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bstract

Invasions of alien gammarid species have led to reduced abundance of many native gammarid species and earlier gammarid
nvaders. Intra-guild predation (IGP) has been suggested as the main mechanism causing such species displacements. This study
lucidates a mechanism for species displacement that is based on competition for shelter, viz. species excluding each other from
shelter place. Preferences of Dikerogammarus villosus and Gammarus roeselii for shelter space were studied in laboratory

xperiments. In contrast with night conditions both species showed a strong preference for shelter sites under daytime conditions
o that all experiments were carried out under permanent light conditions. Single individuals of D. villosus sheltered more than
hose of G. roeselii. Intraspecific competition experiments with different size classes and sexes showed that in contrast with D.
illosus, the size class had a significant effect on the mean sheltering proportion of individuals of G. roeselii. When both species
ere brought together in a basin with a shelter site to test interspecific competition, individuals of G. roeselii were actively
ushed out of their shelters within 24 h, while D. villosus showed no change in shelter. This led to a significantly increased
redation risk for G. roeselii, which was confirmed in an experiment in which a benthic fish was added. IGP only manifested
tself after 48 h, indicating that competition for shelter preceded IGP. When shelter opportunities are in short supply, shelter
xclusion may be one of the initial mechanisms for gammarid species displacements.
usammenfassung
Invasionen von neobiotischen Gammariden haben zu einer Reduzierung der Artenvielfalt von einheimischen und früher einge-
anderten Gammariden geführt. Bisher wurde Gildeninterne Prädation (intra-guild predation, IGP) als Hauptursache für diese
rtenverschiebung genannt. Diese Studie beschreibt einen anderen Mechanismus für Artenverschiebung, der auf Konkurrenz um
ebensräume basiert, wobei verschiedene Arten einander an der Nutzung von Unterschlüpfen hindern. In Laborexperimenten
urden die Präferenzen für Unterschlüpfe von Dikerogammarus villosus und Gammarus roeselii untersucht. Beide Arten
evorzugten Unterschlüpfe bei Tagesbedingungen, weswegen alle Experimente unter Dauerlichtverhältnissen durchgeführt
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urden. Einzelne D.  villosus-Individuen suchten mehr Schutz als G. roeselii-Individuen. Intraspezifische Konkurrenzexperi-
ente mit verschiedenen Größenklassen und Geschlechtern zeigten, dass, im Gegensatz zu D.  villosus, die Größenklasse einen

ignifikanten Einfluss auf den durchschnittlichen Anteil der G.  roeselii-Individuen, die Schutz suchten, hatte. Um die Konkur-
enz zwischen verschiedenen Arten zu testen wurden beide Arten zusammen in einem Becken gehalten. G.  roeselii-Individuen
urden innerhalb von 24 Stunden aktiv aus ihren Unterschlüpfen verscheucht, während D.  villosus  keine Unterschiede zeigte.
ies führte zu einem signifikant erhöhten Prädationsrisiko für G.  roeselii, welches in einem Experiment unter Anwesenheit

iner benthische Fischart bestätigt wurde. Gildeninterne Prädation (IGP) trat erst nach 48 Stunden auf, was darauf hinweist, dass
er Wettbewerb um Unterschlüpfe vor IGP stattfindet. Wenn nur wenige Unterschlüpfe vorhanden sind, kann die Verdrängung
us diesen Schutzorten einer der Mechanismen für Artenverschiebungen bei Gammariden sein.

 2016 Gesellschaft für Ökologie. Published by Elsevier GmbH. All rights reserved.
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ntroduction

Various gammarids are omnivorous invaders of freshwater
cosystems (MacNeil, Dick, & Elwood 1997; Felten, Tixier,
uerold, De Billy, & Dangles 2008; Platvoet, Van der Velde,
ick, & Li 2009b) impacting macro-invertebrate commu-
ities at high population density (Kelly, Bailey, MacNeil,
ick, & McDonald 2006; Van Riel et al. 2006; Noordhuis,
an Schie, & Jaarsma 2009). Invasions by alien gammarids

ead to competition with native and earlier established alien
pecies, which can result in habitat shifts, niche reduction or
ven exclusion and displacement of the competitively weaker
pecies (Leuven et al. 2009; Platvoet, Dick, MacNeil, Van
iel, & Van der Velde, 2009a; Van der Velde et al. 2009; Van
iel, Van der Velde, & Bij de Vaate, 2009). Gammarid species
an be arranged from highly to less predatory (Platvoet
t al. 2009a; Stoffels et al. 2011; Bacela-Spychalska & Van
er Velde, 2013; Dodd et al. 2014) with the Ponto-Caspian
nvader Dikerogammarus  villosus  being the most predaceous
ompared with native and earlier invasive gammarid species.
his species is a threat to freshwater ecosystems owing to its
redatory behaviour (Dick & Platvoet 2000; Van Riel et al.
006; Platvoet et al. 2009b).
Based on laboratory experiments Intra-guild predation

IGP) is considered to be the main mechanism under-
ying gammarid species displacement processes (Dick,

ontgomery, & Elwood 1993; Dick & Platvoet 1996, 2000;
acNeil, Bigsby, Dick, Hatcher, & Dunn 2003; Kinzler &
aier 2003; Dick 2008). To reduce predation risks, prey can

ry to escape from a predator and search for a shelter site.
helter sites are a valuable resource and serve as protec-

ion, breeding or resting sites and in the case of predators
lso as a hiding place to ambush their prey. Availability of
helter sites has profound effects on IGP (Hacker & Steneck
990; Garvey, Stein, & Thomas 1994; Kley & Maier 2005;
acNeil, Platvoet, & Dick 2008; Platvoet et al. 2009a). Fur-

hermore, to avoid predation gammarids use shelter sites
uring the daytime and leave them at night, when the risk of

redation by day active fish is reduced (Elliott, 2005; Lagrue
t al. 2011; Van Riel, Van der Velde, & Bij de Vaate 2011).
evin, Piscart, Beisel, and Moreteau (2003) demonstrated M
tor encounters; Sheltering

hat shelters appear to be size-dependent for D.  villosus  as a
elationship exists between substratum particle size and the
ength of individuals and a partial segregation was observed
ccording to length of the gammarids. D.  villosus  dominates
he stone environment of regulated rivers, lakes and canals
or shipping and avoids sand and leaf litter while Gam-
arus roeselii  hardly differentiates between substrates. In

he presence of D.  villosus,  G.  roeselii  coexisted by occur-
ing in submerged vegetation in a Rhine tributary (Kley &

aier 2005) and was displaced on hard substrates in Lake
onstance (Hesselschwerdt, Necker, & Wantzen 2008). The
reference for and domination of D.  villosus  in the stony lit-
oral resulted in displacement of other gammarid species that
eeded to find alternative shelters such as sand, clay, leaf litter
r vegetation when present. In this way a zonation of gam-
arid species can develop by which the species coexist in the

ame waterbody through habitat segregation (Hesselschwerdt
t al. 2008; Platvoet et al. 2009a).

We studied the sheltering of D.  villosus  and G.  roeselii
er species and in interspecific competition experiments to
nd out if there are shelter differences and/or competition for
helter during the daytime, which may lead to replacement
f one species by the other. The hypothesis was tested by

 series of laboratory experiments with both species to find
ut, (a) if single individuals of these species show shelter
ehaviour when a shelter site is offered without interaction
ith other individuals, (b) if different sexes and size classes of

ach species show differences in sheltering behaviour when a
umber of individuals are introduced together in a microcosm
possible interactions between size classes and sexes), (c) if
here is intra- or interspecific competition for shelter when
he numbers introduced are varied, (d) if there is competitive
xclusion in the presence or absence of a fish predator.

aterials and methods

nimal collection and handling
G. roeselii, was collected during the period
ay–September in 2008 in the Schipbeek brook
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52◦15′13.55′′N, 6◦20′9.23′′E), while D.  villosus  was
ollected in the same period from Lake Gouwzee
52◦26′20.64′′N, 5◦3′4.93′′E), from the Pannerdensch
anal (51◦53′33.23′′N, 6◦1′24.75′′E) and the Waal river
51◦52′56.49′′N, 6◦0′7.80′′E), all in the Netherlands. To
revent adaptation to earlier encounters of these species both
pecies were sampled from sample sites where they do not
oexist. Both species were kept separately at natural densities
f 200–600 individuals m−2 (Kley 2001) in shallow aerated
asins (35.5 × 30.0 × 6.5 cm) with constant light at 20 ◦C
the conditions of all experiments). These basins contained
ater, plants and organic matter from the sampling sites. The

omplete stock was replenished after three days by repeated
eld sampling. During the experiments the animals were not
ed. No gravid females were used in the experiments.

xperimental set-up

heltering  behaviour  of  single  individuals
The first experiment tested the animals’ sheltering

ehaviour. Single males and females of D.  villosus  and sin-
le males and females of G.  roeselii  were picked at random
rom the stock and placed in a translucent plastic basin
29.0 ×  16.0 ×  2.0 cm), which was filled with a layer of water
1.25 cm) from the sampling sites. In these plastic basins a
lass strip (28.0 ×  2.0 ×  0.6 cm) was placed that leant with
ne side on a small support (0.45 cm), to create space under-
eath the glass strip where gammarids could seek shelter
Fig. 1A and B). The advantage of using glass strips as shel-
er is that the position of the animals and their behaviour
an be observed. Before each experiment, the sex of gamma-
ids was determined from the size of the gnathopods for both

pecies and on setation of the 1st antenna for D.  villosus.
able 1 shows the lengths of individuals used in the single
helter experiment of D.  villosus  and G.  roeselii. After 24 h,
t was observed whether the gammarid sheltered underneath

l
E
T

ig.  1.  Experimental set-up with the glass strip under which the gammarid
trip (B). Design with the translucent plastic boxes under which the gamm
he translucent plastic boxes (D). The black dot indicates the position of th
 Ecology 17 (2016) 455–462 457

he glass strip. This was repeated for 30 single males and 30
ingle females of each species.

ntraspecific  sheltering  behaviour  of  different  sexes
nd size  classes
The second experiment investigated intraspecific compe-

ition for shelter between sex and size classes of the same
pecies. For each test, twenty individuals (per species) were
laced in an experimental set-up (similar as the one used for
he single individual experiments) for 24 h. Each experiment
as carried out in twofold and repeated six times (using new

nimals for each test). Individuals were visually sorted into
he following categories: (1) large males, (2) large females,
3) small males and (4) small females. Subsequently, ten
mall and ten large males or ten small and ten large females
f the same species were selected and mixed, which gave two
dditional categories: (5) large males plus small males and
6) large females plus small females (Table 1). The results
f these competition experiments between gammarids of dif-
erent size classes and sexes were compared with results of
imilar experiments using only one size class.

ntra- and  interspecific  competition  for  shelter
Intra- and interspecific competition for shelter between the

wo species was assessed in a set-up with varying numbers of
. villosus  and G.  roeselii. This experiment used the same set-
p as described for the competitive exclusion experiment (see
ext sub-section), to mimic competition for shelter without

 predator. Of each species 20 or 40 individuals were picked
t random from the stock to study whether intraspecific com-
etition was influenced by population density. Interspecific
ompetition was assessed by adding 20 individuals of D.  vil-

osus and 20 of G.  roeselii  together in one experimental basin.
ach experiment was carried out in twofold and lasted 24 h.
he experiment was repeated six times.

s sheltered (A). Side-view of the experimental set-up with the glass
arids sheltered (C). Side-view of the set-up of the experiment with
e support (0.45 cm) of the glass strip (B) and plastic box (D).
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Table  1.  Lengths of Dikerogammarus  villosus  and Gammarus  roeselii  individuals (in mm) in shelter behaviour experiments (SD: standard
deviation).

D.  villosus  G.  roeselii

Mean ±  SD Range Mean ±  SD Range

Single specimens
Males 16.3 ±  3.1 10.6–22.3 15.2 ±  2.3 8.4–18.3
Females 14.6 ±  2.4 10.1–18.8 13.5 ±  1.9 9.4–17.4

Intraspecific size classes
Large males 17.2 ±  3.1 12.8–27.0 15.9 ±  1.4 12.3–20.4
Large females 15.3 ±  1.7 11.9–23.6 13.2 ±  1.4 8.3–18.4
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Small males 12.0 ±  1.2 

Small females 10.6 ±  1.2 

ompetitive  exclusion  with  and  without  top  predator
ressure
In another series of experiments, competitive exclusion

f gammarids with and without top predator pressure was
ssessed. Because the fish predator could easily reach shel-
ering gammarids under the glass strip and disturb the
et-up we used translucent plastic basins, viz. a plastic box
10.5 ×  9.5 ×  3.0 cm), under which the gammarids could
afely shelter (also used in the intra- and interspecific compe-
ition experiment). The box was filled with water to prevent
t from floating, and was raised by 0.45 cm at one end, so
he animals had the opportunity to shelter under it (Fig. 1C
nd D). Of D.  villosus  and G.  roeselii  20 individuals of each
pecies were picked at random from the stock and placed
ogether in one experimental basin. Both species were tested
or competitive exclusion in the absence and presence of a
sh predator (one individual of the Stone loach, Barbatula
arbatula). Each experiment lasted 48 h and was repeated
ine times.

tatistical analysis

All statistical analyses were performed in R version 2.15.0
R Development Core Team) (Crawley, 2007). The effects of
ex, size class, species and intra- or interspecific competition
n sheltering was compared by fitting linear mixed-effect
odels with a log-link function based on either binomial or

ormal distributions.
Sheltering behaviour in the single gammarid experiments

ad a binomial distribution. Presence or absence of a gam-
arid in the shelter site was set as dependent variable,
hereas sex, species, and their interaction were set as fixed

actors. The effect of the experimental set-up in which
ach replicate experiment was conducted was included as

 random factor. In the subsequent experiments, sheltering
ehaviour showed a normal distribution. For the intraspe-

ific experiment, the proportion of individuals that sheltered
as set as dependent variable, whereas competition condition

i.e., competition between size classes versus no competi-
ion between size classes), size class (large and small; males

s
o
n
d

.4–15.0 10.8 ±  1.5 6.1–15.5

.2–13.5 10.0 ±  1.3 5.8–12.7

nd females) and their interaction were set as fixed factors.
he effect of the experimental unit and the day on which

he replicate tests were conducted (date) were included as
andom factors. For the interspecific experiment, the depend-
nt variable and random effects were similar to those in the
bove experiment. Species and condition (i.e., competition
ased on 40 individuals, no competition based on 20 and 40
ndividuals) were set as fixed factors.

To test the effect of a fish predator and the presence and
bsence of a shelter site, the proportion of surviving indi-
iduals was set as the dependent variable, whereas species,
resence of a fish predator and their interaction were set
s fixed factors. Since the experiments were conducted on
he same day, only the effect of the experimental unit was
ncluded as a random factor.

Assumptions of normality were checked by residual anal-
sis and by a Shapiro test of normality. Where necessary,
ata was log-transformed by y  = log10(x  + 1). Models were
tted with the lmer function in the lme4 package. To deter-
ine the effects of fixed factors, a likelihood ratio test was

sed to compare models with and without the variable of
nterest (Crawley, 2007). For variables with three or more lev-
ls, significant differences were analysed by Tukey post-hoc
omparisons, available in the multcomp package.

esults

heltering behaviour of single individuals

Single individuals of both species sheltered under the glass
trip after 24 h (Fig. 2). D.  villosus  sheltered significantly
ore than G.  roeselii  (χ2 = 15.08; df = 2; P  = 0.001). Single
ales as well as single females of D.  villosus  were more

ikely to shelter than those of G.  roeselii, viz. 80.8% of D.
illosus  males sheltered and 41.7% of G.  roeselii  males. The
heltering percentage for females of D.  villosus  and G.  roe-

elii were 75.0% and 50.0%, respectively. However, the effect
f sex was not significant (χ2 = 0.37; df = 2; P  = 0.832) and
o statistical interaction between sex and species (χ2 = 0.33;
f = 1; P  = 0.564) was detected. The average shelter
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iduals of Dikerogammarus  villosus  and Gammarus  roeselii, after
4 h.

ercentage of single individuals per species was 80.0% for
. villosus  and 46.0% for G.  roeselii.

ntraspecific sheltering behaviour of different
exes and  size classes

The shelter behaviour of both species for both sexes and
our size classes (large males, large females, small males
nd small females) showed that after 24 h neither the size
lass of D.  villosus  (χ2 = 2.87; df = 3; P  = 0.412), nor the
ompetition condition (χ2 = 2.51; df = 1; P  = 0.113) nor their
tatistical interaction (χ2 = 0.75; df = 3; P  = 0.861) had a sig-
ificant effect on the mean proportion of individuals taking

helter (Fig. 3A). Although the effect of the competition
ondition (χ2 = 1.51; df = 1; P  = 0.219) and the statistical
nteraction (χ2 = 5.81; df = 3; P  = 0.121) were not signifi-
ant for G.  roeselii, the size classes of smaller individuals

p

t

ig.  3.  Mean shelter rates (±SEM) of 20 individuals of Dikerogammarus  v
ith separately tested size classes of large males, large females, small male

en large males or ten small and ten large females of the same species wer
ndicate significant differences in mean group percentages of size classes 
 Ecology 17 (2016) 455–462 459

heltered significantly more (χ2 = 39.20; df = 3; P  < 0.001)
han larger size classes (Fig. 3B).

ntra- and interspecific competition for shelter

Both species showed significant different sheltering
ehaviour in the intra- and interspecific competition exper-
ments (χ2 = 114.86; df = 1; P  < 0.001; Fig. 4). Intraspecific
ompetition led to significantly more sheltering individuals
f D.  villosus  when 40 individuals were present instead of
0 individuals (Post-hoc  analysis: P  = 0.01). A significantly
ower number of G.  roeselii  sheltered in the experiment with
0 individuals in comparison with 20 individuals (P  = 0.042).

A significant interaction was observed in sheltering indi-
iduals for both species by intra-and interspecific competition
χ2 = 79.76; df = 2; P < 0.001). In the condition with 20 indi-
iduals of a single species, neither of the two species appeared
o show differences in sheltering (i.e., the intraspecific com-
etition 20 individuals). However, in the condition with
0 individuals, there was a significant difference between
he mean sheltering of the two species (χ2 = 20.94; df = 1;

 < 0.001, the intraspecific competition 40 individuals).
hen both species were placed together, the presence of D.

illosus  significantly decreased sheltering individuals of G.
oeselii (χ2 = 79.44; df = 1; P  < 0.001) while sheltering indi-
iduals of D.  villosus  were not affected by the presence of G.
oeselii.

ompetitive exclusion with and without top

redator pressure

The average survival percentage of D.  villosus  with a shel-
er site was unaffected by the presence or absence of the

illosus  (A) and Gammarus  roeselii  (B) for intraspecific competition
s and small females (white bars). In the mixed groups, ten small and
e placed together (black bars). Different letters above the columns
that sheltered under the glass strip (P  < 0.001).
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sh predator (χ2 = 0.002, df = 1, P  = 0.969; Fig. 5A), whereas
nly half of the individuals of G.  roeselii  survived in the
resence of the fish predator (χ2 = 10.27, df = 1, P  = 0.001).

In the presence of a shelter site, the presence of a fish preda-
or interacted significantly (χ2 = 22.59; df = 1; P  < 0.001),
hich resulted in an even stronger reduction of surviving
ndividuals of G.  roeselii.
When there was no shelter site, the survival of G.  roe-

elii was more affected by the absence of shelter than that of
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ig.  5.  Effect of shelter exclusion on mean survival percentages (±SEM) o
r absence of a predatory fish (one individual of Stone loach, Barbatula  bar
he experimental basin where either a shelter site (Fig. 1C and D) was pres
hown in the absence (white bars) and presence (black bars) of the fish pre
n average survival percentages between the same classes of both species 
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.  villosus  (χ2 = 31.35; df = 1; P  < 0.001; Fig. 5B). Both
pecies showed no significant interactions in the presence
f the fish (χ2 = 0.89; df = 1; P = 0.345); likewise, the pres-
nce of the fish had no effect on survival (χ2 = 2.18; df = 1;

 = 0.140). In the absence of the fish, G.  roeselii  showed a
ignificant decrease in mean survival without a shelter site
χ2 = 6.73; df = 1; P = 0.009).

iscussion

The experimental shelter sites were often used by both
ammarid species under continuous light conditions. D.  vil-
osus was the stronger competitor for shelter sites, which
ventually resulted in an increased mortality of G.  roeselii  in
he presence of a predatory fish.

Single individuals of D.  villosus  sheltered more than single
ndividuals of G.  roeselii. These results match those of the
ntraspecific experiment, where individuals of D. villosus  also
heltered more than large males and large females of G.  roe-
elii. It seems that D.  villosus  is not affected by intraspecific
ompetition, in contrast to G.  roeselii, where small individ-
als showed higher sheltering rates than large individuals in
ntraspecific competition. Since smaller individuals are more
ulnerable to cannibalism and predation by (larger) preda-
ors, they hide more likely in shelters (Platvoet et al. 2009a).
he small males and small females of G.  roeselii  sheltered
ignificantly more than large males and large females in the
eparate as well as the mixed size classes. The sheltering
ndividuals in our single individual experiments were not sub-
ect to competition by other individuals or species. Probably
ecause shelter sites are only efficiently used when there is
n increased predation risk (Magalhaes, Janssen, Hanna, &
abelis, 2002), fewer single individuals of G.  roeselii  shel-
n the intraspecific experiment.
When both species were placed together (interspecific

ompetition) into the same set-up, G.  roeselii  sheltered

Fish present

Without fish

Shel ter  absen t

G. roeseliiD. vill osus

f Dikerogammarus  villosus  and Gammarus  roeselii  in the presence
batula). Twenty individuals of each species were added together to
ent (A) or no shelter was present (B). The survival percentages are
dator. An asterisk above the columns shows significant differences
(* P  < 0.001).
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onsiderably less in the presence of D.  villosus, than sin-
le sheltering individuals of G.  roeselii  or with interspecific
ompetition. We observed D.  villosus  actively pushing G.
oeselii out of the shelter, which illustrates that shelter sites
re resources for interference competition. That competition
or shelter sites had a high effect on survival was furthermore
bserved when a fish predator was added to the two gamma-
ids. The highest mortality of G.  roeselii  was recorded in the
resence of the fish predator, D.  villosus  and a shelter site. The
ncreased predation and mortality of G.  roeselii  is most likely
elated to the exclusion from the shelter site by D.  villosus
nd the, overall, lower mean sheltering of G.  roeselii  which
oth increased predation risk. Furthermore, densities of G.
oeselii decreased in the basins where no fish predator was
resent, which illustrates that IGP became relevant when the
xperiment was extended to 48 h (Van Riel, Healy, Van der
elde, & Bij de Vaate, 2007). D.  villosus  is very voracious
nd could prey on G.  roeselii  and other small individuals
specially when food was not supplemented ad libitum or
lternative shelter possibilities were available. Therefore, we
ould assume there is not only predation by fish but also
annibalism and predation by D.  villosus  as superior predator.

Multiple predators can suppress prey density when they are
resent at the same time, whereas prey release can occur at
igher prey densities in the presence of both predators. When
oth species met in the same basin without a shelter site, IGP
ad the same effect as the presence of multiple predators. This
as most likely the effect of the shelter site, since the survival

ate of G.  roeselii  was highest in the presence of a shelter site
hen no predatory fish was present. When a shelter site and a
sh were present, D.  villosus  suffered less mortality than G.
oeselii, which is probably due to the greater competitiveness
or shelter of D.  villosus. Since G.  roeselii  was driven from the
helter site by D.  villosus, it was more likely to encounter the
sh predator. Thus, coexistence of species can be achieved
y differential use of suitable habitat or shelter sites, as this
educes the risk to encounter a predator and increase their
hances of survival (Platvoet et al. 2009a).

This study has provided insight into one of the ecological
echanisms involved in species displacement by non-native

ammarids. Although, more sophisticated experimental set-
ps could be used following the behaviour of the individuals
nd their interactions by camera and video techniques to mon-
tor movements, hiding and displacement in the future. By
sing a gradient of differently spaced shelters all specimens
rrespective of their size could find space for sheltering which
as in reality also observed for both species.
If species rely on similar shelter sites, they will compete

or this resource. When shelter opportunities are in short sup-
ly, competition will lead to increased predation risk for the
eaker competitor that is excluded from its shelter. The role
f the IGP mechanism is reduced when there is a diver-

ity of physical shelters that can sustain various species.
his emphasizes the importance of shelter sites in deter-
ining species displacements, irrespective of IGP. Although

he importance of both mechanisms may depend on local

D
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nvironmental conditions (e.g., differences in shelter avail-
bility, types of shelter, species interactions and disturbance),
helter exclusion is very likely to be an initial mechanism in
pecies displacements. Our findings may explain species dis-
lacement processes in the field, particularly in situations
here there is not enough variation in shelter opportunities.
his is the case in many regulated rivers, shipping canals and
an-made lakes where artificial hard substrates such as riprap
ere added to prevent bank erosion by current and wave

ction. Moreover, shipping induced waves caused decline
f vegetation in rivers. This means that stones provide the
nly shelter options making interactions with respect to shel-
er between species very likely. Coexistence of native and
nvasive gammarid species may be facilitated by creation a
ariety of shelter in hydraulic engineering and restoration
rojects (e.g., through increasing habitat heterogeneity and
omplexity).
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