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Abstract It has long been recognised that dispersal
abilities and environmental factors are important in shaping
invertebrate communities, but their relative importance for
primary soil community assembly has not yet been disen-
tangled. By studying soil communities along chronose-
quences on four recently emerged nunataks (ice-free land
in glacial areas) in Iceland, we replicated environmental
conditions spatially at various geographical distances. This
allowed us to determine the underlying factors of primary
community assembly with the help of metacommunity
theories that predict different levels of dispersal constraints
and effects of the local environment. Comparing
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community assembly of the nunataks with that of non-
isolated deglaciated areas indicated that isolation of a few
kilometres did not affect the colonisation of the soil
invertebrates. When accounting for effects of geographical
distances, soil age and plant richness explained a signifi-
cant part of the variance observed in the distribution of the
oribatid mites and collembola communities, respectively.
Furthermore, null model analyses revealed less co-occur-
rence than expected by chance and also convergence in the
body size ratio of co-occurring oribatids, which is consis-
tent with species sorting. Geographical distances influ-
enced species composition, indicating that the community
is also assembled by dispersal, e.g. mass effect. When all
the results are linked together, they demonstrate that local
environmental factors are important in structuring the soil
community assembly, but are accompanied with effects of
dispersal that may “override” the visible effect of the local
environment.

Keywords Collembola - Colonisation - Metacommunity -
Oribatida - Variance partitioning

Introduction

It has long been understood that community assembly can
be linked to environmental factors (e.g. Diamond 1975;
Chase and Leibold 2003), but can also be explained by
dispersal constraints (Hubbell 2001). To determine their
relative importance, four models of community assembly
have been suggested within the metacommunity frame-
work (Leibold et al. 2004). The neutral theory predicts
species to be ecologically similar, hence not requiring
specific habitats, but constrained by dispersal (Hubbell
2001). The other three perspectives all predict differences
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in species traits as well as degree of dispersal constraints.
The patch dynamics perspective predicts a low dispersal
rate so that at any given time some suitable patches are
unoccupied (Leibold et al. 2004). The species sorting
perspective predicts the dispersal to be frequent enough so
that a species can rapidly disperse to a suitable location.
Thus, the niche requirements (local environment) control
what organisms are present (Chase and Leibold 2003). In a
mass effect system, the dispersal rate is so high that
organisms are present in habitats both where they are good
and where they are poor competitors (source—sink rela-
tionships) (Shmida and Wilson 1985).

Here, we want to disentangle the underlying processes
of primary community assembly of soil arthropods and
hence to determine the effects of environmental and dis-
persal factors on recently deglaciated areas. So far, plant
community assembly has been well studied on glacier
forelands worldwide (e.g. Matthews 1992), but the
assembly of invertebrates, including soil arthropods, has
achieved attention mainly during the last decade (Kauf-
mann et al. 2002; Hodkinson et al. 2004; Hagvar et al.
2009; Hagvar 2010). In these studies, changes of soil
communities along chronosequences have been associated
with environmental factors, but not with factors concerning
dispersal. To also identify the effect of geographical dis-
tances, we studied invertebrate communities along chron-
osequences on nunataks, which are ice-free islands within a
glacial environment. Since the end of the nineteenth cen-
tury, Vatnajokull glacier in Iceland has decreased in vol-
ume by about 10 % (Bjornsson 2009) and consequently
nunataks have increased both in number and size. Each
nunatak has a community assembly which starts with dis-
persal from other parts of the metacommunity, e.g. the
mainland or other nunataks. The chronosequences among
and within nunataks allowed us to spatially replicate
environmental conditions at various geographical dis-
tances, and offered a unique opportunity to determine
effects of geographical isolation and local environment on
community assembly.

The study organisms, collembolans and oribatid mites,
are small wingless arthropods that provide important
functions in soil and litter as detritivores and fungivores.
They can be very species rich and abundant, and they differ
in terms of traits, e.g. body size (Hopkin 1997; Krantz and
Walter 2009). According to theories developed in terms of
the species sorting perspective, related species of a similar
trophic level show non-random patterns in terms of
co-occurrences and traits. Species in communities that are
influenced by competition co-occur less often than expec-
ted by chance, and the species that do co-occur differ in
traits to reduce the overlap in resource use. When species
composition is mainly influenced by the environment,
species traits are similar (Hutchinson 1959; MacArthur and
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Levins 1967; Diamond 1975; Leibold 1998; Chase and
Leibold 2003; Dayan and Simberloff 2005).

Previous studies that have disentangled the effect of
local environment and geographical distances on soil
communities have used the help of experimental design
(Astrém  and Bengtsson 2011) or studied oribatids on
smaller scales (<1.5 km) in homogenous landscapes (Lin-
do and Winchester 2009; Caruso et al. 2012). Hence, the
focus of this study is to identify the drivers of primary
community assembly of collembolans and oribatids at
various geographical distances on deglaciated land.

Materials and methods
Study sites

Communities of collembolans and oribatids were studied
on nunataks within the Vatnajokull glacier in southeast
Iceland in 2008. The study was conducted along chrono-
sequences on four nunataks, that is the youngest parts of
one old nunatak and three nunataks that had emerged from
the glacier during the last 70 years, namely Karasker
(1930s; Bjornsson 1958), Bradrasker (1961; Einarsson
1998) and Mariusker (2000). The oldest nunatak, Esjufjoll,
has been partly icefree since at least the last glaciation
(10,000 years; Bjornsson H., personal communication).

Sampling

To achieve spatial replication of age of the land (hereafter
called soil age) and environmental factors within and
among nunataks, three transects were located on each
nunatak, each extending from the recently deglaciated
terrain to the oldest part of the nunatak. On Esjufjoll, we
did not extend beyond 100 years old soil, but one addi-
tional transect was located partially on older soils to
include communities on later stages of the assembly. Along
each transect, 5 x 5 m sampling plots were located on soil
of different age: two plots on Mariusker, but three and four
on the Braedrasker nunatak and the Kérasker and Esjufjoll
nunataks, respectively.

The soil age was, on Esjufjoll, roughly estimated from
the results of lichenometric dating (Dabski and Angiel
2010; Dabski personal communication), but on the other
nunataks, soil age was estimated by comparing maps and
photos of different ages. With these methods, we deter-
mined the soil age with a range of 10-30 years. Mapping
with a global positioning system (GPS) in 2005 gave the
age of the youngest part of each nunatak (0-3 years). The
median age was used in the analyses (Table 1). The size
of each nunatak and its distance from other unglaciated
land types, i.e. another nunatak, mountain and lowland
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(Table 2), were estimated from a Spot 5 satellite image
from 2004, using ArcGIS 9 software (ESRI).

To characterise the plant community within each plot,
four 5-m parallel transects were analysed across each plot,
placed at 1, 2, 3 and 4 m from their reference edge. Plant
species richness (i.e. number of vascular plant species) and
total cover of vegetation (including mosses, lichens
and biological crust), stones (>5 cm), gravel (0.5-5 cm)
and sand (<0.5 cm) was measured using the line-intercept
method as described by Magniisson and Magnusson (2000)
and Magnusson et al. (2009). Three pitfall traps (6.3 cm
diameter, 6.5 cm depth) with rainroof covers were placed
randomly within each plot, each containing 4 % formal-
dehyde with additional detergent. As the fieldwork was
done on foot, the trapping period varied slightly among the
nunataks, 27 June to 1 August in Mariusker, 3—24 July in
Bradrasker, 29 June to 24 July in Karasker and 8-29 July
in Esjufjoll. On the youngest nunatak, Marfusker, only one
or two traps could be used from four of the plots due to
flooding and soil movements. Three soil samples of
10 x 10 cm and 5 cm deep were taken randomly in each
plot. The samples were put in paper bags and watered
regularly until they were extracted 2—4 weeks later. Soil
fauna was extracted for 3 days per sample within a period
of 3 weeks, using modified Macfadyen funnels (Macfadyen
1961). The extracted fauna was preserved in 50 % ethylene

glycol. Subsamples from the same soil samples were
taken for measuring the organic matter in the soil. They
were oven-dried at 100 °C for about 24 h, weighed, and
burned in an oven at 600 °C for 10 h before they were
reweighed. The loss on ignition gave the organic content of
the soils.

Adult oribatids and all collembolans were determined to
species or genus level using the literature (Balogh and
Mahunka 1983; Marshall et al. 1987; Bernini et al. 1995;
Fjellberg 1998; Subias 2004; Weigmann 2006; Fjellberg
2007). Size of collembolans was taken from the literature
(Fjellberg 1998, 2007), but that of oribatids was measured
under a microscope. Oribatid juveniles were excluded from
all analyses. Before analyses, the species data from the
pitfall traps and soil samples within each plot were com-
bined, and because the number of specimens caught by the
two methods was not comparable, the presence/absence
data was used for the analyses. As it is difficult to distin-
guish between established and transient (dispersing)
invertebrates, we assumed that all species present may
establish.

Statistical analyses

To determine the effect of geographical distances and local
environment on soil community assembly, we separated

Table 1 Average values of the environmental factors that were measured for each plot and each soil age

Soil age No. Altitude (m Organic matter Plant Vegetation cover Stone cover Gravel cover Sand cover
(years) plots a.s.l.) (%) richness® (%) (%) (%) (%)
Mariusker
1.5 3 460 0.9 0.7 0.0 33.0 41.3 25.7
55 3 483 0.5 4.3 0.3 62.0 30.0 7.7
Bradrasker
1.5 3 615 1.2 0.0 0.0 53.0 27.3 19.7
25 3 642 1.2 5.7 0.0 57.0 36.3 6.7
45 3 694 1.6 10.3 6.3 71.7 20.7 1.3
Karasker
1.5 3 571 1.4 0.3 0.0 23.7 33.0 433
25 3 642 3.0 14.0 7.0 51.7 34.7 6.7
45 3 671 1.9 14.3 5.7 57.0 33.0 43
68 3 702 6.5 12.7 16.3 66.7 143 2.7
Esjufjoll
0 2 572 2.1 14.0 2.0 28.5 48.5 21.0
1.5 3 521 1.1 6.0 0.0 27.7 39.7 33.0
10 1 579 1.2 19.0 9.0 26.0 58.0 7.0
25 3 549 1.4 17.3 233 27.3 40.0 9.3
33 1 631 1.5 24.0 52.0 30.0 18.0 0.0
55 3 611 1.5 21.3 21.3 253 40.0 133
90 4 657 1.4 19.3 223 17.8 493 10.8
2,200 1 728 254 28.0 100.0 0.0 0.0 0.0

? Number of vascular plant species
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Table 2 The nunataks studied in Vatnajokull, Iceland, summer 2008

Nunatak ~ Nunatak age Size Distance (km) over glacier to
(years) (kmz) nearest
Lowland Highland Nunatak
Mariusker 8 0.02 5.1 1.9 4.1
Bradrasker 47 0.25 9.6 6.8 1.3
Karasker 73 0.87 9.4 7.6 1.3
Esjufjoll >10,000 9.40 13.3 6.4 1.0

Nunatak age number of years since each nunatak started emerging

the analyses of the environmental and geographical factors.
Many environmental factors co-vary in a study that is
performed along chronosequences. Thus, the major envi-
ronmental factors were selected and collinear factors
excluded from the analyses (Legendre and Legendre 1998).
This was done with a principal component analysis (PCA)
on log-transformed environmental data (see Tables 1 and 2
for the environmental factors), which allowed us to visu-
alise which environmental factors co-varied and to choose
the representative environmental factors (Fig. 1; Legendre
and Legendre 1998; Gotelli and Ellison 2004). The fol-
lowing factors were chosen: the soil age, the age of the
nunatak, i.e. how many years the nunatak has been visible
and thus subjected to community assembly, and plant
species richness. To determine the effects of geographical
distances on community assembly, a model based on
Moran’s eigenvector mapping was employed (Borcard and
Legendre 2002; Dray et al. 2006). A multivariate extension
of Akaike’s information criterion was used to choose the

OM

DistNunatak SoilAge

StoneSgver
VegetCover

Plant Richness

DistHighland

2 - NunatakAge
DistLowland
4 SandCover GravelCover NunatakSize
T T T
-5 0 5

PC1 (44%)

Fig. 1 Principal component analysis (PCA) of the environmental
factors. The factor coordinates (arrows) are built from the PC1 and
PC2 eigenvector coefficients and allow visualisation of major patterns
in the correlation among factors and the selection of the representative
factors of the major environmental gradients
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most parsimonious spatial model. See online resource 1 for
details on the procedure followed in the present analysis.
The chosen environmental factors and the Moran’s eigen-
vectors of geographical distances were then analysed with
a redundancy analysis of the collembolan and oribatid
species composition. The variance explained by the two
sets of factors (the environment and geographical dis-
tances) was determined with variance partitioning (Borcard
et al. 1992). Statistical significance of the chosen envi-
ronmental factors was tested with a Monte Carlo permu-
tation test. All multivariate statistical analyses were
performed with R version 2.10 (R Development Core Team
2006, http://www.R-project.org) using the vegan (Oksanen
et al. 2006) and spacemakeR (Dray et al. 2006) packages.

The species composition was further analysed to deter-
mine the role of species interactions on the species com-
position. Species co-occurrence was tested for non-random
patterns following Gotelli (2000) and Gotelli and Entsm-
inger (2010), using 5,000 randomisations of the original
data matrix and algorithm SIM 9 in Gotelli (2000) to create
null expectations. Random matrices had the same number
of species and samples as the original matrix. Null model
analysis was also performed on size ratios within the col-
lembolan and oribatid communities. The assumption was
that patterns for soil arthropod size are, at least in part, an
indirect proxy to species niche differentiation so differ-
ences in size ratios imply that interspecific competition is
structuring the community. This test was performed both at
plot level and for each sample (pit-fall traps and soil
samples) within Esjufj6ll only, as that was the only nunatak
that contained enough species, of both oribatids and coll-
embolans, for the test. The size difference, on a log-scale,
to each species nearest neighbour (i.e. the size ratio) was
calculated for each species within each plot/sample with
more than one species present. The average of all size
ratios was then calculated as a total mean nearest neighbour
distance. The observed mean nearest neighbour distance
was tested against a null distribution generated by drawing
10,000 sets of species, equal in number within each plot/
sample to the observed community, from the total pool of
species found at the nunatak (Peres-Neto 2004).

Results
Community assembly

Collembolans were abundant in samples from all nunataks.
In total, around 6,700 collembolans and 1,380 oribatids
were found, of which all collembolans and the 870 oribatid
adults were determined to genus or species (Tables 3, 4).
The majority of the juvenile mites (86 %) were present in
the oldest plot on Esjufjoll, which was also the most
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Table 3 The oribatid species (subspecies in parentheses) present on the different locations along the chronosequences on each nunatak and the

total number of species on each soil age

Species Soil age (years)

<10 M, B, K, E) 25-33 (B, K, E) 45-55 (B, K, E) 68-90 (K, E) 2,200 (E)
Bankisoma lanceolata (islandica) E
Belba compta E
Camisia (Ensicamisia) lapponica E K, E
Ceratozetes sellnicki E E E E
Dissorhina ornata E
Eupelops plicatus E
Liebstadia similis E E
Liochthonius clavatus E
Liochthonius sellnicki E E E
Liochthonius strenzkei E
Liochthonius tuxeni E
Neobrachychthonius marginatus E
Nothrus silvestris E
Oppiella (Moritsoppia) translamellata E
Oppiella nova B K
Oppiella (Rhinoppia) subpectinata E
Oribatula tibialis E B, E E E
Pantelozetes paolii E E E
Quadroppia quadricarinata E
Scheloribates laevigatus E E E E
Scutovertex sculptus E E
Suctobelba regia E E
Suctobelba trigona E
Suctobelbella acutidens E E E
Synchthonius crenulatus E
Tectocepheus velatus (sarekensis) E
Tectocepheus velatus (velatus) B, E E K, E K, E E
Trichoribates myrica E E E E
Trichoribates setiger E E E E
Total number of species 4 10 9 13 23

M Mariusker, B Braedrasker, K Karasker, E Esjufjoll

species rich (Table 3). The collembolan communities were
dominated by the surface-active Desoria olivacea and
Pseudisotoma sensibilis that were present in 40 and 41 out
of 45 plots, respectively. More sedentary collembolans
were present in plots of 45 years and older on Bradrasker
and Karasker and of 25 years and older on Esjufjoll. No
oribatid species were found on Mariusker and only a few
species were found on Braedrasker and Karasker (Table 3).
Generally, the community was dominated by the surface
active species Tectocepheus velatus, which was present in
20 out of 45 plots, Oribatula tibialis, and rather sedentary
species that were mainly found in the oldest plots of
Esjufjoll.

Geographical and environmental effects

When disentangling the effects of geographical and environ-
mental factors, the variation in species composition differed
between the two taxa (Fig. 2b, c). Less than 30 % of the
variation was explained for the collembolan communities
while almost 60 % was explained for the oribatid communi-
ties. The variation explained of the oribatid and collembolan
communities, attributed uniquely to geographical distances,
was higher than the amount explained by environmental fac-
tors only (Fig. 2). Half the explained variation was shared
between both factors. When removing the conditional effect
of geographical distances, plant species richness and soil age

@ Springer
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Table 4 The collembolan species present on the different locations along the chronosequences on each nunatak and the total number of species

on each soil age

Species Soil age (years)

<10 M, B, K, E) 25-33 (B, K, E) 45-55 (B, K, E) 68-90 (K, E) 2,200 (E)
Anurophorus laricis K
Arrhoppalites principalis B
Ceratophysiella sp. E E K
Chaetophorura arctica E
Desoria olivacea M, B, K, E B,K, E B, K, E K, E
Desoria tolya M, E B, E K, E K, E E
Entomobrya sp. E K
Folsomia brevicauda E E B K E
Folsomia quadrioculata E E E
Friesia truncata E E E
Heterosminthurus claviger M, E E K, E K, E E
Isotoma anglicana M, B, E K, E B, K, E E E
Lepidocyrtus lignorum B, E E B, E K, E E
Mesaphorura sp. K E E E E
Micranurida pygmaea E
Neanura muscorum E
Oligophorura groenlandica E B
Oligophorura schoetti B, K
Parisotoma notabilis E B, E K E
Protaphorura sp. E K K
Pseudanurophorus binoculatus E
Pseudisotoma sensibilis M, B, K, E B, K, E B, K, E K, E
Sminthurides malmgreni M, E K, E K E
Sminthurides schoetti E
Tetracanthella arctica E
Willemia denisi K
Total number of species 15 13 18 16 10

M Mariusker, B Bredrasker, K Karasker, E Esjufjoll

were still statistically significant in the redundancy analysis
(Table 5). Plant species richness determined the collembolan
species composition while soil age that of the oribatids. Being
aware that the plot including most oribatid species was also by
far the oldest plot, the analysis was also performed excluding
that plot, but the results did not change significantly.

Species co-occurrence and body size

The hypothesis that species co-occur randomly, as expected
according to the neutral theory, was rejected because the
species distribution of collembolans and oribatids was sig-
nificantly different from a random distribution (Table 6).
The pattern of species occurrence had a positive effect size,
which means that species tend to co-occur less frequently
than expected under a random community assembly. The
extent to how much they avoid each other was considerably
higher for collembolans than for oribatids.

@ Springer

The differences in body size ratio of co-occurring coll-
embolans were not different from a random distribution
(Table 7). A significant convergence in body size ratio was
observed in the oribatid communities from the pit-fall
traps, but not from the soil samples (Table 7). This may be
partly because pit-fall traps caught both surface-active and
sedentary species while the soil samples mainly included
sedentary species. Accordingly, the majority of organisms
sampled from soil were small species, varying less in size
than the species caught in pit-fall traps.

Discussion

Colonisation rate and effects of local environment

The knowledge of how geographical distances and envi-
ronmental factors shape communities of collembolans and
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Table 5 The effect of environmental factors on the community
structures after removing the conditional effects of the geographical
distances, analysed by redundancy analysis and Monte Carlo per-
mutation test

Table 6 Species co-occurrence analysis for testing whether species
distributions can be approximated by random distributions generated
by statistical models (null model analysis)

Assemblage Obs Sim Effect P value®
Factor Oribatids + collembolans Oribatids  Collembolans C score® C score®  size®
Plant P < 0.005 P =0.370 P <0.005 Collembolans + oribatids 7.6 5.8 11.2 <0.001
richness (all plots)
Nunatak P =0.155 P=0.155 P =0.335 Collembolans (all plots) 12.7 104 8.31 <0.001
age Oribatids (all plots) 2.2 1.9 2.1 0.03
Soil age P < 0.005 P <0005 P=0215 Collembolans (Esjufjéll) 5 45 44  <0.001
Values in bold indicate the rejection of the null hypothesis at  Oribatids (Esjufjoll) 1.6 1.4 2.3 0.03

P <0.05

oribatids is important as it helps us to understand the
underlying mechanisms of the assembly of soil communi-
ties. Collembolans have been shown to reach virgin iso-
lated habitats within a few years (Lindroth 1973; Thornton
et al. 1988; Schneider et al. 2011) and establish before
oribatids (Lindroth 1973). However, in several studies on
primary community assembly, soil invertebrates are either
not sampled or not present (Edwards and Thornton 2001;
Abe 2006). Here, we determine the effect of long distances
on the rate of community assembly by comparing the
assembly of the nunataks with glacier forelands, which are
similar habitats with well-known chronosequences but are
not isolated by distance. Most studies have been performed
on glacier forelands that are geographically far apart, as in
Iceland (Lindroth 1965), Austria (Kaufmann et al. 2002),
Norway (Hagvar et al. 2009; Hagvar 2010) and Svalbard
(Hodkinson et al. 2004). Thus, we cannot compare the
exact species composition of the nunataks and the glacier

& Observed C score

® Simulated C score after 5,000 randomisations with random matrices
having the same number of species and samples as the original matrix

¢ The C score measures the extent by which species are not
co-occurring and the effect size scales the difference between the real
and simulated C score in units of standard deviations, which allows
the comparison of different assemblages

4 Tail probability of observed C score obtained by random permu-
tations. The null hypothesis is that species co-occur neither more
(negative effect size) nor less (positive effect size) frequently than
expected under a random distribution

forelands. However, our results and that of others show
that, on both nunataks and glacier forelands, surface-active
collembolans are among the early colonisers, establishing
within the first 30 years (Lindroth 1965; Kaufmann et al.
2002; Hodkinson et al. 2004; Hagvar 2010), along with a
few surface-active oribatids, e.g. T. velatus (Hodkinson
et al. 2004; Hagvar et al. 2009). The more sedentary col-
lembolan and oribatid species start establishing in 30- to

@ Springer
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Table 7 Size ratio analysis for testing whether the collembolan and
oribatid communities show divergence (bigger difference in size than
expected by chance) or convergence (smaller difference in size than
expected by chance) in size ratio

No. Neutral Observed P value
species MNND MNND
Collembolans
Plots 22 0.187 0.199 0.47
Pitfall 18 0.371 0.320 0.059
traps
Soil 12 0.401 0.312 0.18
samples
Oribatids
Plots 28 0.155 0.133 0.28
Pitfall 13 0.223 0.169 0.041
traps
Soil 25 0.203 0.173 0.42
samples

MNND mean distance to nearest neighbour

60-year-old soil on glacier forelands (Hodkinson et al.
2004; Hagvar et al. 2009; Hagvar 2010) which is similar to
that on the nunataks. Thus, the isolation does not have a
negative effect on the rate of the general soil community
assembly. However, the geographical distances explained a
substantial part of the variance in community composition
indicating that community assembly can be partially
explained by dispersal (Cottenie 2005).

The local environment significantly affected the com-
munity composition of both oribatids and collembolans.
The effect of soil age on the assembly of oribatids is also
observed by Hagvar et al. (2009). Soil age is highly cor-
related with organic matter, and oribatids feed on litter and
soil microorganisms such as soil fungi (Siepel and de
Ruiter-Dijkman 1993; Schneider and Maraun 2005). Hod-
kinson et al. (2004) concluded that some early colonisers
are more associated with factors other than soil age, such as
plant species richness. Collembolans are considered to
mainly feed on fungi (reviewed by Hopkin 1997) and other
microorganisms (Birkemoe and Liengen 2000). Thus, the
driver of collembolan community assembly is probably not
the plants themselves but rather a local environmental
factor which facilitates both plant species richness and
collembolans, or the plant litter affects microorganisms
that collembolans feed on.

Community assembly and metacommunities

Of the four metacommunity perspectives, we can fit species
sorting and mass effect models to our data, but neutral
theory and patch dynamics perspectives are not important
descriptors of community assembly. The patch dynamics
perspective predicts that the dispersal rate is low so that
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organisms do not reach all the locations where they can
establish (Leibold et al. 2004). Ecologically similar spe-
cies, as is assumed for the neutral theory (Hubbell 2001),
should not require specific habitats. Thus, patterns of spe-
cies composition formed by the processes of patch
dynamics or neutral theory should show no significant
effect of the local environment (Cottenie 2005), which is
opposite to our findings.

The similar colonisation rates of nunataks and glacier
forelands indicate a sufficient dispersal rate for the
assumptions of the species sorting perspective (Leibold
et al. 2004). The environmental factors are significantly
associated with the assembly of the soil community, which
is also consistent with the species sorting perspective.
Furthermore, both collembolan species and oribatid species
co-occur less frequently than expected by chance. This can
be due to local environmental factors or competition, but it
cannot be caused by random dispersal formed by either
processes of the neutral theory or mass effect. Also, the
oribatids that do co-occur show convergence in body size
ratio, which may suggest a common environmental or
foraging constraint structuring the community rather than
competition (Leibold 1998).

The mass effect assumes a heterogeneous environment,
with the corresponding species sorting processes, but
emphasises the role of dispersal because species can be
present in a habitat where they are poor competitors by
frequent dispersal from other habitats. Thus, species
composition will vary with both the local environment and
geographical distances (Cottenie 2005). The results that
are consistent with the mass effect perspective are the
large amount of unexplained variation in the collembolan
species composition, which may be caused by random
variation (Borcard et al. 1992), and that the collembolans
that do co-occur show random differences in body size
ratio. These random patterns of the collembolans may be
caused by the potentially high dispersal rate of collem-
bolans, as the colonisation rate of collembolan species is
higher than that of oribatids (Lindroth 1973; Hodkinson
et al. 2004). This is in line with Astrom and Bengtsson
(2011) who found that the dispersal rate of collembolans
was high enough for mass effect but lower for oribatids.
The unexplained variance in species composition may,
however, also be caused by overlooked environmental
factors (Borcard et al. 1992). In light of these results, and
combined with the results from the co-occurrence analysis
showing that collembolans co-occur less than the oribat-
ids, we suspect that we may have missed out an important
factor that is structuring the collembolan community, e.g.
the distribution of cyanobacteria which collembolans
graze on (Birkemoe and Liengen 2000). More data are
necessary to disentangle these alternative explanations of
the observed patterns.
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When the results are linked together, they demonstrate
that the local environment is important in structuring soil
community assembly but is accompanied with effects of
dispersal. We therefore conclude that primary soil com-
munity assembly is consistent with both species sorting and
mass effect perspectives, where the soil arthropod com-
munity is structured by dispersal with the filter of the
environmental constraints determined by the temporal
evolution of the soil. In the case of oribatids, and especially
collembolans, the dispersal rate can be so high that species
can persist in non-viable habitat patches due to intricate
source—sink dynamics.
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