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ROMAN SNAIL (Helix pomatia L.) — CONSERVATION
AND MANAGEMENT IN THE MALOPOLSKA
REGION (SOUTHERN POLAND)

ANNA DYDUCH-FALNIOWSKA, MALGORZATA MAKOMASKA-
JUCHIEWICZ, JOANNA PERZANOWSKA-SUCHARSKA, STANISLAW
TWOREK, KATARZYNA ZAJAC

Institate of Natwre Conservation of the Polish Acsdemy of Sciences, A Miczkiewicza 39, 31-120 Kmakow, Poland

AMhstract

Dyduch-Falniowska A., Makomaska=Tuckiswice M., Perzanowska-Sucharsks I, Tworek S, Fa-
Jae B Roman spail (Hfic pomatia Lo} — consenvation and management in the Malopolska region
(zouthern Poland). Fkologia (Bratslava), Vol, 20, No. 3, 265-283, 2001

The distnibuticn and habitat preférences of the Roman snail (fefic pomatia L.} were studied in
the region of Malopalska in 1997-1994, Choster annlysis was used to determine a relationship
between he occurmencs of snaits and different babitar parameters such as habrat type, its natural-
ness, humidity, plant cover and soif type as well as landscape patchiness, It has been found thas
the species occurred most abundantly i anthropozeric habitag situated in areas of luigh landsca-
pe patchiness. Morphemetric measurernents have shown that individoals from sub-urban areas
are smaller and that there is certain relationship bebween the shape of the shell and hebitat humi-
dity. They hive also indicated a need to verify asiee lmil for saails collected for economic jout-
poses, The resulls oblained will be wsed a5 a basis for the regional strategy of the Roman snail
populaticn managcment

Introduction

The Roman snail {Hefix pomeatia L.) 15 a central and Fast-Furopean species, which occurs
all over Poland from the Baltic Coast to lower situations in the mountains. It has been
aceepled thal the southem part of the country belongs rather to the natural range of the
species. Development of settlement, accompanying by deforestation of the country and
breeding of Roman snails for culinary purposes, contributed to a considerable increase of
its range in Poland.
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N posmieatia In n species of open or semi-open areas (e.g. ecotone habitats). In addition
A0 whten ol patural and semi-natural character, as forest margins, riparian forests, xerother-

'm;ul, brushwood and meadows in river valleys and around water bodies, the
| inhabits anthropogenic sites: urban parks, orchards, gardens, cemeteries,
H]Hll'l.y embankments, neighbourhood of rmibhish heaps and different pieces of
i Lnel, overgrown with ruderal vegetation, oflen in the vicinity of buildings (Stgpezak,
1078),
L m'mﬂnr L. is p species of ceriain economic value in Poland. Human pressure on
s populitions varkes depending on a region of the country. On account of the unstable
wied often small area of the Roman snail biotopes, and the insular character of
Lon oeuirence, its exploitation should be well considered subject 10 management mea-
Muren, This concerns particularly sub-montane areas.

The Roman snnil has heen exploited in Poland for over 40 years (Urbansk: et al.,
1KY The extent of its take has been cstablished individually for each region, usually
wilhonl pesessing the regeneration ability of the population. After the markel conditions
wore salublighed in the Polish economy in the nineties, the interest in exploitation of the
Ioinun snnil increased, which posed a serious threat to its populations. Intensification of
Bdlding-up the new areas (particularly suburban) and changes i land use add to this
thrent. Floods of July 1997 and 1998 were other factors, which could strongly influence
Wi prosent state of population. They certainly entailed high losses among Roman snails
living in rver valleys.

Following the ratification of the Bem Corvention by Poland the Roman snail had been
given species protection in our country (Decree of the Ministry of Environmental Protec-
Uon, Matural Resources and Forestry of 6 January 1995; Dz. U. No. 13, p. 65). However,
{he deeree allows collecting the snail in the periad 1-31 May, which mesns that the species
i protected for almost the whole of the year, except for the breeding period. In this way the
recommendation of Bern Convention to provide the species a kind of protection was realised
{Annex 3 of Bem Convention — Proteeted animal specics),

In view of the above threats and valid legal acts there is a need to formulate prin-
ciples of exploitation and conservation of the species, Conditions of the take should
guaranice the continuity of Roman snail exploitation and maintenance of the stable
population {withoul disturbing the breeding stock). To define these conditions, the bei-
ter knowledge of the ecology of Helix pomatia in unstable habitats in view of quick
landscape alterslions is needed. Well organised monitering of the population is also
indispensable.

The present research, carried out in the region of Malopolska (southern Poland), was
aimed to formulate general principles of the optimisation of A. pomaria exploitation, as
hased on the simplest habitat and population parameters. It covered:

— description of the present distribution of population in the Matopalska

— identilication of prefemed habitats

~ assessment of the dependencs of H. pomatia occurrence an the paichiness of landscape
— estimation of demographic parameters of the population.
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Study area and methods

Research was conducted in April-Seplember (most in-
tersively in May) in 1997-199%. The sudy region -
Matopaleka - is simatad in the south part of Poland (Fig.
1% and it comprises part the Carpathians (with the Tatras,
Picniny Mis, Beskid Sydecki Mis) and its Foreland, cove-
ring in toml about 15,070 k', including ¢, 28.5% of
fiorests and ¢ G0 of agricultural land. The bodiversicy
of the region is relatively high and has been confirmed
by 93 CORINE sites (Dyduch-Falniowska et al, 199%a],
One hundred randomby selected sites. 2 % 2 km, were
exatmined tor snails. Each site was searched for | hour
b fiur researchers. The animals collzeted were com-
ted, and next the height snd width of the shetls ofall or,
at least W1 individuals, were messured using a stide cal-
liper with 0.01 cm ascuracy Fach site was described
pecording to the adopted scheme:
% location (wilth geographical co-ordivates),
% class of sbundance of fhe individuals collectad |
aheent [ ind. )
acarce (1-5 ind.)
not mumerous (612 ind.)
faitly numcrous [16-40 mnd.)
pumerous (= 40 ind. )
# hihitat {with regaed to the relief of tae uren and type of land wse):
o roadsides, esearpments, flood-embankments
neighbourhood of buildings and mubbish heaps
sorees and ruing
aldd parks and cemeteries
grchards, coppices and woodlots
arably fighls
meadows and prazsland
shrubby vegetation lining water roursss aod water Todics
{prests
# depree of habitat natumluess:
s patural
#  semi-natural
= anthrepogenic
% degrer of habitat hrmidity:
s dry
= moderately humid
= fuzsiid
= panchiness of the lundscipe in the vicinity of a site {within & radius of | km)
= small
«  moderaie
« high
* soil type (as based on observation and a soil map scaled 1:300 000);
& rendrinas
alluvial soils
podsolic and brown soils on sand md elay
podselic and brown soils on loes
imitial {of different ongin)

Fig 1. The sndy region Malopolska,

167



¥ vegettion (with identification of dominating plant speches and, If possible, ighor plytoscalological units

(class, ordsr, allinnce)

All chameteristics (hubitat, sofl Lype, naturalnes of habitad, patehiness of kandscape, eliss of snail numbers cic.)
were descrived in a My way 1" il a given chometer was present and “0° when absent. The datu prepared in this
way wits next processed using eluster analysis W recopnise relulionships between the varables examined, Ward's
method for joining was applied and Euclidean distance was used as a measure of distince. The analyeis was succes-
sively pertormed for all variables {characters), for all variables excepd for soil tvpe and for perticular cases {sites),

For the groups of stes distinguished by jeiring the zluster analveis was performed to make the interpretation
of their connections with habityt chyrecters ond snail abundance, easier. A significance of differences betweon
the numbers of saails collected on sites Belunging o separale wonps were exanimed using dolysis of vrunce
(ANOVA)Y und the least significant difference test (Hays, 1958),

Lsing Camma satistic we established the correlation of shell dimensions (height, width) and a shell siender-
ness index (widih/height) in particuiar sites with the distingeished vypes of Iabitrs and degree of their wurl-
ness, sail type, patchiness of landscape and humidity of babital,

A sipnificance of differences in the widih, height and a shell slendemess index between the groups of sitcs
was examined using Scheffe test in analysis of venance {Hiys, 1988).

For the detatled momhemetric analysis of A pemratia shellz, three sites whede the species occurred Girly
numeronsly or numerssy were selected These were: environs of the ruins of a castle in Rudno where the snails
zre not collected for commercial purpeses (site Budna), s mosaie of the unsiable anthropogenic habitats in the
sub-urban arca of Krakdw {Mydiniki)y and & quasi-nztural riparian forest in the Losozing Fover valley (Miynne].
Only individuals with a shell diameter larger than 1 cm {Le. “commercial-sized” individuals) were aken inte
sovpuat, A significanee of differenoss i siell dinensions between seleciad sites wis detenmimned using Sche il
test for multiple poss hoe comparisons in analysis of variance (ANOWA),

Results

Pisteibution end alundance of the Roman snail

The presence of H. pomaiia was found in 76 of the 100 investipated sites. Scarce oceur-
rence of the species (1-5 ind.) was noted in 15% of the sites, not numerous (6-15 ind.) in
25%, of the sites, fairly numerous (16-40 ind.) in 26% of the sites, and numerous (=40 ind.)
in 1094 of the sites. Sites withoul snails concentrate mainly in the north-western and central
eastern parts of the region, while the most abundant sites in snails are scattered over the
northern and central parts of the provinee (Fig. 2).

Phyvtosoctological characteristics of H. pomatia habitats

The Roman snail habitats were, for the most part, strongly disturbed by human activity, plant
communities occurred in a fragmentary form, or showed a high share of alien specizss. Vegeta-
tion wis oficn represented by patches dominated by onc specics, c.g. Erigeron canadensis.
Some habitats constituted a mosaic of patches of different character, for example in Aver
valleys the willow-poplar galleries Salici-Populesm were accompaniad by edge communi-
tles of the alliance Convolvelion sepium. Gravel banks were overgrown by the association
Potasttetum fpbridi or patches of the tall-forb communities Rudbeckio-Solidaginerum domi-
nated ysunlly by one of characteristic species, most often by Solidage giganfea. On silt-
povered ground terophyte communities of the class Bidentetea (ripartiri neourmed.
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Fig. 2. Distribution of Helit poratia in the Midopolska region,
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Particular sites were usually described using phytosociological units of lugher order:
class, alliance or order. Identifying an association was possible only in few cases (Table 1).
Most of the H. pomaiia sites were located in patches of communitics belonging to the class
Artemisietea vulgaris. 1t comprises communities of nitrophilous perennials and biennials
avergrowing ruderal habitats (roadside escarpments and ditches, rubble heaps, neigh-
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Table | Phyvtosociological chamactenistios of investigated sites

—

Lamivme albien, Promes spiroga,
Ferrvncidus repens, Rubus caesiug,
Sambricus nizea, Taravacass offfeinale,
Tuessilapo fanars, Lsica divics

Hahital Phytosncialopical nnils* Plants** Sice numbar®e
Roadsides, Ariemivietea veigarls, Avgapodium podagravie, Arciium fappa, | 1,3,4, 10, L1, 13,
SSCAMPMEntS, Aepopodion podagrarioe, | Artemivie wigaris, Capselln buria- 14, 15, 21, 25,29,
floodd- Aegopodio-Geranietum partarss, Chaerophvliion aranaticaem, 28,30, 32,35, 77,
embankments | pratensis, Chelidlonium majus, Daeplis plomerata, | 43,45, 49, 54, 36,
Chenopodieten (Gelivern aparing, Goranfim pratense, 60, 61, 62, 64, 65,

66,69, 71,73, 4,
TR, 80, 82, B4, Fn,
g2 W

Built-up areas,

Arténtisistea valyars,

Aegapadium podogrania , Artemisia

1,% 21, 50, 51, 56

prarenze, Lomgs covticadutes, Poa
prarangts, Taravactm officinale,

rubhish hoaps | Chenopodistea | vadgrs, Chaerophtleon sromaricom, | 66 69, T1, T3, 76,
Chetidonium mafus, Erigeron T9. 8D, B5, 86, 89,
| canadesis, Malva neelecta, O, 93, 94, 95, 96,
Sambuwzes wigra, Urtica dioiza 09, 160
Rocky debris, | Festco-Brometer, degopedivm podagrarie, Antfidsous 2,056, 7,823, 24, ]
ruing Aegapodion podegrariae | splvestets, Climppodive wloare, 26, 36, 21, 42, 43,
Crraruy yoyrpuinea, Covonllfo varis, 46, 533, 68,75, 77,
Gaflum aparine, Glechomm federaeea, | 83, 89
Jevibarbe sobolifera, Origani
vilere, Rubus caesius, R, aess,
Sambecus wiora, Nedunt sy,
il Taroxaceen affizinale, Urtica dinica
Old parks, Artemisietea wilgaris Acgopodium padagraria, Angelica b, 15017, 19,37,
cemelenes syfvestris, Arcrivm fopia, 3, 40, 52, 62,67,
Chaeraplyllum aromaricum, Dactvlic | 69, 79, 86, BT, 90,
mlomerars, Galiwm aparine, Rubus 02, 93, 495
caegis, Rumes obrusifoling, Solidaeo
igantea; Urtica disica
Orehards, Fhamni-Prinitea, Aegopadtum padmgreeia, Cornus T, 00, 14, 20, 24, |
COPPICES, Artemmsiones valgaris, sanguiven, Tamiem maordarme, Paday | 27,33, 41,44 4T,
woodlots Aegopodion pedagrariae; | avium, Prunus spinarg, Robinia 49, 53, 56, 57, 58,
Livtiro-depopadietum pueudaceecia, Yalix fragilis, 5. alba, 59,61, 72,73, 74,
Sambucus nizgre, Urtlca divlca 75,76, T, TR, R,
&4, B9, 90, 92, 93,
94, 94, 97, 98
Meadows, Meldinia-drerfrenatheretea | Achitten miligfinliim, Algpwcery 8,10, 22,25, 30, 31,
grazslands pravensis, Dactyies glomeraim, Geranfumn | 52, 34, 41, 44, 48,

33, 57, 58, 62,63,
6, Bh, 67, &4, 70,

Comvplidion sepium,
Petasietum fvbridi,
Bidentetea tripariit

Harfarea vulpads, Calystegia septum,
Eionvmus europaes, Froxinus
excelsior, Fertuca giganiva. Humlis
Iupuedies, Padus avivm, Rorippa
palusirts, fubux caesius, Sambucus
sier, Solanum duleamars, Solidago
conadensis, Salix alba, 8 fragifis,

5 viminalis, 5. purpuren, Tanacotn
vilgrare, Urtica divica

Trifilim praferse 81,82, %3, 84, 35,
&, B, G, 91, 92,93
fterside Sulicetea purpureae, Aegopadion podagraria, Alnus 24,78 14,11,
vegetation Sulici-Fopulerum, glutirasa, Angrisens sylvesiris, 13, 14, 18, 22,30,

44, 46,47, 49, 53,
34,35, 57,58, 59,
60, 63, TE, 73,74,
75,76, B2 00, 95,
47,99

et et

Teblel (Conting:)

2.8 18,9, 11, 12,
8, 29, 30, 31, 38,
43, 50,64, 67,70,
B3, B0, 00, 41, 92,
93

Forests Carpimon betuly, Tilio-

Carptrelim, Afno-Fodisn

Acer prerdoplatanus, Carpinis
betalus, Fraxinus excelsior, Padus
avivm, (eercus robur, Tilie cordats,
Liraes faevis, Dimas scabira

* Paiches of vegetation on particular sites were classified anong phytosocislogical wits of Jifferent rank
** The specizs mentioned are characteristic of phytosociological wnits of co-dominating in paiches ol
conumunities on poricular sies

*** The Tist of sites i5 given in Appendix

bourhood of rubbish heaps, cemeteries eic.) and tall-forb edpe communities from the ecotonal
zone between forest or brushwood and epen arca. On old rubble heaps, in stone quarries
and young forest plantations Roman snails were observed in brushwood of the alliance
Sawthpco-Salicion belonging o the ¢lass Rianmo-Prunetea.

Roman snails frequently occurred in communities of the class Chenopordteten, and especially
of the alliance Sisymbrion, which occur on diverse substratum, on underdevelaped, poor in
hurmus, soils and constitute pioncer stages of succession on ruderal areas, This vegetation was
represented, among others, by such associations as Senecioni-Tussidaginetum overgrowing rabble
heaps mixed with soil, slopes of clayey excavations or escariments, or Lintico-Malvetum negleciae
coemmon at fonees, cotages and other places rich in ammonium compounds.

Roman snails oceurred also on grassland of the class Festuco-Bromertea developing on
scree #nd rocky debris, and sporadically on meadows of the class Molinio-Arrenatheretea.
Fairly numerous they were in tiparian forests ol the alliance Alno-Padion, and single speci-
mens were found in forest clearing and on forest roads which cut ozk-lime-hormbeam stands
of Tilio-Carpinerum.

Roman snai’s were not observed in forest communities of the alliance [Xorano-FPinfon
overgrowing sandy sails in the north-western part of Matopolska, as well as in arable fields
in communities of the classes Secalicies and Chenopodietea.

Presence of Roman snails and habitar chavacters

The connection of H. pomatia occurrence with habitat characters was examined using cluster
analysis for all variables and abundance classes (Fig. 3). Clustering joined the absence of snails
with forests, areas of small patchiness and with leached and brown soils on sand and clay. Sites
where snails were most numerous were characterised by the presence of buildings, nubbish
heaps, old parks, cemneteries and arable fizlds on limestone rendzinas. OF the remaining classes
of abundance, category “scerce” is connected mostly with natural habitats with rocky debris and
ruins of average patchiness of landscape, and category “not numerous” with grassland commu-
nilies on imitial soils. Shghtly more numerous were Romsn snails in anthropogemic habitat and
less 50 in semi-natural habitals in landscape of high patchiness on soils on loess,
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.J.n_d clay, LO — leached and brown soil an Joess, TN -initisl soils; classes of abundance: ABSENT {0 ind.),
SCARCE (1-51nd.), NOTMUM (6-15 ind ), FNUM (16-40 ind. ), NLIM (= 40 ind. )

When soil type was neglected, connections between the variables became clearer (Fig.
4). The highest clusses of abundance (in the central part of the dendrogram) joined anthro-
pogenic habitais in the vicinity of buildings (rubbish heaps, old parks, cemeteries) with
high patchiness of landscape. Scarce occurrence of 1. pomatia was connected with average
patchiness of landscape and simultaneously, with natural habitats, especially mountain ones
(rocky debris) and less so with woodlots, orchards, coppices and alluvial brush, In the same
part of dendrogram there is class “not numerous™ linked mostly with semi-natural habitals,
particularly on escarpments, roadsides and flood-embankments. The absence of Rummn
snails is connected with a variety of habitats (forests, arable fields, meadows and grassland)
whose common fealure is location in landscape of small patchiness and these variables sre
most disiant from the others on the tree diagram (Fig. 4).

Hubitat preferences of the Roman snail

[;Juslcr analysis for cases divides all sites into three distinet groups which comprise succes-
sively 44, 30 and 26 sites, and the average number of snzils per site in each group is 26.2,
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23.3 and 3.3 individuals, respectively {Table 2). Dendrogram of relationships for examined
vatiables and classes of abundance shows that sites with the highest average number of
snils {proup [y were siluated in landscape of high patchiness and habitats mostly of anthro-
poeenic character and moderate humidity of substraum | Fig, 3). Sites of group 1L are linked
hy average palchiness of landscape. This group comprises a wide spectrum of mostly moist
habitats, mainly natural and semi-natural, from non-forest (rocky debris, ruins) through
different types of brushwood to forest ones. Sites of group L are connectad with dry habi-
fais. A common feature of this group is alse a small patchiness of landscape. This group
comprises a variety of habitats: arable fields, forests, mendows and grasslands. In most of
these sites no Koman snails were found (see Appendix, Fig, 5). Analysis of variance for the

Tahle 2 Differences in mimbers of the snailks collected for the growps of sites

Girowp | Ciroup 1 Giroup Ll
MNumber of sttes ina group 44 i 24
Avernge [tod.site] pL i 23.2 33
Group 1 :-< s <001
Giroup 11 ns. = <001
Group 111 =1 =105 w0

ANOVA ns = siuliad'il.:a”}' get sign.iﬁca.m differences

5



14 —r— ——— ==Raen e s =

12 f

10t

Linkage dstance

4-.
2
3]
= m

b 21

(7T S

W

ABBENT
F

A
FNLIM
SN

GROUP 1

o

E

GROUP 2 [ ———
MO e
ROTHLIM

S5h
SCARCE

DRY

MU
AN
NA

=
=
x

Fig 3. Cluster analysis fr groups of species, classes of namerieal force and varables describing hehitat charac-
ter, Depree of hasitat humidity: dry, medhum = moderstely humid, humid. Other explanations 25 10 Fig, 3.

GROUP 3
MODHUM

abundance ol snails collected in a site, with division into groups, shows that sites of group
1 harboured significantly less snails than sites of groups [ and 1 (p=0.05; Tahie 2)

Morphometric analvsis af “commercial-sized " sneils

The average shell dimensions of “commercial-sized” Roman snails were: width — 39.6 mm
{mediana 39.9) and height - 37.9 mm (mediana 38.1). OF the three sites chosen for detailed
maorphometric analysis, the snails eollecied in the Lososina River valicy (Mbmne) had the
greatest shell width (43.3 mm) and those from the environs of Rudno castle the greatest
shell height (45,4 mm). The smallest dimensions (35.5x33.2 mm) charscterised the shells
of Roman snails from the sub-urban areas of Krakdw. All results of multiple comparisons
are siatistically significant (ANOWVA, p<0.001), except for the correlation between shell
widths in sites Rudno and Mbynne (p=0.05, Tahle 3},

Shell size and habitat characters

.Fa‘:w ﬁign]'ﬁr:zmt _cc_-nela:'mns between shell size in . pomana and the habitat types distin-
guished, their humidity, degree of naturalness, soil type and landscape patchiness was shown
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Table 3. Comparison of the widih and the height of Roman sniil shells on sites: Rudno, Mypdinik| and
Miynney as based on analysis of varance

Sile Fudna Mvdlnika Mhymnne

Width

Average ‘mimn] 412 353 433
ATA R T ® <RI 1.5
Mydimki LV ® =1L IR
Wihmne fns {10001 X

Helght

Averape [} 454 332 412
Rudne X <{1, 0001 =5, 001
Mudiniki <001 x {0001
Mbynne <1 =<[.0001 ¥

.5, = statisteally not smificent differences

{Table 4). The positive correlution for shell size was found with the variable “natural habitats™
and negative with “built-up arees and rubbish heaps™ and for shell width only — with “anthropo-

Fahle 4 Camma statstics of Roman snail shell dimensions with vanables descrbing habitat and landscape

Varisble Height Width Width/height

T W LoaT e 41,1365
E 0.0684 10,0996 00211

P 0.4091 DAY 10,1545

F 01618 0.0565 4070

o 20,0604 0.0145 0147

B ~1.4000* 03778 D084

3 0 (952 .1192 D.1270

A - —_ =

G 1.0041 01002 01225
AL 016852 01557 40.0853
RE £.0702 7T 40,2456
sC 0.1132 0.3681 ), 7484%
Ly 0R A1, 0HE 03816
™ 01912 0.1961 00245
MA 0,3278* 0.3478" 0.1036
SN 0.0277 0.0806 L0130
AN D.3282 40,3153 00,0306
M 00816 D102 40,3306
MO 0.1211 0 A.0895
m 01517 0.0851 02644
DRY 01241 01154 03014
MOHUM 20,1313 0.1603 01666
HUMID 0.1377 0.1681 00483

» = staistically significant cormelations, abbreviatives for variables as m Tig, &
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genic habilats™, The shell slenderness coetficient is negatively correlated with leached and brown

S50 B30

soils on sand and clay and “forests™ and pesitively with leached and brown soils on loess,

The average values of shell width for siles belonging te groups [T and 11 are almost the

same (Fig, 6). This value is significantly lower for sites of group T {ANOWVA, p=<0.0001),
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The shell height on siles belonging Lo separate groups is greatly vared. 1 is the Teast {o
proup 1, and the highest for group T (Fig. 7). All these differences are statistically signifi-
cont (ANOVA, p<0.001). The shell slenderness coefficient for siails belonging to groups
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I anid 11 have a similar value (Fig. 8), while in group 111 it is significantly lower than in the
mmaming groups (ANOYA, p=0.0001).

[Migcussion

Cccurrence of Helix pomatia in Malopolska

The magority af (. panatiz sites are located in the northern and central part of Malopolska (Fig.
2}, The sub-monlane areas of the Carpathians lic on the limit of ecological range of the species,
i already mentioned by Urbanski (1963), and in the very mountains the oman snail does not
peeur, except for the Pieniny Mountains. 1t appears there quite numerously, most probably thanks
iy (he specific microclimate of these mwountzins, wanmer 2nd drier than in adjacent ranges and
limestone substratum. Sites with Roman snails were situated mostly within the area where the
ppeeies was taken for cormmercial purposes in the eightizs and nineties (Fig. 2).

Numbers of If. pomaiia and kabilel characters

I'he univocal interpretion of the results of clustering lor the variables describing sites and
classes ol abundance is difficult. The highest category of H. pomatio numbers (numerous)
1% in the same part of the dendrogram as categonies “absent” and “not numerous™ (Fig. 3).
Meglecting difficull 1o explain random factors, one may look for causes of such a distribution
of variables in their imappropriate selection and categorisation. One should remember that
¢lusier analysis is not a typical statistical test but a set of different algorithms which — to
implify — shows the most significant possible arrangement of variables (without testing
this significance). The resulis obtained inform only about a general character of connec-
iions, To cxamine the effect of particular vanables on the eccurrence of A pomatia, further
mnulyses are needed, using more refined statistical measures (e, principal component anuly-
pis, repression techmiques). Howewver, they need more detailed parameters of habilals than
only simple characteristics, which we could find for large areas.

Selection of variables for analysis 1s probably of key importance. all the more so as there
are sites where habital conditions seem to be suitable for /I pomaria and not any has been
found. Pilot observations idicated that habitat quality could be of decisive importance for
the Roman snail that is why we made 2 wide selection of vanables describing s characters,
Ineluding landscape patchiness which is interesting 1 the context of adaptations of species
liv changes oecurnng in the environment.

Calegorisation of variables presented difficulties, which voncerned their transformation in
such a way so that qualitative charecters could be wweated as quanbitative ones. It has been
hecepted that a binary ((-1) mode of the deseription of variables is burdened with a relatively
sl error. The presence of Roman snails in strongly wanstormed habitzts (roadside dilches,
rubbish heaps) where only fragmentary plant communities {ofizn of an unidentitiable syste-

274



matic status) develop at the utmost, suggested that the species is confined rather to food plants
than to specific associations. That iswhy the suthors gave up making phylosociological records.

Ohservations showed that of all habitat characters that were taken into account, soil type
had the least effect on the differentiation of H. pomatia oceurrence. The dependence of the
species on this habitat character may be indirect through, for example, vegetation characteris-
tic of a given soil type. A too generalised division e soil types, adopled in this work, could
also be a possible source of error. One may suppose that direet wentification of u soil type in
the field might have vielded more reliable results. When in [urther analysis soil Lype wis
neglected, clustering showed a positive correlation of /. pomatia abundance with anthrope-
genic habitats (particularly old parks, cemeteries, nubbish heaps) and high landscape patehi-
ness and negative, with arable fields, meadows and forests and small landscape patchiness
(see Fig. 4). Dbservation in the field indicated that in case of forests snails occurred mainly on
their margins or along forest roads, or cuttings. On ene hand this may suggest a positive effect
of forest fragmentation on the ocourrence of Roman snail and on the other hand, that exten-
sion of the area of areble land conduces to unfavourable changes in its populations,

Cluster analysis for groups of sites, classes of abundance and variables describing the
hakitat shows the correlation of the occurrence of H. pamatia with habital humidity (Fig.
5. The species was absert in the majority of dry sites and it was more numerous in sites of
moderate humidity than in the mest humid sites. This confirms the correlation of Roman
snail occurrence with humidity that was observed in detailed way by Lommicki (1971).

Size of individuals

A morphomeatric analysis of “commercial-sized” (more than 30 mm) individuals from three
sites sugpests that Raman snail populations in sub-urhan areas may be threatened by over-
exploitation because of pathering mature specimens from population. According to infor-
mation based on the inquiry in stations purchasing snails, most ol the delivered animals
were collected in such areas. In places where snails are not collected (Mbynne, Rudno) the
average dimensions of snail shells were significantly higher (Table 3). Lessening of the
averape shell size in the population may be dangerous and cause a decrease in the popula-
tion of Roman saail in Malopalska and even a decline of the species in some areas. Thus it
would be advisable to increase (he conservation size lmil for £, pometic from 30 mmto 35
mm, as it was already proposed {Urbanski, 1963; Lomnicki, 1971; Dyduch-Falniowska et
al., 1999b), or even more in the region under studies (1. g. the average size of K. pomatia in
notthern Poland is smaller {Stepezak, 1976),

A significance of differences in the width and height of Roman snail shells between the
groups of sites suggests that the smaller shell size is connected with high landseape patchi-
ness and areas in the vicinity of buildings {old parks, cemeteries, rubbish heaps, escarp-
ments, flooding embankments, roadsides). The result ohtained may he an effect of exploi-
tation, ar higher mortality of snails in anthropogenic habitat (resulting for esample from its
persecution in allotments, all the more so as the species occurs more numerously in such
sites — see Fig, 4) in companison with natural habitats. A similar conclusion stems from the
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Appendix

The lint of investigated sites: 1 - site number, 11 — site name, 11 -

froup

I ] I v
| CHazowa ] |
1 Roztoka 7 1l
3 Skamiemiale Maasto 1] 11
L K4énd (rdma 1] it
- Ciromnis 3 1
fi Komordw 5 L
9 Udete Solne 3 m
H Rylowa 1 i
i Breernica i} 1l
0 Gliw-Grodek 59 I
1l Lenny Potob 8 )
I Gola Gora fr i
17 Ksigz Witk | 21 1
14  Liwszal fy H]
15 RLagkis Cidsma | 12 1
16 Wetrzyszczka | 7 |
17 Bochnia | 34 I
I8 Cikowice 21 |
|9 Dybao 24 I
Ml Cholorzm | 7 1l
21  Cholerzyn 2 4 I
17 Cholermym 3 2 1
13 Wawdz Mnikowski 1 24 I
1 Wiz Mnikowski 2 I I
25 Kaopoe 3 il
) Rudme 258 |
17 Zator 133 I
1% Ispirn il il
1 Lapéwka 1 1t
iy Plawowice 28 I
il BmEIorsow i) 1
12 SmeFucin I i
i3 Samocice 1 21 I
4 Fomowce 0 i1
15 Miechdw | 28 I
16 Miechow 2 14 |
17 Parcele-Unicjow 2 Lt
W Kgpie 0 il
M Kwiddwka V] 1
a0 Ksig Wielki 2 41 I
41 Raclawice 0 1
4 lersmanowice 18 [
43 Metkow L] i
44 Samocice 2 2 i
45 Mydlnikil 76 1
Ay Bicriowice 30 1
47 Kaslwara Zeb | 35 1
Lt Chocznia 0 imn
19 leskowics Al Il
50 Rochna 2 184 I

- pumher of individusls B pomarie found, [V -

1 i i wﬂl
5L Dochniz d 1% |
52 Wisnics 0 11
53 Lakia Gbna 2 il [
54 Miynoe i I
33 Db ] Il
S Mydiniki 2 65 I
51 Wrzyszozka I 1] i
58 Togoboree LY m
59 Paszvn | 1]
60 Spymbask 19 1
6l Libusza 2 25 u
62 RoInowico 1 1
61 Reepiennik i I
64 Krakiw | k1 l
65 Erkiw 3 13 I
fi  Saspiw 4] Il
67 Preegimia 1] i
68 Crubrowice 0 1t
69 Braciejowka {l 1t
0 lanpgrot ] I
il Treyciak i 1l
T2 Gabeza | 15 |
T3 Miegarddw 34 ]
T4 Pintrwice Male 4 |
75 Peim 1 1l
T Sipdka 4 i
97 Traey Koroay 17 i
T8 Mliechéw 1 14 I
T Ml echin 4 kil 1] 11
E0 Keoalwaria Zeb.2 3 I
1] Kablwaria Zcb.3 11 I
52 Mydlniki 3 L0 i
B3 Mydiniki 4 g 1
4 Mrakdw 2 B 1
35 Ooloma 2 1
36 Papwisdow 11 I
37 Osweysz | 34 1
A8  Dolina Bolechowicka 5 I
9 Crodeisko (1] I
90 Imbrmmowios 9 I
91 Ojeiw 1 1
52 Ostrryse 1 2 [
93 Osirzysz ] 11 |
94 Tamdw | a1 I
%5 Tamdw 2 24 |
9f  Tamow 3 50 [
87 Tamow 4 i I
98 Tarpdw 3 1 [H3 1
99 Tarndw 6 15 1

|1 Tamdw T 1] 1l
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analysis of histograms of the distribution of shell dimensions for the three groups of siles
(Fig. 6 and 7). They are not symmetrical (skew on the right side), which can indicate that
the age structure of #. pomatia population has not been shaped by natural factors.

The shell slendemness index (widththeight), as independent from the age of an individual, has
probably a greater diagnostic value reflecting a relationship between shell size and habitat cha-
racters. [n this case the analysis of verianee showed that correlation for groups s inverse than for
each dimension separately: the lowest values characterised group 111, Despite the insignificant
conrelation of the coefficient wath habitat humidity { Table 4), a dendrogram illustrating the re-
*_51|f1§ of agglomeration of the groups of sites, classes of abundance and labitt variables (Fig, 5)
mdicates relationship between the shiell shape and habitat humidity; shells were slenderer on dry
sites, Histograms of the distribution of ceefficient values for the three proups of sites have
almost symmetrical normal distribution (Fig. 8), which confirms the hypothesis that the &g
structure of the population in the investigated area 1s influenced mainly by exploitation,

Conclusions

I. Concerned with population characters:

L It was found that 76% of the investigated sites in the region of Matopolska harbeured
Helix pomatia;, on about 36% of the sites the snail was sufficien:ly numerous to be collec-
ted for commercial purposes (i.e. 1-hour search yiclded a crop of a1 least 30 individuals),

2 T.he specics occured more numerously in anthropogenic habitats (old parks, cemete-
ries, neighbourhood of rubbish heaps) in areas of high landseape patchiness than in
arable fields, meadows, pastures, and forests in the landscape of small patchiness
where it was scarce or absent.

3. Shell size in “commercial-sized” individuals varied significantly depending on the
hakitat character. The average width of shells in /1. pomatia from Malopolska is 39.6
mim and the height, 37.9 mm. [n built-up arca the size of shells was smaller than in
other habitar 1ypes,

4. The shape of shell is correlated with habitat humidity: H, pamana shells are slenderer

in diy habitets,

5. Collection of snails for commercial purposes significantly influences the age suuctu-
re (distribution of sizc classes) of Roman snail population.

II. Concerning the sirategy of Roman snail population management:

I. It 18 necessary to increase a conservation size limit for the Roman snail 1o 35 mm 1o
prevent its over-exploitation. To establish precisely an average size of adult individu-
als in sub-montane areas, further sludies are needed

- Management of the Roman snail population should he based an the principle that explo-
itation must oot threaien regeneration abilities of the population. Taking into account
the biology of the species, each 34 vears a 1-year break in exploitation should be intro-
duced to improve the demographic structure of the population, The shortening of the
perivd of collection from one month 1o two weeks could be an altemative selution.

=
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3. One may also suggest the limitation of exploilation 1o urban and sub-urban arcas
when the species occurs more numerousty, with monitaring of the population structu-
re, based on randomly taken samples. The species would not be collected in natural
and semi-natural habitats where it is much less abundant,

4. Permanen! monitoring of the species on selected sites, at two-year intervals for the
first six vears, should be introduced. Later on, this frequency would be diminished if
the results of observalion indicate the stability of population.

Trnsloied be M. Wakomaska-diechiswic:
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Dyehiih-Falniawsca A, Makomaska-luchiowice M., Perzanowska-Seckarska J., Tworek 5., Zajye Ko Slimak
phhradny (Helfic pomatia L — ochrana o mansiment v Malopol'skom regiive (Jufné Folske).

W prict sme skumali rozdirenie stanovista slimika zéleadnél (el pomari L) v habopolskom repiong v ro-
Rl 1997-1998 . Fhiukovis anabizu sme pou2ili na wréenic valehu medz viskytom slimikov i paraumeiromi
penych stancviEt, aka je yp stanovisia, jeho prirodeenost, vilkost, rastinnd pokrivka a pdoy tvp, ako 1 e
norodost’ krapiny. Zistili sme, 22 iento drih sa eajhomejiie viskyloje na aniropogénmych stanovistiach nachi
denficich s v tzemiach 5 vysokon raznerodoston krajing. 7 morfometrickich memni vidier, e jedince w0
abebaneiych (eemi s mendie 2 fe jestvze vetah medzi varon wiity & vllkoston deentia Manadovali tnevy-
Baniiost” Eentraly limitg velkosti pre slimékov shiemnyeh 7 ckonamickych davodeoy. Ziskuné vislediy sa madu
wuudit pri rdovant regiordine] drtépie pre manaiment shmika zihradodho.
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