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Small-scale passive drift of snail shells on a slope

MATTHIAS KRÜGER

Abstract: Using empty shells in malacological-ecological studies on species composition and communities is
associated with some benefits in particular to gain much data for statistics with relative ease. In hilly or mountainous areas it can be assumed that empty shells will be found which drifted by passive processes. These could
produce statistical biases in the data set and lead further to biased results. In this study I wanted to show that
empty shells of terrestrial gastropods can passively drift long distances on a small spatial scale on slopes within
a short period of time. Therefore I examined if passive drift of Cepaea spp., Helicella itala and Zebrina detrita
on a slope near Jena (Thuringia, Germany) occurs and if significant differences in their drift exist related to their
shell shape and the underground. It could be shown that within the short time period of this survey passive drift
occured. In dependence on their shape (Cepaea spp. = globular, Helicella itala = depressed and Zebrina detrita
= spindle-shaped) Helicella-shells are the most effective drifters. Within 39 days empty shells of Zebrina detrita
are significantly the less effective drifters. An almost significant difference in dependence on the underground
(with and without vegetation) exists.
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Zusammenfassung: Leergehäuse werden häufig als Ergänzung des Datenmaterials malakologisch-ökologischer
Studien verwendet, da sie gewisse Vorteile bieten wie z. B. eine hohe Anzahl von Daten für die statistische
Auswertung mit relativ geringem Aufwand zu gewinnen. Es kann jedoch angenommen werden, dass an Hängen
oder in bergigen Untersuchungsgebieten leere Gehäuse aufgefunden werden, welche aufgrund passiver Prozesse
verdriftet wurden. Diese könnten zu statistischen Verzerrungen im Datensatz und damit den Ergebnissen führen.
In dieser Studie sollte gezeigt werden, dass Leergehäuse innerhalb kurzer Zeit große Distanzen innerhalb einer
kleinräumlichen Skala aufgrund passiver Verdriftung zurücklegen können. Dazu wurde untersucht, ob Verdriftung von Cepaea spp., Helicella itala und Zebrina detrita an einem Berghang nahe Jena (Thüringen, Deutschland) stattfindet und ob signifikante Unterschiede in ihrer Effektivität zur Verdriftung aufgrund ihrer Gehäuseform und dem Untergrund vorliegen. Es konnte gezeigt werden, dass innerhalb eines kurzen Zeitraumes passive
Verdriftung stattfindet. In Abhängigkeit der Gehäuseform (Cepaea spp. = globulös, Helicella itala = flach und
Zebrina detrita = konisch zulaufend) erwiesen sich leere Helicella-Gehäuse als besonders effektive Verdrifter.
Leergehäuse von Zebrina detrita legten signifikant kürzere Distanzen innerhalb von 39 Tagen zurück. Ein fast
signifikanter Unterschied bestand in Abhängigkeit der verdrifteten Distanz zum Untergrund (mit und ohne Vegetation bedeckt).

Introduction
Studies that examine ecological questions about terrestrial gastropods often gain data by collecting
both live snails and empty shells as common practice (KERNEY & al. 1983). Some studies include
empty shells due to the experimental design (SCHILTHUIZEN 2011), e. g. CLEMENTS & al. (2008) and
SCHILTHUIZEN & al. (2002) sampled in their study exclusively empty shells. This approach often relies on the assumption that empty shells are a probabilistic indicator if a given species is abundant in a
certain area (THURMAN & al. 2008). Terrestrial snails are most often surveyed in micro-habitats within
sites that researchers consider likely to harbor snails (MENEZ 2001, 2007, CAMERON &
POKRYSZKO 2005, SÓLYMOS & al. 2009).
Shells of terrestrial mollusks will decay and disappear over time but how long it takes is not well studied yet (SCHILTHUIZEN 2011). It is often assumed that shells persist for a longer time in calcium-rich
environments (MILLAR & WAITE 1999). After PEARCE (2008) it is also known that the respective
species have an effect on the decomposition rate, e. g. larger shelled species decompose slower than
small shelled ones.
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Collecting empty shells has several advantages, in particular as it is independent of the species’ activity periods (SÓLYMOS & al. 2009). Moreover, empty shells are easy to collect also for untrained
searchers, in particular with hand-picking macro species (larger than 5 mm) compared to micro species
(smaller than 5 mm). But also with substrate samples a large number of individuals of micro species
are easy to collect. In this way, vast amounts of data can be obtained – a good starting point for subsequent statistical analyses.
However, in some environments (like mountainous areas, slopes, rivers and glaciers) which are characterized by periodic strong water movements, e. g. after a rainy storm or melting of snow – empty
shells could passively drift away from the place individuals died and be transported downstream with
water over long distances (SMITH 1966, HUBER & al. 1997, KNORRE 2011). Biotic activities are another reason for biased accumulations of empty shells like the commonly known thrush anvils
(ANTON & BOSSDORF 2009) and the yet cryptic and less studied accumulation of shells at ant hills
(PÁLL-GERGELY & SÓLYMOS 2009). Already BAUR & al. (1997) showed that even in similar species
like Arianta arbustorum (LINNAEUS 1758) and A. chamaeleon (PFEIFFER 1868) drift efficiency could
be associated with the size and shape of the respective shells.
Shell morphology per se is well studied within many terrestrial snail species mostly with focus on
their evolution and genetics (CHO & al. 2006), but not on their ability for drifting passively. Conducting a small-scale experiment the goal of this paper is to examine the passive drift of empty shells of
four terrestrial gastropod species (Cepaea hortensis (O. F. MÜLLER 1774), C. nemoralis (LINNAEUS
1758), Helicella itala (LINNAEUS 1758) and Zebrina detrita (O. F. MÜLLER 1774)) and to which extend and in what time they drift. I examined shells of three different shapes to see if there are differences in the distance they passively drifted during 39 days. In addition, I tested if there are differences
in passive drifting depending on the underground if it is covered with vegetation or consists of bare
rocks without vegetation.

Methods
Study area and weather conditions
The study was conducted in the “Leutratal und Cospoth” nature reserve near Jena (Thuringia, Germany) on a slope of the Jagdberg, which is part of a landscape characterized by calcareous grassland
along slopes formed by the Saale River (PFEIFER & al. 2006). The south-exposed slope can be described as an extreme habitat because of the calcareous soil with low water storage capacity, the high
heating in summer (up to 70 °C on the soil layer) and therefore the related drought (HEINRICH &
MARSTALLER 1998). Climatic conditions are characterized by mild winters with few periods of frost
(KLUGE & MÜLLER-WESTERMEIER 2000). The average annual temperature in 1991-2000 was 9.9 °C
and mean precipitation 612 mm. The average wind velocity near the ground on the slopes of the Leutratal is 2 m/s which is relatively high compared with the surrounding area (under 1.5 m/s) and can be
explained by the high inclination of the slopes and down-slope winds (HOFFMANN & al. 2014). The
study was done end of March until the beginning of May 2015 during a period of moderate weather
conditions, e. g. approximately 30 mm precipitation and circa 8 °C (TLUG Jena 2016).
Shell preparation
For this study I searched for empty shells of four snail species which would fit into arbitrary chosen
categories of shapes of those shells. Categories were considered as globular, depressed and spindleshaped. Based on the rough number of abundant snails in the study area I decided to use shells of Cepaea spp. (Helicidae) as representatives for the category “globular”, shells of Helicella itala (Hygromiidae) for the category “depressed” and Zebrina detrita (Enidae) as “spindle-shaped”. All these
species live in mountainous areas in central Europe (KERNEY & al. 1983). I used 40 empty shells of
each species for the experiment, i. e. 120 empty shells in total (Cepaea hortensis and C. nemoralis
together as one species group). Shell size was comparatively from similar size. Width / height were for
all Cepaea specimens 2.1 cm ± 0.2 cm / 1.7 cm ± 0.2 cm, for Helicella 1.5 cm ± 0.1 cm / 0.6 cm
± 0.1 cm and for Zebrina 0.9 cm ± 0.1 cm / 2.2 cm ± 0.1 cm.
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The outer surfaces of the shells were cleaned with a toothbrush and water. Shells were marked with
conspicuous nail varnish for easy retrieval (e. g. FENWICK & AMIN 1983, GOSSELIN 1993, HENRY &
JARNE 2007). In addition a sealer was applied on the nail varnish to minimize environmental-related
bleach out of the tag.

Fig. 1: Study area with an approximated
inclination of 32°. In the foreground:
plots with stony underground, in the
background: the village Maua near Jena
(photo: M. KRÜGER).

Experimental design
The places of the plots with specific underground were randomly chosen on calcareous south-exposed
slopes and had an average inclination of approximately 32°. Twenty shells of each shape type were
put on bare rocks and on an underground with typical xerothermic vegetation (Teucrio-Seslerietum).
The starting line on the slope was marked with white yarn (width one meter) attached on two wooden
sticks. Observations were conducted for 39 days with measurements in the first week every second
day, later every forth day. I measured the distance the shells drifted from the starting line using a
common folding meter stick. During the whole survey only one person measured the distance the
shells passively drifted to reduce person-related errors.
Statistics
For the shell size of the individuals and the drifted distance without eliminating outliers I used standard descriptive statistic methods like calculating the mean values and standard deviation.
Drift-data were log10-transformed after calculating the mean values of each drifted shell to reduce effects of large numbers, in particular far drifted shells compared to short distance drifted ones. Log10transformation was also needed to fulfil the assumptions of parametric tests (linear relationship, normal distribution). The data treatment comprised also the elimination of outliers and check for normal
distribution via a Shapiro-Wilk normality test. With a Fligner-Killeen test I checked for homogeneity
of variance to fulfil all requirements needed for a two-way analysis of variance (CRAWLEY 2007). The
relations between shapes of shells, the distance drifted and between shell shapes and underground
(with and without vegetation) were compared with a two-way analysis of variance (ANOVA). The
primary test was followed by a Tukey test to check for pairwise differences between the three different
shapes. All statistics were performed using the free software R (Version 0.98.1102).
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Results
Without eliminating outliers Cepaea specimens drifted on vegetation plots approximately 3.4 cm
(± 3.3 cm) in one month, on bare rocks 12.5 cm (± 17.2 cm), whereas the drifted distance of Helicella
itala individuals was on vegetation plots 3.2 cm (± 3.1 cm) and on bare rocks 7.9 cm (± 7.4 cm). Individuals of Zebrina detrita drifted 2.3 cm (± 2.0 cm) on vegetation plots and on plots with bare rocks
3.7 cm (± 6.2 cm).
In general the underground had an almost significant impact on the distance: all empty shells drifted
passively (F1, 109 = 3.688, p = 0.057; Fig. 2) after eliminating outliers. With respect to the different
shell shapes the impact of underground on spindle-shaped shells (F1, 37 = 0.1912, p = 0.664; Fig. 3a)
and globular shells (F1, 38 = 0.0145, p = 0.905; Fig. 3b) was non-significant but highly significant for
depressed shells (F1, 37 = 7.4862, p = 0.009; Fig. 3c).
In total, the shape of empty shells had a highly significant impact (F2, 109 = 5.006, p = 0.008; Fig. 4) on
the distance drifted. The Tukey test indicates that no significant difference exists between globular and
depressed shells (p = 0.377) and this also applies to globular and spindle-shaped shells (p = 0.198).
However a highly significant difference exists between depressed and spindle-shaped shells
(p = 0.005).

Fig. 2: Boxplot after ANOVA with logarithmized values of drifted distance of all shells after 39 days for S-Plots
(with stony underground) and V-Plots (with vegetation).
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Fig. 3: Boxplots after ANOVA with logarithmized values of drifted distance of shells after 39 days for a) spindle-shaped shells, b) globular shells and c) depressed shells according to S-Plots (with stony underground) and
V-Plots (with vegetation).
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Fig. 4: Boxplot after ANOVA with logarithmized values of drifted distance of shells after 39 days according to
the three categories depressed, spindle-shaped and globular.

Discussion
The trend for faster drift on bare rocks is probably linked to the fact that shells are more exposed to
wind and down streaming water during stormy weather. In particular on the south-exposed slopes of
the nature reserve “Leutratal und Cospoth” high wind velocities from down-slope winds with an average of 2 m/s are common (HOFFMANN & al. 2014). HERRMANN (1990) observed high accumulations
of empty shells close together. He assumed that the shells were drifted by flow of water and were then
accumulated over time. Moreover HUBER & al. (1997) mentioned that shell accumulations occur
probably due to wind and rain.
But one also should take physics as simplest solution into account, i. e. that on rough surfaces versus
rather smooth surfaces shells would drift slower. Even if in total the difference between plots with
vegetation and without were only close to be statistically significant vegetation seems to stop downward rolling shells (Fig. 2). BAUR & al. (1997) confirmed that in most cases vegetation structure lead
in most cases to stopping of downhill rolling shells.
Zebrina detrita was significantly the less effective drifter in this study. That is interesting with respect
to its ecology because this species lives almost exclusively on slopes with moderate to high inclinations whereas the other two species live on a wider range of horizontal and vertical habitats (KERNEY
& al. 1983). As an effect of the shape Zebrina-shells seem to drift in small circles comparable to the
conical eggs of cliff-breeding birds.
Globular shells are not as effective drifters as depressed shells. It might be that the shells are heavier
compared to depressed shells or the air resistance of this shape is lower compared to H. itala as the
more effective drifter in this study. A recent study by the NASA (National Aeronautics and Space
Administration) showed that depressed-shaped objects have a higher drag coefficient (a number to
model complex dependencies of air resistance on shape, inclination and flow conditions of wind or
water streams) than globular-shaped objects (HALL 2015). Her results also indicate the least air resistance for conic-shaped objects. These results corroborate my findings about the drift distances of depressed, globular and spindle-shaped (conical) shells but with certainty more research is needed to
check for direct and indirect effects of air resistance, inclination and flow conditions of different
shapes of shells.
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In conclusion, this study might be one of just a few which examine the small-scale passive drifting of
empty shells of terrestrial gastropods. As the number of studies in snail community research and species composition within gastropods increases, this study may provide a useful contribution to a better
study design in hilly areas and so a more realistic approach to the ecology of snails.
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