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ARTICLE INFO ABSTRACT

Forest edges show strong abiotic and biotic gradients potentially altering community composition and ecosystem
processes such as nutrient cycling. While abiotic gradients are well studied, short-scale biotic gradients, like
detritivore species composition and their associated trait distribution remains a poorly explored research-field.
We sampled woodlice in 160 forest patches across Europe at varying distances from the forest edge and dis-
covered that species desiccation resistance determines distribution along forest edge-to-interior gradients. Forest
edges are warmer and dryer compared to interiors and favour drought-tolerant species, while abundance and
activity of drought-sensitive species is reduced at the edge. Key ecological factors for litter-dwelling detritivores
(i.e. humidity) act as environmental filter, because of species-specific differences in desiccation resistance.
Future research should focus on quantifying the consequences of a changing detritivore community and their
associated functional traits for nutrient cycling.
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Habitat fragmentation impacts forest around the world, inducing
both abiotic and biotic edge-to-interior gradients [1]. Such edge effects
can alter forest community composition and ecosystem processes [2].
An important ecosystem process in forest ecosystems is nutrient cycling,
which is mediated by the interaction between multiple abiotic drivers
and decomposer and detritivore activity [3-5]. Abiotic drivers, like
moisture availability, show particularly strong edge-to-interior gra-
dients [6,7], and are crucial for the distribution and activity of detri-
tivores [8-10]. Although less well known, the distribution patterns of
soil organisms are strongly influenced by the effects of forest edges
[11], but the importance of underlying mechanisms, such as soil
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moisture availability remains poorly studied [12]. In this context,
species desiccation resistance (a key soil fauna functional trait) has
been proposed as an important predictor for woodlice (Isopoda) dis-
tribution [11,13], a dominant taxonomic group of leaf litter-dwelling
macro-detritivores [14]. Therefore, we assume that the effect of de-
creasing soil moisture along forest edge-to-interior gradients on woo-
dlouse community composition can be predicted from values of de-
siccation resistance of the component species. We aim to investigate
whether species' desiccation resistance predicts distribution patterns
along forest edge-to-interior gradients.

The study was carried out using data of the smallFOREST research
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platform [15] from five regions across western Europe, along a latitu-
dinal gradient from northern France to central Sweden. In each region,
two 5 X 5 km landscapes were investigated who varied in land-use
intensity. In every landscape, we selected 16 forest patches, from di-
verse size and age classes, resulting in 160 patches. Woodlice were
sampled using pitfall traps (@ 10 cm, depth 11 cm). Their abundance
was expressed as activity-density, a composite measure of activity and
abundance rather than true abundances (see e.g. Woodcock [16]). The
pitfall traps contained ethylene glycol and water (200 ml, 1/1 mixture).
In each forest patch, we sampled at two locations i.e. the forest centre
and the south facing forest edge (between the first row of trees). At
every location, we installed two sampling points spaced 5 m from each
other and parallel to the sampled forest edge. This resulted in four
sampling points per forest patch (two in the centre and two in the edge).
A sampling point consisted of two coupled pitfall traps with a plastic
barrier (originally designed to assess invertebrate predator fluxes) (see
Appendix A). This resulted in 640 sampling points with a total of 1280
pitfall traps. Pitfall traps were covered with an aluminium roof (leaving
a gap of = 3 cm) to prevent larger vertebrates from entering the traps.
If the edge bordered manmade structures, like roads, ditches ... re-
spectively the east, west or northern edge was used. Pitfall traps were
emptied twice between April and August 2013 (based on the regional
temperature sum, i.e. more northern regions were sampled later in the
year to match phenology with more southern regions) after they were
open for 14 consecutive days. All individuals were identified to the
species level. Data on desiccation resistance (time (h) of survival at
15 °C and 85% RH) of the species was based on Dias et al. [13] com-
plemented with own measurements using the same method.

We analysed the survey data in three steps. First, we fitted a mul-
tilevel model with total activity-density totalled over all species per
sampling point as a response (i.e., all species together) and distance to
the forest edge, region and their interaction as predictors. To account
for the paired nature of the sampling points within patches, we added a
group-level effect for forest patch and allowed the activity-density at
the forest edge (intercept) and its relationship with distance (slope) to
vary between forest patches. Second, we fitted similar models for in-
dividual species distribution data, for the eleven most common species
(52.4% of species and 99.8% of the individuals) represented with more
than 150 collected individuals. The other ten species were excluded
because they were only represented in very low numbers or in very few
forest patches (see Appendix B). Both region and forest patch were
added as group-level effects and intercepts and slopes were again al-
lowed to vary between patches. Third, the between-species variation in
distribution along the forest edge-to-interior gradient (slopes of the
individual species models) were related to the species-specific values of
desiccation resistance in a multilevel meta-analytic model with a group-
level effect for species and the standard error of the estimated slopes as
a measurement error effect. Models were fitted in R 3.4.0 [17] using the
packages Ime4 [18] and MCMCglmm [19] for the multilevel and meta-
analytic models. Both the activity-density and distance were modelled
on a log-scale.

We sampled 75,486 woodlice from 21 species. While there were
large differences in activity-density between the five regions
(Fas2) = 12.67, p < 0.001), the edge-to-interior distribution pat-
terns of woodlice were consistent across regions (Fu142) = 0.74,
p = 0.56) (Fig. 1). In all regions, we found an exponential decrease in
activity-density from the forest edge towards the forest interior, with
effects diminishing after 25-50 m from the forest edge
(Fa,142) = 31.79,p < 0.001). Species-specific patterns, however, were
highly variable: activity-density of drought-resistant species (i.e. Por-
cellio scaber) strongly decreased from the forest edge towards the forest
interior (Fig. 2a), while a reverse pattern was found for the drought-
sensitive species Ligidium hypnorum (Fig. 2c). Species with an inter-
mediate drought resistance, like Oniscus asellus, did not show a response
(Fig. 2b). Comparing across the species, we found that the forest-edge-
to-interior distribution (i.e. the slope of the species-specific regression)
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Fig. 1. Total activity-density of woodlice along forest edge-to-interior gradients per re-
gion (dotted lines). Displayed are data per sampling point summed for two trapping
periods of fourteen days. The solid black line represents the average across all regions
with 95% confidence interval (shaded area).

was negatively related to the species' desiccation resistance
(pMCMC < 0.05) (Fig. 3). High drought tolerance resulted in higher
activity-densities in edges relative to forest interiors, while drought-
sensitive species had lower activity-densities compared with forest in-
teriors.

Forest fragmentation and habitat loss strongly change thermal
conditions along forest edge-to-interior gradients influencing soil
moisture. These changes in abiotic conditions shape species mor-
phology, distribution and activity patterns. However, to date, evidence
from the field has been rather scarce [12]. Traits like desiccation re-
sistance and water loss rate have been suggested to predict macro-
detritivore and, more specifically, woodlice distribution [11,13]. De-
siccation resistance is related to soil moisture availability [13], and
studies have pointed out that moisture might be more important than
temperature for soil arthropod performance [20]. We conclude that
forest edges strongly shape woodlice distribution, with highly species-
specific patterns that are significantly related to desiccation resistance
of the species. This pattern is consistent across forest patches on an
almost continental scale. As most soil fauna groups are rather sensitive
to drought we predict that our results will also hold for other soil fauna
species. An important next step will be to evaluate whether the species
that differ in desiccation resistance also differ in other traits that in-
fluence ecosystem functioning like nutrient cycling (via species effect
traits). A first step has been taken by Remy et al. [21], who inter-
changed edge and interior litter, mimicking edge microclimate in the
forest interior (using experimental warming with open-top chambers),
but without the presence of edge soil fauna. They confirmed a reduction
in edge litter decomposition in the interior, in the absence of edge soil
fauna. Similar experiments could be a good starting point for future
experimental studies quantifying the variation in leaf litter breakdown
caused by trait differences between drought-tolerant and drought-sen-
sitive soil fauna species. This would be a valuable way forward to un-
derstand nutrient cycling in forest edges.
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Fig. 2. Species-specific activity-density (log-transformed) in relation to the distance (log-transformed) from the forest edge towards the forest interior for a) Porcellio scaber, b) Oniscus
asellus and c) Ligidium hypnorum. Displayed are data per sampling point summed for two trapping periods of fourteen days. The solid black line represents the global average across all
regions and forest patches with 95% confidence interval (grey shaded area). Coloured lines represent edge-to-interior patterns within individual forest patches with dots being individual
sampling points of forest patches where the species was present. Values in the top right corner of each graph represent the mean desiccation resistance values ( = SD) for the species (data
from Dias et al., 2013). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 3. Relationship between desiccation resistance of the eleven most common isopod
species and the average slope of the regression between the species' activity-density and
distance to the forest edge (cf. Fig. 2). The shaded area represents the 95% confidence
interval of the relationship and the red line indicates the zero-slope, that is, when a
species has the same activity-density across all distances. Points from left to right (in-
creasing desiccation resistance) represent the species Trichoniscus pusillus s.s., Ligidium
hypnorum, Oniscus asellus, Trachelipus rathkei, Philoscia muscorum, Porcellio gallicus, Ar-
madillidium pulchellum, Porcellio scaber, Armadillidium opacum, Armadillidium vulgare and
Armadillidium pictum. Error-bars on the points represent the standard error of the mean
slope. (For interpretation of the references to colour in this figure legend, the reader is
referred to the Web version of this article.)
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