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still changing after all these years? 
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ABSTRACT: The fouling organisms on Port Bonython pier, South Australia, had previously been mon- 
itored for 6.5 yr after initial immersion of piles using photographs of fixed positions and direct observa- 
tion by divers. Up to that date it appeared that predictions based on experiments at more sheltered sites 
had not been fulfilled. In particular, the assemblage had not become dominated by modular organisms 
The rate of change seemed to be slowing after 6.5 yr but this could not be tested. The assemblage on 
the piles was re-examined in December 1995, after a further 7 yr. Faunal composition differed at sites 
along the pier throughout the study, and still did so after 13.5 yr, but the composition at all sites tended 
to change in a similar way through time; positions differed in a consistent way at 6.5 and 13.5 yr, prob- 
ably reflecting consistent environmental differences between sites along the pier. Abundances of key 
taxa fluctuated markedly from site to site at any one time, and through time. As originally predicted, 
after 13.5 yr much of the pile surface area had become covered by encrusting or mound-forming mod- 
ular animals (54%), especially sponges, and by foliose red algae (25%), unitary organisms such as 
bivalves and solitary ascidians had become greatly reduced in abundance. It is now clear that the over- 
all composition of the assemblage had not converged to a 'stable' condition by 6.5 yr; more sampling 
dates would be needed to determine whether it had done so by 13.5 yr 
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INTRODUCTION 

In early 1982, Santos Ltd began construction of the 
hydrocarbon-loading facility to be called Port Bony- 
thon, at Stony Point in Spencer Gulf, South Australia. 
The monitoring of sessile organisms attached to the 
piles gave an opportunity to test hypotheses about 
recruitment and dynamics of subtidal assemblages of 
sessile invertebrates. The model, developed from 
experiments on piers in more sheltered waters in an 
adjacent gulf (Kay & Keough 1981, Kay & Butler 1983, 
Keough 1984a, Butler 1986, 1991, Butler & Chesson 
1990), emphasised the importance of the long life and 
vegetative growth of modular organisms in maintain- 
ing the composition of the assemblage and a signifi- 
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cant contribution from locally produced, short-lived 
pelagic larvae (Keough & Chernoff 1987, Davis & But- 
ler 1989) so that reproduction in the assemblage was 
mainly local. Such systems do not appear to be domi- 
nated by species with teleplanic larvae (Butler & 
Keough 1990). This led us to expect that in the assem- 
blage at  Port Bonython, although initial colonists 
would be strongly influenced by the fecundity and dis- 
persive ability of the organisms occupying neighbour- 
ing natural hard substrata, the fauna on different 
groups of piles would converge to some common com- 
position dominated by modular organisms, and that 
the assemblage would converge to a 'stable' condition 
(showing little change with time; cf. Kay & Butler 1983, 
Keough & Butler 1983). 

This model is in general accordance with the find- 
ings of studies elsewhere (e.g. Sebens 1985). There 
have been many studies of ecological processes in such 
comn~unities (competition for space and food - Jack- 
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son 1977, 1979, Buss 1979, Buss &Jackson 1979, Kay & 
Keough 1981, Okamura 1988, McKinney 1992; preda- 
tion- Russ 1980, Osman et al. 1992; substratum size- 
Connell & Keough 1985, Butler 1991; and interactions 
amongst such factorsÃ‘Keoug 1984b, Sebens 1985, 
Chernoff 1987, Butler & Chesson 1990, Coyer et al, 
1993), of their recruitment, initial development and 
short-term dynamics (Osman 1977, Anger 1978, 
Sutherland 1981, Schmidt & Warner 1984, Olson 1985, 
Davis 1987, 1988, Osman et al. 1989, 1992), some 
observations of the longer-term dynamics of estab- 
lished assemblages (Svane & Lundalv 1981, Christie 
1983), and certainly much written about relevant 
theory (Sutherland 1974,1981, Karlson &Jackson 1981, 
Karlson & Buss 1984, Karlson 1985, Butler & Chesson 
1990). There have, however, been few opportunities 
both to observe the establishment of a fouling assem- 
blage on large hard substrata and to follow its devel- 
opment over a long period. Thus, there is a gap in our 
understanding of such systems - we know much 
about establishment and early development processes 
and much about the dynamics of established commu- 
nities, but little about the longer-term development of 
the assemblage leading to a state we may call 'estab- 
lished'. This development may take a longer time- 
period than hitherto believed. 

In the case of Port Bonython, Butler & Connolly 
(1996) reported the results of monitoring the fouling 
fauna for ca 6.5 yr after initial immersion of piles. Fau- 
nal composition differed at sites along the pier 
throughout the study, but the composition at all sites 
tended to change in a similar way over time, and 
seemed to be changing more slowly near the end of the 
study. Abundances of key taxa fluctuated markedly 
from site to site along the pier. Solitary organisms such 
as bivalves and solitary ascidians, which were 
expected to be overgrown, persisted in great abun- 
dance throughout the study, although over 50 % of pile 
surface area was covered by encrusting or mound- 
forming colonial animals such as sponges and colonial 
ascidians. Significant differences amongst sites after 
ca 6.5 yr, both in assemblages and in abundances of 
key taxa, did not match available data on environmen- 
tal variables (degree of shading, depth of seabed, dis- 
turbance due to wave action, release of treated ballast 
water), although there were signs of an effect of high 
current speeds associated with a local gyre. 

Butler & Connolly (1996) concluded that their obser- 
vations could be explained in a range of ways which 
could be distilled into 2 models. Model 1 was that there 
was patchiness or 'noise', and continual variation in 
the system on a large scale (between positions along 
the pier), as well as on smaller scales, but no major 
environmental pattern. Overall, the assemblage may 
have been tracking towards the 'narrowly stochasti- 

cally bounded' situation characteristic of several sites 
in Gulf St Vincent (Kay & Butler 1983), but had not dis- 
played this over its first 6 to 7 yr. We identify 2 variants 
of this model. Model 1A says that the system had con- 
verged to the condition of 'narrow stochastic bounded- 
ness' by 6.5 yr, and Model 1B says that the conver- 
gence had not yet occurred by 6.5 yr. 

Model 2 is that the position differences were not 
merely 'noise' but reflected environmental differences 
between positions, such as differences in current 
speed. Again we must consider 2 variants: Model 2A 
that each position had converged to the condition of 
'narrow stochastic boundedness' (but this time with 
persistent differences between positions) by 6.5 yr, and 
Model 2B that the convergence had not yet occurred 
by 6.5 yr. 

An appropriate test would be to resurvey the pier 
after a further 6 to 8 yr, when these models give rise to 
different predictions. They are as follows. Model 1A 
predicts that positions would differ from one another 
and each position would differ from its condition in 
1989, but that the pier as a whole would not be strongly 
different from 1989; a 2-way analysis of similarities 
(ANOSIM) (factors Date with 2 levels and Position with 
5 levels) should find significant position effects overall, 
little overall date effect but a significant interaction 
between date and position, evidenced by different 
position effects at  each date. Model 1B predicts that 
positions would differ from one another, each position 
would differ from its condition in 1989, and the overall 
composition of the pier would differ from that in 1989; 
a 2-way ANOSIM should find significant position 
effects, a date effect and an interaction. Model 2A pre- 
dicts that on a future visit we would find not only that 
the composition of the assemblage over the whole pier 
is similar to that in 1989 (after 6.5 yr) but also that each 
position is similar to its composition then, and that 
positions differ in the same ways; a 2-way ANOSIM 
(date-position) should find a significant position effect 
but no significant date effect nor implied interaction. 
Finally Model 2B predicts that the pier as a whole 
would have continued to change, that positions would 
continue to differ from one another but, since this 
model postulates a continuing succession at each 
position but that the positions have different environ- 
ments, it is not possible to predict whether they would 
appear to move 'in parallel' in multivariate space; thus, 
there would be a significant date effect, a significant 
position effect, but we cannot predict whether there 
would be a significant implied interaction between 
date and position. 

In December 1995, after a further 7 yr, we revisited 
the site and repeated the earlier surveys to distinguish 
between these possibilities; the results are reported 
here. 
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METHODS 

The study site (Port Bonython; 33'1'S, 137'46' E) 
and pier are described in Butler & Connolly (1996). Ob- 
servations were made on 2 piles at each of 4 groups or 
'bents' of piles spaced along the trestle and 2 piles at 
the loading platform; these are labelled positions 1 to 5. 

Photography and interpretation of photographs. 
The quadrats photographed in December 1995 were 
positioned in the same way as described in Butler & 
Connolly 1996. On each piling, 4 subtidal photographs 
(field 0.3 x 0.56 m) were taken with their top edges at 
depths of approximately 5, 5.8, 6.6 and 7.4 m below 
low water level. Beginning at the top of each pile, 
alternate photographs were taken on the north, south, 
north, and south side of the pile. Each quadrat was 
photographed on 35 mm Ektachrome colour slide film 
using a Nikonos camera with electronic flash. 
Although the original design had employed marked, 
fixed quadrats, the marking was lost early in the study 
and the positioning of the December 1995 photographs 
was done approximately by the divers, without mea- 
suring devices. Since the area available to them at the 
estimated location for each photograph was large (the 
cylindrical steel piles were over 1 n1 in diameter), they 
would not have photographed precisely the same spot 
as on earlier visits. The positioning of the quadrats had 
thus become a rule to ensure interspersion of the sam- 
pling and a similar sampling of each pile; it was not an 
attempt to photograph fixed quadrats. On our 17 ear- 
lier visits photography was done on 35 mm film, sup- 
plemented with qualitative in situ observations by the 
divers; on this occasion we also panned each pile 
(depth 2 to 8 m) with a hand-held Hi-8 video camera. 

Butler & Connolly (1996) used a dot-counting method 
to estimate percentage cover from photographs. For this 
visit, the slides (for positions 2,3,  and 4) were digitized 
and frames were grabbed from the videotape (for posi- 
tions 1 and 5, because of a flash failure). The images, as 
J P G  files, were read into Microsoft ~ c c e s s @  where a grid 
of 234 evenly spaced points was overlaid on them. 
Macros allowed the operator to record the species cov- 
ered by each dot directly into an Access database, where 
further macros calculated percentage cover for each 
species or group. The data were read from Access into 
Microsoft Excel', PRIMERo and SYSTAT-rh' for statistical 
analysis. In the work reported by Butler & Connolly 
(1996), some specimens were identified by museum spe- 
cialists, and some from published keys, but many could 
not be identified to species and, in any case, could not be 
reliably distinguished in photos or in the field. Therefore, 
some grouped taxonomic categories were used, and the 
same has been done with the results reported here. 

Analysis of data. This is a nested design in which 
position along the pier is a fixed factor (5 levels), piles 

within bents a fixed, nested factor (2 levels), and 
quadrats within piles are considered as 4 random repli- 
cates. The design was a compromise; quadrats were 
originally intended to be fixed in position at dates prior 
to December 1995 (13.5 yr), though in practice they 
were not, as noted above and in Butler & Connolly 
1996. (We originally used fixed quadrats in order to 
observe succession and to observe the life-cycles of 
individually recognizable animals.) The quadrat loca- 
tions could not be found in December 1995, indeed 
most had been lost by 1989 and some by 1985, so, even 
prior to December 1995, in many cases photographs 
were not taken in exactly the same location each time. 
Thus, although readings taken at different dates are 
not fully independent, there is a strong element of ran- 
domness due to the divers' inability to find the fixed 
quadrats and in December 1995 there was no intention 
to do so. Comparison between positions at one time is 
valid and, given the above, we also feel that a limited 
number of comparisons can be made between sam- 
pling periods. 

Temporal changes in the fauna were analysed by 
(1) using multivariate methods to examine the similar- 
ity between positions and how that similarity changed 
with time, and (2) plotting the abundance of particular 
taxa against time. Considered at 1 date only (viz., after 
13.5 yr, in December 1995), the statistical significance 
of univariate differences between positions and 
between piles within positions was tested by ANOVA 
for those few variables that met the assumptions (after 
log transformation). Significance tests of multivariate 
differences between positions and between piles were 
made using ANOSIM (Clarke 1993, Clarke & Warwick 
1994), contributions of different taxa analysed using 
their SIMPER routine, and patterns of similarity dis- 
played using nonmetric multidimensional scaling 
(MDS). For multivariate analyses, raw counts were 
transformed using x0'25 to emphasise the distribution of 
less common species in the analysis, and the Bray-Cur- 
tis similarity coefficient was used throughout. Counts 
and percentage cover were used together in these 
analyses. The difference in scale could, theoretically, 
have had a large influence on plots. Multivariate 
analyses were also done on standardised data, but the 
patterns were qualitatively the same, and so these 
results are not shown. Further details of design and 
analysis are discussed in Butler & Connolly (1996). 

RESULTS 

Taxa recorded 

No new species were noticed on this visit; we were 
particularly alert for the polychaete Sabella cf. spallan- 
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Table 1. Categories of organisms recognized in scoring subtidal photographs from Port Bonython pier, 14 December 1995. The 
abundance of those marked ' was used in multivariate analyses and of those marked " also used in univariate tests for differ- 

ences between positions and changes through time. N = number per quadrat counted; "LC = percent cover estimated 

Higher taxon Species/group Type of 
scoring 

Porifera 

Cnidaria 

Ectoprocta 

Mollusca 

Annelida 

Arthropoda 

Chordata 

Algae 

Hydrozoa 
Anthozoa 

Bivalvia 

Polychaeta 

Crustacea 

Ascidiacea 
Solitary 
ascidians 

Colonial 
ascidians 

Remaining variables 
analysed: 

CaUyspongia sp. 
Dendrilla rosea Lendenfeld 
Unidentified 'honeycomb sponge' 
Sycon sp. and several other spp. of pale coloured sponges, 

scored together as 'white sponge' 
Other sponges, scored together 

Halocordyle disticha Goldfuss 
Telesto multiflora Laackmann 

Triphyllozoon sp. 
Bryozoans other than Triphyllozoon sp. were scored as 'all other bryozoans' 

At least 2 spp., Mytilus edulis planulatus Lamarck and Brachidontes sp. 
scored together as 'mussels' 

Malleus meridianus Cottond 
2 spp. of scallops, Chlamys asperrima (Larnarck) and C. bifrons (Larnarck) 

scored together 
Pinna bicolor Gmelin 

Galeolaria sp. and unidentified serpuhds scored together 

At least 2 spp. of barnacles scored together 

2 spp., probably Polycarpa pedunculata Heller and P. papillata (Sluiter), 
scored together as Polycarpa 

Herdmania momus (Savigny) 
Phallusia obesa (Herdman) 
At least 7 more species scored together 
Botrylloides leachu together with 1 or more unidentified botryllid species 
Didemnum and Trididemnum spp. scored together 
Clavelina moluccensis (Sluiter) 
Other, unidentified colonial ascidians 

Foliose red algae 
Corallines 
Green algae 

Bare space on piles 
Unidentifiable colonies 

"aunts of Malleus meridianus may have included a small number of erroneously identified Chlamys spp., and vice-versa. 
Analyses were done with these separate, and added together, with no qualitative difference; numbers of both are small 

zanii, which had been introduced to other sites in South Differences between positions after ca 13.5 yr as 
Australia, so this can be taken as a negative record for a multivariate process 
that species. Because of the taxonomic limitations, some 
grouped categories are used, as in Butler & Connolly 
(1996). Of at least 70 species or groups that could be dis- 
tinguished in the slides throughout the whole study, 
some were too unreliably distinguished by the scorers for 
statistical analysis. Twenty-three species or groups were 
included in multivariate analyses. Of these, 4 were 
sufficiently abundant for univariate analysis. Table 1 
indicates the species/groups distinguished for analysis. 

The MDS for ca 13.5 yr after immersion is shown in 
Fig. 1. The differences between positions are signifi- 
cant (nested ANOSIM, piles p = 0.081, positions p = 

0.033). In pairwise comparisons, using all 8 quadrats 
as replicates for each position, position 1 is different 
from all others, as is position 5, but positions 2,  3 and 
4 do not differ significantly, The SIMPER analysis of 
the contributions of different groups to the similarity 
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Fig. 1. Nonmetnc multidimensional scaling plot in 2 dimen- 
sions of the similarity [Bray-Curtis) between positions (n = 8 
quadrats within a position) after 13.5 yr. Positions are repre- 

sented by: a = 1, b = 2,  c = 3 ,  d = 4,  e = 5. Stress = 0.17 

shows that there is no simple or global explanation for 
differences between positions but Halocordyle dis- 
ticha, white sponge, other sponges, and red algae 
commonly contributed a substantial percentage to 
pairwise differences between positions, whilst Malleus 
meridianus and green algae were sometimes impor- 
tant and Clavelina moluccensis contributed strongly to 
differences between position 5 and each other posi- 
tion. Telesto rnultiflora and Polycarpa spp., which had 
been major contributors after 6.5 yr, were not impor- 
tant after 13.5 yr. 

Dynamics of the assemblage as a multivariate process 

Fig. 2 shows the MDS for 6.5 and 13.5 yr. There is 
complete separation of the quadrats for the 2 dates, 
and those for 6.5 yr are more scattered (less similar to 
one another) than those for 13.5 yr. The ANOSIM 
shows that both date and position effects are highly 
significant (p < 0.001) and that positions 1 and 5 are 
significantly different from the rest, whilst positions 2, 
3 and 4 do not differ significantly. Neither the 
ANOSIM results (separately at  6.5 and 13.5 yr) nor 
inspection of Fig. 2 indicates a strong interaction be- 
tween the effects of date and position. 

To obtain a picture of trends over the whole study 
period, we compared the results after 2.5, 6.5 and 
13.5 yr. These dates were well spaced and each was in 

Fig. 2. Nonmetric multidimensional scaling plot in 2 dunen- 
sions of the similarity (Bray-Curtis) between quadrats (8 
quadrats for each position) at 6.5 and 13.5 yr. Dates are repre- 
sented as 1 = 6.5 yr, 2 = 13.5 yr and positions by a = 1, b = 2, 

c = 3,  d = 4 ,  e = 5. Stress = 0.15 

the warmer months of the year when the data were not 
distorted by winter-blooming colonial ascidians. Anal- 
yses were done at 2 levels of resolution: individual 
quadrats (there are 40 of these for each date), and 
means over the 8 quadrats for each position (hence, 5 
per date), with almost identical conclusions. (Butler & 
Connolly 1996 discussed the reasons for treating 
quadrats as replicates within a position.) Fig. 3 shows 
the MDS plot for averages over the 8 quadrats within 
each position after 2.5, 6.5 and 13.5 yr. There are dif- 
ferences between positions at  each date, and clear sep- 
aration between dates; the composition of the biota on 
the whole pier at 13.5 yr is more dissimilar from the 
earlier dates than positions are from one another. The 
ANOSIM shows that both date and position effects are 
significant (p < 0.001) with all dates different from each 
other (p < 0.001) and all pairs of positions significantly 
different (at p < 0.002 or lower) except positions 2 and 
3 (p  = 0.107). There is only a weak indication of inter- 
action between effects of position and date. The pat- 
tern of differences amongst positions was the same at 
6.5 yr as at 13.5 yr (see above; positions 1 and 5 differ 
from the rest), whilst at 2.5 yr it is positions 1 and 4 that 
differ from the rest (Butler & Connolly 1996). 

The stress values for the MDS plots are acceptable 
(Clarke 1993) but not low; there is much variation within 
positions and not very clear differences between posi- 
tions. However, the ANOSIM results (above) do indicate 
that the differences in the MDS plots are significant. 
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Fig. 3 Nonmetric multidimensional scaling plot in 2 dimen- 
sions of the similarity (Bray-Curtis) between positions (8 
quadrats within a position averaged) at 3 dates. Dates are rep- 
resented as 1 = 2.5 yr, 2 = 6 5 yr, 3 = 13.5 yr and positions by  

a = 1,  b = 2, c - 3, d = 4 ,  e = 5. Stress = 0.14 

Dynamics of the assemblage at population level 

The first photographic data analysed were those for 
our eighth visit to the site, July 1984, 2 yr after con- 
struction. Sheet-, mound- and tree-form modular 
organisms, especially sponges and Telesto multiflora 
Laackmann, were abundant by this time along with 
unitary organisms, especially bivalves and ascidians. 
Four yr later this was still the case, although certain 
unitary organisms (Electroma georgiana, Ostrea 
angasi, Anomia tngonopsis) had virtually disappeared 
and others (Phallusia obesa, Polycarpa spp. ,  Herdma- 
nia momus) appeared to be declining (Butler & Con- 
nolly 1996). Modular forms had become much more 
dominant after ca 13.5 yr. To illustrate this, the data 
were grouped into 3 broad modular categories as fol- 
lows. Encrusting and mound-forming modular animals 
(sponges, colonial ascidians, bryozoans) occupied 20 YO 
at  6 .5  yr and 54% at 13.5 yr. The cover of branching 
modular animals (T. multiflora, hydroids) was 26".. at 
6 .5  yr, and 18% at 13.5 yr. Red algae increased from 
5 % at  6.5 yr to 25 % at 13.5 yr. 

From July 1984, the trajectory of the biota can be 
described simply by plotting the means, for each of the 
5 positions, of taxon abundances against time since the 
construction of the loading platform. This has been 
done for 12 species/groups and for bare space. As 
examples, the plots for 3 animal groups and for bare 
space are shown in Fig. 4 .  

The behaviour of these 13 variables can be described 
under 4 categories: 

(1) Taxa that have dropped to very low abundance by 
13.5 yr (some had been rising, some steady at 6.5 yr). 
An example is the hammer oyster Malleus meridianus 
(Fig. 4a);  others include the scallops Chlarnys spp. ,  
didemnid and botryllid ascidians, the solitary ascidians 
Phallusia obesa, Polycarpa spp. and Herdmania 
momus, and the soft coral Telesto multiflora. Most are 
unitary organisms. For most of these species, numbers 
were always low at certain positions (not the same posi- 
tions for different species, however) and initially high at 
others; numbers dropped through time at the positions 
where they had initially been high. For some, however, 
(M. meridianus, T. multiflora) numbers had been high 
though variable for most of the initial 6.5 yr. 

(2) Species whose numbers appeared to be generally 
rising to 6.5 yr, and were of about the same abundance 
at 13.5 yr. These were modular organisms, namely the 
category white sponge (Fig. 4b) and the hydroids 
scored as Halocordyle distichs. 

(3) Groups that had increased strongly between 6.5 
and 13.5 yr. There were 2 such variables. Firstly, the 
group called other sponges (some of these can be iden- 
tified to genus, notably Callyspongia, but the scorer 
was instructed to score them all, conservatively, as 1 
group) had occupied a modest, variable but increasing 
amount of space up to 6.5 yr. This had risen to about 
30% cover at 13.5 yr (Fig. 4c), at which date sponges 
(white sponge and other sponges pooled) occupied 40 
to 50% of space, comparable with other South Aus- 
tralian piers (Kay & Butler 1983, Butler 1986). Sec- 
ondly, red algae increased from 5 % at 6.5 yr to approx- 
imately 25 % cover at 13.5 yr. 

(4) Variable but always low, and not recorded (or 
seen by divers in the field, despite specific searching) 
at 13.5 yr. This category contained only 1 variable, 
namely bare space (Fig. 4d). 

Differences at population level between positions 
after ca 13.5 yr 

A small subset of the variables approximated the 
properties required for parametric analysis, and for 4 
of them the pattern of difference between positions 
was examined using ANOVA on log-transformed data 
at 13.5 yr. Results of the ANOVAs (piles nested within 
positionsi quadrats as replicates within piles) are sum- 
marised in Table 2. For no species is there a significant 
position effect, and only for white sponge is there a sig- 
nificant effect of pile within position. Positions seemed 
to be quite similar with respect to these taxa, even 
though they (along with red and green algae) were the 
main contributors to the multivariate dissimilarities. 
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Fig. 4 Plots of single variables against time in years since the construction of the loading platform. These graphs extend those 
presented in Butler & Connolly (1996). Bars are SE Positions are represented by 0 = 1, A = 2, = 3, * = 4,  # = 5. (a) Malleus 

meridianus counts; (b) percent cover of white sponge; (c) percent cover of other sponges; (d) percent of bare space 

DISCUSSION and no way of knowing whether there was a smooth 
trajectory between 6.5 and 13.5 yr, or wide fluctuations 

The assemblages on the piles changed as greatly of the kind observed between 2 and 6.5 yr (see Fig. 4).  
over the second half of the study period as over the It might be considered of interest whether the 'vari- 
first. Because we do not have observations between 6.5 ance' of the data changes between one date and the 
and 13.5 yr, there is little evidence as to whether next. Indeed, it seems to do so. This is indicated by the 
change is still continuing at  the same rate as earlier, spacing of points in Fig. 2; to confirm it, the Index of 

Table 2. Nested analysis of variance on 4 variables, approximately 13.5 yr after completion of the loading platform. N = the vari- 
able was a count; %C = variable was percentage cover. The factor Pile is nested within main factor Position. ns = not significant 

at 5% level. "p < 0.01 

Variable Position [df 4,5) Pile [df 5,30) Error 
MS F P MS F P MS 

Malleus meridianus (N) 0.20 1.90 >0.5 ns 0.10 1.18 0.345 ns 0.09 
Halocordyle disticha ( %C) 1.23 4.08 >0.1 ns 0.30 1.21 0.331 ns 0.25 
White sponge (%C) 1.27 2.27 >0.5 ns 0 56 4.41 0.004 " 0.13 
Other sponges (%C)  0.01 0.17 >0.5 ns 0.06 0.716 0.616 ns 0,08 
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Multivariate Dispersion calculated by PRIMER is 1.19 
for 6.5 yr and 0.81 for 13.5 yr. However, this is an index 
of spatial variation between positions at one time. In 
discussing 'stability' of the assemblage, we are inter- 
ested in the magnitude of its changes through time. 
The only indicator we have of this is the multivariate 
distance between the assemblages at different dates, 
not their spatial variation at a given date, 

Our working hypotheses in this project were that the 
fauna on different groups of piles (positions) would 
converge to some common composition dominated by 
modular organisms and that this common assemblage 
would represent a 'stable' condition (showing little 
change with time; cf. the test for 'narrow stochastic 
boundedness' used by Kay & Butler 1983 and Keough 
& Butler 1983). If the fauna on different groups of piles 
did not reach a common composition, then we would 
ask which species contributed to similarities and dif- 
ferences between groups of piles, and we would seek 
indications of the possible effects of environmental 
variables. 

From experience at other piers in South Australia 
(Butler & Chesson 1990 and references cited therein), 
we  had expected modular organisms to become pro- 
gressively more dominant, overgrowing and displac- 
ing the unitary forms, which would eventually persist 
in the system at a low relative abundance, as 'fugitive 
species'. However, Butler & Connolly (1996) concluded 
that this had not occurred to the extent expected. After 
a further 7 yr, it has now done so; unitary animals, 
especially Malleus mendianus, Phallusia obesa and 
Polycarpa spp., which were still very abundant after 
6.5 yr, have either disappeared or dropped to modest 
abundances, similar to those observed at our other 
study sites. The percentage cover of encrusting and 
mound-form modular organisms is now very high 
(54 %); foliose modular forms are also abundant (ani- 
mals 18 %; red algae an additional 25 %). 

In noting that the fauna of Port Bonython now con- 
forms more to our prediction (dominance by modular 
organisms) we do not mean to suggest that the fauna 
has the same composition as that at the other piers we 
have studied (especially at Edithburgh and Rapid Bay 
in Gulf St Vincent). Local physical or nutritional condi- 
tions are clearly important in determining the particu- 
lar species that are abundant at a site, in addition to 
any more general mechanism favouring modular over 
solitary forms. Hydroids, in particular, have remained 
more abundant at Port Bonython than at Edithburgh 
and Rapid Bay, whilst the faunas of those 2 piers 
remain different from one another (Kay & Butler 1983, 
Butler 1986). 

It is difficult to compare the physical and nutritional 
conditions at different sites and this is an issue for 
future research. The only data we have concern rates 

of 'disturbance', but even this is difficult to interpret 
because our measures integrate (and therefore con- 
found) the effects of wave action, substratum type and 
the characteristics of the biota. Bare space, for exam- 
ple, is lower at Port Bonython than at the undoubtedly 
more sheltered Edithburgh pier; it was less than 1 % on 
most positions up to 6.5 yr, and none of it was recorded 
at 13.5 yr. 

The patterns of change through time differ markedly 
for different taxa. The pier had been rapidly colonised 
and then the fauna continued to change, as illustrated 
by the 'roughly parallel' movement of positions across 
the MDS plot in Fig. 2 of Butler & Connolly (1996), By 
6.5 yr there had still been a considerable abundance of 
solitary organisms on the piles as well as the extensive 
development of modular animals and red algae. Now, 
at 13.5 yr, many of those solitary organisms have dis- 
appeared and the piles are dominated by modular 
organisms, and this is reflected in the major separation 
of the data for 13.5 yr from those for 2.5 and 6.5 yr in 
Fig. 3. The univariate changes over time in particular 
taxa or groups are clear (Fig. 4); hence, it is easy to 
see why the assemblage changes over time (over and 
above position differences). However, the univariate 
differences among positions vary with species (Fig. 4) 
and in any case are not significant (Table 2); yet, at the 
assemblage level, position differences are consistent 
between 6.5 and 13.5 yr. This illustrates how a test on 
the overall composition of the assemblage can detect 
differences that are not clear when examining individ- 
ual components (taxa). 

Despite their very similar trajectories in the first few 
years of the study, the assemblages on the 5 positions 
spaced along the pier had remained significantly dif- 
ferent through the first 6.5 yr. Positions were signifi- 
cantly different at each date but not in consistent 
ways through time. After the first 6.5 yr, the following 
qualitative model was plausible: the biota of the pier 
is highly variable in space and time ('noisy') on small 
scales (quadrats, positions) but is, nevertheless, at the 
'pier' scale approaching the 'narrowly stochastically 
bounded' (NSB) situation characteristic of several sites 
in Gulf St Vincent (Kay & Butler 1983). This is Model 
1A of the 'Introduction' Our prediction from this 
model was that at a later date positions would differ 
from one another and each position would differ from 
its condition in 1989 but that the pier as a whole 
would not be strongly different from 1989; under that 
prediction, a 2-way ANOSIM (factors: date and posi- 
tion) should find significant position effects overall, 
little overall date effect but a significant interaction 
between date and position, evidenced by clear posi- 
tion effects at each date but with a different pattern at 
each date. We did not obtain that result; there was a 
strong date effect. 
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Model 1B states that Model 1A is true, except that 
the pier had not yet converged to the NSB condition by 
6.5 yr. It predicts significant position effects, a date 
effect and an interaction. We found such a result 
except that the interaction (which could not be for- 
mally tested but only inferred from differences in the 
pattern of the position effect) was negligible. 

An alternative model (Model 2) was that the posi- 
tion differences are not merely 'noise' but reflect envi- 
ronmental differences between positions, such as dif- 
ferences in wave attack or current speed. Again, 
there are 2 versions, one postulating that the system 
has converged to a NSB condition by 6.5 yr and the 
other that it has not. Model 2A would predict that at 
13.5 yr we would find not only that the composition of 
the assemblage over the whole pier is similar to that 
at 6.5 yr but also that each position is similar to its 
composition then, and that positions differ in the same 
ways; a 2-way ANOSIM (date-position) should find a 
significant position effect but no significant date effect 
nor implied interaction, from examining the separate 
1-way ANOSIM tests. We did not obtain that result. 
Model 2B predicts that the pier as a whole would 
have continued to change (hence there would be a 
significant date effect), the positions would continue 
to differ (a significant position effect) and it is not pos- 
sible to say whether there should be an implied inter- 
action. 

In fact, there is a position effect at each date, the pier 
overall has changed (i.e. there is a date effect; every 
position differs from its condition 7 yr earlier), but as 
far as can be judged from the ANOSIM tests, the rela- 
tionships between the positions may not have changed 
greatly (i.e. any implied interaction is weak). 

The observed result most closely fits the predictions 
of Model 2B. Evidently, the composition of the fauna on 
the pier had not 'stabilised' (become NSB) by 6.5 yr. It 
was still shifting in the direction of dominance by mod- 
ular organisms. Although the composition of the pier 
now looks more like that of the 'stable' assemblages at 
other sites, we still cannot apply a test for 'stability' 
defined as NSB because there are no data from Years 7 
to 13. (Keough & Butler [I9831 showed that at  least 6 
sampling dates were needed to apply their test for 
NSB. Thus, we could not apply the test around 6.5 yr 
because there were not enough sampling dates during 
the period when it appeared that the rate of change 
may have decreased; we could not apply it at 13 yr for 
the same reason.) 

The pattern of differences amongst positions was the 
same at 13.5 yr as at 6.5 yr. At both dates, positions 1 
and 5 were distinct; positions 2, 3 and 4 were similar to 
one another (Fig. 1). This was so at 6 ,5  yr and may be 
attributable to environmental characteristics unique to 
the loading platform, but it has not been so throughout 

the study (e.g. at 2.5 yr, positions 2, 3 and 5 did not dif- 
fer significantly but position 4 was distinctive). We lack 
sufficient data to examine this critically, but can offer 
the following comments. An inspection of the SIMPER 
results, and also of the slides themselves and the 
divers' impressions in the field, indicates that there is 
no one group of organisms distinguishing positions 
from one another at 13.5 yr excepting that Clavelina 
moluccensis is very abundant only at  the loading plat- 
form. C. moluccensis was not an important discimina- 
tor between position 5 and other positions at 6.5 yr. It 
has limited dispersal (Davis & Butler 1989) and was a 
late colonist of this pier. As discussed by Butler & Con- 
nolly (1996), there are strong tidal currents forming a 
gyre centred on about position 3, with greatest current 
speeds at positions 1 and 5; position 5 (the loading plat- 
form) is more shaded and deeper than positions 1 to 4. 
It is also true that positions 1 and 5 were constructed 
earliest, but since they did not show consistent differ- 
ences from the other positions at earlier dates it is 
implausible that their slightly greater age accounts for 
the differences observed at 13.5 yr. 

It might be argued that the major human-induced 
differences between positions along the pier now 
result from events at the loading platform. If spills 
occur (there was a spill from the tanker 'Era' in August 
1992, Butler 1993), they and any remedial treatments 
used are likely to affect the loading platform. Release 
of treated ballast water between positions 2 and 3 is 
now rare. Few ships now carry ballast water in product 
tanks; they have separate ballast water tanks, and it is 
common for ships to discharge untreated ballast water 
whilst berthed at the loading platform. However, we 
found no differences between position 5 and the other 
positions that could be attributed to oil spills or the 
release of ballast water. 

In conclusion, we reiterate the common plea for 
long-term studies. We do not wish to make any case for 
hypothesis-free data-gathering, but argue for a recog- 
nition that some biological processes move too slowly 
to be understood after a brief investigation. In the pre- 
sent case, our conclusions after a 6 to 7 yr study 
(already exceptionally long by current funding stan- 
dards) were shown to be erroneous when re-examined 
after 13.5 yr, and still some aspects of the data cannot 
be interpreted confidently because there are insuffi- 
cient samples through time. 
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