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INTRODUCTION

Understanding the scales at which organisms inter-
act with each other and with their environment is
essential for identifying the underlying processes
that influence the abundance and distribution of spe-
cies. Over the last few decades, there has been a
strong research focus on the processes that influence
intertidal assemblages at different spatial scales,
with particular attention being paid to regional scales
of tens to hundreds of km (Levin 1992, Underwood &

Chapman 1996). Distinct patterns of distribution and
abundance of intertidal organisms over meso-spatial
scales, across tens to hundreds of km, has been
shown to be correlated with environmental gradients
(McQuaid et al. 2000, Benedetti-Cecchi 2001), in -
cluding temperature (Crisp 1964) and the supply of
nutrients (Menge et al. 2004).

These well-recognised mechanisms are often mod-
ified within biogenic habitats via changes in habitat
structure provided by the bioengineer (Kelaher &
Castilla 2005); they may be more complex due to
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indirect effects (Wieters 2005). Biogenic habitats
have been recognised for their role in facilitation of
positive effects on recruitment, species abundances
and distributions, succession, and amelioration of
physical stress and consumer pressure (Bertness &
Callaway 1994). Therefore, because foundation spe-
cies alter the environment experienced by their asso-
ciated assemblages, the structure of the habitat that
they provide is important and the influence of bio-
engineering is often interwoven with environmental
conditions (Crain & Bertness 2006). Consequently,
for assemblages associated with bioengineers,
regional scale effects may differ between species liv-
ing on the open shore and those living in biogenic
habitats. The ‘individual or population traits’ of the
bioengineers themselves may, therefore, be impor-
tant in shaping these assemblages (Wieters 2005).

Mussels are common bioengineers on intertidal
rocky shores around the world (Gutiérrez et al. 2003).
They provide refuge from thermal stress (Stephens &
Bertness 1991), trap fine-grained sediments and
organic particles (Tsuchiya & Nishihira 1985, Crooks
& Khim 1999), provide surfaces for algae and epi-
fauna (Seed & Suchanek 1992, Lohse 1993), form a
matrix for infauna (Lawrie & McQuaid 2001, O’Con-
nor & Crowe 2007), and provide protection from
predators (Lintas & Seed 1994, Seed 1996, González
& Downing 1999). As a result, mussel beds form a
habitat that supports diverse and abundant assem-
blages of species (Gutiérrez et al. 2003). Their role as
providers of habitat is affected by properties of the
mussel bed (or ‘traits of a facilitator’, Wieters 2005),
such as differences in the size, age (Tsuchiya &
Nishihira 1986) and density of mussels (Stewart et al.
1998, Cole & McQuaid 2010), as well as whether
mussel beds are single or multi-layered (Palomo et al.
2007). For example, Tsuchiya & Nishihira (1986)
found different assemblages of organisms among
mussels of different ages, with more sessile organ-
isms being associated with older mussels. They sug-
gested that recruitment of associated fauna is greater
in younger mussel beds (due to lower filtration by the
mussels) though this is balanced by less time for
colonisation (Tsuchiya & Nishihira 1986). O’Connor &
Crowe (2007) separated the effects of size and age of
mussels and found differences in assemblages
between small (<2 cm) and large (>2 cm) mussels,
implying that mussel size alone may contribute to dif-
ferences between beds of old and young mussels.

Mussel beds in 5 different regions (across 3 biogeo-
graphic provinces) along 3000 km of the coast of
South Africa show strong effects of upwelling on
both size and density of mussels but not on the asso-

ciated fauna, which responded only to regional scale
processes and not upwelling (Cole & McQuaid 2010).
There was also a strong relationship between bio-
geographic regional differences in densities of fauna
inhabiting mussel beds and mussel bed structure
(Cole & McQuaid 2010). This implies a hierarchy of
effects, including a primary effect of biogeography
(establishing a regional pool of species, Levin 1992),
while the mesoscale effects of upwelling are hidden
by those of habitat structure. This provided us with a
model system for testing the role of local (structural)
and regional effects. Although mensurative experi-
ments are important in providing observations
(Underwood et al. 2000), unravelling the confounded
influences producing the observed pattern requires
experimental manipulations (Underwood 2000).
Therefore, based on our previous observations (Cole
& McQuaid 2010), we used manipulative experi-
ments to test specific predictions about the fauna
associated with mussel beds, based on both mussel
bed structure and regional scale processes.

To separate the effects of habitat structure from
other factors operating independently at the regional
scale, we compared 2 different regions, separated by
365 km, within the warm-temperate South Coast
(Agulhas) biogeographic province of South Africa.
Each region included 2 different shores around a
centre of upwelling. These were a relatively persis-
tent upwelling cell to the east at Port Alfred and a
western region experiencing summer seasonal
upwelling driven by easterly summer winds off a
headland at Robberg (Fig. 1, Lutjeharms 2006). The
structure of mussel beds in the east consists of a
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Fig. 1. Sampling locations in South Africa: warm-temperate
South Coast biogeographic province in the western region
(focused on the Knysna upwelling cell), with shores at Bren-
ton-on-Sea and Robberg, and the eastern region (focussed
on the Port Alfred upwelling), with shores at Kenton-on-Sea 

and Port Alfred
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greater proportion of smaller mussels whereas the
west structure has more and larger mussels (Fig. 2).
Smaller mussels may create more complex interstitial
spaces, whereas larger mussels may provide greater
surface area for attachment of epifauna. We pre-
dicted that if mussel bed structure has an overriding
effect, there would be more epifauna on mussels
associated with the west structure and more infauna
associated with the east structure. Alternatively, if
assemblages respond to the direct influence of re -
gional processes, they should not differ between the
2 different structures, but there would be differences
between the 2 regions regardless of mussel bed
structure. We predicted that assemblages would dif-
fer in terms of both the abundances and the composi-
tion of taxa. Furthermore, we predicted that more
persistent upwelling in the eastern region (Port
Alfred) would lead to enhanced productivity, and
thus decreased facilitation (e.g. Bruno et al. 2003),
resulting in fewer species and densities than in the
west (Robberg). We tested these hypotheses by
experimentally manipulating mussel bed structure in
the 2 regions. 

MATERIALS AND METHODS

The warm-temperate South Coast biogeographic
province of South Africa has multiple upwelling
regions. There are 2 persistent upwelling centres
focussed on Knysna and Port Alfred. Within each of
these upwelling regions separated by ~400 km, the
experiment was replicated at 2 shores separated by
tens of km (Fig. 1). In the western region (focused on
the Knysna upwelling cell), the experiment was
replicated at Brenton-on-Sea and Robberg (35 km
apart). In the eastern region (focussed on the Port
Alfred upwelling), the shores were at Kenton-on-Sea
and Port Alfred (25 km apart).

To investigate the effect of the
structure of mussel beds, indepen-
dent of regional differences, the
structure of mussel beds from eastern
and western regions were created in
both regions. The structure of mussel
beds was determined by counting
and measuring all mussels within 10
haphazardly selected 20 × 20 cm
quadrats in each 2 shores of both
regions (Cole & McQuaid 2010).
Size-frequency histograms were con-
structed for mussels from each region
by combining the data from the 20

quadrats of both shores, and size-frequency distribu-
tions were compared with chi-squared contingency
tests (χ2 = 198, df = 7, p < 0.001). Based on theses
regional size-frequencies (east and west) (Fig. 2), 2
separate treatments for mussel bed structure were
constructed: (1) the East Structure and the (2) West
Structure. Each structure was constructed by using
the average density and size of mussels (from each of
the 9 size classes) in each region, in 20 × 20 cm
quadrats using mussels collected from the shore from
which they were deployed. A third treatment (Nat-
ural Structure) with undisturbed mussels was sam-
pled as a control to determine if artificially created
mussel beds represented natural mussel beds. Mus-
sels for the East or West Structures were attached to
the shore by placing them in large-gauged mesh
bags (mesh hole size: 2.5 cm, e.g. Cole 2010) and
secured with bolts and shade cloth. Mussels were
placed in cleared patches, not touching existing mus-
sel beds, on the mid-low shore (within the ‘low mus-
sel zone’, McQuaid et al. 2000). On each shore, 5
replicates of East, West, and Natural Structure treat-
ments were deployed. After 3 mo, the mussels and
associated fauna were collected. Samples were pre-
served in ethanol and then washed through a 0.5 mm
sieve. All invertebrate fauna >0.5 mm were retained
and identified to the lowest taxonomic level possible.
We had separate hypotheses about infaunal and
epibiotic species so they were grouped accordingly.
Epibiota were the fauna that grow on mussel shells
and the mobile fauna that attach to the mussel shells.
Infauna were the species that moved throughout the
mussel matrix and were restricted to it (compared
with Suchanek 1985, who differentiated 3 categories:
epibiota, mobile fauna, and infauna).

To test our hypotheses, multivariate and univariate
analyses were done. Multivariate analyses (PER-
MANOVA) and univariate analyses (ANOVA) used a
3-factor design. The spatial factors were ‘Region’ and
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Fig. 2. Perna perna. Size frequency distributions of individuals from the east-
ern and western regions. Mussels were placed in 1 cm size classes, with the 

smallest and largest mussels being 2 and 11 cm, respectively
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‘Shore’; both were random with 2 levels. Shore was
also nested in Region. The factor ‘Structure’ (3 levels:
East Structure, West Structure and Natural Struc-
ture) was fixed and orthogonal. There were n = 5
replicates of each treatment on each shore in each
region. Data for multivariate analyses were either
untransformed to test hypotheses about the composi-
tion and abundance of assemblages, or presence/
absence transformed to test for differences in the
composition of assemblages. To visualise differences
in assemblages between regions and structures, non-
multidimensional scaling (nMDS) ordinations (Field
et al. 1982) based on Bray-Curtis similarity matrices
(Bray & Curtis 1957) were plotted in PRIMER 6.1.11
(Clarke & Gorley 2006). Data were analysed using
permutational analysis of variance (PERMANOVA+,
PRIMER 6 add on, Anderson et al. 2009), with 9999
permutations, based on Bray-Curtis dissimilarity
measures that are suitable for biological assemblage
data (Bray & Curtis 1957). Pairwise post hoc compar-
isons were done to identify significant sources of
variation to determine patterns of difference relative
to the hypotheses of interest. To test for differences in
numbers of taxa and densities of individuals between
regions, shores nested in regions, and among struc-
tures, data were analysed with ANOVAs. Prior to
analyses, data were tested for homogeneity of vari-
ances with Cochran’s C-test. Variances were gener-
ally homogeneous and therefore did not require
transformation. For those that did, few required the
same transformation to create homogeneous vari-
ances. Therefore, in order to make simple compar-
isons among taxa, none of the data were trans-
formed. The violation of homogeneity of variances
was considered to be acceptable because ANOVA is
relatively robust to heterogeneous variances for
large designs such as this (Underwood 1997). When
sources of variation for univariate analyses were
shown to be significant, Student-Newman-Keuls
(SNK) tests were used to compare means.

RESULTS

A total of 93 invertebrate species associated with
mussel beds were identified, with 83 species in the
eastern region and 79 in the western region, of which
64 and 66%, respectively, were common to both
regions. The infaunal taxa included errant poly-
chaetes, crabs, amphipods, isopods and some gastro -
pods. Abundant among these were the polychaetes
Pseudonereis variegata, Naineris laevigata, and Syl-
lis prolifera; and the crustaceans Corophium acheru-

sicum (Amphipoda), Tanais philetaerus (Tan ai dacea)
and Dymanella huttoni (Isopoda). Epifaunal taxa
included tubeworms, barnacles, limpets and chitons.
Abundant among the epifauna were sessile species,
the tubeworm Gunnerea capensis, and the barnacles
Tetraclita serrata, Octomeris angulosa and
Chthamalus dentatus; and mobile species, particu-
larly the limpet Scutellastra granualis, the seastar
Pateriella exigua and the anemone Aulactina rey-
naudi.

nMDS ordinations showed no clear patterns
according to the different habitat structures but there
were some patterns that reflected regional differ-
ences (Fig. 3a,b). Stress values were relatively high
(≥0.2), and therefore the representations should be
considered with caution, but generally, samples from
the same regions tended to group together regard-
less of structure (Fig. 3a,b). There was, however,
some overlap between regions and the pattern was
stronger for the infauna (Fig. 3a) than for the epi-
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(b) Epifauna Stress 0.22

(a) Infauna Stress 0.20

Fig. 3. Non-multidimensional scaling (nMDS) plots of
assemblages of (a) infauna and (b) epifauna associated with
mussels from 2 shores in the east and 2 in the west region.
East region: Port Alfred (black) and Kenton (dark grey).
West region: Robberg (light grey) and Brenton (white). In
each site, 3 structures: Natural (n), East (h), and West (s) 

Structures; (n = 5)
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fauna (Fig. 3b). Moreover, PERMANOVA results for
both the infauna and the epifauna showed that Struc-
ture interacted with Shore, and there was a signifi-
cant effect of Region (Table 1a,b). Pair-wise tests
investigating the interaction between Structure and
Shore showed that for the 2 shores in the eastern
region, Port Alfred and Kenton, the 2 manipulated
structures (East and West Structures) differed signif-
icantly from the Natural Structure (Table 1a,b). At
the 2 shores in the western region, Brenton and Rob-
berg, there were no differences among the 3 struc-
tures (Table 1a,b). These patterns were
also similar for infauna and epifauna
(Table 1a,b).

In general, comparisons of transformed
presence/ absence data showed similar
results to comparisons of untransformed
data (Table 2a,b). Again, for both infauna
and epifauna, there was a significant
effect of Region and a significant interac-
tion of Shore with Structure (Table 2a,b).
Pair-wise tests of the interaction of Shore
and Structure showed that at Port Alfred
and Kenton, the composition of assem-
blages associated with the Natural Struc-
ture differed significantly from the East
Structure (Table 2a). In Port Alfred, the
East Structure was not different from the
West Structure, but in Kenton there was
a significant difference between the 2
structures (Table 2a). For epifauna, the
structures did not differ in Port Alfred,

Brenton or Robberg (Table 2b). The pat-
tern at Kenton was as predicted, with the
Natural Structure being similar to the
East Structure and different from the
West Structure (Table 2b).

When comparing the numbers of spe-
cies and numbers of individuals, neither
of our proposed models was supported
(Tables 3 & 4). Contrary to our predic-
tions, there were no significant differ-
ences among structures and there were
no differences according to whether the
fauna were infauna (Table 3) or epifauna
(Table 4). Furthermore, there were no
differences in the densities of infauna
(Table 3) or epifauna (Table 4) between
the eastern and western regions.

Similarly, when comparing densities of
the 4 most abundant infaunal or epifau-
nal species that were present in both
regions, there were again no significant

differences between regions. For 2 of the infauna
species, the nereid polychaete Pseudo nereis varie-
gata and the isopod Dymanella huttoni, there was no
effect of Structure or Region, but there was a signifi-
cant effect of Shore (Table 5a). For the tube-dwelling
amphipod Corophium acherusicum, there were no
significant differences between regions, shores or
structures (Table 5a). For the tanaid Tanais phile-
taerus, there was a significant Shore by Structure
interaction (Table 5a). At Kenton, all the structures
significantly differed but there was no difference
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Source         df                   (a) Infauna                             (b) Epifauna    
                                  MS    Pseudo-F      p             MS     Pseudo-F     p

Re                 1         15280       1.95         ***         21005       2.71         ***
Sh(Re)         2         10998       7.13         ***         10774       6.18         ***
St                  3         4507       2.06         ns           5154       3.95         ns
Re × St         2         2191       0.97         ns           1304       0.40         ns
Sh(Re) × St   4         2248       1.46           *           3236       1.86         **
Residual      48       1542                                     1743                         
Total            59                                                                                           

Pairwise PA & Kent: Nat ≠ W = E A & Kent: Nat ≠ W = E
Bren & Rob: Nat = W = E Bren & Rob: Nat = W = E

Table 1. PERMANOVA of untransformed data of assemblages of (a)
infauna, and (b) epifauna, comparing Regions (Re) (east and west), with
nested Shores (Sh) (east: Port Alfred [PA] and Kenton [Kent], west: Rob-
berg [Rob] and Brenton [Bren]) and orthogonal to Structure (St) (Natural
[Nat], West [W] and East [E]), n = 5 replicates per shore. Pairwise post
hoc comparisons were done for significant sources of variation to deter-
mine patterns of interest relative to the hypotheses of interest. ns: not 

significant, *p < 0.05, **p < 0.01, ***p < 0.001

Source         df                   (a) Infauna                             (b) Epifauna    
                                  MS    Pseudo-F      p             MS     Pseudo-F     p

Re                1         8586       2.27         ***         13752       2.11         ***
Sh(Re)         2         5377       8.85         ***         9183       7.53         ***
St                 3         1754       2.20         ns           3074       3.44         ns
Re × St         2         798       0.66         ns           894       0.35         ns
Sh(Re) × St  4         1218       2.01         **           2584       2.12         **
Residual      48         607                                      1219                         
Total            59                                                                                           
Pairwise PA: Nat ≠ W = E PA: Nat = W = E

Kent: Nat ≠ S ≠ E Kent: Nat = E ≠ W
Bren & Rob: Nat = W = E Bren & Rob: Nat = W = E

Table 2. PERMANOVA of presence/absence data of assemblages of
(a) infauna and (b) epifauna, comparing Regions (Re) (east and west), with
nested Shores (Sh) (east: Port Alfred and Kenton, west: Robberg and
 Brenton) and orthogonal to Structure (St) (Natural, West and East), n = 5
replicates per shore. Pairwise post hoc comparisons were done for
 significant sources of variation to determine patterns of interest relative
to the hypotheses of interest. ns: not significant, *p < 0.05, **p < 0.01, 

***p < 0.001. See Table 1 for definitions
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among structures at any of the other sites (Table 5a).
Similarly for 2 of the species of epifauna, the
anemone Aulactina reynaudi and the seastar
Pateriella exigua, there was no effect of Structure or
Region, but there was a significant effect of Shore
(Table 5b). There were significant effects of Shore
and Structure for the limpet Scutellastra granularis
(Table 5b). Specifically, the Natural Structure dif-
fered from the East and the West Structure (SNK p <
0.05). For another barnacle, Tetraclita serrata, there
was a significant interaction between Shore and
Structure (Table 5b). Specifically, in Port Alfred the
Natural Structure was similar to the East Structure
and different from the West Structure (Table 5b). On
all other shores, there were no differences among
structures (SNK p > 0.05).

DISCUSSION

It is essential to ‘control’ for potentially
confounding artefacts in any experimen-
tal manipulation (see Underwood 2009
for review). Although care was taken to
ensure the correct procedural controls
were included in the experiment, there
were some experimental artefacts and
therefore some results should be treated
with caution. Specifically, in most cases
there was an interaction of Structure
with Shore; assemblages associated with
the East Structure generally differed
from those in naturally occurring mussel
beds. Differences between the Natural
Structure and the structures that were
created from the eastern or western
regions may be due to artificially created
mussel beds representing an earlier suc-
cessional state (sensu Connell & Slayter
1977, Greene & Schoener 1982). This
experiment was left in the field for 3 mo
but it may take longer than 3 mo for
colonisation of completely defaunated
mussel beds to match assemblages
occurring in undisturbed mussel beds.
Although the composition of assem-
blages differed between natural and arti-
ficially constructed mussel beds, there
were similar numbers of species and
overall densities of individuals. This sup-
ports the suggestion that post-recruit-
ment processes (e.g. competition, Con-
nell 1985), leading to different
successional states may help to explain
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Source         df           (a) No. of species (b) No. of individuals
                                      C = 0.27 (ns)                           C = 0.23 (ns)

                                MS           F             p             MS           F            p

Re                1     0.15       0.00      0.9788       24543     10.270   0.0851
Sh(Re)         2   166.680     7.74         **           2390       0.48     0.6224
St                 2     61.32       6.10      0.1408       1764       0.13     0.8865
Re × St         2     10.05       0.65      0.5700       13775       2.76     0.0728
Sh(Re) × St  4     15.48       0.72      0.5833     3934a                            
Residual      48     21.54                                     5084a                        
Total            59                                                                                        
Pooled         52                                                     4996                           
aPost hoc pooling, p > 0.25. New F-ratios are given for those tested
against the pooled term

Table 3. ANOVA of infauna comparing (a) numbers of species, and
(b) numbers of individuals from 2 Regions (Re) (east and west), with nested
Shores (Sh) (east: Port Alfred and Kenton, west: Robberg and Brenton)
and orthogonal to Structure (St) (Natural, West and East), n = 5
replicates per shore. Variances were homogeneous (Cochran’s C-test). 

ns: not significant, *p < 0.05, **p < 0.01, ***p < 0.001

Source         df    (a) Number of species (b) No. of individuals
                                      C = 0.23 (ns)                           C = 0.26 (ns)

                                MS           F             p             MS           F            p

Re                1       70.4       0.75         ns             322         0.38         ns
St                 2       6.5       0.55         ns             273         1.34         ns
Sh(Re)         2       93.8       14.87       ***           839         7.60         **
Re × St         2       11.7       6.11         ns             204         1.31         ns
Sh(Re) × St  4       1.9       0.30         ns             155         1.41         ns
Residual      48       6.3                                         110                           
Total            59

Table 4. ANOVA of epifauna comparing (a) numbers of species, and
(b) numbers of individuals from 2 Regions (Re) (east and west), with nested
Shores (Sh) (east: Port Alfred and Kenton, west: Robberg and Brenton),
and orthogonal to Structure (St) (Natural, West and East); n = 5 repli -
cates per shore. Variances were homogeneous (Cochran’s C-test). ns: not 

significant, *p < 0.05, **p < 0.01, ***p < 0.001

(a) Infauna
Pseudonereis variegata Shore**
Dymanella huttoni Shore*
Corophium acherusicum ns
Tanais philetaerus Structure × Shore 

(Region)**, Shore***

(b) Epifauna
Aulactina reynaudi Shore*
Pateriella exigua Shore*
Scutellastra granularis Shore**, Structure*
Tetraclita serrata Structure × Shore 

(Region)**

Table 5. ANOVAs of 4 most abundant species of (a) infauna
and (b) epifauna showing significant sources of variation. ns: 

not significant, *p < 0.05, **p < 0.01, ***p < 0.001
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the observed experimental artefact. Thus, we can
only make inferences about assemblages 3 mo old
and must recognise that important post-recruitment
processes may be critical.

We expected that the different habitat structures in
the eastern and western regions would offer different
physical and biological environments in terms of
amelioration of heat and desiccation stress (Stephens
& Bertness 1991), but also in terms of the size
(Tsuchiya 2002) and configuration of the spaces
among mussels (Suchanek 1985), protection from
predators (Lively & Raimondi 1987), deposition of
sediment (Tsuchiya 2002), and the byssal thread
matrix (Tsuchiya & Nishihira 1985). Contrary to our
hypotheses, we found no evidence of any influences
of the habitat structure of mussels on assemblages of
associated fauna. We suggest that any direct effects
of habitat structure on the associated fauna may be
masked by stronger regional or local-scale effects.
This can be interpreted as support for the theoretical
model proposed by Bruno et al. (2003): the occur-
rence of upwelling results in higher productivity that
reduces the importance of facilitation, minimising the
importance of the structural ‘traits’ of the bioengi-
neer.

Our regional comparisons were done in the same
biogeographic province in order to draw from the
same pool of taxa (Underwood & Petraitis 1993).
Nevertheless, our analyses showed that, even
within the same biogeographic province, assem-
blages only tens of km apart consisted of very dif-
ferent groups of species. Significant effects of
region for infauna and epifauna for both untrans-
formed data and presence/ absence data indicate
that regional differences resulted in a very different
type of assemblage in the eastern region from the
western region (Clarke 1993). Processes that may
contribute to differences between regions in the
same biogeographic province could be linked to
factors influencing the recruitment of certain spe-
cies such as the timing and delivery of larvae.
Coastal topography has a strong influence on the
retention and dispersal of larvae, with bays, coastal
embayments and upwelling-shadows retaining lar-
vae (Largier 2004). Although the coastal topography
differs between the eastern and western regions,
this study was done on the open coast and in
upwelling areas, which are all non-retentive envi-
ronments. Within the warm-temperate South Coast
biogeographic province, there is weak synchrony
in the spawning or recruitment of conspecific inter-
tidal organisms (McQuaid & Lawrie 2005). This
could be due to differences in the intensity and

timing of upwelling (Morgan & Fisher 2010) or tem-
perature (Tapia & Navarrete 2010). For example,
Lagos et al. (2008) found that the mesoscale envi-
ronmental variables, intensity of upwelling and
wind-velocity were negatively related to recruit-
ment of barnacles.

The numbers and densities of different species
therefore contributed little to the regional differences
that were observed at the assemblage level. More-
over, analyses of the number of species of epifauna
and infauna and the number of individuals of epi-
fauna showed significant differences between
shores. Densities of many of the abundant species
(Dymanella huttoni, Pseudonereis variegata, Aulac -
tina reynaudi and Pateriella exigua) also differed
between shores. These shore to shore differences
were not predicted and could be due to a range of
physical and biological factors that produce idiosyn-
cratic differences at the km scale (e.g. Underwood &
Chapman 1996). These results suggest that among
the common species, rather than the rarer taxa, gen-
erally varied within regions and did not contribute to
our previously observed differences in assemblages
associated with mussel beds at the regional scale. 

Overall, our main finding was that there was a de-
coupling between the habitat-forming taxon and its
associated fauna, at least at a relatively early succes-
sional stage. Earlier work detected regional differ-
ences in mussel bed structure and the associated
fauna (Cole & McQuaid 2010), leaving 2 possible
explanations. Here we used a manipulative experi-
ment to show that direct effects of region over-ride
the indirect processes operating through habitat
structure. Thus, effects of region directly influenced
faunal assemblages, independent of mussel bed
structure. Our findings are contrary to previous stud-
ies that have found a link between the structure of
bioengineers and associated fauna (Kelaher &
Castilla 2005, Wieters 2005), and can be interpreted
in 2 ways. (1) The presence of upwelling results in
increased productivity and consequently decreased
importance of facilitation in both our study regions,
so that larger-scale (shore or regional) effects had a
stronger influence on the composition of the associ-
ated fauna than habitat structure. (2) Because we
worked only within upwelling regions, we cannot
discard the possibility that shore and regional level
effects are so powerful that they override those of
habitat structure regardless of the presence of
upwelling. Critically, only the use of experimental
manipulations allowed us to unravel influences on
the associated fauna that operate at different spatial
scales (e.g. Underwood 2000).
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