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Global biodiversity patterns are often driven by different environmental variables at different scales. However, it is still con-
troversial whether there are general trends, whether similar processes are responsible for similar patterns, and/or whether
confounding effects such as sampling bias can produce misleading results. Our aim is twofold: 1) assessing the global
correlates of diversity in a group of microscopic animals little analysed so far, and 2) inferring the influence of sampling
intensity on biodiversity analyses. As a case study, we choose rotifers, because of their high potential for dispersal across
the globe. We assembled and analysed a new worldwide dataset of records of monogonont rotifers, a group of microscopic
aquatic animals, from 1960 to 1992. Using spatially explicit models, we assessed whether the diversity patterns conformed
to those commonly obtained for larger organisms, and whether they still held true after controlling for sampling intensity,
variations in area, and spatial structure in the data. Our results are in part analogous to those commonly obtained for
macroorganisms (habitat heterogeneity and precipitation emerge as the main global correlates), but show some divergence
(potential absence of a latitudinal gradient and of a large-scale correlation with human population). Moreover, the effect
of sampling effort is remarkable, accounting for >50% of the variability; this strong effect may mask other patterns such
as latitudinal gradients. Our study points out that sampling bias should be carefully considered when drawing conclu-
sions from large-scale analyses, and calls for further faunistic work on microorganisms in all regions of the world to better

understand the generality of the processes driving global patterns in biodiversity.

Species richness is known to vary in space and to be cor-
related with environmental, geographical and historical
properties of the spatial units under analysis. Understand-
ing the causes and consequences of such spatial variation in
species richness is a major research focus of biogeography,
macroecology and conservation (Willig et al. 2003). Model-
ling analyses and between-group comparisons are commonly
performed to infer mechanisms in global patterns of distri-
bution (Gotelli et al. 2009); this can be done for taxa with
reliable information on their global distribution, such as ver-
tebrates, plants and some insects (Field et al. 2009). Unfor-
tunately, the distribution patterns of most other organisms
are still undocumented, thus limiting the generality of the
evidence currently available to understand the processes
potentially explaining the patterns.

Microscopic organisms can provide further, independent
evidence for or against the global correlates of species rich-
ness that are considered important for better-studied groups
such as plants, vertebrates and insects. These variables include
environmental productivity, habitat and topographic hetero-
geneity, human influences and historical stability (Schuldt
and Assman 2009). Biodiversity patterns of microorganisms
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may differ from those of macroscopic organisms because of
their high abundances, the existence of resting stages, and their
capacity for frequent and long-distance dispersal (Fenchel and
Finlay 2004, Fontaneto et al. 2006, Fontaneto 2011). These
special features of microorganisms already prompted the
question of whether commonly reported patterns, such as the
decrease in species richness with increasing latitude, are com-
mon to all organisms (Hillebrand 2004, Maraun et al. 2007).

One problem with the analysis of patterns in microor-
ganisms is that their diversity can be difficult to assess; if
reliable data on the distribution of all existing species are
not available, then biogeographical hypotheses cannot be
tested globally. Indeed, macroecological analyses of pro-
tists or prokaryotes have so far been difficult or inconsistent
because of a lack of reliable data (Dolan 2005). One way
to overcome such a problem could be to perform DNA
analyses of environmental samples (Fuhrman et al. 2008),
but these analyses are often still unfeasible globally. Another
approach would be to use a different model taxon, which
1) matches the microbial biological features of small size,
high abundances, presence of resting stages, frequent and
long-distance dispersal, but also 2) shows a much lower



overall diversity than protists and prokaryotes, and for which
3) faunistic data are already available. Rotifers fulfil all these
requirements as a model organism for ecogeographical studies
of microscopic diversity.

Rotifers are a group of common and widespread micro-
scopic animals, usually much shorter than 1 mm, living in any
wet habitat in all continents. Monogonont rotifers are the rich-
est group of rotifers, with about 1500 species globally (Segers
2007). Despite such relatively low species diversity worldwide,
monogonont rotifers can be very diverse locally, with>100
species in any water body at any latitude (Dumont and Segers
1996, Segers and De Smet 2008). They are short-lived and fast-
reproducing animals, and produce dormant stages called rest-
ing eggs, which can desiccate, persist in sediments, and act as
propagules for dispersal (Ricci 2001).

There are two main aims in the present analysis. First, we
wished to assess the consistency of the influence of the correlates
of global richness described so far for other organisms. For this
purpose, we assembled and analysed a global dataset of records
of monogonont rotifers. We tested the generality of the previ-
ously known patterns by analysing the relationships between
rotifer species richness and a series of environmental variables at
three different spatial resolutions. Second, we tried to assess the
influence of sampling intensity in biasing the results. Whereas
correlates of diversity are currently analysed in an increasing
number of taxa, the effect of sampling bias is not often consid-
ered, and may produce erroneous results (Walther et al. 1995,
Barbosa et al. 2010a, Boakes et al. 2010).

Methods
Species data

We compiled a database of >45 000 published records of
identified rotifer species in the world from 1960 to 1992,
reported in 1871 papers listed in De Ridder and Segers
(1997) and in the references cited by De Ridder (1986,
1991, 1994) for the same time period. These reviews gath-
ered all the published taxonomic, faunistic and ecological
studies reporting monogonont rotifers. Records older than
1960 were not considered because of potential taxonomic
problems with unstable nomenclature in the past, whereas
records after 1992 have not yet been gathered in any for-
mal review. Rotifer species described before 1960 and never
found again and rotifer species described after 1992 are not
included in our dataset. Thus, the number of listed species is
lower than the 1500 species currently known. The electronic
database produced from this literature review is provided
as Supplementary material (Appendix 1), and is also made
freely available on the website of the Freshwater Animal
Diversity Assessment (FADA, Balian et al. 2008: <http://
fada.biodiversity.be/group/show/4 >). This is the first time
that a database of worldwide distribution records is avail-
able for any group of microorganisms, and we hope that the
database will be useful for further research.

Geographical units

Many studies have stressed the importance of investigating
diversity gradients over a range of spatial scales, as patterns

may vary with scale (Field etal. 2009). We defined geographi-
cal units for this study following the Biodiversity Information
Standards (TDWG, formerly Taxonomic Database Working
Group: <www.tdwg.org/ >). These units are defined at four
nested levels of spatial resolution: TDWG level 1 is at the
coarser scale and includes 9 continental areas (Africa, Ant-
arctica, Asia-temperate, Asia-tropical, Australasia, Europe,
Pacific, Northern America, and Southern America); level 2
includes 52 sub-continental regions with an average area of
2 825 000 km?; level 3 includes 369 units with an average
of 398 000 km?, mostly corresponding to countries or large
intra-national regions; level 4 has 609 units, including states
for the largest countries, and represents the most detailed
scale, with an average area of 241 000 km? per unit (Brum-
mit 2001; Fig. 1). Due to the nature of the published records
on which we based our study, no georeferenced data points
or interpolations into grid cells could be obtained.

We followed the TDWG standards for defining the
geographical units because they can be identified from our
bibliographic search even in cases where the exact locality
of origin of a species record is missing; moreover, digitised
georeferenced maps of these geographical units, suitable for
use in a Geographic Information System (GIS), are available
(e.g. from the Royal Botanic Garden, Kew: <www.rbgkew.
org.uk/gis/tdwg >), and there is increasing use of these geo-
graphical subdivisions for ecological analyses (Davis et al.
2009, Jones et al. 2009, Kisel et al. 2011).

Variables

Species richness for each geographical unit was used as the
response variable. Explanatory variables considered in the
models (Supplementary material Appendix 2) were area of
each geographic unit, average laticude (calculated with the
GIS), average altitude, altitude range (a proxy for topo-
graphic heterogeneity), average annual precipitation, precip-
itation seasonality (coefficient of variation of precipitation),
average annual temperature, annual temperature range
(Hijmans et al. 2005), habitat diversity (number of different
land cover categories among water, evergreen needle-leaf for-
est, evergreen broadleaf forest, deciduous needle-leaf forest,
deciduous broadleaf forest, mixed forest, woodland, wooded
grassland, closed shrubland, open shrubland, grassland, crop-
land, bare ground, and urban/built land: Fritz et al. 2009),
total urbanised area (Global Land Cover Facility: Hansen
etal. 1998), and human population size (Oak Ridge National
Laboratory 2008). Some of these variables, e.g. temperature,
habitat diversity and urbanised area, are measures of ter-
restrial variability; nevertheless, they may also influence the
continental aquatic habitats where rotifers live (Johnson and
Host 2010, Cole et al. 2011). We also included the number
of rotifer records and the number of published papers for
each geographical unit as a measure of sampling intensity.

Variables were imported into GRASS (GRASS Develop-
ment Team 2009) through the Quantum GIS (Quantum
GIS Development Team 2009) interface. Their values per
geographic unit (Supplementary material Appendix 2) were
obtained using the rstatistics module of GRASS, except
for area (obtained with the v.to.db module) and latitude
(obtained with r.mapcalc followed by r.statistics).
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Figure 1. Global species richness of monogonont rotifers recorded at the four Biodiversity Information Standards (TDWG) resolution scale
levels. Black dots mark geographical units with no rotifer records; these units were not included in the analyses; white circles mark the units
with at least 100 recorded species and 5 papers, included in the analyses of the better sampled data sets. Level 1 was not analysed.

Statistical analyses the number of papers, which was highly correlated with
the number of records (Pearson’s r>0.8 for all spatial lev-
We ran various models to study the effect of the explana-  els). Other variables were also correlated, but always with

tory variables on rotifer diversity. After checking for multi- < 0.8, and we kept them in the following analyses. Latitude
collinearity between the explanatory variables, we excluded  was included as an absolute value and also as a quadratic
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component to detect possible hump-shaped responses.
Because the explanatory variables were measured on differ-
ent scales and with different units, we standardised them to
optimise model fit, so that each variable had a mean of zero
and standard deviation of one (Zuur et al. 2009). We used
the logarithmic instead of the raw values for species richness
and for the number of records to normalise the distribution
of residuals and thus to conform to the assumptions of the
statistical analyses. Although 70 rotifer species have been
reported in Antarctica, this continent was excluded from the
analyses because reliable climate variables were not available
for this region (Hijmans et al. 2005).

We implemented linear models (LM), starting with a full
model including all variables. We then performed formal
model selection using a backward stepwise procedure based on
Akaike’s information criterion (AIC), aiming for model parsi-
mony, i.e. the trade-off between accuracy and complexity. The
best model has the minimum AIC value and contains the most
information with the lowest number of variables. Thus, at each
step we excluded from the model the variable that produced
the highest decrease in AIC value. The final model retained the
variables whose deletion would have caused an increase in AIC
values (Zuur et al. 2007). We always checked that this final
model was indeed the minimal adequate model: by computing
analysis of variance tables for fitted model objects, we tested
that the final model was not significantly worse than the full
model as a description of the data (Crawley 2007).

For each model, we tested also for the presence of spatial
structure. This was achieved by performing generalized least
squares (GLS) models on the same variables, which allow
to test the shape of various potential spatial correlation pat-
terns, including exponential, Gaussian, linear, rational qua-
dratic, and spherical correlation structure (Zuur et al. 2009).
We used AIC to select the best model among the non-spatial
and spatial ones, with all the different correlation structures
for each set of models. Model fit through AIC indicated that
spatial models were not significantly better than the non-
spatial ones. Visual inspection of the shape of the variograms
also confirmed that significant spatial autocorrelation was not
present in any of the models. The results of the GLS models
always matched qualitatively and quantitatively the results
from the LM. Thus, we show the results of LM, which have
no spatial structure and are simpler in their interpretation.

We performed these analyses for the three finest TDWG
levels of spatial resolution, from level 2 to level 4. We did
not perform statistical analyses for the coarsest TDWG level
1, as fitting models with only 8 data points can be mean-
ingless; nevertheless, we show the recorded species richness
for TDWG level 1 in Fig. 1. For each level, we included
only geographical units where rotifers have been reported
(i.e. recorded species richness > 0). Thus, the analysed sam-
ple sizes were 48, 216 and 294 for TDWG level 2 (92%
of the units), level 3 (59%) and level 4 (48%), respectively
(Table 1). As a test for differences between continents, and
for differential effects in specific geographic areas, we per-
formed additional separate analyses for each continental area
at TDWG levels 3 and 4, using the same procedures out-
lined for the global analysis. We implemented all models first
without including the number of records, and then includ-
ing it as a measure of sampling bias, to highlight potential
misinterpretations of the results.

Interactions between variables often result in overlapping
effects even if variables are not correlated (for example num-
ber of records and precipitation), so that part of the variation
explained by a variable in a multivariate model is shared with
other variables in the model (Borcard et al. 1992, Real et al.
2003, Ribas et al. 2007). We thus performed variance parti-
tioning to distinguish how much of the variance explained
by a variable was due exclusively to that variable, and how
much was shared with other variables. The regression of spe-
cies richness on one variable provides the total amount of
variance explained by that variable, including the amount
shared with other variables. The amount of variance explained
exclusively by one variable is the total variance explained by
the multivariate model minus the total variance explained by
the other variable(s) (Real et al. 2003).

The geographical units with the lowest number of records
may be too under-sampled and, thus, limit the capacity of
our models to detect any relevant effect. Analysing only a
subset of better-sampled regions might help in detecting
the environmental effects on rotifer species richness. Thus,
we created reduced datasets to check the consistency of the
results of the analyses performed on the complete datasets, by
eliminating the geographical units whose number of records
was too low. We chose a threshold of 100 species because this
is the number of rotifer species that should be present in any
water body at any latitude (Dumont and Segers 1996, Segers
and De Smet 2008). We repeated the analyses (LM and GLS
with variogram observation) on these reduced datasets for
all TDWG levels. Our expectation was that the percentage
of variance explained by environmental variables would be
higher, with a lower influence of sampling bias.

To further reduce the effect of sampling bias, we obtained
estimates of species richness from the reduced datasets using
the Chaol estimator from incidence data (Colwell and Cod-
dington 1994). The datasets were thus further reduced by
excluding units with<<5 published papers, in order to have
reliable Chaol estimates. We then performed all the models
with Chaol species richness estimates as the response variable.

To obtain a graphical representation of sampling bias, we
drew cumulative curves describing the relationship between
the total number of rotifer species and the number of
recorded species per paper for each of the richest geographi-
cal units at TDWG levels 3 and 4 (corresponding to France,
Germany, Hungary, Poland, Romania, and Sweden). More-
over, we extrapolated the theoretical total number of species
for each of these units using the Chaol estimator on species
incidence (Colwell and Coddington 1994), and calculated
the percentage of observed vs expected species.

All LM were performed with the statistic software R
2.10.0 (R Development Core Team 2009), GLS and var-
iograms with package nlme 3.1-96 (Pinheiro et al. 2009),
Chaol estimates and cumulative curves with package vegan
1.15-4 (Oksanen et al. 2009).

Results
The species database

The compiled database contained 46 549 records of

1329 monogonont rotifer species (Supplementary material
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Table 1. Results of the final linear models with all significant variables (not including the number of records as a measure of sampling bias),

and percentage of variance explained by each variable. Between brackets the number of units analysed in each dataset.

variable estimate standard error p value % variance
TDWG2 (48) (intercept) 4.63 0.21 <0.0001
habitat diversity 0.82 0.21 0.0003 25
TDWG3 (216) (intercept) 3.47 0.17 <0.0001
area 0.21 0.09 0.027 4
altitude —-0.22 0.09 0.016 2
habitat diversity 0.35 0.10 0.0006 3
latitude 0.39 0.17 0.026 1
temperature range —0.20 0.09 0.034 2
TDWG4 (294) (intercept) 2.94 0.22 <0.0001
area 0.29 0.08 0.0003 6
altitude —0.31 0.07 0.0001 3
habitat diversity 0.25 0.08 0.003 4
human population 0.23 0.08 0.004 1
temperature —0.30 0.14 0.03 1
temperature seasonality —0.44 0.12 0.0005 3
latitude 1.50 0.52 0.004 1
latitude (square term) —0.67 0.26 0.01 2

Appendix 1). Species described before 1960 and never
found again or described after 1992 are not included in
this database. Some of the records could not be unambigu-
ously located in a particular TDWG unit; therefore, slightly
reduced datasets were used in the analyses, with 46 136 records
for level 1 (99.1%), 45 668 for level 2 (98.1%), 43 869 for
level 3 (94.2%), and 43 527 for level 4 (93.5%).

The richest geographical units were mostly in Europe
at all TDWG levels (Fig. 1). Nevertheless, even in Europe,
countries such as Bulgaria, Denmark, Greece, and Portugal
had <60 recorded species. For all the richest geographical
units on TDWG level 4, cumulative curves did not reach an

asymptote (Fig. 2), suggesting that new species can still be
found even in these areas. The highest expected number of
rotifer species (Chaol estimator) was obtained for Romania,
with 612 species (from 527 observed species). The number
of observed species in the richest geographical units ranged
from 61% of the expected Chaol number for Sweden to
87% for Germany.

For many areas in the world, a very low number of species
or even no species at all were recorded (Fig. 1): at TDWG
level 2, 5 units (10% of the ones with rotifer data) had <10
species; at TDWG level 3, 46 units (21%); at TDWG level
4,79 (27%).
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Figure 2. Cumulative curves and 95% confidence intervals of species richness of monogonont rotifers in the six richest geographical units

at TDWG level 4.

178

Number of papers

Number of papers

Number of papers



Correlates of species richness

Without considering sampling bias, habitat diversity was pos-
itively related to species richness at TDWG level 2, explaining
25% of its variance. Many other variables appeared related
to species richness at the finer scales of TDGW levels 3 and
4 (Table 1). However, they explained only a small proportion
of the variance in species richness, totalling<<21% (Table 1).
When the number of records was included as a covariate
in the models (Table 2), it stood out as the most impor-
tant variable, explaining>50% of the variance at all spatial
scales. Habitat diversity was retained in the final models for
TDWG level 2 and 4, even when including the number of
records, which nevertheless reduced the variance explained
by habitat diversity alone from 25 to 14% in TDWG level 2
and from 4 to 1% in TDWG level 4. This was because part
of the variance explained by habitat diversity was shared with
the number of records. Analysing TDWG levels 3 and 4 in
different continents separately the number of records was the
only significant variable, explaining between 55 and 85% of
the variance in species richness (results not shown).

The number of records was consistently the most impor-
tant variable influencing our knowledge of species richness
of monogonont rotifers. This was unlikely driven by the large
amount of units with few studies and few species reported:
analysing only reduced datasets that excluded geographical
units with <100 species, the number of records was still the
only variable always retained (Table 3).

When trying to remove the effect of sampling bias by
analysing Chaol estimates of species richness for the best
sampled geographical units, the number of records was
retained for TDWG level 2, for which sampling bias was not
removed. For TDWG levels 3 and 4, Chaol estimators may
be considered more reliable, as the number of records was not
retained in these models; precipitation was the only variable
retained in the final models, although it was not significant

(Table 4).

Discussion

The most important variable influencing species richness
of rotifers is an artefact: sampling intensity is obviously not
driving species richness, but it is indeed conditioning our
knowledge of species richness and distribution patterns.
This corroborates previous suggestions pointing out that
the distribution of rotifers seems to reflect the distribution

of rotifer scientists more than that of rotifers themselves
(Dumont 1983, Segers and De Smet 2008), in what we
could call the ‘rotiferologist’ effect. Thus, even for a group of
organisms like rotifers, which are not as diverse as prokary-
otes or protists and for which many records (nearly 45 000)
are now available, results from global analyses can be mis-
leading if sampling bias is not considered. Faunistic data on
rotifers are still far from being comprehensive. Nevertheless,
with only a few hundred species, taxonomic knowledge and
completeness should not be a limiting factor in enumerating
species diversity. We cannot test whether taxonomic knowl-
edge can be related to the number of papers, although we
can suggest that it is not, given that the same European tax-
onomists worked also abroad, in order to find new species
to describe in understudied areas. Sampling bias, measured
by the number of published records per geographical unit,
is thus a strong correlate of the apparent spatial patterns of
rotifer diversity. This kind of bias is known to affect patterns
of species richness observed also for larger organisms, at least
birds, helminth parasites and ground beetles (Boulinier et al.
1998, Ribas et al. 2007, Barbosa et al. 2010a), even if with
less influence. It is surprising that this kind of bias is rarely
considered in such studies, as it can give distorted views of
the spatial patterns and processes in biodiversity, even for
really well-known groups of birds such as the Galliformes
(Boakes et al. 2010).

The strong relationships between species richness and
sampling intensity in rotifers could be also due to the fact
that the data have been recorded within arbitrary political
boundaries (TDWG levels), which are also the sampling
unit for our analyses. It may be that these strong relation-
ships are obscuring effects of other variables, which are not
measured on the same sampling unit structure but rather are
averaged across those units, meaning that their predictive
power is likely weakened in this averaging. Unfortunately,
no interpolation into grid cells could be performed with the
available rotifer dataset. Nevertheless, two environmental
variables, habitat diversity and precipitation, were retained
in different models including a measure of sampling bias.
Habitat diversity is important at a coarse scale (TDWG level
2) and at the finest scale (TDWG level 4) when including the
number of records. Precipitation is significant at the finest
scales (TDWG levels 3 and 4) when considering estimates of
species richness to try to correct for sampling bias. The latter
variable adds no more than 1% of the total explained vari-
ance of each model; whereas habitat diversity may explain up
to 25% of the total variance at TDWG level 2 (Table 1, 2).

Table 2. Results of the final linear models with all significant variables including number of records as a measure of sampling bias, and
percentage of variance explained (between brackets is the total variance explained by each variable, including the percentage shared with

the number of records, obtained by variance partitioning).

variable estimate standard error p value % variance

TDWG2 (intercept) 5.07 0.15 <0.0001

records 1.58 0.21 <0.0001 52

habitat diversity 0.63 0.14 <0.0001 14 (25)
TDWG3 (intercept) 4.24 0.06 <0.0001

records 1.83 0.08 <0.0001 69
TDWG4 (intercept) 3.95 0.04 <0.0001

records 2.01 0.08 <0.0001 68

habitat diversity 0.10 0.04 0.02 1(4)




Table 3. Results of the final linear models on the reduced datasets (at least 100 species per geographical units) and percentage of variance
explained. Between brackets the number of units retained in each reduced dataset.

variable estimate standard error p value % variance
TDWG2 (32) (intercept) 5.57 0.005 <0.0001
records 0.81 0.06 <0.0001 81
TDWGS3 (67) (intercept) 5.37 0.02 <0.0001
records 0.43 0.03 <0.0001 77
TDWGH4 (63) (intercept) 5.38 0.02 <0.0001
records 0.46 0.03 <0.0001 76

Given the many sources of noise in biogeographical analyses,
it is not uncommon to find low proportions of variance in
species richness explained by environmental variables, even
for well-studied macroorganisms such as plants and birds
(Pautasso and Gaston 2005, Pautasso and Parmentier 2007,
Lilleskov et al. 2008). Thus, these two variables may be con-
sidered very important for rotifers, as they stand out notwith-
standing the strong confounding effects of sampling bias.

The two variables, habitat diversity and precipitation,
cover both groups of correlates of species richness suggested
for other taxa, namely habitat heterogeneity and environ-
mental productivity (Field et al. 2009). Interestingly, these
variables have different roles in explaining rotifer species
richness at different spatial resolution scales, confirming the
potential scale-dependence in patterns and determinants of
diversity (Crawley and Harral 2001, Pecher et al. 2010). As
is common for other organisms (Kerr et al. 2001, Hortal
et al. 2009), more species of rotifers are present in areas with
a higher diversity of habitats; thus, many rotifer species may
be ecologically restricted to waters in specific habitats. Spe-
cies assemblages of rotifers typical of water bodies with dif-
ferent levels of eutrophication were proposed as a system to
monitor environmental degradation, due to their response
to changes in habitat quality (Sladecek 1983). Rotifers parti-
tion available space and resources even at the very local scale
of the single host in epibiont species assemblages (Fontaneto
and Ambrosini 2010); thus, the positive relationship between
rotifer species richness and terrestrial habitat diversity is bio-
logically meaningful, and supported also at a more local scale
(Obertegger et al. 2010). The influence of the heterogeneity
of the terrestrial habitat on species richness of aquatic organ-
isms confirms the hypothesis that diversity in the freshwater
biota is affected by the terrestrial habitats surrounding the
water bodies (Leroux and Loreau 2008, Johnson and Host
2010, Cole et al. 2011).

At the finer scale, precipitation explains a small part
of the variation in rotifer species richness, when avoiding

sampling bias by using estimates of species richness. Since
these animals are aquatic, water availability may be directly
linked to their diversity, or may increase the abundance and
diversity of aquatic habitats within a given area.

One variable that was surprisingly not retained in any of
the models including or correcting for sampling bias is lati-
tude. Latitude is only a description of position, but it often
correlates with ecological variables that are biologically rel-
evant and is a commonly used variable in analyses of spe-
cies’ geographical patterns (Hawkins and Diniz-Filho 2004).
Latitude was never significant for our rotifer dataset, except
when not including sampling bias (Table 1). The latitudinal
gradient in species richness is documented as a common and
widespread pattern (Gaston 2007); even in rotifers, latitudi-
nal gradients in species richness have been suggested in the
few well-studied rotifer taxa for which detailed biogeograph-
ical analyses are possible (Brachionus: Pejler 1977; Lecanidae:
Segers 1996; Trichocercidae: Segers 2003). Also the species
composition of rotifer communities is known to change with
latitude (Green 1972). On the other hand, hotspots of roti-
fer diversity and endemicity exist in Australia, China, North
America and tropical South America, whereas endemicity
appears to be low in Africa and in the Indian subcontinent
(Segers and De Smet 2008), without any clear relationship
to environmental or latitudinal gradients. The lack of a rela-
tionship between species richness and latitude in our study
may still be an artefact of sampling intensity. Indeed, abso-
lute latitude and number of records are positively correlated
at TDWG level 3 (r=10.14, p = 0.04) and at TDWG level 4
(r=0.11, p=0.006); this relationship could have potentially
masked a possible latitudinal decrease in true species rich-
ness. Nevertheless, there is further evidence that richness of
rotifers and of other small soil invertebrates does not increase
towards the equator (Maraun et al. 2007, Segers 2008) and
that polar areas such as Svalbard islands are at least as rich as
temperate ones for bdelloid rotifers (Kaya et al. 2010). Only
a more complete dataset might enable us to detect (or rule

Table 4. Results of the final linear models on the reduced datasets (at least 100 species and 5 papers per geographical units) and percentage
of variance explained, using Chao1 estimates of species richness as the response variable. Between brackets the number of units retained in

each reduced dataset.

variable estimate standard error p value % variance

TDWGT1 (7) none
TDWG2 (32) (intercept) 437.52 17.30 <0.0001

records 178.46 22.12 <0.0001 68
TDWG3 (59) (intercept) 348.61 19.01 <0.0001

precipitation 14.65 19.18 0.45 1
TDWGH4 (58) (intercept) 342.71 19.70 < 0.0001

precipitation 16.64 19.87 0.41 1
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out) the presence of such a gradient. In particular, detailed
information on rotifer species richness in (sub)tropical
regions would be instrumental to refine our analysis.

Common environmental correlates of species diversity,
such as altitude and area, were not significant in our models,
even when excluding poorly sampled geographical units from
the analysis. No relationship between rotifer species rich-
ness and human population or urbanized area was observed
either, indicating that records of rotifers and their species
richness may not be related to how many people live in the
area. This is in contrast with previous studies reporting sig-
nificant associations between human population and species
richness for other taxonomic groups (Luck 2007, Barbosa
etal. 2010a, b).

Our analysis of global patterns in species richness of
rotifers provides compelling evidence that nearly all poten-
tial explanatory variables (except for habitat diversity and
precipitation) are wiped out when including sampling inten-
sity in the models. Thus, the main general conclusion is that
macroecological analyses should explicitly consider sampling
intensity as a source of error. There is evidence that sampling
bias may be present in many analyses at different spatial
scales, even in well-known groups such as birds (Boulinier
etal. 1998, Boakes et al. 2010) and ground beetles (Barbosa
et al. 2010a). If not considered, sampling bias may result
in artefactual correlations with explanatory variables (Bar-
bosa et al. 2010b). Of course, for large organisms such bias
is not necessarily present (Pautasso and McKinney 2007),
but this cannot be assumed a priori. Thus, for all organisms,
even if not massively undersampled as rotifers, the effect of
sampling bias needs to be taken into account, to avoid dis-
torted views on biodiversity patterns (Boakes et al. 2010).
Another conclusion is that faunistic data for rotifers and
other inconspicuous organisms are still far from being able
to document their diversity patterns in a reliable way. Fau-
nistic studies on rotifers are known to be challenging because
remarkable biodiversity levels can be found even in a single
pond (Dumont and Segers 1996, Segers and Sanoamuoang
2007). Moreover, species richness is known to be underesti-
mated using single sampling or short-term strategies (Walsh
et al. 2007); nevertheless, reliable taxonomic knowledge for
a few hundred species is accessible. Hence, we call for more
long-term studies on rotifers, especially in understudied
areas such as northern Asia, southern Africa and the central
part of North America (Fig. 1). This first global analysis on
non-model organisms suggests new avenues of research to
challenge previously known patterns such as latitudinal gra-
dients, biodiversity hotspots, and species-area relationships.
Such studies on rotifers and on other microscopic organisms
worldwide would be pivotal to assess the generality of the
processes driving global patterns in biodiversity.
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