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ANNA OVDUCH·FALNIOWSKA AND HALINA TOBIS 

SPATIAL STRUCTURE OF A GASTROPOD 
COMMUNITY IN THE LITTER OF A BEECH 
FOREST OF DENTARIO-GLANOULOSAE 
FAGETUM IN THE TATRA MOUNTAINS 

. Ab s t r a c t : The grid method was used in the present study of the spa
tlal structure of a gastropod community. 2,474 specimens representing 29 
Species were collected from an area of 9 sq m. The numbers of species we
~~ higher in squares with higher densities of snails (r~5 = 0.9). Species 
lVersity varied between the squares, ranging from about 2.6 to 4.1, and 

;as. not very closely correlated with increase in species number (r5H = 0.6). 
na11 density was not correlated with average dry litter weight in ·a squa

re (r~M = -0.03). The values of the indices of Lexis and of Morista show 
ihat tNe distribution of snails in the studied forest patches was aggrega
ed, The mat~rial suggests an obvious relation between snails and plants. 

INTRODUCTION 

The knowledge of the spatial structure is basic for the recognition of 
the factors that influence animal populations and communities. It seems 
especially important iA the case of the gastropod fauna (Huflejt and Kar
wowski 1961). Stuoies concerning molluscs are relatively very few. In the 
Polish literature several papers on Helix poeatia Linnaeus, 1758 can be 
mentioned (lomnicki, Wasilewski and Kosior 1964, lomnicki 1971, Woycie
Chowski 1980). Also some biocenological studies deal with similar problems 
(Urba~ski 1939, Orozdowski 1961, Dzi~czkowski ' 1972, Dyduch 1980 and Oyduch
-Falniowska and'Fyda 1986). 

In the paper the au~ors have attempted at a description of the spatial 
structure of a gastropod community in a beech forest of Oentario-glandulo
sae Fagetum . Additionally, the spatial structure of populations of the 
most abundant species of the studied communities has been considered. 
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MATERIAL AND METHODS 

In the present study the grid method was used (Kwiatkowska and Symoni
des 1980). The material was collected using the method proposed by Diem 
and modified by Oekland (DziQczkowski 1972) for mollusc studies. It con
sists in taking samples with a square frame. The size of the frame used was 
2D x 20 cm. The frame surface is referred to as "plot" in the text. 

In each of three patches of a beech forest three sites were chosen, 25 
samples to be taken from each site. The plots of each site adjoined each 
other forming a 100 x 100 cm square (Figs 2 - 4) . The resulting "big squa
res" were numbered from I to IX. The frame was stuck in the ground 2 - 3 
cm deep, so that each sample contained litter and the superficial soil lay
er. All samples were hand-sorted, because this most time-consuming method 
is necessary in both faunistic and quantitative studies (Dziqczkowski 1972, 
Umi~ski 1973, Oyduch 1980), and gastropods fixed in 75~ ethanol. 

2,474 specimens representing 29 species (Tab . 1) were collected altoge
ther. Plants from all plots were determined and counted, the litter col
lected was dried at 25 - 30"C and weighted. The material was analysed u
sing the following indices: 

(1) H' = N(N log N-E ni log n
1

) 

(2) J' ·- H' 
- 'JtiiSX 

(c = 3.321928, H' - species diversity of the community according to the 
Shannon-Wiener formula, H~ax = log2s, J' - equitability (evenness), N -

number of individuals in the community, ni - number of individuals of ith 
species, 5 - number of species in the community); 
(3) indices of dispersion according to Lexis: 6 2, and to Morista (lA), 

after Hutlejt and Karwowski (1981): 

i2 + j2 - i 
-2 • 

I 

(m - arith•etic mean of the density of individuals on a plot, 6 2 - var
iation); 

(4) Pearson's correlation coefficient. 

STUDY AREA 

All the localities studied were situated in the valley of the Spado
wiec stream in the western part of the Tetra Mts., between two valleys: 
the valley of the Bialy stream and tne valley called Dolina ku Dziurze. 



Species co~position of litter malacofauna of 
Dentaria-glandulosae Fagetum in Tatra Mts. 

Species 

1. Acicula pa·rcelineata (Clessin, 1911) 
2. Acicula polita (Hartmann, 1840) 
3. Carychium minimum 0. F. MUller, 1774 
4. Carychium tridentatum (Risso, 1826) 
5. Pvramidula rypestris (Draparnaud,. 1801) 
6. Columella edentyla (Draparnaud, 1805) 
1. Vertigo substriata (Jeffreys, 1833) 
B. Agardhia bielzi (RossmMssler, 1859) 
9. Acanthinula acyleata (0. F. MOller, 1774) 

10. Ena montana (Draparnaud, 1801) 
11. Cochlodina orthostoma (Menke, 1830) 
12. Cochlodioa laminata (Montagu, 1803) 
13 . Clausilia cruciata Studer, 1820 
14. Clausi1ia dybia Draparnaud, 1805 
15. Iphigena ventricose (Draparnaud, 1801) 
16. Iphigena 1atestriata (A . Schmidt, 1857) 
17. Iphigena p1icatula (Draparnaud, 1801) 
18. Iphigena tumida (Rossm~ssler, 1836) 
19, Laciniaria cana (Held; 1836) 
20. Laciniaria turgida (Rossm~ssler, 1836) 
21. Pseudalinda stabilis (L. Pfeiffer, 1847) 
22. Punctum pygmaeum (Draparnaud, 1801) 
23. Discus ruderatus (Ferussac, 1821) 
24. Vitrea diaphapa (Studer, 1820) 
25, Vitrea transsylyanica (Clessin, 1877) 
26. Vitrea subrimata (Reinhardt, 1871) 
27 . Aegopinella nitens (Mi chaud, 1831) 
28. Aegopinel1a pura (Alder, 1830) 
29. Oxychilus glaber (Ferussac, 1822) 
30, ffxychilus depres{us (Sterki, 1880) 
31, Arian subfuscus Draparnaud, 1805) 
32. Arian circumscriptus Johnston , 1828 
33. ~rion silvaticus Lohmander, 1937 
34 , Arian fasciatys (Nilsson, 1822) 
35, Eucobresia diaphana (Draparnaud, 1805) 
36. Eucobresia nivalis (Dumont et Mortillet, 
37. Vitr i na pellucida 0. F. MOller, 1774 
38, Semilimax kotulae (Westerlund, 1883) 
39, Bielzia coerulans (M. 8ielz, 1851) 
40 , 8oettgerilla pallens Simroth, 1912 
41. _Limax tenellus (O. F. MUller, 1774) 
42. _Lehmann1a margioata (0. F. Mflller, 1774) 
43. Oeroceras agreste (Linnaeus, 1758) 
44. Deroceras rgdpae Grossu et Lupu, 1965 
45. Euconulus fylvys (0. F. MUller, 1774) 
46, Euomphalia strigella (Draparnaud, 1801) 
47, Lenobiella yicipa (RossmMssler, 1842) 
48, Zepobiella ipcarpata (0 . F. MUller, 1774) 
49. lrichia ypideptata (Oraparnaud, 1805) 
50, Helicigona faustina (RossmMssler, 1835) 
51. A;ianta arbustorum (linnaeus, 1758) 
52. _Isoonomn«tnm:> m•r"nn:>tum (Lamarck, 1792) 

Dzi~czkowski 
(1972) 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

1852) + 

+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
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Table 1 

Spadow~c V. 
(1984) 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
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The valley of the Spadowiec stream lies on the Spadowiec nappe, and is a 
strict nature reserve. The localities differed between each other in humi
dity, altitude, bedground and plant cover (Fig. 1). 

~--' 

~ 
Fig. 1. Location of Spadowiec Valley (TPN - Tatra National Park) 

Locality A (squares I, 11, Ill) 
This eastward exposed local i ty was situated at 950 m a. s. 1 . , on a hu

mid flattening of a ridge. It was covered with a quite thick forest of be
ech and fir 60 - lOO years old. The cover of trees was about 70\ resulting 
in a prevalence of semi-darkness. The herb layer of 70 - 80% of cover com
prised 24 species out of which the most abundant were Oxalis acetosella L. , 
Dentaria glandulosa W. K., Dryopteris filix-mas (L . ) Schott, and ~io ne 
morensis L. The thickness of the leaf litter of the forest was 5 - B cm. 
The soil and litter were moderately humid. The bedground consisted of san
dy sediments and loams. 

The species composition of the herb layer was slightly differentiated 
between the squares, the following plant species having been recorded: 
square I: Oxalis acetosella L. (426 specimens), Asarum europaeum L. (l spe
cimen), and S~io nemorensis L. subsp. nemorensis L. (1 specimen); squa
re 11 : a1most entirely covered with 0. acetosella (644 specimens); square 
Ill: 0. acetosella (453 specimens), and Cardamine trifolia L. (4 specimens). 
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The litter dry weight also differed between the squares. In square I it 
ranged from 35 to 135 g depending on plot, the average being 68.8 g. In 
square II the average was slightly lower: 65.9 g, the dry weight ranging 
from 28.9 to 94.3 g. In square Ill the dry weight ranged from 26 to 108.2 
g, its average being the highest (69.9 g) of the nine squares. 

Locality 8 (squares ·Iv, V, VI) 
The locality was situated 915 m a. s. 1., about 400 m from the path cal

led Droga pod Reglami, on the right (square IV) as well as on the left 
(squares V and VI) bank of the stream Spadowiec, in a patch of fir trees 
With an admixture of beech and spruce. The cover of trees reached about 
50\. Rubys idaeus L. occurred abundantly apart from fl~ beech and spruce 
seedlings constituting the shrub layer . The much diversified herb layer 
(49 species) reaching 100\ of cover consisted of the following vascular 
Plant species: Petasites albus (L.) Gaertn., Stellaria nemorum L., ELUruL
ls elatior (L.) Grufb., Senecio nemorensis L. subsp. nemorensis L., Caltha 
lgeta Sch. N. K. , as well as of some species of mosses, lichenes and li
verworts. The soil and litter humidity was high . The leaf litter was mode
rately (4 - 5 cm) thick . Shales, greenish sandstone and organodetritic li 
mestone formed the bedground . 

Out of the nine. squares examined square IV was the one most densely co
vered with vegetation. The plant species recorded there were: Petasites 
~lbus (L.) Gaertn . (68 leaves of 29 individuals), Stellaria nemorum l. 
(25 specimens), Oxalis acetosella l. (20 specimens), Chaerophyllum cicu
lgria l. (8 specimens) . In square V the following plant species were 
found: Petasites albus (34 leaves of 14 individuals), Chaerophyllum cicu
~rl! (14 specimens), Oxalis acetosella (46 specimens), Stellaria nemorum 
(32 specimens). The plant species recorded from square VI were: Oxalis a
£etosella (102 specimens), Petasites albus (35 l eaves of 14 individuals), 
~llaria nemorum (51 specimens), Cardamine trifolia l. (2 specimens) . 

The litter dry weight in square IV ranged from 14.4 to 65 . 2 g, the ave
rage being 43.6 g, while i n squares V and VI it ranged from 20 to 92.6 g 
and from 16.3 to 50.5 g respectively, the corresponding averages being 
53.7 and 34.2 g. 

Locality C (squares VII, VIII, IX) 
The locality was situated at about 1025 m a. s. 1., lOO m from the path 

Droga pod Reglami, slightly below a ridge. It was covered with a dry beech 
forest with an admixture of fir (4\) and spruce (1\). The cove r of trees 
was 80 - 85\. There was no shrub layer. Oxal is acetosella L. and Cardamine 
llifglia L. were the most abundant plant species in the herb layer. The 
so11 was rather dry, stony , penetrated with roots of Qxalis acetosella. 
The litter layer was varied in thickness (i. e . thicker in depressions , 
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thinner elsewhere) but in general moderately thick. The bedrock of the lo
cality was formed of dolomites and limestones. 

In square VII the following herb species were recorded: Petasites albus 
(L.) Gaertn. (35 leaves of 11 individuals), Oxalis acetosella L. (82 spe
cimens), Stellaria nemorum L. (2 specimens), while in square VIII: _Oxalis 
acetosella (657 specimens), Senecio nemorensis L. subsp. nemorensis L. (3 
specimens), and in square IX: Oxalis acetosella (418 specimens), Petasite~ 
albus (5 leaves), Senecio nemorensis subsp. nemorensis (20 specimens),~
topteris fragilis (L.) Bernh. (1 specimen), Prenanthes purpurea L. (1 spe
cimen) were found. 

The litter dry weight in square VII ranged from 10.8 to 89.4 g per plot, 
the average being 45 g, while in square VIII: from 6.9 to 29 . 5 g~ the ave
rage being 19.08 g that is the lowest from among the squares. In square IX 
the dry weight varied between 6.1 and 45.7 g, the average amounting to 
22.5 g. 

RESULTS 

29 gastropod species were found occurring in the litter of· the studied 
patches of a beech forest (Tab. 1). Figs 1 - 3 illustrate the gastropod 
spatial distribution in each square. 

Locality A, Square I (Fig. 2) 
72 specimens of 12 species were recorded, out of which Vitrea transsyl

vanica (15 specimens), V. diaphana (11 specimens), Aegopine1la nitens (8 
specimens), and Boettgerilla pallens (6 specimens) were the most abundant 
comprising 55\ of the material from this square. The maximum number of spe
cimens .Per plot was 8, representing 6 speci~s. Species diversity H , some
times referred to as "organisation" amounted to 3.2, and equitability J' 

to 0.86. 

Locality A, Square II (Fig. 2) 
The square was 3.5 m distant from square I. 160 collected specimens re

presented 15 species. The dominants were: Vitrea transsvlvanica (18 speci
mens), V. diaphana (48 specimens), Aegopinella nitens (19 specimens), and 
Boettgerilla pallens (12 specimen; ) , They comprised 60.6% of the material 
from this square. The maximum number of i ndividuals per plot was 14, belonging 
to 7 species. H' = 2.6, J' : 0.66. 

Locality A, Square Ill (Fig. 2) 
The square was richest of the locality in respect of the number of spe

cimens, 218 snails of 16 species having been collected. The dominants: Vi
tree diaphana (72 specimens), Aegopinella nitens (20 specimens), and~ 
transsvlvanica (18 specimens) made up 56.7\ of the material from the squ-
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are. Only Carychium m1n1mum (a single specimen found) could be regarded as 
a rare species (not exceeding 10 specimens in the whole material). The hig
hest number of individuals per plot was 18, representing 7 species. H' = 2.9, 
J. = 0.72 . 

locality B, Square IV (Fig. 3) 

It was situated close to the stream. 558 specimens of 22 species were 
found altogether. The predominance· of ~arychium tridentatum (191 specimens) 
which occurred so abundantly only in that square was striking. Vitrea diap
h§rut (105 specimens) was also rather abundant. Boettgerilla pallens (1 spe
Cimen), Euconulus'fulvus (25 specimens) and Columella edentula (27 speci
mens) were relatively numerous. The rare species recorded were: Arian fas
£latus (1 specimen), Trichia . unidentata (2 specimens) and Helicigona faus
~ (2 specimens). The maximum number of individuals per plot was 41 be
longing to 20 species. H' = 3.00, J' = 0.65. 

locality B, Square V (Fig. 3) 
512 specimens of 28 species were recorded altogether. The following spe-

Cies 0 ( ) ccurred most abundantly: Vitrea diaphana 7S specimens , Aegopinella 
~ (6B specimens), Carychium tridentatum (60 specimens) and Iphigena tu
~ (34 specimens). They comprised 46.8\ of the snails found in the squa
re. As many as 6 rare species were found: Trichia unidentata (2 specimens), 
~r~eras rodnae (1 specimen), Carychium minimum (1 specimen), Cochlodina 
liminatt (1 specimen) and Helicigona faustina (1 specimen). The maximum 
number of individuals per plot was 36 of 11 species . H'= 4.08 (a relati
vely high value), J'= 0.83. 

loc~lity B, Square VI (Fig. 3) 

This was the richest square in respect of the gastropod density. The 
total number of snails collected was 594 representing 25 species. Vitrea 
d' 
~ (103 specimens), Carychium tridentatum (6B specimens), Aegopinel-
1! pu~ (64 specimens) and Vitrea transsylvanica (59 specimens) were the 
most numerous species constituting 50\ of the material from this square. 
Out Of the rare species Isognomostoma personatum (1 specimen) and ~ 
~ellH! (the only specimen of the species in the whole material) were re
corded· H • = 3. 33, J • = 0. 70. 

locality C, Square VII (Fig. 4) 
283 snails of 22 species were recorded. The most abundant species we

re: Y!trea diaphana (91 specimens) and V. transsylvanica (23 specimens) 
constituting 40.2\ ~f the snails from the square. Out of the nonnumerous 
spe . . 

Cles Arian fasciatu, (1 specimen), Oeroceras rodnae (3 specimens), ~ 
~mostoma personatum (1 specimen) and Euomphalia strigella (1 specimen) 
were found. The maximum number of specimens per plot was 25 belonging to 
7 Species. H' = 3; 09, J' = 0.68. 
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A B c D E 
1 

Ap2 
Zvl Vtl Vd2 Pp2 
Avl Anl Zl 
Bpl 

2 
vu vu Vdl 
Anl An2 Apl Vt3 

Al Avl Ael Bpl Bpl 

3 
Ltl Vdl Vd2 Apl 
Vtl Zl Zl Vl vu Av2 
Anl Asl Avl Zl Zl 
Vpl Anl 

Vd2 
Vdl VtJ Zl 
An2 Vtl vu Apl Skl 
Bp2 Sk2 Bpl 

5 

Ppl Zl 
Vtl Vd2 Vtl Avl Skl 

I 

1 A c D E B 
LU V3 Vd2 

vu vu Vtl Vtl 
Vtl An2 Lil Anl Ap2 

Bp2 V3 

2 
Ppl C2 Vd2 Ltl Bpl 
Vdl Vd3 Vtl Vd2 Vl Vt2 
Anl Vtl An2 Vtl Anl 
Ap2 Bpl Ani 

Arl Apl Enl Gtl Anl Arl Ppl Bpl Bpl Vd2 Ppl Skl 

3 

Vdl Hl Ael Vtl Vd6 C2 
Ani Vtl 

Ltl Bpl L t2 Ctl Ael Vd2 Avl Ppl Aal 
Vdl Ap2 Vd9 Skl Vtl Vd3 Hl 
An2 Bp2 Apl An3 Skl 
Skl V2 Bpl .Enl Avl 

Vtl Vl Pp2 Vd5 Cl Vd2 Avl Anl 
Sk2 Vd8 Anl Vtl Cl 
Efl Anl Apl Anl 

Cl Avl Bp2 Apl 

5 

II 
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A B c 0 E 
1 

Ctl Apl Arl An2 Ct2 Bpl Ctl Skl Cml Ani 
Ppl Bp2 Ct2 Asl Ltl Aal Vd3 Bp2 Ct2 Apl 
Vd2 Efl Vd4 Bpl Vd4 Cl An3 Vdl Ael 
Anl C2 Vt2 Zl Ap2 Ael Apl Vtl Zl 

2 

Bp2 Arl Cl Vt3 Z2 Ct3 Avl Ct2 Efl 
VI Vd9 Zl Ani Vd2 Bpl Vd3 Cl 

Ae2 An3 Bpl An2 Z6 Vtl 
Asl. Efl 

3 
Ap2 Anl 

Vdl Lt2 Bpl Ctl Vdl 
An2 Vd5 Vtl Vd2 Vt2 
Av2 Vtl Cl Avl Ap2 

Anl 

4 
Vd7 Anl Vtl Vdl Ctl 
Anl Avl Ap2 Vtl Vd4 
Apl Bp2 Z2 Bpl 
Skl Z2 

5 Ltl Itl Anl Edl Vdll Zl Vd5 Vt2 
Vd4 Ppl Apl Z4 Bpl Vt2 Anl 
Apl Vd3 Asl Skl Apl Bpl 
Skl Vtl Bpl Vl Ael Zl 

III 
~ig'<i' Distribution of gastropods in litter of forest of old beech and 
re r 1 . ocali ty A), I - square I, II- square II, Ill- square III, Ar - ..A.:...e!,
y-8t1n~ata, Cm - C. minimum, Ct - C. tridentatym, Ce - C. edentula, It -
]i 0Umlda, Lt - L. turgida, Cl - C. laminata, Pp - P. pygmaeum, Vd -~ 
~i1ha9~. Vt - V. transsylvanica, An - Ae. niteos, Ap - Ae. pura, Vp -~ 
-- UClda, Ed - E. diaphana, En - E. nivalis, Sk - S. kotulae, As - A.5Ub
~sc~, Av - A. silvaticys, Af - A. fasciatus, Bp - B. palleos, Ln - ~ 
st n¥11~, L - Lehmannia sp., Or - 0 . rodnae, Ef - E. fylyus, Es -~· 
arblgella, Zv- Z. vicina, Tu- T. unidentata, Hf- H. faustina, Aa -~ 
ju ust~rum, Ip- I. personatum, C- Clausiliidae sp. iuv., V- Vitrea sp. 
sov.j, - fonitidae sp. juv., Ae- Aegopinella sp. juv., Vr- Vitrinidae 
5 • uv., - Arionidae so. juv., Li- Limacidae sp, juv., 0 - Dergceras 
P~d }uv • H- Hel1c1dae sp. juv., T- Trichia sp. juv. (for full gastro-

names see Table 1). 

Locality C, Square VIII (Fig . 4) 
This was the poorest square in respect of the gastropod number. Only 67 

snails of 11 species were found there. The most numerous of the species 
were: Vitrea diaphana (12 specimens) and Arian subfuscus (11 specimens). 
These two comprised '62.6\ of the snails from the square. No rare species 
was recorded. Six individuals of three species was the highest number per 
Plot, H' = 3.0, J'= 0.86. 

locality C, Square IX (Fig. 4) 
70 gastropods representing 6 species were recorded. The most numerous 
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A B c D E 
1 Ctll Asl CtlB Ap2 Efl Ct7 Av2 C Ct5 Vtl Bp4 Ct4 Skl Hfl 

Ce4 Bp2 Ce2 Vpl Zvl Cel Bp3 z~ Cel Apl Cel Bp2 C2 
Vd2 Cl It2 Enl Vd7 Efl It2 Enl Vd3 Efl Zl 
Vtl Vd9 Bp4 Skl Aal Vd7 Avl Vt4 Zvl 

2 [;121 Vt4 Ef4 .Ct9 Vt6 Efl Ct12 Bpl Ct9 Vt2 Ef CtJ 
Ce2 Enl Ipl Ce3 Ap2 Cl Vd6 Ef3 Cel Anl Vd7 
It3 Skl Ae4 It2 Edl Apl Zvl Itl Ap2 Edl 
~dB Bpl Z3 VdB Skl Enl Hl Vd6 Bp3 Bpl 

3 Ct7 Hl Ct4 Ctl6 Efl Ct3 Tl Ar2 Anl V4 
Ce2 Vdl Ppl C4 Vd3 Ct4 Ap4 Efl 
Vd4 Ap2 V dB Al Bp2 Ce3 Vpl 
Ef2 Afl EnJ Z7 Vd3 Avl 

4 Ctll Tul Arl Vt5 Ef2 Ct4 Bp3 It2 Ipl CtlSkl 
Cel Ct7 Ap2 C2 Itl Ef2 Apl Vtl Cl 
VdJ Cel Enl Z2 Vd2 Cl Asl Zl Apl H2 
As2 Vd3 Bp2 Avl Efl V2 Enl 

5 Ct24 Bpl Ct5 Enl Ct2 Apl Ct4 Skl Ar1Bp2 ; 

Ce3 Hfl Cel Ef2 Vd4 Av3 Itl Avl Ct3 
Lt3 Ae4 Vd3 Ae2 Vt2 Vd3 V2 Vd5 
Asl Apl Vl Anl Ap3 Ap2 IV 

A B c 0 E 
1 

It2 C4 Ctl Vdl Efl Arl Vd8 Hfl Arl VtJ Et2 Ct7 Ap5 CB 
Vdl Cel Vt2 C2 Ct2 Vt2 Cl Cel An2 Edl Cel Vpl Zll 
Vtl It3 Ap3 Hl Cel An1 Ae3 It9 Ap2 Lil It2 Efl Al 
Bpl Ltl Bp3 It4 Ap6 H3 Vd2 Vp2 Vdl Hfl Hl 

L t2 Efl 
2 Arl Lt2 Bpl Ctl Apl C2 Arl Vd4 Bpl CtS Vp3 Hl Ct2 Vd3 

Ct4 Vd13 C2 Lt2 Enl Ctl Anl Cl It3 Bpl Cel Anl 
Ce2 Ap2 Vd3 Asl Itl ApJ VdB Efl Itl Vpl 
Itl Avl Vt3 Efl Ppl Av2 Ap5 C4 ltl C2 

3 
Vdl 02 Itl 51<2 Ctl V4 Ctl An3 Drl Ct2 Vp6 Z4 
Anl Vd3 Cel Cel Ap2 Zv2 It2 Skl Al 
Asl Vtl Vdl Vd2 Vp2 Tul Cll Asl Hl 
L1 Ap3 Zvl Vt2 Ed2 C2 Ap2 Vl 

4 Ct3 Vt4 Aal Ct2 ApJ Ct7 Apl Cl Ctl Vd4 C4 Ct2 
Itl Ap7 C3 Cel Bpl Itl Bpl Lil Cml Ap2 It2 
Ltl Skl Z4 ltJ C4 Vd4 Zvl HS Itl Vp2 Ap2 
Vd3 Zvl Vt2 vs Vtl Tul ltl Bp3 Z3 

~ It3 Enl Tl Ct6 Vd5 Asl Ct7 Ap4 Z2 Ct3 Skl Ef2 Ct2 C4 
Vdl Avl Cel Vt2 Ef2 Cel En2 Ce2 As2 £B2 Ae4 
Vtl Bpl It3 Ap7 Ipl Vd4 Avl Vd3 C2 Vd3 lil 
Ap3 Ael Ppl ~1 C2 An2 C4 Ap6 T1 Apl V 

T1 
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A B c D E 
1 Ctl An2 Tl It4 An2 Tl C4 It2 Vpl Ct5 An2 Dl 

It2 Ap6 Vl Lt3 Ap5 C7 ZJ Vd2 Asl It2 Avl Efl 
Vdl Edl Ppl Znl H3 Vt3 Efl VdB Afl C4 
Vtl Znl Yd6 Ipl Apl Ae3 Vt5 Enl Ael 

Vrl 
2 Ce2 Ap5 Ct2 Ap4 V3 Ctl Aal Ctl Vd3 En2 Cml Vt2 

Itl En2 It3 Vpl Ael ltl Ce2 Vt4 Skl Ct4 Apl 
Lt2 Asl Vdl Av2 Hl Vdl It2 An2 Asl It2 Avl 
Vdl Efl Vt3 Ef2 Apl ltl Ap5 Ef2 Vd2 

3 Ct3 Ap3 H2 Ct3 Ef2 Ct3 Lt3 Asl Ct7 Vd3 Ef2 Arl Vt4 Ef7 
Ltl Asl Vd6 C9 Cel Vd4 Efl Ce2 Ap3 C2 Ct4 Ap5 C3 
Vd2 Efl Ap4 Tl Ppl Vt3 Ael It5 Enl V3 Itl Asl V3 
Vt3 C2 Avl It2 En3 Pol Skl Z4 Pp3 En3 Al 

Vt3 Afl 01 U Vd3 Ed2 Zl 

4 Ctl Vtl Enl Arl Lt3 Ap3 Ct4 Vt7 Efl eta vtz En Vd7 Afl Z5 
Ce2 Ap2 H2 Ct3 Vd2 Edl Cel Ap4 C5 Ce2 Vp3 C2 Vt3 Efl Hl 
Ltl Afl Ce4 Vt2 Efl It2 Edl It4 Tul Z3 Ap7 C7 
Vd3 Edl Itl An2 C6 Vdl3 Enl VdlO Ipl Enl Vl 

T2 

5 Ct5 Vpl Ct2 Skl C4 Vd5 Vpl Vl Ct9 Vt7 Ef2 Ct2 Ap2 
Ce7 Asl Vd2 Avl Ln2 Vt3 Enl Cel An2 CJ Itl Vpl 
Vd4 Efl VU Efl Dl An3 Lnl Lt2 Ap2 Vd6 Efl 
An2 Ll Anl Aal Apl C2 VdB \En2 Vt2 Cl VI 

Fig· 3. Distribution of gastropods in litter of fir forest with admixture 
~I beech and spruce (locality 8), IV - square IV , V - square V, VI - square 

· For symbol descriptions see Fig. 2. 

were: Vitrea diaphana (18 specimens), Semilimax kotulae (8 speqimens) and 
ation subfuscus (6 specimens) constituting 45.7%. The only rare species 
found was Euomphalia strige11a (1 specimen). The highest number of indivi
duals per plot was 7, representing 3 species . H' = 3.24, J ' = 0.81. 

DISCUSSION 

In the literature on the subject no papers can be found whose results 
are closely comparable to those of the present study. There are, indeed, 
not less than two approaches to the problem thi s paper deals with. The 
~irst is to study the structure of a litter snail community, that is, its 
species composition (5), species diversity (H'), equitability (J'), densi
ty (N), etc., which has been done by several malacologists, particu1ary 
those dealing with forest gastropods (Drozdowski 1961, Ozi~czkowski 1972, 
1974, Oyduch 1980, Dyduch-Falniowska and Fyda 1986). 
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A B G 0 E 
1 

Vdl Ctl Skl Vdl VdJ 
' VdJ Avl Skl Enl 

Aal Aal Afl or Hl 
Hl 

2 Ppl Cl Ppl Ppl Or2 Vdl Esl Ltl C2 
Vd5 Vdll Vdl Anl Aal Vdl Z2 
Vtl Efl Vtl Avl Cl Skl 
Ef2 Aal C4 Edl Lil Ef2 

Pp! Ae2 Lt2 Bpl CtJ Skl z It2 Ef2 Vtl Cl 
VdJ Vd5 Hl Pp2 EfJ Hl Vd4 Hl Enl Hl 
Drl Vtl Vd5 Zvl ApJ Asl 
Cl Skl Vt5 Cl Avl Efl . 

VdJ Vd4 Z2 Lt2 Asl ~ Pp6 Z5 Itl 
Anl Vt2 Vl Ct2 Drl Vd9 Vr2 Vdl 

4 

Orl Vpl Li2 Vd3 Zvl Efl Lil Enl 
Cl Hl Vt2 Z2 C2 Efl 

It2 Ap2 CJ Ctl Skl Ltl Ef2 Vd4 C4 Ltl Bpl 
Lt3 Av2 VI Itl Efl Vd6 Cl VtJ VJ Ppl Ef2. 
Vd6 Ef2 Vd5 Cl V12 Zl Apl Lil Vd6 Z2 
Vt2 Skl Vt3 01 Anl 01 Asl 01 Skl 

5 

VII 

A B c 0 E 
1 

VdJ Vdl Ppl Ael Vdl Vd2 
Anl Vtl Vtl Vl Apl Ap2 
Asl 51<2 Skl Asl Asl 
Bpl Asl Ael Ael Hl 

2 01 Asl Vt3 Asl 
Zl Anl 

Skl 

Vdl Anl Asl 
Vtl Aal 
Asl Hl 

Hl 

Vt2 Vd2 Apl Asl 
Cl r En! Skl 

Skl 01 

5 Al Vdl Vdl Vdl Aa2 
Vtl Vtl Skl 

Al 
Skl VIII 



A 8 c 0 E 
l Vdl Vd2 Vdl Hl Vtl 

Ap2 Asl Apl Avl 
Enl Avl Ael Al 
, Vl Ael Skl 

2 Ctl Ltl Apl Skl Apl 
Asl Skl Vpl Asl Enl 
Aal Hl 

3 Pp2 Vd2 Itl Vdl 
Vdl Enl Vdl Apl 
Apl Asl Zl Skl 
Avl 

4 \tl2 Al Vd4 Vd3 Skl 
Avl Sk2 Edl 

fll Cl Bpl 

5 Esl Apl Aal Skl 
As2 Ael 
Ael 

Fig 4. Distribution of gastropods in litter of dry beech forest with 
D.l:salis acetpS,Ua (locality C), VII- square VII ,VIII- square VIII, IX -
square IX. For symbol descriptions see Fig. 2. 
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rx 

Another approach is to study the spatial structure of the community, 
that is, distribution interrelations and dispersion characters of particu
lar species, the age structure of dominants, etc. This approach is not com
mon in the malacological literature. lomnicki (1971) and Woyciechowski 
(19BO) in their studies on Helix pomatia have applied some methods that 
render their results slightly similar to this type of analys i s. 

Yet another possible approach is to study factors influencing the mic
rohabitat dispersion of a snail fauna . in such studies it is necessary to 
examine not only the snail fauna but also plants and litter of the studied 
Plots. All the mentioned approaches are considered here in a preliminary 
lll'lalysis, which is to provide a basis for a study on interspecific interrelations within 

a Qastropod community as well as on factors influencing the community struc
ture and function. The sampling method used in our study should allow to 
trace relationships overlooked in stud1es completed using other methods. 

In the material collected 29 species were recorded, the species number 
varying from 11 to 28 per square. In squares I, II, VIII and IX (Tab. 2) 
it was lower than 20. Similar numbers of gastropod species (S) were recor-
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T a b 1 e 2 

Ecological parameters and mean values o~ litter dry weight 
on particular squares 

Square s· N H' J' M 

I 12 72 3.19 0.86 68.8 

II 15 160 2.58 0.66 65.9 

III 16 218 2.95 0.72 69.5 

IV 22 558 2.97 0.65 43.6 

V 28 512 4 . 08 0.83 53.7 

VI 25 594 3.33 0.70 34.2 

VII 22 283 3.09 0.68 44.9 

VIII 11 67 2.99 0.86 19.0 
-

IX 16 70 3.24 0.81 22.5 

ded ram various deciduous forest habitats: 25 (Drozdowski 1961: P~utowo), 
27 (Dzi~czkowski 1974: Morasko, together with aquatic species), 21 ·(Dyduch 
1980: Niepolomice Forest). The numbet of species found in the valley of 
the Spadowiec stream as well as 43 species given for the Tatra National 
Park by Dzi~czkowski (1972) suggest that the malacofauna in the Carpathian 
beech forest Dentario-glandulosae Fagetum is qualitatively rich. 

The snail density (N) in the studied valley differed between squares, 
ranging from 67 (VIII) to 594 (VI) individuals per sq m. Lower densities 
were recorded from riverine forest habitats: 125 - 221 ind./sq m (Dziecz
kowski 1974), 284 ind./sq m (Drozdowski 1961), and 112 lnd./sq m· (Dyduch 
1980). 

In our study the species numbers were more strongly correlated with 
snail densities in the squares (r5N = 0.9) than with the values of H 
(r5~ = 0.6) that ranged from 2.6 to 4.1. The values of the indices and 
their relations do not depart from those calculated for other localities 
in the Tatra Mts. Neither the species number nor snail density were cor
related with the average dry litter weight in a square (r5M = 0:01, rNM = 

= -0.03). 
The two methods combined for the purposes of this study (the grid met

hod and square frame method) have provided information on the distribution 
of particular snail species within the community (Figs 2 - 4) as well as 
on the dispersion of the populations of the most abundant species. The 
Lexis and Morista indices have been used here to describe the gastropod 
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distribution. The Lexis index was applied in a population analysis of 
Helix Pomatia (lomnicki 1971). Both indices are based on variance, and 
then depend o~ sample size. Since in our study the samples taken were of 
a similar snail number, this source of error can be neglected. The values 
of the two indices (Tab. 3) show that t~ distribution of snails in the 
studied forest patches was aggregated <-; 1, 1

4 
> 1). The data, however, 

are not sufficient for a more detailed characteris~ics. For instance, Hu
flejt and Karwowski (1981) observed that the indices are not adequate for pa
rameters of an ecological significance. The present results obtained by 
means of the two indices differ bet~een the patches. In one case (squa
res IV - VI) the highest value of~ accompanied the lowest of I, this 
Proportion being not maintained in the other cases (squares I - III and 
vrr - IX, Tab. 3). 

In further studies of this kind it would be necessary to apply a com
Parative analysis of theoretic and empiric distribution patterns. This 
Concerns not only the spatial dist~ibution of species in the community but 
also the distribution within populations of the most abundant species: 
~trea diaphana, V. transsylvanica and Carychium tridentatum. The values 
of Morista and Lexis indices calculated for these populations also indi
cate their aggregated spatial distribution (Tab. 3). 

Correlation coefficient values for snail and plant densities indica
te some snail-plant interrelations. The gastropod densities were strongly 
Positively correlated with the densities of Petasites albus, but negative
ly correlated with the densities of .Oxalis acetosella (r = O.B4, and r ~ 
= -o. B4 respectively: Fig. 5). o. acetosella takes advantage of local in
creases in soil acidity, since it can grow in habitats of an increased 
acidity, avoided by other herbs (5. Michalik personal communication). The 
negative correlation indicates that such habitats are also avoided by gast
ropods. 
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STRUKTURA PRZESTRZENNA ZGRUPOWANIA SLIMAKOW W SCIClCE LASU BUKOWEGO, 
OENTARIO-GLANOULOSAE FAGETUM, W TATRACH 

S t res z c z en i e : W badaniu struktry przestrzennej zgrupowania ~li
mak6w ~ci6lki buczyny karpackiej wykorzystano meted~ "kraty". Pr6by pobie
rano ramkQ o wymiarach 20 x 20 cm, stycznie jedna obok drugiej tak, ze two
rzyly kwadrat o boku lOO cm. W trzech platach Oentario-gland~losae Fagetum, 
polozonych w Dolinie Spadowca, pobrano lQCZnie 225 pr6b (9 m ). 

Zebrano lQcznie 2 474 ~limaki nalezQce do 29 gatunk6w (Tab. 1, Figs. 2 -
4). Liczba gatunk6w w kwadracie wahala si~ ad 11 do 28, mniej niz 20 bylo 
w kwadratac~ I, II, VIII i IX; zag~szczenie N wahalo si~ ad 67 do 594 
osobnik6w/m • Roznorodno~c gatunkowa H' mie~cila si~ w granicach 2,6 -
4,1 i byla niezbyt silnie skorelowana z liczb~ gatunkow S (r • = 0.6). 
Liczba gatunkow i zag~szczenie nie byly skorelowane ze ~redniQ ~~SQ ~ci6l
ki na poletku (rNM = 0,01; r 5N = -0,03). 

Rozmieszczenia wszystkich Slimak6w w zespole, a takze populacji gatun
k6w wyst~pujQcych najliczniej, bylo skupiskowe - warto~ci wska~nik6w Lexi
sa i Moristy byly wi~ksze ad 1. Stwierdzono wyratny zwiQzek pomi~dzy roz
mieszczeniem ~limak6w a rozmieszczeniem ro~lin zielonych. Zaobserwowano 
silnQ korelacj~ dodatniQ zag~szczenia ~limak6w z wyst~powaniem lepi~zni
ka Petasit~s albus (r = 0,84), a ujemnQ z obecno~ciQ Oxalis acetosella 
(r = -0,84 . 




