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Abstract Current meta-community theories postulate that
the structure of local communities depends on dispersal,
environmental filtering, and biotic interactions. However,
disentangling the relative effects of these factors in the field
and for diverse assemblages is a major challenge. A solution
is to address natural but simple communities (i.e. with low
numbers of species in few trophic levels), wherein one of
these factors is predominant. Here, we analyse the micro-
arthropod community of a moss-turf habitat typical of the
Antarctic Peninsula region, and test the widely accepted
hypothesis that this system is abiotically driven. In the
austral summers 2006/7 and 2007/8, we sampled nearly 80
units of moss from four islands in the Argentine Islands.
Using variance partitioning, we quantified the relative
contribution of: (1) multiple scale spatio-temporal
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autocorrelation; (2) environmental effects; (3) the island
effect. Little variance (1 %) was accounted for by sources 1
(1 %, significant) and 2 (<1 %, not significant). The island
effect significantly accounted for the largest amount of
variation (8 %). There was a relatively large effect of spa-
tially structured environmental variation (7 %). Null mod-
els demonstrated that species co-occurred less frequently
than expected by chance, suggesting the prevalence of
negative interactions. Our data support the novel hypothesis
that negative biotic interactions are the most important
structuring force of this micro-arthropod community. The
analysed system is a good proxy for more complex com-
munities in terms of taxonomic composition and the func-
tional groups present. Thus, biotic interaction might be a
predominant factor in soil meta-community dynamics.

Keywords Meta-communities - Micro-arthropods -
Spatial processes - Environmental filtering - Negative
interaction

Introduction

In a meta-community framework, local communities are
driven by at least three interacting forces: dispersal, envi-
ronmental filtering, and biotic interactions (Leibold et al.
2004). Current research in community ecology aims to
disentangle the relative effects of each of these factors
(Dumbrell et al. 2010; Ofiteru et al. 2010; Bell 2010;
Caruso et al. 2011). However, it is very challenging to
quantify the importance of these three key factors in the
field and for typically very diverse assemblages. In the
current study, we exploit the idea that simplified but natural
communities can be used as model or proxy systems (e.g.
Bowker et al. 2010) to provide insight into fundamental

@ Springer



496

Oecologia (2013) 172:495-503

processes underlying community assembly. More specifi-
cally, a general hypothesis is that in such simple systems
only one of the three proposed major interacting forces
(Leibold et al. 2004) may be the predominant factor
structuring communities. This hypothesis might then be
tested observationally and/or experimentally, thereby con-
tributing to unravelling the interactions between meta-
community factors. The background knowledge available
on such systems, coupled with their inherent simplicity,
allows the formulation and testing of robust hypotheses
through examination of the statistical properties of species
co-occurrence matrices (Gotelli and Ulrich 2012) and/or
the application of multivariate variance partitioning tech-
niques (Borcard et al. 1992, 2004; Legendre and Legendre
1998; Cottenie 2005).

Soil is one of the most diverse environments in terms of
its contained invertebrate communities (Wardle 2002;
Bardgett 2005). However, fundamental questions relating
to the causes and maintenance of this diversity remain only
partially answered (Bardgett 2002; Lindo and Winchester
2009; Caruso et al. 2012). Dispersal, environmental filter-
ing, and biotic interactions are all known to play a key role,
although their relative importance is expected to vary
depending on the system analysed. For example, the high
spatio-temporal complexity of the soil environment in
terms of chemistry and physical architecture has been
hypothesised to offer a vast array of ecological niches to
soil species (Wardle 2002). In addition, the high com-
plexity of soil food webs allows many and relatively nar-
rowly defined taxa (e.g. oribatid mites) to be partitioned
into several and continuous trophic levels (Maraun et al.
2011). However, mechanistic or robust observational
studies that support this hypothesis for entire communities
rather than selected taxonomic assemblages are unavail-
able, while environmental variables only partially and then
sometimes weakly correlate with soil animal community
structure. This is especially true when correlations are
controlled for the effect of spatial autocorrelation (Legen-
dre and Legendre 1998; Ettema and Wardle 2002; Lindo
and Winchester 2009; Caruso et al. 2012).

Spatial patterns due to dispersal processes are known to
be a dominant source of community variation in the soil,
regardless of the effect of environment variables (Ettema
and Wardle 2002), in particular in systems that are highly
fragmented and have a complex paleogeographic history.
Arthropods in Antarctic ice-free areas provide paradig-
matic examples of such systems (Booth and Usher 1984;
Usher and Booth 1984, 1986; Adams et al. 2006; Convey
et al. 2008; McGaughran et al. 2008): on the one hand,
local physical constraints such as water availability struc-
ture species distributions (Booth and Usher 1984; Usher
and Booth 1984; Convey et al. 2003; Caruso et al. 2007);
on the other hand, broad-scale patterns in community
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structure and population genetics clearly suggest that the
history of glaciation events is an important determinant of
species distributions (Convey et al. 2008; McGaughran
et al. 2008; Caruso et al. 2009).

Our study focuses on the region of the Argentine
Islands, a small archipelago on the west coast of the Ant-
arctic Peninsula, representative of the terrestrial ecosys-
tems of this region. These islands have been largely
unexplored in terms of the detail of their soil animal
community, with the exception of a small number of
samples obtained in the late 1960s (Tilbrook 1967). We
targeted the conspicuous moss-turf habitat that represents
one of the most common terrestrial habitats on the four
islands sampled in this study and, more generally,
throughout the maritime Antarctic (Tilbrook 1967). Here,
we analyse the arthropods of this system, which is known
to contain representatives of the most important groups in
soil animal communities (Wardle 2002; Bardgett 2005).

We tested the widely accepted hypothesis (Tilbrook
1967; Booth and Usher 1984; Usher and Booth 1986;
Convey 1996; Sinclair et al. 2006; Hogg et al. 2006) that
these Antarctic assemblages are abiotically driven and
should therefore display the community patterns expected
under the species sorting meta-community model (Leibold
et al. 2004; Cottenie 2005). This means that we expect
environmentally-driven patterns to play the major role. We
partitioned the variance of the “species by sample” matrix
obtained into the unique and shared effects of three sources
of variation (Borcard et al. 1992, 2004): spatio-temporal
effect, environmental effect, island effect. Additionally, we
ran null model analysis (Gotelli 2000; Gotelli and Ulrich
2010) of species co-occurrence to test for patterns of spe-
cies segregation and aggregation, which would, respec-
tively, suggest either the presence of negative interactions
or common response(s) to an environmental factor and/or
the indirect effect of interactions with other species.

Materials and methods
Study area, sampling strategy and sample processing

The region of the Argentine Islands is characterised by the
presence of numerous islands of a range of sizes located at
about 65°15'S, 64°16’'W. The samples analysed in the cur-
rent study were collected during the 12th Ukrainian Ant-
arctic expeditions in 2006/7 and 2007/8. Due to logistic
constraints and the distribution of the targeted moss-turf
habitat, the 74 samples obtained were collected unevenly
across four major islands: Peterman Island (44 samples),
Galindez Island (11), Irizar Island (5) and Great Yalour
Island (16). The moss-turf habitat included a small number
of dominant moss species (e.g. Polytrichum, Brachythecium,
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Sanionia) and several lichens. This habitat is common and
widespread in maritime Antarctic ice-free areas (Smith
1972; Longton 1988) and hosts a community of invertebrates
which is macroscopically dominated by mites and collem-
bolans (Tilbrook 1967; Booth and Usher 1984; Usher and
Booth 1986). The richness of this community is very limited
both regionally and locally. For instance, Convey and Smith
(1997) reported 16 species of mites and 4 collembolans in the
region of Marguerite Bay. Similar numbers have been
reported in other Antarctic regions (e.g. Richard et al. 1994;
Convey and Quintana 1997; Adams et al. 2006). Within an
area, smaller scale habitat patches (e.g. an area of moss-turf)
typically host a small fraction of this diversity (Booth and
Usher 1984). The trophic structure of these systems is also
simple, including only one or two species of predatory mite
(e.g. Lister et al. 1988), while the majority of other species
are assumed to be either generalist or more specific micro-
bivores or detritivores (Fitzsimons 1971; Davidson and
Broady 1996; Worland and LukeSova 2000).

Our field sampling design was based on identifying
areas of well-developed moss-turf and randomly sampling
atotal of 72 15 cm x 15 cm x 5 cm blocks (including the
top 5 cm of the mineral layer upon which the turf was
growing). Each sampling location was georeferenced using
GPS. Sampling sites were classified subjectively in three
groups to account for allochtonous nutrient inputs: (1) sites
surrounded by penguin (Pygoscelis adeliae and P. papua)
nesting sites (high nutrient input); (2) sites relatively close
to penguin nesting sites but more directly influenced by the
nests of the south polar skua Catharacta maccormicki
(medium nutrient input); and (3) sites relatively close to the
nests of C. maccormicki but far from penguin nesting sites
(low nutrient input). We used this information because in
this system birds are a important source of nutrients for
polar soils (Barrett et al. 2006; Bokhorst et al. 2007;
Zmudczynska et al. 2012). Micro-arthropods were extrac-
ted using bulb lamp extractors and 1/3 of each moss sample
was also carefully washed in Petri dishes to recover as
many individuals as possible. The dry mass of moss
examined was recorded after completion of extractions. All
animals were preserved in 75 % ethanol, identified to
species level and counted in each sample. Forty-seven of
the samples from Peterman Island were collected in March
2007, while all other samples were collected between
November 2007 and March 2008.

Data analyses

We applied a multivariate regression approach based on
canonical correspondence analysis (CCA) and redundancy
analysis (RDA; Borcard et al. 1992, 2004; Legendre and
Legendre 1998) to model the response of the arthropod
community to three potential sources of variation: (1)

multiple-scale spatio-temporal autocorrelation; (2) envi-
ronmental effects; (3) the island effect. The spatio-tempo-
ral component represents spatial and temporal patterns in
species distribution that are virtually independent of envi-
ronmental effects (Borcard et al. 1992). At the same time,
variation shared by this component and the environment
must be interpreted as spatially-structured environmental
effects (Legendre et al. 2005). In principle, if one can
measure the most relevant environmental variables, then
the variation accounted for by the spatio-temporal com-
ponent largely represents those patterns that arise from
intrinsic dynamics such as dispersal (Legendre et al. 2005;
Smith and Lundholm 2010). In order to quantify the spatio-
temporal component, we used the powerful method of
principal coordinate analysis of neighbour matrices
(PCNM; Borcard and Legendre 2002). We applied this
analysis to the sample spatial distance matrix and to the
sample temporal distance matrix (based on numbers of
days after the first sampling date). The analysis produces a
number of eigenvectors that account for those spatial and
temporal patterns that can be solved by the sampling design
in terms of extent (spatio-temporal span of the study),
interval (average distance between two samples) and grid
(Borcard and Legendre 2002; Borcard et al. 2004; Dray
et al. 2006). The vectors differ in terms of the scale of the
patterns they account for, and relatively large distance
matrices (76 by 76 in the current study) can produce many
vectors. Then, a multivariate extension of the AIC criterion
can be used to select the linear combination of vectors that
describes the largest amount of variation in the species
matrix with the lowest possible number of vectors (Dray
et al. 2006). We did not use the more general class of
Moran’s eigenvector mapping (MEM; Dray et al. 2006), of
which PCNM is a particular case, since preliminary results
showed the PCNM was performing as well as generalised
MEMs.

Once the combination of vectors that best accounts for
spatio-temporal patterns is defined, the categorical factor
“island” can be used as an additional explanatory variable.
When controlling for the partial effect of the measured
environmental variables and spatio-temporal autocorrela-
tion, this factor may account for patterns in species dis-
tributions that, for example, depend on the environmental
variables that play a role at the island scale but that were
not measured.

Finally, we defined environmental effects based on the
following parameters: moss water content, moss dry mass,
and avian influence (high, medium, low). Water is the most
important physical constraint in many Antarctic terrestrial
ecosystems (Booth and Usher 1984; Convey et al. 2003).
Moss dry mass is known to be a strong correlate of micro-
arthropod species distribution in Antarctic moss-turf
(Booth and Usher 1984). Avian influence is a key factor
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affecting soil nutrients in Antarctic and comparable Arctic
regions (Bokhorst et al. 2007; Zmudczynska et al. 2012).
More detailed analyses of chemical variables such as the
concentration of P, N, Na and K, or pH, have in some cases
(Booth and Usher 1984) been found to correlate well with
species distributions, although a clear mechanistic under-
standing is still missing. Given the conditions of our
sampling sites, we consider that the categorical factor
“birds”, while being a coarse and simplistic measure, is a
good and pragmatic proxy for the nutrient status in our
specific system. We also recognise that the effect of vari-
ables we did not measure (e.g. pH, Na, K) is known to be
spatially structured in the moss-turf habitat (Booth and
Usher 1984). Should such effects be present in our study
locations, they would be included in the “spatio-temporal
components” and/or the island component and we inter-
preted our results taking into account this limitation (see
“Discussion” below).

We used variance partitioning to quantify the amount of
variation accounted for by spatio-temporal components,
environment, and the island factor. The significance of each
source of variation was tested by a permutation test executed
on the relevant partial RDA, which statistically controlled
(“partial”) for the effect of the other sources of variation
(Oksanen et al. 2009). All multivariate analyses were per-
formed with the R package vegan (Oksanen et al. 2009).

This multivariate approach allows quantification of the
relative effects of the environment and spatio-temporal
autocorrelation in species distributions. However, the effect
of biotic interactions can remain unidentified by this
approach (Smith and Lundholm 2010; Caruso et al. 2011,
2012). Indeed, environmental filtering can cause correla-
tions between species distribution and environmental
parameters. However, the environment being relatively
constant, negative biotic interactions (e.g. predation, com-
petition for resources) would be expected to cause spatial
patterns such as segregation. In such circumstances, species
will co-occur less frequently than expected in the absence of
any interaction (Gotelli 2000; Leibold et al. 2004).

In order to provide an initial description of patterns of
species covariation, we calculated all pair-wise Pearson
correlation coefficients and corresponding p values with
Bonferroni correction. Then, we performed a formal null
model analysis (Gotelli 2000; Gotelli and Ulrich 2012)
testing whether patterns of species co-occurrence in the
overall matrix showed the deterministic signal of non-ran-
dom processes. Many indices exist that quantify patterns of
species co-occurrence and we used the C-score (Gotelli
2000; Gotelli et al. 2010; Gotelli and Ulrich 2012) because
it provides good statistical power and low Type I error rates,
especially when coupled with the randomisation scheme
employed in our analysis (below). The C-score quantifies
checkerboard distributions (Stone and Roberts 1992): the
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higher it is the more the species matrix is characterised by
species that “avoid each other” (segregation). Since we
wanted to test for non-random patterns that may arise from
species interactions, the most conservative approach to
randomise the matrix and build a null distribution of the
C-score is to create matrices that have the same row (spe-
cies) and column (site) totals as the true matrix. This cor-
responds to algorithm SIM9 in Gotelli (2000), who states
that it ensures species co-occurrences are random with
respect to one other. We calculated 5,000 random matrices
and compared the central tendency of the null distribution to
the observed C-score. The C-score is an aggregate index
that describes the average behaviour of a metric which is
calculated on a species pair basis. Thus, important infor-
mation can be obtained by testing for non-random patterns
in species association on a species pair basis. However, this
creates the statistical problem that, even for small matrices
such as that analysed here (with few species overall), the
number of possible pairs is high (in our case, 21 pairs). This
increases considerably the risk of Type I error (Gotelli and
Ulrich 2010). Thus, we followed the method recently pro-
posed by Gotelli and Ulrich (2010), which is based on
building confidence limits using the empirical Bayes
approach. Null model analysis was performed using the
FORTRAN program Pairs (Ulrich 2008).

Results

We collected 5,189 individuals that belonged to seven
micro-arthropod species (Table 1). The most abundant and
frequent species were the isotomid collembolan Crypto-
pygus antarcticus and the oribatid mite Alaskozetes ant-
arcticus. The predatory mesostigmatid mite Gamasellus
racovitzai, whose main prey is C. antarcticus, had typically
low abundance but could locally be represented by rela-
tively high numbers (n < 21). All species were found on
all islands excepting the isotomid collembolan Isotoma
(Folsomotoma) octooculata and the prostimatid mite
Stereotydeus villosus. The former was not found on two
islands and the latter on one. These two species were
typically present at low density but were very abundant
(several tens of ind.) in a few samples. Larvae of the chi-
ronomid midge Belgica antarctica were present at very low
abundance although were widespread. Finally, the neanurid
collembolan Friesea grisea had a patchy distribution, in
some cases being abundant (up to 33 ind.). Overall, the
high number of collected individuals (>5,000) and the low
number of species (<10) suggests that the sampling effort
was sufficient to describe the overall richness of this sys-
tem, as also confirmed by rarefaction curves (not shown).

Variance partitioning based on partial RDA showed that
the three sets of variables (spatio-temporal -effects,
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Table 1 Density (mean £ SE; on a 15 x 15 x 5 cm moss sample basis) of the seven micro-arthropod species collected in the four islands

Peterman Is. (44)

Galindez Is. (11) Irizar Is. (5) Great Yalour Is. (16)

Cryptopygus antarcticus Willem 39+9
Friesea grisea (Schiffer) 2+1
Isotoma (Folsomotoma) octooculata (Willem) 3+1
Belgica antarctica Jacobs <1
Alaskozetes antarcticus (Michael) 5+1
Stereotydeus villosus (Trouessart) 1+1
Gamasellus racovitzai (Trouessart) 2+1

147 £ 46 27 + 24 45 £ 16
<1 242 341
NF NF 6+4
<1 <1 <1

<1 5+£2 10 £ 4
<1 1+1 NF
241 1+1 241

The number of moss samples obtained differed amongst the islands and is indicated in parentheses

NF not found

environmental effects, island factor) that were used to
predict multivariate species distributions accounted for
16 % of the overall variance in the species matrix
(Table 2). The island factor represented nearly half of this,
while the remainder was accounted for by the spatially
structured effect of the environment + the island (i.e.
autocorrelation within a certain island). The individual
effect of spatio-temporal autocorrelation was low but sta-
tistically significant while that of the environment alone
was not significant.

The matrix of species pair-wise correlations showed
that, after Bonferroni correction at o = 0.05, only two pairs
of species were significantly (in both cases positively)
associated: F. grisea and I. octooculata, and F. grisea and
G. racovitzai.

Null model analysis performed on the entire species
matrix (7 species, 76 sites, fixed row—fixed column sums)
showed that species co-occurred significantly less often
than expected by chance. The observed C-score was 174.3
while the 95 % confidence limit of the null distribution was
163-173.2. Pair-wise-based co-occurrence analysis showed
that 8 out of 21 species pairs co-occurred more often than

Table 2 Variance partitioning based on partial redundancy analysis
(RDA) that used the species tables as response matrix and three sets
of variables as predictors: island, environment (Env), spatio-temporal
autocorrelation

Source Variance P value
Island® 8 % <0.05
Spatio-temporal autocorrelation” 1 % <0.05
Env: moisture + moss weight + birds <1 % >0.05
Spatially structured Env + island effect 7 % NT
Unexplained 0.84

NT not testable
% A categorical factor having the four sampled islands as levels

° Based on a linear combination of eigenvectors derived by PCNM
(Borcard et al. 2004)

expected by chance while 13 out of 21 co-occurred less
often. These numbers account for the fact that the overall
matrix resulted in a pattern of segregation. Nevertheless,
the conservative empirical Bayes approach could solve
only 1 out of the 8 positive associations and this was again
the collembolans F. grisea and I. octooculata. Of the 13
pairs of species that co-occurred less often than expected
by chance, again only 1 unequivocally achieved statistical
significance, the mites A. antarcticus and S. villosus.

Discussion

The extreme environmental conditions of Antarctica,
which constrain life in terms of water availability, and the
patchy distribution of vegetation and resources have been
postulated and in some cases shown to be a major struc-
turing force of soil micro-arthropod communities at local
scales (Tilbrook 1967; Booth and Usher 1984; Usher and
Booth 1986; Convey et al. 2003; Sinclair et al. 2006). The
strong limits in dispersal that characterise polar microar-
thropod species have been considered a fundamental factor
structuring species distributions from medium to very
broad (i.e. regional) spatial scales. A range of recent
studies based on both spatially explicit analyses of species
distributions and molecular data have confirmed the fun-
damental importance of dispersal limitation in this group
(Sinclair et al. 2006; Chown and Convey 2007; Convey
et al. 2008; McGaughran et al. 2008; Caruso et al. 2010).
Overall, these findings suggest that the species sorting
meta-community dynamics and perhaps patch dynamics
can prevail in the assembly of terrestrial Antarctic com-
munities, which have until now been assumed to be abi-
otically driven (e.g. Hogg et al. 2006). This would imply
that environmental factors should be the major correlate of
multivariate species distribution.

Our analyses demonstrate that the community of
microarthropods in the moss-turf of four islands in the
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region of the Argentine islands archipelago depends on
spatial and temporal effects that are independent of the
measured environmental variables. Indeed, a relatively low
but nevertheless significant fraction of variation was
accounted for by these effects. At the same time, a much
larger amount of variation was accounted for by spatially
structured environmental variation, while environment
alone could not explain a significant amount of variation.
In addition, a relatively large and significant proportion of
community variation was accounted for by the factor
“island”. This was neither a spatial effect in the sense of
dispersal limitation, which is accounted for by the spatio-
temporal component based on PCNMs, nor an environ-
mental effect in terms of the environmental variables
measured. With reference to the potential importance of
other non-measured environmental variables, clearly there
are other relevant variables (Booth and Usher 1984). Thus,
the island effect could incorporate such unmeasured vari-
ables. Given the approach we used to model spatio-tem-
poral patterns, these missing environmental variables are
not climatic or meteorological (e.g. winds), for which each
island might differ due to their different position in the
archipelago. Thus, we propose that more subtle differences
in the geological nature of the substratum or other com-
ponents of the targeted habitat (e.g. moss species compo-
sition) are likely to contribute to the island effect.
Alternatively, or complementarily, we cannot exclude
stochastic fluctuations in population size due to local,
highly context-dependent and thereby unpredictable envi-
ronmental effects (Chown and Convey 2007). These local
demographic stochastic effects, when coupled with dis-
persal dynamics, might imply neutral dynamics of com-
munity structure at larger scales (Hubbell 2001). This
would be consistent with the fact that a relatively low but
nevertheless significant fraction of variation was accounted
for by spatial and temporal patterns that were independent
of the measured environmental variables. Overall, the
multivariate approach based on variance partitioning
showed that both local environmental factors and spatio-
temporal processes (e.g. dispersal) independent of these
factors contribute to the structure of the micro-arthropod
community. However, environmental effects are relatively
weak and account for a rather small proportion of data
variance. Thus, the fundamental hypothesis that Antarctic
terrestrial systems are abiotically driven is not supported by
our analyses. Key additional insights are provided by
combination of null model analysis coupled with knowl-
edge of the biology of the species under investigation.
Based on a range of previous studies (Fitzsimons 1971;
Lippert 1971; Booth and Usher 1984; Burn 1984; Usher
and Booth 1984, 1986; Lister et al. 1988; Block and
Convey 1995), the network of interactions illustrated in
Fig. 1 provides a plausible model. This suggests that
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negative interactions due to competition for shared
resources could outweigh multitrophic interactions. The
results of our null model analysis on the overall species
matrix provide support for this hypothesis, with species
co-occurring less often than expected by chance, and hence
being segregated spatially. Thus, our study provides the
first statistically significant evidence supporting the
hypothesis that negative interactions due to competition
can be a fundamental structuring force in such communi-
ties (Hogg et al. 2006). The fact that the overall matrix
resulted in a pattern of segregation does not mean that there
cannot also be positive association. For example, the pair-
wise null model analysis based on the conservative
empirical Bayes approach (Gotelli and Ulrich 2010)
detected a positive association between the two collem-
bolans F. grisea and I. octooculata. We interpret the
observed pattern as a combination of environmental fil-
tering and competition for resource, which might also
involve a third collembolan species, C. antarcticus. In
comparison to C. antarcticus, F. grisea can cope better
with dry conditions (Usher and Booth 1984; Convey et al.
2003; Hayward et al. 2004). The two species are thought to
target different food resources (Fig. 1) and it is therefore
unlikely they compete for resources. At the same time,
C. antarcticus and I. octooculata feed on algae and differ in
terms of several traits of the life cycle (Burn 1984) so that
they could spatially segregate due to competition dynam-
ics. Indeed, they did so, but the conservative empirical
Bayes test could not support a decisive conclusion on this.
Given the observed patterns, we speculate that these two
different processes (environmental filtering and competi-
tion with respect to a third species) may indirectly cause
and reinforce the aggregation of F. grisea and 1. octoocu-
lata, which could therefore be detected even by a very
conservative statistical approach.

Overall, our study rejects the widely-held hypothesis
that biotic pressures are very unimportant relative to abiotic
(physical environmental) drivers in Antarctic terrestrial
ecosystems (Convey 1996; Hogg et al. 2006). This adds a
novel perspective to the interpretation of dynamics under-
lying the structure of soil animal communities in the Ant-
arctic region (Hogg et al. 2006; Chown and Convey 2007;
Convey et al. 2008).

More generally, the system studied here contains repre-
sentatives of many of the major arthropod groups and other
invertebrates of a typical soil animal community (Wardle
2002; Bardgett 2005). Thus, our conclusions may be rele-
vant to and apply more generally within soil communities,
in the contexts both of the dynamics linking taxonomically
defined functional groups and of those describing interac-
tions between species within any one of these groups.

The last decade has been characterised by a lively and
on-going debate on the relative role of niche and neutral
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Fig. 1 Postulated species interactions in a food web as derived from
existing studies. Solid grey lines indicate predator—prey or resource—
consumer trophic links that have been demonstrated or are considered
very probable, while dotted lines represent links postulated with less

determinants of community structure (e.g. Hubbell 2001;
Leibold et al. 2004; Leibold and McPeek 2006; Levine and
HilleRisLambers 2009). However, very few studies have
addressed this topic in the remarkably diverse and func-
tionally important animal communities of soil systems,
while those that are available have focused on narrowly
defined taxonomic assemblages (Lindo and Winchester
2009; Caruso et al. 2012). Beyond the specific debate on
niche and neutral assembly processes, ecologists have been
seeking to define a more unifying framework using the
conceptual umbrella of meta-community dynamics (e.g.
Leibold et al. 2004). Our analyses give a clear demon-
stration of how a multitrophic and meta-community per-
spective applied to model and natural systems such as moss
communities (Lindo and Gonzalez 2010) allows us to
address patterns of species distribution expected under
biotic interaction (e.g. competition). The relatively limited
diversity of these systems coupled with the relatively good
background knowledge of species ecology allows us to
gain more mechanistic insights on the processes that cause
community patterns. This is a fundamental if little-
explored subject that will in the future allow the unravel-
ling of the complex processes that determine and maintain
soil animal biodiversity.
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