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A large number of studies have demonstrated 
associations between the distributions and 
diversities of land molluscs and large-scale fac-
tors such as climate, altitude, geology and habitat 
type (Cain, 1983; Solem, 1984; Cook, 2001; Aubry 
et al., 2005). We know very little, however, about 
how important factors are at scales of about 
50x50m and almost nothing at all about the effects 
of varying scales, in the same location, on these 
relationships. Cameron (2002a) has reported that 
individual quadrats may contain substantial 
proportions of a regional fauna, and Nekola and 
Smith (1999) found that the maximal number of 
species in 0.04m2 quadrats in Winsconsin Cliff 
communities accounted for up to 91 percent of 
maximal number of species in 1m2 quadrats.

Although there are recently published studies 
on land mollusc diversity from delimited sam-
pling areas (Waldén, 1981; Emberton, 1995, 1997; 
Tattersfield, 1996; Winter and Gittenberger, 1998; 
Cameron, 2000b) and using subsampling (e.g. 
subsampling a 25m2 plot using 0.0625m2 plots 
(Labaune and Magnin, 2001), and using different 
points for substratum collection at sites (Nekola, 
1999) these have not specifically considered the 
data from the same locations at varying scales. 
There are now several studies that have been 
conducted at sites of 1x1km, often using smaller 
plots within these (typically 20x20m or 40x40m) 
to assess land mollusc species diversities (Winter 

and Gittenberger, 1998; Schilthuizen and Rutjes, 
2001; Cameron, 2002). The first studies of this 
kind were from rainforests and were inspired by 
the comment from Solem (1984) that in rainfor-
ests: ‘snails may be abundant on ecotonal fringes, 
but generally are neither diverse nor abundant’. 
More recently, Cameron and colleagues (2003) 
applied a similar protocol in Cretan maquis, 
that represents the first published study of this 
type from a Mediterranean area. We are now 
beginning to accumulate quantitatively collected 
data from different regions, some quite distant 
from one another. These data may provide the 
rudiments of a quantitative model to explain the 
distributions and diversities of land molluscs on 
a large scale (Solem, 1984; Gardner, 1998).

The effects of area and of habitat structure 
have been extensively studied for many taxa 
and numerous models have been proposed to 
explain these (Hart and Horwitz, 1991; Brown, 
1995; Lomolino, 2000). There are very few stud-
ies that have specifically looked at these effects 
with land molluscs and almost no quantitative 
data exist (Nilsson et al., 1988). A problem with 
assessments of this kind has been that different 
elements of structure (e.g. vegetation, soil and 
rocks) and amounts of these, are often con-
founded making it difficult to compare results 
between studies (McCoy and Bell, 1991; Beck, 
2000). A habitat structure model proposed by 
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McCoy and Bell (1991) has three axes that take 
account of ecological relationships that are 
affected by structure. These are heterogeneity 
(types of structure, such as rocks and vegetation), 
complexity (amount of structure), and scale (size 
of area used to measure heterogeneity and com-
plexity). This model allows the effects of habitat 
structure to be teased out and quantified across 
various scales at the same locality, the results of 
which can then be compared to other localities. 

Most land mollusc studies do not include an 
assessment of the time needed to find most spe-
cies at a site, nor of the volume of substratum 
needed to find most of the species contained in 
the substratum (Menez, 2001). In addition analy-
ses of diversity and habitat relationships have 
sometimes been based on, or have included, qual-
itative methods (Barker and Mayhill, 1999; Craw, 
2001). The standardization of sampling effort and 
sample size are important considerations in the 
design of ecological studies (Southwood, 1978; 
Schneider, 1994; Bart et al., 1998; Magurran, 2004). 
Bishop (1977), and more recently Menez (2001, 
2002), discussed the use of quantitative sampling 
techniques for land molluscs and for the record-
ing of environmental variables in land mollusc 
studies. A main obstacle in comparing land mol-
lusc studies is that samples may not be collected 
in a way that permits estimates of sampling error 
to be made. A key paper is that by Cameron and 
Pokryszko (2005) which reviews the sampling lit-
erature, highlights problems with methods, and 
provides advice on sampling issues.

A part of my research in southern Iberia over 
the last few years has focused on applying the 
McCoy and Bell (1991) habitat structure model 
to environmental and land mollusc data that 
have been collected quantitatively. My aim is to 
determine relationships between the number of 
species and their abundances and heterogene-
ity (types of habitat structure) and complexity 
(amounts of habitat structure), and how these 
vary at different scales. The sampling layout is 
conceptually based on Scheiner et al. (2000) and 
is a hierarchical nested sample design (Boyero, 
2003; Fleishman et al., 2003) that allows the effects 
of scale to be analyzed. 

A stratified design (Southwood, 1978; Bart et 
al., 1998) is used at each of the 40x40m sites to 
select the positions of four plots each of 5x5m 
(25m2). Stratification is used to ensure maximal 
spread of the plots at the sites by randomly 

assigning one plot in each of four blocks, this 
being the stratum of the stratified design. In each 
plot five quadrats of 1x1m are randomly selected. 
For each site a sequence is generated such that 
the positions of the plots, and the quadrats in 
the plots, are established before arriving at the 
site. This procedure provides a ‘sampling map’ 
for the site and a different map is constructed for 
each site. Because random number-generating 
algorithms in computer programs are often not 
strictly random (Sokal and Rohlf, 1995), all ran-
dom numbers are obtained using a die and ran-
dom number tables (Bart et al., 1998; Kirkwood, 
1988; Greenwood, 1996), the tables used are those 
from Bliss (1967).

A randomly selected point is marked at the site 
with a wooden post (termed the origin point). 
The linear distance horizontally to the right, and 
the perpendicular distance below this point cor-
respond to x and y axes from which any coordi-
nate at the site may be found. The positions of the 
plots are located using a metre ruler along these 
axes.  The same technique, but now applied to 
the distances corresponding to the axes of each of 
the plots in turn, is used to locate the positions of 
the quadrats in each plot.

An aluminium quadrat frame, that can be 
dismantled, is placed as near to the surface of 
the ground as possible. If shrubs cover an area 
beyond that of the quadrat, which makes place-
ment difficult because of the shape of the shrub, 
the quadrat can be partially disassembled and 
then placed on the ground surface (to encompass 
the shrub, or parts of it) and then reassembled. 
A standardized procedure is followed to sample 
each quadrat:

1. Vegetational cover is measured by plac-
ing a 1-metre ruler vertically at the top left corner 
and bottom right corner of the quadrat, holding 
a pole across the two rulers corresponding to 
the height levels of each layer, and then visually 
assessing the vegetation cover at 10cm intervals 

(Kent and Coker, 1992; Bullock, 1996; Lepš and 
Šmilauer, 2003). In cases where the vegetation 
is higher than one metre, an additional 1-metre 
ruler is placed on top of the first ruler to provide 
a measureable distance of 2 metres.

2. A thorough search of all vegetation from, 
but not including, vegetation layer 2 (i.e. begin-
ning 20cm from ground level) upwards for all 
land molluscs is then done. The locations of 
the molluscs in the vegetation (e.g. on annual 
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Figure 1  a Number of species b Abundances c Shannon (log2) diversity d Simpson diversity at three levels of 
grain for 20 sand, 20 steppe and 20 garigue sites from southern Iberia (pooled data). For each level of grain in 
each of the plots, the left hand bar shows results for wet and dry period sites combined, the central bar for wet 
period sites, and the right hand bar for dry period sites. Markers denote mean, crossbars denote lower and upper 
95% confidence intervals of the mean. (Data points for levels of grain are:1m2: wet and dry periods: n=1200, wet 
period: n=600, dry period: n=600; 5m2: wet and dry periods: n=240, wet period: n=120, dry period: n=120; 20m2: 
wet and dry periods: n=60, wet period: n=30, dry period: n=30).
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stem, herbaceous leaf etc.), as well as the height 
of these locations (measured from ground level 
with a 1-metre ruler, to the nearest 0.5cm), are 
recorded. This is done before assessing cover 
of rocks and other variables on the ground, 
and before the search for species on the ground 
(and under rocks) to allow the vegetation to be 
assessed prior to any disturbance, which results 
from searching the vegetation for the molluscs. 
Once this is done, the ground level features, such 
as rock cover and soil cover are assessed (Menez, 
2002).

3. Next, the ground level and vegetation 
layer 2 are thoroughly searched for molluscs. 
The procedures described here often result in 
the upper layers of vegetation being disturbed 
and rocks and other ground level features being 
disrupted. In all cases, however, rocks, plants etc. 
should be returned to their original positions as 
far as possible to reduce any damage that the 
sampling may cause. 

This quadrat sampling protocol involves the 
systematic and thorough search for molluscs 
on the vegetation and under rocks and other 
ground-level features, as well as the recording 
of the environmental variables. This type of 
sampling is termed here dissection sampling to 
describe the detailed examination and analysis of 
the quadrat components and to highlight the dif-
ferences between this method and less thorough 
search and data recording techniques sometimes 

used in studies. The thoroughness of the method 
is reflected in the time required to sample a quad-
rat: of 200 randomly selected sampled quadrats 
from sand, steppe and garigue habitat types the 
mean is 13.31 minutes (minimum 6.5; maximum 
41.0; standard deviation 4.31).

The protocol allows quadrats to be sampled 
to the same level of detail, regardless of habi-
tat heterogeneity and complexity, because the 
steps involved are systematic and standard-
ized throughout: in a quadrat all vegetation is 
searched, and all rocks over-turned, for exam-
ple.

My work has involved the sampling of 20 sites 
in each of three habitat types (identified based 
on criteria in Rivas Goday (1968), Rivas-Martinez 
(1973, 1981, 1987) and Arroyo and Marañón 
(1990). These habitat types are sand, steppe and 
garigue, which are fairly widespread in southern 
Iberia and in the Mediterranean region in gen-
eral. I also analyze the effects of the dry and wet 
periods of the year (Blondel and Aronson, 1999; 
Font Tullot, 2000) by sampling 10 sites during 
each of these periods.

I apply the model at three spatial scales (i.e. 
levels of grain) by sampling at 1m2, 5m2 and 
20m2. I then analyze the data (mostly using 
correlation and analysis of variance methods) 
collected at the three scales and determine if 
there are changes across them. By using partial 
correlation analyses I am able to see if some 
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Figure 2  Observed number of species at 60 sites in southern Iberia (sites were sampled using the method 
described in text) compared to values of the Chao 1 and Chao 2 non-parametric species estimators (calculated 
using EstimateS softwarevv with 1000 randomizations of data per site).
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types of heterogeneity (e.g. rock, logs etc.) affect 
abundances and number of species independ-
ently of the total complexity. I call these prin-
cipal structures because they play an important 
role in determining abundances and number 
of species (unpublished data). Other workers 
have made similar findings, and Kappes and 
colleagues (2006) reported that coarse woody 
debris (which they defined as logs greater 
than 20cm in diameter) significantly increased 
both snail abundance and number of species in 
forests in Central Slovakia. Principal structures 
are detectable at different scales (Tews et al., 
2004) and the random allocation of quadrats for 
their sampling can miss them, especially if the 
structures are aggregated and/or present in low 
numbers. 

The data so far are showing that increased het-
erogeneity is associated with a higher number 
of species, but not with higher abundances of 
species. The effects of heterogeneity, independ-
ent of total complexity, are more marked on the 
numbers of species than on their abundances. 
There are also significant changes across the 
scales for measures including number of species, 
abundances and diversity, with differences also 
for wet and dry periods (Figure 1).

This study is the first to assess the effects of 
habitat heterogeneity and complexity on the 
number of species and species abundances 
of land molluscs at varying scales (1m2, 5m2 
and 20m2) at the same locations. The use of 
the model and associated sampling methods 
described here allow the testing of specific 
hypotheses, such as: ‘The number of species 
increases as the spatial scale is increased’, 
‘There is more variation in habitat complexity in 
some habitat types than in others’ and, ‘There is 
more variation in habitat heterogeneity in some 
habitats, in comparison to others, in the dry and 
wet periods of the year’. 

Because the quadrats are sampled exhaus-
tively they can be considered to be ‘known 
sampled universes’ for statistical purposes (or 
as near as it is possible to get in field condi-
tions). This feature allows the testing of the 
performance of species estimators, such as 
Chao1 and Chao2 (Magurran, 2004) at small 
scales. Preliminary data show that the estima-
tors perform quite well even at the scales used 
here (Figure 2), supporting the finding of Hortal 

and colleagues (2006) that estimators are precise 
in spite of variations in grain, and substantiat-
ing their claim that estimators may be used 
to compare numbers of species from different 
sampling strategies.

There are caveats that have to be taken into 
account with the methods, however. These 
include the inability of quadrat sampling to 
provide adequate species inventories in some 
cases, and the possibility that aggregation of 
individuals may change over time making it 
difficult to detect some species at small scales 
of measurement (Loscasciulli and Boag, 1987). 
This highlights a divide in the objectives of 
sampling: sampling to determine complete 
inventories (or as complete as possible), or 
sampling to determine species-environmental 
relationships (Cameron and Pokryszko, 2005). 
The first requires the inclusion of sampling soil 
and leaf litter to pick up species not found in 
the vegetation or surface layers. What we need 
is a revision of datasets from different regions 
and habitat types that differentiate between 
species (and their abundances) sampled from 
soil and leaf litter, and those not collected from 
these components of the habitat. An objective 
analysis would provide an indication of the 
number of ‘missed’ species when soil and leaf 
litter are not sampled, and if there are general 
trends across regions and habitat types. The 
author’s unpublished data from 1km2 southern 
Iberian sites, for example, indicate that up to 
20% of species may be missed if soil and leaf 
litter sampling are not included for determining 
species inventories.

These, and other, problems are comprehen-
sively treated by Cameron and Pokryszko 
(2005), and this paper is essential reading for 
anyone designing a sampling protocol. Some of 
the deficiencies of the method presented in the 
present paper can be ameliorated by increas-
ing the number of quadrats and sites sampled 
(Anne Chao, pers. com.). However, the nature 
of the sampling method itself, and its use at 
varying scales, can serve to highlight the opti-
mal numbers of quadrats (and area) required 
to answer some of the topical questions about 
land molluscs and their relationships to habitat 
structure.
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