
INTRODUCTION

Range size is a key variable in macro-ecological theory
(Holt, 2003) with multiple links to other fundamental eco-
logical and evolutionary characteristics of a species such
as metapopulation size and abundance (Gaston et al.,
1997; Cowley et al., 2001), geographic location (Rapo-
port’s rule’ Gaston et al., 1998), speciation and extinction
risk (Jones et al., 2003). Range size is often defined as the
area of occupancy (AOO), namely the area within a spe-
cies’ distributional limits where it actually occurs (Gaston
& Fuller, 2009). Distributions patterns can further be
characterised in terms of the degree to which occupied
grid squares are clustered with other occupied squares
across the range at a particular scale of observation
(Wilson et al., 2004), sometimes known as aggregation.
Range size and aggregation have been found to be strong
predictors of range expansion and contraction across
some taxa even at a national scale i.e. within a subset of
the global range (Wilson et al., 2004; Fattorini, 2011).

Identifying traits that correlate with range size (and
aggregation) is the first step in discovering the causal
explanation for realised ranges (Beck & Kitching, 2007)
and leads to predictions that may assist with developing
conservation priorities and contribute to our general
understanding of correlates of rarity and decline (Fitz-
patrick et al., 2007). Ecological correlates of range size
have been examined for a range of arthropod groups
including Carabid beetles (Gutierrez & Menendez, 1997),

Sphingid moths (Beck & Kitching, 2007), spiders (Bonte
et al., 2004) and butterflies (Cowley et al., 2001) but not
for saprophages that play a key role in ecosystem func-
tioning.

Niche size, whether encompassing climatic tolerance,
habitat or diet breadth, is expected to influence range size
and has been proposed as a mechanism underpinning
relationships between range size and local abundance
(Gaston et al., 1997). Critical niche dimensions are likely
to vary between trophic or functional groups. For
herbivorous and predatory arthropods that have relatively
narrow diet ranges overall, range characteristics have
been correlated with both diet breadth (Brandle et al.,
2002; Beck & Kitching, 2007) as well as habitat breadth
(Brandle et al., 2002). Saprophagous or litter-trans-
forming (Lavelle et al., 1997) macro-arthropods by
contrast tend to show lower levels of host or dietary
specialisation than other functional groups (Maraun et al.,
2003), with patterns in richness of litter-dwelling
arthropods for example being largely uncorrelated with
patterns of tree diversity (Donoso et al., 2010). Climatic
tolerance (Warburg et al., 1984), specialisation on
particular microhabitats or land cover types (Judd &
Horwitz, 2003; Paoletti et al., 2007; David & Handa,
2010), for example as refugia from seasonal periods of
dryness, may represent more critical niche dimensions
than diet breadth for saprophagous macro-arthropods.

Millipedes (Diplopoda), woodlice (Crustacea: Onis-
cidea) and other non-social saprophagous macroarthro-
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Abstract. Despite the importance of saprophagous macroarthropods as key facilitators of plant litter decomposition within ecosys-
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pods are classified as litter transformers (Lavelle et al.,
1997; Wardle, 2002) and represent key regulators of plant
litter decomposition within ecosystems (David & Handa,
2010). They make a major contribution to invertebrate
biomass within most ecosystems (Paoletti et al., 2007)
and their sensitivity to pesticide applications, land use
changes and heavy metal contamination (for some
species) make them invaluable bioindicators (Paoletti &
Hassall, 1999; Souty-Grosset et al., 2005). There is evi-
dence (reviewed in David & Handa, 2010) that these spe-
cies may already be responding to global changes such as
warming, drought and habitat destruction. Warming for
example is expected to increase the rate of population
growth in some temperate species but will interact with
other changes such as elevated CO2 levels that largely
reduce leaf litter quality (with knock-on impacts on fertil-
ity) (David & Gillon, 2009). Our understanding of under-
lying mechanisms and ability to generalise these trends is
hampered by a lack of ecological and physiological data
for many species (David & Handa, 2010).

Here we investigate relationships between traits and
distribution patterns (range size and fill) using woodlice
as an example taxon of saprophagous arthropods. The
dataset was collated through the volunteer-led Non-
Marine Isopod Recording Scheme, comprising biological
records across the British Isles that include detailed
recording of fine-scale habitat use for locations in which
species were found. We examine the relationship between
traits (life-history traits and habitat use) and distribution
patterns in woodlouse (using multivariate methods that
account for variation in recording intensity between spe-
cies).

METHODS

Species data

Woodlouse taxonomy followed the classification adopted by
the Isopod Recording Scheme within the British Myriapod and
Isopod Group (Gregory, 2009). Haplophthalmus mengei (Zad-
dach, 1844), Trichoniscus pusillus Brandt 1833, Oniscus asel-

lus Linnaeus 1758 are all species groups of two or more closely
related species that are not routinely distinguished by recorders
and were thus treated as one species in the analysis. Five alien
species were excluded from the analysis since they are largely
sub-tropical and tropical species, restricted to glass-houses,
garden centres or botanic gardens. These were Cordioniscus

stebbingi (Patience, 1907), Metatrichoniscoides leydigii (Weber,
1880), Reductoniscus costulatus Kesselyak, 1930, Styloniscus

mauritiensis (Barnard, 1936), Trichorhina tomentosa (Budde-
Lund, 1893).

Data on the location of woodlice, precise to the nearest 10 km
or finer resolution and dated between 1968 (start date of
scheme) and 2008 were obtained from the Isopod Recording
Scheme (84,532 records in total). The Isopod Recording
Scheme is led by a volunteer scheme organiser, with taxonomic
expertise, who ensures the quality of data using voucher speci-
mens or acceptance of records from trusted sources (known
taxonomic experts). Additional validation checks are applied to
the data, to ensure correct dates and localities, through an auto-
mated querying system within the database to identify records
that do not comply to specified criteria (for example, location
not in known range). Out of all the 10 × 10-km Ordnance
Survey grid squares (“hectads”) in Britain, after Pocock et al.

(2006), the study area was restricted to mainland Britain and the
near shore islands of the Inner Hebrides, Isle of Wight and
Anglesey (range in eastings; 50,000–650,000; range in nor-
things; 10,000–105,000). Using a bespoke R script, the distance
between the coordinates of each record (Eastings and Northings)
of a particular species and the centre coordinates of each of the
the study area squares was calculated to determine which square
each record was closest to and to summarise in which squares
each species was present or absent. The final dataset consisted
of 33 species, recorded from between 5 (Metatrichoniscoides

celticus Oliver & Trew, 1981) and 2381 (Oniscus asellus)
10-km squares of the 2779 10-km squares available across the
study region (mean ± s.e. = 504 ± 121).

Measuring range characteristics

For each species, the range size was measured as the propor-
tion of 10 km2 grid squares (of the 2779 available in the study
area), that were occupied and logit-transformed. The logit trans-
formation is routinely used to normalise range size datasets that
have a large range size distribution (Williamson & Gaston,
1999). Aggregation was measured in two ways and represents
the degree to which occupied squares are clustered together
across the range. Firstly, after Peitgen et al. (1992) and Hartley
et al. (2004), D10–100 was calculated from the slope of a linear
log-log regression of the area occupied against scale (log10 side
of grid cell), at resolutions of 10 and 100 km (no intermediate-
sized squares were included).

D10 100
2 log10 AOO10 log10 AOO100

log10 100000 log10 10000

where AOO10 is number of 10 km2 grid cells occupied multiplied
by the area of a 10 km square (i.e. 10,0002) and AOO10o is
number of 100 km2 grid cells occupied. x the area of a 100 km
square (i.e. 100,0002).

The index ranges from 0 for no aggregation, where each
occupied 10 km square occurs alone in a 100 m squareand 2 for
perfect aggregation where all the 10 km squares within a 100
km square are occupied. The second method was developed by
Condit et al. (2000) and previously applied by Wilson et al.
(2004) to quantify range aggregation in butterflies and plants at
a 10 km grid scale. The method was modified here to account
for the fact that some squares on the coast will be surrounded by
both land and sea, reducing the maximum potential level of
aggregation around such squares. For each species, the absolute
number of presence records in circular radii of 10 and 50 km
around each individual 10 km square was calculated and divided
by the actual number of land records found within a circle of
that size. These proportions per square were then averaged
across the study area to give each species a value of
aggregation, Dy10km between 0 and 1. From previous studies, it is
known that aggregation is highly dependent on range size
(Pocock et al., 2006). AOO10 (log-transformed) was therefore
included as a covariate in all models testing effects on D10–100,
Dy10km and Dy50km to evaluate whether trait variables make spe-
cies more or less aggregated than expected from their range
size.

Selection of life history and ecological traits

Traits (Table 1) that might explain range characteristics were
selected a priori on the basis of evidence from previous studies.

(i) Morphological traits – body size. Woodlice range in length
from 2 mm to 30 mm. Though large body size is cited amongst
the indicator traits of vulnerability to habitat fragmentation –
along with low motility and low population abundance (Ewers
& Didham, 2006) – it is also a characteristic of isopods with
higher fertility (Sutton et al., 1984) and desiccation resistance
(Tsai et al., 1998). Given that woodlice seem to be able to per-
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sist in quite small fragments of habitat (Bolger et al., 2000),
overall we expected range size and fill to increase with
increasing body size due to increased fecundity and desiccation
resistance.

(ii) Ecological traits – habitat use. The diversity of habitat
used by woodlice was scored in terms of broad habitat classes
and the fine scale microsites such as litter, dead wood and
stones occupied within these broad habitats. Broad scale habitat
was quantified as the number of EUNIS level 2 habitats used by
a species. The EUNIS (European Nature Information System)
habitat classification (Davies et al., 2004) is a pan-European
classification of terrestrial, freshwater and marine habitats that
has been developed for the European Environment Agency by
the European Topic Centre on Biological Diversity (ETC/BD).
The latest version can be accessed at http://eunis2.eea.eu.int/.
Also scored for each species was the use of fully managed habi-
tats (urban and agricultural), use of woodland and grassland
habitats. Due to the procedure of noting microsites used by
woodlice recorded on the standardised recording cards sub-
mitted to the Isopod Recording Scheme, fine scale habitat use
could be quantified as the number of microsites used across
records of a species (Table 2 specifies range of potential micro-
sites). As found for other arthropod groups (Brandle et al.,
2002), we predict that range size will increase with the diversity
of broad-scale and fine-scale habitats used by species. Since iso-
pods in Britain tend to be more abundant (higher numbers of
individuals) in grassland than woodland (Davis & Sutton, 1978)
one might expect grassland species to show larger range sizes
and aggregation. Additionally, given the extent of land conver-
sion in Britain to intensive agriculture and urban areas, we pre-
dict that species using such synanthropic or fully managed
habitats will be more widespread than species that do not use
these habitats (Vilisics et al., 2007).

Recording intensity represents a sampling constraint that
necessitates consideration. Some species may be relatively
under-recorded and the extent of under-recording may also
depend on other traits such as habitat use (with soil-dwelling
species being under-recorded), and body size (small sized spe-
cies being difficult to find). Though it is difficult to eliminate
this bias in our analyses, we constructed a measure of recording
intensity that was independent of range size namely the average
number of records per 10 km square of distribution.

Species values for traits are tabulated in the supplementary
information and were derived from the species accounts in
Gregory (2009). Additional body size information was obtained
from Harding & Sutton (1985) for Halophiloscia couchii (Kina-
han, 1858). For species groups, closely related species that can
only be separated by microscopic examination of a male
specimen (Gregory, 2009), trait values were taken for the spe-
cies that made up the largest proportion of records.

Analysis of relationships between range characteristics and

traits

The relationships between range characteristics and traits
were investigated using Generalised Linear Models (McCullagh
& Nelder, 1989) with a gaussian error structure implemented in
R version 2.10.1 (R Development Core Team, 2010). We pre-
dicted a priori that fine-scale and broad-scale habitat use would
be highly correlated and were interested in the relative perform-
ance of these measures as predictors of range size and aggrega-
tion. Thus two pools of candidate predictors were constructed
with seven predictors each, one containing broad-scale habitats,
body size, recording intensity and four other habitat predictors
(grassland, fully managed, woodland and synanthropic habitats)
and one containing fine-scale habitats, body size, recording
intensity and the four habitat predictors.

To deal with possible collinearity between predictors, pair-
wise associations between the variables were examined prior to
model fitting using non-parametric tests with sequential Bonfer-
roni correction (Quinn & Keough, 2002). A hierarchical parti-
tioning analysis (McNally, 2002) was also performed with all
seven predictors in each pool, using the hier.part package (note
that phylogenetic correction is not feasible in hierarchical parti-
tioning). Hierarchical partitioning is especially suitable for
dealing with collinearity among variables, as it disentangles
each variable-specific effect from its interactions with all other
variables considered. From this analysis, probability of inde-
pendent contribution of the predictors was assessed with
z-scores obtained using 10,000 repeated randomizations (with
the rand.hp function and a R2 goodness-of-fit measure). Only
those variables that made a significant independent contribution
were retained in the predictor pool. Every possible model com-
bination (all subsets regression) of the remaining variables was
fitted to the data and the fit of the competing models compared
using Akaike’s Information Criterion, adjusted for small sam-
pled sizes (AICc), to ascertain the most parsimonious model.
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Average number of records per square of distributionRecording intensity

Categorical variable coding the degree to which species is associated with humans in habitat choice as follows:
No = not synanthropic occurring in natural habitats, Moderately = occur in both managed and natural habitats,
Strongly = occur predominantly in fully managed habitats.

Synanthropic

From section E of record cards submitted to the Isopod recording scheme between 1962 and 1982, use of 17
microsites scored across 23360 records

Fine-scale
habitat use

Binary variable indicating whether the species uses habitats representative of Woodland habitats in EUNIS 1
categorisation.

Woodland

Binary variable indicating whether the species uses habitats representative of Grassland habitats in EUNIS 1
categorisation.

Grassland

Binary variable indicating whether the species uses habitats representative of Artificial or Agricultural habitats
in EUNIS 1 categorisation.

Fully-managed

Categorical variable indicating range of EUNIS 2 habitats used according to Habitat section of species account
coded as follows. Species uses A = 0–2 habitat, B = 3–4 habitats, C = 5 or more habitats

Broad-scale
habitat use 

Body size in mm from distinctive features section of species account (log-transformed)Body size (mm)

Description and sourceTrait

TABLE 1. Traits used as predictors in the analysis of range structure characteristics of woodlice. Species values for traits are tabu-
lated in the supplementary information and were derived from the species accounts in Gregory (2009).



To account for the effect of phylogenetic relationships
between species on the predictors, we also fitted phylogenetic
generalized least-square (PGLS) (Freckleton et al., 2002)
models for each variable combination implemented in R using
the ape package (Paradis et al., 2004). The expected covariance
between species was calculated on the basis of the taxonomy set
out by Gregory (2009) and arbitrary branch lengths were
assumed. A Brownian motion model of evolution was assumed
and lambda, the parameter reflecting the degree of phylogenetic
autocorrelation in the model, was optimised (Pagel, 1999).
Selection between the PGLS regression models and ordinary
least squares (OLS) regression models for range characteristics
was again made on the basis of AICc. This allowed for com-
parison between models with different numbers of parameters
and therefore selection of the minimum adequate model (MAM)
amongst all possible alternatives. We used adjusted deviance
explained (% variance) to compare observations and predictions
(Weisberg, 1980).

RESULTS

Correlations between trait variables

The species that used a wide range of broad-scale habi-
tats also tended to use a wide range of fine-scale habitats
– namely microsites within these broad habitats (Spear-
man’s rho = 0.603, p = 0.0002, pcorr = 0.008). Species
scored as occurring in fully managed EUNIS 2 habitats
tended to also inhabit a larger range of broad-scale
(Kruskal-Wallis H = 6.72, d.f. = 2, pcorr = 0.0095) and
fine-scale habitats (H = 11.24, d.f. = 2, pcorr = 0.0008)
overall. Species living in woodlands also tended to be
present in grasslands and vice versa (Fisher’s exact test; p
< 0.0001). Almost all species using grassland were mod-
erately synanthropic (13/18 species, tau = –0.511, pcorr =
0.007). The diversity of habitats used at both fine-scale
(Spearman’s rho = 0.512, pcorr = 0.002) and broad-scales
(Spearman’s rho = 0.402, pcorr = 0.02) was correlated with
recording intensity.

Relationship between traits and range size

From the broad-scale predictor set, three variables
made a significant independent contribution to explaining
variance in range size between woodlouse species. These
were the number of broad-scale habitats, use of fully
managed habitats and recording intensity. Only recording
intensity and the use of fully managed habitats were
retained in the minimum adequate model (Table 3a) and
together explained 61% of the variation in range size.
Range size increased with recording intensity depending
on the use of fully managed habitats (Table 4a, Fig. 1b),
and species not using fully managed habitats were gener-
ally restricted to range sizes of less than 500 10-km
squares (Fig. 1c). Examining the increase in AICc when
each variable in the model is dropped ( AICc in Table
4a) reveals that recording intensity was the most impor-
tant predictor in this model.

From the fine-scale predictor set, three variables made a
significant independent contribution in explaining vari-
ance in range size between species. These were the
number of fine-scale habitats, recording intensity and use
of fully managed habitats. Of these, only the number of
fine-scale habitats and recording intensity were retained
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(3.21)749Other91

(4.64)1084Human rubbish/garbage81

(1.45)338Shoreline jetsam71

(6.43)1501Stone/brickwork62

(2.85)665Rock61

(0.20)47Bird/mammal nest51

(1.75)409Ant colony41

(0.04)9Bracket fungi35

(0.01)3Carrion34

(0.46)108Dung33

(18.60)4345Dead wood32

(0.62)144Bark (living trees or shrubs)31

(3.77)881Tussocks21

(12.26)2865Litter11

(2.92)682Soil/sand3

(1.17)273Shingle2

(39.63)9257Stones1

Frequency and % of
records across species

Microsite descriptionCode

TABLE 2. Microsites scored for woodlice species across (for
23,360 records submitted between 1938 and 1982).

No  values were significantly different from 0 in likelihood ratio tests, indicating no significant phylogenetic autocorrelation in
any model. Artific. = use of EUNIS 2 habitats which are fully managed.

86.50.00006686.30.885 (0.849)Microsites used + Artific

83.90.00006682.70.880 (0.868)Microsites used + Artific + recording intensity

80.30.00006680.10.880 (0.872)Microsites used + recording intensity

(b) predictor pool with fine-scale habitat use

124.20.000066124.10.546 (0.516)EUNIS 2 habitats used + recording intensity

121.30.000069120.00.629 (0.591)EUNIS 2 habitats used + recording intensity + Artific

119.60.000042119.40.606 (0.579)Recording intensity + Artific

(a) predictor pool with broad-scale habitat use

AICcPagels’sAICcD2 (Adj- D2)

PGLS modelOLS model
Variables in the model

TABLE 3. Top three trait-based models predicting range size of woodlice.



in the minimum adequate model (Table 3b) and together
explained 88% of the variation in range size (Fig. 2). The
number of fine-scale habitats used was the most important
predictor in the model ( AICc in Table 4b). Range size
increased with the breadth of fine-scale habitats used by a
species (Table 4b) and species occupying less than ten
fine-scale habitats were generally restricted to range sizes
of less than 500 10-km squares (Fig. 1a). Overall, fine-
scale habitats explained around 25% more variation in
range size than the best model including broad-scale habi-
tats ( AICc = 40 between the fine-scale and broad-scale
model). There was no evidence of phylogenetic autocor-
relation in either of the minimum adequate models for
range size since lambda values did not differ significantly
from zero and PGLS models did not produce lower
values of AICc than OLS models.

Species that were observed to be much rarer than pre-
dicted from minimum adequate trait models were Hap-

lophthalmus mengei, Platyarthrus hoffmannseggii Brandt
1833 and Trichoniscus provisorius Racovitza 1908. Spe-
cies that were observed to be more widespread than pre-
dicted from their habitat use included Trachelipus rathkii

Brandt 1833, Porcellio dilatatus Brandt 1833 and Arma-

dillidium vulgare Latreille 1804.

Selection of life history and ecological traits

As expected from previous aforementioned studies of
range characteristics in other taxa, area of occupancy at a
10 km resolution, i.e. log10(AOO10), accounted for a large
proportion of the variation in aggregation across species
(Table 5 whereby D10–100: F1,31 = 279.6, p < 0.0001; Dy10:
F1,31 = 114.9, p < 0.0001; Dy50: F1,31 = 113.4, p < 0.0001).
That is species with small areas of occupancy were more
densely packed within their range of occupancy and so
had aggregation estimates ranging from 87–92%.

Hierarchical partitioning analysis suggested that, in
addition to area of occupancy, use of grassland habitats,
and recording intensity all made independent contribu-
tions to variance. The variance was also explained by
number of broad-scale and fine-scale habitats –
depending on which aggregation measure was under con-
sideration. The minimum adequate model for D10–100
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4.220.015  2.60.110.27Recording intensity

45.9<0.0000110.00.040.39Microsites used

–<0.00001–20.80.34–7.13(Intercept)

(b) predictor pool with fine-scale habitat use

6.60.0043.080.521.60as.factor(Artific.)1

17.8<0.000015.040.170.86Recording intensity

–<0.00001–10.490.58–6.08(Intercept)

(a) predictor pool with broad-scale habitat use

AICcp-valuets.e.Coeff.

TABLE 4. Coefficients for predictors in the minimum ade-
quate model for range size.

Fig. 1. Range size versus key explanatory trait predictors [fine-scale habitat use (microsites used), recording effort (recording
intensity) and broad-scale habitat use (use of artificial EUNIS 2 habitats)]. Range size is displayed as the number of occupied 10-km
squares in Britain and nearshore islands. Solid lines on panels (a) and (b) are lowess (locally-weighted polynomial regression)
smoothers of the relationship between the trait and range size. In panel (c) the dark line across the box indicates the group median
whilst the whiskers indicate the range of values for the group.

Fig. 2. Predicted versus observed range size of woodlice
(expressed as number of 10 km squares in Britain and nearshore
islands occupied) for the broad scale model (EUNIS 2 habitat
use + recording intensity + fully managed, closed circles and
solid regression line) and the fine scale model (microsite use +
recording intensity, open squares and dashed regression line).



included area of occupancy, and use of Grassland EUNIS
2 habitats (row 3, Table 5a) whilst the models for Dy10

and Dy50 included area of occupancy and recording inten-
sity (row 1, Tables 5b and 5c). Species that had been sam-
pled more intensively and/or used Grassland EUNIS 2
habitats had filled a larger proportion of their ranges
according to this measure (Table 6, Fig. 3). There was no
evidence of phylogenetic autocorrelation in any of the
minimum adequate models for aggregation since lambda
values did not differ significantly from zero and PGLS
models did not produce lower values of AICc than OLS
models.

Species that were observed to fill a smaller proportion
of their ranges than would be predicted from trait-based
models included Trichoniscus provisorius and Hap-

lophthalmus mengei. In contrast, Oritoniscus flavus

Budde-Lund, 1906 and T. rathkii filled a greater propor-
tion of their ranges than predicted by the final models.

DISCUSSION

This study represents the first attempt to identify eco-
logical correlates of range characteristics for a group of
macro-arthropods that play a critical role in decomposi-
tion and nutrient recycling within ecosystems. Links
between diversity and ecosystem function in soil systems
are unclear, although the diversity of litter species and
decomposer organisms can profoundly influence litter
decomposition and nutrient mineralisation and have feed-
back effects on plant growth and community composition
(Hättenschwiler et al., 2005). Therefore, understanding
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Models given in bold text are the minimum adequate model in each case. None of the  values were significantly different from 0 in
likelihood ratio tests, indicating no significant phylogenetic autocorrelation in any model. Grass = use of Grassland EUNIS 2 habi-
tats.

–40.40.000066–39.40.786 (0.778)Log10(A0010)

–68.60.000066–67.20.921 (0.912)EUNIS2 habitats used + recording intensity + Log10(A0010)

–65.90.000066–69.90.926 (0.919)Microsites used + recording intensity + Log10(A0010)

–69.00.000066–69.10.919 (0.913)Recording intensity + Log10(A0010)

(c) Dy50

–46.10.000066–45.10.787 (0.781)Log10(A0010)

–58.90.000066–60.70.884 (0.876)as.factor(Grass) + Log10(A0010) + recording intensity

–57.60.000066–60.80.893 (0.882)EUNIS2 habitats used + as.factor(Grass) + Log10(A0010) + recording intensity

–61.00.000066–61.20.878 (0.871)Recording intensity + Log10(A0010)

(b) Dy10

–26.20.000066–27.60.900 (0.897)Log10(A0010)

–35.20.000066–36.30.929 (0.924)as.factor(Grass) + Log10(A0010)

–32.80.000066–36.40.939 (0.931)Microsites used + as.factor(Grass) + Log10(A0010) + recording intensity

–34.90.000066–38.20.938 (0.931)as.factor(Grass) + Log10(A0010) + recording intensity

(a) D10–100

AICcPagels’sAICcD2 (Adj–D2)

PGLS modelOLS model
Variables in the model

TABLE 5. Top three trait-based models predicting aggregation measures (D10–100, Dy10 and Dy50) of woodlice contrasted against a
model containing only area of occupancy (Log10(AOO10).

Fig. 3. Residual aggregation versus key explanatory trait predictors (a) use of Grassland EUNIS 2 habitats (broad-scale habitat)
(b) recording effort (recording intensity). In each case residuals are standardised residuals derived from a linear regression of D10–100

on log10(AOO10) In panel (a) the dark line across the box indicates the group median whilst the whiskers indicate the range of values
for the group. The solid line on panel (b) is a lowess (locally-weighted polynomial regression) smoother of the relationship between
recording intensity and residual aggregation.



correlates of rarity for these taxa is imperative given their
important functional traits and sensitivity to land use and
climate changes (David & Handa, 2010).

Range characteristics and habitat breadth

Our result indicating that species with a wide habitat
breadth are more widely distributed is consistent with
findings for herbivorous and predatory arthropod groups
(Brandle et al., 2002; Kotze et al., 2003; Comont et al.,
2012) that generally have higher levels of dietary spe-
cialisation than saprophagous groups (Maraun et al.,
2003) Understanding which metrics of habitat breadth
(e.g. microsite or prey use versus broad habitat use)
underpin range size at different scales, and why, is key
therefore to predicting rarity across a range of taxa.
Sometimes the direction of causality between range size
and habitat breadth is unclear because measurement of
ecological specialisation is not independent of abundance
or range size (Hanski et al., 1993) and widespread, abun-
dant species are often studied more intensively than rare
species. We incorporated a species-specific measure of
recording intensity from recording history into our
analysis and found independent effects of fine-scale
habitat breadth, giving us greater confidence that habitat
breadth is positively correlated with range size for wood-
lice. Recording intensity had some impact on both range
size and aggregation however, with species sampled more
intensively observed to have larger ranges and fill a larger
proportion of these ranges than species sampled less
intensively.

According to models for one of the aggregation meas-
ures (D10–100), all species that exploit grassland, either as
specialists or as one habitat of a generalist species, were
also found to have filled a larger proportion of their
ranges than species that did not use grassland. Species of
woodlice that utilise grassland will obviously benefit
from the large proportion of grassland (around 31%) in
the landscape compared to woodland [around 10%, CEH
Landcover Map 2000 (Fuller et al., 2005)] and the overall

increase in area of intensively managed grassland over
the last twenty years (Smart et al., 2010). Isopods also
reach high densities in grassland e.g. up to 3000 indi-
viduals m–2 in calcareous grasslands (Paoletti & Hassall,
1999), possibly providing larger source populations from
which to disperse into adjacent habitat. Our under-
standing of factors driving aggregation in saprophagous
macroarthropods would be enhanced with detailed infor-
mation on species’ habitat preferences collected in a
standardised way across species. Two of the species
found to fill a greater proportion of their ranges than
would be predicted from recording intensity or grassland
habitat use were Oritoniscus flavus and Trachelipus

rathkii, both are species that are common across habitats
within river catchments in Britain (Gregory, 2009).

The considerably higher accuracy of predictions of
range size based on fine-scale rather than broad-scale
measurements of habitat breadth (Adjusted-D2 of 0.88
versus 0.60 and AIC of ~20) illustrates the value of
coupling biological recording with records of habitat for
studying macro-ecological processes. This has been dem-

onstrated repeatedly for charismatic, well-studied taxa
such as birds (Gregory & Gaston, 2000) and butterflies
(Oliver et al., 2009) but is perhaps even more critical for
understanding patterns in taxa, such as saprophagous
macroarthropods, that have been subject to only a few,
short term ecological studies on a limited number of spe-
cies (David & Handa, 2010) with little consideration of
macro-ecological patterns (Decaens, 2010).

Habitat breadth and use are key determinants of range
size and fill in woodlice providing further evidence that
saprophagous macroarthropods are sensitive to land use
(Judd & Horwitz, 2003; Dauber et al., 2005) and land use
changes (Tajovsky, 2001). This result adds support to the
suggestion of David & Handa (2010) that preserving a
degree of land cover heterogeneity will be more favour-
able to macro-arthropod diversity than uniform habitats
covering large areas. Dauber et al. (2005) for example,
found that even at local scales, land use particularly
affected distribution patterns of woodlice, whereas ants
and rove beetles were more strongly affected by other
habitat characteristics (insolation and soil characteristics).

Other potential correlates of rarity in saprophagous

macro-arthropods

It is particularly enlightening to examine characteristics
of species for which range charactersistics are under- or
over-estimated because they could provide some indica-
tion of key niche dimensions or traits that may be critical
for understanding macro-ecological processes in woodlice
and other saprotrophic macroarthropods. In addition, cor-
relates of rarity are likely to be scale-dependent (Brandle
et al., 2002). For example, the distribution of one of the
species found to be rarer than predicted, Platyarthrus

hoffmannseggii, is known to be limited at fine spatial
scales by their association with particular ant species
(Cawley, 2001); a species interaction that is not reflected
in our index of fine-scale habitat use. Trichoniscus provi-

sorius, also observed to be less widespread than predicted
from recorded habitat use, is probably limited by its
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29.7  0.000007.030.010.08Recording intensity

44.0  0.000009.630.020.22Log10(AOO10)

–  0.00000–10.220.08–0.85(Intercept)

(c) Dy50

16.0  0.000054.740.010.06Recording intensity

37.9<0.000018.470.030.22Log10(AOO10)

–<0.00001–7.120.09–0.67(Intercept)

(b) Dy10

8.60.00173.450.050.17as.factor(Grass)1

71.0<0.0000115.730.030.54Log10(AOO10)

–<0.00001–10.480.14–1.44(Intercept)

(a) D10–100

AICcp-valuets.e.Coeff.

TABLE 6. Coefficients for predictors in the minimum adequate
model for aggregation (D10–100, Dy10 and Dy50).



thermal tolerance rather than habitat type, favouring high
level of insolation and south-facing slopes on the edge of
its range in Britain (Gregory, 2009). Additional informa-
tion on the ecophysiological tolerance of different wood-
louse species would certainly enhance our understanding
of their distribution patterns and responses to environ-
mental changes but such data are currently available for
only a limited subset of species within narrow geographic
ranges (David & Handa, 2010). Though saprophagous
macroarthropods are expected to have a much lower
degree of diet specialisation than herbivorous or preda-
tory arthropods, there is substantial evidence that their
life-history parameters and fine-scale distribution and
biomass patterns are influenced by food quality, namely
litter quality and coarse wood density (Rushton &
Hassall, 1987; Hassall et al., 2002; Gongalsky et al.,
2005; Topp et al., 2005; David & Handa, 2010).

Dispersal ability has been found to be a key determi-
nant of range size for many taxa, particularly those that
are highly motile (Beck & Kitching, 2007; Rundle et al.,
2007). However, dispersal ability is general thought to be
low for saprophagous macroarthropods, although many
species have been found colonising post-mining rehabili-
tation sites (Tajovsky, 2001). It appears that the extent of
local dispersal is unstudied for most woodlouse species
but evidence from genetic studies of cosmopolitan species
suggests that dispersal over longer distances is human-
mediated (Wang & Schreiber, 1999). As such, particular
habitat use traits such as synanthropy or use of fully man-
aged habitats may predispose species to long distance dis-
persal and range extension. Indeed, two species found to
be more widespread than predicted from its fine-scale
habitat use, Porcellio dilatatus and Armadillidium vul-

gare, are particularly noted as synanthropic species
(Gregory, 2009).

We have examined distribution patterns (aggregation
and size) for woodlice in Britain and for some species this
represents only a subset of their entire global distribution.
Geographical constraints and, indeed, under-recording
could cause inaccuracies in the distribution patterns
observed (Beck & Kitching, 2007). Therefore, precise
predictions of range characteristics cannot necessarily be
expected from species-specific traits across all species
within a specific taxon (Beck & Kitching, 2007). In our
study two of the species that were observed to be rarer
than would be predicted from their habitat breadth,
namely Platyarthrus hoffmannseggii and Trichoniscus

provisorius, are on the edge of their distribution ranges in
Britain and could be constrained by suboptimal environ-
mental conditions.

CONCLUSION

The importance of saprophagous arthropods in pro-
viding key ecosystem services is being increasingly rec-
ognised. However, although litter transformation is a
pivotal ecosystem service, our understanding of the proc-
esses driving macro-ecological patterns in soil biota,
including saprophages, is extremely limited (Decaens et
al., 2010; David & Hanada, 2010). Our findings that spe-

cialised species (low habitat breadth) have restricted
ranges suggest that habitat heterogeneity is critical for
maintaining the distributions and diversity of woodlice in
Britain. David & Handa (2010) also noted the importance
of habitat heterogeneity as good option for conservation
of woodlice, even at the cost of some fragmentation. We
further highlight the need to consider the ecological
requirements of saprophagess such as woodlice as conser-
vation priorities alongside charismatic taxa such as butter-
flies.

The rarer species for which our analyses did not accu-
rately explain range structure could be the emphasis of
future recording activity and research particularly with
respect to the effects of climate change on species at the
edge of their core range. This is particularly critical if
such nationally rare species play a locally important role,
where they are abundant, in ecosystem functions such as
litter decomposition. Additional further work should
focus on the applicability of our findings more widely to
other saprophagous groups and particularly responses to
global change.

There is a relative paucity of data on woodlouse
ecology and most information comes from short-term
studies considering only a few species (David & Hanada,
2010). Our study demonstrates the importance of
volunteer-led national recording schemes, such as the
Non-marine Isopod Recording Scheme, in providing
large-scale and long-term data. Indeed, without such
national recording activity it would be impossible to
deliver evidence on the effects of environmental change
on macro-ecological processes. The value added to distri-
bution data through the simultaneous assessment of
habitat is immeasurable particularly in enhancing under-
standing of the ecology of neglected groups, such as
woodlice.
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