeg).
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Figure 5. Species number, species density and diversity changes in Landor and Bagiszeg (IN=species number,
SD=species density, H=diversity).

In Bagiszeg, the species number, species density and diversity decreased upon the
natural and anthropogenic effects. The total number of species decreased from 10-13 to 6-
8. The same holds true for the Landor forest after the sylvicultural intervention in 1989.
The reason for the flattened curves for the Landor data is the decrease of canopy closure,
which in turn led to decreased soil humidity (Fig. 6). Consequently, the dominance of
major species steadily decreases between 1990-1991. Of the three dominant species,
Vallonia suffered the least changes although its tolerance limits are the narrowest.
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Structural changes during tfluctuation and oscillation

Structural changes in the two forests are different. Of the ecological species groups,
complement changes ol the C-A group dominale (Fig. 7). Following the rencwal of shrubs
aller the Lymantra gradation, the shade species (group A) inerease. Al Landor, svlvicultural
intervention is followed by the increased dominance of riparian ubiquists (E). Group I is a
complement ol groups A-C. Group E becomes dominant in the lorest ol the MNoodplain aller
disturbance, as carlicr investigations suggesl.

The nutritional tvpes in the two forests also differ. In Bagiszeg, the omnivorous (O)
and saprophagous (8) vpes are complemenling, with the dominance ol the [irst. Aller the
Lymantria gradation, the saprophagous lvpe becomes dommant, however (g, 7). Al
Landor, increased amounts of forest litter and debris, produced by svlvilcultural
inlervention, lead 1o the permanent dominance ol the saprophagous vpe (Cochlodina,
Valloma, Carychium), similarly Lo the mown pastures, indicating terrestnal eutrophication
(Fig. 8).

Table 2 shows structural changes in terms ol constaney and dominance relations ol the

species assemblages. AL Bagisseg, Perforatella vicina and Chilostoma are constant-
dominant, and Arion subfuscus is temporarily subconstant after floods. After the Lymantria
gradation, when the canopy has regenerated, the inereased soil moisture led 1o the constant-
domimance ol Carvehwmn tridentatum. The sylvicultural treatment at Landor, and the steady
decrease of soil moisture (I'ig. 6) were favorable for mesophilous species with relativelv
wide Lolerance ranges (Vallonia pulehella, Cochlicopa lubrica). 'The subconstant-dominants
(Carychium  mmimumn)  and  the  hygrophilous  species  (Bradybacna,  Cochlodma,
Perforatella) become temporarily characteristic in the spring and autumn reproductive
periods.

The results portrayed by diagrams discussed above suggest thal regeneration ol snail
assemblages is more pronounced in moderately warm climates, both by seasons and
months. In drier elimates minor sylvieultural interventions (thinning) cause more changes
leading o eutrophication. In more humid chmates structural changes caused by external
effects are more easily compensated thanks to the closeness of water in gallery forests.

Scasonal changes in Landor

Seasonal changes are depicled by cluster analysis and (he mean shell breadth data off
Chilostoma for 1991 (Tig. 9). After 1989, the seasonal changes are characterized by spring,
summer and awmn periods. The spring aspects ol dilferent vears are closer (o one another
than dilTerent aspects of the same vear. Compared 1o previous mvestigalions, such scasonal
relationships develop in strongly desiccated forests and drv pastures (Baba 1993).

The elustering is conlirmed by Chilostoma shell breadth measurements perlormed by
Domokos 1 1990-1991 (B3aba & Domokos 1992). g 9 shows data Tor 1991,
corresponding to the gradual thickening of the apertural lip.
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shell breadth (W) of Chilostoma in 1991. S: standard deviation, V: variance.



Table 2. Changes of constant/dominant speeics in snail assemblages in Bagiszeg and Landor.

Bagi-szeg 1967 1969 1971 1972 1974 1975 1978 1985

D% F D% Fo D% Ft D% Flo D% F D% Fo D% F D% Fo
Perloratella vicina C GRS 100 3116 90 3387 90 1873 100 1570 70 1944 100 2760 o0 G315 100
Hc]icignnr[ hanatica A 1331 70 1627 60 - 26,00 - - 17.60 6 -

40
Bradyhena fritucum ¢ [AUL S e (8 - - - - - -
)

Cochlodina laminata A
Carychium tridentatum A& - - - - - oLl Yo 2162 T
Carvchium minimum A
Arion subluscus e - - 1290 &b - . N . _
Vallonia pulehella E
Cochlicopa lubrica E
Helix pomatia ¢
Maké-1.andor 1986 1989 1990y VI IN 1991 v VIl IN

Mo B DG IR DG IR DB 1M D% [ 18 M DE [ 1% I
PPerforatella vicina & I I I 520 o I -
Ilklivigona banatica A 2520 40 1383 100 1025 40 1983 80 1306 60 1228 o 053 30 6666 S0
Bradybena fritueum ¢ 17.92 100 - - 552 M Gnd W -
Cochlodina lamimata A - + - + G331 70 + + +
Caryehium A
tridentatum
Carychium minimum A - 16,52 60 1256 S0 1315 S0 - -
Arion subluscus ¢
Valloma ‘|Jl.l|i.‘|1€"11 I 3XO00 100 ZRZ00 B0 39068 90 JA 23 R0 ZRO4 R0 3174 9n 3354 T
Cochlicopa lubrica E 880 90 loge 700 509 80 934 8O 1421 70 1428 70 1731 90
[Ielix pomatia ¢ 20832 30

Gallery forests of the Maros River in Romania

Based on the collected material, the relationship between willow woods and gallery
lorests was examined using single linkage clustering. The objeets are divided into one
small and (two large seeds.

Cluster seed | includes species-poor willow-poplar stands and gallerv forests strongly
alTeeted by cultural effeets (localities 14,18, 28, Torests atl Csala, Berdin and Mako).

Cluster seed 3 Talls mto three parts, the st two including lforests [rom Bagiszcg,
Csdla and Landor, the latter also present in the third pant.

Cluster sced 3 ineludes the species-poor gallery Torest ol Péeska (Pecica). The cluster
muembership and the composition of seed parts ndicates that there 15 no big quantilative
and qualitative difference between the gallerv forests of the Upper Tisza and those of
[Mungary and Romania, nolwithstanding the large  geographical  dillerences.  The
diserepancies are caused mainly by natural and anthropogenic efTeets ol various ongm. The
differences caused by external factors are shown by structural characteristics (Iig. 11) and
the scattergram ol Principal coordinates analysis (Fig. 12). The specics are distributed into
three groups, as confirmed by the PCoA diagram. Accordingly, species ol eeological group
[ (Succinea oblonga, Cochlicopa lubrica, Vallonia pulchella) characterize the Landor and
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Péeska lorests (Fig. 12/11). The large abundance ol these species contribule (o the
percenage ol bush lorest (BW) and sleppe (8) mhabilants. Iispeaially large abundance 1s
tvpical of Bradvbaena fruticum, from group BW. The willow-poplar woods and the bushy
Csdla forest belong to group 1. Low numbers ol species and individuals and, as a
consequence, low specics density are Lypical. The absence ol Chilostoma characterizes the
willow-poplar stands. Balea and Clausilia pumila occur only in this forest type at Bezdin
(sile 2).

The dilferential species of Bagiszeg Torests and the gallery Torests in Romania are in
group IV (IFig. 1). Limax cinereoniger and, in Romania, Tuomphalia strigella join these
speeics.

Anthropogenie elfeets are evident m both Hungary and Romania. The wallow-poplar
stands (Locations 1-3) are less disturbed. In the Lippa forest. close to the river, species of
bush lorests dominale. 'The Berdion Torests 2-3 show lransition towards gallery lorests via
the dotminance ol the photophilous species group. The distnibution of ceological specics
groups in sites 12, 13, 15 and 17 corresponds well with the Bagiszeg one. Sites 4 and 17
al Csala Torest 16 al Péeska and 18 at Berdin are strongly inlTuenced by man. The Tow
species density show this (L. 1LA), and the large domimnance ol bush lorest and ripariun
species (ig. [ 1.B). Tspecially striking is the external effect on forests 14, 17 and 18, The
trees of lorest 18 are mostly dead, they are included in the diagram as contrel. These
[orests are characlerized by low species number, Tow diversity and species density. The
proportion of BW, riparian and steppe species is high. The decrease of the diversitv of
ceological specics groups and the inercased dominance ol groups H-C are decisive. The
anthropogenic ellcets are sumlar Lo those alter svlvicultural (reatiment in Landor and in the
forest at Makd, leading to decreases in various characteristics (Iig. | LAB.C, locations 18-
28).

The distnbution ol numtional types (19¢. 111) 1s characlenized by the dominance ol
omnivorous species in willow stands and less-disturbed forests (localities 1, 2. 3, 12, 16,
and 19). In the disturbed lorests, depending on the inlluential lactor, the saprophagous
(locahties 13, 15, 23, and 26) or herbiverous types may dominate, especially in Jorests with
poor herb laver (sites 14, 17, 28).

Summary

The results presented in this paper may be concluded as [ollows. The snail
assemblages of 28 forests from 7 geographical locations are linked with an associated
specics group. The stability ol this group is maintained by launa (ransport [rom
Transvlvama through rivers. One constant-dommant species ol the group 15 Chilostomna
banatica, found in recent or subfossil state at the Upper Tisza (as arrived through the
Szamos river), al the Fehér and Fekete Koros and at the Maros River.

Iluctuation and oscillaton studies showed that i forests with a more hwrmd climate
and with constant influence of water) the snail assemblages regenerate from disturbed
stales (Bagiszeg). In dry elimalic arcas (continenlal ¢limate), at Landor, aller thinning, the
ceologieal groups A-C are outcompeled by groups 11-C. The dommance ol forest dwellers,
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according to investigations in Romania, may be changed upon anthropogenic effects,
however, via invasion by inhabitants of bush forests, steppe communities and by riparian
species.

L L S A V A VO | ———
1 12 13 1% 15 16 17 2 3 (18)19 23 26 28
b .

Figure 11. A, B. Structural properties of collecting sites. A (upper): Alm2, species number (IN), species density
(SD) and diversity (H'): B (lower): habitat types of Lozek.

In dry climates the dominance of omnivorous species in gallery forests is replaced by
the dominance of saprophagous elements. Similarly to forests desiccated by sylvicultural
intervention and to mown grasslands, the seasonal dynamics of snail assemblages is
changed. This is also reflected by the monthly average shell breadth data of Chilostoma
banatica.

The forests can be assigned into three groups by PCA. This grouping is influenced by
differences between plant communities (Group I: willow-poplar stands) and cultural
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effects. After sylvicultural treatment, the forests of Landor and Mako are separated (group
I1). These differences are manifested in the species composition of groups as well.
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Figure 11. C. D. Structural properties of collecting sites. C (upper): Ecological species groups: D (lower):
Nutritional types.
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Figure 12, Principal coordinates analysis of forest tvpes.
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