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ABSTRACT

Two species of the genus Helix are widespread in Georgia: H. lucorum has a Mediterranean distribution
whereas H. buchii is a Caucasian endemic typically associated with broadleafed forests. In spite of their
sympatry within Georgia, they are never syntopic. Furthermore, in contrast with H. buchii, H. lucorum is
mainly found in areas subject to human disturbance. Another large helicoid species, Caucasotachea calli-
gera, s widespread in Georgia and usually co-occurs with either Helix. The distribution patterns of these
species suggest that interspecific competition might play an important role in shaping the distribution
of the two Helix species. In order to see whether their ecological niches were different enough to provide
such a distribution pattern, I used predictive ecological niche models (ENM) based on the Maximum
Entropy algorithm. ENMs showed that the niches of these species in Georgia were significantly different
but not fully separated (~15-36% overlap). The distributional pattern of H. lucorum should not be con-
sidered truly natural in Georgia and may be anthropogenic. The fact that the two Helix species never
co-occur may result from factors other than ecological niche differentiation at any macro scale. Since
competition remains the most useful and informative assumption to explain the distributional pattern

of these congeneric species, microhabitat requirements also need to be tested as a potential driver.

INTRODUCTION

Two large helicid species Helix lucorum Linnaeus 1758 and H.
buchii Dubois de Montpéreux, 1839 are common in Georgia.
Helix lucorum is a typical circum-Mediterranean snail ( probably
coming from the areas around the Adriatic Sea) and approaches
the Caspian Sea in its eastern range. It is usually one of the most
common and abundant snails within its native distributional
area (Yildirim, Kebapci & Gumus, 2004) and is widespread in
Georgia. The species is found in almost all kinds of habitats near
or within human-modified landscapes and can be regarded as
synanthropic (Mienis & Rittner, 2010; Salgado, Alabau &
Meseguer, 2010; Peltanova et al., 2012; Mumladze, 2013).
According to Lubell (2004a, b), large edible snails were actively
spread by prehistoric humans in the Mediterranean. It is also
very likely that H. lucorum was introduced by humans in the
Caucasian region in the mid-Holocene or even earlier.

In contrast to H. lucorum, H. buchii is a typical Caucasian
(endemic) species mainly inhabiting damp broadleafed (mainly
beech) mountain forests between the Black and Caspian Seas
(excluding the northwestern Georgian mountains). It also
occurs (butis not common) in some subalpine and anthropogen-
ic areas (Mumladze, Tarkhnishvili & Murtskhvaladze, 2013

and this study). The two species are distributed sympatrically at
the country scale and the boundaries of their distributional
ranges almost completely overlap within Georgia (Fig. 1).
Several years of personal observation showed that in Georgia H.
lucorum completely avoided natural habitats, which were mostly
selected by other large helicoid species [H. buchii, H. goderdziana
Mumladze, Tarkhnishvili & Pokryszko, 2008, H. albescens
Rossmaissler, 1839, Lindholmia nordmanni (Mousson, 1854) and
Caucasotachea calligera (Dubois de Montpéreux, 1840)]. The most
intriguing fact in the distribution of the two focal Helix species in
Georgia is that they never co-occur (i.e. they show a parapatric
spatial pattern within sites), whereas for example C. calligera is
frequently found together with either Helix species. A similar dis-
tribution pattern of another Helix pair (H. pomatia Linnaeus, 1758
and H. lutescens Rossmissler, 1837) without co-occurrence was
reported from Poland, although without an attempt to explain
the underlying mechanisms (Koralewska-Batura, 1999). The
pattern described above raises a question of the possible role of
interspecific interactions and species-specific ecological require-
ments as possible drivers of the distribution of Helix species in
Georgia. It is well documented that the distribution of snails is
much dependent on environmental factors, whereas the role or
even existence of competitive relationships as a factor affecting
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Figure 1. Map showing the study area with the sampling points for the analysed species. Abbreviations: a, Lake Tsodoreti; , Ananuri (see Discussion

for details).

snail species distribution is questionable (for review see Cameron,
2013).

Ecological niche modelling (ENM) is increasingly used to char-
acterize species distribution patterns (Guisan & Zimmermann,
2000). In general, ENM generates the probabilistic distribution of
a given species by constructing the distribution of the species-
specific suitable multidimensional niche space as defined by the
input variables. ENM can be useful in delimiting the species-
specific ecological requirements and finding other potentially im-
portant factors (such as interspecific interaction) that shape the
species’ distribution (Soberon, 2005; Tarkhnishvili et al., 2010;
Lawing, Meik & Polly, 2012). The Georgian Helix species are
almost equal in size (more than 40 mm in shell diameter) and
there are no known differences in their ecological requirements
(particularly food and space requirements, and life-history char-
acteristics), which might result in different use of environmental
resources (as in an example provided by Cameron, 1978). This
suggests that there may be strong interspecific competition between
these congeners, which makes them avoid co-existence in the same
environmental patches. Alternatively, the ecological requirements
may be different enough to provide complete separation of the dis-
tributional ranges. If the former is true then ENM should produce
highly similar distribution patterns for both species; if the latter is
the case, the result should be the opposite (i.e. modelled potential
distributions alone should be sufficient to explain the observed
pattern without considering interspecific interactions). Caucasotachea
calligera often co-occurs with either Helix species. Hence the predic-
tion is that competition between C. calligera and Helix species is not
an important driver of their distribution and the ENM differences
between them should be smaller than those between the Helix
species. Here, I test these alternatives by constructing and compar-
ing ecological niche distribution models for the two Helix species
and C. calligera.

MATERIAL AND METHODS
Distributional data

In order to investigate the distribution pattern of the two Helix
species in Georgia, I used the distributional data for both species
recorded by myself during the past 7 years (Iig. 1; Supplementary

Material: Appendix S1). In constructing ENMs, I used localities
for which exact geographic coordinates were available: 49, 36 and
37 localities for H. lucorum, H. buchit and C. calligera, respectively.

Environmental variables

The distribution of snail species is strongly affected by climate,
vegetation and soil types (Dunk, Zielinski & Preisler, 2004;
Horsak, 2006). Hence it might be important to use these vari-
ables in order to ensure the accuracy of ENM approach.
Unfortunately, information about those soil variables important
for snails (soil type, calcium content, pH etc.) is either unavail-
able or at too coarse a scale in Georgia. Instead I used available
climatic variables, vegetation data, land cover and geographical
information, all of them with 1 km? resolution. I used 19 biocli-
matic variables presenting biologically meaningful climatic
information, which was derived by the combinations of monthly
temperature and rainfall (data available at: http://www.
worldclim.org/) (Hijmans et al., 2005). The composition of vege-
tation and its density are strongly dependent on the climate
(Woodward, 1987; Stephenson, 1990), however the distribution
of vegetation is also affected by temporal factors, such as harvest-
ing, grazing and other anthropogenic and nonanthropogenic
drivers (Chuine & Beaubien, 2001; Palmer et al., 2005). For this
reason I also included vegetation data with the climate variables
in the model. SPOT Vegetation ten-daily synthesis data (avail-
able at http://free.vgt.vito.be/) were used to extract monthly
normalized difference vegetation indices (NDVI) as a proxy of
monthly vegetation cover. I used ten-daily time series data from
2004 to 2010 to generate average monthly NDVT grids (12 vari-
ables in total) using the free extraction software VGT Extract
v. 2.0.1 available with the data. Together with the climate and
vegetation data, physical geographical variables such as eleva-
tion, aspect and slope (the last two derived from the elevation
data using Arc GIS v. 9.3; ESRI, Redlands, CA) were included
in the model. Besides these continuous variables, I also included
land cover categories (17 classes) derived from MODIS land
cover data (MCD12Q1; Friedl et al., 2002, 2010). This variable
describes different types of land cover such as forest, grassland,
cropland, settlements and others and can be useful in under-
standing of species distribution (for details of land cover
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categories see Supplementary Material: Appendix S2). In total
34 continuous and one categorical variable were used to build
ENMs (Table 1).

Dastribution modelling

There are many algorithms available to model the potential dis-
tribution of species (Elith e al., 2006). The choice of modelling
techniques depends on several factors. When true absence local-
ities within the range of target species are hard to define, algo-
rithms relying solely on presence data are the best choice
(Pearson, 2010). Among the presence-only modelling techni-
ques, the maximum entropy (Maxent) approach (Phillips,
Dudik & Schapire, 2004) seems to outperform others (Elith
et al., 2006; Hernandez et al., 2006; Pearson et al., 2007; Tognelli
el al., 2009; Gaston & Garcia-Vinas, 2011; Broennimann et al.,
2012). This uses information contained in the presence localities
to compare those points with background data (randomly
selected points sometimes called pseudo-absence localities) and
calculates percentage contribution of each input variable. There
are several advantages to Maxent, which is why it is frequently

chosen. One of the most important is its powerful capability to
analyse piecewise linear responses of species to the explanatory
variable (‘hinge’ feature) (Elith et al., 2011). In all modelling
experiments I used Maxent with the ‘hinge’ function to calcu-
late a logistic model that returns probabilities of occurrence for
each grid cell ranging from 0 to 1. For each run 25% of occur-
rences were randomly selected as test data and the remaining as
training. I also used the jack-knife statistic (built-in option of
Maxent software) to evaluate variable importance for each
model. The model performance was assessed using the area
under the ROC (receiver operating character) curve (AUC)
(Swets, 1988; Fielding & Bell, 1997). Models with AUC value
more than 0.75 were regarded as good.

In spite of the fact that Maxent algorithm is one of the most
robust methods against multi co-linearity and high dimensional-
ity in input data (Elith e/ al., 2011), prior to the final modelling
I performed filtering of highly correlated variables as suggested
by Wisz et al. (2013). For that I extracted values for all the local-
ities using ArcGIS and then subjected them to pairwise linear
correlation (SPSS Inc., Chicago, IL, USA) to identify highly
correlated pairs (R? > 0.75). One of the partner variables of

Table 1. Environmental variables used in the Maxent modelling and their percent contributions for building final models.

Variable Description Percentage contribution
Helix buchii Helix lucorum Caucasotachea calligera

bio1 Annual mean temperature 3.4 3.6 4.6
bio2 Mean diurnal range (monthly mean, T° max -T° min) 5.4 4.6 0
bio3 Isothermality (bio2/bio7) x 100 - - -
bio4 Temperature seasonality (SD x 100) 19.4 4 2.9
bio5 Maximum temperature of warmest month - - -
bio6 Minimum temperature of coldest month 0 0 0
bio7 Temperature annual range (bio5-bio6) - - -
bio8 Mean temperature of wettest quarter - - -
bio9 Mean temperature of driest quarter 0 9.8 2.7
bio10 Mean temperature of warmest quarter 2.4 16.8 0
bio11 Mean temperature of coldest quarter 0 0 0
bio12 Annual precipitation - - -
bio13 Precipitation of wettest month - - -
bio14 Precipitation of driest month - - -
bio15 Precipitation seasonality (coefficient of variation) - - -
bio16 Precipitation of wettest quarter - - -
bio17 Precipitation of driest quarter - - -
bio18 Precipitation of warmest quarter 41 2.5 15
bio19 Precipitation of coldest quarter - - —
ndvil Normalized Difference Vegetation Index: for January - - -
ndvi2 for February - - -
ndvi3 for March - - -
ndvi4 for April - - -
ndvi5 for May 20 0.5 46.5
ndvié for June 20.9 0 1.6
ndvi7 for July 3.9 0.9 0.1
ndvi8 for August 0 27.8 21
ndvi9 for September - - -
ndvi10 for October - - -
ndvit1 for November - - -
ndvi12 for December - - -
landcover Land cover categories 19 12.2 3.2
alt Altitude 0 14.2 22.2
Slope Slope 1.5 2.9 12.6
Aspect Aspect - - -

Bold variables (left column) were used in final modelling as the most informative and least correlated variables (see text for details).
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cach highly correlated pair was removed by judging which vari-
able could be more important over its partner, based on prac-
tical knowledge. In order to make two niche models comparable
it is essential to generate models based on the same input data.
For this reason I removed only variables which were unimport-
ant for both species. In this manner, I reduced the number of
variables to 15, which were then subjected to final modelling in
Maxent (Table 1).

Computation of the overlap between the two distribution
models based on Maxent output can be done either by direct
calculation of probability values containing ASCII grids or by
applying thresholds to derive presence-absence potential distri-
bution maps. In the first case I used ENMTools v. 3.1 (Warren,
Glor & Turelli, 2010), which calculates niche overlap using
Hellinger’s metric—/ (Warren et al., 2010). This is simply a simi-
larity measure that is calculated after normalizing each model, so
that the sum of all the grid cell values in each model is 1. After cal-
culating niche (model) overlap, I performed the niche identity
test (ENMTools): the occurrence data of both species were
merged and then randomly divided into two new subsets (the
same number of occurrence points for each species) 100 times. For
cach replicate, Maxent runs were performed and overlap values
were calculated. As the Maxent model produces no zero probabil-
ities (but close to zero when suitability is very low) for each grid
cell, the / index may be somewhat overestimated. To avoid this
difficulty, I applied the maximum training sensitivity plus specifi-
city threshold rule (Jiménez-Valverde & Lobo, 2007) to produce
presence-absence suitability models and then simply calculated
the overlap percentage using ArcGIS (i.e. overlap =a/(b + ¢ — a)
where ¢ = number of overlapping pixels, 4 = number of presence
pixels of the first species and ¢ = number of presence pixels of the
second species).

RESULTS

In general Maxent performed very well for all species (AUC =
0.82, SD=0.055 for H. buchi; AUC=10.94, SD=0.02 for
H. lucorum and AUC = 0.9, SD = 0.07 for C. calligera). Overall,
the models correctly predicted all known occurrences for both
Helix species. In particular, the western part of the Great
Caucasus where H. buchii is absent was also excluded by Maxent,
as well as the Colchis lowland and the eastern Georgian dry belt.
For H. lucorum, the west Georgian humid lowlands and most of the
high montane forests were also correctly excluded by the model
(Fig. 2). The high-likelihood area for C. calligera was somewhat
smaller than expected. Specifically, all the high mountain regions
were excluded from the model. Compared with either Helix

H. lucorum

species, (. calligera is more widespread. However it is not known if
high mountain forests are suitable for its occurrence (Neubert &
Bank, 2006). Indeed there are no records of C. calligera from altitudes
higher than 1600 m. The Colchis lowland where C. calligera does
occur (but with very low densities) is predicted as low-likelihood.

The importance of variables differed among species. For
H. buchii, elevation, the presence of forest (land cover categories
5 and 8; Supplementary Material: Appendix S2) and vegetation
density in August were the most important variables and deter-
mined 60% of its distribution. The same factors were also in-
formative for the distribution of H. lucorum (68% in total), but in
contrast to /. buchii categories 8 and 13 (savannah and urban
areas respectively) had high loadings (Table 1). For both species
elevation made the greatest contribution; both showed a similar
response along that variable. Altitude and slope were the most
important determinants for the distribution of C. calligera (89%
contribution). With increasing altitude and slope the probabil-
ity of occurrence of this species decreased (as demonstrated by
the response curves derived by Maxent; results not shown).

The distinctness of ecological niches between all the pairs was
significant (£ < 0.01 after 300 randomized replications (Fig. 3).
However, the overlap between the predicted ranges of Helix
species calculated using raw output (i.e. each cell containing
probability values) showed that Hellinger’s similarity measure
I1=155% whereas the overlap between the presence-absence
models was much smaller (15%). The overlap between the mod-
els of C. calligera and Helix species was higher (C. calligera and
H. lucorum = 62%; C. calligera and H. buchii = 69%). The
overlap calculated for the presence-absence maps was 36%
between H. buchii and C. calligera, and 21% between H. lucorum
and C. calligera (Fig. 2). These statistics indicate that the suitable
niches for all the pairs differed significantly from each other, but
there were no absolute differences and sympatric co-occurrence
was expected in the contact zones.

DISCUSSION

The concept of a species’ niche used frequently in modern ecology
is simpler than the concept as originally defined (Hutchinson,
1957, 1978). Species distribution modelling, widely used in modern
ecology, 1s entirely based on the simplified niche concept as deter-
mined by the limited number of environmental factors alone.
However, the species’ actual distribution (realized niche) is often
strongly affected by biotic interactions (Chase & Leibold, 2003;
Bascompte, 2009; van Dam, 2009) and dispersal limitations
(Allouche et al., 2008; Tarkhnishvili, Gavashelishvili & Mumladze,
2012). Hence, modelling the distribution of the realized niche

C. calligera

[ C. calligera
. H. lucorum
. Overtap

Figure 2. Ecological niche models generated by Maxent algorithm. Top maps represent Maxent probability distributions for Helix buchii, H. lucorum
and Caucasotachea calligera and bottom maps represent overlapping areas for all three pairs.

4

¥T0Z ‘Tz aunt uo 1s9nb Aq /610'sfeulno [piojxorsnjjow/:dny woJy papeojumoqd


http://mollus.oxfordjournals.org/lookup/suppl/doi:10.1093/mollus/eyu045/-/DC1
http://mollus.oxfordjournals.org/

DISTRIBUTION PATTERN OF HELIX SPECIES IN GEORGIA

30 1
20
]
19
-]
2
=y Random
g .
= *
*y
10 7
b-I c-1 b-c
: : |
1 1 I
: - :
v v v
0 v 1 —A L T 1
0.50 0.60 0.70 0.80 0.90 1.00

Percentage overlaps between pairs of modelled ranges
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and H. lucorum, c-1, between Caucasotachea calligera and H. lucorum, b-c, between H. buchii and C. calligera. The right panel of the graph represents the

distribution of range overlaps generated after 300 randomizations.

requires incorporation of such factors as well (Aratjo & Luoto,
2007; Kissling et al., 2012; Wisz et al., 2013). In contrast, the dis-
tribution pattern generated based only on environmental vari-
ables refers to the potentially inhabitable areas where a
particular set of environmental conditions is met (Miller, 2010;
Pearson, 2010). When two closely related species have similar eco-
logical requirements and are sympatric, there is an expectation of
competitive relationships; when the ecological niches are distinct,
no competition is expected. This argument, however, has an
element of circularity. The distinctness of ecological niches can
probably be a function of competitive relationships as well
(Whittaker, Levin & Root, 1973). Since the modelled distribu-
tions represent the potentially inhabitable areas based on environ-
mental requirements, this kind of analysis can be regarded as a
useful way to test whether species have similar environmental
requirements when they do not influence each other.

The distribution modelling results for H. lucorum and H. buchu
show that their ecological niches are significantly different from
the null expectation. There are also significant differences in eco-
logical niches of the remaining pairs, H. lucorum vs C. calligera
and C. calligera vs H. buchii. Apart from these significant differ-
ences, there is also some overlap between all three pairs,
meaning that theoretically they are able to live in sympatry in
some areas. This prediction is true for C. calligera, which co-exists
with both Helix species in many areas, but this is not the case for
H. buchii and H. lucorum. Why do they not co-occur?

In order to answer this question some additional information
should be considered. First, the pattern described above could
be taken as evidence of existence of some other limiting factors
(e.g. competition) that affect the distribution of H. lucorum and
H. buchii rather than simple differences in their ecological niches.
Indeed, if no such limiting factors exist than all three species are
expected to co-occur in contact zones, which is true in the case
of C. calligera. However this species is more distinct phylogenetic-
ally than the congeneric Helix are from each other, so there
might be ecologically differentiated life-history strategies or
other means of limiting similarity by which they avoid competi-
tive relationship in the same habitat patch (Abrams, 1983). In
spite of the fact that the ecological niches of H. buchii and H.
lucorum are significantly different, the distinctness of their

w

ecological requirements is not great enough to provide such a
pattern. Specifically, in two localities the populations of both
Helix species are so close to each other (a few metres only
between the population edges) that there is no distinctness in en-
vironmental conditions. The first of these localities is situated
near Lake Tsodoreti (8 km west of Thilisi). There is a road and
a small hill above the lake; the southern slope of the hill is occu-
pied by both species of Helix. However H. lucorum occupies areas
along the road and H. buchii is found just above the population
of H. lucorum. Another locality is around Ananuri village where
both Helix have mosaic spatial distributions without overlap
(Fig. 1). Hence the closeness of the populations is in accordance
with the predictions of the model and it is clear that something
other than ecological niche differentiation is preventing syntopic
coexistence of these two species.

This study is based on environmental variables with reso-
lution of ¢. 1 km® Such a spatial scale may not be sufficient to
define accurately the ecological niches for medium-sized terres-
trial snails. One may argue that microhabitat specialization
rather than competition can drive parapatric distributions at a
local scale. Considering that both the studied Helix species are
generalist feeders, that they reproduce at the same time (from
early to late spring usually) and use soil or above-ground shelters
for aestivation (personal observation), it is very difficult to
explain the above-mentioned cases by microhabitat specializa-
tion alone. Obviously, it is impossible to assume strong interspe-
cific competition with confidence; however it seems that
competition is driving the distribution of these two Helix species
in places where populations are adjacent. In Georgia H. lucorum
is distributed almost everywhere in anthropogenic landscapes
and there are no recorded occurrences in truly natural forests or
grasslands (the distribution of the species is one of the best
studied in Georgia; Lezhava, 1973; Mumladze, 2013). Such a
close association with anthropogenic habitats may be the result
of predators such as large carabid beetles (e.g. Carabus caucasicus),
which are widespread in natural habitats in the Caucasus and
are normally scarce in anthropogenic areas (Niemeld et al.,
2002). This idea is interesting in view of the historical distribu-
tion of H. lucorum, which may have arrived in Georgia together
with humans in the last several thousand years (Lubell, 2004a,
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b). However control of distribution by predators alone is not
enough to explain the local distributional patterns in the above
cases.

In conclusion, the analysis provided here shows that the dis-
tinctness of ecological niches at a larger scale than microhabitat
patches cannot be regarded as the main factor in shaping the
local spatial pattern for H. lucorum and H. buchii. Instead, other
factors like competition, predation, anthropogenic disturbance
etc. seem to play a significant role in limiting the range of both
species. In spite of the widespread opinion that competition is an
unimportant or a very weak force in structuring terrestrial snail
communities (Huntley et al., 2009; Schamp, Horsak & Héajek,
2010), particular cases suggest the opposite picture (Cameron,
1970; Baur & Baur, 1990). In order to fully understand the
mechanisms underlying the local pattern of spatial distribution
of Helix species in Georgia the importance of some potential lim-
iting factors must be tested, rather than examining ecological
niche differentiation by means of ENM analyses.

SUPPLEMENTARY DATA

Supplementary material is available at Journal of Molluscan
Studies online.

ACKNOWLEDGEMENTS

I would like to thank Robert Cameron, Maka Murvanidze,
Alexandre Gavashelishvili and two anonymous reviewers for
their suggestions during the preparation of the manuscript. This
work was supported by the Shota Rustaveli National Scientific
Foundation of Georgia; Presidential Grants for Young
Scientists, no. 2—-2/04 and a Unitas Malacologica Travel grant.

REFERENCES

ABRAMS, P. 1983. The theory of limiting similarity. Annual Review of
Ecology and Systematics, 14: 359—-376.

ALLOUCHE, O., STEINITZ, O., ROTEM, D., ROSENFELD, A. &
KADMON, R. 2008. Incorporating distance constraints into species
distribution models. Fournal of Applied Ecology, 45: 599—609.

ARAU_]O, M.B. & LUOTO, M. 2007. The importance of biotic
interactions for modelling species distributions under climate change.
Global Ecology and Biogeography, 16: 743—753.

BASCOMPTE, J. 2009. Mutualistic networks. Frontiers in Ecology and the
Environment, 7: 429—436.

BAUR, B. & BAUR, A. 1990. Experimental evidence for intra-and
interspecific competition in two species of rock-dwelling land snails.
Journal of Animal Ecology, 59: 301-315.

BROENNIMANN;, O., FITZPATRICK, M.C., PEARMAN, PB,
PETITPIERRE, B., PELLISSIER, L., YOCCOZ, N.G.,
THUILLER, W, FORTIN, M., RANDIN, C,
ZIMMERMANN, N.E., GRAHAM, C.H. & GUISAN, A. 2012.
Measuring ecological niche overlap from occurrence and spatial
environmental data. Global Ecology and Biogeography, 21: 481—-497.

CAMERON, R.A.D. 1970. Differences in the distributions of three
species of helicid snail in the limestone district of Derbyshire.
Proceedings of the Royal Soctety of London: Series B. Biological Sciences, 176:
131-159.

CAMERON, R.A.D. 1978. Differences in the sites of activity of
coexisting species of land mollusc. Journal of Conchology, 29: 273.

CAMERON, R.A.D. 2013. The diversity of land molluscs - questions
unanswered and questions unasked. American Malacological Bulletin,
31: 169-180.

CHASE, J.M. & LEIBOLD, M.A. 2003. Ecological niches: linking classical
and contemporary approaches. University of Chicago Press, Chicago, IL.

CHUINE, I. & BEAUBIEN, E.G. 2001. Phenology is a major
determinant of tree species range. Ecology Letters, 4: 500—510.

DUNK, J.R., ZIELINSKI, W.J. & PREISLER, H.K. 2004. Predicting
the occurrence of rare mollusks in northern California forests.
Ecological Applications, 14: 713—729.

ELITH, J., GRAHAM, C.H., ANDERSON, R.P, DUDIK, M.,
FERRIER, S., GUISAN, A., HIJMANS, R.J., HUETTMANN, F,,
LEATHWICK, J.R., LEHMANN, A, LI, J., LOHMANN, L.G,,
LOISELLE, B.A., MANION, G., MORITZ, C.,, NAKAMURA,
M., NAKAZAWA, Y., OVERTON, ]J.M., PETERSON, A.T,
PHILLIPS, S.J., RICHARDSON, K.S., SCACHETTI-PEREIRA,
R., SCHAPIRE, R.E., SOBERON, J., WILLIAMS, S., WISZ, M.S.
& ZIMMERMANN, N.E. 2006. Novel methods improve prediction
of species’ distributions from occurrence data. Ecography, 29: 129-151.

ELITH, J., PHILLIPS, S.J., HASTIE, T., DUDIK, M., CHEE, Y.E.
& YATES, C.J. 2011. A statistical explanation of Maxent for
ecologists. Duversity and Distributions, 17: 43—57.

FIELDING, AH. & BELL, J.F. 1997. A review of methods for the
assessment of prediction errors in conservation presence/absence
models. Environmental Conservation, 24: 38—49.

FRIEDL, M.A., McIVER, D.K., HODGES, J.C.F., ZHANG, X.Y,,
MUCHONEY, D., STRAHLER, A.H., WOODCOCK, C.E.,
GOPAL, S., SCHNEIDER, A., COOPER, A., BACCINI, A., GAO,
F. & SCHAATF, C. 2002. Global land cover mapping from MODIS:
algorithms and early results. Remote Sensing of Environment, 83: 287—302.

FRIEDL, M.A., SULLA-MENASHE, D., TAN, B., SCHNEIDER, A.,
RAMANKUTTY, N., SIBLEY, A. & HUANG, X.M. 2010.
MODIS Collection 5 global land cover: algorithm refinements and
characterization of new datasets. Remote Sensing of Environment, 114:

168—182.

GASTON, A. & GARCIA-VINAS, J.I. 2011. Modelling species
distributions with penalised logistic regressions: A comparison with
maximum entropy models. Ecological Modelling, 222: 2037-2041.

GUISAN, A. & ZIMMERMANN, N.E. 2000. Predictive habitat
distribution models in ecology. Ecological Modelling, 135: 147—186.

HERNANDEZ, P.A., GRAHAM, C.H., MASTER, L.L.. & ALBERT,
D.L. 2006. The effect of sample size and species characteristics on
performance of different species distribution modeling methods.
Ecography, 29: 773—785.

HIJMANS, R.J., CAMERON, S.E., PARRA, J.L., JONES, P.G. &
JARVIS, A. 2005. Very high resolution interpolated climate surfaces
for global land areas. International Journal of Climatology, 25: 1965—1978.

HORSAK, M. 2006. Mollusc community patterns and species response
curves along a mineral richness gradient: a case study in fens. Fournal
of Biogeography, 33: 98—107.

HUNTLEY, J.W., YANES, Y., KOWALEWSKI, M., CASTILLO, C.,
DELGADO-HUERTAS, A., IBANEZ, M., ALONSO, M.R.,
ORTIZ, J.E. & pe TORRES, T. 2009. Testing limiting similarity in
Quaternary terrestrial gastropods. Paleobiology, 34: 378—388.

HUTCHINSON, G.E. 1957. Population studies — animal ecology and
demography — concluding remarks. Cold Spring Harbor Symposia on
Quantitative Biology, 22: 415—427.

HUTCHINSON, G.E. 1978. An introduction to population ecology. Yale
University Press, Connecticut.

JIMENEZ-VALVERDE, A. & LOBO, J.M. 2007. Threshold criteria
for conversion of probability of species presence to either—or
presence—absence. Acta Oecologica, 31: 361-369.

KISSLING, W.D., DORMANN, C.F., GROENEVELD, ],
HICKLER, T., KUHN, I., MCINERNY, G.J., MONTOYA, J.M.,
ROMERMANN, C., SCHIFFERS, K., SCHURR, FM,
SINGER, A., SVENNING, J.C.,, ZIMMERMANN, M.E. &
O’HARA, R.B. 2012. Towards novel approaches to modelling biotic
interactions in multispecies assemblages at large spatial extents.
Journal of Biogeography, 39: 2163—-2178.

KORALEWSKA-BATURA, E. 1999. Helix lutescens Rossmissler,
1837 (Gastropoda: Pulmonata: Helicidae)—its structure, biology and
ecology. Folia Malacologica, 7: 197—-240.

LAWING, AM., MEIK, J.M. & POLLY, P.D. 2012. Climate and
competition shape species’ borders: a study of the panamint (Crotalus
stephenst) and speckled (Crotalus mitchellir) rattlesnakes. LSRN Zoology,
2012: 1-6.

LEZHAVA, G. 1973. Terrestrial and freshwater molluscs. Georgian
Academy of Science, Thilisi. (In Georgian).

¥T0Z ‘Tz aunt uo 1s9nb Aq /610'sfeulno [piojxorsnjjow/:dny woJy papeojumoqd


http://mollus.oxfordjournals.org/lookup/suppl/doi:10.1093/mollus/eyu045/-/DC1
http://mollus.oxfordjournals.org/lookup/suppl/doi:10.1093/mollus/eyu045/-/DC1
http://mollus.oxfordjournals.org/

DISTRIBUTION PATTERN OF HELIX SPECIES IN GEORGIA

LUBELL, D. 2004a. Prehistoric edible land snails in the
circum-Mediterranean: the archaeological evidence. In: Petils
animaux et sociétés humaines du complément alimentaire aux resources
utilitaires (J. P. Brugal & J. Desse, eds), pp. 77—-98. Editions APDCA,
Antibes.

LUBELL, D. 2004b. Are land snails a signature for the
Mesolithic-Neolithic transition? Documenta Prachistorica, 31: 1—24.
MIENIS, K.H. & RITTNER, O. 2010. On the presence of Helix
lucorum Linnaeus, 1758 (Mollusca, Gastropoda, Helicidae) in Le

Vesinet, a western suburb of Paris. MalaCo, 6: 266—267.

MILLER, J. 2010. Species distribution modeling. Geography Compass, 4:
490-5009.

MUMLADZE, L. 2013. Shell size differences in Helix lucorum Linnaeus,
1758 (Mollusca: Gastropoda) between mnatural and urban
environments. Turkish Journal of Zoology, 37: 1-6.

MUMLADZE, L., TARKHNISHVILI, D. &
MURTSKHVALADZE, M. 2013. Systematics and evolutionary
history of large endemic snails from the Caucasus (Helix buchii, H.
goderdziana). American Malacological Bulletin, 31: 225—234.

NEUBERT, E. & BANK, R.A. 2006. Notes on the species of
Caucasotachea C. Boettger 1909 and Lindholmia P. Hesse 1919, with
annotations to the Helicidae (Gastropoda: Stylommatophora:
Helicidae). Archiv fiir Molluskenkunde, 135: 101—-132.

NIEMELA, J., KOTZE, DJ., VENN, S., PENEV, L., STOYANOV,
I., SPENCE, J., HARTLEY, D. & DE OCA, E.M. 2002. Carabid
beetle assemblages (Coleoptera, Carabidae) across urban-rural
gradients: an international comparison. Landscape FEcology, 17:
387-401.

PALMER, S.C.F., GORDON, 1.J.,, HESTER, A.J. & PAKEMAN,
R.J. 2005. Introducing spatial grazing impacts into the prediction of
moorland vegetation dynamics. Landscape Ecology, 19: 817—-827.

PEARSON, R.G. 2010. Species’ distribution modeling for conservation
educators and practitioners. Synthesis. American Museum of Natural
History. Available online: http://ncep.amnh.org (last accessed
January, 2013).

PEARSON, R.G., RAXWORTHY, C.J., NAKAMURA, M. &
PETERSON, A.T. 2007. Predicting species distributions from small
numbers of occurrence records: a test case using cryptic geckos in
Madagascar. Journal of Biogeography, 34: 102—117.

PELTANOVA, A., PETRUSEK, A., KMENT, P. & JURICKOVA, L.
2012. A fast snail’s pace: colonization of Central Europe by
Mediterranean gastropods. Biological Invasions, 14: 759—764.

PHILLIPS, S.J., DUDIK, M. & SCHAPIRE, R.E. 2004. A maximum
entropy approach to species distribution modeling. Proceedings of the
XXT International Conference on Machine Learning, pp. 655-662. ACM
Press, New York.

SALGADO, S.Q., ALABAU, A.L. & MESEGUER, A.J.G. 2010.
Nuevas localidades de Helix lucorum (Linnaeus, 1758) para la
peninsula Ibérica. SPIRA, 3: 193—195.

SCHAMP, B., HORSAK, M. & HAJEK, M. 2010. Deterministic

assembly of land snail communities according to species size and
diet. Journal of Animal Ecology, 79: 803-810.

SOBERON, J. 2005. Interpretation of models of fundamental ecological
niches and species’ distributional areas. Biodiwersity Informatics, 2:
1-10.

STEPHENSON, N.L. 1990. Climatic control of vegetation distribution:
the role of the water balance. American Naturalist, 135: 649—-670.

SWETS, J.A. 1988. Measuring the accuracy of diagnostic systems.
Science, 240: 1285-1293.

TARKHNISHVILI, D., GAVASHELISHVILI, A., AVALIANI, A,
MURTSKHVALADZE, M. & MUMLADZE, L. 2010. Unisexual
rock lizard might be outcompeting its bisexual progenitors in the
Caucasus. Biological Journal of the Linnean Soctety, 101: 447—-460.

TARKHNISHVILI, D., GAVASHELISHVILI, A. & MUMLADZE,
L. 2012. Palaecoclimatic models help to understand -current
distribution of Caucasian forest species. Biological Journal of the
Linnean Society, 105: 231—248.

TOGNELLI, M.F., ROIG-JUNENT, S.A.,, MARVALDI, AE,
FLORES, G.E. & LOBO, J.M. 2009. An evaluation of methods for
modelling distribution of Patagonian insects. Revista Chilena de

Historia Natural, 82: 347—360.

VAN DAM, N.M. 2009. How plants cope with biotic interactions. Plant
Biology, 11: 1-5.

WARREN, D.L., GLOR, R.E. & TURELLI, M. 2010. ENMTools: a
toolbox for comparative studies of environmental niche models.
Ecography, 33: 607—611.

WHITTAKER, R.H., LEVIN, S.A. & ROOT, R.B. 1973. Niche,
habitat, and ecotope. American Naturalist, 107: 321—338.

WISZ, M.S., POTTIER, J., KISSLING, W.D., PELLISSIER, L., LENOIR,
J. DAMGAARD, C.F., DORMANN, C.F., FORCHHAMMER, M.C,,
GRYTNES, J.A.,, GUISAN, A, HEIKKINEN, RK., HOYE, T.T,,
KUHN, L, LUOTO, M. MAIORANO, L. NILSSON, M.C,
NORMAND, S., OCKINGER, E., SCHMIDT, N.M., TERMANSEN,
M., TIMMERMANN, A, WARDLE, D.A, AASTRUP, P. &
SVENNING, J.C. 2013. The role of biotic interactions in shaping
distributions and realised assemblages of species: implications for
species distribution modelling. Biological Reviews, 88: 15— 30.

WOODWARD, F.I. 1987. Climate and plant distribution. Cambridge
University Press, Cambridge.

YILDIRIM, M.Z., KEBAPCI, O. & GUMUS, A. 2004. Edible snails
(terrestrial) of Turkey. Turkish Journal of Joology, 28: 329—-336.

¥T0Z ‘Tz aunt uo 1s9nb Aq /610'sfeulno [piojxorsnjjow/:dny woJy papeojumoqd


http://ncep.amnh.org
http://ncep.amnh.org
http://ncep.amnh.org
http://ncep.amnh.org
http://ncep.amnh.org
http://mollus.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


