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ABSTRACT: Cover of and the number of species in encrusting macrobenthic assemblages inhabiting 
temperate rocky reefs m the vicinity of an ocean outfall changed rapidly following the discharge of sec- 
ondary treated sewage effluent. Within 3 mo of the commissioning of the outfall, significant reductions 
in the cover of crustose and foliose algae were apparent when this outfall area was compared to 2 ref- 
erence locations. The cover of several species of sponge, including Cymbastela concentrica, Geodinella 
sp. and Spongia sp., also underwent marked declines coincident with the commissioning of the outfall. 
Only 1 category of cover increased significantly at the outfall; this was a nondescript matrix comprising 
silt and microorganisms, which doubled its representation to almost 60%. We d ~ d  not detect significant 
declines in the cover and number of specles of sponges or total fauna, however. A 'Beyond BACI' 
experimental design was used to deternune the environmental unpact because of the great spatial and 
temporal variability in these shallow water (-20 m) encrusting communities. Photographic samples 
were taken in 3 penods, the first pre-commissioning and the other 2 post-commissiorung Multivariate 
analyses revealed marked shifts in the structure of the assemblage at the outfall relative to the refer- 
ence locations; these shifts were clearly depicted by a non-metric multi-dimensional scaling (nMDS) 
plot. A SIMPER analysis confirmed that the overall composition of the community at  the outfall 
changed from one in which algae and sponges were well represented to an assemblage dominated by 
silt and ascidians. 
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INTRODUCTION 

The spatlal and temporal variation inherent in nat- 
ural systems can make the detection of human impacts 
extremely difficult. This subject has drawn consider- 
able attention in the study of marine systems and has 
been the subject of considerable discussion (Clarke & 
Green 1988, Underwood & Peterson 1988, Underwood 
1992, Warwick & Clarke 1993). The development of 
the before after, control impact (BACI) design (Green 
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1979) and more recently the 'Beyond BACI' design 
(Underwood 1991, 1992, 1993, 1994) has led to signifi- 
cant advances in the detection of impacts associated 
with anthropogenic disturbance. The Beyond BACI 
approach clearly acknowledges the importance of spa- 
tial and temporal sampling designs that ensure uncon- 
founded detection of anthropogenic disturbance. 

In coastal regions around the world, it has been con- 
venient to discharge sewage effluent into the marine 
environment. In many instances, sewage is discharged 
onto subtidal rocky reefs exposed to high levels of 
water movement to ensure dilution. Sessile encrusting 
assemblages, including sponges and ascidians, often 
dominate the rock surfaces under these circumstances 
and because they are fixed to the substratum have a 
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high probability of responding to the effects of sewage 
(Warwick 1993). 

Temperate subtidal encrusting assemblages living 
on natural substrata are reputedly temporally stable 
(Ayling 1983) and those living on artificial substrata 
may be quite stable at medium scales, although highly 
dynamic at small scales (Kay & Butler 1983, Butler & 
Connolly 1996). Recent studies on assemblages living 
on natural substrata indicate that they are much more 
dynamic, particularly in shallow water (Kennelly & 
Underwood 1992, Roberts & Davis 1996), than previ- 
ously thought and therefore the response of the assem- 
blage to sewage-induced disturbance may be very 
rapid. 

Many studies into the effects of sewage on subtidal 
rocky reef assemblages have been done after the 
potential disturbance has already occurred. These 
'post hoc' studies abound (Littler & Murray 1975, 
Lopez Gappa et al. 1990, Muricy 1991, Smith & Simp- 
son 1992, 1993, Smith 1994, Chapman et al. 1995, 
Roberts 1996); however, their numbers are insignifi- 
cant when compared with the unpublished literature 
examining patterns associated with sewage. If we 
ignore that inappropriate design and/or logic (for 
example only 1 control) confounded many early stud- 
ies, they are still generally inadequate, because pre- 
disturbance data was not collected. In practice, pre- 
disturbance data may be difficult (or impossible) to 
collect (see Roberts 1996) and the subsequent utility of 
monitoring programs that cannot, or do not, incorpo- 
rate pre-impact data and appropriate controls is lim- 
ited. Moreover, there is always the potential that any 
monitoring program will merely measure pre-existing 
differences between locations. 

In November 1993, the nearshore ocean outfall at 
Boulder Bay, New South Wales, Australia, began dis- 
cha.rging approximately 3 M1 d-' of secondary treated 
sewage effluent from 2 diffuser heads into subtidal 
rocky reef habitat at a depth of 20 m. Here we docu- 
ment the effects of sewage discharge on sessile mac- 
robenthic assemblages using both ( l )  a multivariate 
approach (Clarke & Warwick 1994) and (2) a univariate 
asymmetrical analysis incorporating a Beyond BACI 
experimental design (Underwood 1994). 

METHODS 

Study locations and sampling design. To study the 
effects of sewage from the Boulder Bay outfall, assem- 
blages were sampled at the outfall location (Boulder 
Bay-exposed to effluent) and at  2 control or reference 
locations (Point Stephens and Tomaree Head-no 
effluent) (Fig. 1). In general, the 3 locations were situ- 
ated on rocky reef to a depth of approximately 20 m 
and the benthic community was dominated by erect 
sponges. Underwood et al. (1991) and Roberts & Davis 
(1996) have described similar subtidal habitat for 
coastal waters in New South Wales. 

The outfall location was situated within a 100 m 
radius of the diffusers and the assemblages were sam- 
pled using a diver-operated camera rig that supported 
a 35 mm Sea & Sea Motor Marine-:! underwater cam- 
era and strobe. Investigations of the inshore and off- 
shore circulation patterns around the outfall area were 
done to identify potential sewage plume movements 
from the outfall and to assess the suitability of controls. 
It was concluded from these investigations that the 

closest control location at Point Stephens 
(see Fig. 1) was independent of the effects 
of sewage (Lee & Wallace 1993). It is also 
worth noting that there were no suitable 
accessible reference locations south of 
the outfall, i.e. subtidal rocky reef at 18 to 
20 m depth. 

The assemblages at each location were 
sampled a total of 12 times over an 18 mo 
period from June 1993 to February 1995. 
The temporal design incorporated 4 ran- 
dom times within each of 3 periods, 1 
before and 2 after the discharge of 
sewage. Because the temporal design 
was unbalanced, separate balanced 
analyses (i.e. Period 1 vs Period 2 and 
Period l vs Period 3) were done on all 
derived variables. Only the Period 1 vs 
Period 3 analyses are presented, how- 

Fig. l .  Location of the Boulder Bay outfall and the controls at  Point Stephens ever' the Peliod 1 vs Period 2 analyses are 
and Tomaree Head, New South Wales, Australia referred to in the text where relevant. 

A~ornaree Head 32 7 5 i ~  
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Within-location variability in the assemblages was 
determined by haphazardly photographing 10 repli- 
cate quadrats (photo-quadrat dimensions: 0.8 m X 

0.56 m, total area 0.45 m2) at each of 3 sites nested 
within each location. At each location, the 3 sites 
(approximately 50 m in diameter and 50 m apart) were 
randomly selected each time. 

Analysis of photographs and taxonomic discrimina- 
tion. The photo-quadrats were analysed using a Bell 
and Howell 'black box' projector. An overlay plastic 
grid of 100 regularly spaced points was placed on the 
screen and estimates of the percentage cover and 
number of species were recorded from the photo- 
quadrat (Roberts et  al. 1994). 

To help differentiate the taxa recorded in quantita- 
tive photo-quadrats, invertebrate collections were 
made at all locations. An in situ, close-up 35 mm colour 
photograph was taken of each specimen prior to col- 
lection as a permanent record of the habit of the organ- 
ism. Many invertebrates (especially sponges) lose 
colour and shape once out of the water so another pho- 
tograph was taken on the surface and the samples 
were labelled and immediately frozen for later identifi- 
cation. This voucher collection was lodged with the 
Queensland Museum, Australia. 

Univariate statistical analyses. Since there was only 
one outfall location, asymmetrical analyses of variance 
were used to examine the differences between the out- 
fall and the 2 control locations (Underwood 1992, 
1993). Asymmetrical, before/after-control/impact (Be- 
yond BACI) designs, their mechanics and their poten- 
tial for detecting both temporal and spatial distur- 
bances have been discussed in detail by Underwood 
(1991, 1992, 1993. 1994). An example of the model 
used here is shown in Table 1, whilst the logic associ- 
ated with interpreting these types of analyses are fully 
discussed by Underwood (1993, 1994). In this case, 
there were 2 fixed periods, with 4 random times within 
each period. The outfall versus controls (OvsC) term 
was considered fixed, whilst the term between controls 
was random. Sites were randomly nested within loca- 
tions. The asymmetrical analyses repartition a fully 
orthogonal model, which thus allows a priori compar- 
isons between the outfall and the average of the con- 
trols (Underwood 1992). The data associated with both 
the outfall and controls were analysed using a fully 
orthogonal design in which sites were nested within 
locations and time was considered a random factor 
within periods. A second analysis was then done on 
only those data associated with the controls. The asym- 
metrical component, or outfall versus control partition, 
was calculated by subtracting the sums of squares of 
the second analysis from those of the first. What was 
left was the variance associated with the potentially 
impacted outfall location. The various factors within 

the analysis were calculated using the same logic, as 
were the partitioned interactions associated with the 
various main effects (see Underwood 1993). Appropri- 
ate F-tests were constructed (see Table 1) using the 
principles outlined in Underwood (1981). 

As Underwood (1981) notes, significant higher order 
interactions, e.g. Time(Period) X Sites(Location), mean 
that lower order interactions and main effects gener- 
ally cannot be interpreted and should not be reported. 
Where significant Time(Period) X Sites(Location) inter- 
actions occurred, a 2-tailed F-test was used to compare 
the temporal variability among sites within control 
locations with the temporal variability among sites at  
the outfall (Underwood 1992). This allowed a direct 
con~parison of the effects of the outfall at these smaller 
spatial scales. Post hoc pooling procedures were used 
when the Time(Period) X Sites(Location) or Time 
(Period) X Location interactions were found to be non- 
significant at p = 0.25; this allowed appropriate F-tests 
to be constructed for lower order interactions and main 
effects (Winer 1971). Furthermore, where significant 
differences occurred in the Time(Period) X Sites(Loca- 
tion) and the Time(Period) X Location interactions (and 
their partitions), the Period X OvsC interaction was 
reported so that the trend above these higher order 
interactions could be examined (Underwood et al. 
1993). It should be noted that this is not generally done 
because the significant higher order interactions warn 
that the lower order interactions are not independent 
(Underwood 1981). It should also be noted that when 
many repeated significance tests are done there is 
always a danger of increasing the probability of mak- 
ing Type I errors (Clarke & Warwick 1994). 

Prior to analysis, the data were examined for homo- 
geneity of variances using Cochran's test (Winer 1971). 
Where variances were heterogeneous, data were 
transformed to log(x+0.5) for number of taxa and 
transformed to arc sine for percentage cover (Winer 
1971). Where transformations did not result in homo- 
geneous variances, analyses were done on the un- 
transformed data (Underwood 1981). If variances could 
not be stabilized at  p = 0.05 but could be stabilized at  
p = 0.01, the analysis of variance was done using the 
p = 0.01 probability level (Underwood 1981). Where 
significant differences were found in the analysis of 
variance, Student-Newman-Keuls (SNK) multiple 
comparisons were done at the appropriate alpha level 
to determine differences among means (Winer 1971). 

Multivariate statistical analyses. Multivariate statis- 
tical techniques were used to analyse the variation in 
species abundance and composition at  each location 
and at each time using the PRIMER software package 
(Plymouth Marine Laboratories, UK). Abundance data 
for each location and time (n = 30) were double- 
square-root transformed to reduce weighting given to 
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(a) Fauna (b) Fauna  (c) Sponges  

(d) Sponges  (e) Cymbasfe/a concenfr/ca 

(g) Geod/ne//a (h) Spongi' 

( J )  Foliose algae (k) Crustose algae 

(i) Algae 

(1 )  Silt matrix 

1994 
M J J A S O N D J F M A M J J A S O N O J F M  

1 1995 1994 1 1995 1994 1 1995 

P3 P3 P3 

Fig 2. Mean number of species or individuals and % cover (i SE) for selected taxa analysed from (0) Boulder Bay, (0) Point 
Stephens, and ( A )  Tomaree Head (n = 30) Online. sewage discharge began 

abundant taxa and increase the weighting given to 
rarer taxa. The Bray-Curtis similarity matrix was used 
to generate 2-dimensional plots with the non-metric 
multi-dimensional scaling (nMDS) technique (Clarke 
1993). Two-way analysis of similarity (ANOSIM) tests 
were used to examine the differences between periods 
and locations, while the similarity percentages (SIM- 
PER) procedure was used to identify the major species 
contributing to the similarity measure obtained (Clarke 
& Warwick 1994). 

RESULTS 

Sponges were the most species-rich and abundant 
taxon encountered at all locations; over 100 species 
were identified, including erect and encrusting forms. 
Of the 3 other major phyla, we recorded 37 ascidian 
species, 17 bryozoan species and 17 species of cnidar- 
ian. Many of the species of sponges encountered are 
Listed in Appendix 1 of Roberts & Davis (1996). A com- 
plete list of the species is available from the authors on 
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Fig. 3. Mean cover estimates 
of the 4 major components of 
the subtidal encrusting assem- 
blage (total fauna and algae, 
silt matrix and bare space) at 
(A) the outfall and (B) the aver- 
age of the controls (Penod 1: 
before sewage discharge, Peri- 
ods 2 and 3:-after sewage dis- 

charge) 

Fauna 

b. 25% 

31 % 

B Fauna 

Period 1 

request. The most abundant algae were crustose 
CoraUnacea from the Order Cryptonemiales and a 
mixture of macroscopic foliose species. Since the algae 
were not readily identifiable from the photographs, 
they were grouped as foliose or crustose taxa. 

Changes in cover and richness 

The richness and cover of many of the taxa observed 
in this study fluctuated at various spatial and temporal 
scales. As judged by their response to the outfall, taxa 
may be split into 3 groups: (1) those for which no sig- 
nificant change in cover or richness occurred, (2) those 
that showed a decrease, and (3) those that showed an 
increase. For the sake of brevity, only selections of the 
taxa are presented here. The means and standard 
errors presented (Fig. 2) were calculated after the 
3 sites within each location were pooled, i.e. n = 30. 
This makes the values for locations at each time look 
far more precisely determined than they actually were. 
Significant differences among sites were found and 
ideally all sites should have been plotted. We have not 
done this because the sites were randomly nested 
within each location and therefore plotting a time 
course for each of the random sites would be pointless 
and generally makes the figures uninterpretable. 

Taxa which showed little change at the outfall 

Following the commissioning of the outfall, no signif- 
icant differences were detected in the richness or cover 

Algae Alaae 

Fauna Fauna 

Period 2 Period 3 

for total fauna or sponges (Fig. 2a-d, Table la) .  Signif- 
icant differences in richness were detected in the Time 
(Period) X Sites(Location) interaction; however, this 
variation was primarily associated with differences 
among control sites (Table l a ) .  Whilst the cover of the 
total fauna appeared to decrease after the discharge of 
sewage (see Fig. 3), by Period 3 it had recovered to 
similar levels found in Period 1. Although not statisti- 
cally significant, thls reduction could represent a press 
disturbance to 30% of the original cover. Sponges 
were the major fauna1 contributors of both richness 
and cover in the assemblage, and their spatial and 
temporal patterns are therefore very similar to the total 
fauna (Fig. 2a-d). The location at Tomaree Head had 
the greatest richness and cover of sponges (Fig. 2c, d) 
perhaps as a result of being closer to and under the 
influence of stronger tidal currents from the estuary at 
Port Stephens (Fig. 1). 

Taxa which decreased at the outfall 

The abundance of several species of sponge 
decreased significantly in response to the commis- 
sioning of the outfall (Table la ,  b). The number of 
individuals of the sponge Cymbastela concentnca 
(Lendenfeld) was significantly reduced by approxi- 
mately one third (Fig. 2e, Table 2) after the outfall 
came online. By Period 3, they had been further 
reduced by another third (Fig. 2e, Tables l a  & 2). A 
significant Time(Period) X (OvsC) interaction was also 
detected (Fig. 2e, Table la) because of a reduced 
number of individuals recorded in the August 1994 
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Table 2. Summary of SNK tests on the means [number of ~ndividuals (#) and percentage cover of each taxa] of each of the 3 peri- 
ods [Period l (PI):  before sewage discharge; Penod 2 (P2): ~mmediately after; Period 3 (P3): approximately 1 yr after] at each of 
the 3 locations (Boulder Bay: outfall; Point Stephens and Tomaree Head: controls). =: Means not significantly different at p = 0 05 

Taxa Boulder Bay Point Stephens Tomaree Head 

Cymbastela concentnca (#) P1 > P2 > P 3  P1 = P2 = P3 P1 = P2 = P3 
Cymbastela concentrica P1 > P2 = P 3  P1 = P2 = P3 P1 = P2 = P3 
Geodinella sp. P1 > P2 = P3 P1 = P2 = P3 P1 = P2 = P3 
Spongia sp. P1 > P2 = P 3  P1 = P2 = P3 P1 = P2 = P3 
Total algae P1 > P2 = P3 P1 = P2 = P3 P1 = P2 = P3 
Foliose algae P1 > P2 = P3 P1 = P2 = P3 P1 = P2 = P3 
Crustose algae P l > P 2 = P 3  P1 = P 2 = P 3  P1 = P2 = P3 
Silt matrix P1 < P2 = P3 P1 = P2 = P3 P1 = P2 = P3 

(Period 3) sampling. The cover of C. concentnca also 
declined significantly (-50%) once the outfall was 
commissioned (Fig. 2f, Tables l a  & 2); however, no 
differences were detected between Periods 2 and 3 
using the SNK procedure (Table 2). Significant small- 
scale spatial and temporal variation occurred for both 
the number and cover of C. concentnca and 2-tailed 
F-tests indicated that this variation was associated 
with the outfall (Table l a ) .  In general, no significant 
fluctuations in the number or cover of this species 
occurred at either of the control locations (Fig. 2e, f ,  
Tables l a  & 2). 

The sponges Geodinella sp. (Fig. 2g) and Spongia sp. 
(Fig. 2h) almost disappeared completely from the out- 
fall location after the discharge of sewage began 
(Table lb ) .  No such changes occurred in the cover 
or number of these 2 species at the control locations 
(Fig. 2g, h, Table 2). Furthermore, the 2-tailed F-tests 
confirmed that the significant higher order interactions 
were due to greater variation associated with the out- 
fall sites through time (Table lb).  

At all locations the richness of algae was low, with 
most of the cover attributable to foliose and crustose 
corallines. Generally, the cover of algae was greater at 
the outfall and the Point Stephens control compared to 
Tomaree Head (Fig. 2i). The total cover of algae fluctu- 
ated significantly at the outfall and control locations 
through time (Fig. 2i, Table lb ) .  However, the mean 
cover of algae at the outfall location in Periods 2 and 3 
was significantly lower than the mean cover in Period 1 
(Tables l b  & 2, refer to Fig. 3). No significant differ- 
ences between periods were found in the cover of 
algae at the control locations (Table 2). Although the 
cover of algae fluctuated significantly within periods, 
the overall mean was generally reduced after the dis- 
charge of sewage (Fig. 3). 

The cover of foliose algae at the outfall was almost 
reduced to zero by the end of the study (Fig. 2j). It was 
detected as a significant Period X OvsC interaction 
(Table lb ) ,  with Period 1 having significantly greater 

cover than either of Periods 2 or 3 (Table 2). The cover 
of foliose algae declined at  all locations following the 
August 1993 sampling, i.e. prior to sewage discharge 
(Fig. 2j); however, the overall mean trajectories at the 
control locations did not show a general decrease and 
there were no significant differences between periods 
(Table 2). 

The cover of crustose coralline algae was signifi- 
cantly reduced after the discharge of sewage at the 
outfall (Fig. 2k, Table lb ) .  There were no significant 
differences between periods in the mean cover of crus- 
tose algae at the controls (Table 2). A significant Time 
(Period) X (OvsC) interaction occurred at the outfall 
because of an increase in the cover of crustose algae 
in July 1993, i.e. prior to sewage discharge (Fig. 2k, 
Table lb ) .  A 2-tailed F-test found that a significant 
Time(Period) X Sites(Location) interaction was associ- 
ated with increased variability at the outfall location 
(Table lb ) .  

Taxa which increased at  the outfall 

The percentage cover of the silt matrix was found 
to increase significantly at the outfall location follow- 
ing the discharge of sewage (Figs. 21 & 3, Table lb) .  
This matrix consisted of a non-specific mixture of 
microflora and -fauna, silt and microorganisms and 
has been described previously (Roberts et al. 1994). 
The silt matrix increased rapidly and dramatically 
from an average cover of around 35% at the out- 
fall and control locations, to around 55% at the out- 
fall location following its commissioning (Fig. 21, 
Table 2). A significant Time(Penod) X (Controls) inter- 
action (Table l b )  was due to a reduction in silt matrix 
at  the Point Stephens control location (Fig. 21) in April 
(Period 2) and August 1994 (Penod 3).  A proportion 
of bare space at the outfall location appeared to 
be covered by the silt matrix during Periods 2 and 3 
(Fig. 3). 
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Table 3. Summary of 2-way analysis of similarities (ANOSIM) comparing differ- 
ences in the structure of the assemblages at each location and period. The first 
period (PI) was in the pre-commissioning phase whilst P2 and P3 were post- 
commissioning periods. BB: Boulder Bay; PS: Point Stephens; TH: Tomaree 

Head; ns. not significant (p > 0.05); 'significant (p  c 0.05) 

Changes in community structure 

The multivariate analyses clearly demonstrated that 
the assemblages at the 3 locations were significantly 
different from each other during the first sampling 
period and that rapid changes occurred to the assem- 
blage at the outfall following the discharge of sewage. 
The ANOSIM detected significant differences among 
all 3 locations and all periods at the outfall (Table 3). In 

contrast, no significant differences 
were found between periods at the 
Point Stephens location, but Period 1 
at Tomaree Head was significantly 
different from Period 3 (Table 3).  

The SIMPER procedure ranked, in 
order of importance, those species that 
contributed most to the similarities 
within a location for a given time 
period. Although only the species 
ranked in the 'top ten' are included in 
Table 4 ,  it is clear that species of 

importance were usually quite different among loca- 
tions but were, in general, more consistent among time 
periods within a location. In the first period at the out- 
fall location, 6 sponges featured within the top ranked 
species, however, they did not rank at all in Periods 2 
or 3 (Table 4) .  This indicated that their relative abun- 
dance at the outfall location had decreased or became 
less important in terms of representing community 
structure. 

Table 4. Species ranked in order of importance (1 to 10 presented only) which contributed to the similarities within a location/ 
period as determined u s ~ n g  SIMPER. B: Boulder Bay; P: Point Stephens; T: Tomaree Head; 1: Period 1; 2: Period 2; 3: Period 3 

Taxon Species B1 B2 B3 P1 P2 P3 T1 T2 T3 

Porifera Cymbastela concentnca 1 2 2 4 2 10 
Spirastrella sp. 3 1 1 1 1 1 10 
Cera topsion a urantiaca 8 
Xytopsene sp. 6 
Spongia sp. 7 
CLiona (Raphyrus) hixonii 
Tedania sp. 4 6 
Irania sp. 10 
Tedania digitata 8 
Cribrochalina sp. 1 7 
Stylinos sp. 
Thorecta sp. 
Acarnus sp. 2 
Phoriospongia sp 5 
Clathria (Dendrocia) pyramida 
Callyspongia sp. 
Mycale (Arenochalina) flammula 
Mycale (Aegogropila) sp. 
Hymedesmia sp. 
Phoriospongia sp. 
GeodineLla sp. 
Antho (Isopenectya) chartacea 
Crella incrustans 3 
Desmapsamma kirk 4 
DendnUa sp. 10 
Psammocinia sp. 
Cribrochalina sp. 2 

Bryozoa Steginoporella truncata J 

Ascidaceae Didemnum sp. 9 10 
Cnemidocarpa pedata 6 8 10 
Lissoclin um sp. 9 
Pyura spinifera 5 7 2 3 3 
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Changes were also apparent in the relative irnpor- 
tance of ascidians at the outfall location during Peri- 
ods 2 and 3. During Period 1 at the outfall, no ascidians 
were ranked within the top 10 (Table 4). However, by 
Periods 2 and 3 one colonial, Diden~num sp., and 2 soli- 
tary ascidians, Pyura spinifera (Quoy & Gaimard) and 
Cnemidocarpa pedata (Herdman), had increased their 
relative importance as contributors to the similarities at 
the outfall (Table 4). It should be noted that this 
increase in the importance of ascidians is due to a 
decrease in the importance of sponges. 

The dramatic and rapid changes to the structure of 
the benthic assemblages at the outfall location are 
clearly portrayed in the nMDS ordination (Fig. 4). The 
2-dimensional plot reveals clear separation among all 
locations, yet considerable overlap is apparent for 
points from all time periods at the control locations. In 
contrast, at the outfall location the data points repre- 
senting pre-commissioning (Period 1) are clearly sepa- 
rated from the post-commissioning points (Periods 2 and 
3). There is also a degree of separation between the 
second and third periods (Fig. 4). Stress for this ordina- 
tion was considered to be good (Stress = 0.11) with no 
real risk of drawing false inferences (Clarke 1993). 

DISCUSSION 

Here we report rapid changes to sessile macroben- 
thic assemblages following the commissioning of an 
ocean ouffall at Boulder Bay, New South Wales, Aus- 
tralia. Within 3 mo of the release of sewage effluent 
into the environment the effects on the community 
were far reaching, with statistically significant reduc- 
tions in the abundance of encrusting invertebrates and 
algae. A number of species of sponge almost disap- 
peared completely from the outfall location. Moreover, 
the SIMPER analysis indicated that the community in 
the vicinity of the outfall changed from one dominated 
by sponges to one in which ascidians became an 
important component of the fauna. 

Drastic reductions in species richness and increases 
in the abundance of a small number of tolerant species 
have been recorded previously in the vicinity of ocean 
outfalls (May 1985, Fairweather 1990, Lopez Gappa et 
al. 1990). However, the majority of studies have not 
had the opportunity to compare pre- and post-impact 
data and hence are Likely to have missed many of the 
subtle short-term changes we report here. Our study 
also benefited from a combination of multivanate and 
univariate analyses to examine changes in the struc- 
ture of the encrusting assemblages. The effects of 
ocean ouffalls on biological assemblages have been 
described using multivanate (Clarke 1993. Smith & 
Simpson 1993) or univariate techniques (Otway et al. 

Fig. 4.  Non-metric multidimensional scaling (nMDS) plots for 
the abundance of species at each location and time (data 
points are averages for the 3 sites at each time Boulder Bay 
(outfall): (0) Period 1, (a) Period 2 ,  (*) Period 3; Point 
Stephens (control): (0) Penod 1, (0) Penod 2, (0) Period 3; 
Tomaree Head (control): (A)  Penod 1, ( A )  Penod 2, ( A )  Period 3 

1996a); however, the use of a combination of these 
techniques is rare (but see Chapman et al. 1995, Otway 
et al. 1996b). Underwood & Peterson (1988) and War- 
wick (1993) emphasise the need to use all available 
techniques of analysis, as different approaches exam- 
ine different components of the assemblage and are 
therefore more likely to detect effects. 

The importance of appropriate temporal scales to 
measure variation in these dynamic communities can- 
not be overlooked and may be more important than 
examining smaller scale spatial patterns. In this study 
many higher order, small-scale temporal and spatial 
interactions occurred. These interactions warn us that 
main effects and lower order interactions may be unre- 
liable and are not independent (Underwood 1981). 
Small-scale, within-site variation was found for most 
taxa in this study, and understanding the mechanisms 
leading to this variability would greatly assist in identi- 
fying the effects of anthropogenic disturbance. The 
contrasts we made here between small-scale spatial 
and temporal variability at the outfall and the controls 
demonstrated that the outfall did affect within-site 
variability in the cover and number of a range of taxa. 
This is important because it indicates that sewage dis- 
charged into these habitats can effect them on very 
small spatial scales. Warwick & Clarke (1993) exarn- 
ined various assemblages and concluded that in- 
creased variability among samples may be a general 
feature exhibited by assemblages under stress. 
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In reporting changes in pattern associated with the 
commissioning of an ocean outfall it is instructive to 
consider the potential mechanisms which may be oper- 
ating A discharge of primary or secondary treated 
sewage has the potential to increase nutrients and sus- 
pended solids (silt) and decrease the salinity in the 
vicinity of the discharge. There is evidence that ocean 
outfalls increase the level of suspended solids in the 
water column at or near the point of the discharge 
(Coade 1995) and may reduce the amount of photosyn- 
thetic active radiation at the bottom (Kirk 1983). 

The direct effects of sedimentation on the structure 
and dynamics of encrusting communities have rarely 
been reported, but it is clear that some species of 
sponge are sensitive to burial beneath sediment (Wulff 
1997). Moreover, reductions in the pumping rate of 
sponges may occur when the concentration of sedi- 
ment increases (Gerodette & Flechsig 1979). There is 
also correlative evidence that the structure of encrust- 
ing communities change along sedimentation gradi- 
ents (Carballo et al. 1996, Naranjo et al. 1996). Field 
and flume studies of the morphology of some inverte- 
brates indicate sensitivity to high rates of sedimenta- 
tion (Riegl et al. 1996). Some members of the benthic 
assemblage we examined share this morphology, e.g. 
Cymbastela concentrica, and may be vulnerable to 
increased sedimentation. 

Sewage plumes often act to shade the bottom, and 
this reduction in Light may limit the growth of benthic 
algae (Vadas & Steneck 1988). These effects may not 
be restricted to algae however. Many invertebrates, 
including Cymbastela concentrica, play host to symbi- 
otic micro-algae, which can account for a major part of 
their nutritional requirements (Wilkinson 1983, Che- 
shire et al. 1995). Increased concentrations of nutrients 
within sewage can alter the growth rates of macro- 
algae (Borowitzka 1972), whilst low salinity can 
decrease the diversity and abundance of sponge-dom- 
inated assemblages (Storr 1976). Clearly, the processes 
producing change in the assemblages and at the spe- 
cies level at the outfall are likely to be complex and 
require detailed experimental examination. 

Our data imply that the paradigm that encrusting 
assemblages from temperate reefs are relatively stable 
through time needs to be re-examined. It is acknowl- 
edged that episodic storm events can produce rapid 
change in these communities, particularly in shallow 
water (e.g. Kennelly 1987). In deeper or more sheltered 
habitats benthic assemblages have been considered to 
be relatively stable, although they may be highly 
dynamic at a small scale (Ayling 1983, Kay & Butler 
1983). More recently, Chapman et al. (1995) concluded 
that the decomrnissioning of a large shoreline sewage 
outfall produced no significant difference in an 
encrusting assemblage when compared to 2 control 

locations. They noted that their study began 3 mo after 
the flow of sewage ceased but believed that their inter- 
pretations were valid because of the slow changes 
experienced by these types of assemblages. In con- 
trast, Roberts & Davis (1996) described significant tem- 
poral fluctuations (within 4 mo) in shallow temperate 
reef sponge assemblages in both shallow and deep 
water off the East Coast of Australia. Davis et al. (1997) 
reported that sponge-dominated assemblages from 
similar habitat types at the mouth of an embayment 
responded quickly to biological disturbance. 

Our study emphasises a persistent problem with 
assessing impacts on communities and that is the 
selection of appropriate reference or control sites. The 
structure of the assemblages at the 3 locations investi- 
gated in this study differed markedly from the outset. 
As Underwood (1992) notes, the control locations do 
not have to be identical but an important requirement 
is that they come from a population of apparently sim- 
ilar locations. We believe that in our study the locations 
were spatially independent, so that there was no spa- 
tial autocorrelation among locations confounding our 
ability to identify impacts of the outfall. 

Here we recorded what might be termed a signifi- 
cant 'press perturbation' correlated with the comrnis- 
sioning of an outfall (see Glasby & Underwood 1996 for 
a review of this topic). We believe that the changes at 
the outfall can be attributed to the release of sewage, 
as no such changes were observed at the control loca- 
tions. In addition, the rapid increase in the cover of the 
silt matrix suggests that the outfall is the causative 
agent. However, in the absence of direct experimental 
evidence, namely, changes in the survivorship of sensi- 
tive species following their reciprocal transplantation 
to an outfall location and replicated reference loca- 
tions, it is not possible to infer causality. These manip- 
ulative experiments will be the focus of future work on 
the processes occurring in encrusting marine assem- 
blages exposed to sewage. 
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