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ABSTRACT: Cepaea nemoralis is an introduced species on Gotland. The first records, from the capital city
of Visby, date from the 1860’s. Known initially from only three localities, it remained uncommon and
restricted through the first half of the 20th century. Sampling from 1992 onwards, however, revealed that
the species had spread into many sites in and near the city and also to Ardre on the opposite side of the
island. Populations from both the 19th century and from the last 27 years were polymorphic for both colour
and banding patterns. There is no evidence of general and consistent change in morph frequencies over
time. While the frequencies of various banding patterns vary in a manner attributable to genetic drift and
founder effect, variation in the frequencies of colour morphs is more restricted, suggesting that selection
may also be involved. The data here provide a baseline for monitoring future changes.
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INTRODUCTION

The land snail Cepaea nemoralis (L.) is famous for
its shell colour and banding polymorphism (JONES
et al. 1977, COOK 1998). The genetics of much of
the variation is known, though that of minor varia-
tion in number of bands and of fusions among them
remains undetermined (summary in JONES et al.
1977). This knowledge has made it a model organ-
ism for studying evolutionary processes both over
time and among contemporary populations (OZGO
2008, 2012, COOK 2017). There are many cases in
which natural selection for crypsis or in response to
climate accounts for some variation in both time and
space (OzZGO 2008, ROSIN et al. 2011, SILVERTOWN
et al. 2011, COOK 2017). Founder effects and genet-
ic drift, however, are also involved, especially where
there is evidence of past bottlenecks (CAMERON &
DILLON 1984) and where C. nemoralis has recently
colonised previously unoccupied areas, usually as-
sisted by accidental transport by humans (CAMERON
et al. 2009).There are many such areas, both with-
in its assumed natural range and in places where it

has been introduced beyond it, especially in eastern
and northern Europe (OZGO 2005, PELTANOVA et al.
2012, CAMERON et al. 2014, GHEOCA 2018, OZGO
et al. 2019). The species flourishes in anthropogenic
habitats, and is mostly confined to these habitats in
such recently colonised regions.

In Sweden, C. nemoralis is an introduced species.
While it may have been established for several cen-
turies in the extreme south (Skédne) of the country,
introductions elsewhere appear to originate from the
mid 19th century at the earliest. In G6teborg (MALM
1851, CAMERON et al. 2014), the species remained
very restricted for many decades thereafter, but
spread rapidly in the last 30 years, a pattern repeated
in many parts of Sweden south of 58°N. The island of
Gotland, in the Baltic Sea, lies approximately 370 km
east of Goteborg. As in that city, the first records of
C. nemoralis come from the 19th century (LINDSTROM
1868), within the city of Visby. The only subsequent
published account of C. nemoralis on Gotland is that
of VON PROSCHWITZ (2014).

Folia Malacologica is funded by the Ministry of Science and Higher Education, Republic of Poland, under

Ministry of Science
and Higher Education

N

Republic of Poland

agreement no 534/P-DUN/2018 of April 4th, 2018 allocated to the activities for disseminating science:
Task 1: Preparation of English versions of publications (sum funded by DUN 12,000 PLN) and

Task 2: Digitalisation of publications and scientific monographs to enable their open access in the Internet
(sum funded by DUN 11,070 PLN).


mailto:r.cameron%40sheffield.ac.uk?subject=Folia%20Malacologica
https://doi.org/10.12657/folmal.027.027

308

Robert A. D. Cameron, Ted von Proschwitz

P g

There are, however, numerous samples of C.
nemoralis from Gotland in Swedish museums. In
this study we set out to document the spread of C.
nemoralis on the island, and to see if the patterns of

AREA STUDIED

Gotland, an island in the Baltic Sea (centred on
18.5°E, 57.5°N) has an area of 2,994 km?. The bed-
rocks are mainly Silurian limestones. The climate
is slightly warmer and drier than that of Goteborg,
with a mean January temperature of —0.6° (versus
—0.5°) a mean July temperature of 17.9° (versus
16.8°) and rainfall of 525 mm year~! (versus 875 mm

variation in time and space matched those recorded
elsewhere where the species had spread recently. A
secondary aim was to establish a baseline for future
studies.

year~!). Autumns are milder, but winter cold persists
for longer. The main city and port is Visby. It has
a population of ca. 24,000 and an area of 12.4 km?.
Populations of C. nemoralis have been found only
in and near Visby, and at Ardre, Ljugarn (18.70°E,
57.32°N, Fig. 1).
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Fig. 1. Study area: A - the position of Gotland; B — central Gotland showing the location of samples of Cepaea nemoralis;
C - the Visby region with sites for C. nemoralis coded by age

MATERIAL AND METHODS

All the samples of C. nemoralis used for anal-
ysis are held in the Natural History Museums of
Goteborg, Uppsala or Stockholm (Appendix 1). In
addition, we have the data from faunistic surveys
by H. LOHMANDER (see: Appendix 1), who sampled
1,616 sites on the island between 1921 and 1943.
These note presence or absence only. These unpub-
lished records are held in the Mollusca database of
the Goteborg Natural History Museum. Early sam-

ples in which polymorphism could be scored were
made by several people, but all those from 1998 on-
wards were made by T. VON PROSCHWITZ, who also
scored the variation in all samples. The earliest sam-
ple (1864) was made near the centre of Visby, while
two samples from another locality (Skrubbs Lot,
then on the outskirts of the city) were made in 1866
and 1868. Two further samples from a third site at
Follingbo (Rosendal) date from the 1860’s and 1875.


https://goo.gl/maps/BsXRWkhK3d6ykG1M7
https://goo.gl/maps/mRA9M4PUNAYbJYUL9
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Scoring of colour and banding morphs followed
the system used by JONES et al. (1977) with a full tal-
ly of bands present and the extent of fusions among
them. Full details are available from the Natural
History Museum of Gé&teborg. Here we have used
the standard categories of yellow, pink and brown
for shell colour; for banding, we have used four
standard categories of unbanded (00000), mid-band-
ed (00300), trifasciate (00345) and many-banded
(12345), with minor variants ascribed to the most ap-
propriate category. Thus, for example, 00045 shells
were allocated to the trifasciate class, and 10345 to
the many-banded class. We have not considered the
occurrence of fused bands as information about this
is often absent from other studies, and is not always
presented in a standard manner.

For analysis, only samples containing 10 or more
scoreable shells were used, most of which concern

RESULTS

SITE DISTRIBUTION AND VARIATION OVER
TIME

The Appendix 1 gives details of the location and
composition of all samples used. With respect to shell
colour, only a single brown shell was found; all other
major morphs were found in larger numbers. Figure
1 shows their distribution within the sampling area,
grouped by the age of the sample. Of the three 19th
century sites, two were sampled on more than one oc-
casion within a few years (Table 1). For Skrubbs Lot,
while we cannot be sure that exactly the same place
was searched on each occasion, there is no significant
difference in the proportion of yellow and pink shells
between them, or in the proportion of mid-banded
shells among those within the banded class. While
the earlier and smaller sample contains no unband-
ed or trifasciate shells, the differences between them
scarcely reach the level of statistical significance.

Skrubbs Lot was sampled again in 2017. The
area had been developed, but retained waste ground.
While the site sampled will differ in many ways from
that sampled in the 1860’s, differences in morph
frequencies are modest; relative to the larger and

the samples made since 1992. We did not attempt to
classify habitats by shading; they were all from rather
heterogeneous anthropogenic sites. Frequencies of
the colour morphs and of unbanded shells were cal-
culated relative to the whole sample; for midbanded
the frequencies are those within the banded shells;
for trifasciate they are those within shells with more
than one band, reflecting the dominance hierarchy
at these loci (JONES et al. 1977). We used a modi-
fied version of F_ (WEIR & COCKERHAM 1984) as a
measure of variation among samples; it was correct-
ed for sampling error and used morph- rather than
allele frequencies, following CAMERON et al. (2009).
Given the small number of samples and the small
area from which most of them are drawn, we have
not attempted formal spatial analysis as in CAMERON
et al. (2009).

later (1868) sample, unbanded shells have again in-
creased in frequency, as have trifasciate shells, while
mid-banded shells have decreased.

At Follingbo, the two small samples have simply
been combined. This site, rather isolated relative to
the remainder in or near Visby, has not been resa-
mpled. It differs little from that at Skrubbs Lot, but
samples from both have lower proportions of both
unbanded and mid-banded shells than from the third
19th century site for which only “Visby” is available
as a location.

Aside from these museum samples, there is a list,
with some numbers, provided by LINDSTROM (1868)
for Visby as a whole. Because some numbers are
missing, it is impossible to estimate morph frequen-
cies, but we can draw the conclusion that unbanded
shells were very rare, that the balance of yellow and
pink shells was roughly as it is in the accurately lo-
cated samples, but that the frequencies of mid-band-
ed shells was far greater, constituting more than 80%
of enumerated shells.

Only four samples from museums can be found
from the period 1875-1991 (Fig. 1, Appendix 1).
Three of these, made by H. LOHMANDER in the 1920’s

Table 1. The frequencies of major morphs in 19th century samples from Visby, together with that from Skrubbs Lot in
2017. The frequencies of midbanded and trifasciate shells are expressed relative to the number of banded shells in

which the character is visible (see text)

Follingbo “Visby” Skrubbs Skrubbs Skrubbs
1860’s-1875 1864 1866 1868 2017
Yellow 55% 52% 52% 48% 54%
Unbanded 4% 26% 0% 6% 15%
Midbanded 43% 65% 48% 46% 29%
Trifasciate 25% 0% 0% 14% 22%
Sample size 22 27 54 131 157
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Table 2. The mean, median and range of morph frequen- 100
cies (%) among 21 samples from around Visby, with
the corrected estimate of F_ for each. The frequency ® ©
of each morph from the single sample from Ardre is 804 °®" o o "
shown in the right-hand column . ¥ @ e . |
mean median  range F,  Ardre * OOOO@ ol
Yellow 54.6 545 30.0-76.1 0.037 68.4 601 o‘O mo N |
= 0 o4 (&) -
Unbanded 29.6 182  0-81.8 0271 O s o 0962 " o
Midbanded 40.3  48.3 0-71.4 0249 0 > O@fzﬁg o® o, .
Trifasciate 9.3 0 0-44.0 0.207 68.4 > 401 o0 ©9 7, QQ ¢« ‘m
o® o o - 5’ o -
(Appendix 1) and all within the city, consist of sin- + o o’ . :. .oo’.. T . 1
gle shells retained to indicate presence. LOHMANDER 201e AR .
sampled extensively across the island, and these . o . v .
represent the only records of C. nemoralis. One lat- .o ¢ &
er sample (1951) contains seven shells. Variation 03 20 70 0 30 700

in samples made from 1992 onwards is considered
further below. Means, medians and ranges of morph
frequencies in these samples do not indicate any con-
sistent changes relative to the 19th century (Table 2).

LATE 20TH AND 21ST CENTURY SAMPLES

In total, samples of 10 or more shells were avail-
able from 21 sites in the vicinity of Visby, and a fur-
ther sample was available from Ardre (Fig. 1). Table
2 shows the means, medians and ranges of morph
frequencies for the Visby samples, together with es-
timates of F. based on morph frequencies and cor-
rected for sampling error. All populations sampled
retain polymorphism for shell colour, and the F
value is remarkably low. The range of morph fre-
quencies is greater, and F_ values greater for all the
banding morph frequencies. There are some samples
monomorphic at each locus. The isolated sample
from Ardre has morph frequencies at or near the ex-
tremes of the range at Visby, and it exceeds it in the
case of trifasciate (00345).There is no evidence of a
consistent pattern of linkage disequilibrium between
colour and banding loci: out of 20 samples in which
unbanded is present, it is in excess in yellow in ten
cases, nine in pink and in one it is equal.

DISCUSSION

The populations of C. nemoralis recorded on
Gotland are the product of 19th century introduc-
tions with possible later additions. Unlike the cas-
es of Goteborg (CAMERON et al. 2014) or Sibiuy,
Romania (for C. hortensis Miiller, 1774) (GHEOCA et
al. 2019), an actual introduction is not documented,
but the earliest record dates to 1864. As in these oth-
er cases, an initial introduction appears to have sur-
vived with only limited expansion until the last dec-
ades of the 20th century, a conclusion reinforced by
the island-wide surveys of LOHMANDER in the first

% effectively unbanded

Fig. 2. The Cain and Sheppard diagram (COOK 2008).
Effectively unbanded includes all shells in which the
two upper bands are missing. The modern samples from
Gotland are shown as large black squares. For compari-
son, the scatter of hedgerow samples (light grey circles)
and of woodland samples (red diamonds) are shown
from an area of ca. 5,000 km?in central England where
variation with habitat is strong. The data are extracted
from the Evolution Megalab database (SILVERTOWN et
al. 2011)

Given the small number of samples available, a
quantitative analysis of geographical pattern has
not been carried out. The greatest distance between
sample sites around Visby is 8 km. There are no sig-
nificant relationships with either latitude or longi-
tude, and samples close to one another often differ
considerably. While we lack data to test for the ef-
fect of shade, a Cain and Sheppard diagram (Fig. 2)
shows a scatter conforming to expectation in open
habitats with regard to shell colour, but not for band-
ing, where there is a higher proportion of effectively
unbanded shells than in areas where variation with
habitat is strong.

part of that century. Some caution is required in the
case of Gotland, as LINDSTROM (1868) was able to
record the presence of many hundreds of C. nemoralis
in Visby, but without further details as to localities.
At Burlington, New Jersey, USA, an introduction of
C. nemoralis from England in 1857 was followed first
by rapid expansion and large populations that later
declined to near extinction (ORSTAN & CAMERON
2015). Certainly, by the 1920’s, C. nemoralis appears
to have been restricted to a few urban localities on
Gotland.
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The pattern of late 20th century spread has
been recorded in several urban areas (CAMERON
et al. 2009, 2011, 2014, POKRYSZKO et al. 2012; for
C. hortensis, SVERLOVA 2002). A more general ad-
vance northwards in Sweden has occurred at the
same time (T. VON PROSCHWITZ, unpublished data).
While climate change, with milder winters, may be
implicated in this apparent release from constraint,
factors such as decline in pollution and increased
speed and volume of movement of horticultural
goods may also be involved (CAMERON et al. 2009).
Gotland is unique in one respect, having natural-
ly calcium-rich soils derived from the limestone
bedrock. It has not suffered from heavy pollution,
which would anyway be buffered by these soils.
Nevertheless, the pattern of spread seems similar
to that recorded elsewhere.

The patterns of variation in the shell polymor-
phism show features in common with other areas in
which there has been a rapid expansion in occupied
sites. For banding morphs (but not for colour, see
below), the range of frequencies is great and val-
ues of F_ are high relative to those found in areas
where populations have been in existence for centu-
ries (CAMERON et al. 2009). While there are too few
samples to undertake a quantitative analysis, there
appears to be no geographical structure in the var-
iation, and differences can be attributed to founder
effects and genetic drift in small and isolated popu-
lations. It is notable that frequencies in the sample
from Ardre, well isolated from the remainder, are at
or beyond the extremes of variation at Visby. It is
possible, given that LINDSTROM (1868) appears to
have recorded very high frequencies of midbanded
shells, that this morph has declined in frequency, but
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