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INTRODUCTION

The Mediterranean basin is one of the many areas in
the world that have experienced, in recent decades,
dramatic coastal development because of increasing
human populations and industrial usage. This develop-
ment has adversely affected the marine environment
and its biota through nutrient enrichment, thermal and
chemical pollution, sedimentation, etc. (UNEP 1989).
This problem has awoken global interest in maximising
management strategies of point-source impacts (such
as sewage outfalls), which apparently affect littoral sys-
tems locally, but whose effects may often have an im-

pact over far greater spatial scales (Gray 1996, Rai-
mondi & Reed 1996, Costanzo et al. 2001).

Marine biological assemblages typically change nat-
urally across various spatial and temporal scales
through seasonal changes in environmental conditions
(e.g. coastal hydrodynamics, temperature, salinity) and
biological processes (e.g. recruitment, predation, com-
petition) (Dayton 1984, Danielson 1991). Human dis-
turbances have the potential to alter natural patterns.
Therefore an unambiguous assessment of the effects of
point-source impacts on marine communities remains
the first step in planning management strategies aimed
at mitigating their effects on natural marine systems. 
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Mediterranean Sea) was investigated to assess whether fish assemblage structure, and temporal
trends in species richness and abundance of fishes were affected by sewage pollution. Fish assem-
blages were evaluated by visual census at 3 locations (3 to 4 km apart), 1 putatively impacted by a
sewage outfall (discharge rate from 200 to 600 m3 h–1) and 2 controls; within each location, 3 sites (100
to 300 m apart) were surveyed 4 times over the study year. In general, dissimilarities in assemblage
structures between the 2 controls were always lower than between each control and the outfall loca-
tion. During winter, however, the dissimilarities between controls were very low and similar to those
between each control and the outfall location, suggesting that in this period, fish assemblages from
the outfall did not greatly differ from those in the controls. Planktivorous and detritivorous fishes
were more abundant at the impacted location and contributed most to dissimilarities in assemblage
structures between the outfall and controls. Furthermore, the outfall significantly affected total fish
abundance (which was consistently about 5-fold greater at the outfall than at the controls), and tem-
poral trends in the average density of sparids and small serranids at the scale of locations, while small
benthic fishes were influenced at the scale of sites (within locations). Particulate feeders and plank-
tivorous fishes showed different temporal trends in average densities between outfall and controls at
both spatial scales examined. Species richness and density of herbivorous fishes did not show signif-
icant differences attributable to the outfall. The data thus show that nearshore sewage discharges
have the potential to alter spatio-temporal patterns in littoral fish assemblages.
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Environmental impact assessments basically consist
of measuring differences in the natural patterns and
anthropogenic impacts. This impact assessment is a
goal which may be achieved by the use of specific
experimental designs and the careful choice of the
most suitable biological assemblages, populations and/
or related variables for examination (Underwood 1994,
Schmitt & Osenberg 1996). In this respect, asymmetri-
cal sampling designs (Underwood 1991, 1992, 1993,
Glasby 1997) have been demonstrated by many stud-
ies to be powerful tools in evaluating the effects of
point-source impacts. Whenever possible, an experi-
mental design for environmental assessments should
include ‘before’ and ‘after’ data (i.e. before and after
impact occurs). ‘Before–after control–impact’ (BACI)
designs are an ideal tool for impact studies (Under-
wood 1994, Schmitt & Osenberg 1996). When there are
no data on marine systems before impact, ‘after’ stud-
ies may nevertheless make it possible to analyse some
aspects of the disturbance, although considerable care
is needed in the interpretation of such results (Under-
wood 2000). The choice of the biotic component to be
investigated is strictly dependent on the aim of the
research (Warwick 1993, Warwick & Clarke 1993), the
habitat under investigation, and the scale on which
the putative impact is expected to affect the system.

Among the various kinds of anthropogenic impacts
potentially affecting coastal marine assemblages,
sewage outfalls have received considerable attention
in the recent literature. Most of the available studies on
sewage effects on marine environments concern soft-
bottom benthic assemblages (Pearson & Rosenberg
1978, Austen et al. 1989, Diener et al. 1995, Estacio et
al. 1997). However, in recent years increasing attention
has been paid to sessile macrobenthos living on hard
substrata (Smith 1996, Underwood & Chapman 1996,
Roberts et al. 1998, Archambault et al. 2001, Soltan et
al. 2001, Terlizzi et al. 2002). A few papers have dealt
with the responses of plankton to sewage (see War-
wick 1993 for review), and several authors have stud-
ied the effects of outfalls on adult fishes (Smith et al.
1999) and their larvae (Gray 1996, Kingsford & Gray
1996). These studies covered the impact of outfall
effluents on diversity, abundance, patterns of aggrega-
tion, assemblage structures, mortality, fecundity, and
susceptibility to infections (Guidetti et al. 2002 and ref-
erences therein). The advantages of using adult fish
assemblages for environmental assessment studies are
2-fold: (1) there are fewer problems with taxonomic
fish identification than with benthic fauna identifica-
tion (Warwick 1993, Hall et al. 1997); (2) visual under-
water methods, which are fast and effective standard-
ised procedures for collecting quantitative data in situ,
may be used (see Harmelin-Vivien et al. 1985). Fur-
thermore, the reaction time of a faunal component to

perturbation may be important in assessing changes in
the structure of an animal assemblage. Because of their
mobility, fishes display a rapid avoidance or attractant
response to a contaminated area in a period of a few
days or hours, a time frame that is intermediate to the
instantly available results of chemical assays and the
delayed response of benthic communities, which usu-
ally respond more slowly to changes in environmental
quality (Pomfret et al. 1991).

In SW Apulia (SE Italy), the marine protected area
(MPA) of Porto Cesareo was formally established in
1997, but to date has been protected in name only. The
sewage outfall of the city of Nardò, which discharges
onshore near the coastline inside the MPA boundaries,
is antithetical to tourism and environmental conserva-
tion. Recent preliminary studies have demonstrated
that this outfall is able to affect the spatial distribution
of fishes (Guidetti et al. 2002) and sessile macrobenthic
assemblages (Terlizzi et al. 2002) associated with rocky
substrates.

The purpose of this study was to assess whether
point-source sewage pollution has the potential to
influence spatio-temporal variability in the distribution
patterns of fish assemblages associated with shallow
subtidal rocky reefs along the SW coast of Apulia.

MATERIALS AND METHODS

Study area. Surveys were carried out at 3 locations
on the SW Apulian coast (Ionian Sea, SE Italy: Fig. 1).
The area is characterised by a calcarenitic rocky
plateau with a gentle to medium slope which declines
from the water surface to about 8 to 12 m depth over
sand. The location putatively impacted by sewage
(Location I) is characterised by a rocky substrate cov-
ered by a well-diversified algae assemblage (see Ter-
lizzi et al. 2002). The outfall, which directly discharges
treated waste waters onshore near the coastline, usu-
ally serves nearly 30 000 inhabitants. Waste-water is
discharged at flow rates varying from 200 to 600 m3

h–1, and is biologically treated (aerobic and anaerobic
digestion) and chemically disinfected before discharg-
ing. During the tourist seasons (chiefly summer), the
actual population served by this plant is however far
greater, and technical problems often prevent com-
plete water treatment. Two control locations (Loca-
tions C1 and C2) with similar environmental features
(depth, substrate, slope, etc.) were selected randomly
about 3 to 4 km north (C1) and south (C2) of Location I.
Overall, the total cover of sessile benthos does not dif-
fer markedly between the 3 locations, but red algae of
the genera Pterocladiella and Gelidium and the brown
alga Colpomenia sinuosa are more abundant or exclu-
sively present at Location I (Terlizzi et al. 2002).
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Data collection and experimental design. Under-
water visual censuses were performed along transects
25 m long and 5 m wide (see Harmelin-Vivien et al.
1985 for review). The ‘transect’ technique was selected
among the available visual methods as the most appro-
priate for both smaller specimens and fast-swimming
species (Harmelin-Vivien & Francour 1992). Fish abun-
dance was estimated by counting single specimens to a
maximum of 10 individuals, and using abundance
classes (11–30, 31–50, 51–100, 101–200, 201–500,
>500 individuals) for schools. This recording system
leads to similar degrees of error over a wide range of
abundances, ensuring homogeneity of variance after
log-transformation of the data (Frontier 1986). 

At each of the 3 locations (I, C1, C2), 3 sites were
selected randomly about 100 to 300 m apart.  At each of
the 3 sites within each location, 3 replicate censuses
were performed on 4 dates chosen at random (Time 1 =
May 2000; Time 2 = July 2000; Time 3 = February 2001;
Time 4 = July 2001) over a total of 108 fish transects. 

Ecological fish categories. Groups of fishes with
similar ecological requirements were aggregated into
7 ecological categories (in some cases corresponding to
families), defined on the basis of their feeding habits
and spatial organisation in the water column (acro-

nyms follow Guidetti et al. 2002): (1) POM: particulate
organic matter feeders (i.e. Mugilidae); (2) PLA: plank-
tivorous fishes inhabiting the water column, often
aggregated in schools (e.g. Atherinidae, Centracanthi-
dae, Pomacentridae and the sparid Oblada melanura);
(3) LAB: mesocarnivorous nectobenthic fishes belong-
ing to Labridae; (4) SPA: meso- and macrocarnivorous
sparids of the genus Diplodus, Lythognathus mor-
myrus and Spondyliosoma cantharus; (5) SER: small
serranids (Serranus spp.), site-attached piscivorous
fishes primarily feeding on juvenile stages; (6) HERB:
herbivorous fishes (the sparid Sarpa salpa and the
scarid Sparisoma cretense); (7) BEN: benthic mesocar-
nivorous fishes (e.g. Blennidae, Gobidae, Triptery-
gidae). 

Occasional species that could not be attributed to the
above ecological categories, such as the moronid
Dicentrarchus labrax, the carangid Seriola dumerili,
Sphyraenidae, and Apogon imberbis were excluded
from the analyses.

Multivariate statistical analyses. Multivariate tech-
niques were used to analyse fish assemblage struc-
tures (species composition and relative abundances)
using the PRIMER software package (Plymouth
Marine Laboratory, UK; Clarke & Warwick 1994). Data
of the fish abundances in the different ecological
categories (see the previous subsection) were log-
transformed to reduce the weighting of abundant cate-
gories and increase that of rarer categories. The
Bray-Curtis similarity matrix was used to generate
2-dimensional ordination plots with the non-metric
multidimensional scaling (nMDS) technique (Clarke
1993). A 2-way nested analysis of similarity (ANOSIM)
was first used to examine differences among sites and
among locations at each of the 4 sampling times. Once
it was observed that sites within locations were not
always significantly different (see ‘Results’), the data
for all locations (i.e. without considering scale of site)
were combined to enable a 1-way ANOSIM for each
sampling time and comparison of pairs of outfall and
control locations. The similarity percentages (SIMPER)
procedure was used to identify the major categories of
fishes contributing to dissimilarities. 

Univariate statistical analyses. Since there was only
a single outfall location, asymmetrical analyses of vari-
ance were employed to test for differences between
the outfall and the 2 controls (Underwood 1992, 1993).
It is worth noting that this is an ‘after’ study, since
there are no data in the period ‘before’ the sewage out-
fall was constructed. Asymmetrical designs (beyond
BACI), their mechanics and potential for detecting
both temporal and spatial disturbances have been
widely discussed by Underwood (1991, 1992, 1993,
1994) and Glasby (1997). In the present study, the out-
fall was in operation on all 4 random sampling occa-
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Fig. 1. Sampling locations in SE Italy. I = impact location (i.e. 
impacted by sewage outfall); C1, C2: control locations. MPA:

marine protected area
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sions. The ‘impact vs controls’ (I vs Cs) term was con-
sidered fixed and orthogonal to time, while the term
‘between controls’ was random. Sites were randomly
nested within locations. First, the data (i.e. number of
species and fish abundance, including both total fish
abundance and density of each ecological category)
from both the outfall and controls were analysed using
a fully orthogonal design in which sites were nested
within locations. A second analysis was then done on
only those data associated with the controls. The asym-
metrical components were thus calculated by subtract-
ing the sums of squares of the second analysis from
those of the first. What was left was the variance asso-
ciated with the putatively impacted outfall location.
The various factors involved in the analyses were cal-
culated with the same logic. Significant higher-order
interactions (e.g. Time × Sites[Cs]) mean that lower-
order interactions and main effects usually cannot be
interpreted and should not be reported (Underwood
1997). Nevertheless, where higher-order interactions
were found to be significant, the T × I vs Cs interaction
was reported in order to examine the trend above
these higher-order interactions (see Roberts et al.
1998 for further details). Where significant Time ×
Sites(Location) interactions occurred, a 2-tailed F-test
was used to compare the temporal variability among
sites from the outfall location with the variability
among sites within control locations (Underwood
1992), allowing a direct comparison of the effects of the
outfall over this smaller spatial scale. 

Prior to analysis, homogeneity of variance was tested
by Cochran’s test and, whenever necessary, abun-
dance data were transformed to ln(x+1). If transforma-
tions did not produce homogeneous variances,
ANOVA was, nevertheless, used after setting α to 0.01
in order to compensate for the increased likelihood of
Type I error (Underwood 1997). ANOVAs were per-
formed using the GMAV5 software package (Univer-
sity of Sydney).

RESULTS

We identified 38 fish taxa. Table 1 lists the taxa re-
corded at the outfall (Location I = 31 taxa) and controls
(Locations C1 and C2: 32 and 33, respectively).
Atherinids, mugilids and sphyraenids could not be
identified to species level by direct visual observations. 

Whole fish assemblages

The nMDS plots of fish assemblage structures at the
4 sampling times (Fig. 2) show a clear-cut separation
(Fig. 2a,b,c) between individual fish counts at Loca-
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Table 1. List of fish taxa (+: present; –: absent) recorded at
each of the 3 locations investigated. Location I: impacted by
sewage; Locations C1 and C2: controls. EC: ecological cate-
gory. POM: particulate organic matter feeders; PLA: planktiv-
orous fishes; LAB: labrids; SPA sparids; SER: small serranids;
HERB: herbivores; BEN: benthic mesocarnivores; full details 

in ‘Materials and methods’

Family EC Location
species I C1 C2

Apogonidae
Apogon imberbis BEN + + +

Atherinidae (unidentified) PLA + + +
Blenniidae

Parablennius gattorugine BEN + + +
P. rouxi BEN + + +

Carangidae
Seriola dumerili – + –

Centracanthidae
Spicara maena PLA + + –

Gobiidae
Gobius bucchichii BEN + + +
G. geniporus BEN + – +

Labridae
Coris julis LAB + + +
Labrus merula LAB + – +
L. viridis LAB + + –
Symphodus cinereus LAB + + +
S. doderleini LAB – + +
S. mediterraneus LAB – + +
S. ocellatus LAB + + +
S. roissali LAB + + +
S. rostratus LAB – + –
S. tinca LAB + + +
Thalassoma pavo LAB + + +

Moronidae
Dicentrarchus labrax – – +

Mugilidae (unidentified) POM + + +
Mullidae

Mullus surmuletus BEN + + +
Pomacentridae

Chromis chromis PLA + + +
Scaridae

Sparisoma cretensis HERB + + +
Scorpaenidae

Scorpaena porcus BEN – + +
Serranidae

Serranus cabrilla SER + + +
S. scriba SER + + +

Sparidae
Diplodus annularis SPA + + +
D. puntazzo SPA + + +
D. sargus SPA + + +
D. vulgaris SPA + + +
Lythognathus mormyrus SPA + – –
Oblada melanura PLA + + +
Sarpa salpa HERB + + +
Spondyliosoma cantharus SPA – + +

Sphyraenidae (unidentified) + – +
Tripterygiidae

Tripterygion delaisi BEN + + +
T. minor BEN + – +
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tions I vs C1 and C2 (fish counts at the 2 controls were
mixed) throughout the study period, exept for Time 3
(Fig. 2c). A 2-way nested ANOSIM showed that differ-
ences in fish assemblage structures were significant
among locations but not among sites at all sampling
times exept T3 (i.e. February 2001).
For T3, no differences were detected
among locations (and implicitly be-
tween Locations I and Cs) so that sites
contributed to most of the dissimilarity
among samples in this case only (Table
2). A 1-way ANOSIM was then per-
formed to test for differences at the
scale of locations at each of the 4 sam-
pling times. Despite the significant
variability in some cases between the 2
controls (e.g. at T2), the dissimilarities
between C1 and C2 were always lower
than those between either control loca-
tion and Location I (Table 3). At T3,
however, although significant, the dis-
similarity between the controls was
low and similar to that between each
control location and Location I. SIM-
PER identified some fish categories as
major contributors to the dissimilarities
between Location I and Locations C1
and C2 at each sampling time (Table 4).
Great densities of PLA characterised

the censuses at Location I for all 4
sampling times; POM feeders strongly
characterised Location I on all sam-
pling occasions except T2. SPA con-
tributed largely to differentiating
Location I from Locations C1 and C2
at all sampling times; HERB, and to
a lesser extent SER and BEN, were
important only on some of the 4 sam-
pling occasions (Table 4).

Species richness, total abundance,
and abundance of ecological 

categories

The results of asymmetrical ANOVAs
on species richness, total abundance
and abundance of each ecological fish
category are summarised in Table 5.
The analyses revealed a significant
variability among control locations,
but also that the outfall did not signifi-
cantly affect temporal trends in total
number of species (Fig. 3a). Instead,
sewage appeared to alter spatio-

temporal patterns in the total number of individuals at
the location level (T × I vs Cs interactions significant),
with consistently greater numbers at Location I than at
C1 and C2 (Fig. 3b), and also the mean density pat-
terns of SPA and SER (Fig. 4d,e). Despite significant
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Fig. 2. Two-dimensional non-metric multidimensional scaling ordinations of
individual replicates comparing fish assemblages from sewage-impacted
(Location I) and control (C1 and C2) locations. T1, T2: May, July 2000; 

T3, T4: February, July 2001, respectively

Table 2. Two-way nested ANOSIM testing for differences in fish assemblage
structures among sites and among locations at each of the 4 sampling times
(T1, T2: May, July 2000; T3, T4: February, July 2001, respectively). *p < 0.05; 

**p < 0.01; ns = not significant

T1 T2 T3 T4
R-value p R-value p R-value p R-value p

Among sites 0.151 ns 0.034 ns 0.427 ** 0.150 ns
Among locations 0.728 * 0.868 ** 0.062 ns 0.506 **

Table 3. One-way ANOSIM testing for differences in fish assemblage structures
among locations (I: sewage impact; C1 and C2: controls) at each of 4 sampling 

times.  *p < 0.05; **p < 0.01; ns = not significant

T1 T2 T3 T4
R-value p R-value p R-value p R-value p

Among locations 0.623 ** 0.585 ** 0.157 * 0.303 **

Pairwise tests
C1 vs C2 0.096 ns 0.427 ** 0.140 * 0.194 *
C1 vs I 0.895 ** 0.853 ** 0.186 * 0.319 **
C2 vs I 0.783 ** 0.524 ** 0.160 * 0.552 **
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variability between the control locations, an outfall
impact on temporal trends of BEN was apparent at the
site scale (Fig. 4g). In fact, 2-tailed F-tests revealed
that temporal variability among sites at the outfall loca-
tion was significantly different than that among control
sites. ANOVAs, furthermore, revealed that temporal
variability in average densities of POM and PLA
(Fig. 4a,b) were highly affected by the outfall dis-
charge at both spatial scales examined (T × I vs Cs
interactions; 2-tailed F-tests significant). The average
abundance of these 2 fish groups (PLA and POM) at

Location I was greater than at C1 and C2 on all 4 sam-
pling occasions. The average densities of LAB and
HERB (Fig. 4c,f) appeared to be unaffected by the out-
fall. 

DISCUSSION AND CONCLUSIONS

The present study provides evidence that point-
source sewage pollution affected spatio-temporal pat-
terns of Mediterranean fish assemblages associated
with shallow subtidal rocky substrates. Overall, such
an anthropogenic impact appeared to influence assem-
blage structures, total fish abundance and density of
several ecological categories of fishes.

Fish assemblage structures at the outfall clearly
differed from the controls throughout the study year,
but during winter these differences narrowed (MDS
plots in Fig. 2). Although the lack of a nested tem-
poral scale within each season prevents a formal
assessment of seasonal patterns, the evidence sug-
gests that in winter (the season with the fewest
tourists and minimal sewage outflow) coastal fish
assemblages may be less impacted than during other
seasons. This could be related to the outfall effi-
ciency (see ‘Materials and methods’) of the treatment
plant studied. The outfall usually malfunctions during
the summer, when increased population levels
(tourist influx) overtax its maximum operating capac-
ity. This hypothesis is, however, based merely on
correlative evidence. 

Samples of the sessile macrobenthos taken at the
time of the fish survey showed that sessile assemblages
at the outfall location differed from those at the con-
trols at all sampling times (A. Terlizzi et al. unpubl.
data). These results also showed that fish assemblages
have a faster reaction time to sewage disposal than
sessile benthos.

The fact that fish assemblage structures respond to
various types of human disturbances has been widely
demonstrated (Shepherd et al. 1992, Guidetti et al.
2002 and references therein). In the specific case of
sewage pollution, however, there is a paucity of studies
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Table 4. SIMPER of ecological categories of fish (EC, abbreviations as in Table 1) contributing most (%) to dissimilarity between
Location I and control locations, and average density (AvD) during each of 4 sampling times. I: sewage-impacted location; 

Cs: controls (average for Locations C1 and C2)

—————— T1 —————— —————— T2 —————— —————— T3 —————— —————— T4 ——————
EC % AvD EC % AvD EC % AvD EC % AvD

I        Cs I     Cs I      Cs I     Cs

PLA 43.8 1131.23 119.2 PLA 28.6 1464.6 157.7 POM 34.0 182.2 0.1 HERB 23.9 26.6 15.1
SPA 15.9 1.1 9.2 HERB 19.3 6.0 12.1 SPA 19.0 17.3 1.3 PLA 23.8 711.0 132.7
POM 15.1 10.1 0.8 SPA 7.9 11.0 4.6 PLA 18.7 395.6 183.5 POM 16.2 13.6 0.1
SER 11.1 0.3 3.2 BEN 7.3 3.1 1.9 SER 8.8 2.7 1.9 SPA 9.2 3.4 2.8

Fig. 3. Mean (±SE) number of species and total fish abun-
dance (number of individuals 125 m–2) at Location I (impacted
by sewage outfall) and Locations C1 and C2 (controls) at each 

of 4 sampling times
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in the literature, but it seems fairly clear that
sewage has the potential to alter fish communities
worldwide (Russo 1989, Smith et al. 1999, Guidetti
et al. 2002). 

During this study, temporal trends in species rich-
ness were not affected by sewage pollution al-
though,  at the same outfall, Guidetti et al. (2002)
found that spatial patterns in the number of fish
species could be affected. In a study to assess the
sewage impact on fish in Hawaii, Grigg (1994) con-
cluded that species richness was a weak indicator of
the effects of sewage pollution and that changes in
relative fish abundance were more important in
defining the effects of impact. In contrast, Smith et
al. (1999) observed significant effects of an outfall
on the decline (about 33%) of species richness.
Differences in the volume rate of effluent flow, the
type of treatment, the types of pollutants dis-
charged, concentrations of dissolved and particu-
late organic matter could all explain these appar-
ently contradictory results. Hence, comparatively
small, efficient, well-operated outfalls only causing
moderate pollution may not negatively affect spe-
cies richness. When, however, the discharged mate-
rials or the concentration of chemical pollutants,
toxicants, etc. exceed a certain threshold, species
richness may begin to decrease due to the progres-
sive disappearance of pollution-sensitive species.
Large, poorly treated or inefficiently operated out-
falls may therefore have a more detrimental impact
than well-designed treatment plants.

Fish abundance appears to be a useful variable
for detecting the influence of sewage pollution.
Marked increases in fish numbers (up to 7-fold
higher than in control areas) have been observed
near sewage discharges by several authors (Russo
1982, Grigg 1994, Hall et al. 1997, Guidetti et al.
2002). This chiefly reflects the numerical increase
in some dominant pollution-tolerant, ecological
categories, i.e. PLA and POM feeders (Bell &
Harmelin-Vivien 1982, Grigg 1994, Hall et al.
1997). Such changes in the fish fauna may be
ascribable to added nutrients and particulate
organic matter introduced into the seawater col-
umn by sewage effluents (Scanes & Philip 1995, but
see also Chabanet et al. 1995 and references
therein). Accordingly, POM feeders could directly
benefit from the POM input as a food supplement,
similarly to the situation in Hawaii (Russo 1989).
During our field observations, mugilids were often
seen foraging on POM in the effluent around the
outfall. Nutrient enrichment at moderate levels,
and the subsequent increase in food resources,
could indirectly influence fish assemblages through
a ‘bottom-up’ food chain mechanism (see Menge
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2000 for review) by increasing the carrying capacity of
marine systems. The increased availability of nutrients
in the water column might enhance food webs from the
phytoplankton upwards, including zooplankton, which
constitute the main food source for small planktivorous
fishes. In the Tyne Estuary (England), Hall et al. (1997)
reported that total fish abundance rose by 300% at an
outfall station, and that this variation was entirely due
to an increase in small gregarious species. An
increased density of planktivorous fishes was also
observed by Bell & Harmelin-Vivien (1982), who stud-
ied the influence of a sewage outfall on the fish fauna
associated with the seagrass Posidonia oceanica near
Marseille (France). Other authors also observed large
numbers of juvenile fishes in and around sewage
plumes (Gray 1996, Kingsford & Gray 1996). Sewage
plumes at Sydney (Australia), for instance, caused
juvenile fishes (e.g. Carangidae and Sparidae) to
aggregate at the plume fronts, probably because of
advection of particulates attracting fishes to the plume.
It is anyway difficult to determine the long-term effects
of sewage plumes on young fishes, as well as the influ-
ence of the increased supply of particulate organic
food on adult fish stocks over large spatial scales.

Besides the effects on synthetic variables (e.g. spe-
cies richness and total fish abundance), we observed
that the various ecological categories of fishes re-
sponded in different ways and magnitude to sewage
pollution. Particulate feeders and planktivorous fishes
displayed the most marked responses to sewage pol-
lution. The spatio-temporal patterns of sparids, small
serranids and small benthic fishes at the outfall dif-
fered from those in fishes from the control areas. This
probably reflects the different responsiveness of the
different ecological categories (and of each separate
species) to disturbance. Chabanet et al. (1995) ob-
served that eutrophication caused by urban and
tourism developments in Reunion Island (Indian
Ocean), induced an increase in macroalgae density
which, however, did not affect all herbivorous fish
species in the same way. The abundance of some of
the more tolerant species (e.g. Naso unicornis) in-
creased, whereas that of other more sensitive fishes
(e.g. Ctenochaetus striatus) declined. Localised in-
creases or reductions in the abundance of different
fish species as a result of sewage pollution have also
been reported for Australian waters by Otway et al.
(1996) and Smith et al. (1999).
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Fig. 4. Mean (±SE) density of fishes belonging to different ecological categories
(number of individuals 125 m–2) at Location I (impacted by sewage outfall) and Loca-
tions C1 and C2 (controls) at each of 4 sampling times. Abbreviations as in Table 1
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A further consideration is the spatial scale(s) over
which the outfall affected the variables examined. The
average abundances of POM feeders and PLA fishes,
for example, were affected at both site and location
levels. Moreover, temporal variability among the out-
fall sites differed from that among control sites. This
chiefly reflects the fact that these categories of fishes
respond markedly to sewage inputs by progressively
increasing their average abundance parallel to in-
creasing concentrations of food in the wastewaters.
Thus, their density can change over a spatial scale of
several hundreds of metres, with highest abundances
at the site in front of the outfall discharge. The SPA and
SER were affected by sewage at the location level,
whereas BEN responded at the scale of sites only.
These differences could be ascribable to the different
swimming abilities of these fish groups. Sea bream
(sparids), for example, can move easily among sites
within the same location, and thus their even distribu-
tion among sites at Location I may not reflect environ-
mental effects at the site of major impact (i.e. the site
immediately fronting the outfall). Benthic fishes (e.g.
gobids and blennids), on the other hand, are strictly
site-attached and less mobile, and they may more reli-
ably reflect differences attributable to different levels
of sewage impact.

In conclusion, our results indicate that monitoring
fish assemblages together with benthic fauna may
prove a useful refinement to management programmes
designed to moderate sewage impact on littoral sys-
tems (e.g. improving the efficiency of the treatment
plant in specific periods). However, the outfall does
have an impact within the MPA and appropriate reme-
dial action should be taken, such as the displacement
of the outfall outlet into deeper waters far from the
shore, in accordance with the current legal guidelines. 
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