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Dispersal capacity is a life-history trait that may have profound consequences for earthworm populations: it inﬂuences population dynamics, species persistence and distribution and community
structure. It also determines the level of gene ﬂow between populations and affects processes such as
local adaptation, speciation and the evolution of life-history traits. It may play a great role in soil
functioning by determining the spatial distribution of ecosystem engineers such as earthworms.
Dispersal is an evolutionary outcome of the behaviour in response to the ecological constraints of the
species. Hence different dispersal behaviour is expected from the different ecological types of earthworms. Nevertheless the dispersal behaviour of earthworms has been little documented.
In this work we test a series of basic mechanisms that are fundamental and complementary to
understand earthworms dispersal behaviour. We focus on the dispersal triggered by environmental
conditions, a fundamental process usually termed “conditional dependent dispersal”. We show experimentally in mesocosms that in one week: 1) earthworm dispersal can be triggered by low habitat quality,
either through soil quality or the presence/absence of litter. 2) Earthworms can be subject to positive
density dependent dispersal, that is the rate of dispersal increases when density increases; and 3)
earthworm dispersal can be reduced by the pre-use of the soil by conspeciﬁc individuals that are no
longer present.
Our results suggest that earthworms may be more mobile than expected from previous estimations,
and that they present high capacities of habitat selection. In the light of our ﬁndings we elaborate
a behavioural scenario of earthworm foraging, and propose several priority working directions.
Ó 2009 Elsevier Ltd. All rights reserved.
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1. Introduction
Dispersal is a central ecological process that has overwhelmingly important implications at multiple organization scales
(Clobert et al., 2001). It directly affects the dynamics and persistence of populations, the distribution and abundance of species, the
structure of natural communities and may inﬂuence ecosystem
functioning through movements of keystone species and/or
ecological engineers (Cuddington and Hastings, 2004). It is therefore a key parameter to explain species distribution from a local to
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a biogeographical scale (Hengeveld and Hemerik, 2002). As
a consequence, the study of dispersal has become a major ﬁeld in
ecology (Nathan, 2003). Because of the direct relationship between
dispersal behaviour and ﬁtness, a wealth of literature focused on
the evolution and consequences of dispersal capacity, mainly in the
framework of Optimal Foraging (Charnov, 1976), of the Ideal Free
Distribution (Fretwell and Lucas, 1970; Krivan et al., 2008), of the
Metapopulation Theory (Hanski and Gilpin, 1997), and of the
Metacommunity theory (Holyolak et al., 2005). A central point that
emerges in all these works is the necessity to determine the
conditions that induce dispersal behaviours. They have been
described for a large body of organisms, especially the easily
sampled ones such as plants, birds, insects and ﬁshes (Nathan,
2001). Some fundamental factors seem to operate on all organisms,
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such as habitat quality and population density. However it was also
pointed out that speciﬁc dispersal mechanisms evolved among
some taxa as products of particular ecological conditions. Consequently speciﬁc studies are required to understand properly the
movements of any target taxonomical group.
Soil organisms face very speciﬁc ecological conditions compared
to aboveground and aquatic organisms which have been the biological models for most dispersal studies (Nathan, 2001). They
likely evolved original dispersal strategies due to the solidity,
opacity and high spatio-temporal heterogeneity of the soil as well
as the low energetic value of the soil organic matter they feed on.
Despite these speciﬁcities, very few studies focused on underground soil fauna dispersal behaviour. For instance, although
earthworms play a critical role in soil and ecosystem functioning
(Lavelle and Spain, 2001), their dispersal behaviour still remain
little investigated.
Studying earthworm dispersal would probably bring interesting
new insights into the general framework of dispersal ecology. For
instance, in a set of related species with contrasted ecology (such as
endogeics, anecics and epigeics for earthworms), different dispersal
behaviour is expected according to the ecological type of the
species, but this point has not been addressed. In addition, it would
provide basic information to improve ﬁeld techniques of earthworm inoculation that aim to restore soils and increase crop
production (e.g. Senapati et al., 1999). It would also help to explain
the patterns of earthworms invasions in several regions (Tiunov
et al., 2006). Finally, earthworms are potential dispersal vectors for
parasites (Field and Michiels, 2006), plant and human pathogens
(Toyota and Kimura, 1994; Williams et al., 2006), nematodes
(Shapiro et al., 1995), ectomyccorhizal fungi (Reddell and Spain,
€ns et al., 2003). Therefore
1991) and viable plant seeds (Decae
earthworm dispersal may have numerous consequences in agriculture and ecosystem functioning.
In this work we present the results of an experimental study
that focused on three mechanisms that might lead to earthworm
active dispersal. First we assessed whether habitat quality (soil
properties or presence of litter on soil) may trigger earthworm
dispersal. Many previous works on other organisms showed that
low habitat quality generally induces active dispersal. Low resource
availability, for instance, is known to increase intra-speciﬁc
competition (Balkau and Feldman, 1973) of many groups. In
a second step, we considered the role of earthworm density on
their dispersal. Previous works showed that most terrestrial
animals are prone to positive density dispersal (that is dispersal
rate increases with increasing density, Matthysen, 2005). Nevertheless some species do not present this trend (Midtgaard, 1999;
Bodasing et al., 2001) and some even show negative density
dependence dispersal, i.e. a tendency to aggregate with conspeciﬁcs (Parrish and Edelstein-Keshet, 1999). These aspects have not
been studied among earthworms, yet both kind of density dispersal
may potentially occur among them. In a ﬁnal experiment, we
focused on the effects of the pre-use of the habitat by conspeciﬁcs.
Among most organisms, former occupation of a habitat is generally
considered to have negative consequences on an actual population
because previous inhabitants may have consumed a signiﬁcant part
of the resources and may increase the new comers intra-speciﬁc
competition (Charnov, 1976). However, as earthworms are
ecosystem engineers (Jones et al., 1994), they may also modify the
habitat in a way that will beneﬁt new arrivals.

wide and 0.2 m high. The size of the mesocosms was estimated
from data available (Edwards, 1998) and from preliminary experiments, so that they exceeded the estimated colonization rate in
natural and artiﬁcial conditions for all species considered. Thus the
mesocosms were large enough to give sufﬁcient space for individuals, but also small enough, to make sure earthworms could
cross the adverse section (see explanations below).
The experimental units were divided in three sections of identical dimensions (Fig. 1a): (1) An “inoculation section”, where
earthworms were systematically introduced. It was ﬁlled with
“suitable” or “unsuitable” soil, depending on the experiment (see
details below in speciﬁc sections); (2) An “adverse section” ﬁlled
with the “unsuitable” soil; (3) A “target section” ﬁlled with the
“suitable” soil. This disposition is classical in studies of dispersal (e.g.
Boudjemadi et al., 1999). The adverse section is fundamental as it
allows distinguishing dispersal behaviour (patch departure) from
diffusion behaviour (random movements, Nathan et al., 2008).
Indeed, the adverse section prevents earthworms reaching the
target section by simple random movements. In the absence of this
section, earthworms would diffuse in the mesocosms from the
release section until ﬁnding the best location. This would constitute
a case of diffusion and habitat selection, but not dispersal sensu
stricto. In the presence of the adverse section, reaching the target
section requires some kind of decision to leave the inoculation
section and to cross an inhospitable one. Hence in this case the
response depends on the dispersal behaviour of the earthworms, not
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2. Materials and methods
Four separate experiments were carried out, each of them
addressing a speciﬁc question related to dispersal mechanisms.
Experimental units consisted of rectangular areas; 1 m long, 0.18 m

Fig. 1. Schematic representation of the experimental designs. The soil disposition in
the mesocosms is symbolised by rectangles whose colours represent the nature of the
soil substrate. The arrows indicate the section where earthworms (e.) were inoculated
at the beginning of the experiments.
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on the outcome of random movements. In consequence it is
mandatory to separate the inoculation section from the target one by
an adverse section. Inoculating the individuals in the middle of the
mesocosms, without an adverse section, would give them equal
access to the different soil types, and would constitute a case of pure
habitat selection, with no dispersal process. In summary, the
disposition with a release section and a target one separated by an
adverse section is well adapted to properly test dispersal behaviour
and to avoid confusion with diffusion and habitat selection.
The top of each experimental unit was covered by a nylon mesh
for oxygenation and humidity conservation. Experiments were
carried out in a glasshouse at the IRD Bondy centre, in France.
Temperature was 18  C during daylight and 15  C during night, with
12 h of light per day and humidity was kept constant (soil humidity
: 25% of dry weight). All experiments lasted one week and each
treatment was replicated 6 times. We choose this period for two
types of reasons. First, it appears to be relevant together with the
size of our mesocosms in the light of the movement rates docu,
mented in the literature for earthworms (Mazaud and Bouche
1980; Marinissen and Vandenbosch, 1992; Stein et al., 1992;
Edwards and Bohlen, 1996). Second, we performed preliminary
experiments that showed that earthworms are capable of crossing
the mesocosms in one week.
2.1. Earthworm species
Earthworms are usually classiﬁed in three ecological categories:
endogeic (that live and feed in the soil), anecic (that live in the soil
but feed on surface litter) and epigeic (that live in and feed on
, 1972). Due to their different ecologies, they
surface litter) (Bouche
face different constraints and might have evolved different
dispersal strategies. We can expect epigeic species to be less
sensitive to soil characteristics but more sensitive to the litter
quality than endogeics. For this reason we used species of contrasted ecological categories: one endogeic: Aporrectodea icterica
Savigny (1826) and one epigeic: Dendrobaena veneta Rosa (1886).
The species names used herein conformed to the Fauna Europea
web site (http://www.faunaeur.org/index.php).
A. icterica individuals were collected from the forest of Fontainebleau (48 240 N, 2 440 E). D. veneta individuals were purchased
from a ﬁshery shop. Earthworms were bred in the “suitable” soil at
low density, at temperatures varying from 18  C during the days to
15  C at night. Earthworm individuals were used only once and
replicates of each experiment were all performed simultaneously.
All individuals were sub-adult at the time of the experiments.
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4) The last experiment assessed the effect of former soil pre-use by
conspeciﬁcs on endogeic dispersal rate. Ten specimens of
A. icterica were inoculated (1) into the “suitable” soil that was
previously processed by conspeciﬁc specimens, (i.e. the preused soil) or (2) into the same “suitable” soil but without pre-use
(referred below as the “pristine soil”) (Fig. 1e). The inoculation
sections were prepared prior to the experiment: both soils were
sieved one month before the experiment, and stored in boxes of
the size of the inoculation sections. In the pre-used treatment,
we inoculated 40 individuals of A. icterica. After one month they
were removed by gently warming up the bottom of the boxes in
a bain-marie. The soil for the pristine treatment was prepared in
the same way but without earthworms.

2.3. Soils and litter
Two types of soil were used in the experiments to create habitats of different quality:
1) An “unsuitable” soil that was strongly avoided by earthworms
during a previous preference test (Mathieu, unpublished data).
This soil (Table 1) was sampled in a forest stand (48 240 N,
2 440 E, WGS84) dominated by Quercus sp. and Carpinus betulus
and that contained very few earthworms.
2) A “suitable” soil that was largely preferred to the “unsuitable”
soil in former preference tests. This soil (Table 1) was sampled
in the park of the IRD Bondy centre (48 540 E, 2 290 N, WGS84),
and contained more earthworms than the unsuitable soil.
Soils were sieved at 2 mm and re- humidiﬁed at respective ﬁeld
capacity by capillarity. They were adjacent in the three parts of the
experimental units with no separation between them in order to
allow earthworms to move freely from one section to the other.
Removable partitions were used to avoid mixing of the section
during their ﬁlling.
We also used two types of litter in the second experiment:
1) Leaves of T. cordata collected in the IRD Bondy park, at various
decaying stages, up to one year old. This species was chosen
because it is highly palatable to earthworms due do to its high
Ca content (Reich et al., 2005).
2) A non-edible artiﬁcial litter to mimic the physical protection of
natural litter but that could not be eaten. Artiﬁcial leaves were
cut from thin (thickness: 5  104 m) plastic sheet and reproduced the shape of leaves at different decaying stages.

2.2. Experiments
2.4. Statistical analyses
1) The inﬂuence of soil quality on endogeic dispersal was tested
by comparing A. icterica displacements when 10 individuals
were inoculated into “suitable” versus “unsuitable” soil
(Fig. 1b).
2) The impact of litter cover, as shelter or as food resource, on
epigeic dispersal was tested by comparing D. veneta movements after inoculating 10 individuals into three contrasted
conditions: a) in “unsuitable” bare soil, b) in the same soil
covered with Tilia cordata Miller (1768) leaf litter, and c) in the
same soil covered with an artiﬁcial plastic litter (Fig. 1c).
3) Density dependence of endogeic dispersal was tested by
introducing A. icterica at three different densities: 10, 20 or 30
individuals (respectively 166, 333 or 550 individuals m2) into
the “suitable” soil (Fig. 1d). These density levels were representative of the natural levels observed for this species in the
ﬁeld (J. Mathieu, unpublished data)

We deﬁned the number of dispersing individuals as the number
of individuals found in the target section at the end of the
Table 1
Selected properties of the soils used in the experiments. Unsuitable Soil ¼ Soil
avoided by the earthworms, Suitable Soil ¼ Soil preferred by the earthworms.
Soil properties

Unsuitable soil

Suitable soil

Unit

Clay
Silt
Sand
Organic C
Total N
C:N
Organic Matter
pH
CEC (Metson)

4.7
18.5
76.8
8.5
0.33
25.8
14.6
3.8
2.9

15.7
13.4
70.9
28.1
2.61
10.8
48.6
7.5
11.7

%
%
%
g kg1
g kg1
g kg1
cmol kg1
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experimental units. We analysed the link between the proportion
of dispersers and the treatment with General Linear Models with
Binomial response. All analyses were performed with R (R Development Core Team, 2007).
3. Results and discussion
3.1. Experiment 1&2: soil suitability and litter cover effects
on dispersal
In the ﬁrst experiment, 90% of the earthworms dispersed when
inoculated into the unsuitable soil, whereas only 20% dispersed
when inoculated into the suitable soil (Fig. 2). This striking difference shows that dispersal of A. icterica can be triggered by soil
properties. In the second experiment, D. veneta responded
dramatically to the presence of litter. When inoculated into bare
ground, more than 80% of the individuals dispersed whereas only
26% dispersed when the inoculated section was covered by natural
litter (Fig. 3). This signiﬁcant difference shows that the presence of
litter strongly inﬂuences the dispersal behaviour of this epigeic
earthworm. Interestingly, less dispersal (34%) occurred in the
presence of artiﬁcial litter than in bare ground (80%). The fact that
both natural and artiﬁcial litter reduced dispersal suggests that the
role of the litter as a shelter was more determinant than its role as
a trophic resource.
A large body of observations already indicated that earthworms
prefer habitats of high quality (in terms of food and environmental
conditions) and that habitat quality actually affects earthworm
ﬁtness (Lowe and Butt, 2005). They also indicate that earthworms
are able to select their habitat, and that they have food preferences
(Westernarcher and Graff, 1987; Sanchez et al., 1997).
Our experiments highlight some kind of behavioural control in
earthworm dispersal determinisms. Our results show that earthworm can disperse even if they are surrounded by an adverse
environment, while there is no evidence of immediate beneﬁts to
disperse. This suggests that in the ﬁeld, earthworms may avoid
unsuitable environments and move until reaching a better habitat.
Therefore earthworms should be more abundant in high quality
habitats i.e. with high organic matter content, sufﬁcient litter cover,
or suitable soil properties. This prediction is generally veriﬁed for
epigeic species (Westernarcher and Graff, 1987; Cannavacciuolo
et al., 1998), but not always for endogeics (Valckx et al., 2009).
Indeed, at small scales, typically plot scale of a few ha, the distribution of endogeic earthworms often display aggregative patterns
forming patches with high densities (Margerie et al., 2001; Rossi,
€ns and
2003), sometimes stable over periods of 2e3 years (Decae
Rossi, 2001; Jimenez et al., 2006). These patches are not consistently related to organic matter distribution (Rossi et al., 1997),

Fig. 2. Boxplot comparisons of A. icterica dispersal rate in response to soil properties.
Suit. ¼ Suitable soil; Uns. ¼ Unsuitable soil; different letters indicate signiﬁcant
differences at p ¼ 0.05 (General Linear Models with Binomial response).

Fig. 3. Box plots comparisons of D. veneta dispersal rate in response to litter cover.
Nat. ¼ Natural litter; Art. ¼ Artiﬁcial litter; different letters indicate signiﬁcant
differences at p ¼ 0.05 (General Linear Models with Binomial response).

which suggests that soil properties other than organic matter may
inﬂuence their location, and also that mechanisms other than
habitat selection and dispersal from low quality habitats may be
involved in the distribution of earthworms at the plot scale.
3.2. Experiment 3: density dependent dispersal
Dispersal rate of A. icterica increased with the density inoculated
into the release section, with values signiﬁcantly different between
the lowest and highest density levels. Dispersal rate was 40% in
treatments with 10 individuals inoculated, 45% with 20 individuals,
and 69% in treatments with 30 individuals (Fig. 4). This endogeic
species therefore seems to present a strong positive density
dependent dispersal, a mechanism that has never been described in
earthworm population studies, although it has been proposed to
explain the punctual massive migration observed for some species
(Reddy, 1980).
Positive density dependence in dispersal behaviour is
supposed to be widespread in animals (see for instance Matthysen, 2005), and available examples include some soil organisms
(see for instance Bengtsson et al., 1994). The most widely
acknowledged hypothesis is that crowding increases intra-speciﬁc
competition due to resource depletion, and that better ﬁtness
should be attained by dispersing from high-density sites (Murray,
1967; Waser, 1985). It was also noticed that positive density
dispersal can avoid attracting predators in patches of high prey
density (Wittenburger and Hunt, 1985), a phenomenon reported
on earthworms (Macdonald, 1983). However, this behaviour can
present serious evolutionary drawbacks, which may outweigh the
beneﬁts of positive density dispersal, especially among earthworms. In particular, emigration may induce local Allee effects
(Stephens and Sutherland, 1999) which can seriously impede the
growth and survival of populations. Many species of insects, birds

Fig. 4. Boxplot comparisons of A. icterica dispersal rate in response to earthworm
density (number of individuals) inoculated into the soil. Different letters indicate
signiﬁcant differences at p ¼ 0.05 (General Linear Models with Binomial response).
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and mammals present negative density dependence, which often
results from conspeciﬁc attraction (Danielson and Gaines, 1987;
Stamps, 1991). The aggregation behaviour was already reported
, 1758),
among the earthworm species Lumbricus terrestris (Linne
but the effect could not be distinguished from habitat
selection (Butt et al., 2003). Indeed, in this experiment aggregation might come from a natural tendency to aggregate without
a forcing by the heterogeneity of the environment, i.e. an
aggregation behaviour, but also from individuals ending up in the
patch of high quality after selecting the best habitat available
(habitat selection).

3.3. Experiment 4: soil pre-use effect on dispersal
Soil pre-use strongly reduced the dispersal rate of earthworms:
in pristine soil dispersal rate was 30%, whereas in pre-used soil no
individuals dispersed (Fig. 5). This result shows that earthworm
activities can have persistent effects which can be detected by new
immigrants. This result may be explained by different mechanisms.
First, the former inhabitants may have increased the quality of the
habitat through soil engineering, i.e. the burrowing of galleries,
which is a highly energy consuming activity. New comers would
thus prefer soil with existing galleries, which would represent
a readily suitable habitat colonisable with minimal burrowing cost.
This hypothesis is supported by a recent work on earthworms
behaviour (Felten and Emmerling, 2009). Second, former inhabitants may have enhanced trophic resource quality by activating
decomposition processes through soil ingestion and mucus deposition, a mechanism previously coined “external rumen” (Lavelle,
1986). This kind of priming effect increases the availability of
nutrients and carbon for the next consumers. Lastly, earthworms
may have released attracting molecules in the soil. For instance,
some anecic earthworms leave mucus on the ground which they
use to locate their burrows (Nuutinen and Butt, 1997). This mucus
may behave as a signal molecule which attracts conspeciﬁcs,
a point which as never been tested, including on endogeics species,
on which we worked.
This positive effect of soil pre-use can be considered as an
original form of philopatry (i.e. the tendency to return to a speciﬁc
environment or location) where the environment is the by-product
of former individual activity. Such complex feedbacks between
habitat quality, engineering activity, and dispersal have already
been mentioned in theoretical works, but have rarely been
demonstrated experimentally (see Cuddington and Hastings, 2004;
Klironomos, 2002). Theoretically they can lead to the formation of
patches of individuals through self-organization, without the
forcing of any pre-existing heterogeneity in soil properties or
interspeciﬁc interactions (Barot et al., 2007).

Fig. 5. Box plots comparisons of A. icterica dispersal rate in response to the former use
of the soil substrate by conspeciﬁc individuals. Different letters indicate signiﬁcant
differences at p ¼ 0.05 (General Linear Models with Binomial response).

207

3.4. Dispersal behaviour and earthworm spatial distribution
Dispersal patterns have profound effects on the distribution of
€ns
species and community assemblage (Holyolak et al., 2005; Decae
et al., 2008). Long Distance Dispersal (LDD) is a condition for the
maintenance of metapopulations and metacommunites (Holyolak
et al., 2005), and determines the capacity of species to colonize free
habitats. At this scale, movements are likely dominated by passive
dispersal mediated by external factors such as animals, wind, runoff
and human activities. For instance earthworm cocoons may be
transported in the fur of animals, in the soil of potted plants, or by
being stuck in tractor wheels (Marinissen and Vandenbosch, 1992).
However passive dispersal alone is probably not sufﬁcient to
explain earthworm distributional patterns. Also active dispersal
potentially plays an important role even at large scale. For instance
the accumulation of many small stepping stone displacements can
lead to large migration patterns or invasions (Nentwig, 2007). Many
invasive species that were ﬁrst introduced artiﬁcially in remote
areas spread themselves by active dispersal (Lockwood et al., 2006).
Some rare observations of introduction in previously earthwormfree habitats, such as polders, showed that earthworms are capable
of colonising new areas at distances ranging from 4 (L. terrestris) to
14 m year1 (Lumbricus rubellus Hoffmeister (1843)) (Mazaud and
, 1980; Marinissen and Vandenbosch, 1992; Stein et al.,
Bouche
1992; Edwards and Bohlen, 1996). According to our experiments,
A. icterica and D. veneta can travel distances of 0.5e0.9 m per week
in mesosoms (26e47 m. year1) under conditions that trigger
dispersal. Massive and spectacular migrations of earthworms are
acknowledged to occur episodically (Reddy, 1980), but they probably don't occur very often.
At small scales, earthworms are known to form patches of high
densities separated by areas of low densities (Rossi et al., 1997).
The formation of these patches is a complex phenomenon
resulting from local demographic processes associated with
migration e emigration (both aspects of dispersal), interspeciﬁc
interactions (competition versus ecological complementarity) and
feedbacks between soil quality and earthworm engineering
€ns and Rossi, 2001; Rossi et al.,
activity (Barot et al., 2007; Decae
€ns et al., 2009). In theory, their
1997; Jimenez et al., 2006; Decae
formation may arise from different processes, the most evident
being an aggregation behaviour. However we observed rather
positive density dispersal, meaning that earthworms avoid high
densities. This implies that earthworms are relatively mobile at
small scale, a condition under which patch formation was not
expected in previous models, unless there was a strong inﬂuence
of soil properties on demographic parameters (Barot et al., 2007).
Under these circumstances patch formation appears as a subtle
quantitative output of the balance between local demography and
dispersal behaviour. Therefore in order to explain the formation of
patches of earthworms, it is necessary to evaluate their movement
range, their dispersal kernel as well as the variability of their
demographic parameters in the ﬁeld. In addition to these intraspeciﬁc mechanisms, interspeciﬁc interactions should also be
considered. Competition, ecological complementarity and facilitation interactions may be in part responsible for spatial patterns
observed in earthworm assemblages. For instance, interspeciﬁc
competition has been described as a potential driving factor for the
formation of patches dominated by speciﬁc species assemblages
€ns et al.,
(Holyolak et al., 2005; Jimenez and Rossi, 2006; Decae
2009), which is supported by experimental results that demonstrated antagonistic interactions between species pairs (Butt,
1998). Conversely, mutualistic, or at least reciprocal beneﬁcial
relationships can also lead to patch formation (Hoopes et al.,
2005). For instance it was thought to explain the distribution of
two African species in separate patches, where each species was
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relying on the activity of the other to access soil organic matter
(Blanchart et al., 1997).
From our result we can elaborate a ﬁrst behavioural scenario of
earthworm foraging: when they are either in a crowded or a low
resource patch, they disperse until ﬁnding a suitable place, preferably formerly inhabited by conspeciﬁcs. After some time density
increases in the suitable places, leading potentially to patch
formation, and after some more time, density starts decreasing
because of positive density dispersal.
3.5. Concluding remarks and perspectives
Our work clearly shows that earthworms are reactive to the
quality of their environment, and that they can easily disperse from
unsuitable conditions. The mechanisms we highlight bring significant information but they are not sufﬁcient to explain patch
formation in ﬁeld conditions, and should thus be considered in
tandem with ﬁeld demographic studies.
Further work is required to understand how dispersal inﬂuences
population and community dynamics. In particular, it is necessary
to investigate if all species behave similarly in response to the same
environmental conditions. Indeed, species, or even earthworm
ecological categories, may present speciﬁc dispersal behaviours.
The second point we need to focus on is the role of life stage. Indeed
hatchlings, juveniles and adults may have very different behaviours
and hence different dispersal options, as suggested by previous
studies (Cannavacciuolo et al., 1998; Valckx et al., 2009). Lastly, the
effects of interspeciﬁc interactions on dispersal behaviour should
be considered. Species distribution in the ﬁeld likely depends on
this aspect. In order to model earthworm dispersal in a realistic
way, we also needs to evaluate the mathematical shape of the
dispersal kernel (dispersal curve) e the frequency distribution of
the distances travelled by all individuals in a population e, which is
a central feature of classical dispersal models (Kot et al., 1996;
Neubert and Caswell, 2000). This could be done by taking advantage of recent techniques, such as earthworm tagging (Fujiwara
et al., 2006; Butt and Lowe, 2007) and genetic approaches (Manel
et al., 2003), allowing the study of individual movements at both
small and large scales (Nathan, 2003).
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