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ABSTRACT: Microhabitat partitioning is a widespread mechanism that reduces competition and
thus facilitates the coexistence of species. The extent to which microhabitat partitioning occurs
depends on a variety of environmental parameters and biotic interactions. In the present study, we
manipulated factors (animal density, presence of heterospecifics, and presence of predator cues)
that potentially influence the differential use of microhabitats by 2 hemi-sessile congeners that
coexist on small spatial scales at very high densities: the amphipod crustaceans Jassa marmorata
and J. herdmani. In both species, the presence of heterospecifics had a clear effect on which part
of an offered macroalga was preferably colonized, suggesting that the extent of microhabitat
partitioning depends on the presence/absence of heterospecifics. Furthermore, ‘predatory fish
cues’ in the seawater induced an avoidance behaviour, which should reduce the extent of habitat
partitioning and inevitably increase competition between the species. The results clearly show
some flexibility of habitat selection in, and thus habitat segregation between, the studied species,
allowing for a trade-off between interspecific competition and predation pressure.
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In addition to non-equilibrium mechanisms of coexistence (Connell 1978, Wilson 1990, 1994, Roxburgh et al. 2004), the reduction of competition by
partitioning of resources ranks among the classic
explanations for the coexistence of species (Schoener
1974, 1986). Spatial segregation and especially microhabitat partitioning has been observed for a broad
range of ecologically similar species coexisting in the
same habitats, e.g. birds (Barnes & Nudds 1990) and
their parasites (Choe & Kim 1989), fish (Ebersole
1985, Davis 2000), insects (Nummelin et al. 1984),
echinoderms (Sloan 1979), and trees (Clark et al.
1993). In addition, microhabitat partitioning can occur even within a single species, reducing competition or even cannibalism among different develop-

mental stages (Nummelin et al. 1984, Davis 2000).
Although it is commonly assumed that microhabitat
partitioning facilitates a stable coexistence of species, the phenomenon cannot be generalized (Jorgensen 2004).
Particular habitat preferences of a species are supposed to be adaptive, reflecting the species’ higher
evolutionary fitness in the preferred microhabitat
(Martin 1998). Nonetheless, the differential distribution of species in distinct habitats does not necessarily imply an active selection behaviour but can
also be due to habitat-specific recruitment success
and/or mortality rates (Crowe & Underwood 1998).
An active (behavioural) microhabitat partitioning can
occur in the absence of competition (Barnes & Nudds
1990), can be induced by interaction with sympatric
congeners (Choe & Kim 1989), or both (Ebersole
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1985). Microhabitat partitioning is an evolutionary
response to exploitative competition, intraguild interference, or intraguild predation, although the degree
of its actual manifestation may depend on habitat
structure and predation risk (Brown & Moyle 1991,
Polis & Holt 1992, Hughes et al. 1994, Holt & Polis
1997, Arim & Marquet 2004, Janssen et al. 2007). A
species’ fitness in a specific microhabitat depends on
environmental conditions, which are often subject to
short-term changes. This implies that some flexibility
in habitat selection should be favoured by evolutionary history.
Littoral amphipod crustacean species are ideal for
testing the factors driving species coexistence because they often occur in dense heterogeneous assemblages. This is especially the case in suspensionfeeding amphipods where several species coexist
within the same habitat. Species of the genus Jassa
Leach inhabit self-constructed tubes made of amphipod silk and deliberately incorporated detritus (Dixon
& Moore 1997, Kronenberger et al. 2012). Individuals
sit at their tube’s openings and extend their prolonged antennae into the water column for unselective filter-feeding. The tubes are attached to nearly
any kind of hard substratum, and multiple layers of
tubes can form thick fouling mats with hundreds of
thousands of individuals per m2 (Franz 1989, Dixon &
Moore 1997, Zintzen et al. 2008). The animals can be
classified as hemi-sessile as they are able to escape
from their tubes if disturbed or evicted by competitively superior conspecifics. Competitively inferior
individuals, such as juveniles and small adults, leave
their native habitat and disperse, thus reducing
intraguild interference and promoting the colonization of new habitats, where they quickly settle and
build new tubes (Franz & Mohamed 1989, Havermans et al. 2007). In addition, several Jassa species
coexist in high densities. This coexistence may be
corroborated by some degree of ecological differentiation with respect to microhabitat utilization and lifehistory traits (Beermann & Franke 2012, Beermann &
Purz 2013).
In the present paper, we studied the behavioural
patterns associated with microhabitat partitioning in
the 2 congeneric species Jassa marmorata Holmes,
1903 and Jassa herdmani (Walker, 1893), which coexist in marine fouling communities at the island of
Helgoland (German Bight, North Sea) on a broad
range of hard substrata. As the species can form
dense tube aggregations with up to 1000 adult individuals per 100 cm2 (Beermann 2014), we hypothesized that habitat partitioning is not affected by density (intraspecific effect) but is modified by direct

interference with heterospecifics (interspecific effect) as well as by the simulated presence of potential
predators (predator avoidance). For this purpose, the
microhabitat selection of the 2 congeners was tested
in simple experimental set-ups in the laboratory.

MATERIALS AND METHODS
Animal collection and maintenance
Live specimens of Jassa marmorata and J. herdmani of the same size class (7.5 ± 0.5 mm body
length) were collected in the field from navigational
aids and harbour walls in the South Harbour of Helgoland in late summer 2012. The animals were kept
in several plastic containers (20 × 20 × 6 cm) under
constant laboratory conditions: 13°C water temperature, 12 h light:12 h dark, daily change of seawater,
daily feeding with Artemia-nauplii and powder of
dried Ulva thalli (oven-dried at 50°C for 5 h). All
experiments were performed only with female individuals because behavioural responses largely relate
to females, whereas the much more active males in
natural situations follow females, seeking places
where they can expect to encounter receptive individuals (Beermann & Franke 2012). Only specimens
larger than 6 mm body length were used in the
experiments because live specimens of smaller size
cannot be safely determined to species level (for further details, see Conlan 1990, Beermann & Franke
2011). After 48 h under the above conditions, the
animals were tested in different experimental setups described below. Each individual was used only
once.

Experimental set-up
In all experiments, we used thalli of the green
macroalga Cladophora rupestris (Linnaeus) Kützing
1843 as a substratum for settlement, thereby following the procedure of Beermann & Franke (2012). This
filamentous algal species was chosen because it
hosts Jassa species in the field and because its thalli
survive detachment from the natural substratum for a
long time in the laboratory. A preceding cleaning
procedure made sure that the thalli were free of
other organisms (e.g. small crustaceans, epibiotic
algae). In different experimental set-ups, the amphipods were introduced into flat plastic containers (10 ×
10 cm), each supplied with a centrally fixed algal
thallus. After 24 h in the set-ups, allowing the
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Fig. 1. Experimental set-ups for the study of microhabitat selection in Jassa marmorata and J. herdmani: (a) single-species reference set-up (low density), (b) single-species set-up with high animal density, (c) mixed species set-up (20 J. marmorata + 20
J. herdmani), (d) set-up identical to the reference trial, except for the presence of ‘fish cues’ in the seawater

amphipods to settle and build tubes, all individuals
were checked for their local position and counted
without manipulating or removing the thalli from the
containers. Three different areas were distinguished
for the evaluation: the peripheral area of the algal
thallus (individual on or closely beneath the distal
branches of the alga and thus visible to the observer),
the central area of the algal thallus (individual completely hidden among the branches of the thallus and
not visible from the outside), and the remaining area
(individual not associated with the algal thallus). The
different volumes of the microhabitat areas were
considered as not influential because individuals in
the field can occur in much higher densities (nearly
10-fold higher) in habitats described herein as ‘central’ and ‘peripheral’ areas of the algae.
The 2 species’ microhabitat selection behaviour
was studied for a reference situation and subsequently tested for density effects, interspecific effects, and the influence of ‘predator cues’, according
to the following experimental set-ups which were
run in parallel: (a) single-species trial with 20 individuals (reference trial; Fig. 1a); (b) single-species
trial with 40 individuals (density effect; Fig. 1b); (c)
mixed-species trial with 20 individuals of J. marmorata and 20 individuals of J. herdmani combined

(interspecific effect; Fig. 1c); and (d) single-species
trial with 20 individuals of each species in incubated
seawater (influence of predator cues; Fig. 1d). For the
latter set-up, instead of filtered natural seawater, we
used seawater from an aquarium (60 × 40 × 55 cm;
running seawater system) which was inhabited by 5
specimens (ca. 10 cm body length) of the sea scorpion
Taurulus bubalis (Euphrasen 1786), a common benthic predator of amphipods around Helgoland. The
fish were kept in a tank with a constant flow of aerated seawater and were fed every second day with
live specimens of the amphipods Echinogammarus
marinus (Leach 1815) and Gammarus locusta (Linnaeus 1758). Six replicates were run per species for
each experimental set-up.

Statistical analyses
The counted numbers of individuals were analysed
in relation to different combinations of the fixedeffects factors ‘area’ (3 levels: central, peripheral, not
on alga), ‘species’ (2 levels: J. marmorata, J. herdmani), ‘density’ (2 levels: low density, high density),
‘composition’ (2 levels: single-species trial, mixedspecies trial), and/or ‘water quality’ (2 levels: clean,
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incubated). In the analysis, we applied generalized
linear mixed models (GLMM) with Poisson error structure and log-link function. The models were built in
the following way: for the evaluation of microhabitat
selection under the defined reference conditions (single species, low density), the counts were modelled
as a function of species and area, including their
interaction. For a density effect on the microhabitat
selection, the counts of the 2 single-species set-ups
(clean seawater) were modelled as a function of
species, area, and density, including all possible interactions. An interspecific effect was evaluated by
modelling the counts of both high-density set-ups as
a function of species, area, and group composition
which included all possible interactions. To evaluate
an effect of predator cues, the counts of the 2 lowdensity trials were modelled as a function of species,
area, and water quality including all possible interactions. The outcomes for the interactions of highest
orders were of particular interest as they effectively
allow for revealing possible effects of species identity,
animal density, group composition, and/or water quality on the microhabitat selection. As a result of the
microhabitat selection process in all experimental
set-ups, we took the dependent nature of the data
into account in all models by including the replicated
trials as a random effects factor, thereby considering
the grouped nature of the data within each replicate.
Due to occasional deaths in the course of the experiments, the number of individuals that had actively
selected a specific area varied slightly at the end of
each trial. Dead individuals were excluded from the
analysis, and the subsequent imbalance in numbers
was considered by including an offset term in the
models. The offset variable comprised the total number of live individuals recorded at the end of each
experiment. With respect to the log-link function in
the Poisson models, the logarithm of the number of
live animals was used as the offset term. The inclusion of the offset term also considered the imbalance
of numbers of individuals per species when testing
for a density effect (20 vs. 40 individuals of the same
species per container) and for an interspecific effect
(40 single-species individuals vs. 20 individuals of
the same species in presence of 20 heterospecifics).
Therefore, possible interfering effects of the factors
‘density’ and ‘composition’ were eliminated by the
offset term, which considered the total number of live
individuals per species and experiment.
All models were fitted in R (v. 2.14.0; R Development Core Team 2011) using the function ‘glmer’
from the R package ‘lme4’ (Bates et al. 2011). To confirm the assumptions of equally distributed residuals

and homogeneous variances, histograms, qqplots,
and the residuals plotted against the fitted values
were visually inspected (Quinn & Keough 2002). Neither of them indicated severe deviations from the
assumptions, and slight irregularities in the patterns
were considered negligible.
Overdispersion was checked in each model by
comparing the residual deviance with the residual
degree of freedom. Within the dataset used for testing for a density effect, overdispersion was a potential issue (χ2 = 87.7, df = 60, p = 0.011). However, the
dispersion parameter of 1.462 was considered to be
within an acceptable range (consensus: 0.8 to 1.6; R.
Mundry pers. comm.).
To establish the significances of individual terms
(i.e. the interaction terms), likelihood ratio tests (LRT;
R function ‘anova’ with argument ‘test’ set to ‘Chisq’)
were used to compare the deviances of the full models with those of the corresponding models not comprising the respective term of interest.

RESULTS
Reference trial
In the reference set-up with single-species groups
of 20 females each, a significant interaction of the
factors ‘species’ and ‘area’ was detected (LRTspecies:area:
χ2 = 53.376, df = 2, p < 0.0001). Both species preferred
the alga over the remaining parts of the container,
but females of Jassa marmorata were equally distributed over central and peripheral parts of the algae
(p = 0.442), whereas females of J. herdmani were significantly more abundant in the peripheral than in
the central parts of the thalli (p < 0.0001, Fig. 2a). The
comparison between the species showed that J. marmorata settled more frequently in the central parts
than J. herdmani (p < 0.0001), and J. herdmani chose
the peripheral parts more often than J. marmorata
(p < 0.0001). No differences between the species
were found for the number of individuals having settled elsewhere in the container (p = 0.4038).

Density effect
The direct comparison of high density trials with the
reference experiment revealed a non-significant 3-way
interaction (LRTspecies:area:density: χ2 = 3.900, df = 2, p =
0.142). This result indicates that microhabitat selection
was unaffected by increased group sizes in both J.
marmorata and J. herdmani. However, pairwise com-
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Fig. 2. Spatial distribution of female Jassa marmorata and J. herdmani on a macroalga (Cladophora rupestris) in different
experimental set-ups: (a) densities of 20 individuals per species, (b) densities of 40 individuals per species, (c) mixed-species
groups at densities of each 20 conspecific together with 20 heterospecific individuals (40 individuals in total), (d) densities of
20 individuals per species, being subjected to incubated seawater which contained fish cues of the sea scorpion Taurulus
bubalis. Presented data include the number of deceased individuals for informational and graphical reasons, although these
individuals were not part of the analyses (see ‘Statistical analyses’ for details); means ± SD (each N = 6)

parisons of groups revealed some slight differences in
distributional patterns for J. marmorata. At high densities, individuals of J. marmorata settled significantly
more often in the central parts than at the peripheral
parts of the algal thalli (p < 0.0001; Fig. 2b), whereas
no significant difference was found at low densities
(see reference trial above). In the statistical analysis,
this detected change in the observed spatial distribution was not powerful enough to result in an overall
significant density effect.

not significant: p = 0.0769) in the central parts of the
alga. Individuals of J. herdmani in turn were found
less often in the central parts (p = 0.0197) but settled
more frequently at locations elsewhere in the container than in the central parts of the algal thallus
(p = 0.0025). This particular difference was not observed in the single-species treatment. In both species, the overall preferences of settling in the central
parts (J. marmorata) or in the peripheral parts (J.
herdmani) remained the same in the presence of the
respective heterospecific.

Interspecific effect
Influence of predator cues
The comparisons of the animals’ behaviour in
mixed- vs. single-species set-ups at high densities
showed a significant 3-way interaction (LRTspecies:area:
2
composition: χ = 18.773, df = 2, p < 0.0001). When confronted with J. herdmani and in comparison to the
single-species trials, individuals of J. marmorata
were found less often in the peripheral parts (p =
0.0333, Fig. 2c) and more often (although statistically

The analysis of the animals’ behaviour in clean seawater vs. a medium which contained ‘predator cues’
of Taurulus bubalis revealed a significant 3-way
interaction (LRTspecies:area:water quality: χ2 = 7.228, df = 2,
p = 0.027). In direct comparison to the reference trials, J. marmorata settled more often in the central
parts of the thallus (p = 0.0192) and less often in the
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peripheral parts (p = 0.0089, Fig. 2d) when subjected
to incubated seawater. No difference was detected
between the numbers of individuals that were not
found on algae (p = 0.144). The same pattern was
found for J. herdmani, which settled more frequently
in the central parts and less frequently in the peripheral parts of the algal thallus (p = 0.0002 and p =
0.0019, respectively) than in the reference experiment. In addition, clearly more individuals of J. herdmani settled elsewhere in the container (p = 0.0185).
However, individuals of J. herdmani in the incubated
seawater still preferred the peripheral parts over the
central parts of the alga (p = 0.0428).

DISCUSSION
There are several examples of closely related amphipod species that co-occur on small spatial scales
(e.g. Fenchel & Kolding 1979, Skadsheim 1983, Lancellotti & Trucco 1993, Huang et al. 2007). A stable
co-occurrence requires physiological, morphological,
or/and behavioural trade-offs among competing species (Tilman 1987). Jassa species are hemi-sessile filter feeders. In densely crowded fouling communities,
these species compete primarily for space as a limited resource. Hence, spatial segregation probably
acts as a form of resource partitioning, reducing
interspecific competition and thus facilitating a stable coexistence (Connell 1983, Schoener 1983, 1986).
In our reference trial, female J. marmorata used both
the peripheral and the central parts of the algal thallus, whereas female J. herdmani were restricted to
the peripheral parts. This is in accordance with the
findings of Beermann & Franke (2012) and most
likely represents a form of microhabitat partitioning.
As Jassa males are in intense competition with other
males for receptive females, seeking the vicinity of
the females’ tubes most likely increases the chances
for reproductive success. The observed patterns in
female groups (present study) were similar to those
in the mixed-sex groups tested by Beermann &
Franke (2012). In accordance with the findings for
isolated individuals in the latter study, this result confirms the assumption that the positioning of Jassa
females also determines the spatial distribution of
conspecific males.

Altered microhabitat utilization
At an increased density, the pattern observed for
J. marmorata slightly changed in favour of the

central algal parts, whereas J. herdmani remained
unaffected. When the 2 congeners were confronted
with each other in the mixed-species trial, there
was a clear interspecific effect: the distribution of
both J. marmorata and J. herdmani was more
strongly affected by the presence of heterospecific
than by conspecific individuals. When individuals
of J. marmorata encountered those of J. herdmani,
they scarcely settled in peripheral parts. J. herdmani, in turn, avoided central algae parts but
started building tubes elsewhere in the container.
This obvious reinforcement of the microhabitat partitioning between the 2 species may be supported
by the differential escaping behaviours observed
in J. marmorata and J. herdmani in response to
mechanical disturbance: J. marmorata seeks shelter
among the branches of an algal thallus, whereas
J. herdmani swims away (Beermann & Franke
2012). Direct interference between the 2 species in
the peripheral parts of the thallus thus may be
expected to result in a displacement of individuals
of J. marmorata from the peripheral to the central
parts for settlement, whereas J. herdmani typically
would swim away and settle again in the peripheral parts or elsewhere in the experimental
container.
The present results indicate quantitative changes
in microhabitat selection as a response to the presence of interspecific competitors, even if animal densities are relatively low. In the field, i.e. at much
higher densities (Beermann 2014), the described
behavioural responses may thereby contribute significantly to a small-scale spatial segregation of the
studied Jassa species. However, the comparatively
low animal densities in the current experiments may
have reduced competition among individuals. Thus,
an occurrence of strong intraspecific and/or further
interspecific effects under field conditions cannot be
excluded.

Predator avoidance behaviour
In addition to competition effects, the presence of
waterborne chemical cues clearly influenced the
microhabitat selection of J. marmorata and J. herdmani. In the presence of ‘fish cues’ in the seawater,
J. marmorata strongly avoided peripheral algal
parts and concentrated on the central areas. In contrast to their clear preference of the peripheral parts
in filtered natural seawater, individuals of J. herdmani also settled more often in central parts of the
algal thalli when subjected to incubated seawater.
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Thus, both species showed a clear response to a
probable presence of a predator by seeking shelter
for settlement.
Predator avoidance behaviours have commonly
been observed among aquatic invertebrates such as
gastropods (McCarthy & Fisher 2000, Turner &
Montgomery 2003, Jacobsen & Stabell 2004) and
crustaceans (Main 1987, Holomuzki & Short 1988,
Lindén et al. 2003, Zamzow et al. 2010). Also,
amphipods have been demonstrated to avoid predatory fish species by altering their behaviour in
response to waterborne ‘fish cues’ (kairomones).
However, most studies have dealt with freshwater
Gammarus species (e.g. Andersson et al. 1986, Holomuzki & Hoyle 1990, Wudkevich et al. 1997, Pennuto & Keppler 2008), whereas only few investigations have observed direct predator avoidance
(e.g. Zamzow et al. 2010) or responsive behaviours
(e.g. Reynolds & Bruno 2013) in amphipod species
in marine environments. The modes of avoidance
behaviours may depend on different environmental
parameters, such as sediment quality (Baumgärtner
et al. 2003), and may change as a result of habituation to the stimulus (Holomuzki & Hatchett
1994). Furthermore, cues released by wounded conspecifics can induce avoidance behaviours as well
(Wudkevich et al. 1997, Wisenden et al. 2001). All
these possible influences on Jassa settlement behaviour must be considered thoroughly in future
surveys.
Our results represent the first evidence of a
predator-avoidance behaviour in tube-building
amphipod communities. This behaviour must be
taken into account when assessing the spatial distribution of Jassa individuals in the field because
aggregation at ‘safer’ areas could come along with
changes in competitive relationships among the
congeners (Holt 1984) and with reduced access to
food (Scheffer 1997), especially in filter feeders.
Further predator cue experiments on Jassa spp.
need to clarify the situation for mixed-species trials
and identify how this may depend on the density
and/or numerical ratio of species. Possible outcomes may also depend on the species identity of
the provided algal thalli. Small marine herbivores
have been shown to select for chemically defended
algae species, reducing the risk of fish predation
(Hay et al. 1988, 1990, Duffy & Hay 1994). Although Jassa species are filter feeders, the 2 species could differ in their respective habitat preferences or may display differential resource utilisation
when settling on chemically more or less defended
algae species.
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CONCLUSIONS
The small-scale spatial segregation of the coexisting
amphipods Jassa marmorata and J. herdmani on complex structures such as algal thalli contributes significantly to a partitioning of space — an important limiting resource in fouling communities — and, thus, a
reduction in interspecific competition and/or intraguild predation between the species. Both studied
species showed some flexibility in their habitat utilisation, responding to the presence of interspecific competitors as well as to potential predators. The predator-avoidance behaviour of the 2 species (settling in
the central parts of algal thalli) probably results in an
increase in interference competition. Flexible habitat
selection thus may be considered a trade-off between
a number of parameters such as competition and
predation pressure, allowing for fitness-maximizing
adaptations to changing environmental conditions.
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