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ABSTRACT: The distribution of intertidal organisms can often be determined by processes operating
at the time of recruitment. Recruitment has been demonstrated to influence the composition of
assemblages of natural habitats, but there is less evidence of its importance in artificial habitats.
Coastal areas are becoming increasingly urbanised, with the replacement of many natural habitats
by man-made structures. It is, therefore, important to test processes that influence the structure of
assemblages in artificial habitats in order to evaluate whether processes act in a way that is predictable from knowledge of natural shores. Much of the foreshore of Sydney Harbour has been
replaced by seawalls, many of which are built in association with wharves. It has been shown that
features of wharves may cause small-scale differences between assemblages on adjacent sections of
seawalls which are under or not under wharves. The present study tested the hypothesis that these
patterns are determined by differences in recruitment, by monitoring recruitment to experimental
clearings and settlement plates in both habitats. In general, algae and mobile invertebrates had
greater cover or abundance on unshaded seawalls, while sessile invertebrates had greater cover on
shaded seawalls. Not all taxa in these habitats recruited to experimental clearings or plates, but the
abundance or cover of those that did resembled patterns observed in the surrounding established
assemblage. This indicates that, at least for some organisms on intertidal seawalls, patterns of distribution are determined at the time of recruitment and are probably influenced by shading. Furthermore, patterns in the present study were similar to what was predicted from work done on natural
shores, showing that studies from natural shores can be applied to these artificial habitats.
KEY WORDS: Seawalls · Wharves · Recruitment · Urbanised estuary · Algae · Sessile filter-feeders ·
Grazers
Resale or republication not permitted without written consent of the publisher

Patterns of distribution of organisms can often be determined by recruitment into specific habitats (Underwood & Fairweather 1989, Roughgarden et al. 1994),
although post-recruitment processes, such as competition (Dayton 1975), predation (Menge 1976), or physical stress (Garrity 1984), can modify initial patterns.
Recruitment has been shown to vary spatially and temporally, especially for intertidal plants and animals
(Denley & Underwood 1979, Connell 1985). Variability
in recruitment at large spatial scales can result from
variations in larval supply (e.g. currents delivering

larvae to some locations and not to others; Minchinton
& Scheibling 1991), while at smaller scales, active
behavioural processes and features of the substratum
become important in determining the distribution of
organisms (Mullineaux & Butman 1991).
Active larval choice and preferential settlement onto
the substratum are important in determining distribution and abundance of organisms, with physical factors
such as surface texture and chemistry, shear stress and
patterns of water flow influencing patterns of settlement of invertebrates and algae (Mullineaux & Butman
1991, Goldberg & Foster 2002). Although differential
mortality at the time of settlement or shortly thereafter
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may also affect patterns of distribution and abundance
(Keough & Downes 1982, Connell 1985), this is often
difficult to distinguish from variable initial settlement.
Patterns of recruitment, therefore, reflect patterns of
settlement and mortality occurring within a short time
of settlement (Keough & Downes 1982, Connell 1985).
Much of the variation in assemblages among different
seawalls may be due to larval responses to features of
the substratum, such as surface complexity and range
of microhabitats (Archambault & Bourget 1996) or the
material from which it is composed (McGuinness 1989).
Assemblages of intertidal algae and invertebrates
differ among seawalls in Sydney Harbour, Australia, at
the scale of metres to kilometres (Chapman & Bulleri
2003, Bulleri et al. 2005). Even though seawalls are
structurally simpler than natural shores, this range of
variation is similar to that of natural rocky shores in
New South Wales (Bulleri et al. 2005). Despite variability at multiple scales, assemblages on seawalls have
been found to show consistent differences at scales of
10s of metres in response to larger features of the habitat (Blockley in press, Bulleri et al. 2005). The presence
of structures such as wharves or jetties, which overhang sections of the seawall, can have a large effect on
intertidal assemblages, with the cover of algae and
abundance of mobile invertebrates greater on sections
of seawalls not under wharves, while sessile invertebrates can have greater cover under wharves (Blockley
in press).
Seawalls are often continuous structures, consisting
of the same material and with similar surface complexity over the scale of 10s to 100s of metres. Any differences in recruitment at this scale, therefore, are
unlikely to be in response to surface features. These
patterns might be explained by organisms responding
to shading by wharves at the time of recruitment. Larvae of sessile invertebrates have been shown to
respond to light, with many recruiting in greater numbers to shaded surfaces (Maughan 2001). Algae, in
contrast, have been shown to recruit in greater numbers to unshaded than shaded patches of shore (Clark
et al. 2004). A similar pattern has been demonstrated
for subtidal artificial structures. Glasby (1999) showed
that, for subtidal pilings, recruitment of foliose algae
was greater to unshaded clearing, while sessile invertebrates had greater recruitment to shaded clearings.
It is possible that this will be similar for intertidal artificial structures, such as seawalls.
In the present study we tested the hypothesis that
the patterns of difference found between assemblages
on seawalls under or not under wharves at certain
locations within Sydney Harbour (Blockley in press)
are, first, found at other locations in Sydney Harbour
and, second, that these patterns are established at the
time of recruitment.

MATERIALS AND METHODS
Patterns of difference between taxa on seawalls
under or not under a wharf. To first test the hypothesis
that assemblages would differ between seawalls under
(hereafter shaded) or not under a wharf (hereafter unshaded), 2 sites were sampled under the main wharf
and 2 outside the wharf at Rose Bay in Sydney Harbour
(Fig. 1). The 2 unshaded sites outside the wharf were
located on either side of a smaller wharf (see Fig. 1). It
was not possible to avoid potentially confounding effects by having unshaded sites on either side of the
main wharf because a boat ramp and rubble embankment made one side of the wharf unusable. Each site
was approximately 5 m wide and 10 m from adjacent
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sites. Three tidal heights were sampled in each site.
These were 1.2 to 1.4, 0.9 to 1.1 and 0.6 to 0.8 m above
Chart Datum, henceforth referred to as high-, mid- and
low-tidal heights, respectively.
Sites were sampled in January 2002, with 6 replicate
20 × 25 cm quadrats haphazardly placed at each site.
Quadrats were placed at least 1 m from the edge of the
wharf to avoid any possible edge effects (People 2006).
Covers of sessile animals and algae were estimated
from 50 regularly spaced points, and all mobile animals were counted in each quadrat. All organisms
were identified to species, except where this was
impossible without destructive sampling (e.g. sponges
and some small filamentous algae).
Recruitment onto plates and clearings. Adult or established organisms can affect recruitment of intertidal organisms onto the substratum (e.g. Dayton 1971, Denley
& Underwood 1979). The established assemblages differed between seawalls under or not under wharves.
Patches of substratum were, therefore, cleared in each of
these habitats to eliminate any effect of existing assemblages in a test for effects of the presence/absence of the
wharf on recruitment. Recruitment was measured in
these clearings, which were thus of the same age, size
and without existing biota in each habitat.
Despite attempts to standardise these patches, there
is a potential for confounding results because the existing assemblage may influence small-scale damage
due to clearing (e.g. greater cover of oysters under
wharves meant that the seawall in this habitat had to
be cleared with greater force). If so, differences
between clearing methods in the 2 habitats may mean
that cleared patches are not the same in both habitats.
Therefore, to test for potential differences in the substratum in the clearings, sandstone plates were also
attached to sections of seawalls under or not under the
wharves. These plates provided a standardised substratum, of the same material as the seawall, in each
habitat, against which results from clearings could be
compared.
Plates were attached to seawalls and patches of seawall were cleared in each of these habitats in June
2001. At each site, 24 patches were cleared at the midtidal height using paint scrapers, steel chisels and wire
brushes. Twenty-four 15 × 15 cm sandstone plates,
composed of the same material as the seawall, but with
smooth surfaces, were attached to the wall at the same
time as clearings were made. Plates and clearings
were interspersed haphazardly and were separated
from adjacent plates or clearings by 10s of centimetres.
Plates and cleared patches of seawall were sampled
1, 3, 5 and 8 mo after clearings were made and plates
first attached to the walls. The timing of sampling was
largely determined by access to the site, which was restricted by construction and maintenance work around

29

the area of the wharf. At each time, 6 different plates
and cleared patches, randomly assigned to each sampling time, were sampled so that data were temporally
independent. Plates and clearings were sampled using
a 13 × 13 cm quadrat, with the outer 1 cm edge of the
plates or clearings not sampled to avoid any possible
edge effects (Bulleri et al. 2005). This also helped to
distinguish between recruitment and overgrowth from
sessile species around the edges. There was also a
2.5 cm diameter circle in the middle of the quadrat that
was not sampled to avoid any effect of the bolt that
attached plates to the substratum.
The percentage covers of sessile invertebrates and
algae were estimated from regularly spaced points,
while mobile invertebrates were counted within the
whole quadrat. We only counted small mobile invertebrates, less than approximately 5 mm wide, with individuals larger than this ignored. These small individuals were chosen because they were more likely to have
recruited after the onset of the experiment (Bulleri et
al. 2005).
Statistical analysis. For all analyses, heights were
treated separately, as there were no hypotheses being
tested concerning differences among heights and each
height represented a different assemblage (Chapman
& Bulleri 2003). The hypothesis of differences between
assemblages on shaded and unshaded seawalls was
therefore tested separately for 3 intertidal assemblages.
Comparisons of abundance or cover for individual
taxa from established assemblages and from recruits
were analysed using analysis of variance (ANOVA).
Most variances were found to be heterogeneous from a
Cochran’s test of homogeneity of variances (Underwood 1999). Attempts to stabilise variances through
transformation of the data were largely unsuccessful,
and so untransformed data were used for all analyses,
as ANOVAs are relatively robust to heterogeneous
variances if there are many estimates of variance
(Underwood 1999). Nevertheless, because of the increased likelihood of Type I error, a more conservative
significance level was used when testing for differences (i.e. where Cochran’s test had p < 0.05 pcrit was
0.01, where Cochran’s test had p < 0.01 pcrit was 0.001),
except where Cochran’s test was not significant.

RESULTS
Differences in established assemblages between
habitats
At the high-tidal height, most of the available area
on the unshaded seawall was either bare or occupied
by the red encrusting alga Hildenbrandia rubra and
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Table 1. Analyses of individual taxa for sections of seawall under or not under
the oysters Saccostrea glomerata.
wharves. Cochran’s test for homogeneity of variance was significant (p < 0.01)
A similar pattern was found at the midfor most analyses, so between-habitat differences were interpreted as signifitidal height, except that there was little
cant at p < 0.001, except: 1Cochran’s test not significant and so habitats signifior no bare space. At the low-tidal
cantly different at p < 0.05; 2Cochran’s test p < 0.05 and so habitats significantly
height, the tubeworm Galeolaria caedifferent at p < 0.01 (MSH: mean square for habitat; MSS: site(H); MSRes: residual; MSP: pooled sites with residual). Degrees of freedom = 1 and 2, except
spitosa as well as the algae Corallina
where pooled (p) (df = 1 and 22). Results in bold indicate significant difference
officinalis and a mix of Enteromorpha
between habitats. Patterns of qualitative difference between means shown in
intestinalis and Ulva lactuca were the
last column (S: shaded seawall; U: unshaded seawall)
major occupiers of space on the unshaded seawall.
MSH
MSS MSRes MSP
F Qualitative
There was little algal cover on the
difference
shaded seawall at any height, most of the
High-tidal height
space being occupied by a mix of sessile
invertebrates. At all heights, the oyster
Hildenbrandia rubra
661.5
542.8 218.2
1.2
S<U
1
Saccostrea glomerata
1 768.2 5 941.5 302.0
0.3
S>U
Saccostrea glomerata was a major occuCrassostrea gigas
287.0
176.0
34.5
1.6
S>U
pier of space, with a complex of encrustGaleolaria caespitosa
3 197.0 3 390.4 120.7
0.9
S>U
ing orange sponges also having a large
2
Tetraclitella purpurascens 253.5
254.2
10.5
1.0
S>U
cover low on the shore. Other species
Elminius covertus
0.3
0.3
0.0
1.0
S>U
Chthamalus antennatus
5.0
2.0
0.3
2.5
S<U
found on the shaded seawall, albeit with
2
Chiton pelliserpentis p
16.7
3.0
2.4
2.4
6.9
S<U
a relatively small cover, were the tubeSiphonaria denticulata p
9.4
0.0
2.8
2.5
3.7
S<U
worm Galeolaria caespitosa, the introduced oyster Crassostrea gigas, the barMid-tidal height
nacle Tetraclitella purpurascens (highH. rubra
3 382.0
692.3 140.6
4.9
S<U
shore) and the mussel Mytilus galloCorallina officinalis
2.0
0.4
0.2
5.4
S<U
1
S. glomerata
2 504.0
887.6 402.3
2.8
S>U
provincialis (mid- and low-shore).
Mytilus galloprovincialis
204.2
187.1 122.5
1.1
S>U
There was a general pattern, alG. caespitosa
35.3
18.8
9.5
1.9
S<U
though not statistically significant, of
Austrobalanus imperator
2.7
2.7
0.6
1.0
S>U
1
greater cover of algae on unshaded seaIbla quadrivalvis p
1.0
0.2
0.2
0.2
5.0
S<U
2
Tesseropora rosea
5.0
0.4
0.1
13.4
S<U
walls and greater cover of sessile inverT. purpurascens p
2.7
0.4
0.9
0.9
3.1
S>U
tebrates on shaded seawalls (Table 1).
Orange sponge p
1 457.0
198.4 143.1 148.1 9.8
S>U
These patterns are illustrated for all
1
C. pelliserpentis p
140.2
0.7
2.4
2.3 62.1
S<U
1
algae and Saccostrea glomerata, TetraS. denticulata p
0.7
0.0
0.1
0.1
5.5
S<U
1
clitella purpurascens and the orange
Montfortula rugosa
112.7
30.4
2.2
3.7
S<U
2
Cellana tramoserica p
5.0
0.0
0.5
0.5 10.2
S<U
sponge (Fig. 2, Table 1).
The patterns were less clear at the
Low-tidal height
high-tidal height because of large
C. officinalis
950.0
532.7
55.2
1.8
S<U
between-site variability. Despite this, for
Foliose green algae
1 751.0 1 162.0 254.6
1.5
S<U
2
at least one of the sites and generally
S. glomerata
5 017.0 1 029.0 456.4
4.9
S>U
across sites, cover was much greater on
M. galloprovincialis
198.4
108.4
9.0
1.8
S>U
G. caespitosa
17 388.2 3 408.8 327.6
5.1
S<U
the shaded seawall for most sessile inHydroides spp.
57.0
22.0
6.9
2.6
S>U
vertebrates (e.g. Saccostrea glomerata),
A. imperator
16.7
19.4
3.1
0.9
S>U
while the cover of the alga HildenbranT. rosea
4.2
0.7
0.3
6.3
S<U
dia rubra was greater on the unshaded
T. purpurascens p
2.0
2.0
1.4
1.5
1.4
S>U
Orange sponge
9 204.2 1 410.8 339.9
6.5
S>U
wall (Fig. 2, Table 1). The mid- and lowWatersipora spp. p
71.8
13.6
14.8 14.7 4.9
S>U
tidal heights showed a much clearer
pattern of difference between shaded
and unshaded walls for cover of sessile
glomerata, Mytilus galloprovincialis and the barnacle
invertebrates (e.g. Tetraclitella purpurascens at the
Austrobalanus imperator) and by the tubeworm
mid-tidal height and orange sponge at the low-tidal
Hydroides spp. and the encrusting bryozoan Waterheights were greater on shaded walls) and algae (e.g.
sipora spp. low on the shore (Table 1).
H. rubra, Corallina officinalis and foliose green algae at
Some sessile invertebrates showed exceptions to the
the low-tidal height were greater on unshaded walls)
general pattern and had greater cover on the un(Fig. 2). The same pattern of greater cover on seawalls
shaded seawall, e.g. the barnacles Chthamalus antenunder wharves was observed for other common sessile
natus (high-shore) and Ibla quadrivalvis (mid-shore),
invertebrates at mid- and low-shore (e.g. Saccostrea
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Fig. 2. Mean percentage cover or abundance of organisms in
established assemblages at different tidal heights on shaded
seawalls (grey) or unshaded seawalls (diagonal lines)

Tesseropora rosea (mid- and low-shore) and Galeolaria
caespitosa (mid- and low-shore) (Fig. 2). All of these
had a relatively small cover, with the exception of
G. caespitosa, which dominated low-shore space on
the unshaded seawall.
Mobile invertebrates, largely limpets and chitons,
were more abundant on unshaded seawalls (Table 1),
shown for Chiton pelliserpentis at the high-tidal height
and Cellana tramoserica at the mid-tidal height
(Fig. 2), although similar patterns were shown by
the limpets Siphonaria denticulata and Montfortula
rugosa. In contrast to the algae and sessile animals,
differences in mean densities between habitats were
significant for most mobile invertebrates (Table 1).

Recruitment into clearings
Patterns of recruitment differed among the 3 main
types of algae. In contrast to what was predicted, the
encrusting alga Hildenbrandia rubra did not show
significant differences between habitats (Table 2),
recruiting similarly to clearings in both habitats
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(Fig. 3). The predicted pattern of greater recruitment to
unshaded clearings was found for Corallina officinalis
and foliose green algae (Fig. 3), although this was not
statistically significant (Table 2). Cover of C. officinalis
increased over time, whereas foliose green algae
showed a large initial recruitment, but decreased in
cover over time (Fig. 3).
Most sessile invertebrates did not recruit much until
5 mo after the start of the experiment, possibly due to
seasonality in delivery of propagules. The encrusting
orange sponges and the barnacles Tetraclitella purpurascens and Austrobalanus imperator recruited more to
clearings on sections of shaded seawall (Fig. 3), as predicted. This pattern was, however, only statistically
significant for T. purpurascens and only after 8 mo.
Given the pattern observed in the adult population, the
tubiculous polychaete Galeolaria caespitosa and the
barnacle Tesseropora rosea were predicted to recruit
more to unshaded clearings. There was, however, no
significant, nor apparent, difference between habitats
for G. caespitosa (Fig. 3, Table 2). Greater recruitment
on unshaded seawalls was observed for T. rosea,
although there was a great deal of variability in this
species’ recruitment (Fig. 3).
Abundances of limpets and of Chiton pelliserpentis
were generally greater on the unshaded seawalls
(Fig. 3), reflecting the pattern of the adult populations.
The observed between-habitat differences in recruitment were, however, not statistically significant
(Table 2), possibly because of the lack of statistical
power. Furthermore, the observed differences decreased to almost 0 after 8 mo (Fig. 3).

Comparisons between plates and clearing
Recruitment to plates, like that to clearings, was initially low. Greater abundance or covers were recorded
by the last 2 sampling times. For this reason, only the
last sampling time was used when testing for differences in recruitment between clearings and plates.
For some taxa (e.g. the algae Hildenbrandia rubra
and Corallina officinalis, the tube worm Galeolaria
caespitosa, orange sponges and Chiton pelliserpentis), there was much less recruitment onto plates than
onto clearings (Fig. 4). The barnacle Tesseropora
rosea, however, showed significantly greater cover
on plates at 1 site for each of the habitats (Table 3).
Most of the remaining taxa showed similar patterns
between the 2 substrata (Fig. 4, Table 3). This indicates that the features of the substratum are not
causing differences in recruitment between habitats,
plates being standard units in both habitats, but that
some feature of the wharves is causing the differences.
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fairly clear, were not statistically significant. The spatial scale was also limited
to 1 location, and so caution must be
used when making broad generalisations until experiments are repeated at
a larger scale.
The lack of statistical significance is
an issue for the analyses. The unavoidSource
df
MS
F
MS
F
MS
F
ably limited spatial replication means
that the test for habitats only had 1 and
(a)
H. rubra
C. officinalis
Foliose green
2 degrees of freedom, except when it
algae
was possible to pool sites. This is a probTime = T
3
2 499.3
4.2
29.9
1.0
3151.4 2.9
lem of low statistical power due to
Habitat = H
1
0.1 NT
141.40 NT
36603.3 NT
Site(H)
2
1 847.5
3.1
82.2
2.8
11162.1 10.4
limited replication (Underwood 1999).
T×H
3
88.8
0.2
29.9
1.0
3746.2 3.5
The more conservative critical values
T × Site(H)
6
602.5
1.6
29.2
3.2
1074.5 2.6
because of heterogeneity of variances
Residual
80
388.3
9.1
377.6
also made it difficult to detect statistically significant differences. The mean
(b)
Orange sponge T. purpurascens
A. imperator
T
3
13.9
0.4
34.5
0.4 2.0
square values for habitats are, however,
H
1
146.3
NT
41.8
0.5 1.5
large for many of these tests (Table 1).
Site(H)
2
31.7
0.9
8.4
0.4 1.9
The obvious differences between means
p
T×H
3
13.4
0.4
24.9
7.1*
0.2
from the 2 habitats (Fig. 2) also lend
T × Site(H)
6
37.3
2.5
4.4p
0.2p
support to the differences between
Residual
80
14.9
3.4p
0.2p
Pooledp
86/89
3.5
0.2
habitats. This is an issue of statistically
significant versus ‘biologically signifiG. caespitosa
T. rosea
cant’ differences (Thomas 1997, Quinn
T
3
46.8 11.1*
0.6
1.7
& Keough 2003), and patterns should
H
1
0.0
0.0
0.7
1.7
p
not be dismissed out of hand because of
2
4.8
0.
Site(H)
the lack of power to detect significant
T × Hp
3
0.1
0.4
6
2.3
0.5
T × Site(H)p
effects.
Residualp
80
4.5
0.4
The composition of assemblages livPooledp
91
4.2
0.4
ing on intertidal seawalls varies at the
scale of kilometres within Sydney Har(c)
Limpets
C. pelliserpentis
bour, Australia (Bulleri et al. 2005).
T
3
53.6
1.5
0.6
1.3
H
1
412.5
NT
8.2
5.3
However, spatially consistent patterns
Site(H)
2
223.8
6.4
1.5
3.4
of difference exist between shaded and
p
T×H
3
50.8
1.5
0.4
unshaded seawalls across multiple locaT × Site(H)
6
34.9
2.2
0.3p
p
tions (Blockley in press). Distributions
Residual
80
16.2
0.5
of intertidal organisms can be strongly
Pooledp
89
0.5
influenced by the shade, and incident
light has been found to be less strong
under wharves than in unshaded marine habitats
DISCUSSION
(Burdick & Short 1999, Blockley in press). This might
account for the observed differences between habitats.
For adult populations, most sessile invertebrates had
In the present study, algal cover was greater on
greater cover on shaded seawalls, with some excepunshaded seawalls, while algae were almost absent
tions. Algae had a greater cover and mobile invertefrom walls shaded by wharves. Algae are generally
brates a greater abundance on unshaded seawalls.
less abundant in shaded habitats (Dayton 1975, GoldRecruitment was shown to be similar to that predicted
berg & Foster 2002, Clark et al. 2004). Glasby (1999)
from the adult distribution for some species, but for
similarly found less algal cover on wooden pilings
others there was no similarity between the pattern of
compared to natural reefs, which was shown experirecruitment and the distribution of adults. Recruitment
mentally to be due to shading by marinas associated
may possibly explain the pattern of difference between
with the pilings. Shading by wharves or jetties has also
shaded and unshaded seawalls for some, but not all,
been found to reduce the cover of seagrasses in
organisms, and so other processes are likely to influurbanised estuaries (Burdick & Short 1999), supporting
ence distribution. Many of these patterns, although

Table 2. Analyses of individual taxa of: (a) algae, (b) sessile invertebrates and
(c) mobile invertebrates recruiting to clearings on sections of seawall under or
not under wharves. Cochran’s test for homogeneity of variance was significant
(p < 0.01) and so a more conservative significance level of p < 0.001 (*) was
used (NT: no test could be done; p: pooled factors). Where analyses showed significant interactions, F-ratios are not given for main effects and lower order
interactions because these cannot be logically interpreted (full taxonomic designations, see Table 1)
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the general pattern for the seawall at Rose Bay in the
present study.
In the present study many common sessile invertebrates had greater cover on shaded seawalls. The distribution of sessile invertebrates can be affected by
shade, with thermal stress greater on unshaded areas of
rocky shore (Bertness et al. 1999). Shading can reduce
surface temperatures and so reduce thermal stress
(Williams 1994, Bertness et al. 1999). The patterns
shown here for some of the sessile invertebrates may
therefore be due to greater thermal stress on unshaded
walls. There were, however, several exceptions, with
the barnacles Chthamalus antennatus, Ibla quadrivalvis and Tesseropora rosea and the tubeworm Galeolaria caespitosa, all showing greater cover on unshaded
seawalls. Variable patterns in T. rosea and G. caespitosa have been shown for other seawalls (Blockley in
press), whereas C. antennatus had not been previously
sampled. I. quadrivalvis is a cryptic species, which was
found living in small cracks and crevices or amongst
clumps of other animals, such as G. caespitosa, which
may potentially reduce environmental stress (e.g. Bertness et al. 1999).
Mobile invertebrates were generally more abundant
on unshaded seawalls in this study and throughout the
harbour (Blockley in press). Grazing invertebrates are
able to remain on the open shore, where algal cover is
greater, and show behavioural responses to unfavourable conditions, such as high temperatures, by
moving into spatial refuges (Garrity 1984). On seawalls, they may be using crevices between blocks of
sandstone as spatial refugees to escape from extreme
high temperatures, which allows them to persist on the
unshaded wall where food availability is greatest.
Alternatively, they may migrate into shaded patches
only when temperatures are very hot and move back
onto the unshaded wall when conditions are more
benign. Whether the observed difference between
shaded and unshaded portions of seawalls may be
explained by behavioural responses to habitat differences cannot be tested here because there are few
data on patterns of movement of mobile animals on
intertidal seawalls (Bulleri et al. 2004).
Spatial variability of intertidal assemblages has been
shown to be strongly influenced by patterns of recruitment for algae (Dayton 1971, Kaehler & Williams 1997)
and sessile and mobile invertebrates (Denley & Underwood 1979, Connell 1985). Our experiments were
done to test the hypothesis that patterns of recruitment
may explain differences in abundances or covers of
different taxa between shaded and unshaded portions
of seawalls. Patterns of recruitment reflected those of
established population for some, but not all, taxa. As
predicted from the pattern of the established assemblage, Corallina officinalis and foliose green algae

34

Mar Ecol Prog Ser 327: 27–36, 2006

clitella purpurascens recruited more to
shaded clearings, with fewer recruiting
to unshaded seawalls, consistent with
what was predicted from the pattern of
the adult population. Larvae of invertebrates can spend considerable time exploring the substratum before showing
preferential settlement onto certain
habitats (Keough & Downes 1982).
Sponges have been shown to recruit
MS
F
preferentially into their adult habitat
(Maldonado & Uriz 1998), as have species of barnacles (Connell 1985, Minchinton & Scheibling 1991). It has previously been shown that recruitment of T.
purpurascens was greater in areas that
were shaded, while larvae of T. rosea
settled equally on sunny and shaded
shores, but survived better in the unshaded areas (Denley & Underwood
1
G. caespitosa
1979). For barnacles, the data support
44.10 4.7*
8.9
0.9
the model that the effect of wharves is to
8.4p
alter patterns of recruitment on inter7.5
0.8
tidal seawalls, in ways predictable from
9.9p
previous studies in natural habitats.
p
9.5
Some species of limpets showed no
9.5
apparent difference in recruitment
between habitats, although abundances of individual taxa were too small
to analyse. In general and as predicted,
most mobile invertebrates recruited in
greater numbers to the unshaded seawall. This would support the hypothesis
that spatial differences in abundance of
some species were determined by differential recruitment. We cannot, however, dismiss the
possibility that observed patterns were produced by
post-recruitment displacement.
Other taxa, e.g. the encrusting alga Hildenbrandia
rubra and tubeworm Galeolaria caespitosa, did not
show any difference between recruitment into either
habitat, despite differences between habitats in the
adult populations. It seems, for these taxa, recruitment
cannot explain the observed patterns of difference
between shaded and unshaded seawalls in the adult
population. Previous observations (Blockley in press)
indicate that the cover of G. caespitosa is very variable
among sites, although they generally had greater
cover on unshaded seawalls. Individuals in the present
study were recent recruits, and mortality of individuals
might not occur until they are larger. Fairweather
(1985) found that Morula marginalba, the only predator of G. caespitosa that was observed on seawalls in
this experiment, shows size selectivity in its choice of
prey, choosing adults over juvenile prey. If this was the

Table 3. Analyses of individual taxa of: (a) algae, (b) sessile invertebrates and
(c) mobile invertebrates recruiting to clearings or plates on sections of seawall
under or not under wharves. Cochran’s test for homogeneity of variance was
significant (p < 0.01) for most analyses so habitats were interpreted as significantly different at p < 0.001 (*), except: 1Cochran’s test not significant and so
habitats significantly different at p < 0.05; 2Cochran’s test p < 0.05 and so habitats significantly different at p < 0.01 (p: pooled factors). Where analyses
showed significant interactions, F-ratios are not given for main effects and
lower order interactions because these cannot be logically interpreted (full
taxonomic designations, see Table 1). C/P: Clearing/Plate
Source

df

F

MS
H. rubra

(a)
C/P
Habitat = H
Site(H)
C/P × H
C/P × Site(H)
Residual
Pooledp

1
1
2
1
2
40
44

(b)
C/P
H
Site(H)
C/P × H
C/P × Site(H)
Residual
Pooledp

1
1
2
1
2
40
44

(c)
C/P
H
Site(H)
C/P × H
C/P × Site(H)
Residual
Pooledp

1
1
2
1
2
42
40

7033.200
29.5
1560.100
63.7
1379.300
494.00

5.1
0.0
3.2
0.1
2.8

2

T. purpurascens
30.1
0.7 NS
464.60 11.2*
5.2p
44.7
1.1 NS
15.2p
44.8p
41.6
Limpets
12.0
0.1
29.7
27.0
3.1p
6.0p
5.8

MS

F

Foliose green
alga
375.2
1.7
1399.60 6.3
12.4p
369.6
1.7
88.2p
241.0p
223.6
T. rosea
144.0
21.5
77.9
33.1
62.6
8.7*
7.2

2.1
0.0
5.1
4.6

showed greater recruitment onto the unshaded seawall. Although lower temperature, as well as reduced
desiccation, in shaded habitats may increase the
growth of algae (Underwood & Jernakoff 1984), low
irradiance may reduce recruitment of algae, because
spores that settle on shaded surfaces may fail to grow,
resulting in greater post-settlement mortality (Goldberg & Foster 2002). Thus, unshaded seawalls may
have more algae because of greater recruitment,
despite the potentially stressful conditions, with light
levels under wharves reduced to a point where algae
are unable to persist, even if they settle (Dayton 1975,
Burdick & Short 1999, Clark et al. 2004).
The barnacle Tesseropora rosea, which was predicted to have greater recruitment on unshaded seawalls, showed little difference in recruitment between
habitats. Information on recruitment of sessile invertebrates was sparse, because so few recruited to either
the clearings or plates. The complex of orange sponge
and the barnacles Austrobalanus imperator and Tetra-

Blockley & Chapman: Effect of wharves on recruitment to seawalls

case here, there may have been no difference in mortality until the worms reached a larger size. The abundance of predators would also have to be greater on
seawalls under wharves, which is consistent with their
behaviour of sheltering in shaded crevices and hollows
(Fairweather 1988).
Hildenbrandia rubra generally had greater cover on
seawalls not under wharves, but recruited to both
habitats equally. Therefore, this pattern is probably not
determined by recruitment. This contrasts with the
study by Kaehler & Williams (1997) for encrusting
algae on tropical shores; these authors found that,
although post-recruitment processes (e.g. grazing) had
a small effect, distribution of crusts was largely determined by variability in recruitment. Underwood (2006)
found that H. rubra can persist when heavily shaded if
it remains physically connected to thalli that are not
shaded. It might, therefore, be able to recruit to shaded
habitats, but is eventually overgrown by more competitive sessile species (Underwood 2006). The timecourse of this experiment was such that overgrowth
had not yet occurred, so the long-term persistence of
H. rubra under wharves could not be measured.
The pattern of recruitment onto plates, as onto clearings, for most taxa was similar, indicating that clearings give a fairly accurate measure of the effect of
wharves on recruitment without confounding trends
by other factors that may be associated with the finescale topographic surfaces of the clearings. It is, therefore, likely that some feature associated with the
wharves, rather than potential differences between
patches of seawalls, is responsible for the differences
in recruitment between the 2 habitats.
For many taxa, patterns of recruitment onto shaded
seawalls were similar to those that would be predicted
from studies in natural habitats. This suggests that
these taxa are showing natural processes of recruitment in this artificial habitat. However, it does not necessarily follow that artificial and natural habitats are
analogous. The area shaded by wharves is much
greater than any similar area on rocky shores, such as
overhangs and crevices. Even though organisms may
be responding to shading by wharves in a similar way
to shading on natural shores, the effect of such a large
shaded area and such a different substrata (vertical
wall versus near horizontal natural shore) could result
in very different assemblages or interactions among
intertidal organisms. Therefore, not only comparisons
of patterns of distribution and abundance in artificial
habitats must be studied, but also the processes that
structure these patterns. If the processes do not affect
organisms in a similar way to that on natural shores,
then this could have long-term implications for the persistence of populations as urbanisation of the marine
environment increases.
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