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ABSTRACT

This study investigated the extend to which the snail Columella edentula is more strongly associated with the
small balsam Impatiens parviflora than with other plants in the herb layer of an oak-hornbeam forest, and to inter-
pret the character of the interaction Impatiens parviflora - Columella edentula.

Numbers of C. edentula and rates of colonization were compared on various plant species under natural and labo-
ratory conditions. Seasonal variation in snail abundance on /. parviflora was observed on permanent plots. The leaf
injuries caused by C. edentula were localized in respect of the morphological and anatomical structure of leaves.

The results show that /. parviflora is one of the plant species of the herb layer that are most abundantly coloni-
zed by this snail in oak-hornbeam forest. Snail finds a plant particularly suitable as a place for resting. The most
favoured attachment site is on the underside of the leaf, along the midrib, which provides the highest and relative-
ly stable humidity, as well as protection from direct sunlight and predators. 1. parviflora is also a food for the sna-
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ils, but they do not eat these fragments of leaves where calcium carbonate is accumulated.
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INTRODUCTION

Gastropod distribution and abundance are affected by
a number of biotic and abiotic factors, which have been dis-
cussed by many authors (Wireborn 1970, 1982; Vasitko
1973; Solem 1974; Shikov 1979; Baidashnikov 1992;
Ondina et al. 1998). Plants often provide suitable microha-
bitats for snails and some snail species, especially herbivo-
rus, are associated with particular plants (Cain and Currey
1967; Chatfield 1972, 1976; Pallant 1972; Nicorti 1980;
Speiser and Rowell-Rahier 1991; Iglesias and Castillejo
1999).

Nevertheless, most information on the issue, is derived
from accidental malacological or floristic observations; pu-
blished data on snail-plant association are scanty.

Earlier observations on Impatiens parviflora, in forests of
the Wielkopolska National Park (western Poland), suggest
that Columella edentula might prefer this alien species to
native plants (Piskorz, 2004). This prompted the present
study, which was aimed at explaining this apparent prefe-
rence.

MATERIAL

Columella edentula (Draparnaud) is a pulmonate Sty-
lommatophoran snail (Falkner et al. 2001). Its distribution
range includes most of Europe, except its northernmost
(Island, Finland) and southernmost fringes (to the Alps),
the Caucasus, Central Asia (Lozek 1964; Shileyko 1984
after Pokryszko 1990) and some parts of North America
(Pokryszko 1990). In Poland it is common in a wide range
of habitats: woodlands, wetlands, and meadows. It is not
associated with any specific substrate type and a rather
high humidity seems to be the decisive factor. In summer it
is found mainly on herbs, whereas in spring and autumn it
stays in the leaf litter and the surface layer of the soil. To
date it has been recorded feeding on Mercurialis perennis,
Asarum europaeum, Glechoma hederacea, Circaea lutetia-
na, Cirsium oleraceum, Petasites sp. and umbellifers (Po-
kryszko 1990; Pilate 2001).

The small balsam (Impatiens parviflora DC., Balsamina-
ceae DC.) derives from Siberia, Mongolia, Turkestan,
Dungaria, as well as the Altai and Pamir Mountains (Kra-
wiecowa 1951; Meusel et al. 1978), so the ranges of both
species overlap.
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After its introduction to botanical gardens in Geneva and
Dresden, it has become naturalized and started its uncon-
trolled expansion in Europe. Within the present borders of
Poland, it was first noted in 1850 (Krawiecowa 1951) near
the Baltic port of Danzig (now Gdarsk). In the Wielkopol-
ska National Park in western Poland it appeared in the
1960s. Now the plant is regarded as one of the most expan-
sive species in Europe, not only because of the high rate of
colonization of new areas but also because of its biocoeno-
tic success: it enters natural phytocoenoses, forms new
combinations of species and its own phytocoenoses, starts
new interspecific relations with organisms first encounte-
red in the secondary distribution range, e.g. the aphid Aphis
fabae, or with species that also derive from Asia, e.g. the
aphid Impatientinum asiaticum and the rust Puccinia ko-
marovii (Stacherska 1972; Trepl 1984; Elias 1989, 2001;
Orczewska and Chmura 2002). The published literature,
however, provides no information on relations between
1. parviflora and gastropods.

METHODS

Field work

Field observations were carried out in an oak-hornbeam
forest (Galio-sylvatici Carpinetum) in the Wielkopolska
National Park, between July and August 2001, in three
experimental plots (K, L, and M; 1x1 m each). Plot M was
divided into four subplots of 0.25 m2. Plots K and M were
situated in places shaded by the canopy, while plot L was
located in a small gap. In July and August, lists of herbs
and their degree of cover were recorded for each plot.
From 10 July till 22 August, at interval of a few days, all
individuals of C. edentula were counted on all plants gro-
wing on each plot, for each plant species separately. On
plots K and L, snails were left on plants. On plot M, the ra-
tes of colonization of various plant species by C. edentula
were assessed in the following way. On two subplots of
plot M, all counted snails were removed from plants and
placed on the ground. On the other two subplots, snails we-
re left on plants. On the next count, snails were removed
from plants on subplots where they had been previously al-
lowed to stay on plants, and vice versa. On the days of snail
counting, information on weather conditions (rain in parti-
cular) was recorded.

On all plots, while counting C. edentula on I. parviflora,
location of the snail on the plant was recorded in 7 catego-
ries: 1) upper surface of the leaf: a — along the midrib, b —
along lateral veins, c — other fragments of the leaf; 2) lower
surface of the leaf: a — along the midrib, b — along lateral
veins, ¢ — other fragments of the leaf; 3) petiole or stem.

Laboratory experiments

In order to verify the results obtained in the field, the rate
of colonisation was assessed under controlled laboratory
conditions (H). Plastic boxes (20x15%20 cm), were set up,
each having its base penetrated four test tubes attached ne-
ar the corners (Fig. 1). The tubes were filled with water.
Fresh specimens of I. pamviflora were put in two tubes,
while specimens of another plant species were put in the
other two tubes. The degree of cover by each species was
about 35%. The boxes were kept at room temperature
under natural illumination. In each box, 50 individuals of

Fig. 1. Experiment design. For details see text.

C. edentula were placed, and over the next five days we re-
corded their numbers on each plant species. In this way,
colonization of I. parviflora and 9 other plant species was
compared.

Analysis

The results from plots K, L and the laboratory (H) were
averaged over time and next normalized according to the
following formula:

n;

N.=

l

pizn;
J

where N, = normalized number of snails on the i plant
species; n, = number of snails on the /" plant species; n; =
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number of snails on the j™ plant species; j = total number
of plant species found on the plot; p; = degree of cover by
the i™ plant species. Due to the normalization, the results
for various plant species were independent of differences
in their degree of cover on the experimental plots and in
the boxes. This enabled pair-wise comparisons within and
between the plots, as well as between the results of field
and laboratory experiments. The significance of differences
was verified with Student’s t-test.

Feeding observations

During field and laboratory work traces of snail feeding
on leaves of I. parviflora were detected with the naked eye.
It was noticed that some parts of the leaves were never da-
maged by snails. Microscopic sections (ca. 5X5 mm) of
these leaf fragments, bleached with chloral hydrate (Brau-
ne et al. 1975) and embedded in gelatine with glycerine
(Filutowicz and Kuzdowicz 1951), were observed and pho-
tographed under a light microscope.

RESULTS

Field and laboratory investigations

The list and the cover of plants from the herb layer on
permanent plots are presented in Table 1. C. edentula was
present not only on I. parviflora but also on other plants,
except Tilia cordata. The normalized number of individu-
als of C. edentula on I. parviflora (N,, taking into account
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TABLE 1. Floristic lists for permanent plots K, L, and M.

K L M
Cover of the herb layer [%] 59 73 80
Impatiens parviflora 20 30 38
Galeobdolon luteum 25 25 20
Pulmonaria obscura . . 13
Ulmus laevis . 8 .
Carpinus betulus 0.5 6 0.5
Aegopodium podagraria 4 1 1
Oxalis acetosella 5 . 5
Milium effusum 2.5 1 0.7
Viola riviniana 1 0.5 1.5
Adoxa moschatellina 0.1
Moehringia trinervia 0.5 1
Tilia cordata . 0.1

the degree of cover by this plant), was significantly higher
than N values for most other species found in the herb lay-
er: for 7 of 8 accompanying species on plot K and for 6 of
8 species on plot L. Thus, under conditions of moderate
shading (plot K), individuals of C. edentula were equally
frequent on 1. parviflora and Adoxa moschatelina, while in
the gap (plot L) the snail preferred three species: 1. parvi-
flora, Viola riviniana, and Aegopodium podagraria (Table
2). The laboratory experiment with 9 selected plant species
compared with 1. parviflora, showed that the N value for
Viola riviniana was higher than N, for Ulmus laevis it was

TABLE 2. Colonization (N,) of selected plant species of the herb layer of oak-hornbeam forest by Columella edentula. K - plot under the canopy of the fo-
rest stand; L - plot in the gap; below the plant name, the normalized number of C. edentula is given; X - significant (a=0.05) differences in colonization rate.

L plot
1. paviflora
0.0261 x x % x x x
G. luteum y < <
0.0055
0. acetosella
absent
1. parviflora M. effusum <
0.0345 0.0089
y G. luteum V. riviniana N
0.0105 0.0314
» 0. acetosella A. podagraria <
0.0115 0.0142
y M. effusum M. trinervia N
0.0119 0.0130
» V. riviniana C. betulus < <
0.0209 0.0151
% % % M A. podagraria A. moschatelina
0.0240 absent
» y y < M. trinervia U. laevis <
0.0034 0.0018
% C. betulus T. cordata
0.0170 0.0000
A. moschatelina
X 0.0696
U. laevis
absent
T. cordata
absent

K plot
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TABLE 3. Colonization (N)) of selected plant species of the herb layer of oak-horn-
beam forest by Columella edentula under laboratory conditions. Below the plant na-
me, the normalized number of C. edentula is given. x - significant (a=0.05) diffe-
rences in colonization rate.

Labolatory

1. parviflora X 0. acetosella
0.0153 0.0133

1. parviflora X M effusum
0.0198 0.0087

1. parviflora X V. riviniana
0.0114 0.0172

1. parviflora X A. podagraria
0.0165 0.0121

1. parviflora X M trinervia
0.0221 0.0065

1. parviflora X C. betulus
0.0192 0.0094

1. parviflora U. laevis
0.0130 0.0155

1. parviflora X G. odoratum
0.0192 0.0094

1. parviflora X P.obscura
0.0180 0.0106

equal to N,, while for all other species, N values were lo-
wer than N, (Table 3).

The differences between normalized numbers of snails
on I. parviflora and on other species were greater in the la-
boratory (H) than in the field (Fig. 2); on both plots in oak-
-hornbeam forest, similar differences between species were
recorded. Relations between colonization of various plant
species in the laboratory were more similar to results from
plot K (for 5 species) than to results from plot L (for 3 spe-
cies).

The laboratory experiment confirmed that under all con-
ditions only /. parviflora was the most strongly colonized
species. In all situations, Carpinus betulus, Milium effusum,
Moehringia trinervia and Oxalis acetosella (absent from
plot L), were less numerously colonized by C. edentula
than I. parviflora.

Relatively small fluctuations in abundance of C. edentula
were observed on I. parviflora (Fig. 3). The decreasing
trend at the shaded site resulted only from natural death of
these plants. The observations ceased in mid-August, so it
is uncertain if later on the snail abundance on other plant
species increased as a result. The experiment with removal
of C. edentula from I. parviflora (plot M) showed that snail
abundance on I. parviflora was subject to smaller fluctua-
tions than on other plants and stabilized already two days
after removal (Fig. 4).

We did not observe any clear relationship between the
rainfall and the variation in abundance on all plants and on
I. parviflora (Fig. 3). Nevertheless, on cloudy and rainy days
snails were more active. In the case of I. parviflora, on sun-
ny days the snails were found mainly on the underside of
leaves, on the midrib or lateral veins. Most individuals were
then inactive. On rainy days, the snails were often active
and more widely distributed over the plant (Fig. 5).

®@
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®
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Fig. 2. Differences in the colonization (N;) of Impatiens parviflora and
other species of the herb layer by Columella edentula on permanent plots
(K, L) and in the laboratory (H). Ray length reflects the magnitude of the
difference between normalized number of snails on /. parviflora and the
selected species; the wider part of the ray indicates the more colonized
species; absence of a ray indicates that no significant difference was obser-
ved between the species and 1. parviflora.

1 — Galeobdolon luteum Huds.; 2 — Oxalis acetosella L.; 3 — Milium effu-
sum L.; 4 — Viola riviniana Rchb.; 5 — Aegopodium podagraria L.; 6 —
Moehringia trinervia (L.) Clairv.; 7 — Carpinus betulus L.; 8 — Adoxa mo-
schatellina L.; 9 — Ulmus laevis Pall.; 10 — Tilia cordata Mill.; 11 — Ga-
lium odoratum (L.) Scop.; 12 — Pulmonaria obscura Dumort.

Feeding observations

On leaves of I. parviflora growing in the forests (in pla-
ces with abundant occurrence of C. edentula) trades of fee-
ding were observed which we attributed to the activity of
C.edentula. This was confirmed during laboratory observa-
tions.

On I. parviflora, extensive patches eaten out by the snails
covered nearly the whole leaf blades and were found also
on stems. The injuries were always shallow, reaching to
the mesophyll, so the leaves were never hollowed. Detailed
observations of the injured leaves showed that the snails
never fed near the midrib, primary lateral veins, and the le-
af margins. Microscopic investigations revealed that those
zones of mesophyll contain numerous idioblasts with cal-
cium carbonate crystals (Fig. 6) which might prevent the
snails from feeding.

CONCLUSIONS

The results show, that C. edentula favours I. parviflora
over other plants as a place to rest on, in both field and la-
boratory conditions. The seasonal variation in abundance of
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Fig. 3. Seasonal variation in abundance of Co-
lumella edentula on Impatiens parviflora and
other plants of the herb layer of oak-hornbe-

Real number of snails on plants

Real number of snails on plants

am forest. K - plot under the canopy; L - plot
in the gap. Arrows indicate rainy days.

number of days after snails removal from plants

—+ |. parviflora

—&— others

C. edentula on I. parviflora was relatively low. After removal
of C. edentula from plants, the number of snails on /. parvi-
flora stabilized already two days after their removal, and
was less variable than on other plants. For I. parviflora the
numbers returned to levels seen in the non-removal plot.

The snails aggregated on the midrib and lateral veins in
large numbers, so the protruding veins must be favourable
sites for attachment. Additionally, the whole leaf blade en-
sures the highest, relatively stable humidity because the
plant has hydathodes (Watson and Dallwitz 1992), and its
stomata are located on the underside of the leaf. Apparen-
tly, the leaf blades could also play an important role in pro-
tection of the snails against predators, especially when the
snails are not active.

Despite the fact that the small balsam has the protection
in the form of calcium carbonate crystals, it is also eaten by
the snail. Our data do not indicate, that the snail prefers
this plant to other diet items.

Within its secondary range of distribution (Europe), I. parvi-
flora interacts with C. edentula. Both species coexist also

—e— |. parviflora + others

10 " 12 13 Fig. 4. Experiment on plot M: Rates of colo-
nization of Impatiens parviflora and other
plants of the herb layer of oak-hornbeam fo-

rest by Columella edentula.

in the natural range of I. parviflora (Asia), so such an inte-
raction may be expected there.
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