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experiments showed that recruits of all sizes responded 
to adult cues by movement, but that the smallest recruits 
showed only minimal movement and never reached adults; 
only large recruits of Perna responded positively to conspe-
cific Perna adults. This study emphasises how observations 
made at different scales, from shore (among sites) to mus-
sel bed (within shores), to the individual (field and labora-
tory), can produce different, or even contrasting, informa-
tion, highlighting how behavioural traits, like attraction to 
conspecifics, can differ within the same group of organ-
isms (congeneric species) and change ontogenetically 
within a species. Incorporating fine-scale responses makes 
predictions of population dynamics more complex, but 
identifying the relative strengths of mechanisms that lead 
to patterns of distribution is necessary for understanding 
higher-level interactions within a system.

Introduction

Patterns in ecology are constantly re-shaped in time and 
space, reflecting complex interactions that are largely medi-
ated directly or indirectly by species densities (Abrams 
1995; Werner and Peacor 2003; Olff et al. 2009; Cole and 
McQuaid 2010). In benthic systems, most density-medi-
ated processes have been linked to consumer–resource 
interactions (Wootton 1992; Menge 1995), while less atten-
tion has been paid to trait-mediated interactions, which 
are mostly defined by behavioural changes in one species 
in relation to another, with (usually) trophic repercussions 
on the community (Abrams 1995; Trussell et al. 2003). The 
incorporation of behavioural traits in our understanding of 
the dynamics of assemblages is important because, under 
certain circumstances, they may affect population dynam-
ics (Wootton 1992; Siddon and Witman 2004).

Abstract Behaviour influences individual fitness with 
effects that can propagate from the individual to the group. 
Here, we tested for higher-level effects of individual behav-
iour in the structuring of intertidal populations of two com-
peting ecosystem engineering species. We used the partial 
habitat segregation exhibited by co-occurring indigenous 
(Perna perna) and invasive (Mytilus galloprovincialis) 
mussels in South Africa to test for possible attraction of dif-
ferent size classes of recruits to conspecific adults, using 
a combination of field and laboratory studies. Each of the 
two species dominates a particular height on the shore with 
overlap in the mid-mussel zone, but measurements of set-
tlement and recruitment in the field partially refuted previ-
ous findings, generally showing no within-shore pattern of 
zonation of settlers and recruits. At smaller scales, recruits 
of both species were found more frequently on adults of 
Mytilus in natural beds where adults coexist in mixed-spe-
cies populations. Finally, the results of laboratory choice 
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Spatial patterns are very important in understanding 
ecosystem functioning and the role that small-scale interac-
tions can have on structuring communities at larger scales 
(Hassell et al. 1994; Guichard and Gouhier 2014). For 
example, spatial patterns, such as self-organised (Liu et al. 
2012) and fractal structures (e.g. Kostylev and Erlandsson 
2001; Erlandsson et al. 2005), have important repercus-
sions for mussel bed ecosystems by altering recolonisa-
tion (Petrović and Guichard 2008), recruitment (Erlands-
son and McQuaid 2004; Commito et al. 2014), growth 
and survival (Petraitis 1995; Liu et al. 2013) and resilience 
(Liu et al. 2014) and could not be identified if interactions 
across the appropriate scales were not examined (Guichard 
et al. 2003; Largaespada et al. 2012). Rocky shore mussel 
beds in South Africa usually exhibit fractal patchy patterns 
(Erlandsson and McQuaid 2004; Erlandsson et al. 2005), 
and on the south coast of South Africa, these patchy, small-
scale patterns are context and density dependent and are 
probably driven by both local recruitment and behavioural 
processes (Erlandsson et al. 2011; Reaugh-Flower et al. 
2011), resulting in patterns that influence local population 
dynamics.

The marine environment, especially the intertidal sys-
tem, is very heterogeneous, with high spatio-temporal 
variability in physical conditions across multiple scales, 
affecting the dynamics of most populations (Connell 
1972; Hewitt et al. 2007). Given the theoretical prediction 
that long larval dispersal will favour phenotypic plasticity 
because larvae experience prolonged exposure to environ-
mental heterogeneity (Hollander 2008), the immediate and 
reversible nature of behavioural responses (Fordyce 2006) 
could have important repercussions on the dynamics of 
intertidal systems.

Here, trait-mediated interactions are set in the unusual 
non-trophic context of distribution and coexistence of 
organisms controlled by behavioural interactions among 
conspecifics. We address the small-scale effects of individ-
ual behaviour on the structure of marine intertidal assem-
blages by examining the distribution and interactions of 
recruits of indigenous (Perna perna) and invasive (Myti-
lus galloprovincialis) mussels on the South African coast. 
Strong inter- and intraspecific competition and facilita-
tion drive the dynamics and coexistence of these two spe-
cies (Erlandsson et al. 2011; McQuaid et al. 2015). In the 
study area, the two species of mussels show partial habitat 
segregation, with Mytilus occupying the higher level of the 
mussel zone, while Perna dominates the low mussel zone. 
The two species coexist in the mid-mussel zone (Bownes 
and McQuaid 2006) where they show a patchy pattern and 
often exhibit non-random conspecific aggregations, which 
may be caused by both initial facilitation during recruit-
ment and subsequent competition for space (Erlands-
son et al., 2011). Settlement of these mussels seems to be 

regulated by tidal height rather than active attraction to 
adult beds (Porri et al. 2007; Bownes and McQuaid 2009), 
with more settlers, regardless of species, arriving on the 
low shore. We tested the prediction that, as seen previously, 
settlement would not mirror the distribution of adults, but 
because settlement is usually followed by a period of high 
mortality, the pattern of adult distribution would be driven 
by post-settlement processes and would be evident among 
recruits. We also tested the hypothesis that recruits in the 
mid-zone are attracted to adult conspecifics. Settlement and 
recruitment of the two species of mussels were measured in 
the field. The occurrence of individual settlers and recruits 
on conspecific adults and their attraction to conspecific 
adults were examined at the mussel bed level in the field 
and tested in the laboratory, respectively, using three size 
classes of recruits of each species, to possibly explain the 
patterns observed.

Materials and methods

Study sites

Animals for laboratory experiments and the field study 
were collected from two adjacent and similarly wave 
exposed rocky shore sites separated by c. 300 m at Keur-
booms, on the south coast of South Africa (34°0′19″S 
23°27′20″E), where the mussels Perna perna (indigenous) 
and Mytilus galloprovincialis (invasive) show distinct par-
tial segregation. P. perna dominates the low mussel zone, 
and its downward limit is marked by the ascidian Pyura 
stolonifera and the red alga Hypnea spicifera. M. gallopro-
vincialis occupies the higher level of the mussel zone. Far-
ther upshore, the substratum is occupied by the barnacles 
Chthamalus dentatus and Octomeris angulosa. The two 
species of mussels coexist in the mid-mussel zone (Bownes 
and McQuaid 2006). In the study area, mussel settlers 
experience high levels of predation through larviphagy by 
adults (Porri et al. 2008) and recruits experience preda-
tion by both benthic and pelagic predators (Plass-Johnson 
et al. 2010). Predation on adults is, however, believed to be 
generally low and modelling suggests that the major cause 
of adult mortality is competition for space (Griffiths and 
Hockey 1987), though dislodgement by, for example, storm 
waves and shell damage caused by endolithic cyanobacte-
ria are important causes of mortality (Kaehler 1999; Kae-
hler and McQuaid 1999; Erlandsson et al. 2006).

Settlement and recruitment on natural beds

Primary settlers (<400 µm) were differentiated from 
recruits following Porri et al. (2006) for Perna perna and 
Bownes and McQuaid (2009) for Mytilus galloprovincialis. 
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Settlement and recruitment were monitored in the field in 
April, June and December 2006 at two sites at Keurbooms. 
Four haphazardly positioned samples of 10 cm × 10 cm 
were scraped from each of the low and high mussel zones 
during each sampling event and frozen at −12 °C until pro-
cessing. Adults were separated by species and washed thor-
oughly under a 75-µm sieve, paying particular attention to 
the byssus, to detect and count the number of settlers and 
recruits of mussels.

Four 3-way ANOVAs were used to analyse the effects of 
site (random, 2 levels), time (random, 3 levels) and eleva-
tion on the shore (fixed, orthogonal, 2 levels) on settler and 
recruit abundances of P. perna and M. galloprovincialis, 
with specific focus on possible different ontogenetic and 
specific driven patterns. Homogeneity of variances was 
examined using Cochran’s test. Log(X + 1) transformation 
achieved homogeneity for the Mytilus dataset, but not for 
the Perna dataset. Given that heterogeneous variances are 
not critical when the total degrees of freedom are as high 
(df = 48) as in this balanced analysis (Underwood 1997; 
Quinn and Keough 2002), all datasets were analysed fol-
lowing log (X + 1) transformation.

Attachment of recruits on adults in the field

Attachment of settlers and recruits to adults was examined 
in the field. Ten 12 cm × 17 cm samples haphazardly col-
lected from areas of 100 % mussel cover in mixed-species 
beds in the mid-mussel zone (Bownes and McQuaid 2006) 
were scraped from the shore at one of the sites used for 
investigating settlement. Samples were collected as entire 
blocks of mussel bed, taking care to minimise disruption of 
the byssal attachment among individual adults, by ensuring 
that the removed portions of mussel beds remained intact 
and that individual adults did not detach from one another. 
In order to eliminate possible effects of zonation, all sam-
ples were collected from the same height on the shore 
(mid-shore, where both species of mussels co-exist). The 
samples were kept frozen at −12 °C until processing. In the 
laboratory, individual mussels were carefully teased apart 
from the whole frozen samples, with as many of their own 
byssal threads as possible. All adult mussels (≥20 mm) 
were identified to species and measured using Vernier cal-
lipers. Each mussel was washed individually over a 75-µm 
sieve, and all attached settlers and recruits were counted 
and identified to species under a dissecting microscope.

A Chi-square test was used to determine how evenly 
mixed the natural adult beds were, or whether adult num-
bers were skewed towards one of the two species therefore 
departing from a 50/50 distribution. Similarly, a Chi-square 
test was used to test for attachment of recruits to adult con-
specifics as departure from a 50/50 split could also produce 
skewed patterns of attachment of recruits onto adults.

Movement of recruits towards adults in the laboratory

To complement the information collected from the field 
study, an experiment was performed in a constant envi-
ronment room at 20 °C and a 12:12-h light/dark cycle in 
order to assess active movement behaviour of different 
size classes (small 2–2.5 mm; medium 4–6 mm; large 
8–10 mm) of recruits towards adults of either mussel 
species.

In order to confirm that all size classes of recruits are 
capable of local relocation, we ran a preliminary trial. 
Thirty recruits each of the small, medium and large size 
classes were tested separately by placing them about 4 cm 
apart in a grid of 10 × 3 on a smooth substratum. The trial 
was run twice (5–7/04/2006 and 24–25/04/2006) for the 
larger two size classes, but only once for small (2–2.5 mm) 
recruits, due to insufficient numbers of individuals. The tri-
als were monitored continuously for the first hour and then 
hourly for the next 3 h to record any immediate aggregation 
response; the final number and size of clumps and solitary 
individuals were then recorded after 24 h. For the medium 
and large classes, the number of solitary individuals left 
at the end of the trial and the maximum number of indi-
viduals within a clump were analysed using separate 1-way 
ANOVAs.

The laboratory experiments on movement of recruits 
towards adults were therefore run over several assays dur-
ing two trials, in April 2006 and March 2007, with a total 
of 15 replicates for each of three size classes.

Adults (30–55 mm shell length) and recruits were col-
lected from Keurbooms, brought back to the laboratory in 
fresh seawater and kept aerated for 1 day prior to experi-
mentation. The health of the adults was verified by obser-
vation of gaping behaviour, while the activity of recruits 
was confirmed by movement of the foot, observed under a 
dissecting microscope.

Experimental aquaria (12 cm × 17 cm) were set as con-
trols or treatments, with aeration and circulation controlled 
using an air stone. Treatments consisted of monospecific 
clumps of four adults of each species placed on opposite 
sides (one species on the left side and the other species 
on the right) of the long side of the aquarium, using wire 
mesh to prevent them from ranging across the aquarium. 
Control aquaria were identical, with aeration and mesh, 
but no adults present. The experiment was run as a series 
of assays, each running for 4 days and involving a single 
recruit placed in a control aquarium and a recruit in a treat-
ment aquarium. Each recruit was used in only one assay. 
After each assay, aquaria were washed in soapy waters and 
thoroughly rinsed in hot freshwater to avoid deposition of 
possible traces of chemical cues.

At the beginning of each assay, a single mussel recruit 
was placed at the centre of each treatment and each control 
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container. The final position (left/right towards adults, or 
north/south of aquarium) and the straight-line distance trav-
elled by each recruit were recorded after 4 days. If a recruit 
in a treatment aquarium reached and attached to an adult 
mussel, the species of that adult was noted. Assays for each 
of the three size classes of recruits of each species were 
interspersed in space and time to avoid confounding experi-
mental effects. The experiment was run in 2006 (number 
of replicates for each size/species combination = 10) and 
2007 (n = 5), involving a total of 180 individual recruits. 
Separate 3-way ANOVAs were used for each year (2006 
and 2007) to analyse the effects of size (fixed, three lev-
els: small, medium, large), species of recruit (fixed, two 
levels: Mytilus galloprovincialis, Perna perna) and treat-
ment (fixed, two levels: presence or absence of adults) on 
the final distance travelled (dependent variable) by recruits. 
Both datasets were homogenous (Cochran’s test) after log-
arithmic (X + 1) transformation. Student–Newman–Keuls 
post hoc comparisons were used to examine differences 
among means of groups in the event of significant effects 
(Underwood 1997; Quinn and Keough 2002).

Due to the small number of expected values for each 
size class in the Chi-square tests and based on the outcome 
of ANOVA tests, the medium and large size classes were 
pooled for the following analyses. To determine whether 
there was a general response of medium to large recruits 

to the presence of adult mussels (regardless of which adult 
species), a Chi-square test was performed comparing 
movement towards adults versus movement not towards 
adults (i.e. along the north/south of the aquaria).

Medium and large recruits that joined adults in the labo-
ratory experiment were analysed using a Chi-square test to 
determine whether they occurred more frequently on con-
specific adults.

Results

Settlement and recruitment in the field on natural beds

Generally, settlement and recruitment of Perna perna 
showed high variability, and there were no clear trends 
driven by any of the factors considered (Fig. 1). The results 
for settlers and recruits of Mytilus galloprovincialis exhib-
ited temporal variability, but significant interactions of time 
and shore elevation revealed higher abundances of Myti-
lus settlers on the low than on the high shore in Decem-
ber (although this difference between heights on the shore 
was driven only by Site 1, Fig. 1). A significant interaction 
between site and shore elevation for Mytilus recruits indi-
cated higher abundance of recruits on the high shore at both 
sites in April and June (Tables 1, 2).

Fig. 1  Settlement and recruitment of Mytilus galloprovincialis and Perna perna on natural beds during April, June and December 2006 on the 
low and high shore. Error bars indicate standard errors
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Attachment of recruits to adults in the field

Large recruits showed a faster clumping response than 
medium and small recruits, reaching their final positions 
within the first 2 h of the experiment after which they 
stopped moving. One-way ANOVAs showed no differences 
between large and medium recruits in the number of sol-
itary individuals [F(1,2) = 3.449 P > 0.05] or maximum 
clump size [F(1,2) = 0.023 P > 0.05] after 24 h. As the 
trial could only be run once for small recruits, no test was 
performed, but the raw data suggest no obvious difference 
from the results for medium and large recruits (4, 10.5 and 
4 solitary individuals and 11, 8 and 11.5 maximum size of 
clumps for small, medium and large recruits, respectively).

The Chi-square test on the distribution of adults in 
the mid-mussel bed was significant (χ2 (9) = 17.932, 
P < 0.05), indicating a prevalence of Mytilus over Perna. 
The size range of both species ranged between 30 and 
70 mm with 53 % of Mytilus falling between 30 and 40 mm 
(Fig. 2).

The Chi-square test of the distribution of total recruit 
abundance was not significant (χ2 (9) = 12.480 for Myti-
lus and χ2 (9) = 2.692 for Perna recruits, P > 0.05 in both 
cases), indicating that recruits of both species occurred 
in similar frequencies on adults of both species, though 

overall, there were more recruits on Mytilus than Perna 
(Fig. 3).

Movement of recruits towards adults in the laboratory

The results for the distances moved by recruits during 
the experiments in 2006 and 2007 showed a significant 
effect of size in both cases [F(2,108) = 22.976, for 2006; 
F(2, 48) = 25.572, for 2007, P < 0.00001 in both cases] 

Table 1  Three-way ANOVAs on settlement patterns of Mytilus gal-
loprovincialis and Perna perna on natural mussel beds

Values in bold indicate significant results

df degrees of freedom, MS mean squares, F F ratio, P P value

Source df MS F P

Settlers Mytilus

 Site 1 1.153 3.392 0.202

 Time 2 5.690 7.046 0.052

 Elevation 1 0.094 0.193 0.702

 Site × time 2 0.333 48.149 0.0203

 Site × elevation 1 0.013 1.984 0.294

 Time × elevation 2 0.481 69.541 0.0142

 Site × time × elevation 2 0.007 0.036 0.965

 Res 36

 TOT 48

Settlers Perna

 Site 1 1.701 2.765 0.268

 Time 2 1.988 1.663 0.346

 Elevation 1 5.116 3.546 0.164

 Site × time 2 0.214 3.584 0.218

 Site × elevation 1 0.461 7.726 0.109

 Time × elevation 2 1.041 17.459 0.054

 Site × time × elevation 2 0.060 0.233 0.793

 Res 36

 TOT 48

Table 2  Three-way ANOVAs on recruitment patterns of Mytilus gal-
loprovincialis and Perna perna on natural mussel beds

Values in bold indicate significant results

df degrees of freedom, MS mean squares, F F ratio, P P value

Source df MS F P

Recruits Mytilus

 Site 1 0.001 0.002 0.960

 Time 2 0.424 0.318 0.746

 Elevation 1 10.895 9.648 0.060

 Site × time 2 0.437 39.174 0.025

 Site × elevation 1 0.232 20.759 0.045

 Time × elevation 2 0.908 81.339 0.012

 Site × time × elevation 2 0.011 0.058 0.944

 Res 36

 TOT 48

Recruits Perna

 Site 1 0.727 1.142 0.449

 Time 2 0.308 0.381 0.725

 Elevation 1 0.193 10.570 0.950

 Site × time 2 0.789 5.155 0.162

 Site × elevation 1 0.0004 0.003 0.963

 Time × elevation 2 0.171 1.117 0.472

 Site × time × elevation 2 0.153 0.968 0.390

 Res 36

 TOT 48
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and of treatment [F(1,108) = 11.573 P < 0.001 for 2006 
and F(1,48) 6.243, P < 0.05 for 2007], with no significant 
interaction, or significant effect of species. In both years, 
the net distance (i.e. straight line start to finish) travelled 
under control conditions was shorter than under treatment 
conditions. The SNK for the effect of size showed that, in 
2006, small recruits (which did not move) grouped sepa-
rately from medium and larger recruits, while in 2007, 
small recruits moved shorter distances than medium-sized 
recruits, which, in turn, moved shorter distances than large 
recruits for both species (Fig. 4; species pooled given the 
absence of a significant species effect or interaction). It 
is worth noting that small recruits in 2007 never reached 
adults, with only 8 out of 20 specimens moving an average 
distance of 0.4 and 0.8 cm in control and treatment, respec-
tively, and the maximum distance of 2.5 cm travelled by 
one individual.

The Chi-square test of movement of recruits towards 
adult mussels of either species was not significant 
(χ2(1) = 2.133, P > 0.05, indicating that medium to large 
size classes of recruits of both species were equally likely 
to move towards or away from adults. Of those recruits 
that did move towards adults, Perna of 4–10 mm moved 
towards conspecific adults (χ2(1) = 11.909, P < 0.005), 
while Mytilus recruits moved in similar proportions towards 
either species of adult.

Discussion

The patterns of settlement observed in the field during this 
study did not exactly reflect the findings of earlier studies 
in the same area where higher settlement on the low shore 
was observed (Porri et al. 2007; Bownes and McQuaid 
2009). Only Mytilus settlers were significantly more 

abundant on the low than on the high shore, during one 
event (December). The results for recruitment showed no 
significant effects of zonation for Perna, whereas recruits 
of Mytilus were significantly more abundant in the high 
than in the low mussel zone on two out of the three sam-
pled events (April and June), mostly at both sites. We there-
fore partly (for Perna), but not completely (for Mytilus) 
rejected the hypothesis that recruits attaching to conspecific 
adults would determine the zonation of mussels. This type 
of “uncertain” result, where previously observed patterns 
do not re-occur, highlights how difficult it is to make gener-
alisations for systems with such high spatio-temporal vari-
ability. This is particularly problematic where the typical 
complexity and dynamism that drive the intertidal assem-
blages are further entangled by a biphasic life cycle. The 
inclusion and acknowledgement of such spatial heterogene-
ity is, however, necessary in order to generate more real-
istic models of population dynamics (Levin 1976; Siegel 
et al. 2008) and a better understanding of processes (Under-
wood and Chapman 1996; Kostylev et al. 2005) as well as 
a need for more applied fields such as effective manage-
ment and conservation of living resources (García-Charton 
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Fig. 4  Preferential movement of recruits (species pooled) towards 
adults in the laboratory. Final distance travelled by small, medium 
and large recruits in the presence (treatment) or absence (control) of 
adults in 2006 (a) and 2007 (b). Error bars indicate standard errors. 
Treatments differed significantly in all cases and consistently among 
species. Letters on histograms indicate significant post hoc groups 
(Student–Newman–Keuls test on the effect of size)
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and Pérez-Rufaza 1999; García-Charton et al. 2004). Even 
though there was no consistent pattern of recruitment 
among shore heights, smaller-scale behavioural interactions 
between recruits and adult mussels at the individual level 
were revealed. The greatest abundance of recruits of both 
species was found on adults of Mytilus in natural mussel 
beds where adults of the two species coexist, very often in 
physical contact with one another. Nevertheless, non-ran-
dom distributions of recruits are not the sole explanation for 
the non-random patchy pattern of Mytilus and Perna adults 
often found in the mid-zone, as this seems rather to be con-
text dependent, and also driven by a balance between facili-
tation and competition (Erlandsson et al. 2011). Adults of 
Perna have approximately 20 % more byssal threads than 
similarly sized Mytilus (Zardi et al. 2006), and this presum-
ably provides more habitat for the attachment of recruits. 
The total abundance of small-sized Mytilus adults (in the 
size range 30–50 mm) was, however, more than double the 
abundance of Perna adults, potentially providing increased 
interstitial space and humidity (Bertness et al. 2006, Lima 
et al. 2011) and causing recruits to select Mytilus or to sur-
vive better among Mytilus than Perna.

The preliminary movement trials showed that all size 
classes are capable of aggregating with similarly sized con-
specifics, while the main experiment indicates a response 
to adults over the time scales used. The lack of a size x 
treatment interaction in the main experiment indicates that 
all size classes of recruits responded to conspecific adults 
(though minimal for small recruits which never reached 
adult beds). We do, however, see an ontogenetic difference 
in the degree of responsiveness to adults. In the laboratory 
choice experiments, medium and large recruits (4–10 mm 
in length) responded to adult cues, while small recruits 
(2–2.5 mm) showed very little movement, less than in the 
preliminary experiment where they clumped with simi-
larly sized recruits, suggesting an ontogenetic shift/gradi-
ent of responsiveness. Moreover, the only class of recruits 
to show clear movement towards adult conspecifics in the 
laboratory was large recruits of Perna. While size-depend-
ent mobility constraints cannot be entirely excluded, pre-
liminary tests to set the appropriate temporal and spatial 
scales of the experiments for all size classes indicated the 
potential ability of small recruits to cover distances similar 
to those offered in the experimental trials in a shorter time 
than the duration of these experiments. Fine-scale ontoge-
netic shifts in the selection of settlement substratum are 
also known for different size classes of recruits of the same 
species of mussels tested in this study (von der Meden et al. 
2010). Considering that Mytilus is invasive in this region, 
the lack of choice towards conspecifics could be interpreted 
as a greater capacity for behavioural plasticity, as generally 
suggested in invasion biology (Hazlett et al. 2002; Rich-
ards et al. 2006), though we did not test this here and the 

results indicating increased recruitment (by both species) 
on Mytilus adults in the field seems to contradict the lack of 
a conspecific attraction in the laboratory. These seemingly 
contradictory results from laboratory and field studies may 
indicate better survival of recruits associated with Mytilus 
under field conditions through indirect additional benefits 
provided by natural Mytilus beds, such as increased inter-
stices, not present in the laboratory. Ontogenetic changes 
in behaviour, or more generally flexible behaviours, are 
important as they can allow fine-scale detection and 
response to environmental cues (Hazlett 1988; Sexton et al. 
2002), possibly influencing patterns in intertidal habitats 
(Chapman 2000), such as distribution (Rochette and Dill 
2000). Our results provide one example, together with the 
growing literature in marine systems (e.g. Williams and 
Morritt 1995; Crowe and Underwood 1998; Underwood 
et al. 2000; Wootton 2001; Commito et al. 2014), on how 
behaviourally mediated intra- and inter-specific interactions 
(direct and indirect) can influence patterns and dynam-
ics on rocky shores. A species-specific, ontogenetically 
dependent attraction to conspecifics could provide a basic 
mechanism for early habitat choice and influence the pat-
terns of adult distribution for both sessile and very mobile 
species (Gutiérrez 1998; Mundy and Babcock 1998). In the 
laboratory component of this study, we have only demon-
strated direct behavioural interactions (either within spe-
cies across ontogenetic stages or among congeneric spe-
cies), but given the key role of mussels on the functioning 
of rocky shores, such interactions are likely to have indi-
rect cascading effects on other species or life history stages 
(Dill et al. 2003).

This study shows how the investigation of spatial pat-
terns or behaviour through different scale domains (sensu 
Wiens 1989), from shore to bed (natural patterns of settle-
ment and recruitment on the shore to within-bed increased 
occurrence of individuals), to individual level (frequency 
of occurrence in the laboratory), can produce different, 
sometimes even contrasting, information. The different 
results observed at fine individual scales for the two spe-
cies also highlight how different dynamic traits, like the 
attraction towards conspecifics shown in the laboratory, 
can potentially change across scales of time and space 
within the same group of organisms, as well as changing 
ontogenetically. Different behaviours may be further con-
tingent on the state of the individual (Patterson et al. 2008), 
the presence and abundance of conspecifics (Sardiña et al. 
2009) and the taxonomic scale at which the study is con-
ducted (Díaz and McQuaid 2014). Our study confirms this 
and indicates that the concept of contingency extends to 
the ontogenetic stage within a species. Disentangling the 
dynamics that determine patterns and identifying the rela-
tive strength of which features and pathways are relevant 
and operate at different scales is, however, necessary for 
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understanding higher level of interactions within a sys-
tem. Unlike other studies, we did not analyse the spatial 
structure of mussel beds (Erlandsson and McQuaid 2004; 
van de Koppel et al. 2005, 2008; Erlandsson et al. 2011), 
but rather tried to explain the distribution of two mussel 
species within mussel beds and understand whether the 
patchy pattern of Mytilus and Perna observed in the mid-
zone of these shores can be explained by recruitment pro-
cesses and the subsequent behaviour of mussel recruits. 
Our scaling approach of studying patterns from shore to 
bed and individual behavioural attraction to conspecific 
adults could, nevertheless, be used in fine-scale landscape 
contexts, to help explain empirically/experimentally, the 
mechanisms that drive patterns in intertidal systems (Wil-
liams 1994; Burrows and Hawkins 1998; Kostylev et al. 
2005; Commito et al. 2006, 2014).
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