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Abstract 
 
 
Species-area relationships (SARs) for communities of microorganisms have 
been intensively debated in the last decade, but the role of sampling design in 
microbial studies has been largely neglected so far. On the basis of a large 
field trial, we assess how sampling design (including sampling effort, 
sampling regime and sampling extent) affects the quantification of the spatial 
species turnover rates of freshwater diatom communities. We conducted our 
research in two wetland areas that differ in their degree of eutrophication 
(mesotrophic and hypertrophic) in North Holland province.We surveyed 
benthic diatom communities in the two areas following an independent and 
spatially explicit sampling design at two scales (500 and 6000 meters). A 
randomization procedure was designed to combine species lists from the 
different samples to evaluate the effect of both nested and independent 
sampling regimes as well as the number of valves identified - keeping either 
the spatial configuration of the samples intact or randomizing the spatial 
configuration. In this way different Species-area relationships (SARs) were 
calculated and the impact of sampling effort, sampling regime and sampling 
extent on SAR slopes (a measure of spatial turnover) was quantified. 
The estimated total number of species and rare species were strongly related 
to sampling regime, extent and effort. Most notably, independent sampling 
regimes resulted in higher estimates of species turnover rates than nested 
sampling regimes; while the effect of sampling extent did depend on the 
degree of local environmental disturbance. Given the strong influence of 
sampling grain and extent on the shape of the SARs, we conclude that 
previously reported differences in species turnover rates of microorganisms 
could very well be due to differences in the sampling design, rather than 
genuine ecological differences.  
 
 
Introduction 
 
Ecological communities are considered heterogeneously structured systems 
displaying a mosaic of patches at multiple levels (Cao et al., 2002) where 
local and regional mechanisms influence diversity and interact on a 
continuum of time and space (Ricklefs, 2004). Climatological and historical 
factors can, for example, act as large-scale filters on community assemblages, 
whereas habitat structure and dispersal usually filter species from the 
community at a local scale (Barton et al. 2013). Consequently, estimated 
diversity characteristics of ecological communities, like species-area 
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relationships (SARs), change with the scale of observation but also by the 
methods of sampling. It has been found that species turnover (i.e. variation in 
community composition among sites) is largely influenced by sampling 
effort, grain, extent, and regime (nested or non-nested) (Rahbek, 2005; Turner 
& Tjørve, 2005; Drakare et al., 2006).  
Low sampling effort per site results in undersampling of the local 
communities and increases compositional dissimilarities between sites, thus 
producing biased species turnover rates (Tuomisto et al., 2012). 
Theoretically, increasing sampling grain (i.e. the dimension of the sampling 
unit to which data are standardized before analysis) with fixed extent should 
yield lower β-diversity (Barton et al., 2012). Empirical studies however, 
showed that increasing the sampling grain can yield higher estimates of SAR 
slopes in nested regimes (Drakare et al., 2006). Finally, sampling regime also 
strongly influences estimation of diversity patterns. Larger areas are often less 
intensively surveyed than smaller areas in empirical studies. For example, 
when nested sampling regimes are applied to microorganisms, the sampling 
effort is kept constant while diversity is estimated over larger nested quadrats 
(Green et al., 2004; Horner-Devine et al., 2004). This results in a less 
representative sampling and an increasing bias with sampling extent due to 
incomplete sampling (Turner & Tjørve, 2005).  
In addition to the aforementioned factors, the number of individuals that is 
identified relative to the community size under consideration is an important 
influential sampling property. This is especially relevant for microorganisms 
where often a very small sample is analyzed from a very large community, 
because the estimation of microbial species richness is restricted by the 
detection limit of specific techniques (such as genetic markers) or the amount 
of individuals that can be quantified by microscopic identification (Martiny 
et al., 2006). This results in a larger disparity between sample size and 
community size for microorganisms compared to other taxonomic groups like 
plants and animals (Woodcock et al., 2006). Therefore it is of vital importance 
to discern if differences in estimated characteristics of communities of 
microorganisms result from scale-specific processes or from sampling 
artifacts. Most studies on the effect of sampling design in community ecology 
have focused on larger organisms such as plants (e.g. Palmer & White, 1994), 
other macroorganisms (e.g. Hewitt et al., 1998; Willot, 2001) and simulated 
data (e.g. Steinbauer et al., 2012) while studies focusing on microbial 
communities are scarce (see e.g. the references in Whittaker & Matthews, 
2014).  
Diatoms are widely used as environmental indicators for routine biological 
monitoring of water quality as well as for palaeolimnological research (Kelly 
et al., 1998; Besse-Lototskaya et al., 2006; King et al., 2006; Weilhoefer & 
Pan, 2006). However, none of the standardization procedures for sampling 
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diatom communities consider spatial heterogeneity, and as a result, biases due 
to differences in sample grain and extent could be introduced into community 
comparisons (Cao et al., 2002). Because we previously observed that 
eutrophication affects the spatial heterogeneity of diatom communities 
(Goldenberg Vilar et al., 2014), we performed our analyses in two different 
wetlands that have similar origin and morphology, but differ in the degree of 
eutrophication. 
We hypothesize that nested sampling regimes will underestimate microbial 
species richness in comparison with independent regimes, where sampling at 
larger areas also increases the total sampling effort. In the present paper, we 
therefore test how sampling design (including sampling effort, sampling 
regime and sampling extent) affects the quantification of the spatial turnover 
of freshwater diatom communities. We analyze the effects of sampling effort 
(expressed as the number of diatom valves identified) in relation to 
occurrence of rare species. In addition, we determine species-area 
relationships (SARs) of diatom species following two sampling regimes: 
Independent (fixed grain, no overlapping areas) and nested (increasing grain, 
overlapping areas where each larger sample contains all smaller ones in a 
spatially explicit way). Both sampling regimes are tested at two different 
sampling extents: 500 m and 6000 m.  
 
Materials and methods 
 
Study sites 
 
We collected samples in two wetland areas: Wormer and Jisperveld (2400 ha) 
and Naardermeer (1100 ha) both in the province of North Holland, less than 
30 km apart, and dominated by a system of shallow, interconnected ditches, 
which remained after centuries of peatland exploitation in The Netherlands 
(Fig. 4.1). Water tables in the two areas are kept within strict limits and the 
banks are bordered by reed belts dominated by Phragmites australis. The areas 
differ in their degree of eutrophication and on the basis of their current water 
chemistry are classified as mesotrophic (Naardermeer) and hypertrophic 
(Wormer and Jisperveld). The localities and corresponding environmental 
variables are described in Goldenberg Vilar et al. (2014). 
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Figure 4.1. Study area and sampling scheme. A. Wormer and Jisperveld 
(hypertrophic area); B. Naardermeer (mesotrophic area). Diatom samples were 
taken from reed stems (Phragmites australis), each one spaced 20 m from the next. 
At 6000 m extent 10 samples were collected each one covering transects of 600 m (30 
pooled reed stems). The same sampling design was applied at 500 m by pooling 5 
reed stems covering transects of 100 m (Not drawn in the scheme).Using a 
randomization procedure, the field collected samples were used to create species 
rarefaction curves based on independent and nested sampling regimes. 
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Sampling design 
 
Diatom samples were taken from individual reed stems (Phragmites 
australis), each reed stem spaced 20 m from the next at two different extents, 
500 m and 6000 m. At 500 m extent five samples were collected, each one 
consisting of five pooled reed stems covering a transect of 100 m. At 6000 m 
extent ten samples were collected each one consisting of 30 pooled reed stems 
covering a transect of 600 m. The same sampling design was used in the 
mesotrophic and hypertrophic area. Our sampling design corresponds to a 
non-contiguous spatially explicit design (IIIA species-area curve) following 
Scheiner (2003) and is independent because the samples did not overlap 
(Drakare et al., 2006). 
Diatom samples were prepared using H2O2 digestion and the cleaned diatoms 
were mounted on microscope slides with Permount Mounting Medium 
(Fischer Scientific, Pittsburgh). From each sample, 400 and 500 valves (at 
500 m and 6000 m extent respectively) were identified at 1000x 
magnification. Taxonomic identification was based on Krammer & Lange 
Bertalot (1986-1991) and Hofmann et al. (2011). 
 
Randomization 
 
Our independent and spatially explicit sampling design allowed us to combine 
species lists from the different samples in such a way that we could 
reconstruct both nested and independent sampling regimes with varying 
number of valves identified and keeping either the spatial configuration of the 
samples intact or randomize the spatial configuration. In this way different 
SARs could be calculated and the impact of sampling design (including 
sampling effort, sampling regime and sampling extent) could be quantified.  
To this purpose, a randomization procedure was designed to generate random 
subsets of N samples (N ranging from one to five and one to ten samples for 
the 500 m and 6000 m extent respectively) to create two different types of 
SARs: a) by ignoring the spatial configuration of the samples, equivalent to 
sample rarefaction without replacement (Colwell et al., 2004), but here based 
on our independent sampling design; b) by maintaining the spatial 
configuration of the samples through a nested procedure,  i.e. larger samples 
in a rarefaction curve contain all smaller samples for that same curve. We 
labelled the SAR of category a) the independent sampling regime, in our study 
it used a fixed grain of 30 reed stems with non-overlapping areas. The SAR 
of category b) was labelled the nested regime, in our study it used an 
increasing grain from 30 to 300 reed stems with overlapping areas). This 
randomization procedure was applied at 500 m and 6000 m sampling extent 
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in the two areas. In addition to studying SARs, we also considered the effect 
of sample size on the number of singletons (species presented by single 
individuals) as a measure of rarity. From each community, we simulated the 
collection of samples of 100, 200, 300, 400 and 500 individuals and counted 
the number of singletons. In all cases the bootstrap size was set to 100. The 
randomization procedure was implemented in R (R development Core Team 
2013). 
 
Statistical analysis 
 
We used additive partitions to decompose total diversity (γ-diversity) into the 
components of mean diversity within samples (α-diversity) and diversity 
among samples (β-diversity) following (Crist and Veech, 2006). This analysis 
provided information about the contribution of each component (α- and β-
diversity) to the total diversity in mesotrophic and hypertrophic areas and also 
according to the sampling extent (500 m or 6000 m). We also derived 
expected values of α- and β-diversity that would be obtained if individuals or 
samples were randomly distributed using the program PARTITION 3.0 
(Veech and Crist, 2009). This expected distribution is henceforth denoted as 
null-model. The differences the observed diversity estimates and those from 
the null-model were tested by a randomization test. 
In our study both, the Arrhenius power model (S = c AZ) and the exponential 
model (S = c expZ ) were used to represent the SARs. The power model has 
the following form S = c AZ where A is area, S is total number of species 
found, the exponent z indicates the turnover rate of species with increasing 
area (β-diversity) and c is the intercept or estimated number of species per 
“unit” area (α-diversity) (Azovsky, 2002). Although the term A originally 
denoted area, the power model has been also used to estimate species richness 
as a function of number of samples (Passy & Blanchet, 2007) or volume (Bell 
et al., 2005; Van der Gast et al., 2005); generally the predictor variable is 
assumed to be a relevant measure of sampling effort (Scheiner, 2000). In our 
study, the SAR represented the number of species as a function of sampling 
track length (as samples were taken evenly spaced along the ditches). We 
have fitted both the power and exponential models (and report the results for 
both models) because both have been applied frequently as models for 
microorganisms, hence our results can then be directly compared to those 
found in other studies on diatoms and other microorganisms. We did fit both 
the power and exponential model to our data, using the mmSAR R-package 
(Guilhaumon et al. 2008, 2010).  
A posteriori (after fitting the power and exponential models), we evaluated 
the overall fit and the presence of structural deviations. The most suitable 
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model form (the power model or exponential model) would be used for 
further assessment – and in case of equivalent adequacy the power model was 
to be used. Provided a model was found to be adequate, we tested for 
significant differences between the exponents (z) of models for nested and 
independent sampling regimes as well as extents of 500 and 6000 m using 
Analysis of Covariance. Statistical significance was defined as p ≤ 0.05. The 
fitting of SAR models as well as the Analysis of Covariance were carried out 
in R version 3.0.1. (R development Core Team 2013). 
 
 
Results 
 
The additive partitions showed for all the cases we considered (mesotrophic 
and hypertrophic areas at 500 and 6000 m extent following the independent 
regime) that α-diversity is significantly smaller and that β-diversity was 
significantly larger (p ≤ 0.01) than the expected values under the null-model 
(Fig. 4.2).  
 

 
 
Figure 4.2. Additive partitions of diversity showing the observed (in black) and 
expected (in grey) values at 500 m (panels a and c) and 6000 m extent (panels b and 
d) in the mesotrophic and hypertrophic areas. Using an independent sampling design 
and 500 valves. All observed values differ significantly from the expected values 
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(p<0.01). The largest deviation from the null-model it is shown in the mesotrophic 
area at 6000 m extent. 
 
The largest deviation between the observed distribution and the null-model 
did occur in the mesotrophic area at 6000 m extent (observed β-diversity is 
22% larger than under the null-model; and consequently, α-diversity was 22% 
smaller) (Fig. 4.2b). It is also noticeable that at 500 m extent, both 
mesotrophic and hypertrophic areas showed similar deviations in α- and β-
diversity from the null-model (Fig. 4.2a and Fig. 4.2c). 
Table 4.1 showed the additive partitions of the independent regime in 
comparison with the nested regimes. In nested regimes, all of the species 
present in small areas also occur in larger areas, and average diversity within 
samples (α-diversity) was very similar to the total diversity (γ-diversity). 
However, because the number of individuals identified per sample is kept 
constant even when sampling larger areas, β-diversity was highly 
underestimated in nested regimes (between 9-30 times lower β-diversity) 
(Table 4.1).  
 
Table 4.1. The additive diversity partitions (α-, β- and γ-diversity) of the independent 
regime in comparison with the nested regimes over different length scales. In nested 
regimes, all of the species present in small areas also occur in larger areas. 

  500 m   6000 m   

   α β γ  α β γ 

Mesotrophic Independent 33.4 27.6 61 41.3 85.7 127 

 Nested 37.4 2.9 40.3 52.9 2.6 55.6 

        

Hypertrophic  Independent 36.4 29.6 66 45.2 46.8 92 

 Nested 40.8 2.2 43.0 48.6 1.7 50.3 

 
 
Together with the number of valves identified, the type of sampling regime 
was found to determine the shape of the SARs (Fig. 4.3). Both the power and 
exponential models showed a very good (and comparable) fit to the SARs in 
the independent and nested regimes at both extents (in all cases R2 larger than 
0.93) without any structure in the residuals (Table 4.2). Hence the power 
model was used for subsequent analyses. SARs appeared to have 
considerably smaller exponents for a nested sampling regime (z in the power 
model ranging from 0.048 to 0.14) than for an independent sampling regime 
(z from 0.30 to 0.46) (see also Fig. 4.3). Based on ANCOVA this difference 
is significant with p≤0.0001.  
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Figure 4.3. Rarefaction curves showing the number of species according to transect 
length (extent) and number of individuals counted per sample (effort). Independent 
sampling regimes: a, b at 500 m extent and e, f at 6000 m extent. Nested regimes: c, 

d at 500 m extent and g, h at 6000 m extent. Upper row: 
mesotrophic area; bottom row: hypertrophic area. A steeper 
species-area curve is observed in independent regimes in 
comparison with nested regimes at both extents (500 m and 
6000 m). 
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Figure 4.4. Rarefaction curves showing the number of singletons found in each of the 
randomization designs according to transect length (extent) and number of 
individuals identified per sample (effort). Independent sampling regimes: a, b at 500 

m extent and e, f at 6000 m extent. Nested regimes: c, d at 500 
m extent and g, h at 6000 m extent. Upper row: mesotrophic 
area; bottom row: hypertrophic area. An important difference 
in the number of singletons between independent and nested 
regimes is found in the mesotrophic area at 6000 m extent. 
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Table 4.2. Regression coefficients and coefficient of determination of regression of 
species richness (S) against sampling track length (A) using the power and 
exponential models. 

          

Power model: c Az   500 m   6000 m 

   c z R2  c z R2 

Meso Independent  5.95 0.37 0.99  2.42 0.46 1.00 
 Nested  17.57 0.13 0.98  17.12 0.14 0.91 
          

Hyper Independent  6.79 0.36 1.00  6.65 0.30 1.00 

  Nested  20.75 0.12 0.93  33.32 0.05 0.98 

          
Exponential model:        
 c + z log(A)               

   c z R2  c z R2 

Meso Independent  -47.28 17.27 1.00  -201.98 37.31 0.99 

 Nested  9.69 4.98 0.99  -5.35 7.37 0.93 

          
Hyper Independent  -46.14 17.61 1.00  -87.77 20.47 1.00 

  Nested   13.48 4.90 0.94   30.46 2.30 0.99 

 
In addition, differences were found between SAR slopes of the independent 
sampling regimes at 500 m and 6000 m in both areas (Fig. 4.3a-b, Fig. 4.3e-
f): in the mesotrophic area, the SAR slope was higher at 6000 m extent (0.37 
at 500 m in comparison to 0.46 at 6000 m) while in the hypertrophic area the 
SAR slope was higher at 500 m extent (0.36 at 500 m in comparison to 0.30 
at 6000 m). These differences were significant as well (p ≤ 0.01). For the 
nested sampling regime, the SAR slopes between the 500 m and 6000 m 
extents only differed in the hypertrophic area (z values of 0.12 at 500 and 
0.048 at 6000; p<0.001). 
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Figure 4.5. Exponents of the power model fitted through the SARs against sampling 
effort (100 to 500 valves counted). Distinguishing diatom communities in 
mesotrophic (panels a and b) and hypertrophic peatlands (panels c and d) at two 
different extents (500 and 6000 m), and independent (black lines) versus nested 
sampling regimes (grey lines). 
 
In the nested sampling regimes more singletons are found at increasing 
sample effort (Fig. 4.4), resulting in increasing slopes of the SARs at 
increasing sampling effort (Fig. 4.3 and Fig. 4.5 grey lines). These 
relationships appear to be linear without reaching a proximate asymptote for 
the range of valves identified in this study (up to 500 valves). In contrast to 
the nested sampling regime, the number of singletons decreased (or showed 
a hump-shaped relationship) with increasing number of valves identified in 
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the independent sampling (Fig. 4.4), resulting in a decrease in the slopes of 
the SARs with increasing sampling effort (Fig. 4.5, black lines).  
There were 9 and 10 singletons at the 500 m extent and 41 and 16 at the 6000 
m extent for the mesotrophic and the hypertrophic area respectively in the 
independent sampling regime. Based on the nested sampling regime, 14 and 
13 singletons were found at the 500 m extent and 23 and 15 at the 6000 m 
extent for the mesotrophic and the hypertrophic area respectively (Fig. 4.4). 
Overall, the differences in γ-diversity (Fig. 4.3) and singletons (Fig. 4.4) 
between the different extents (500 m and 6000 m) were higher in the 
independent sampling regime than in the nested sampling regime. So it turns 
out that each of the factors sampling regime, extent and sampling effort 
impacts the shape of SARs, as well as estimates of the total number of species 
and total number of rare species. 
 
 
Discussion 
 
Our study investigated the effects of sampling effort, regime and extent on 
spatial turnover of diatom communities using field data collected in 
environmentally contrasting environments. The results highlighted that 
diatom species-area relationships vary systematically with the sampling effort 
(i.e. the number of valves identified), the sampling regime (i.e. independent 
vs. nested design) and the sampling extent (i.e. 500 m or 6000 m sampling 
track length). 
We found that independent sampling regimes yielded steeper SAR slopes 
than nested sampling regimes. The great difference in SAR slopes between 
the independent and nested regimes is due the effect of increased grain in the 
latter while keeping the sampling effort constant and therefore introducing a 
larger bias due to incomplete surveying at larger nested sampling tracks. In 
general when assessing microbial diversity, there is an enormous gap between 
community size and sample size resulting in the detection of systematic shifts 
in the more abundant microbes only, while the contribution of rare species to 
the overall biodiversity remains undetected at increasing sampling area 
(Woodcock et al., 2006). This is also reflected by the observed increase in 
SAR slopes with increasing sampling effort in the nested sampling regimes 
in our study, because more rare species were found. Similar trends have been 
found for bacterial taxa where the slope of the TAR (taxa-area relationship) 
increased with increasing taxonomic resolution (Horner-Devine et al., 2004). 
We showed that nested regimes provide approximately 3 to 6 times lower 
rates of species turnover using the power model, as well as a 50% 
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underestimation of the number of rare species (singletons) in comparison with 
independent regimes.  
It has been argued, that the slope of SARs is independent of the spatial unit 
used (Rosenzweig, 1995; Drakare et al., 2006), and comparisons of SAR 
slopes for different communities have been reported in various studies 
(Drakare et al., 2006; Green & Bohannan, 2006). From such comparisons it 
seems that species turnover rates of microbial communities are much lower 
than species turnover rates of communities of macroorganisms. High local 
abundances, low levels of speciation and high rates of dispersal have been 
identified as the main characteristics of microorganisms that are responsible 
for the weak species–area relationships for microbial communities found in 
several studies (Finlay, 2002; Green & Bohannan, 2006). However, the rates 
of diatom species turnover found in nested regimes in our study (0.048 – 0.15) 
are similar to the rates previously reported for other microorganisms (0.04 – 
0.08) (Horner-Devine et al., 2004), but the turnover rates found in our 
independent regimes (0.31 – 0.48) are more similar to the ones previously 
reported for macro-organisms (0.09 – 0.53) (Horner-Devine et al., 2004). 
Given the strong influence of sampling grain and extent on the shape of the 
SARs, the lower rates of turnover reported for microorganisms in comparison 
to macroorganisms could therefore largely be attributed to differences in the 
sampling regime, rather than ecological scale specific processes. Moreover, 
species turnover rates of microbial communities are also much lower in 
studies encompassing large spatial extents (thousands of kilometers or 
continental scales), where the difference between sample size and community 
size is enormous (Green et al., 2004; Horner-Devine et al., 2004; Martiny et 
al., 2011). The reported values of diatom species turnover rates from the 
present study under the independent regime (exponents of 0.30 to 0.46 in the 
power model) are among the highest reported for diatom communities. For 
diatom communities in marine habitats, a species turnover rate of 0.066 has 
been reported by Azovsky (2002). At small spatial extents however, where 
the difference between community size and sample size is much smaller, the 
z values of microorganisms could be similar to the z values reported for 
macroorganisms, as it was revealed for diatoms (z = 9.11 using a semi-log 
SAR, in Passy & Blanchet, 2007), bacteria (z in the range 0.23 to 0.29 in Bell 
et al 2005; Van Der Gast et al., 2005) or fungi (z in the range 0.20 to 0.23 in 
Peay et al., 2007).  
While the effect of sampling regime was very similar in both of the studied 
areas, the effect of sampling extent on SARs in the mesotrophic area was 
different from the hypertrophic wetland. Sampling at larger extents (6000 m) 
produces steeper SAR slopes than at smaller extents (500 m) in the 
mesotrophic area, indicating a patchy, coarse grained environment in which 
a gradual increase of species with increasing area is observed due aggregation 
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of rare and specialized species (cf. Condit et al., 2000; Turner & Tjørve, 
2005). This might be the reason why the mesotrophic area at 6000 m extent 
(independent regime), showed the greatest deviation from the null distribution 
of individuals. In contrast, in the hypertrophic area, nutrient enrichment on 
the environment resulted in a lower rate of species turnover with ubiquitous 
species that produced a rapid initial rises in SARs (Turner & Tjørve, 2005). 
Sampling at 500 m extent yielded similar slopes of the SARs in the 
mesotrophic and the hypertrophic area, indicating that at smaller scales both 
areas seem to exhibit a similar degree of patchiness. However, it is important 
to note that the analysis of diversity parameters at different extents revealed 
that if we had sampled only at 500 m extent, then β-diversity in the 
mesotrophic area would be underestimated and the effect of eutrophication 
on the diversity parameters would remain undetected. 
With the general aim to collect representative community data, not only the 
experimental design but also the specifics of the taxonomic identification and 
field methods may have a considerable impact (Besse-Lototskaya et al. 2006; 
Fisher and Dunbar, 2007). The impact of varying field and laboratory 
methods, relative to the factors that we studied here is still unknown but 
deserves further investigation, so that appropriate recommendations (viz. 
Kelly et al. 1998; King et al. 2006) can be made towards further 
standardization. 
The development of appropriate spatial sampling designs to obtain adequate 
representations of a community is a recognized and important part of the 
methods in both plant and animal ecology (Taylor, 2002). While this 
fundamental concept has been widely explored in macro organisms (Roth, 
1976; Dutilleul & Legendre, 1993; Huenneke et al., 2001), little information 
exists on the spatial distribution of microbial communities. This study 
contributes to fill this gap. By analyzing the diatom community composition 
sampled at different spatial scales and using different sampling designs, we 
conclude that sampling regimes in which the proportional sampling size 
decreases with the area surveyed (e.g. nested regimes applied to 
microorganisms) will greatly underestimate diatom β- and ɣ-diversity. On the 
other hand, sampling at different spatial extents gives us important insights 
about the driving forces of α-, β- and ɣ-diversity such the effect of 
environmental disturbances (eutrophication) on the spatial heterogeneity of 
communities. Our study thereby provides support for the ideas set out by 
Palmer and White (1994), Rosenzweig (1995), Hewitt et al. (1998) and 
further investigated for different taxa (as well as synthetic studies) by Drakare 
et al. (2006), Woodcock et al. (2006) and Steinbauer et al. (2012) that 
different sampling regimes and extents affect the quantification of the 
heterogeneity of ecological communities. 
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