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ABSTRACT: Urban structures are a conspicuous, yet poorly understood component of the marine
environment along urban coastlines. Previous work has shown that different types of structures
support different diversities and relative abundances of sessile marine organisms. Studies on the
effects of substratum composition, age, orientation and the effects of predation have failed to
explain the observed differences in assemblages that develop on different types of structures. We
assessed the model that differences in epibiotic assemblages between pontoons and pilings were
due to the floating nature of pontoons versus the fixed (relative to the seafloor) nature of pilings, as
opposed to other structural differences (colour, shape, surface type, etc.). Two additional (non-
mutually exclusive) models were also tested. These were that the presence of a ‘swash zone' con-
stantly exposed to wave action and/or attachment to the benthos could cause differences between
pontoons and pilings. We hypothesized that purpose-built experimental structures that floated
would develop different assemblages from structures that were held fixed relative to the seafloor,
regardless of whether they were pontoons or pilings. If swash were important, then structures float-
ing just below the surface would differ from structures floating at the surface. If attachment to the
benthos were important, then pilings attached to the benthos would differ from all the other struc-
tures. Multivariate analyses supported the hypothesis that both floating and the presence of swash
were important in creating a typical pontoon assemblage, while other factors (type of structure,
attachment to the benthos) were not. Several taxa contributed to these differences, including the
mussel Mytilus edulis, the polychaete tubeworm Hydroides sp. and several algal taxa. Differences
between fixed and floating structures have implications for the interpretation of previous studies
done on floating docks. More studies of this kind are needed in order to inform the managers
of urban waterways about the implications of adding different types of structures to the coastal
environment.
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INTRODUCTION

The study of urban environments as ecological habi-
tats has been recognized as an important and emerg-
ing priority for ecologists (McDonnell & Pickett 1990,
Pickett et al. 1997). Most of the world's population live
in urban habitats, particularly on the coast (Hammond
1992), and understanding the ecology of urban habi-
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tats is arguably just as important to the management of
human activities as understanding the ecology of so-
called 'natural’ habitats. One very real aspect of urban-
isation is that urban structures act as habitats for a
diverse suite of organisms, but surprisingly little is
known about their ecology (Glasby & Connell 1999).
Relative to other aspects of urbanisation (pollution,
dumping, dredging, recreational activities), ecologists
have invested little effort in understanding urban
structures as habitats.
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In marine systems, rocky reef is the primary habitat
for a diverse set of marine biota (Moore & Seed 1986,
Womersley 1987, Shepherd & Davies 1997), for which
urban structures act as surrogate habitats (e.g. Connell
1999, 2000, Glasby 1999a). Pilings and pontoons are
common to estuarine and coastal areas throughout the
world because they facilitate large-scale commercial
and recreational boating. Recent studies show that
these structures represent novel habitats for subtidal
epibiota because the diversities and abundances of
epibiota develop differently between these habitats
and rocky reef (pontoons # pilings # rocky reef) (Con-
nell 2001a).

The addition of pilings and pontoons to coastal
waterways has created human-generated heterogene-
ity. New and novel substrata provided by horizontal,
floating surfaces of pontoons and tall vertical surfaces
of pilings represent substantially different habitats
from natural hard substrata like rocky reef. Such
heterogeneity creates or removes opportunities for
organisms and influences biological diversity (Connell
& Glasby 1999). Processes that generate new habitats
can cause assemblages to change in structure and
composition. Furthermore, urban structures may be-
come habitats for introduced species. For example
Keough & Ross (1999) identified 51 introduced species
or likely introductions that occur on artificial structures
in southeastern Australia. Such novel assemblages on
artificial structures may, in turn, affect the distribution
and abundance of pelagic taxa such as fishes (Lopez-
Jamar et al. 1984, Caine 1987).

It is not yet understood why the development of
epibiotic assemblages differs among pontoons, pilings
and reefs. Differences in composition and age of the
substratum appear to be an obvious factor because the
composition of pilings (often wood), pontoons (often
plastic or fibreglass) and rocky reef (sandstone) are so
strikingly different. Experimental tests using surfaces
of standard age and composition, however, failed to
explain differences in assemblages (Connell 2001a).
Furthermore, comparison of sandstone versus concrete
surfaces between pontoons and rocky reef revealed
that composition of substratum explains very little
(Connell 2000). Models about greater predation by
fishes on pilings than on pontoons also do not account
for differences between these habitats. Epibiotic as-
semblages developed in ways more consistent with
differences in habitat than predation (Connell 2001b).
The effects of oscillatory movement of surfaces due
to currents and wave action caused different assem-
blages on fixed versus moving surfaces, but could not
fully explain differences between fixed and floating
structures (Glasby 2001).

One obvious factor remains to be assessed: the fact
that pontoons float and spend greater amounts of time

at the sea surface than pilings. The ecology of floating
structures may differ profoundly from that of fixed
structures and this may obliterate any effects due to
size, shape, age and composition of habitat. Although
the floating nature of pontoons is a potential explana-
tion, an experiment is required to separate it from com-
peting models about mechanisms that cause floating
structures to have a substantially unique set of sessile
epibiotic assemblages (Connell 2000, 2001a).

This study used 3 approaches: (1) We hypothesized
that epibiotic assemblages develop differently on
floating than fixed surfaces independent of their size,
composition and shape (i.e. cubic, plastic or fiberglass
pontoons versus cylindrical, wooden pilings) and
therefore the floating versus the fixed nature of these
structures could explain observed differences. (2) We
assessed processes that may explain why epibiotic
assemblages differ between fixed and floating struc-
tures. One major difference between fixed pilings and
floating pontoons is that floating structures are largely
isolated from the seafloor whereas pilings are con-
nected to the seafloor; this difference in connectivity
with the benthos may cause large differences in
processes associated with the seafloor (e.g. benthic
predators do not have the same access to pontoons as
to pilings). (3) We examined the effects of swash on
the assemblages, a second difference between these
structures being that the subtidal surfaces of pontoons
are continuously exposed to surface swash (sensu
Komar 1976) because they are constantly positioned
at the sea surface, whereas the subtidal surfaces of
pilings experience swash only at low tide; swash can
affect the structure of assemblages of some marine
biota (McArdle & McLachlan 1992).

MATERIALS AND METHODS

Study area and experimental treatments. The study
was done from March to December 2000 at Cockatoo
Island and Goat Island situated 2.5 km apart in the
western part of Sydney Harbour, Australia (33°48" S,
151°14" E: Fig. 1; tidal range =2 m). The 2 islands were
used as replicate sites to provide a preliminary test of
spatial generality of results from a single site. At each
site, experimental units of different treatments (de-
scribed below) were haphazardly interspersed (3 to
5 m apart) alongside existing jetties for a period of
9 mo. There were 3 replicate experimental units for
each treatment at each site:

Floating versus fixed structures: If the floating
nature of pontoons versus the fixed nature of pilings
causes epibiotic assemblages to differ, we predicted
that the epibiotic assemblages that develop on floating
structures (pilings and pontoons) would differ from
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Fig. 1. Map showing locations of study sites within Sydney
Harbour, Australia

those held fixed relative to the seafloor (pilings and
pontoons) independent of shape and size. Further-
more, there would be no differences between struc-
tures (pilings and pontoons) within floating or fixed
treatments.

Floating pilings were made from wooden pilings
commonly found in Sydney Harbour (0.3 m diameter x
0.7 m long) that were hollowed out and filled with buoy-
ancy foam (moulded polystyrene and polyurethane
foaming resin). Pilings were held in a horizontal posi-
tion by eyelets that guided the piling up and down
2 vertically opposed ropes attached to weights on the
seafloor (below pilings) and a jetty (above pilings).
Floating pontoons were made from plastic tubs (0.41 m
wide % 0.65 m long % 0.4 m deep) suspended from a
jetty with 2 ropes through the extreme opposite sides
of the pontoon to weights hanging in mid-water. Flota-
tion was provided by moulded polystyrene foam balls
attached to the insides of the pontoons. Fixed pilings
and pontoons were of exactly the same construc-
tion, but lacked flotation and were anchored in a posi-
tion level with floating structures at mean low-water
spring, MLWS (Fig. 2). The maximum vertical differ-
ence between fixed and floating structures was 2 m at
high tide.

Attached versus isolated structures: If floating and
fixed structures differ because fixed structures are
attached to the seafloor and floating structures are iso-
lated from the seafloor, we predicted that the epibiotic
assemblages that developed on pilings attached to the
seafloor would differ from that on pilings isolated from
the seafloor. Pilings were constructed from the same
materials as described above. We compared pilings
fastened to existing pilings by rope (fixed attached pil-
ings, ‘6" in Fig. 2) to pilings suspended a fixed distance
from, but not attached to, the seafloor (fixed pilings, ‘4’
in Fig. 2).

Much swash versus little swash: If greater swash
against pontoons explains why their assemblages
differ from those on pilings, we predicted that the
epibiota on submerged floating pontoons (little swash)
would develop differently from that on normal floating
pontoons that have a swash zone extending some dis-
tance above the water's surface (much swash). Sub-
merged floating pontoons were constructed of the
same materials described above, but were suspended
just below the water's surface by spherical polystyrene
floats (‘5" in Fig. 2). We compared these with floating
structures that had a swash zone of approximately
15 cm above the sea surface (‘1 and 2' in Fig. 2).

Quantification of percentage cover. After 9 mo, each
replicate structure was sampled in situ and abun-
dances of benthic invertebrates and macro-algae were
estimated. Primary cover (organisms attached directly
to the structure) and secondary cover (organisms
attached to primary cover) were estimated for sessile
organisms on each of 2 vertical sides of structures
using 64 regularly spaced points within a 27 x 27 cm
grid. Taxa on the sides of structures, but not under a
measuring point, were assigned a cover of 0.5%. At
Cockatoo Island, serpulid polychaetes Hydroides sp.
formed a thick, dense mat over many of the experi-
mental structures, so percentage cover measurements
may not accurately reflect their true abundance.
Therefore, we also measured the thickness of the ser-
pulid mat by pushing a metal rod through it and mea-
suring the depth of penetration at 3 random points on
each experimental unit. One replicate of the floating
piling treatment was lost from each site and analyses
were adjusted accordingly (see following subsection).

Analytical methods. Data were standardised by con-
verting raw data to percentages for all multivariate and
univariate tests. Both primary and secondary cover val-
ues were included in the analyses. Data were fourth-
root-transformed prior to all multivariate analyses to
allow rarer taxa a relatively greater contribution to the
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1) Floating pontoon  4) Fixed piling
2) Floating piling 5) Submerged floating pontoon
3) Fixed pontoon 6) Fixed attached piling

Fig. 2. Details of experimental treatments. Experimental
structures are shown in their relative vertical positions at low
tide (mean low-water spring). Structures with arrows float
and would therefore move upwards with the flooding tide
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Table 1. Results of 1-way NP-MANOVA on the effect of type of substrate
structure “Treatment’ on the composition of associated epibiotic assemblages

software package (Clarke 1993). Data
were fourth-root-transformed and a

after 9 mo dissimilarity matrix constructed using

the Bray-Curtis measure (Bray & Curtis

Source df Goat Island Cockatoo Island 1957)‘ Multivariate ana]_ysis used the
SS F p SS F p non-parametric multivariate ANOVA

Treatment 5 18729 32  0.0002 12798 2.5 0002 | (NP-MANOVA: Anderson 2001, Mc-
Residual 28 32394 28127 Ardle & Anderson 2001) method modi-
fied to deal with unequal sample sizes.

outcome. In order to have sufficient replicate observa-
tions within sites for multivariate permutation tests, it
was necessary to pool all replicate quadrats from each
type of structure. To ensure that such pooling was
valid, we first calculated the average Bray-Curtis dis-
similarity between pairs of quadrats from the same
experimental unit within each treatment, and con-
trasted these with the average of the dissimilarities
between pairs of experimental units in each treatment
(averaging the 2 quadrats within an experimental
unit). This is analogous to checking for non-significant
effects due to a nested factor before pooling its levels
in a univariate ANOVA. There were no significant
differences (Student's t-tests, p > 0.25, n = 3, except
in 1 case where 0.05 < p < 0.25) between any of the
within- and among-unit dissimilarities, justifying the
pooling procedure.

Multivariate differences among treatments were
visualised using the nMDS routine in the PRIMER
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Fig. 3. nMDS plot of assemblages on experimental units at
(a) both sites (centroids only are shown), (b) Goat Island and
(c) Cockatoo Island

For the test of the hypothesis of differ-
ences among treatments, a 1-factor NP-MANOVA
with 4999 permutations was done. Differences among
treatments within each site were tested using multiple-
comparison tests, each with 462 permutations. Because
assemblages differed considerably among sites, we
analysed the data for each site separately.

Univariate ANOVAs were done for taxa that con-
tributed more than 10% of the dissimilarity among
groups at each site, as determined using the SIMPER
routine in PRIMER. Missing observations in the piling
treatment were replaced with the average of the
remaining replicates to balance the analyses, and
degrees of freedom for the F-tests were adjusted
accordingly (Underwood 1997). ANOVAs were of a
2-factor nested design with experimental unit nested
within treatment. Where the effect due to experi-
mental unit was not significantly different from 0 (at
p > 0.25) we pooled the replicates within each level
(Underwood 1997). Data were transformed where
necessary to meet the assumption of homogeneity of
variances as evaluated by Cochran's test.

RESULTS

Twenty-three taxa and bare space were identified on
the experimental structures and used in the multivari-
ate analyses. The structures were initially colonised by
serpulid polychaetes Hydroides sp. and then a range of
epibiotic organisms, including mussels Mytilus edulis,
encrusting and arborescent bryozoans, colonial as-
cidians, sponges and algae over the ensuing months.
Multivariate analyses revealed clear differences among
assemblages at different sites and among fixed and
floating treatments (Fig. 3a, Table 1).

At Goat Island, floating structures appeared to sup-
port assemblages that differed from those on fixed
structures (Fig. 3b). Post-hoc non-parametric multi-
variate multiple comparisons revealed that floating
versus fixed structures and the presence of a swash
zone were both important determinants of the assem-
blage structure. That is, fixed structures all had similar
assemblages, but these differed from assemblages on
floating structures. Among the 3 types of floating struc-
ture, those with swash (pilings and pontoons) were dif-
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Table 2. Bray-Curtis dissimilarities (%) between assemblages on different types of structure. Bold values indicate that assemblages
were significantly different (as determined by post-hoc multivariate test following NP-MANOVA, a = 0.05). Treatments were 1:
floating pontoon, 2: floating piling, 3: fixed pontoon, 4: fixed piling, 5: floating submerged pontoon, 6: fixed attached piling

Goat Island Cockatoo Island
1 2 3 4 5 6 1 2 3 4 5 6
1 - —
2 44 - 38 -
3 62 62 - 56 52 -
4 63 60 48 - 52 52 52 -
5 50 45 45 47 - 38 24 48 44 -
6 70 66 54 51 56 - 54 55 50 48 48 -
1=2#23=4=6%5 No alternative to null hypothesis

ferent from the structure without an emergent swash
zone (Table 2). Thus the hypotheses that substrate
position (floating vs fixed structures) and the presence
of swash result in differences in assemblage structure
between pontoons and pilings are supported. Inspec-
tion of the nMDS plot indicates that in addition to
being different, assemblages on submerged floating
pontoons were much less variable than those on the
other structures without swash (Fig. 3b).

At Cockatoo Island, the pattern of differences among
treatments was less clear (Fig. 3c¢). There were signifi-
cant differences among the treatments, but pair-wise
multiple comparison tests were unable to identify an
alternative to the null hypothesis (of no difference
among treatments). NP-MANOVA did, however, de-
tect a significant difference between fixed and floating
structures (p = 0.002). Floating pilings and submerged
floating pontoons showed very little variability among
replicates relative to the other treatments (Fig. 3c).
Floating pontoons showed similar amounts of variabil-
ity to fixed treatments. Assemblages on fixed pilings
fell into 2 groups. Inspection of the data suggested that
this was most likely due to a brown diatomaceous film,

which was more abundant on one side of the structures
than on the other.

At Goat Island, 6 variables each contributed at least
10 % to the overall differences among groups (SIMPER
analysis). There were significant differences among
treatments for Hydroides sp., Mytilus edulis, the brown
alga Dictyota dichotoma and botryllinid ascidians
(Table 3). M. edulis were more abundant on floating
pilings and pontoons than on all other treatments.
Floating pilings and pontoons also differed from one
another, with significantly greater cover of M. edulis
on pontoons than pilings (Fig. 4b). For the other taxa,
differences detected by ANOVA could not be resolved
(Student-Newman Keuls, SNK, tests), but some may
have been associated with (1) sparser cover of tube-
worms on floating structures with swash (Treatments 1
and 2: Fig. 4a), (2) botryllinid colonies having sparser
cover on floating structures (Fig. 4d), and (3) D.
dichotoma having more extensive cover on floating
structures than on fixed structures (Fig. 4c).

At Cockatoo Island, 7 variables each contributed at
least 10 % to the overall dissimilarity among treatments
(SIMPER analysis). Differences in percentage cover

Table 3. Goat Island: summaries of ANOVA results for taxa that were important in discriminating among treatments in
multivariate analyses (as determined by SIMPER analysis). Bold values indicate significant differences

Source df MS F P MS F P

(a) Hydroides sp. (b) Bare space
Treatment 5 2657 3.94 0.027 52.19 0.74 0.609
Pontoon (Treatment) 11 675 2.46 0.050 70.49 1.50 0.224
Residual 16 274 46.92

(c) Mytilus edulis (d) Botryllinid ascidians®
Treatment 5 2968 35.8 0.000 2.66 2.99 0.028
Residual 27 83 0.89

(e) Dictyota dichotoma (f) Filamentous algae

Treatment 5 532 6.91 0.000 64.52 1.81 0.144
Residual 27 77 35.68

%In(x+1) transformation used. Significant variation among pontoons within treatments precluded pooling for (a) and (b)




48 Mar Ecol Prog Ser 235: 43-52, 2002

1001 a) Hydroides sp. 80r b) Mytilus edulis
. a b c cc c
80 60F
601
401
401
20 20
0 . 0 [
1.2 3 4 5 6 1 2 3 4 5 6
gor © Dictyota dichotoma 60r d) Botryllinid ascidians
o
>
[}
© sor 40f
-
c
3
2
o 201 201
§ ‘J_]
L ome :
12 3 4 5 6 12 3 4 5 6
80r e) Filamentous algae 30r f) Bare space
601
201
401
101
201
77 234 5 6 07972 3 4 5 6

Treatment Treatment

Fig. 4. Goat Island: percentage cover (mean + SE) of impor-
tant variables on experimental structures. White bars indicate
floating structures; black bars fixed structures. Odd-num-
bered treatments are pontoons and even numbers are pilings;
Treatment 5 is floating subsurface pontoon; Treatment 6 is
fixed attached piling. See 'Materials and methods’ and Fig. 2
for further details of treatments. Letters above bars in (b) rep-
resent results of SNK tests: treatments with same letter are
not significantly different at a = 0.05

among treatments were significant for 5 of these,
although SNK tests could not resolve differences
among treatments for any variable. Differences de-
tected by ANOVA appear to relate to greater cover
of Hydroides sp. on floating than fixed structures
(Fig. 5a). This pattern was much more obvious when
the thickness of the Hydroides sp. layer was analysed
(F511 = 8.18, p = 0.002, see Fig. 5b). M. edulis were
present only on floating structures with swash, but in
very small numbers (Fig. 5c). Filamentous algae were
also more abundant on floating than on fixed struc-
tures (Fig. 5h). Bugula neritina and bare space ap-
peared to be more abundant on fixed structures than
on floating structures (Fig. 5g,d, respectively).

DISCUSSION

The most striking result of this study was the clear
difference between fixed and floating structures at
both sites. This pattern emerged despite considerable
differences between sites in the sessile assemblages
that developed. The results from Goat Island clearly
support the hypothesis that both flotation (rather than
permanence) and the presence of an emergent swash
zone are necessary for the development of a typical
pontoon assemblage. Furthermore, structure of the
substratum (pontoon vs piling), particular material
type (wood vs plastic) and connection to the substra-
tum are not necessary for the development of such
assemblages. Results from Cockatoo Island were not so
clear, with post-hoc tests unable to identify an alterna-
tive to the null hypothesis, but the same general trend
for differences among treatments is apparent from the
nMDS plot (Fig. 3). Several individual taxa contributed
to the multivariate differences, and these showed pat-
terns of difference among treatments.

Table 4. Cockatoo Island: summaries of ANOVA results (as determined by SIMPER analysis) for taxa that were important in
discriminating among treatments in multivariate analyses. Bold values indicate significant differences

Source df MS F

P MS F P

Treatment 5 5758 4.31
Residual 27 1336

(a) Hydroides sp.

Treatment 5 1098 2.67 0.043 30.6 3.37 0.017
Residual 27 411 9.08
(c) Bare space (d) Botrylloides leachii
Treatment 5 972 2.63 0.046 19.58 0.73 0.608
Residual 27 370 26.88
(e) Diatomaceous film (f) Bugula neritina
Treatment 5 163 1.37 0.268 260.7 3.67 0.012
Residual 27 119 71.04

(g) Filamentous algae

(b) Mytilus edulis

0.005
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Previously observed differences between assem-
blages on fixed and floating structures in Sydney Har-
bour have been caused by a range of taxa, but most
consistently by Mytilus edulis and colonial ascidians
(more abundant on floating structures), and spirorbid
polychaetes (more abundant on fixed structures)
(Connell 2000, 2001a, Glasby & Connell 2001). In this
study, M. edulis showed patterns consistent with pre-
vious studies, and followed a pattern similar to that of
the differences among assemblages on different treat-
ments at Goat Island (Fig. 4). Spirorbids did not re-
cruit in sufficient numbers for analysis, and patterns
for colonial ascidians were inconsistent between sites
in this study.

Fixed and floating subtidal structures differ in a
number of physical characteristics, which may explain
why their assemblages differ. Floating structures expe-
rience a constant depth and are constantly exposed at
the water's surface, whereas fixed substrata are ex-
posed to a range of depths and may only encounter the
surface during low tides. One important ecological fac-
tor that could cause different assemblages is light.
Fixed subtidal habitats would experience fluctuating
light intensities, varying with the state of the tide,
whereas floating structures would experience rela-
tively greater and more constant light intensity by
virtue of their position near the surface. Light has been
shown to affect the structure of assemblages on artifi-
cial substrata (Glasby 1999b). Light is an important
determinant of larval behaviour and the distribution of
recruits (e.g. Thorson 1964, Forward et al. 2000, Saun-
ders & Connell 2001) and can also influence the distri-
bution and growth of algae (Markager & Sand-Jensen
1992, Duarte & Ferreira 1995, Glasby 1999b).

A second mechanism that could cause different
assemblages on fixed and floating structures is
recruitment by depth-stratified larvae. Floating struc-
tures would be more likely to encounter larvae that
concentrate close to the surface than fixed structures.
Fixed structures, on the other hand, would encounter
more larvae that occur at greater depth. McDougal
(1943) found that barnacles Balanus eberneus re-
cruited in greater numbers on a fixed pile than on a
floating one. This was attributed to the barnacle lar-
vae being concentrated at 2.5 m below the surface
(and thus below the bottom of the floating pile at all
times). Other studies on the distribution of cyprids
indicate that they can be depth-stratified and that this
can explain the vertical distribution of recruits on
fixed structures (Grosberg 1982, Miron et al. 1995,
1999). Studies on the recruitment of mussels to float-
ing structures have reported greater recruitment at
shallower depths, suggesting that larvae may be more
concentrated near the surface (Fuentes & Molares
1994, Caceres-Martinez & Figueras 1997, but see
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Fig. 5. Cockatoo Island: abundance of important variables on
experimental structures. Abundance measured as percentage
cover except where indicated. Treatments as in Fig. 4

Céceres-Martinez & Figueras 1998). This could ex-
plain why we found greater abundances of Mytilus
edulis on floating structures.

Assemblages on floating subsurface pontoons dif-
fered (more serpulid polychaetes, fewer mussels, more
filamentous algae) from those on floating structures
with swash. They were also less variable on the former.
The processes causing these differences are unclear,
but we propose 2 models. The first is connected with
hydrodynamic effects. The flow of water around emer-
gent and submerged floating substrata may be very
different. Different hydrodynamic conditions may dif-
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ferentially favour the recruitment and/or growth of dif-
ferent species, leading to different final assemblages
(Eckman & Duggins 1991, Abelson & Denny 1997). An
alternative model explaining the difference between
subsurface and emergent substrata could be related to
the assemblage that developed on the emergent sec-
tion. This assemblage included mobile grazing gas-
tropods that were not present on fully submerged
structures (Holloway pers. obs.); these snails could
influence the development of the submerged assem-
blages. Such grazers have been shown to influence the
development of epibiotic assemblages, either directly
by removing juvenile stages, or indirectly by removing
algae that may compete with sessile animals (Turner &
Todd 1991, Anderson & Underwood 1997).

Connection to the benthos, potentially allowing
access to structures by benthic predators, was unim-
portant in determining the structures of sessile assem-
blages in this study. Keough & Butler (1979) found that
benthic predators had no discernible effect on pier pil-
ing communities. In contrast, other authors have found
effects on a range of taxa including barnacles, mussels,
oysters, bryozoans and hydroids (Karlson 1978, Harris
& Irons 1982, Brown & Swearingen 1998). Allmon &
Sebens (1988) found strong effects of an introduced
nudibranch, but only on a particular soft coral species.
Benthic predators may be unimportant in this system,
but effects of pelagic predators cannot be ruled out.
Fan-bellied leather jackets Monacanthus chinensis
and yellow fin bream Acanthopagrus australis were
observed feeding around pilings at Cockatoo Island,
but never at the surface. Connell (2001b) was, how-
ever, unable to detect differences in predation on
epibiota between pilings and pontoons by abundant,
predatory fishes.

Recent work has demonstrated that the development
of epibiotic assemblages differs most between pon-
toons compared with adjacent pilings and rocky reef
(Connell 2001a). Pontoons tend to create novel habitats
for epibiotic assemblages regardless of the age and
composition of the substratum (Connell 2001la, and
present paper). These results are strikingly at odds
with a substantial number of studies showing age and
composition of the substratum to be important determi-
nants of the types and abundances of epibiotic organ-
isms within a habitat (e.g. Menge & Sutherland 1976,
McGuinness 1989, Anderson & Underwood 1994, Un-
derwood & Anderson 1994). It appears that differences
in habitats that epibiota occupy (e.g. pontoons vs pil-
ings vs rocky reef) can over-ride the effects of the com-
position and history of the substratum.

Many studies have examined processes such as
settlement, recruitment and development of sessile
assemblages using artificial substrata suspended from
floating structures (e.g. Dean & Hurd 1980, Dean 1981,

Greene & Schoener 1982, Hurlbut 1991, Osman &
Whitlatch 1995a,b, Nandakumar 1996, Holm et al.
1997). Care must be taken in extrapolating the results
of these studies to assemblages on fixed structures or
habitats. Our results warn that lessons learnt from
work done in floating habitats may explain very little
of the overall variance in distribution and abundance
of epibiota on fixed structures (see also Glasby 2001).
While understanding and accounting for patterns of
abundances of epibiota within urban structures has
provided considerable insights to marine ecology as
a discipline (e.g. Osman 1977, Sutherland & Karlson
1977, Keough 1984), the capacity for such research to
account for the ecology of assemblages on rocky reefs
is unclear and questionable (Glasby & Connell 2001).

As the human population grows and urban areas
expand, it is inevitable that more artificial structures
of various types will be built in urban waterways, fur-
ther modifying their ecology. Therefore, understand-
ing how and why biological assemblages on fixed and
floating structures differ from one another will pro-
vide key information to assist in managing urban
waterways. We have shown here that floating struc-
tures such as pontoons promote the development of
assemblages that are significantly different from those
on fixed structures. Furthermore, the nature of the
habitat (fixed vs floating) is far more important in
determining the nature of the assemblage than is the
composition of the substratum. Information provided
by studies of this type will better inform managers of
urban waterways who must make decisions about
where and what type of structures are added to the
coastal environment.

Ecologists have some difficulty in accepting that
studies of urban habitats contribute to ecological
theory. Such studies have been considered to test eco-
logical hypotheses using convenient but ‘unnatural
habitats’. These habitats, however, also represent a
growing modification to our so-called ‘matural habi-
tats', and warrant study as ecological habitats in their
own right. Ecologists tend to suspect the value of such
studies because we are unsure how the lessons learnt
from highly modified habitats apply elsewhere. Unfor-
tunately, this attitude diminishes the value of under-
standing the ecology of habitats within which a dispro-
portionately large number of the human world lives —
coastal cities. More than half the world's population
lives on the coast, yet marine ecologists in particular
continue to study habitats other than those in their
backyard. If ecologists are still concerned as to
whether their science is relevant to contemporary soci-
ety (Peters 1991), then there might be some value in
realising that we can contribute an ecological under-
standing to the management of our urban environ-
ment.
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